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Financial Report of the Governing Body

The Governing Body presents the accounts
of the Institute for the year ended
31st December 1971.

1 Results

The General Fund Income and Expendi-
ture Account shows the Income for the year
as £405,796 compared with £344,136 in
1970. Expenditure amounted to £545,583
against £495,405 last year. The deficit for
the year is £139,787 compared with a deficit
of £151,269 in 1970. The capital fund has
been reduced by the vyear’s deficit of
£139,787. The Governors are well aware
that deficits on the scale of those of recent
years cannot be allowed to continue. Active
steps are being taken to remedy the situ-
ation and an announcement concerning the
future of the Institute is likely to be made
to members at the Annual General Meeting.

The third of four annual instalments of
£75,000 from the Wolfson Foundation and
of five annual instalments of £1,000 from
the Grocers’” Company have been added to
the capital fund and in addition £300,000
has been transferred from Investment
Reserve.

2. Principal Activities

The Institute continued to carry out
research work in connection with the pre-
vention of diseases. It produces for sale
sera, and bacterial and virus vaccines, the
profits from which are utilised for its
research and experimental work.

3. Exports

Sera and vaccines to the value of
£207,896 were exported from the United
Kingdom during the year.

4. Fixed Assets

The movements in fixed assets during the
year are set out in the table in note 1 on the

accounts. These include further payments
on account of the new wing at Chelsea, the
cost of which is expected to be about
£400,000. The Governors have transferred
to Capital Fund a further £25,000 from the
Sinking Fund, first set up in 1901 for the
replacement and repair of buildings, towards
the cost of this new wing.

5. Interests in Land

The market value of the Institute’s pro-
perties is now in excess of the amount at
which they are included in the Balance
Sheet. In the opinion of the Governing
Body such difference is of no significance as
the properties are occupied for the purposes
of the Institute’s activities.

6. Governing Body

Professor R. A. Kekwick and Sir Ashley
Miles retired from the Governing Body in
June and September 1971 respectively. Dr.
A. F. B. Standfast joined the Governing
Body in June and Sir Ewart Jones in
October. Other members of the Governing
Body shown on page 1 held office during the
whole of the year ended 31st December
1971.

7. Employees

The average number of persons employed
by the Institute in each week during the
year ended 31st December 1971 was 319.
The aggregate remuneration paid or payable
in respect of that year to these employees
amounted to £474,562.

8. Auditors
The auditors, Cooper Brothers & Co.,
will continue in office in accordance with
Section 159 (2) of the Companies Act 1948.
A. NEUBERGER
Chairman



Report of the Auditors to the Members

In our opinion the accounts set out on pages 4 to 9 give a true and fair view of the state of the company’s affairs
at 31st December, 1971 and of its deficit for the year ended on that date and comply with the Companies Acts
1948 and 1967.

COOPER BROTHERS & CO.
London, 25th May 1972 Chartered Accountants.



The Lister Institute of Preventive Medicine
BALANCE SHEET * 31 December 1971

1970 £
£
546,238  FIXED ASSETS (NOte 1 ) .iccioiiriiiirinenieeieceeee e
INVESTMENTS AND UNINVESTED CASH (note 2)
406,406 GeNEral ....occoeiiiiiie
164,587 SPECIfIC fUNAS s
24,471 BequeSt fUNAS .o
595,464

CURRENT ASSETS

— StOCK (NOLE 3) i e
171,545 DEDLOIS oo
86,918 Cash and Bank BalanCes.......cocceevviiieiecniiieee e
258,463
Less:
CURRENT LIABILITIES
84,512 Creditors it 69,727
185,666 Bank Overdraft (note 14) ..oooooiiiiiiiiie e 62,630
270,178
(11,715)
£1,129,987

Represented by
494,323 CAPITAL FUND (NOtE 4) .ooriiiiiiiiieereeree e
148,477 SPECIFIC FUNDS (notes 5 and 8)
24,471 BEQUEST FUNDS (note 6)

6,396 SPECIFIC GRANTS AND LEGACIES UNEXPENDE
(NOtE 7) o,

456,320 INVESTMENT RESERVE (Note8) ......ccccciviviiiiiiiiiiieen.

£1,129,987

A. NEUBERGER
Members ot the
C. E. GUINNESS Governing Body

The notes on pages 6 to 9 form part ot these accounts.
Audit report on page 3.

321,029

184,824
127,808
45,226

357,858

132,357

633,492

126,674
25,834

473,537

1,107,029

225,501

£1,332,530

914,691
116,464
25,834

1,479
274,062

£1,332,530



The Lister Institute of Preventive Medicine

INCOME AND EXPENDITURE ACCOUNT
for the year ended 31 December 1971

1970
£

303,664

29,971
2,444

7,993
64

344,136

277,288
18,477
12,261
20,525
11,628

950
5,689
9,195

72,583
34,687
15,224
10,287

3,239
3,372

495,405

151,269

£151,269

INCOME
Sales of sera and bacterial and virus vaccines (note 9)
Stock adjustment (note 3) ....
Investment Income:
General fund
Quoted
Unquoted

Rent .
Other income

EXPENDITURE
Salaries and WageS .....cccooeeeiiiiiiiieiiee e
Superannuation Premiums .....cooceeeveeenieeenieesee e
Rates and iNSUraNCES .........ccccivviiiiiiiiiiie e
Gas, water, fuel and electriCity ......cccoceiiiiiiiiiiiiiiiees
Office expenses, stationery and printing
Audit fEe s
Interest on overdraft.......ccocoiiiiiiin
Chelsea research ........cccccciiiiiiiiiiic s
Elstree research and production
Animals and forage ..........ccccceeeee
Alterations, repairs and renewals
General EXPENSES. ..ot
Depreciation

BUIIAINGS i

Furniture, fittings, scientific apparatus and books

Excess of expenditure over income
Exceptional items — net (note 10)

Deficit transferred to capital fund .........cccccviiiiniinnne

Total
expenditure

464,817
32,856
12,022
34,228
16,119

950
9,485
24,856
68,618
35,128
18,791
17,281

3,296
6,461

£744,908

The notes on pages 6 to 9 form part of these accounts.

Audit report on page 3.

22,351
2,466

External

contributions

156,720
8,991
7,558

350

16,991
349
5,024
326
3,355

£199,664

340,764
25,669

24,817
10,117
4,429

405,796

308,097
23,865
12,022
26,670
15,769

950
9,485
7,865

68,269
30,104
18,465
13,926

3,296
6,461

545,244

139,448
339

£139,787



NOTES ON

1. FIXED ASSETS

Cost
At 1st January 1971
Additions at cost
Amount written off

At 31st December 1971

Depreciation
At 1st January 1971

Charged to income and expenditure account
At 31st December 1971
Net book value at 31st December 1971

Depreciation

THE ACCOUNTS

Freehold property

Land and Queensbury
buildings Lodge
Chelsea Estate,
Elstree
£ £
................................................. 413,643 120,960
..................................................... 58,708 13,287
(note 10)  cceeieeeeee s (6,048)
............................................ £472,351 £128,199
................................................ 4,050 12,288
1,350 1,946
............................................ £5,400 £14,234
............... £466,951 £113,965

Furniture,
fittings,
scientific
apparatus
and books

£

40,618
31,064

£71,682

12,645
6,461

£19,106
£52,576

e 31 December 1971

Total

£

575,221
103,059
(6,048)

£672,232

28,983
9,757

£38,740
£633,492

Freehold property additions and replacements since 1912 at Elstree and since 1935 at Chelsea until
31st December 1964 have been charged to revenue. Additions since that date until 31st December 1967
have been depreciated at the rate of 10%. Since 1st January 1968 buildings shown in the balance sheet
have been depreciated at the rate of 2% on a straight line basis from the date of completion.

Additions and replacements to furniture, fittings, scientific apparatus and books between 31st December
1920 and 31st December 1963 have been charged to revenue. The additions since 1st January 1964 have
been depreciated on a straight line basis by reference to the anticipated useful lives of the assets.

INVESTMENTS AND UNINVESTED CASH £ £ £
Quoted at cost Unquoted
at cost
in Great Elsewhere
Britain
General ... 136,310 146,012 38,707
Specific
Sinking fund for freehold buildings ... 65,181 — —
Pension fund ... 15,871 — _
Re-endowment fund ..o 37,666 — —
Bequest
Jenner Memorial studentship fund ... 11,766 — 940
Morna Macleod scholarship fund....... 5,653 _ _
£272,447 £146,012 £39,647
1970 (E358,463) (£160,749) (£40,197)
Market value of quoted investments ....... 1971 £772,965 (1970 £801,468)
Unquoted investments valued by Institute’s
investment adviSers .........coccccoiieeiiieenns 1971 £37,022 (1970 £34,397)

£

Uninvested

cash

398
2,218
5,340

5,130
2,345

£15,431

(£36,055)

Total

321,029

65,579
18,089
43,006

17,836
7,998

£473,537
(£595,464)



STOCKS
As from 1st January 1971 stocks of bacterial and virus vaccines and sera have been valued in the

accounts.
The amount of the 1970 valuation £159,155 has been credited to the General Fund Income and

Expenditure Account and the 1971 valuation of £184,824 is for the first time shown as a current asset in
the balance sheet.

The effect of the change in the basis of accounting is to reduce what would otherwise have been
shown as the deficit of the year by the difference between the two stock valuations namely £25,669 and
to increase the Capital Fund by the amount of the closing stock namely £184,824.

The following bases have been used for stock valuations:—

(i) At 31st December 1971

(a) Bacterial Vaccines and Sera £134,824

At 1971 costs of direct materials and labour with additions for overheads appropriate to the
stages of production reached.

(b) Virus Vaccines £50,000

At current minimum' realisable value, less an appropriate deduction to cover selling and
administrative expenses.

' (ii) At 31st December 1970
At the same unit values as those used for 31st December 1971 stocks.

CAPITAL FUND
Donations etc. have been received to date from the following:—

1971 1970
£ £ £

Dr. Ludwig Mond (1893) ..occiiiiiiiiiiieiiie e 2,000 2,000
Berridge Trustees (1893-1898) ........cccccvviviieniiciiecniiennn. 46,380 46,380
Worshipful Company of Grocers (1894 and 1969/71) 13.000 12,000
Lord Iveagh (1900) ....cccciiiiiiieiiiiieiiiie et 250.000 250,000
Lord Lister's Bequest (1913-1923) ............... . 18,904 18,904
Willian Henry Clarke Bequest (1923-1926) ........cccoceviiiiiiiiinnnns 7,114 7,114
Rockefeller Foundation (1935-1936) ........... 3.400 3,400
Wolfson Foundation (1969-71) ................. 225.000 150,000
Other donations and legacies (1891-1954) .......ccccevviriivnvennnene 22,669 22,669
588.467 512,467

Amount transferred from Sinking Fund (note 5) .......ccccceviiiniienninen. 85.000 60,000
Amount transferred from Investment Reserve (note 8) 300.000 —

973.467 572,467
General Fund Income and Expenditure Account

Accumulated deficit at 31st December 1970 .... 78,144
Add: Stock at 1st January 1971 (note 3) ....cccccviviiiiiiiiinnn. 159,155
81,011
Less: DEfiCit 1971 ..ot 139,787
Accumulated defiCit...ciii i 58,776 78,144
£914,691  £494,323
SPECIFIC FUNDS 1971
Sinking Fund for Freehold Buildings
As at 1st January 1971 ..o 96,031
Interest on investments .........cccccceeeeiiiieeeenens 3,419
99,450
Less: Expenditure on reablement of buildings 19,081
Amount transferred to Capital Fund .. 25,000
44,081
55,369
Pension Fund
As at 1st January 1971 19,454
Interest on investments 1,372
) 20,826
Less: Pensions ............ 2,737
18,089
Re-endowment Fund
As at 1st January 1971 ... 32,992
Donations .......cccccceeeviiiiieeeenns 663
Profit on sales of investments 9,351
43,006
£116,464



10.

BEQUEST FUNDS
Jenner Memorial Studentship Fund
As at 1st January 1971
Interest on investments

Morna Macleod Scholarship Fund
As at 1st January 1971 ........
Interest on investments .........

SPECIFIC GRANTS AND LEGACIES

Nuffield Foundation Grants
As at 1st January 1971 ..........
Less: Laboratory expenses .......

Guinness-Lister Research Grant
As at 1st January 1971 ...........
Amounts received  .......ccoeeee..

Less: Salaries and wages .......
Laboratory expenses .......

GENERAL AND SINKING FUNDS INVESTMENT RESERVE
General
As at 1st January 1971 ..o

Add: Profits on sales of investments........cccoccovvvvnienne
Less: Amount transferred to Capital Fund .................

Sinking Fund
As at 1st January 1971 ...

Less: Losses on sales of investments ...........cccccceeeenn.

TURNOVER

Turnover has been arrived at after deducting commissions due to
agents from the invoice value of sales of sera, vaccines and
virus vaccines.

EXCEPTIONAL ITEMS

Professional fees were incurred during 1970-71 in respect of
buildings to be erected at Elstree. This project was abandoned
and the total expenditure written off during the year, including
£6,048 in respect of the previous year, amounted t0 ...................

A successful appeal against the assessment on the Chelsea
buildings resulted in the repayment of rates overpaid during the
years 1963-71. The amount repaid Was .......ccccocceerieernieenieeenieennnes

15,857
3,687

£

440,210
123,642
563,852
300,000

16,110
5,900

£20,616

£20,277
£339

£
16,975
861

7,496
502

1,583
373

4,813
15,000
19,813

19,544

263,852

10,210

17,836

7,998
£25,834

1,210

269
£1,479

£274,062



11. EMOLUMENTS OF MEMBERS OF THE GOVERNING BODY

1971 1970
Emoluments in an executive CapaCity ......ccccoceiiieiiiiieiiiie et £16,814 £16,556
Particulars of emoluments of the Governing Body in accordance with Section 6
of the Companies Act 1967
1971 1970
Emoluments of the Chairman of the Governing Body.............. Nil Nil
Emoluments of the highest paid member of theGoverning Body... . £6,297 £7,256
Numbers of members of the Governing Body whose emoluments were Wlthm
the range
NO E€MOIUMENTS ..oiiiiiiiiii e 7 10
£1 — £2,500 — —
£2,501 — £5,000 3 —
£5,001 — £7,500 1 2
12. CAPITAL EXPENDITURE SCHEMES
1971 1970
The position at 31st December 1971 was as follows:—
Commitments in respect of CONTracCtS.....coiviiiiiiiiii e 32,075 86,332
Approved by the Governing Body in addition to commitments, for the new
laboratories at EIStree ... — 136,000

£32,075 £222,332

13. CONTINGENT LIABILITIES

At 31st December 1971 there were contingent liabilities amounting to £12,810 in respect of indemnities
issued to third parties.

14. BANK OVERDRAFT

The overdraft is secured by the Institute's investments.
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REPORT OF THE GOVERNING BODY
The Governing Body has the honour to
present its report of the Institute for the year
1971. The scientific section consists of a
brief summary of the various researches and
an article by Professor Winifred Watkins
describing some of the work of the Bio-
chemistry Department.

GOVERNING BODY

The Council at the meeting held on 22nd
June, 1971 reappointed Professor A
Neuberger and Professor D. A. K. Black as
its representatives on the Governing Body
until 31st December, 1972. At this meeting
the Governors were authorized to appoint a
third representative of the Council and have
pleasure in announcing that Professor Sir
Ewart Jones accepted their invitation to join
the Governing Body.

In accordance with the Articles of
Association Professor R. A. Kekwick retired
from the Governing Body and was succeeded
by Dr. A. F. B. Standfast.

DIRECTORSHIP OF THE INSTITUTE

The retirement of Sir Ashley Miles,
announced in last year’s Annual Report,
took place on 30th September, 1971. Sir
Ashley became Director in October, 1952 at
a time when it would perhaps be not unfair
to his predecessor to say that the Institute
had not fully recovered from the problems of
the war. His wide interests, combined with
an energetic approach, enabled Sir Ashley to
build up the scientific reputation of the
Institute to its former high level; at the same
time his knowledge and experience was put
at the disposal of many outside bodies. He
was for several years a member of the Expert
Committee on Biological Standardization of
the World Health Organization; he was a
member of the Medical Research Council;
and from 1963 until 1968 he was Biological
Secretary and a Vice-President of the Royal
Society. Despite the very heavy demands
made on his time by outside work, Sir Ashley
never neglected the interests of the Institute

and indeed his ability to cope with a pro-
digious amount of work was such that for
most of his term of office he not only dealt
with the administrative affairs ofthe Institute
but was able to continue his own researches
on the mechanisms of inflammation and
infection.

Unfortunately Sir Ashley’s last year at the
Institute was marred by ill-health, but he
takes with him the good wishes of the
Governing Body and staff for a long and
happy retirement; this, as one might expect,
will not be an idle period as he is continuing
his researches at the Clinical Research
Centre in Harrow.

As is the custom, a portrait of Sir Ashley
was commissioned by the Governing Body.
This was painted by Mr. David Poole, R.P.
and now hangs in the Grocers’ Lecture
Theatre.

Just before his retirement the University of
London conferred upon Sir Ashley the title
of Emeritus Professor of Experimental
Pathology.

The Governing Body welcomes Professor
D. G. Evans, C.B.E., F.R.S., as the new
Director of the Institute. Professor Evans
took up his appointment on 1st October,
1971. Professor Evans comes to the Institute
after giving up the directorship ofthe Depart-
ment of Bacteriology and Immunology at the
London School of Hygiene and Tropical
Medicine; previously he was Director of the
Medical Research Council’s Department of
Biological Standards. He first joined the
Governing Body ofthe Institute in 1965.

COUNCIL

At last year’s Annual General Meeting Sir
Graham Wilson was reappointed as the
representative of the University of London;
Mr. Alasdair Steele-Bodger replaced Dr.
R. E. Glover as the representative of the
Royal Agricultural Society; and the third
retiring member, Sir Charles Dodds did not
wish to be reappointed. Mr. R. A. McNeile
was appointed to the Council as a represen-
tative ofthe Members.

Institute



The three members of the Council due to
retire this year in accordance with the Articles
of Association, but who are eligible for re-
appointment are Sir Alan Drury, Dame
Harriette Chick and Mr. H. P. G. Channon,
all representatives of the Members of the
Institute.

MEMBERS

The Governing Body records with regret
the deaths of Professor J. H. Dible, Sir
Charles Harington and Professor H. B.
Maitland. Professor Maitland, who worked
at the Institute during 1927, was for many
years the representative of the University of
Manchester.

STAFF AND STUDENTS

Professor R. A. Kekwick retired on 30th
September, 1971. Professor Kekwick, who
had been working at the Institute as a
Medical Research Council Grantee, joined
the staff of the Biophysics Department in
1940 and became head of the department in
1944. In July, 1971 the University of London
conferred on him the title of Emeritus
Professor of Biophysics. Professor Kekwick’s
long and distinguished services to the
Institute will be much missed and he takes
with him the good wishes of the Governors
and staff.

Professor G. G. Meynell, who came to the
Institute in 1959 and became Guinness
Professor of Microbiology and head of the
Guinness-Lister Unit in January 1966, is
resigning at the end of September to take up
a post as Professor of Microbiology at the
University of Kent. Professor Meynell takes
with him the Governors’ congratulations and
best wishes for the future.

Dr. Elinor Meynell is also resigning from
the Guinness-Lister Unit to continue her
work at the University of Kent.

The Governing Body has much pleasure
in noting that Dr. R. R. Race, Director of
the M.R.C. Blood Group Unit, has
been awarded the Conway Evans Prize. The
Prize is given jointly by the President of the
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Royal Society and the President of the Royal
College of Physicians every few years for “a
valuable addition or contribution to science”.

The Governors were very glad to learn of
the election to the Fellowship of the Royal
Society this year of Dr. Ruth Sanger. Dr.
Sanger is distinguished for her work on
human red cell antigens and for the genetic
mapping of the human X chromosome.

At the Annual General Meeting of the
Society for General Microbiology in April
this year Professor Evans was elected
President of the Society.

The Governors were glad to learn of the
election of Dr. W. d’A. Maycock to the
Fellowship of the Royal College of
Physicians.

The Governing Body is pleased to note
that Mr. L. Vallet was presented with
the 1971 Oliver Memorial Fund for Blood
Transfusion Award; Mr. Vallet shared the
Award with Dr. Helen Whyte Carlin of the
Birmingham Regional Centre.

Mr. G. G. Beadle was appointed Deputy
Head of the Serum Department; Dr. L.
Singleton and Mr. D. W. Ashton were
appointed to the Blood Products Laboratory;
Miss J. A. Blackwell to the Bacterial Vaccines
Department; and Mr. R. A. Matthews to
the Electron Microscopy Unit.

Mr. E. J. H. Lloyd, Assistant Secretary
and Deputy Accountant, resigned in April
1972. Mr. Lloyd had worked at the Institute
for eleven years. The Governors wish him
every success in his new post at St. George’s
Hospital Medical School.

Dr. K. A Chandrabose of the Guinness-
Lister Unit resigned in October, 1971; and
Mrs. Wendy Jeffery resigned from the Serum
Department in April, 1972,

Professor L. H. Collier participated, by
invitation, in the Second Conference of the
International Society of Geographical
Ophthalmology and the Jerusalem Seminar
on the Prevention of Blindness, in August,
1971 in Israel.



Dr. W. d’A. Maycock attended meetings of
the Group of Experts No. 15 ofthe European
Pharmacopoeia Commission, in January and
December, 1971.

Professor Winifred Watkins attended, by
invitation, a joint meeting of the German
and Belgium Biochemical Societies in Liege,
Belgium, in January, 1971 and in August,
together with Dr. Caroline Race and Dr. M.
A. Chester, she took part by invitation in the
First International Congress of Immunology
held in Washington D.C., U.S.A.

Professor G. G. Meynell and Dr. E. W.
Meynell attended the European Phage Con-
ference in West Berlin, in October, 1971
Dr. Meynell also spoke by invitation at the
Department of Microbiology, Faculty of
Science, University of Paris, Orsay.

In January 1971 Dr. W. E. Parish, as a
WHO consultant and at the invitation of the
Burmese Government, visited the labora-
tories of the Burma Pharmaceutical Industry
in Rangoon.

Dr. H. G. S. Murray attended the Twelth
International Congress of the International
Association of Microbiological Societies’
Permanent Section of Microbiological Stan-
dardization at Annecy, in September 1971.

In October 1971 Mr. L. Vallet participated,
by invitation, in a Symposium on Plasma
Derivatives for Clinical Use in Washington
D.C., arranged by the American National
Red Cross Society. He also visited the Blood
Research Institute, Boston, Massachusetts
and the Plasma Fractionation Laboratory,
Commonwealth of Massachusetts Biologies
Laboratory, Jamaica Plain, Massachusetts.

Dr. Ethel Bidwell attended the Second
Congress of the International Society on
Thrombosis and Haemostasis in Oslo in
July 1971

Dr. G. S. Turner attended the Second

International Congress for Virology in
Budapest in June 1971.

Dr. J. M. Creeth visited the Department
ofChemistry, Redlands University, California
for discussions with Dr. J. B. lift on density-
gradient ultracentrifugation methods.

In March 1971 Dr. Ruth Lemcke partici-
pated by invitation in a workshop on “The
Mycoplasmatales as agents of disease” at the
National Institute of Allergy and Infectious
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Diseases, Bethesda, Maryland.

Dr. D. G. Godfrey, Dr. Angela Taylor
and Miss Sheila Lanham attended the
Premiére Multicolloque Européen de Parasi-
tologie, at Rennes, France, in September
1971

For the academic year 1971/72 there are
twenty-two postgraduate research workers at
the Institute registered for higher degrees of
the University. Three Ph.D. and one M.Phil
degrees were awarded during 1971.

DONATIONS AND GRANTS

Arthur Guinness, Son & Co. Ltd., continued
their generous support of the Guinness-
Lister Research Unit during the year.

The Governing Body records its appreci-
ation of the many other bodies whose
benefactions and grants support research
work in the Institute. These include a grant
from the Arthritis and Rheumatism Council
for the role of bacterial complexes in
vasculitis; grants from the Medical Research
Council for research in pertussis immunity;
for immunochemical investigations on human
blood-group specific glycoproteins; for bio-
chemical investigations on the products of
the blood group H, Lewis and Secretor genes;
on the characterisation of the enzymic
products of the A and B genes; on the
characterisation of the human blood group
active P, substance in hydatid cyst fluid; on
the characterisation of blood-group specific
glycoproteins by density-gradient methods;
and on the genetics of drug resistance factors
and other bacterial plasmids.

Grants were also received from the Over-
seas Development Administration of the
Foreign and Commonwealth Office for
studies on the biology of trypanosomes with
special reference to their surface properties;
from the Science Research Council for
studies on the replication of bacterial
plasmids; and from the Institute of the
Diseases of the Chest, Brompton Hospital
for an investigation of human tissue ana-
phylactic-sensitizing antibodies.

The Governing Body also gratefully
acknowledges donations to the Institute’s
Re-endowment Fund from the Prudential
Assurance Company Limited and the Royal
London Mutual Insurance Society Limited.



PRODUCTION AT ELSTREE

Particular emphasis has been given, over the
past few years, to the expansion of produc-
tion of bacterial vaccines; the financial
success of this effort is a noteworthy tribute
to the production teams at Elstree.

NEW BUILDINGS

It was reported last year that the new wing
at Chelsea was to be opened in the Spring by
Mr. Leonard Wolfson. This building was
made possible by a very generous gift from
the Wolfson Foundation. On 18th May 1971
Mr. Wolfson unveiled a plaqgue commem-
orating the completion of the Wolfson Wing
and formally opened the Wing at a ceremony
in the new lecture theatre. He was accom-
panied by Mrs. Wolfson and by Sir Isaac
and Lady Wolfson. The ceremony was
attended by many guests and members of
staff, and was followed by conducted tours
of the new building.

The lecture theatre itself, designated the
Grocers’ Lecture Theatre on a plaque in the
main hall, was opened by Major Leonard
Dent on behalf of the Grocers’ Company, in
recognition of a generous donation towards
its erection.

It is expected that by the time this report is
published the large extension to the Blood
Products Laboratory will be partly in use.
Modifications to the old Blood Products
building are planned for the financial year
1972-73.

The Pyrogen Test Rabbit House has been
completed and taken into use.

VISITORS

The following visitors, in addition to those
listed under Staff, worked for short periods
inthe Institute’s Laboratories; Miss Kathleen
Barber, St. George’s Hospital, London; Miss
Raye Biggs, West Midlands Forensic Science
Laboratory, Birmingham; Dr. G. Casillas,
Instituto de Investigaciones Haematologicas,
Academia Nacional de Medecina, Buenos
Aires; Mr. A. Chaudhury, Central Research
Institute, Kasauli, Simla Hills, India; Mr.
G. Evans, South West Forensic Science
Laboratory, Bristol; Miss Agnes Friss,
National Institute of Haemotology and Blood
Transfusion, Budapest, Hungary; Dr. M.
Palatnik, University of La Plata, Argentina;

Dr. H. Schenkel-Brunner, Institute of
Biochemistry, University of Vienna, Austria,
Mr. Myat Sein, Burma Pharmaceutical
Industries, Rangoon, Burma; Dr. M. P.
Than, Burma Pharmaceutical Industries,
Rangoon, Burma; Mrs. A. Vichitanand;
Government Pharmaceutical Organization,
Bangkok, Thailand.

The Governing Body has during the last
year at several meetings considered the
serious financial position ofthe Institute. We
have had over the last four or five years
deficits of the order of approximately
£150,000 per annum, and in order to finance
our scientific activities at an acceptable level,
we have had to make serious inroads into our
accumulated capital reserves. It is clear that
this process cannot be allowed to continue
much longer. All the aspects of our financial
situation have been carefully considered and
possible steps are being discussed as how to
deal with this situation. A Special Meeting
of the Council has taken place at which the
financial problems were fully presented. It
is hoped to put to Members certain proposals
in the near future, but these however can
only be formulated after all the relevant
aspects have been fully explored.

The Governing Body wishes to record its
thanks and appreciation to the scientific,
administrative and technical staff for their
wholehearted devotion to the Institute. This
year was a difficult one, as already indicated,
and the understanding and loyalty displayed
by all sections of the staff is gratefully
recorded.

A. NEUBERGER,
Chairman



REVIEW ARTICLE

THE BIOCHEMICAL BASIS OF HUMAN
BLOOD GROUP ABO AND
LEWIS POLYMORPHISM

Winifred M. Watkins

Department of Biochemistry

The extent to which individuals in a popula-
tion differ one from another depends in part
on environmental conditions but is largely
determined by inherited differences. In other
words, individuality depends primarily on
the number of gene loci in a population for
which there is more than one allele. Although
the extreme diversity of human beings is
apparent at a glance, until comparatively
recently relatively few genetic loci in man
were clearly recognised as polymorphic;
these loci were mainly those determining
blood group systems which are differentiated
by means of their serological properties. The
molecular theory of inheritance put forward
in the 1950’ has as a central belief the fact
that the DNA of the structural gene loci
in the chromosomes codes for the primary
amino acid sequence of the polypeptide
chains of specific proteins (see Crick, 1967).
From this premise it follows that poly-
morphisms can arise from mutations that
give a series of different alleles at one gene
locus determining structurally different
versions of a protein. In the last decade
systematic searches for variants of functional
proteins and enzymes were undertaken and
many human genetic polymorphisms are
now established (see Harris, 1970). On the
basis of these findings, and those previously
determined for other species, Lewontin
(1967) has estimated that one-third of the
structural gene loci in man may be poly-
morphic.

Despite the ever increasing number of
variant forms of human genes that are being
discovered, the ABO blood group system
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remains the prime example of polymorphism.
The red cell determinants associated with
this system were the first inherited antigenic
differences to be recognized in man (L.and-
steiner, 1900) and more people throughout
the world have been accurately classified for
these genes than for any other polymorphic
character. The three major alleles of the
system are the genes A, B and O (Bernstein,
1924). A child receives one gene from either
parent giving six genotypes AA, AO, BB,
BO, AB and OO. The four recognizable
phenotypes based on reactions with anti-A
and anti-B agglutinins are A, B, AB and O.
The ABO system is of outstanding import-
ance in blood transfusion because anti-A and
anti-B agglutinins are invariably present in
the serum when the corresponding antigens
are absent from the red cells. The relative
frequency of the four groups varies in dif-
ferent populations but among Europeans
about 47% of people are group O, 42%
group A, 8% group B and 3% group AB.
The apparent simplicity of the inheritance
ofthe ABO groups, which makes them such
excellent chromosome “markers” in genetic
and anthropological studies, was taken by
the earlier biochemical geneticists to imply a
very close relationship between the serolo-
gical determinants and the blood group
genes. In the light of present knowledge
one might therefore suppose the antigens to
be proteins synthesized on the ribosomes via
messenger RNA mediated translation of the
genetic code for specific amino acid sequen-
ces. The blood group active structures are,
however, not protein but carbohydrate and



much of the work in the Biochemistry De-
partment over the last few years has been
directed towards clarification of the relation-
ship between these specific carbohydrate
structures and the blood group ABO genes.
In the course of these investigations it has
been necessary to consider three other
genetic systems, the Hh and Lele blood genes
and the Secretor genes Sese; these three
systems, although inherited independently of
the ABO genes (see Race and Sanger, 1968),
are closely related to the ABO groups in their
phenotypic effects.

A and B antigens are not confined to the
red cells; they are present on the cell sur-
faces of probably all endothelial cells and
many epithelial cells (Szulman, 1960, 1962)
and substances with the same serological
specificity occur in a water-soluble form in
tissue fluids and secretions (Lehrs, 1930;
Putkonen, 1930). Evidently, therefore, the
genes controlling the appearance of these
serologically active structures express them-
selves at many different sites throughout the
body and the name “blood group sub-
stances” was given, and persists, simply be-
cause the antigens were first detected on
erythrocytes. In the red cells, the sub-
stances that carry the A and B specificities
are firmly bound and cannot be extracted
with water or salt solutions. Earlier attempts
to isolate active substances from red cells
met with little success (see Rabat, 1956) and
most of the detailed chemical knowledge that
we have of blood group specific structures
has come from investigations on the water-
soluble substances which occur in large
amounts in mucous secretions.  Saliva, the
mucous of the gastrointestinal tract and
meconium are potent sources of water-
soluble substances, but a particularly useful
source of material for the isolation of rela-
tively large amounts of these substances from
single individuals has proved to be fluid ob-
tained from ovarian cysts (Morgan and van
Heyningen, 1944). These fluids accumulate
in the cysts over long periods of time, and
large volumes, often containing several grams
of active group-specific material, may be
obtained from a single cyst. Not all people
who have A and B antigens on their red cells
secrete water-soluble A and B substances.
The “secretor” or “non-secretor” status of
of an individual is constant and is genetically
determined. Family studies revealed that

this dimorphism is determined by a pair of
allelic genes (Schiff and Sasaki, 1932), now
referred to as Se and se. Individuals homo-
zygous or heterozygous for the allele Se are
“secretors”, whereas those homozygous for
the allele se are “non-secretors”. About
80% of Europeans are “secretors”, although
the proportions of “secretors” and “non-
secretors” is slightly different in other ethnic
groups (see Race and Sanger, 1968).

Bernstein believed that the O gene was
recessive and that group O represented the
absence of the A and B characters. This
view was generally accepted until Schiff
(1927) discovered reagents that appeared to
react preferentially with group O erythro-
cytes. The idea then became prevalent that
the O gene gave rise to a product, analogous
to the products of the A and B genes; the
only difference being that the antibody to the
O character did not occur naturally in the
serum whenever the factor was missing from
the red cells. Group O subjects who in-
herited an Se gene had water-soluble sub-
stances in their secretions that neutralized
these “anti-O” reagents. This finding sup-
ported the view that there was an O gene
product because at that time no other blood
group systems were known to give soluble
products. However, the idea that the sero-
logical reagents were detecting an O antigen
had to be abandoned when it became clear
that secretions from group AB subjects could
inhibit the agglutinating activity of the
“anti-O” sera and also that these antibodies
reacted with erythrocytes from homozygous
AA and BB donors. The explanation that
seemed to fit these results most neatly was
one formulated by Witebsky and Klendshoj
(1941); they suggested that the so-called
O-substance was in fact a basic substance
“on top of which the A and B property might
be present or absent”. Thus the “O-sub-
stance” is a precursor of A and B substances
and it is present in larger amounts on the
erythrocytes and in the secretions of group O
subjects than in A, B or AB subjects simply
because it does not undergo further con-
version. Because the retention of the name
“O-substance” did not seem justified for a
material that was patently not the product of
the O gene the term H-substance was intro-
duced (Morgan and Watkins, 1948) and the
sera that were neutralized by this substance
were called anti-H. We now believe that the



gene locus concerned with the formation of
H specific groupings has two alleles H and h
(Watkins and Morgan, 1955a). Very rare
individuals who are homozygous for the
allele h have no A, B or H substance on their
red cells or in their secretions. The first
people with this unusual blood group were
discovered in Bombay and the group is
therefore frequently referred to as the
“Bombay” Oh phenotype. When the ery-
throcytes of these people are tested with anti-
A and anti-B sera they appear as normal
group O cells but further examination reveals
that they do not react with anti-H reagents.
This lack of H surface structures has serious
consequences if the subject needs a trans-
fusion because anti-H agglutinins are present
in the serum in addition to the expected
anti-A and anti-B agglutinins; such sera
therefore react with the red cells from all
other individuals except those belonging to
the same very rare group (see Race and
Sanger, 1968).

The Lewis blood group system, described
by Mourant (1946) is closely related to the
ABO system and substances with Lewis
activity occur in a water soluble form in
secretions (Grubb, 1951). From the outset
the genetics and inheritance ofthe two Lewis
antigens, Leaand Leb, were much less clear
cut than those of the ABO groups, and al-
though knowledge of the chemical structures
associated with the two specificities has made
possible a clearer understanding of this
system there are still some puzzling features
about the relationship between the secreted
Lewis substances and the antigens on the
erythrocytes. Adults are differentiated into
three groups on the basis of the reactivity of
their red cells with anti-Lea and anti-Leb
sera, that is, Le(a+b-), Le(a-b+) and
Le(a-b-) (see Race and Sanger, 1968).
Lea activity in secretions, however, is
markedly dependent on the ABH “secretor-
non-secretor” status. Individuals whose red
cells are Le(a+b — are “non-secretors” of
ABH and *“secretors” of Lea substance.
Those whose red cells are Le(a—b+)
are “secretors” of ABH and Leb; their
secretions also have Lea activity but very
much less than is found in the ABH
“secretors”. Only those whose red cells are
grouped as Le(a- b—) have neither Lea nor
Lebin their secretions; a.small proportion of
this group are also “non-secretors” of ABH.
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Although three Lewis red cell phenotypes
are recognizable we believe that there is
only one functional allele at the Lewis genetic
locus. Grubb (1951) and Ceppellini (1955)
proposed that the presence or absence of Lea
specificity in secretions depends on a pair of
alleles, now called Le and le. The allele Le,
in single or double dose, gives rise to Lea
activity in secretions. Leb activity was at
first (Andresen, 1948) thought to be the pro-
duct of an allele of the gene giving rise to Lea
because of the seemingly reciprocal relation-
ship between Leaand Lebon red cells. Con-
sideration of the distribution of the two
activities in secretions, however, revealed
that this could not be so. With considerable
insight, Ceppellini (1955) pointed out that as
Lebactivity only occurs in the tissue fluids of
ABH “secretors” it was probably a genetic
interaction product and proposed that the
two genes involved were Le and the secretor
gene Se. The idea that Leb specificity is an
interaction product is now established from
the structure ofthe Leb determinant but the
gene product that interacts with the product
of the Le gene is that of the H gene and not
Se (see Watkins, 1965; Marr et al., 1967).
Grubb (1951) suggested that the Lewis
system should be regarded essentially as a
system of water-soluble antigens that are
adsorbed onto the red cells and Sneath and
Sneath (1955) demonstrated that Le(a—
red cells can be converted into Le(a+) cells
by incubating them in the plasma from
Le(a+b — subjects.

Despite the complexities of the genetics of
the ABO, Hh and Lele systems it is possible
by simple serological inhibition tests to
divide the population into four main groups
based on the presence or absence of A, B, H,
Lea and Leb activities in the secretions.
About 70% secrete A, B or H together with
Lea and Leb, about 20% secrete only Lea,
some 9% secrete A, B or H but not Leaor
Leb, and about 1% secrete neither A, B, H,
Lea or Leb. The presence of these well-
defined serological specificities enables secre-
tions to be selected from the appropriate
donors for the isolation of the substances
carrying the required blood group character.

By the early 1950’s preparations of A, B,
H and Leasubstances had been isolated and
purified from ovarian cyst fluids. The most
striking, and at that time rather disheartening
observation, on these substances was that



they had the same qualitative composition
irrespective of their blood group specificity.
They all contained the same four sugars,
D-galactose, L-fucose, AZ-acetylglucosamine
and iV-acetylgalactosamine and the same 15
amino acids (see Morgan, 1960; Watkins,
1966). Carbohydrate accounted for about
80-85% of the molecule.  The amino acid
moiety was remarkable in that two amino
acids, serine and threonine, made up about
half the total amino acids (Pusztai and
Morgan, 1963). The purified substances are
macromolecules with molecular weights
ranging from 500,000 to 2,000,000. Origin-
ally designated as mucopolysaccharides,
these substances are now classified as glyco-
proteins. The full details of the macro-
molecular organization of these substances is
still under investigation some 20 years after
their isolation, but their general properties
and degradation products suggest that they
are made up of a large number of oligosac-
charide chains covalently attached at inter-
vals to a peptide backbone. The attachment
of most, if not all, of the sugar chains to the
peptide moiety is through alkali-labile a-O-
glycosidic linkages involving /*-acetylgalac-
tosamine and the hydroxyamino acids serine
and threonine which are present in such
abundance in the peptide moiety (Anderson
et al, 1964; Adams, 1965; Rabat et al, 1965;
Donald et al, 1969).

Two other important facts emerged at an
early stage in the investigations of the blood
group specific glycoproteins. One was that
all the substances, either in the native state or
after mild degradation with acid or enzymes,
cross-reacted with anantiserum to Type XIV
pneumococcus (see Rabat, 1956). The
second was that, however rigorous the puri-
fication, attempts to isolate A or B sub-
stances free from H, Leaor Lebactivity were
invariably unsuccessful when these additional
activities were present in the original secre-
tion. The observation on the cross reactivity
with Type XIV anti-serum was taken to
indicate that all the blood group substances
had certain structural chemical groupings in
common and, later, precipitin inhibition ex-
periments showed that this reaction was
attributable to the presence in each of the
substances of p-linked galactosyl-(I -*4)-N-
acetylglucosaminyl units (Watkins and
Morgan, 1956). A glycoprotein isolated
from the secretions of one of the rare group

of persons who fail to secrete A, B, H, Leaor
Leb substances also showed cross reactivity
with anti-Type XIV serum (Watkins and
Morgan, 1959). This material was strikingly
similar in chemical composition to the active
substances except that it had a very low
fucose content.

The similarity in composition and general
physical properties, together with the Type
XIV cross reactivity, suggests that in the
secretions of all individuals there are glyco-
proteins which are probably fulfilling the
same physiological function irrespective of
whether or not they carry blood group active
structures. The name “secretor” as applied
only to those who have A, B or H activity in
their secretions is therefore misleading. The
term is probably too deeply entrenched in
the blood group literature and in the minds
of workers in the field to change the nomen-
clature at this stage but its use has led to
erroneous speculations on the basis for the
association between blood groups and
diseases of the gastrointestinal tract by those
who assume “non-secretion” to be synono-
mous with the absence of glycoprotein.

The second observation that A or B sub-
stances cannot be freed from accompanying
H, Leaand Lebactivities was later explained
by the demonstration that more than one
serological activity can be carried on a single
glycoprotein molecule. The method used to
obtain evidence for the existence of glyco-
protein molecules with single or multiple
specificities was that of serological precipita-
tion with selected mono-specific antisera
(Morgan and Watkins, 1956; Watkins and
Morgan, 1957a; Watkins, 1958, 1959). Ex-
amination of the supernatant and the re-
dissolved precipitates demonstrated that the
jointly carried specificities arise not only from
the activities of allelic genes such as A and B
but from the activities of genes belonging to
independent genetic systems, such as A, H
and Le. Thus a “secretor” belonging to
group AB, whose secretions also have H, Lea
and Leb activity, has glycoprotein molecules
carrying A, B, H, Leaand Leb specificities
that are carried down in the precipitate by an
anti-A or an anti-B serum. Experiments
with the appropriate control mixtures en-
sured that these activities were genuinely
associated with the same molecules and were
not non-specifically entangled in the
precipitate.



With our present knowledge of the mole-
cular basis of gene action no one today would
be so naive as to suggest that a complex
glycoprotein molecule could be synthesized
by a single gene. When the blood group
specific glycoproteins were first isolated,
however, template theories of gene action
were still prevalent and the impression that
the blood group genes do not control the
biosynthesis ofthe complete macromolecules
came from the observations on the chemical
similarities of the substances with different
specificities and the finding of multiple
specificities on single molecules. Enzymic
degradation of the blood group substances
strengthened the conviction that the blood
group genes were imprinting their specificity
at a late stage in the biosynthesis of the
glycoproteins. The first significant observa-
tion was that of Iseki and Masaki (1953) who
reported that A-substance could be “trans-
formed” into H-substance by an enzyme
preparation from Clostridium tertium. Sub-
sequently, the B-decomposing enzyme from
Trichomonas foetus was found to act on B-
substance with the loss of B-activity, the
development of H activity and the specific
release of D-galactose (Watkins, 1956). This
experiment demonstrated that the *“trans-
formation” consisted in the removal of a
sugar residue which exposed an H specific
structure that was masked in the undegraded
glycoprotein. The sugar released from A-
substance by an enzyme preparation from T.
foetus, when A activity was lost and H activity
developed, was later shown to be A-acetyl-
galactosamine (Harrap and Watkins, 1964).
A number of a-N-acetylgalactosaminidases
and a-galactosidases from a variety of plant,
bacterial, invertebrate and mammalian
sources have since been found to bring about
the same sequence of changes in A and B
substances, respectively; confirming that
removal of a single sugar residue from the A
and B determinants reveals underlying H
determinants. When the original A or B
substance comes from a donor having Leb
activity the residual glycoprotein has both
H and Lebactivity after treatment with A or
B-destroying enzymes. Degradation of the
substances with an H destroying enzyme
results in loss of H and Leb activity, a
development of Lea properties and a release
of L-fucose (Watkins, 1960; 1962). Alter-
natively, if the HLeb substance is treated
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with an Leadestroying enzyme, Lebactivity
is lost, H activity is enhanced and again there
is a loss of L-fucose (Stealey and Watkins,
1972). Sequential degradation of the carbo-
hydrate chains with selected exo-glycosidases,
therefore, reveals specificities that are part
ofthe undegraded molecule but are not avail-
able for reactivity with their homologous
antibodies.  Possible explanations for the
failure of the antibody to react with these
hidden determinants are (1) that substitution
of the terminal non-reducing sugar of a
specific determinant with another sugar resi-
due may block certain hydroxyl groups
necessary for combination with the antibody,
(2) that the added sugar may sterically hinder
the approach of the antibody, or (3) that
conformational changes are engendered in
the specific determinant by substitution with
another sugar so that the structure is no
longer complementary to the antibody. Once
embedded in the carbohydrate chains these
hidden structures appear not to be recog-
nized as “self” by the antibody-forming
mechanisms because anti-H agglutinins are
sometimes formed in group A or B indivi-
duals (see Race and Sanger, 1968) in spite of
the fact that the H structure is part of the
specific A and B determinants.

The correlation in the enzyme degradation
experiments of loss of specificity with the
release of sugar residues was in agreement
with observations from other lines of investi-
gation on the contribution of the carbo-
hydrate moiety to the serological specificity
ofthe blood group active glycoproteins. One
of the methods used was inhibition of agglu-
tination with simple sugars following the
principle established by Landsteiner that a
low-molecular weight substance with a
structure similar to, or identical with, the
determinant in an antigen combines with the
antibody and specifically inhibits the reaction
between the antigen and antibody (see
Landsteiner, 1947). Before these experi-
ments began it was known that certain plant
seed extracts react with receptors on red cells
and that some behave as specific blood group
agglutinins (see Bird, 1959). These reagents
proved of considerable value in the deter-
mination of the immunodominant sugars in
the blood group active structures because we
found that specific inhibition of the agglu-
tination of red cells by these plant seed re-
agents was achieved with simple monosac-



charides (Morgan and Watkins, 1953);
animal or human antibodies are comple-
mentary to larger specific determinants and
usually require at least a disaccharide before
significant inhibition is demonstrable. An-
other method that was used empirically at
first, but which gave useful and additional
evidence for the part played by individual
sugars as major determinants of blood group
specificity was the inhibition of the enzymic
inactivation of blood group substances by
monosaccharides (Watkins and Morgan,
19556). Combinations of these methods
proved that Af-acetylgalactosamine and D-
galactose, respectively, occurring as non-
reducing end-groups, and joined by an
a-glycosidic linkage to the next sugar, were
the structures most directly concerned in A-
and B-specificity. The results of similar
experiments established an a-L-fucosyl resi-
due as the immunodominant sugar in
H-specific structures (see Morgan, 1960;
Watkins, 1966). Additional information
indicated that the immunodominant sugar
alone is not entirely responsible for sero-
logical specificity, and that the nature of the
adjacent sugar and the position of the
glycosidic linkage is also of considerable
importance.

More extensive information about the Lea
determinant was derived from inhibition
tests with fucose-containing oligosaccharides
isolated from human milk by Professor Kuhn
and his colleagues in Heidelberg (see Kuhn,
1957). Two oligosaccharides containing a
branched trisaccharide unit at the non-
reducing end, with a-L-fucose and (3-D-
galactose residues joined by 1->4 and 1-»-3
linkages respectively to an TV-acetyl-fi-D-
glucosaminyl wunit, strongly inhibited the
agglutination of Le(a+) red cells by human
anti-Lea serum (Watkins and Morgan,
19576). Other closely-related compounds,
that differed only in the point of attachment
of the fucose residue, did not cause inhibition
and we therefore concluded that Leaactivity
resided in the spatial arrangement of this
branched trisaccharide. The involvement of
L-fucose in two distinct specificities, namely,
H and Lea gave proofthat the nature of the
terminal non-reducing sugar cannot, by it-
self, be responsible for specificity, and that
the way in which it is linked to the next
sugar, or both, must also be important.
Another interesting inference from the results

with Leawas that specificity does not neces-
sarily reside in the nature and sequence of
sugar units in a straight chain, but that
branching sugar residues may contribute to
the determinant structure. Further indica-
tions of the importance of branching fucose
residues came from inhibition experiments
with Leb (Watkins and Morgan, 19576).
Oligosaccharides containing two fucose resi-
dues attached to adjacent sugars on a back-
bone chain were active inhibitors of Leb
agglutination whereas analogues lacking
either fucose unit were inactive.

Towards the end of the 1950, although
our knowledge of the detailed structure and
nature of the determinants associated with
these glycoprotein molecules was still frag-
mentary, sufficient genetical, serological and
biochemical information was available for
profitable speculation on the relationship
between the blood group genes and the sero-
logically active structures. Genetical path-
ways for the biosynthesis of the blood group
active structures were put forward from this
laboratory (Watkins, 1958; Watkins and
Morgan, 1959) and an essentially similar
scheme was formulated by Ceppellini (1959)
in Italy at much the sametime. These path-
ways accounted for the interrelationships
between the ABO, Hh, Lele and Sese genes
which led to the four main phenotypic groups
into which people can be divided according
to the A, B, H Leaor Leb activities in their
saliva or other secretions (Table 1). The
serologically inactive glycoprotein occurring
in the secretions of the rare individuals who
lack A, B, H, Leaor Lebspecificity is thought
to be the precursor substance that in persons
having the appropriate genes is converted
into the blood group active glycoproteins.
The genes A, B, H and Le were envisaged as
structural genes whose products induce
changes in the precursor. The genes O, h
and le are silent alleles in the sense that their
products do not bring about changes in the
precursor substance although this does not
imply that these genes do not code for struc-
tural proteins. The Se gene was considered
as a regulator gene, or switch gene, that con-
trols the expression of the H gene at the sites
of synthesis of the secreted glycoproteins.
The Le gene uses the same precursor mole-
cules in secretions as the H gene but it is
expressed whenever it is present in the geno-
type and is not under the control of the
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Table 1 Possible genetical pathways for the biosynthesis of
A, B, H, Leaand Leb substances

Gene systems: 1) Lele 2)Hh 3) ocx
Precursor
Le Substance le
Lellsubstance Precursor substance
H hh hh H
se se Se Se se se
or or
se sey se se
!
H subst. Lea Lea Prec. Prec. H subst.
(- Lea-fLe'O subst. subst. subst. subst.
B [¢] ABO ABO ABO ABO A B
<
A sub. B subst. H subst. Lea Lea Prec. Prec. A subst. B subst. H subst.
(-"H + Lea (tH -tLea (—Lea subst. subst. subst. subst. (+H) (t
-rLe'0 -J-Lew») GqLe*)r 1 1 1
S
1 i t
Secretor  ABH( 1) ABH(- ) ABH(- ® ABH(-) ABH(—) ABH(+)
type LeH +) LeH r) LeH ) LeH- ) LeH—) LeH—)
LeH ~) LeH-) LeH-) LeH ) LeH-) LeH—)
Red cell ABH (+) ABH(+) ABH(—) ABH(—) ABH(+) ABH(+)
phenotype Le(a—b 1) Le(a-rb-—) Le(a b -) Le(a—b—) Le(a—b—) Le(a—b—

“Bombay” phenotype

secretor gene Se. This is why the secretions
of about 90% of persons have greater or lesser
degrees of Leaactivity.

A series of as yet unidentified genes were
assumed to be responsible for the biosyn-
thesis of the precursor glycoprotein. In the
presence of an H and an Se gene this pre-
cursor is converted into H substance which
then forms the substrate for the conversions
controlled by the A and B genes. In the
absence of a secretor gene, that is, in persons
homozygous for se, the precursor is un-
changed and the conversion to A and B can-
not take place even when these genes are part
of the genotype. The Le gene controls the
conversion ofthe precursor glycoprotein into
Leasubstance and this same material in the
presence of an H and Se gene is converted
into an HLeb substance with some residual
Leaactivity. Synthesis stops at the Leastage
if two se genes are present and Leais then the
only activity detectable in the secretions even
when H, A or B genes are part of the
genotype.

These pathways were put forward as a
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framework from which to devise further ex-
perimental procedures; although some de-
tails concerning the order in which the gene
products act has needed revision the subse-
quent work has supported the proposed
schemes in general principle. Moreover, the
complete chemical characterization of the
serological determinants enabled the gen-
etical pathways to be explained more clearly
in chemical terms (see Watkins, 1965). Of
primary importance to an understanding of
the interrelationships of the ABO and Lewis
systems was the finding that there are at least
two types of carbohydrate chains in each
blood group substance (Rege et al. 1963).
Each chain ends with the disaccharide unit
i3-galactosyl-1VV-acetylglucosamine; the sugars
are linked either 1-*3 (Type 1 chain) or
1—4 (Type 2 chain). We therefore pro-
posed that in the precursor substance there
are carbohydrate chains ending with these
two disaccharide structures, and either one
or both of these chains form the basis of the
A, B, H, Leaand Lebspecific structures. The
isolation of a pentasaccharide in which the
Type 1and Type 2 disaccharides are both



Table 2. Genetic control of the formation of blood group
specific H, Lea and Leb structures

Gene Chain Structure Specificity
- Type 1 i3-Gal-(I->3)-GNAc— —
Type 2 [3-Gal-(1—4)-GNAc— Type XIV
H Type 1 P-Gal-(1—3)-GNAc— H
T «1,2
Fuc
Type 2 p-Gal-(I—4)-GNAc— H
T «1,2
Fuc
Le Type 1 P-Gal-(1—3)-GNAc— Lea
T «1,4
Fuc
Type 2 [3-Gal-(1—4)-GNAc— Type XIV
H and Le Type 1 P-Gal-(I-*3)-GNAc— Leb
f <2 | al,4
Fuc Fuc
Type 2 P-Gal-(1—4)-GNAc— H
T «1,2
Fuc

Abbreviations: Gal = D-galactopyranose; Fuc = L-fucopyranose;
GNAc = N-acetyl-D-glucosaminopyranose;

joined to a Single galactosyl residue has been
taken as evidence that both types of chain
endings may exist as branches on one main
chain (Lloyd et al. 1968). The Type 2 chain
ends with the structure that gives rise to
Type XIV pneumococcal cross reactivity.
The protein products ofthe A, B, H and Le
genes were envisaged as enzymes—glyco-
syltransferases—that control the sequential
addition of sugar units to the basic chains in
the precursor substance.

The pioneering work of Leloir and his co-
workers in the 1950’ revealed the central
role played by nucleotide-bound sugars in
the metabolism of sugars and in the bio-
synthesis of oligo- and polysaccharides (for
review see Leloir, 1964); these compounds
were therefore assumed to be the donors of
sugar units in the reactions catalyzed by the
blood-group gene-specified glycosyltransfer-
ases (Watkins, 1967). The H gene product
was postulated as an a-L-fucosyltransferase
that conveys fucose from guanosine diphos-
phate L-fucose to the carbon-2 position of

the p-galactosyl residue of either the Type 1
or Type 2 chains (Table 2) to give the Id-
active structure a-L-fucosyl- (1->2)-p-D-
galactosyl-(I-*3 or 4)-(3-(jV-acetyl)-D-glu-
cosaminyl-R (where R represents the re-
mainder of the carbohydrate chain). This
step was proposed on the basis of two sero-
logically active trisaccharides, one having the
1->3 linkage and the other the 1-»4 link-
age, that were isolated from the degradation
products of an H-active glycoprotein (Rege
et al. 1964a).

Many fragments have now been isolated
and identified from the acid hydrolysis and
alkaline degradation products of A and B
substances (see Lloyd et al. 1966; Morgan,
1970), but the constant difference between
the isolated fragments is that the sero-
logically active units from A-specific glyco-
proteins have a terminal non-reducing N-
acetylgalactosaminyl unit and those from B
have a terminal non-reducing D-galactosyl
unit. Each of these sugars is joined by an
a-(1-*3) linkage to a p-galactosyl residue.
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Table 3. Additions to H-active chains controlled by the A and B genes

Gene Structure Specificity
P-GaHI—3 or 4)-GNAc— H
t al,2
Fuc
A a-GalNAc-(I—3)-[3-Gal-(I—3 or 4)-GNAc— A
t al,2
Fuc
B a-Gal-(1-—8)-fl-Gal-(1—8 or 4)-GNAc— B
t al,2
Fuc

Abbreviations: GalINAc = iV-acetyl-D-galactosaminopyranose

The most active fragments isolated in this
laboratory, from A and B glycoproteins,
respectively, were tetrasaccharides having
the structures <x-N-acetylgalactosaminyl-(l
-*3)- [a-L-fucosyl-(I —2)-] p-D-galactosyl-
(1 —»4)-N-acetylglucosamine from A sub-
stance and a-D-galactosyl-(l -*3) [a-L-fuc-
osyl(l ->-2)-] p-D-galactosyl (1-*4)-AT-ace-
tylglucosamine from B substance (Painter et
al. 1965). Similar oligosaccharides differing
only in the linkage of the p-galactosyl residue
to /"-acetylgalactosamine, 1—»3 in place
of 1—=4, were isolated by Lloyd et al. (1966).
The A and B active determinants thus differ
from the H-active structures only in that
they have an additional sugar unit at the
non-reducing end of the carbohydrate
chain. The A gene product was therefore
postulated as an /V-acetylgalactosamin-
yltransferase that conveys N-acetylgala-
ctosamine  from  uridine  diphosphate
M-acetylgalactosamine in a-(1-*3)
linkage to the p-galactosyl unit of the H-
active structures formed on both Type 1and
Type 2 chains. The formation of B-active
structures was envisaged as the transfer of
galactose from uridine diphosphate galactose
to the same acceptors, in the same linkage;
the product ofthe B gene was thus inferred to
be an a-galactosyltransferase (Table 3).

The Type 1 chain ending forms the basis
ofthe Leaand Lebactive structures. Uuder
the influence of the Le gene, it was proposed
that an a-L-fucosyl residue was added to the
carbon-4 position of the N-acetylglucos-
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amine to give the trisaccharide structure,
p-D-galactosyl-( 1—*-3) [a-L-fucosyl-(I —*4]-
iV-acetyl-D-glucosamine, implicated in Lea
specificity as a result of the serological in-
hibition experiments (Watkins and Morgan,
1957), and later isolated from the alkaline
degradation products of an Lea-active glyco-
protein (Rege et al. 1964b). The primary
product of the Le gene was thus considered
to be an a-L-fucosyltransferase with the same
sugar donor requirements as the a-L-fucosyl-
transferase specified by the H gene, that is,
guanosine diphosphate L-fucose, but with
differing acceptor specificity (Table 2). When
both the Hand Le gene products are present,
substitutions with L-fucose occur on both
the galactosyl and N-acetylglucosaminyl
residues of the Type 1chain to give the Leb
active structure, a-L-fucosyl-(I —*-2)-fl-D-
galactosyl-(I -»-3)- [a-L-fucosyl-(l -+4)]-N-
acetyl-D-glucosamine. An oligosaccharide
with this structure and specificity was iso-
lated from the alkaline degradation products
ofan HLebsubstance (Marretal. 1967). The
chemical characterization of the Leb-active
oligosaccharide as a structure with two
fucose units joined to adjacent sugars—one
fucose linked as in H determinants and the
second as it occurs in the Leadeterminant—
thus supports the interpretation that the Leb
active structure is an interaction product of
the H and Le genes. The structure formed
by the presence of the two fucose residues,
although compounded of the H and Lea
active groupings, has neither H nor Lea
specificity; instead it has a new specificity,



Leb. An Leb gene is therefore not required
to account for the appearance of this activity.
Of the two types of chain endings in the
blood group specific glycoproteins only the
Type 1chain can give rise to an Leb specific
structure. In the presence of H and Le
genes the Type 2 chains will be converted to
H-active structures only, because the carbon-
4 position of the iV-acetylglucosamine in this
chain is already substituted; consequently,
the Le gene-specified transferase has no sub-
strate on which to act. Therefore, as Type 1
and 2 chains occur in the same glycoprotein
molecules, it is possible to understand why
glycoproteins with only Leb activity have
not been isolated. The chemical charac-
terization of this type of hybrid structure,
illustrates that the tenet of “one gene, one
antigen”, at one time widely held, is no
longer valid and the concept that a child
cannot have a blood-group antigen not
present in either of its parents is also seen to
be only a partial truth.

So far mention has been made only of the
glycoprotein blood group substances found
in tissue fluids and secretions. Since the
earliest attempts to identify the blood group
A and B factors it appeared probable that,
according to the source of the specific
material, the characteristic serological proper-
ties could be associated with more than one
kind of macromolecule. The work of
Yamakawa and Suzuki (1952), Koscielak
(1963), and Hakomori and Strycharz
(1968) established that A and B specificity on
the erythrocyte surface is associated, at least
in part, with glycolipid molecules. The
materials contain sphingosine, fatty acids
and the sugars L-fucose, D-galactose, D-
glucose and Af-acetylglucosamine. The A-
active glycolipid has in addition M-acetyl-
galactosamine. The order, glycosidic
linkages and anomeric forms of the
individual sugars are not established but on
the basis of the molar ratios of the compon-
ent sugars in the preparations isolated by
Hakomori and Strycharz structures for the A
and B glycolipids can be proposed that are
identical with the serologically active units
isolated from A- and B-active glycoproteins.
Indirect evidence from haemagglutination
and enzymic inhibition experiments estab-
lished that the same immunodominant sugars
are involved in the A and B determinants on
the red cell as in the secreted substances

(Watkins et al. 1964). Therefore, although
strict proof is not yet available, these results
on the glycolipid substances support the
belief that the serologically active structures
are the same in the glycoprotein and glyco-
lipid substances despite the overall disi-
milarity of the macromolecules. The same
blood group gene specified glycosyltrans-
ferases are considered to control the forma-
tion of the active structures in the glyco-
lipids and the only difference in the bio-
synthetic pathway for the formation of the
ABH erythrocyte substances is that the
secretor gene Se does not control the expres-
sion of the H gene; consequently, H, A and
B substances, are formed on the red cell
whenever the H, A and B genes are part of
the genotype.

The Lewis Leaand Leb substances taken
up on to the erythrocytes were reported by
Marcus and Cass (1969) to be present in the
lipoprotein fraction of the plasma and the
active substances are therefore assumed to be
glycolipids and not glycoproteins. That the
active substances in plasma are different
from the secreted substances is in keeping
with the observations that the glycoprotein
Lea and Leb substances are not demon-
strably adsorbed on to red cells. However,
if the Lewis substances in plasma are indeed
glycolipid the implication is that the secretor
gene Se influences the functioning of the H
gene at sites synthesizing both glycoprotein
and glycolipid substances; Leb, the product
of the H and Le genes, is found on the red
cells only of ABH *“secretors”. The dif-
ferential action of the secretor Se gene in
various cells cannot therefore be related to
the type of macromolecule carrying the blood
group specific structure.

Experimental verification of the bio-
synthetic pathways proposed for the form-
ation of the A, B, H, Leaand Leb specific
structures has been obtained by examination
of tissues from donors of known blood group
and secretor status, for glycosyltransferases
of the required specificity. An a-N-acetyl-
galactosaminyl transferase found only in
tissues from group A and AB subjects occurs
in human submaxillary glands and stomach
mucosal linings (Hearn et al. 1968; Tuppy
and Schenkel-Brunner, 1969) milk (Kobata
et al. 1968a), plasma (Sawicka, 1971) and
ovarian cyst linings and fluids (Hearn et al.
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1972). An a-galactosyltransferase occurring
only in group B and AB subjects is demon-
strable in the same types oftissue (Race et al.
1968; Kobata et al. 19686; Sawicka, 1971,
Hearn etal. 1972; Poretz and Watkins, 1972).
These enzymes have an absolute requirement
for H-active structures in low-molecular
weight acceptors. A tetrasaccharide formed
by the transfer of galactose from uridine
diphosphate galactose to the trisaccharide
a-L-fucosyl-(I -* 2)-p-D-galactosyl-(l -*4)-
D-glucose (2'-fucosyllactose) with a particle-
bound transferase from human group B
stomach as enzyme source, was isolated in
sufficient quantities for chemical and sero-
logical examination (Race and Watkins,
1970). Methylation analysis confirmed that
the a-galactosyl residue was linked to the
carbon-3 position of the subterminal galac-
tosyl residue and this was the first proof that
the positional linkage of the transferred
galactose was the same as in the B-active
determinant. The synthesized tetrasaccha-
ride inhibited the agglutination of B cells by
anti-B serum to the same extent as a B-active
tetrasaccharide isolated from human B-
specific glycoprotein. With macromolecular
acceptors the position of the transferred
sugar residue is more difficult to establish,
but Tuppy and Schenkel-Brunner (1970),
using a group A stomach mucosal enzyme,
demonstrated the transfer of jV-acetyl-
galactosamine to H-substance with the
appearance of A specificity. Moreover,
similar preparations from group A and B
subjects converted human group O erythro-
cytes into A and B reactive cells by N-
acetylgalactosaminyl and galactosyl transfer,
sespectively (Schenkel-Brunner and Tuppy,
1970).

The a-N-acetylgalactosaminyl- and a-
galactosyltransferases associated with the A
and B blood groups, occur in the tissues of
both “secretors” and “non-secretors” of the
appropriate blood groups (Hearn et al, 1968;
Kobata et al, 1968a and b; Race and
Watkins, 1969); thus supporting the con-
cept that failure to secrete A and B sub-
stances arises from the absence of the
requisite H-specific substrate and not from
the lack of expression of the A and B genes.
Direct evidence that secretor status is
dependent on the expression of the H gene
has also been demonstrated. 2-a-L-Fuco-
syltransferase activity is detectable in milk
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(Shen et al, 1968) and submaxillary glands
(Chester and Watkins, 1969) from “secre-
tors” but is not found in these same tissues
from “non-secretors”. This enzyme transfers
L-fucose to the carbon-2 position of the
terminal ~-galactosyl residue of disaccharides
corresponding to the Type 1 and Type 2
chain endings. However, the secretor gene is
not expressed uniformly throughout the body
even in mucous producing tissues; Hartmann
(1941) showed the persistence of small
amounts of A and B substances in stomach
tissues from *“non-secretors” and Szulman
(1966) confirmed by the immunofluorescence
technique that in the deeper reaches of
gastric mucous secreting membranes syn-
thesis of ABH substances goes to completion
irrespective of secretor status. In agreement
with these observations when stomach
preparations were used as sources of fuco-
syltransferases an enzyme that transferred
L-fucose to the carbon-2 position of
galactose was found even in tissues from
donors grouped as non-secretors from tests
on saliva (Chester, 1971).

The postulated Le gene-specified a-4-L-
fucosyltransferase was demonstrated in milk
from women of the red cell phenotype Le
(a+b—) and was not found in milk from
Le(a—b—) women (Grollman et al, 1969).
With human submaxillary gland and stomach
mucosa as the enzyme source this trans-
ferase was found, as anticipated, in tissues
from Le(atb—) and Le(a—b+) donors
(Chester and Watkins, 1969) but a weak
fucosyltransferase giving a product in which
the fucose appeared to be 4-linked was also
detectable in Le(a-b—) donors (Chester,
1971). Confirmation ofthis finding must await
the isolation of the reaction product in suffi-
cient quantities for chemical and serological
analysis; if, however, the le gene is not
inactive but is controlling the synthesis ofan
enzyme with the same specificity, but with
less activity, than the allele Le this would be
in line with many other genetic poly-
morphisms in which quantitative differences
in enzyme activity are found (see Harris,
1970). The level of the soluble fucosyl-
transferase activity in milk is much lower
than in the particle-bound preparations
isolated from submaxillary gland and stomach
mucosa and the failure to detect a-4-L-
fucosyltransferase activity in milk of Le
(a—b—) donors may be attributable to the



very low level of activity that would be
expected in this secretion.

In the proposed biosynthetic pathways the
change induced in the precursor by the pro-
duct of the Le gene was placed before the
step controlled by the product of the H gene
(Watkins and Morgan, 1959). This order was
inferred from the enzyme degradation ex-
periments in which H-active structures were
exposed before Lea-active structures. With
increasing knowledge of the chemical struc-
tures responsible for A, B, H, Leaand Leb
specificities, it became clear that the enzyme
degradation results are determined by the
position in the carbohydrate chains of the
fucosyl residue added by the Le gene-
specified enzyme. This transferase catalyses
the addition of fucose to the same glyco-
protein precursor as the A, B, and H genes
but the Leastructure is not part of the A, B
and H determinants and the transferase is
not competing for the same sugar residues in
the carbohydrate chains. Hence, there is no
a priori reason why the substitutions con-
trolled by the Le gene should occur at any
precise stage in biosynthesis. That certain
consequences follow from the order in
which the H and Le controlled fucosyl-
transfer steps take place was, however,
revealed by the biosynthesis experiments
with low-molecular weight acceptors. The
preferred pathway for the biosynthesis of an
Leb-active structure appears to be (1) the
formation of an H-active structure, followed
by (2) the addition of fucose to the carbon-4
position of iV-acetylglucosamine catalysed
by the Le gene-specified enzyme (Shen et al.
1968; Chester, 1971). The Lea-active
structure accepts a second fucose residue
much less readily than the H determinant.
If the same mechanism holds for the glyco-
protein acceptors, a Type 1 carbohydrate
chain ending that is first substituted by the
Le gene controlled fucosyltransferase is,
therefore, unlikely to undergo further change
and would remain available for reactivity
with anti-Leaserum. The presence of small
amounts of Lea activity even in the glyco-
proteins isolated from ABH “secretors” is
therefore explicable. A Type 1chain that is
substituted by the H gene controlled fucosyl-
transferase before the Le enzyme acts on that
chain may be further changed in one of two
ways; the H-active structure may constitute
the substrate for the products of the A and

B genes, and hence form the basis of A- and
B-active structures, or it may be converted
into an Leb-active structure by the Le gene
controlled addition of a second fucosyl
residue. The Leb structure once formed is
not an acceptor for the A and B gene-
specified glycosyltransferases (Hearn et al.,
1968; Kobata et al., 1968a and 6; Race and
Watkins, 1969); therefore, the Type 1 chains
in a glycoprotein in which the Leb structure
is formed before the H structure is converted
into the A and B active determinants do not
undergo further change and are available for
reactivity with anti-Lebserum. In the com-
pleted glycoproteins Leb structures may
underly the A and B determinants but in this
instance the second fucosyl residue conveyed
by the Le gene-specified transferase must be
added after the formation of the A- and B-
active structures. The heterogeneity of the
carbohydrate chain endings, and hence the
multiple specificities that occur on a glyco-
protein molecule, can thus be accounted for,
at least in part, by the fact that the H and Le
gene specified enzymes do not catalyse the
transfer of fucose in a predetermined order
to the Type 1carbohydrate chains; the sub-
sequent biosynthetic steps depend on which
of the two transferases adds the first fucosyl
residue.

The proof that A, B, H, Lea and Leb
determinants are formed by the sequential
action of gene-controlled glycosyltransferases
has clarified the relationship between the
blood group genes and the immunologically
active structures. At the same time other
areas of study have been opened up. The
Lewis polymorphism is seen to depend on
two alleles, one, Le, that determines an
a-4-L-fucosyltransferase, and the other, le,
that is either inactive or determines a weaker
version of an enzyme with the same speci-
ficity. This system thus conforms to the
pattern of other known genetic enzyme
polymorphisms (see Harris, 1970); the only
remarkable fact in the Lewis system is the
interaction of the Le gene product with the
H gene product to give a new serologically
specific structure Leb. The A and B genes,
on the other hand, are the first examples of
alleles determining the synthesis of alterna-
tive enzymes with qualitatively different
specificities. The next stage is therefore to
purify these enzymes and from a comparison
of their properties, composition and struc-
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ture to assess whether the degree of similarity
is compatible with that expected of primary
protein products of two functional alleles at
the same genetic locus. The discovery of
soluble a-iV-acetylgalactosaminyl- and a-
galactosyltransferases, associated with the
blood group A and B characters, respectively,
in ovarian cyst fluids gives a potentially
valuable source from which to attempt their
isolation and purification. In serum the
soluble enzymes with these specificities are
present in low concentration, but from the
point of view of investigating the sub-groups
and unusual variants of A and B, the detec-
tion of the transferases in serum opens up
considerable possibilities because, in con-
trast to the post-mortem and post-operative
sources of the enzymes, blood samples can be
obtained from selected donors of the appro-
priate groups. Already, examination of
serum from donors ofthe rare “Bombay” Oh
phenotype has revealed an a-A-acetylgalacto-
saminyltransferase in the serum of one donor
who, from the family pedigree, could be
judged to be carrying an A gene, although A
was not expressed on his red cells or in his
secretions (C. Race, unpublished). Another
question, of considerable importance to an
understanding of differentiation in mam-
malian cells, is the mechanism by which the
expression of the H gene is controlled by the
secretor gene Se in certain tissues but not in
others. Interaction of the genes could occur
at the level of transcription into messenger
RNA of the information in the DNA con-
stituting the H gene, at the level of trans-
lation of this message into protein formation,
or by interaction of the enzyme protein with
some other molecule specified by the Se
gene. Obviously the third possibility is the
one most readily open to experimental
exploration.

ADAMS, J. B.

Now that the determinant structures are
established in chemical terms, and the
enzymic products of the blood group genes
characterized, the question might reasonably
be asked whether we are any nearer to an
understanding of the function of blood group
substances or of the selective pressures that
maintain the ABO polymorphism. Unfortun-
ately, the evidence so far obtained seems to
present more puzzles that it does answers to
these questions. Viewed superficially the
ABO blood group genes appear to be a
singularly inessential part of man’s genetic
make-up. Only two of the alleles, A and B,
produce enzymically active products and yet
individuals homozygous for the O gene,
which is functionally analogous to the mutant
alleles that at other loci give rise to the
enzyme deficiencies characteristic of “inborn
errors of metabolism” (see Harris, 1967),
thrive perfectly well and, indeed, O is the
commonest of the genes in the ABO allelic
series. The idea of the earlier geneticists that
a gene is unlikely to persist if it does not alter
the biological fitness of its recipient has been
challenged in recent years (Kimura, 1968)
and the ABO polymorphism may be a relic
of past selection that has outlived its useful-
ness. Until recently, however, explanations
for the maintenance of ABO polymorphism
have invoked the specific determinants, or
the corresponding antibodies, as the causative
agents (see Gershowitz and Neel, 1970). Now
that it is recognised that the immunological
determinants are but the final products in a
chain of reactions it is possilbe to re-examine
the problem in terms of the glycosyltrans-
ferases which are the intermediate agents
between the genes and the determinant
structures. These enzymes, or the protein
molecules that carry the enzymically specific
sites, may have as yet unrecognised functions
that hold the key to selection.
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RESEARCHES

MICROBIOLOGY
Trypanosomiasis
Column-separation. The column-separation
of trypanosomes, improved for diagnosis,
was successful in detecting as few as 10
organisms per ml ofinfected blood (Williams,
Lanham, Godfrey).

Soluble antigens. The release of the variant-
specific immunogens depended on the time
taken to prepare the trypanosomes from
infected plasma, although viability and
ultrastructure were unimpaired by many
washes in buffer (Taylor, Lanham). Unlike
Trypanosoma brucei brucei and T.lewisi, both
T.vivax and T.congolense were immobilized
and aggregated by low ionic strength, but
isotonic, buffers.

Aminotransferases. Sera from infected rab-
bits inhibited, and normal serum stimulated,
trypanosomal aminotransferase activity. The
inhibition was greater against the enzymes
of the infecting trypanosome than against
those of other species. The proportion of
alanine to aspartate aminotransferase corres-
ponded to the mitochondrial development
ofthe species. Alanine aminotransferase was
purified from T.b.brucei (Godfrey, Kilgour).

Whooping Cough Bacillus

Work on stabilising a triple vaccine
suitable for large-scale production con-
taining diphtheria, tetanus toxoids and a
purified pertussis component continues
(Gilligan) ; and work on the production of a
small quantity of highly purified protective
antigen proceeds (Ackers).

Bacterial lipopolysaccharide is being
analysed and tested (Ackers, with L. Szabo
of the University of Paris) to determine
which parts of the molecule are responsible
for inducing bactericidal antibody, acting as
an adjuvant for other antigens, and killing
mice sensitized to actinomycin D.

The purified antigen inducing bactericidal
antibody when cell-free did not protect mice
actively against small doses of organisms,
although its antibody passively protected
mice in that there was an immediate reduc-
tion in bacterial multiplication (Report
1971). However, whole cell vaccines that
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contained this antigen were more effective
against small infections than those that did
not (J. Dolby).

Inheritance in Bacteria

Plasmid isolation. Plasmid DNA can be
isolated as super-coils in 70% vyield by dis-
solving bacteria directly in alkali, neutraliz-
ing, and removing chromosomal DNA on
nitro-cellulose filters (Chandrabose, G. G.
Meynell).

Membrane-bound plasmid DNA. Bacterial
membranes were shown elsewhere to adsorb
to crystals formed by magnesium ions and
the detergent, sarkosyl; and to take with
them chromosomal DNA. Binding now
proves to be specific or non-specific, depend-
ing on the conditions. Under specific con-
ditions, plasmid as well as chromosomal
DNA is absorbed and is therefore presumed
to be membrane-attached (Dowman, G. G.
Meynell).

Salmonella typhimurium, Strain LT2. This
strain, long used in bacterial genetics, carries
an unsuspected small supernumary chromo-
some, or plasmid. However, this plasmid is
not responsible for the reversion of the
histidine-requiring polar mutant, hisG203,
to ability to grow on histidinol (G. G.
Meynell).

Bacterial sexfactors and sexpili. T ransfer of
drug-resistance factors is specifically in-
hibited by antibody to their sex pili. Anti-
genic analysis by this means can be
successfully applied to wild type sex factors
where only about 0.1% of the bacteria pro-
duce pili and act as genetic donors. The
method should therefore enable pilus sero-
type to be used as an epidemiological marker
with R factors (Harden, E. Meynell).

Antigens of sex pili. The problem of pre-
paring sufficient quantities of purified pili for
analysis has largely been solved and the
number of antigens is being determined by
immunodiffusion (Lemcke, E. Meynell with
Matthews of the Electron Microscopy Unit).

Limitation of genetic transfer by “exclusion™.
For this to occur, the recipient must carry a
sex factor determining sex pili of identical
serotype to those of the donor. Exclusions



may be abolished, for different reasons, by a
second sex factor in donor or recipient
(Ewins, E. Meynell).

Hybrid plasmid. Analysis of a recombinant
plasmid in which the specificity ofthe sex pili
differs from the specificity of replication
indicates which aspects of plasmid behaviour
are related to the sex pilus (Ewins, E.
Meynell).

Expression of colicin genes. Comparison of
eleven independent colicin factors shows
that, whereas some colicins behave like
phage products, others are probably formed
continually; that is, the latter colicin genes
are constitutive (Hardy, G. G. Meynell).

Female-specific phages. These phages were
so named because they grew efficiently in
E. coli K12 only when the F sex factor was
absent. However, several of these phages
also fail to grow on F~ strains due to a
hitherto unsuspected chromosomal gene in
strain K12 (Williams, G. G. Meynell).

Electron Microscopy

Sexfactors of enterobacteria. When a culture
of enterobacteria carrying an I-like sex factor
is treated with antiserum directed against the
homologous sex pili, a large increase in the
number ofsex pili occurs (Lawn, E. Meynell).
The pili of sex factor ColVV-K30 belong to a
new serotype cross-reacting with other F-like
serotypes, in contrast to those of ColV-K94
which cannot be distinguished from F pili
(Lawn, E. Meynell).

Distribution of N-methyl lysine along flagella.
Modification of the protein subunits of the
flagella of Salmonella typhimurium (H 1,2,3)
by N-methylation was found to be uniform
by examination with the electron microscope
after labelling with specific antibody (Lawn).

Early events after entry of trachoma {TRIC)
organisms into macrophages. In order to ex-
plain the toxicity of viable elementary bodies
for macrophages a quantitative study was
made of the distribution of TRIC organisms
and latex particles in different types of cyto-
plasmic vacuole within 2 hours of their in-
gestion by macrophages. In contrast to cells
that support growth of TRIC organisms,
macrophages degraded even intact elemen-
tary bodies, which the macrophages could
distinguish from other ingested particles
(Lawn, Blyth, Taverne).

Mycoplasma

Fixation for electron microscopy. The osmo-
lar concentration of the fixative was shown
to affect the shape and ultrastructure of the
organisms in ultra-thin section (Lemcke).

Association of Mycoplasma fermentons
with rheumatoid arthritis. Suspensions of M.
fermentons and M. gallisepticum disrupted by
ultrasonication, or membranes separated
from such suspensions, failed to distinguish
healthy subjects and patients with rheumatoid
arthritis. The serum antibodies against the
two mycoplasma species were similar in the
sera of patients and of healthy controls
(Lemcke in collaboration with R. N. Maini,
Kennedy Institute for Rheumatology, and
G. D. Windsor, Wellcome Research Labora-
tories).

Haemagglutinating antigen of Mycoplasma
gallisepticum. ~ Titres of haemagglutinin
were reduced if cultures were harvested
when the pH had fallen below 6.8 (Goel).

TRACHOMA AND INCLUSION
CONJUNCTIVITIS

Chemical analysis. As a preliminary to the
chemical analysis of TRIC agents, a system
for growing large quantities in suspended
BHK-21 cells was devised (Garrett, with Dr.
G. N. Mowat and Mr. P. J. Radlett, Animal
Virus Research Institute, Pirbright).
Methods of purification and preservation are
being investigated (Harrison).

The polysaccharide isolated from cells
infected with TRIC agent resembles a gly-
cogen; two components were separated by
centrifugation (Garrett). The enzyme syn-
thesizing it is associated with the TRIC agent
rather than with the host cell, and first
appears 20-23 hr after infection (Evans, née
Barton).

Toxic antigen. Studies on the production
and properties of TRIC agent toxin and its
antitoxin were begun; the toxin proved
highly labile, and methods of preservation
are under study (Manire).

Isolation of TRIC agents. An examination of
the value of irradiating cells used for isol-
ating TRIC agents was begun (Blyth,
Taverne, with Dr. F. B. Gordon, Naval
Medical Research Institute, Bethesda, Md.,
US.A).

Interactions between macrophages and TRIC
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agents. Research continued on the mecha-
nisms of toxicity of TRIC organisms for
macrophages by studying changes in the
lysosomal enzymes of cells that had ingested
organisms (Blyth, Taverne). Morphological
aspects of the interactions between macro-
phages and TRIC organisms were also
studied (Lawn, Blyth, Taverne).

Immune responses. A study is being made of
the immune responses of baboons to trac-
homa agent, with special emphasis on the
implication of delayed hypersensitivity in
pathogenesis (Collier, Reynard).

Trachoma vaccine. Assay of trachoma vac-
cines in baboons was improved by the use of
statistical techniques (Collier, with Mrs. E.
Lightman and Dr. I. Sutherland, M.R.C.
Statistical Research and Services Unit). An
attenuated TRIC agent inoculated into the
eyes did not protect baboons against chal-
lenge with a pathogenic strain (Collier,
Harris).

Investigations overseas. Researches on the
relation of conjunctival and serum antibodies
to clinical and microbiological features of
trachoma were concluded; the results are
being analyzed (S. Sowa, J. Sowa and
Collier).

VIROLOGY

Infectious Hepatitis

Research on the possible role of adenovirus
in infectious hepatitis continued; the inci-
dence of antibodies neutralizing adenovirus
type 5 was 100% in acute and convalescent
hepatitis sera, and 46% in control sera.
There appeared to be no antigenic homology
between liver cells and adenovirus. A
method for maintaining adult rat hepatocytes
in vitro was devised. The cytotoxic factor
present in some hepatitis sera is being
studied (Alwen).

Adenovirus

A rapid and reliable method of titrating the
infectivity of adenovirus was devised
(Alwen). The structure of intra-nuclear
crystals in adenovirus-infected cells was
examined (Alwen, Lawn).

Vaccinia Virus

Mechanisms of immunity. Studies on the
immune response of mice to infection with
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vaccinia virus continued. Measurements
were made of the cell-mediated response in
terms of skin tests, lymphocyte transform-
ation and macrophage migration inhibition
(Hutt).

Smallpox vaccine. Studies on antigenic dif-
ferences between extracellular and intra-
cellular vaccinia virus were completed
(Turner). The stability of freeze-dried
smallpox vaccine was investigated with
reference to residual water and SH groups.
Study of the immunogenicity of viral pro-
tein  fragments continued  (Robinson).
Methods for the assay of the potency of
smallpox vaccine were evaluated (Murray).

Haemagglutinin.  Investigations into the
purification and properties of vaccinial
haemagglutinin were continued (Runkel).

Rabies Virus

Studies ofthe nature of the immune response
to rabies vaccine continued; interferon was
shown to play no role in vaccine-induced
protection against rabies in mice, hamsters
and rabbits. Work was also done on the
optimal conditions for the adequate growth
ofvirus for vaccine production in WI-38 cells
(Turner).

IMMUNOLOGY AND
EXPERIMENTAL PATHOLOGY
Antitoxin Production

Optimum conditions were defined for the
purification of antitoxin by specific adsorp-
tion to, and elution from, diphtheria toxin
fixed to an insoluble matrix (D. E. Dolby).

Diphtheria toxin polymerized with glutar-
aldehyde in acid was more antigenic than
when made in alkali, but was slower in
toxoiding (D. E. Dolby).

Anaphylaxis

An eosinophil-stimulating factor. Rat 1gG
(y2) anaphylactic antibodies were shown to
be less effective than mast cell-sensitizing
(reaginic) antibodies in mediating eosino-
philia (Jeffery). The eosinophil-stimulating
substance in cell-free extracts of anaphy-
lactic guinea-pig lung (Reports 1964, 1965)
was partially purified and shown to be selec-
tive for eosinophils in vivo but not in vitro
(Parish). Anaphylactic tissues in vitro attract
both neutrophils and eosinophils (Jeffery,
Parish).



Exogenous Antigens Acquired by Tissue
Culture Cells

Research continued on the adsorption of
bacterial antigens to tissue cells as a mech-
anism that predisposed them to allergic
damage, such as occurs in eczema and vas-
culitis.  Antigens from different genera of
bacteria were not adsorbed equally well by
cells in culture (Parish).

Human Infertility

The examination of anti-spermatozoal anti-
bodies in women was resumed. Techniques
to detect these antibodies were compared and
the results related to spermatozoal damage
(Jeffery).

Mechanisms of Inflammation and

Infection

Maternal transfer of monocytosis promoting
factor. The relative insensitivity of the off-
spring of adjuvant-sensitized guinea-pigs to a
monocytosis promoting stimulus was found
to be independant of sex or subsequent
period of gestation from 22 days upward. In
controls, latex particles of 1.97 nm diameter
were more potent in promoting monocytosis
than those of 0.10 (¢m diameter. Inbred
guinea-pigs of strain 2 gave more uniform
monocyte responses than the outbred strains
previously used (Wells).

Patency of injured capillaries of rat skeletal
muscle. By comparison with results in in-
jured cremaster muscle of carbon tested rats,
many more damaged capillaries were patent
in muscle not exposed to circulating carbon
during the delayed phase of injury (Wells).

Normal rats undergo a fall in body tem-
perature under the influence of drugs ant-
agonistic to prostaglandin-E which suppress
the delayed inflammatory response to local
injury, suggesting that a substance similar to
prostaglandin may function in the main-
tenance of normal body temperature (Wells).

Plasma kinin systems. In further studies of
the Kinin-releasing system in human and
guinea-pig plasma, two prekininogenase acti-
vators were distinguished, and two pathways
to kinin release were found (Mason, with
Dr. D. L. McConnell, College of Physicians
and Surgeons, Columbia University, New
York).

BIOCHEMISTRY
Human Blood-group Substances

Structure.  Investigations on the macro-
molecular structure of the blood group
specific  glycoproteins  were continued
(Report 1971). The materials rich in serine,
threonine and proline obtained by pronase
digestion had a higher degree of O-glycosidic
substitution of the threonine and serine resi-
dues than did the intact blood group sub-
stances (Donald). Partial sequence analyses
were carried out on peptides, free of carbo-
hydrate, that were isolated from degradation
products of the glycoproteins (Goodwin,
Watkins).

Blood group A and H substances isolated
from human submaxillary glands and puri-
fied by standard techniques were essentially
similar in chemical and serological properties
to the well characterized glycoproteins iso-
lated from ovarian cyst fluids (Simpson,
Watkins).

Attempts were made to identify more
exactly the carbohydrate structure respon-
sible for human blood group Pj specificity.
Tentative evidence was obtained that O-a-
D-galactosyl-(I —=4)-galactose is part of the
P, determinant (Morgan, Watkins, Cory).
Biosynthesis. a-Galactosyltransferases (Re-
ports 1969, 1970, 1971) were detected in a
particle-bound form in human kidney, lung
and bone marrow from group B subjects and
as soluble enzymes in group Band AB serum.
No activity was found in particulate fractions
from heart, spleen or liver. The serum
enzymes converted group O cells into group
B-active cells in the presence of UDP-
galactose. The requirement of H-active
structures for this conversion was supported
by the failure to transform “Bombay” Oh
erythrocytes (C. Race, Watkins).

Tissues from group A, and A3donors were
examined for a-iV-acetylgalactosaminyltrans-
ferase activity (Reports 1969, 1970). Their
acceptor specificity indicates that the en-
zymes are qualitatively similar but the prep-
arations from group A2 are generally less
active than those from group A, donors.
a-AT-Acetylgalactosaminyltransferase activ-
ity was detected in the serum of a donor of
the “Bombay” Ohphenotype; indicating that
the donor carried an A gene that was not
expressed because the H substrate was
missing (C. Race, Watkins).
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Methods were investigated for the puri-
fication ofthe a-N-acetylgalactosaminyl- and
x-galactosyltransferases in ovarian cyst fluids
and in soluble preparations from human
stomach mucosa (Topping, C. Race).

Continued research on x-L-fucosyltrans-
ferases (Reports 1969, 1970, 1971) demon-
strated their presence in sublingual and
parotid glands, heart muscle, lung, kidney,
liver, spleen, bone marrow, serum and
ovarian cyst fluids (Chester, Watkins). In
serum the *-2'-fucosyltransferase, the prod-
uct of the blood group H gene, was detected
in all samples except those from donors of
the “Bombay” Oh phenotype (Schenkel-
Brunner, Chester). Attempts were made to
purify the fucosyltransferases in stomach
mucosal extracts (Chester).

Purification ofglycosidases. Investigations on
the a-1,2 and x-1,4-L-fucosidases in extracts
of Trichomonas foetus were continued
(Report 1971). The *-1,4 enzyme, purified
by ammonium sulphate fractionation, zone
electrophoresis and DEAE cellulose chrom-
atography, destroyed blood group Lea and
Leb activity in glycoproteins (Stealey,
Watkins).

BIOPHYSICS

Serum Albumin

Further work on the influence of serum
albumin polymers in potentiating the ag-
glutination of sensitized Rh-positive red cells
(Report 1969) indicated that maximum
potentiating capacity is reached when about
15% of the molecules are polymerized by
ethanol treatment; at this level false positive
agglutination occurs. Products polymerized
by gamma irradiation induce false positive
agglutination before attaining the maximum
potentiating capacity attainable with ethanol-
treated samples (Goldsmith, Kelwick).

Blood-group Specific Glycoproteins
Physico-chemical characterization of these
substances (Reports 1969, 1970) was con-
tinued, and a two-stage density-gradient
ultracentrifugation method was devised for
their separation from ovarian cyst fluid. The
fractions obtained by this method are more
homogeneous in density than those obtained
by solvent-extraction methods. A detailed
comparison of fractions .obtained by the two
methods is in progress (Creeth, Bhaskar).

4

Human Bronchial Mucous Secretions
The separation methods that proved success-
ful with ovarian cyst fluids were applied to
the much smaller samples of pathological
bronchial secretions, with the aim of charac-
terizing the isolated protein and glycoprotein
components. Cases of chronic bronchitis
and asthma are under investigation, in col-
laboration with staff of the Institute of
Diseases of the Chest (Creeth, Bhaskar).

BLOOD PRODUCTS LABORATORY

Stability of Human Normal
Immunoglobulin

Molecular changes were studied in solutions
of human normal immunoglobulin stored for
long periods at various temperatures. Anti-
complement assay was more sensitive than
gel chromatography for detecting these
changes and both methods were more sens-
itive than ultracentrifugal analysis. At
ethanol concentrations below 6 jxg per mg.
protein, negligible aggregation occurred
during storage at 4°C for four years (Mackay,
Vallet, Combridge).

Australia (hepatitis-associated)
Antigen

An immunoelectrophoretic method using a
discontinuous buffer system was devised to
detect Australia antigen (Combridge, Shaw).
Immunoglobulin containing antibody to the
antigen was prepared (Ellis, Stickley).

Extension of Blood Products
Laboratory

Trials of certain equipment and of certain
methods designed for use in the extension
were successfully completed (Maycock,
Vallet, Wesley).

Plasma Fractionation Laboratory,
Oxford

Factor VIII. A preparation suitable for self-
administration by haemophiliacs treated at
home was developed and tested clinically
(Snape).

Extension of Laboratory. This was com-
pleted, apart from minor works, on 31st
December 1971



BLOOD GROUP UNIT

New Antibodies and Antigens

Five “new” antibodies were found which
failed to react only with cells of very rare
phenotypes; one in the Rh system, three in
the Kell system and one in the Lutheran
system. It is hoped that the inheritance of
the corresponding antigens will provide some
insight into the background of these systems.
Among “new” antibodies to very infrequent
antigens one was found which further divided
the already complicated MNSs system
(Tippett, Gavin, Sanger).

The scope of the Sd system was increased
by the recognition of the existence of rare
families whose Sdaantigen is vastly stronger
than that of ordinary families, and by the
recognition that anti-Sda is present in ex-
tracts of seeds of Dolichos biflorus (Sanger,
Tippett, Gavin, Teesdale).

Application of Blood Groups to
Human Genetics

The Xg groups were again applied to the
mapping of the X and to problems of sex-
chromosome aneuploidy. Xg and all the
autosomal blood group markers were used to
test families with inherited chromosomal
translocations, deletions and suspected inver-
sions. Out of this emerged the demonstra-
tion that the Aca allele can still produce its
antigen even when sited on a broken X or on
a late replicating X, and that, wherever it
may be on the X, the Xg locus is not sited on
the distal third of the long arm (Sanger,
Tippett, Gavin).

Several examples of twin chimerism and
dispermic chimerism were investigated: one
of the twin pairs, by having mixtures of
Xg(a+) and Xg(a—) cells, disposed of a
theoretical possibility that could have ques-
tioned the evidence from Xg that the inac-
tivation (lyonization) of one of the Xs of the
human female does not involve the whole
length of the chromosome (Sanger, Tippett,
Gavin, Teesdale).

Space prevents the acknowledgement owed
to very many collaborators in Great Britain,
Europe, Canada and the United States.

BLOOD GROUP REFERENCE
LABORATORY

Standardization and Control of
Blood-Grouping Reagents

The total annual output of grouping serum
from the Laboratory exceeded, for the first
time, 1,000 litres, showing arise of more than
25 per cent over the previous year (Ikin,
Dawes, Brooks, Garner and Moghaddam).

During the last two months of 1971, auto-
mated screening of potential blood grouping
sera was undertaken using an AutoAnalyzer
system (Report 1971). This automated
screening was carried out in parallel with
existing manual techniques and showed
encouraging results (Dawes, Moghaddam).

In collaboration with a Working Party of
the British Committee for Standardization
in Haematology, a final specification for
anti-D for rapid typing (Report 1971) was
prepared for Blood Transfusion Centres in
England and Wales (Goldsmith).

Research continued on the effect of poly-
merizing bovine albumin used for agglutin-
ating Rh-sensitized cells (Goldsmith, Kek-
wick) while, in collaboration with a Working
Party of the International Society of Blood
Transfusion, an international collaborative
study was commenced on albumin prepara-
tions used as diluents in Rh testing (Gold-
smith, Ikin, Kekwick, Phillips).

Red Cell Serology

Investigations were performed on various
high-frequency antigens, including Csa, Yka,
Chido, Kna, Holmes, Englund and Savery
and their possible relationship studied (Giles,
Poole). Two “new” low-frequency antigens,
Powell and Weeks, were also examined
(Giles, Poole). ABO variants from Thailand
were examined (Giles) as also were a number
of D variants (Giles).

A human serum that appeared to contain
pure anti-M, was studied in conjunction with
a red cell sample shown to be M,-positive
(Giles, Poole). Examples of weakly reacting
Fyband Vel antigens from Sweden were also
examined (Giles).



Antibodies to Serum Antigens

An example of an anti-antibody causing
difficulty in ABO grouping was investigated
and steps taken to see that such antibodies
were not present in red-cell typing sera
processed by the Laboratory (Brazier,
Goldsmith).  Various methods were ex-
amined for treating red cells with chromic
chloride so that they could adsorb human
proteins on to their surfaces (Brazier).

International Panel of Donors of Rare
Blood Types

The Panel was greatly enlarged by the
addition of names of many more donors. In
most cases, the red cells of these individuals
were fully typed at the Laboratory. Requests
were received from various countries for help
in locating donors for patients whose red cells
lacked high-frequency Kpb, Ge and Lub
antigens. In each case, suitable donors were
located (Giles, Poole, Goldsmith).

Standardization of Fluorescein-
conjugated Anti-human Sera

In collaboration with a WHO Working
Party, a study was made of a research
standard that had been produced by the
National Institute for Medical Research
(Phillips).
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Financial Report of the Governing Body

The Governing Body presents the Accounts
of the |Institute for the year ended
31st December 1972.

1. Results

The General Fund income and expendi-
ture account shows income for the year as
£538,910 compared with £405,796 in 1971.
Expenditure amounts to £614,740 against
£545,583 last year. The deficit for the year
is £39,608 compared with a deficit of
£139,787 in 1971. However the deficit for
the year is after crediting Income and
Expenditure Account with profit on sales of
investments of £36,222. In previous years
profits on sales of investments have been
taken to Investment Reserve or Re-endow-
ment Fund as appropriate (see note 10).

The fourth of five annual instalments of
£1,000 from the Grocers’ Company has been
added to the Capital Fund.

2. Sinking and Re-Endowment Funds

These two funds have now been added to
the general funds of the Institute and their
respective balances of £55,369 and £43,006
have been transferred to the Capital Fund
(see note 5).

3. General and Sinking Fund Invest-
ment Reserve

As the market value of the Institute’s
investments greatly exceeds their cost the
reserve has been transferred to the Capital
Fund (see note 8).

4. Principal Activities

The Institute continues to carry out research
work in connection with the prevention of
diseases by producing for sale Sera and
Bacterial and Virus Vaccines the profits
from which are utilised for its research and
experimental work.

5. Exports

Sera and vaccines to the value of £257,773
were exported from the United Kingdom
during the year.

6. Fixed Assets

The movements in fixed assets during the
year are set out in the table in note 1 on the
Accounts. These include further payments
on account of the new wing at Chelsea and
on roads and buildings at Elstree.

7. Interests in Land

The market value of the Institute’s pro-
perties is now in excess of the amount at
which they are included in the Balance
Sheet, but the amount of this excess cannot
be accurately determined by the Governing
Body.

8 Governing Body

Dr. A. F. B. Standfast and Professor
D. G. Evans retired from the Governing
Body in June and October 1972 respectively.
Professor Winifred Watkins joined the
Governing Body in June 1972 and Professor
W. T. J. Morgan in November 1972. Other
members of the Governing Body shown on
page ! held office during the whole of the
year ended 31st December, 1972.

9. Employees

The average number of persons employed
by the Institute in each week during the year
ended 31st December 1972 was 320. The
aggregate remuneration paid or payable in
respect of that year to these employees
amounts to £563,597.

10. Auditors

The auditors have informed the Institute
that the name in which they practice has
been changed from Cooper Brothers & Co.,
to Coopers & Lybrand, with effect from 1st
April 1973. They will continue in office in
accordance with section 159 (2) of the
Companies Act 1948.

A. NEUBERGER
Chairman



Report of the Auditors to the Members

In our opinion the accounts set out on pages 4 to 9 give a true and fair view of the state of the company’s affairs
at 31st December, 1972 and of its deficit for the year ended on that date and comply with the Companies Acts
1948 and 1967.

COOPERS & LYBRAND
London, 25th May 1973 Chartered Accountants.



The Lister Institute of Preventive Medicine
BALANCE SHEET * 31 December 1972

1971
£
633,492

473,537

1,107,029

184,824
127,808
45,226

357,858

69,727
62,630

132,357
225,501

£1,332,530

914,691
116,464
25,834
1,479

£ e
FIXED ASSETS(NOE 1) .ooiiiiiiiiieiiiee i
INVESTMENTS ANDUNINVESTED CASH (note 2)
CURRENT ASSETS
SEOCK (NOLE 3) eeeiiiiieiee e s 149,824
DEDLOIS o 118,406
Cash and Bank Balances 3,812
272,042
Less:
CURRENT LIABILITIES
Creditors oo 104,904
Bank Overdraft (note 14) ...cccoiriiiiiiiiiee e 4,549
109,453

Represented by

CAPITAL FUND (NOtE 4) oviiiiiieieieieeecee e
SPECIFIC FUNDS (NOt€5) evoiiveiiieeiieecie e
BEQUEST FUNDS (NOtE6) ..ooervvivirieeiieieieneenie s e

SPECIFIC GRANTS AND LEGACIES UNEXPENDED
(NOLE 7)) ettt

274,062INVESTMENT RESERVE  (note 8) ....cccccceviviiiviiiiiiiiiee,

£1,332,530

A. NEUBERGER ) Members of the
C. E. GUINNESS * Governing Body

The notes on pages 6 to 9 form part of these accounts.
Audit report on page 3.

677,358

453,770

1,131,128

162,589

£1,293,717

1,249,121
16,539
27,282

775

£1,293.717



The Lister Institute of Preventive Medicine

INCOME AND EXPENDITURE ACCOUNT
for the year ended 31 December 1972

1971

340,764
25,669
366,433

22,351
2,466

10,117
4,429

405,796

308,097
23,865
12,022
26,670
15,769

950
9,485
7,865

68,269
30,104
18,465
13,926

3,296
6,461
545,244

139,448
339

139,787

£139,787

INCOME
Sales of sera and bacterial and virus vaccines (note 9)
Stock adjustment (note 3)

Investment Income:
General fund

QUOLEA oo
UNQUOLE i
RN s
Other INCOME i
Total
expenditure
EXPENDITURE
Salaries and Wages .....ccocceeriieiiiieeiiie e 595,959
Superannuation premiums 32,828
Rates and INSUrANCES  ....ccoooiiiiiieiieceieeiee e 12,557
Gas, water, fuel and electriCity ........cccccriveriiiiiiiieiinene 46,554
Office expenses, stationery and printing ..o 16,605
AUt TEBE e 2,050
Interest on overdraft.......coiiii 2,007
Chelsea researCh ... 21,679
Elstree research and production ..........iviienninen. 94,159
Animals and forage ... 38,971
Alterations, repairs and renewals 22,324
General EXPENSES .ottt 18,793
Depreciation
BUIlINGS oo 12,292
Furniture, fittings, scientific apparatus and books 7,615
£924,393
Excess of expenditure over inCOme .........cccceveeeiiieeennnen.
Exceptional items — Net....cooiiiiiiieeee e
Less: Profit on sales of investments (note 10) ...............
Deficit transferred to capital fund ...,

The notes on pages 6 to 9 form part of these accounts.
Audit report on page 3.

537,851
(35,000)

17,456
839

External
contributions

246,295
10,918

20,233

15,497
8,123
4,382

4,205

£309,653

502,851

18,295
12,304
5,460

538,910

349,664
21,910
12,557
26,321
16,605

2,050
2,007
6,182
86,036
34,589
22,324
14,588

12,292
7,615
614,740

75,830

75,830
36,222
£39,608



NOTES ON THE

1. FIXED ASSETS

ACCOUNTS *31 December

Freehold property

Land and
buildings,
Chelsea
£
Cost
At 1st January 1972 472,351
Additions at cost.......... 45,460
At 31st December 1972 £517,811
Depreciation
At 1st January 1972 ... 5,400
Charged to income and expenditure account 9,804
At 31st December 1972 .......cccoooiiiiiiiiieneenn. £15,204
Net book value at 31st December 1972 ...... £502,607

Depreciation

Queensbury

Lodge
Estate,
Elstree

£
128,199
3,078

£131,277

14,234
2,488

£16,722

£114,555

Furniture,
fittings and
scientific
apparatus

£
71,682
15,235

£86,917

19,106
7,615

£26,721

£60,196

1972

Total

672,232
63,773

£736,005

38,740
19,907

£58,647

£677,358

Depreciation is calculated to write off the book value on a straight line basis over the expected useful
lives of the assets concerned. Buildings have been depreciated at the annual rate of 2% from the date of

completion, and furniture, fittings and scientific apparatus at the annual rate of 10%.

INVESTMENTS AND UNINVESTED CASH £ £ £ £
Quoted at cost Unquoted Uninvested
at cost cash
In Great Elsewhere
Britain
General ... 253,355 143,512 13,082 —
Specific
Pension fund ......ccccoceiiieniniinicne 14,262 — — 2,277
Bequest
Jenner Memorial studentship fund ... 14,479 _ - 4,271
Morna Macleod scholarship fund ... 5,653 — — 2,879
£287,749 £143,512 £13,082 £9,427
1971 (E272,447) (£146,012) (£39,647) (£15,431)
Market value of quoted Investments ....... 1972 £834,871 (1971 £772,965)
Unquoted investments valued by Institute's
Investment advisers .........ceiiieenes 1972 £17,993 (2971 £37,022)

Total

409,949

16,539

18,750
8,532

£453,770

(£473,537)



3. STOCKS
The stock adjustment of £35,000 represents the reduction in valuation from £184,824 at 1st January
1972 to £149,824 at 31st December 1972.
The following bases have been used for stock valuations:—

(i) Bacterial Vaccines and Sera £130,529
At 1972 costs of direct materials and labour with additions for overheads appropriate to the stages
of production reached.

(if) Virus Vaccines £19,295
At current minimum realisable value, less an appropriate deduction to cover selling and
administrative expenses.

4. CAPITAL FUND
Donations etc. have been received to date from the following:—

1972 1971
£ £ £

Dr. Ludwig Mond (1893) ...eeoiviiiiiiiiiiieeie e 2,000 2,000
Berridge Trustees (1893-1898) .....ccccoceiiiiieiiiiiiniiieiiee s 46,380 46,380
Worshipful Company of Grocers (1894 and 1969/72) ........... 14,000 13,000
Lord Iveagh (1900) ....occooieiiiiiiiiiriesieriee e 250,000 250,000
Lord Lister's Bequest (1913-1923) .....ccccoeiiiiiieiiiieiiee e 18,904 18,904
William Henry Clarke Bequest (1923-1926) .......ccccoceeviiieiiinennes 7,114 7,114
Rockefeller Foundation (1935-1936) 3,400 3,400
Wolfson Foundation (1969-71) ...cccccoiiiiiiiiiiiiiee e 225,000 225,000
Other donations and legacies (1891-1972) 23,270 22,669
590,068 588,467
Amount transferred from Sinking Fund (note 5) .....ccocoiiiiiiiiinens 140,369 85,000
Amount transferred from Re-endowment Fund (note 5) ................. 43,006 —
Amount transferred from Investment Reserve (note 8) ............... 574,062 300,000

1,347,505 973,467

General Fund Income and Expenditure ACCOUNt....ccoceiiiiieiciiniieenne

Accumulated deficit at 31st December 1971 ........ccccovcieiiieeiieeenne 58,776
Add: Deficit 1972 39,608
Accumulated defiCit .. 98,384 58,776
£1,249,121 £914,691
5. SPECIFIC FUNDS
Sinking Fund for Freehold Buildings
As at 1st January 1972 ..o 55,369
Less: Amount transferred to Capital Fund.........cccocoeiiiiiiiinnnenn. 55,369
Pension Fund
As at 1st January 1972 ..o 18,089
Interest oN INVESIMENTS ..o 1,276
19,365
LESS: PENSIONS .ottt 2.826
16,539
Re-endowment Fund
As at 1st January 1972 ..o 43,006
Less: Amount transferred to Capital Fund........cccoceeiiiiiiiinnnenns 43,006
£16,539



10.

BEQUEST FUNDS

£ £ £
Jenner Memorial Studentship Fund
As at 1st January 1972 ..o 17,836
Interest on INVESIMENES .....cooiiiiiiiiee e 914
18,750
Morna Macleod Scholarship Fund
As at 1st January 1972 ... 7,998
Interest on INVESIMENES .....occiiiiiiiiiii e 534
8,632
£27,282
SPECIFIC GRANTS AND LEGACIES
£ £ £

Nuffield Foundation Grants
As at 1st January 1972 ... 1,210

Less: Laboratory expenses 435
775
Guinness-Lister Research Grant
As at 1st January 1972 ..o 269
Amounts received 11,250
11,519
Less: Salaries and wages 9,089
Laboratory expenses 2,430
11,519
£775
GENERAL AND SINKING FUNDS INVESTMENT RESERVE
£ £ £
As at 1st January 1972 ...
GENETAI ..ot 263,852
SINKING FUNG .o 10,210
274,062
Less: Amount transferred to Capital Fund.........cccooiiiiiiiiennns 274,062

TURNOVER

Turnover has been arrived at after deducting commissions due to agents from the invoice value of sales of
sera, vaccines and virus vaccines.

PROFITS ON SALES OF INVESTMENTS

Profits on sales of investments have in previous years been credited to General and Sinking Fund
Investment Reserve or to Re-endowment Fund as appropriate. The profit transferred to these accounts in
1971 was £127,093.



11. EMOLUMENTS OF MEMBERS OF THE GOVERNING BODY

Emoluments in an eXeCULiVe CAPACITY ..ottt

Particulars of emoluments of the Governing Body in accordance with Section 6
of the Companies Act 1967

Emoluments of the Chairman of the Governing Body ........cccccoiiiiiiiiiiennnen.

Emoluments of the highest paid member of theGoverning Body

Numbers of members of the Governing Body whose emoluments were within
the range

NO E€MOIUMENTS ..ot b e st e et e e e e e ba e e e nbeeennas
£1 — £2,500
£2,501 — £5,000
£5,001— £7,500

12. CAPITAL EXPENDITURE SCHEMES

13.

14.

15.

The position at 31st December 1972 was as follows:—
Commitments in respect of contracts

Approved by the Governing Body in addition to commitments, for the new
laboratories at EIStree ...

CONTINGENT LIABILITIES

At 31st December 1972 there were contingent liabilities amounting to £10,188 in
issued to third parties.

BANK OVERDRAFT

The overdraft is secured by the Institute’s investments.

RESEARCH EXPENDITURE

Expendiure on research is written off in the year in which it is incurred.

1972
£17,896

1972
Nil
£8,750

=N RN

1972

3,000

42,500

£45,500

1971
£16,814

1971
Nil
£6,297

1971

32,075

£32,075

respect of indemnities
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REPORT OF THE GOVERNING BODY

GOVERNING BODY

The Governing Body takes much pleasure in
recording that the honour of Knighthood
was conferred upon Professor D. A. K. Black
in the New Year Honours of 1973; and that
Professor A. Neuberger has been awarded
the Morris J. Kaplun Prize for Chemistry for
1972 by the Hebrew University of Jerusalem.

At its last meeting the Council reappointed
Professor A. Neuberger, Professor D. A. K.
Black and Sir Ewart Jones as its repre-
sentatives on the Governing Body until
31st December, 1973.

In June 1972 Professor Winifred Watkins
succeeded Dr. A. F. B. Standfast as the
Scientific Staff’s representative.

DIRECTORSHIP OF THE INSTITUTE
With the agreement of the Governing Body,
the Medical Research Council invited Pro-
fessor D. G. Evans to accept the directorship
of a new institute comprising the Division of
Biological Standards and Immunological
Products Control. It was felt that this was
a post for which Professor Evans was
uniquely suited and he accordingly resigned
the directorship of the Institute on 31st
October, 1972. The Governors record their
appreciation of his services to the Institute
both as Director and as a member of the
Governing Body since 1965.

The new Director is Professor W. T. J.
Morgan, a scientist of great distinction who
has, of course, spent most of his working life
at the Institute. The Governors wish to
place on record their great appreciation of his
willingness to return from retirement, albeit
an active one, and undertake this new and
difficult task.

COUNCIL

At last year’s Annual General Meeting Dame
Harriette Chick and Sir Alan Drury were
reappointed as representatives of the Mem-
bers. The third retiring member of Council,
Mr. H. P. G. Channon, did not offer himself
for reappointment. Sir Ewart Jones was
appointed to the Council as a representative

of the Members.

The three members of the Council due to
retire this year in accordance with the
Articles of Association, but who are eligible
for reappointment are Mr. W. J. Thompson,
a representative of the Grocers’ Company
Professor F. S. Stewart, the representative of
the University of Dublin, and the President
of the Royal College of Physicians, the
representative of the College.

MEMBERS
Mr. J. Rodican became a Member of the
Institute during the year.

STAFF AND STUDENTS

Dr. A. F. B. Standfast retired on 30th
September, 1972. The Governing Body wish
him a long and happy retirement and place
on record their appreciation of his services
to the Institute both as a recent member of
the Governing Body and as Head of the
Bacterial Vaccines Department since his
appointment in 1946.

Dr. W. d’A. Maycock, who for the past
twenty-five years has been Elstree Superin-
tendent, is now devoting his whole time to
the work of the greatly enlarged Blood
Products Laboratory. The Governing Body
wishes to express its warm appreciation of
Dr. Maycock’s services as Superintendent
during this long period. In October 1972
Dr. W. E. Parish was appointed head of the
reorganised Vaccines and Sera Laboratories.

As a regrettable consequence of the
reorganisation at Elstree and of the closing
of the Experimental Pathology Department
at Chelsea in February 1973, the following
members of the Scientific Staff were made
redundant: Dr. D. E. Dolby and Mr. G. G.
Beadle, Serum Department; Dr. J. P. Ackers,
Bacterial Vaccines Department; Dr. F. R.
Wells and Miss B. Mason, Experimental
Pathology Department; and seven members
of the laboratory and clerical staff.

Mr. K. G. Hardy of the Guinness-Lister
Unit, Mr. R. A. Matthews of the Electron
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Microscopy Unit and Mrs. S. D. Goodwin
of the Biochemistry Department resigned
during the year and Mr. L. V. Runkel of the
Virus Vaccines Department, Mrs. C. J.
Shanbury of the Bacterial Vaccines Depart-
ment and Mrs. V. J. Stickley of the Blood
Products Laboratory completed their res-
pective terms of appointment, and Mr. J. R.
Stealey completed his tenure of the Grocers’
Company Studentship.

It is with much regret that the Governing
Body reports the closing of the Guinness-
Lister Research Unit on 30th September 1972.
The Unit began active work on 1st October,
1953, with Professor B. A. D. Stocker as its
head. He was succeeded on 1st January,
1966, by Professor G. G. Meynell, whose
impending resignation was announced in last
year’s Report. The Unit has been supported
to a very large extent by Arthur Guinness,
Son & Co. Ltd. and it is gratifying that the
generosity of the company has enabled the
Unit to carry out work which has attracted
considerable attention in the scientific world.

The Governors were very glad to learn
that Dr. R. R. Race and Dr. Ruth Sanger
were two of this year’s five recipients of the
Gairdner Foundation (Toronto) awards “for
their contributions to the knowledge of
human blood groups and for their application
ofthis knowledge to problems in the fields of
immunology, genetics and clinical medicine” ;
that Dr. Sanger was made an Honorary
Member of the Deutsche Gesellschaft fur
Bluttransfusion; and that Dr. Race was made
an Honorary Fellow of the Royal College of
Pathologists.

In August 1972 Professor W. T. J. Morgan
and Professor Winifred Watkins attended the
XI1th Congress ofthe International Society
of Blood Transfusion in Washington, U.S.A.,
and in December 1972 they took part by
invitation in a conference on “ Specific Sites
on Biomembranes” organised by the Israel
Nati{)nal Council for Research and Develop-
ment.

Preventive Medicine 26 June 1973

Dr. W. d’A. Maycock attended, in
February, May and November, 1972, meet-
ings of the Group of Experts No. 15B of the
European Pharmacopoeia Commission. He
also attended, as the representative of the
Department of Health and Social Security,
a meeting of the Council of Europe Sub-
committee of Experts on Blood Problems in
Luxembourg in May 1972.

Dr. W. E. Parish took part by invitation
in the International Congress of Derma-
tology in Venice in May 1972 and in the
meeting of the European Society of Aller-
gology and Clinical Immunology in Oslo in
August 1972. In October 1972 he took part
by invitation in the Conference on Asthma at
Airlie House, near Washington and in the In-
ternational Symposium on Reagin-mediated
Hypersensitivity, at Montreal. With Dr.
H. G. S. Murray he also visited the Rijks
Instituut, Utrecht, in July 1972 to discuss
procedures used in the preparation of viral
vaccines.

In October 1972 Dr. Murray and Dr. L. C.
Robinson took part by invitation in the
Smallpox Vaccine Conference held at the
Rijks Instituut, Utrecht.

Dr. G. S. Turner participated by invita-
tion in the First International Colloquium on
Rhabdovirus at Roscoff, France, in June
1972, and in the Second International Sym-
posium on Rabies at Lyon, France, in
December 1972.

During 1972 Dr. J. M. Creeth visited the
Universities of Melbourne and Adelaide, and
the Flinders and Australian National Uni-
versities for discussions on proteins and
glycoproteins.

In April 1972 Dr. A. M. Lawn attended
asymposium on bacterial sex pili at Duquesne
University, Pittsburgh, and took part in
seminars at Harvard Medical School, Boston,
and at the Medical School, University of
Washington, St. Louis.

For the academic year 1972-3 there are
ten postgraduate research workers at the



Institute registered for higher degrees of the
University. Three Ph.D. and one D.Sc.
degrees were awarded during 1972.

DONATIONS AND GRANTS

Reference has been made earlier in the
Report to the closing of the Guinness-Lister
Research Unit and this is, therefore, an
appropriate time for the Governing Body to
acknowledge the Institute’s great indebted-
ness to Arthur Guinness, Son & Company
Limited for the very generous financial sup-
port that the company has given to the Unit
over the past twenty years. Although they
will be on a lesser scale, the Governors were
pleased to learn that the company will con-
tinue to make annual donations to the
Institute.

The Governing Body records its apprecia-
tion of the many other bodies whose bene-
factions and grants support research work in
the Institute. These include a grant from the
Arthritis and Rheumatism Council to in-
vestigate the possible role of Mycoplasma
fermentans antigens in the immune response
of rheumatoid arthritis patients; from the
Asthma Research Council for the investiga-
tion of antibodies in anaphylactic disorders;
from the British Heart Foundation to study
endocarditis and vasculitis induced by bac-
terial toxins and by antigen-antibody com-
plexes; from the Children’s Research Fund
to examine the various antibodies mediating
milk allergy; grants from the Medical
Research Council for research on Bordetella
pertussis in mice; for immunochemical
investigations on human blood-group specific
glycoproteins ; for biochemical investigations
on the products of the blood group H, Lewis
and Secretor genes; on the characterisation
ofthe enzymic products ofthe A and B genes;
on the characterisation of the human blood
group active Pi substance in hydatid cyst
fluid; on the characterisation of blood-group
specific glycoproteins by density-gradient
methods; and on the genetics of drug
resistance factors and other bacterial plasmids.

Grants were also received from the
Overseas Development Administration of
the Foreign and Commonwealth Office and
from the Medical Research Council for
studies on the biology of trypanososomes
with special reference to'their surface proper-
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ties; and from the Science Research Council
for studies in the replication of bacterial
plasmids.

The Governing Body also gratefully
acknowledges donations from the Prudential
Assurance Company and the Royal London
Mutual Insurance Society Limited.

PRODUCTION AT ELSTREE

The steady increase in production of vaccines
and sera over the past few years was con-
tinued. Production of almost every product
surpassed all previous records and totalled
about 15 million doses of bacterial vaccines;
over seven million doses of smallpox vaccine
were issued, and although the increase in the
number of horses has not resulted in an in-
creased sale of sera, there was a proportionate
increase in refined material which will be
available for sale during 1973.

Arrangements for expansion of production
throughout 1973 are progressing as planned.

VISITORS

The following visitors, in addition to those
listed under Staff, worked for short periods
in the Institute’s laboratories; Dr. L. C.
Dantanarayana, Medical Research Institute,
Colombo, Srilanka; Dr. R. Franco Granado,
Instituto Espafiol de Hematologia, Madrid,
Spain; Dr. Malinee Jaijarat, National Blood
Centre, Bangkok, Thailand; Dr. L. Kaptué,
Blood Transfusion Service, Yaoundé,
Cameroons; Mr. Maung Maung Mya,
Burma Pharmaceutical Industry, Rangoon,
Burma; Dr. D. C. Old, Bacteriology Depart-
ment, The University, Dundee; Dr. B.
Seydian, Institui Pasteur de I’lran, Teheran
Iran; Dr. E. Tahamtani, Chief of Laboratory
of Biological Production Control, Ministry
of Health, Teheran, Iran; Dr. Myint Pasi
Tha, Burma Pharmaceutical Industry, Ran-
goon, Burma; Mrs. Ashara Vichitanand,
Government Pharmaceutical Organisation,
Bangkok, Thailand.



In the last Annual Report | drew attention
to the serious financial position of the Insti-
tute and indicated that this problem was
occupying the continuous attention of the
Governing Body. Steps have been taken to
reduce our expenditure and in some cases
this has involved painful decisions that have
led to redundancy for some of our colleagues
who have been with us for some years. We
have also been able to increase our income,
although this has been due to special circum-
stances and our financial position is far from
being satisfactory. There are, however,
grounds for hope, and our belief that the
Institute will survive this present crisis is not
based on unreasonable optimism.

It has also become increasingly clear that
the Institute will have to find a new policy
which will give it an important additional
function within an overall national scheme of
biomedical research. This will lead to a shift
of emphasis in our general scientific policy.
Apart from the financial problems, this
scientific reorientation has also occupied the
attention ofthe Governing Body. It is hoped
that during the present year there will be pro-
gress towards the resolution of both the
financial and scientific problems and the
Institute may expand again in new directions.

This has been a difficult year for all
members of staff and the Governing Body
wishes to record its thanks most warmly to all
members of the staff, scientific, administra-
tive and technical, for their understanding,
loyalty and co-operation.

A. NEUBERGER,
Chairman.



REVIEW ARTICLE

LIFE AT THE BORDER
A review of the work of the MRC Trachoma Unit

L. H. Collier

Department of Virology

and

Medical Research Council Trachoma Unit

The activities of the Medical Research
Council’s Trachoma Unit, which has been
based at the Institute since 1957, are soon to
end. The invitation to write the review article
for the 1973 Annual Report is therefore both
welcome and appropriate, since it provides
an excellent and possibly unique opportunity
of summarizing the discoveries and achieve-
ments, the disappointments and excitements
attending a series of researches spanning a
decade and a half. The paths we travelled
led to an intriguing borderland between
bacteria and viruses, in which the frontier
has but recently been defined with any
precision. The micro-organisms causing
trachoma and related infections stand near
this demarcation line; and their somewhat
unusual characteristics determine many
features of pathogenesis and immunity.

Although the various topics explored by
the Unit are interrelated in a rather complex
manner, it will perhaps help the reader if |
try as far as is practicable to trace the
development of each main study individually.

TRACHOMA AND INCLUSION
CONJUNCTIVITIS

The ravages of trachoma have been known
for thousands of years, and are described in
the earliest medical writings. It is a chronic
inflammatory disease of the eye, affecting the
conjunctival membrane and almost always
the cornea. In the conjunctiva, character-
istic “sago-grain” follicles appear, which
give the disease its name (Gr. rpa’copa—
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“roughness”). Inflammatory changes in the
cornea and invasion by new blood vessels
(pannus) may lead to loss oftransparency and
impaired vision. Untreated, the disease may
persist for years with eventual scarring of
the eyelids; the consequent deformity
causes the lids to turn inwards (entropion)
so that the lashes rub against the eyeball
(trichiasis) causing yet more damage to the
cornea. Trachoma is enormously widespread
in the developing countries, particularly in
the Far East, the Indian subcontinent,
Africa and South America; and is the great-
est single cause of blindness and impaired
vision. In 1907, Halberstaedter and von
Prowazek for the first time observed in
conjunctival cells the *“inclusion bodies”
that we now know to be micro-colonies ofthe
causal agent.

Around the turn of the century, a form of
follicular conjunctivitis rather like trachoma
but without corneal lesions and scarring was
recognized in European countries. This
disease, inclusion conjunctivitis (inclusion
blennorrhoea), was most often seen in new-
born infants. Epithelial cells from their
eyes, and from the genital tracts of their
parents, contained cytoplasmic inclusions
indistinguishable from those of trachoma,
and it became apparent that the two syn-
dromes were closely related.

During the next half century, many
unsuccessful attempts were made to isolate
the causal agent oftrachomainthe laboratory.
In the 1930s microbes resembling each other



in morphology and staining reactions and
possessing a common antigenic component
were shown to cause psittacosis in birds and
a sexually transmitted disease of man,
lymphogranuloma venereum (LGV). In
1934 Thygeson, on the basis of similarities in
their inclusions, suggested that the trachoma
and inclusion conjunctivitis agents might be
related to the organism causing psittacosis.
These micro-organisms are now grouped
together in the genus Chlamydia.

The active stages oftrachomaand inclusion
conjunctivitis are usually treated by a
tetracycline drug. Oral therapy is best, but
is expensive and impracticable for large-
scale use. In mass campaigns, such as those
sponsored by WHO, the drug is applied as
ointment to the affected lids, but this treat-
ment must be maintained for long periods.
When medical aid is lacking, patients with
entropion/trichiasis often seek relief by
plucking the inturned eyelashes with pri-
mitive forceps, an operation that was well-
known to the Ancient Egyptians. The
Ebers Papyrus (ca 1500 B.c.) advocates
“bat’s blood, rim-of-a-new-hennu-vessel and
honey, to be powdered and placed where
the hair has been pulled out” (Bryan, 1930).
Unfortunately, removal of lashes often
results in bristly stumps that do even more
damage. The only remedy for entropion is a
plastic operation to evert the lids, and even
this is not always successful. Corneal
grafts are not of much use in dealing with
the opacities caused by trachoma.

FORMATION OF THE MRC
TRACHOMA UNIT

In 1956 the Medical Research Council
formed a research group under the hon-
orary directorship of Sir Stewart Duke-
Elder; the scientific staff consisted of an
ophthalmologist (Mr. M. Gilkes), a viro-
logist (Dr. C. H. Smith) and a bacteriologist
(Mr. J. Sowa). This team started to
investigate the clinical aspects of trachoma in
Jordan; and in collaboration with the new
Department of Virology at the Lister
Institute, to attempt isolation of the tra-
choma agent. Before long, however, the
Suez crisis dictated the return of the team to
England. Following; a favourable report by
Smith on its suitability for trachoma studies,

the Unit was transferred to The Gambia,
West Africa, where the MRC maintains a
large research establishment at Fajara.
Soon afterwards, however, Smith and Gilkes
left, and in September 1957 | took over the
honorary directorship from Sir Stewart
Duke-Elder.

ISOLATION AND IDENTIFICATION
OF THE TRACHOMA AND
INCLUSION CONJUNCTIVITIS
AGENTS

Trachoma

Isolations in China. At about this time,
T’ang and coworkers (1957) reported from
Peking the isolation of infective agents from
trachoma patients by inoculating con-
junctival material into the yolk sacs of 7-day
old chick embryos; they described the
morphology of these micro-organisms, their
pathogenicity for various hosts, and the
influence of various physical and chemical
agents upon their viability. | had previously
read a number of papers on purported
isolations of trachoma agent, but this was the
first that carried conviction. | immediately
wrote to T’ang for samples, which in due
course were brought to London by Dr.
E. T. C. Spooner of the London School of
Hygiene, who was visiting Peking when
my letter arrived. Two strains inoculated
into chick embryos at the Institute grew
without difficulty; 1 was able to confirm
T’ang’s description of their properties, and
also to demonstrate the presence of the
Chlamydia group complement-fixing antigen.
Electron micrography by the late Dr. Robin
Valentine confirmed the morphological
similarity of the T’ang agent to other
members of the genus (Collier & Sowa,
1958).

Isolations in West Africa. The next task was
to determine whether similar agents could
be isolated at our newly-established Gam-
bian laboratory. | went there in November
1957 to find Josef Sowa ensconced in a small
laboratory, as yet without screens and
therefore subject to continual invasion by
mice, frogs and a formidable variety of
insects. Two somewhat decrepit farmhouse
egg incubators were located and put into
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service, and chick embryos were inoculated
with material from Gambian children with
trachoma. Although the Chinese technique
was followed as carefully as possible, 1 was
not optimistic about the chances of success
under these rather difficult conditions; but
in the event an agent (“G1”) apparently
indistinguishable from the Chinese strains
was isolated from the first series of inocul-
ations and sent to the Institute.

Proof of aetiological role. The finding of
similar agents in people with trachoma in
widely separated countries was strong pre-
sumptive evidence that the causal microbe
had at last been isolated, but this sup-
position had still to be proved. Because of
previous unsubstantiated reports, the WHO
Expert Committee on Trachoma (1956)
stipulated that no such claim could be
accepted unless the organism were shown,
inter alia, to induce all the cardinal signs of
trachoma in human volunteers, and the
characteristic inclusion bodies in the con-
junctiva. Accordingly, with the clinical
collaboration of Sir Stewart Duke-Elder and
Mr. (now Professor) Barrie Jones, a blind
human volunteer was inoculated with the
Gl strain. Both he and a second volunteer
who was later inoculated with another
Gambian strain (“G17”) developed tra-
choma; typical inclusions were demon-
strated in their conjunctival cells, and the
infective agentswereagainisolated from their
eyes by inoculating conjunctival scrapings
into chick embryos (Collier & Sowa, 1958;
Collier, Duke-Elder & Jones, 1958; Collier,
Duke-Elder & Jones, 1960). These experi-
ments went most of the way toward
satisfying Koch’s criteria for establishing the
aetiological relationship of a micro-organism
with agiven disease. We had only to confirm
that the agent in question could be demon-
strated in a satisfactorily high proportion of
patients with active trachoma. This was
soon done; by April 1958 Sowa had—by
using conjunctival scrapings instead of
swabs, and by treating them with a much
increased concentration of streptomycin—
improved the isolation technique to a point
at which he was able to isolate Chlamydia
from 24 of 30 trachoma patients, of whom
only 18 were inclusion-positive (Sowa &
Collier, 1960).
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Inclusion Conjunctivitis

In the summer of 1958, micro-organisms
seemingly identical with the trachoma agent
were isolated from the eyes of a newborn
English baby with inclusion conjunctivitis,
and from the genital tract of the mother of
another baby with this syndrome (Jones,
Collier & Smith, 1959). Their aetiological
relationship to inclusion conjunctivitis was
soon proved by laboratory tests, inoculation
of baboons (Collier, 1959; 1962) and—again
in collaboration with Barrie Jones—induction
of the disease in volunteer subjects (Jones &
Collier, 1962). The close similarity between
the trachoma and inclusion conjunctivitis
micro-organisms and the overlap in their
respective clinical syndromes later led to
adoption of the acronymous term “TRIC
agents”* for referring to them jointly.

Some early questions

The isolation and identification of the elusive
TRIC agents made possible two major lines
of investigation into the control of trachoma:
a search for drugs more effective than the
tetracyclines commonly used for mass treat-
ment compaigns; and the devising of a
vaccine. Our Unit was not suited to an
adequate investigation of new antibiotics or
chemotherapeutic substances; and, in any
event, | felt that the major impediment to
successful mass therapy lay not so much in
the lack of effective drugs, but in the logistic
and financial difficulties of applying them for
long periods to large and often scattered
populations in primitive areas. We therefore
decided, as a main objective, to attempt
preparation of a vaccine that by virtue of
conferring reasonably prolonged immunity
might be easier to administer than continual
drug treatment.

Another topic now open to investigation
concerned the much disputed relationship
between trachoma and inclusion conjuncti-
vitis; as we shall see, the Unit made some
contribution to the study of this subject.

The decision to attempt production of a
trachoma vaccine immediately posed a series

* Henceforth strains will be designated by the
“Montreal system” (Gear et al., 1963); the
abbreviated form (Collier, 1963) is used, followed
at first mention, when appropriate, by the
original designation in parentheses.



of questions whose solution often seemed to
depend on the answers to yet other unsolved
problems; in other words, we were in for a
long period of pulling ourselves up by our
own boot-straps. In an early review of some
of these questions (Collier, 1961a) | referred
to the necessity of choosing the right sort of
host cell for vaccine production, the respec-
tive merits of live and inactivated vaccines,
the problems of serotype and antigenicity,
of purification, preservation and potency
testing; and discussed what information
would be needed about the epidemiology of
trachoma in a vaccine trial area. | shall now
describe how these and other problems were
tackled.

RESEARCHES IN THE GAMBIA,
1958-1962

It was apparent at the very outset that the
newfound ability to isolate trachoma agents,
if verified, would be a powerful tool for
studying the natural history and epidemio-
logy of trachoma; and that information of
this sort would be essential to the rational
planning of any vaccine trials. During my
first visit to Fajara, and even before the first
isolations there, an outline programme was
drawn up for the consideration of the MRC.
It provided for an intensive study of
trachoma in one or two carefully selected
villages, to include periodic clinical and
microbiological examination of the eyes of
the entire population; the average age of
onset of trachoma and other eye infections
would be determined and babies would be
examined monthly from birth in order to
observe trachoma in its earliest stages. Two
important steps in implementing this pro-
gramme were the recruitment in 1958 of an
ophthalmologist, Miss Shiona Melville, later
to become Mrs. Sowa; and the building at
Fajara of a new trachoma laboratory with
funds generously provided by the Wellcome
Foundation.

It The Gambia is situated at the tip of the
‘bulge” of West Africa; it extends for about
250 miles along both banks of the river that
gives it its name, and for much of its length
is only 15-20 miles wide. In 1964 the
population was about 315,000, mostly dis-
tributed in scattered communities of 100-
1,000 people; living standards are low in

these villages and disease, especially malaria,
is widespread. Although communications
are now improving, they were rudimentary
15 years ago; for villages situated inland, the
only practicable access was by Land-Rover
down bush tracks that were often quite
impassable in the rainy season.

These topographical considerations to
some extent determined our plan of investi-
gation. An epidemiological study can be
extensive, covering a large population, or
intensive, involving more careful observation
of a comparatively small group. We decided
upon the second alternative, and chose
Marakissa, a village of some 400 inhabitants
15 miles south of Fajara. The investigations
there lasted more than two years; the findings
were embodied in an MRC Special Report
(Sowa, Sowa, Collier & Blyth, 1965) and
represent perhaps the most detailed field
study of trachoma and allied infections ever
undertaken. Here, it is possible to provide
only the briefest summary.

In The Gambia, as in other highly endemic
areas, trachoma was found to have an early
onset; about a quarter of the babies aged less
than one year were affected, and the incidence
rose to 91% in the 5-9 year age group. Fresh
infections were rare after this age, a finding
that might be explained in terms of immunity
engendered by past infection, or perhaps by
the observation that physical contacts made
by playing and rolling about together in the
streets were less frequent in children
approaching adolescence. Unlike what is
seen in, for example, North Africa, there was
nothing to suggest the implication of flies in
the spread of eye diseases. Trachoma is
probably transmitted by direct physical con-
tact, or through recently infected fomites
such as clothing or bedding; TRIC agent
was found to survive long enough on cloth
to make this possible.

The first stage of trachoma, i.e. before
follicles are obvious, was hitherto believed
to last only a few weeks, but in fact some-
times persisted for 1-2 years. The disease
ran a comparatively benign course, and
caused severe visual defects in only 2-5% of
the population, perhaps because of the rela-
tive freedom from concurrent bacterial con-
junctivitis which is such a problem in some
other countries. But although overt con-
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junctivitis was rare, only 3% of the popula-
tion had bacteriologically sterile conj unctivae;
and since in some countries haemophilus
bacilli are often associated with trachoma and
may exacerbate its course, a special investiga-
tion of these organisms—which were present
in the eyes of one-third of patients with
trachoma—was made at Elstree by Miss
Georgina Sampson, Mrs. Jean Dolby and
Dr. A. F. B. Standfast (1965). A study of 502
strains isolated in Marakissa suggested that
indole production distinguished H. aegytius
from H. influenzae better than possession of
haemagglutinin. It also led to an improved
method of serotyping strains by gel-
precipitin tests that might be useful in
epidemiological studies; but in the absence
of haemophilus conjunctivitis in epidemic
form, there was no opportunity of testing this
method in the field.

The most important aspect of the micro-
biological work was detection of TRIC agent
in the conjunctiva. Isolation in chick
embryos proved more reliable than the
finding of inclusions; in one survey, for
example, TRIC agent was isolated from 69%
of patients with active trachoma, whereas
inclusions were found in only 47%. In
subsequent studies on special groups, the
isolation rate was nearly 100%, a figure that
has not to my knowledge been approached
elsewhere. Success rates of this order were
attained only through meticulous precautions
against bacterial contamination, both by
improving the technique of collecting con-
junctival scrapings and by attention to the
choice and concentrations of bacteriostatic
antibiotics (Sowa et al., 1965; Sowa & Race,
1971).

While these epidemiological studies were
proceeding in West Africa, a wide range of
investigations was being pursued at Chelsea
in kitchens, bedrooms and bathrooms that
formerly belonged to the directorial apart-
ments, but were now converted to labora-
tories. A briefdigression into taxonomy may
help the general reader to follow these
researches more easily.

THE NATURE OF THE CHLAMYDIA

The Chlamydia, including TRIC agents, are
not viruses, although they used to be referred
to as such. Like viruses, they multiply only
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within living cells within which they undergo
anon-infective period before the new gener-
ation of infectious particles is produced.
But these resemblances are superficial: the
Chlamydia differ fundamentally from viruses
in retaining their physical identity through-
out the growth cycle; in possessing both
DNA and RNA; in multiplying by fission;
in possessing a cell wall and ribosomes; and
in their susceptibilities to various antimeta-
bolites. They resemble the Rickettsiales in
some of these attributes; but they do not
have arthropod hosts, and differ so much in
other respects that it is obviously incorrect
to include them in this taxonomic Order.
There now seems no doubt that, despite
their obligate intracellular existence, these
micro-organisms stand clearly on the bac-
terial side of the border.

The genus Chlamydia is divided into two
groups, known colloquially as A and B.
Group A (type species: C. trachomatis) in-
cludes the agents responsible for trachoma,
inclusion conjunctivitis and lymphogranu-
loma venereum in man; and others causing
pneumonitis in mice and hamsters. These
agents form compact inclusions containing
elementary bodies in a carbohydrate matrix
and are susceptible to sulphonamides and
D-cycloserine. Group B (type species:
C. psittaci) is much larger and contains the
aetiological agents of a wide variety of syn-
dromes in many species of birds and
mammals. The best known is psittacosis, a
generalised infection of birds which is some-
times transmitted to man. Other members
of the group cause enteritis, pneumonitis,
polyarthritis, encephalomyelitis or enzootic
abortion both in wild and domestic animals.
They form diffuse inclusions that do not
contain a carbohydrate matrix and are in-
susceptible to sulphonamides and D-cyclo-
serine. Groups A and B closely resemble
each other morphologically and in possessing
similar complement-fixing antigens; but they
differ considerably in terms of other serolo-
gical tests and of DNA homology. It is not
unlikely that their origins were diverse, and
that their similarities reflect only adaptation
to the same sort of intracellular environment.

STUDIES OF REPLICATION
Injectivity. By 1959 many strains of TRIC



agent had been isolated in several countries
and the technique of propagating them in
the chick embryo yolk sac presented little
difficulty. This method however has dis-
advantages. Infectivity can be titrated only
by the comparatively imprecise methods of
determining the highest dilutions that infect
or kill a stated proportion—usually 50%—
of embryos. Furthermore, suspensions of
TRIC agent grown in yolk sac are difficult
to purify; and representing as they do the
yield from many cycles of multiplication they
can but provide a mixed bag of all the
developmental forms. It seemed that pro-
pagation of TRIC agents in cell cultures
might overcome these disadvantages, and
we made many attempts to grow two
Gambian strains in this way. In the United
States, Gordon and coworkers (1960) in-
duced inclusions in explants of chick
embryo yolk sac but did not apparently
make serial passages. At about the same
time, Dr. Weston Hurst (ICI Laboratories)
and Dr. P. Reeve of the Trachoma Unit
adapted one of T’ang’s original trachoma
strains to grow in mouse brain, with
rigorous precautions to exclude other in-
fective agents (Hurst & Reeve, 1960). Soon
afterwards Mrs. Jane Stocker induced
inclusions in HelLa and other cell lines, in
the first instance with mouse brain infected
with the T’ang strain and then with this
and our own MRC-I/G (LB1) strain of
inclusion conjunctivitis grown in chick
embryos; these infections could be main-
tained indefinitely in cell culture by serial
passage (Furness, et al., 1960). In the same
year, Bernkopf, Mashiah and Maythar
(1960) reported similar findings in Israel.
This advance was rapidly exploited: in our
laboratory, a method for titrating infectivity
by counting inclusions in monolayers of
cells was devised; it had a standard error of
only + 10% and was thus a great improve-
ment on the chick embryo method (Furness,
Graham & Reeve, 1960). Since the develop-
ment of the inclusions could be watched
directly under the microscope, it was
possible to make observations at defined
points of the growth cycle. After entry into
the cell, the infectious particle or *“ele-
mentary body” became transformed into a
larger basophilic “initial body” containing
much ribonucleic acid (RNA) and at the

same time lost its infectivity. The initial
body—now usually termed the reticulate
body—underwent a series of divisions
resulting in the production of a new gen-
eration of elementary bodies in which the
predominant nucleic acid was DNA. In-
fectivity reappeared 22 hr after infection and
attained its maximum at about 38 hr, by
which time the inclusions were packed with
new elementary bodies capable of initiating
growth in other susceptible cells (Furness
& Fraser, 1962; Furness, Henderson,Csonka
and Fraser, 1962).

Particle counts. For quantitative studies of
replication, it was important to be able not
only to assay infectivity accurately, but also
the number of elementary bodies in a given
suspension. Because of their small size,
this had to be done very laboriously by
electron microscopy. However, Dr. Reeve
and Dr. Janice Taverne (1962a) noticed
that elementary bodies stained with Giemsa
appeared as brilliant yellow particles on a
black background when viewed with an
ordinary microscope by dark field illum-
ination. Their appearance was so distinctive
that suspensions containing numbers of
particles of the order of 101(/ml could be
rapidly counted with an error ofonly = 20°0.
The dark field method also facilitated the
counting ofinclusions in infectivity titrations.

Fast-killing mutants. Not all TRIC strains
behaved similarly in cell cultures: some
formed numerous inclusions and could be
readily passaged in cells, whereas others
formed few or no inclusions and could not be
serially propagated in this way. Reeve and
Taverne (1963) then noticed another differ-
ence: at equivalent doses some strains
appeared to kill chick embryos more rapidly
than others. Fortunately, from the very
earliest days, individual records had been
kept of the many thousands of eggs in-
oculated; a retrospective study showed that
the strains Killing chick embyros quickly had
acquired this ability quite suddenly at
different times during the course of routine
passages in eggs. This property was
related to that of infecting cell cultures, and
in some instances at least, with loss or
diminution of pathogenicity for the primate
conjunctiva (Collier, 1961b, 1962; Jones &
Collier, 1962). Furthermore, these fast-
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killing (/) strains had much lower particle/
infectivity ratios than either their slow-
killing (s) parent strains or other s strains
that had remained unaltered since they were
isolated (Taverne, Blyth & Reeve, 1964a).
The most likely explanation of these findings
is the emergence of mutants whose increased
virulence for chick embryos is associated
with acquisition of pathogenicity for mouse
brain and perhaps loss of pathogenicity for
the primate conjunctiva. The ability to
kill chick embryos quickly depended not on
an increased content of the toxin associated
with the elementary bodies, (Reeve, 1964;
Taverne, Blyth & Reeve, 19646) but on a
decrease in the lag phase preceding replic-
ation and on an enhanced multiplication
rate (Reeve & Taverne, 19676).

So far the cell culture work had all been
done with mutant and hence atypical strains,
and the inability to grow the “wild-type” 5
strains was frustrating. When Gordon and
his colleagues infected chick endoderm
explants, they did so by centrifuging the
inoculum onto the cells. Reeve and Taverne
(1967c) found that several cell lines could
be infected with s strains by a similar
technique and established the optimum
conditions for doing so. Centrifugation also
increased the infectivity of/ strains for cell
cultures but to alesser degree. Morphologic-
ally, the growth cycle of 5 strains was
broadly similar to that of/ strains. Their
failure to infect cells without the help in
adsorption afforded by centrifugation is
probably due to the combination of a low
proportion of infectious particles and heat
inactivation.

Isolation methods. The centrifugation method
found practical use in the isolation of TRIC
agents from the eye and genital tract.
Gordon and coworkers (1969) reported that
centifugation of epithelial scrapings onto
monolayers of irradiated McCoy cells was
more efficient and gave much more rapid
results than inoculation of chick embryos.
This technique proved most valuable in a
number of diagnostic laboratories, but
carried the disadvantage that the McCoy
cells had to be irradiated with cobalt-60
before inoculation. In experiments with
laboratory strains and with conjunctival
scrapings from The'Gambia and genital
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tract material from patients in London,
Blyth and Taverne recently showed that
irradiated McCoy cells held no advantage
over unirradiated baby hamster kidney
(BHK-21) cells (Report 1973); this finding
should be of considerable practical use to
diagnostic laboratories.

Folic acid synthesis. The type B chlamydiae
or psittacosis-like organisms are resistant to
sulphonamide because they can use exo-
genous sources of folic acid; but like the
sulphonamide-sensitive bacteria, the Type A
organisms, including TRIC agents, syn-
thesize their own folic acid, a compound
that possibly acts as a co-enzyme for the
synthesis of such essential metabolites as
purines, pyrimidines, and amino acids
(Moulder, 1964). To gain further inform-
ation about this metabolic pathway, which
is of course important in relation to chemo-
therapy, Reeve, Taverne and Bushby (1968)
studied the influence on replication of drugs
that compete with folic acid by inhibiting
dihydrofolate reductase. Trimethoprim, a
derivative of 2,4-diaminopyrimidine, in-
hibited the growth of several TRIC agents in
chick embryos and cell cultures. The
reversal of this action by calcium leucovorin
confirmed that endogenous rather than
exogenous folic acid synthesis was im-
plicated, and strongly suggested that TRIC
agents contain a dihydrofolic acid reductase.
The action of trimethoprim was slightly
potentiated by sulphafurazole. It is interest-
ing that a related pyrimidine derivative, the
antimalarial drug pyrimethamine, also in-
hibited a trachoma agent; this factor
would have to be considered in field studies
on trachoma undertaken in areas where
antimalarial drugs are widely used.

SEROLOGICAL STUDIES

Complement-fixing antigen. |1 mentioned that
one of the first tests on the newly isolated
TRIC agents was to verify that they
contained the heat-stable antigen common
to the Chlamydia, originally detected in the
psittacosis agent by Bedson in 1936.
Investigations by others on lymphogranul-
oma venereum and feline pneumonitis
indicated that the group antigen is a lipo-
protein-polysaccharide complex. Reeve and
Taverne (19626) found that this was also



true of the TRIC antigen, which in infected
cell cultures was present both in soluble
form, and in a sedimentable form pre-
sumably associated with the elementary
bodies. As we have seen, TRIC agents,
unlike viruses, retain their physical identity
throughout their growth cycle. By con-
centration methods, Reeve and Taverne were
able for the first time to detect Chlamydia
group antigen in HelLa cells throughout the
latent period following adsorption; they also
showed that the pattern of the subsequent
increase in sedimentable antigen closely
resembled the one-step infectivity growth
curve determined by Furness and Fraser
(1962).

Neutralizing antibody. As far as a vaccine is
concerned, antibodies that neutralize in-
fectivity are of particular interest. Bernkopf
(1959) described a test in which sera from
immunized rabbits, when mixed with
trachoma agents, neutralized their capacity
to induce pulmonary lesions in mice. There
was however, no comparable in vitro test
until Reeve and Graham (1962) reported
that neutralizing antibodies to TRIC agent
could be accurately and reproducibly titrated
in terms of their ability to reduce the
numbers of inclusions in cell cultures. By
this method they demonstrated a serological
relationship between a Chinese strain of
trachoma and two inclusion conjunctivitis
strains isolated in London. However, the
antibody titres were low; various methods of
preparing antiserum in rabbits were tried
(Blyth, Reeve, Graham & Taverne, 1962),
but even the best of them resulted in a titre
ofonly 1/24, whereas the corresponding titres
of complement-fixing antibody sometimes
exceeded 1/20,000. Recently (Report, 1973)
Blyth and Taverne again studied the
problem in the light of a claim that titres of
antibody that neutralize psittacosis agent
could be enhanced by adding antiserum
directed against the 1gG of the host species
in which the psittacosis antiserum was
prepared. With antisera prepared against
TRIC agents in rabbits, mice, baboons and
cockerels there was enhancement in the
presence of the appropriate anti-lgG; but
control tests with normal serum suggested
that this enhancement was at least in part
caused by non-specific blocking of in-
fectivity.

TRIC serotypes. Chlamydiae contain a
toxin that kills mice when injected intra-
venously. Bell, Snyder and Murray (1959)
found that a sublethal dose of TRIC agent
protected against a subsequent larger dose of
the same strain; and by cross-tests 3 main
serotypes (1, Ib and 2) were elicited.
Alexander and coworkers (1967) found that
most strains isolated from ophthalmic
trachoma belonged to these types, whereas
those from inclusion conjunctivitis and
genital infections fell into additional sero-
types (D, E and F). The discovery of these
antigenic differences was important for
epidemiological studies, but the uppermost
question when they were first reported was
their implication for the vaccination of man,
which by then interested workers in several
laboratories. A correlation between pro-
tection against toxicity and resistance to
infection would mean that a trachoma
vaccine must contain the serotypes prevalent
in the country of use. Although some
investigators maintain that such a relation-
ship exists, it may not be absolute; Dr. Doris
Graham (1965; 1967) devised methods for
comparing the two sorts of immunity in
mice and found that they did not necessarily
correspond.

The mouse test fulfilled an important
function, but the labile nature of the toxin
caused considerable technical problems; it
has now been superseded by indirect
immunofluorescence methods (Bell and
McComb, 1967). The introduction of a
micro-method (Wang, 1971) has greatly
facilitated exploration of the antigenic
relationships between various chlamydiae.

Use of serotyping for field studies. Immuno-
fluorescence typing has also been exploited
for epidemiological purposes, notably by the
Harvard/ARAMCO team in Saudi Arabia.
In that country, Nichols and coworkers
(1971) found that types 1, Ib and 2 were all
present; but in the two neighbouring villages
yielding most of the strains tested, their
prevalences were quite different. Given
families tended to be infected by the same
serotype, and changes of serotype in
individual patients were infrequent, implying
that in this highly endemic area the trachoma
syndrome is the result of a chronic con-
tinuous infection rather than of repeated
reinfections, as some workers have suggested.
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The predominance of a single serotype in
a given community was also observed in
The Gambia by Mr. and Mrs. Sowa, where
almost all the strains isolated from two
widely separated villages were respectively
types 1 and 2 ; type Ib was never isolated in
that country (Report, 1971). There was also
evidence that one or the other strain was
dominant in a given dwelling-compound.

A curious observation made by Josef Sowa
during the investigation has yet to be
explained. Of the first strains isolated in
The Gambia two differed from the others in
forming compact aggregates of particles in
the yolk sac, as well as the usual free
elementary bodies. These aggregates con-
sisted of elementary bodies embedded in a
matrix surrounding one or more vacuoles;
the vacuoles contained a carbohydrate that
stained like glycogen (Sowa & Collier, 1960).
Sowa recently observed that the presence of
aggregates is closely related to serotype:
19 of 21 Type 1strains produced them, but
only 2 of 35 Type 2 strains (Report, 1973).
The type-specific antigens almost certainly
reside in the Chlamydia cell wall, and this
observation could throw light on differences
between the cell surface characteristics of
Types land 2.

The use of immunofluorescence for diagnosis.
When Halberstaedter and von Prowazek
first observed trachoma inclusions in 1907,
they used Giemsa, and this stain remained a
favourite for many years. It has the dis-
advantage that conjunctival scrapings must
be scanned under the high-power objective
—a tedious proceeding. Rice (1936) dis-
covered that trachoma inclusions possess a
matrix containing a carbohydrate which
stains a deep coppery-brown with iodine.
This method was not greatly exploited for
diagnostic purposes until in 1958 Gilkes,
Smith and Sowa modified and improved it.
Sowa later introduced the use of ammoniated
iodine and this technique was used for much
of our work in The Gambia. It has the
advantage that the deeply stained inclusions
are easily visible with a low power objective,
and in our hands gave results that compared
favourably with those of other methods.
Nichols and McComb (1962) later devised a
method of staining inclusions with fluores-
cent antibody: the main advantages are its
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ability to detect early inclusions that have
not yet formed a polysaccharide matrix and
hence do not stain with iodine; and its use
in examining epithelial cells from the genital
tract, which themselves contain much
glycogen and stain intensely with iodine. In
a comparison of the two methods in The
Gambia, the FA method detected inclusions
in a somewhat higher proportion of con-
junctival scrapings, although the degree of
advantage was not statistically significant;
but the numbers of inclusions found in
positive scrapings stained by FA were
significantly higher than in duplicates
stained with iodine. We concluded that the
FA method is preferable where good
laboratory facilities and well-trained obser-
vers are available; but that the iodine method,
which is rapid and requires only the simplest
reagents and equipment, holds advantages
for field use (Sowa, Collier & Sowa, 1971).

Complement-fixation with group antigen
is useful in the serological diagnosis of LGV
but its results in trachoma are irregular, and
various alternatives have been examined.
Bernkopf, Orfila & Maythar (1966) detected
antibodies in the conjunctival secretions and
sera of trachoma patients by immuno-
fluorescence. We used this method to
determine the prevalence of antibodies in
Gambian children and the classes of
immunoglobulin involved. IgG antibodies
to TRIC agent were found in a substantial
proportion of those with active trachoma.
IgG and, less frequently, IgA antibodies
were present in the conjunctival secretions of
aproportion of children with serum antibody,
but not in sero-negative children. Serum
antibody titres of 1/10 or more were always
associated with a clinical diagnosis of
trachoma; and were more reliable as a
diagnostic aid than the finding of inclusions
(Collier, Sowa & Sowa, 1972).

For this investigation we used as slide
antigens infected monolayers of BHK-21
cells in preference to yolk sac suspensions.
They were prepared at the Institute;
standardization of fluorescence measure-
ments in the London and West African
laboratories was helped by using sets of
density filters made in duplicate by a
photographic method (Collier, 1968).



RELATION BETWEEN TRACHOMA
AND INCLUSION CONJUNCTIVITIS

As | have mentioned, trachoma is closely
related to the inclusion conjunctivitis (IC)
syndrome, which also affects the eye, and, as
inclusion urethritis or cervicitis, the genital
tract. It was maintained, notably by
Thygeson (1962) that trachoma is an
ophthalmic infection found in the less-
developed countries, and can be sharply
distinguished from IC, a sporadic infection
of more advanced countries that does not
occur in trachoma-endemic areas: trachoma
causes corneal lesions and scarring, whereas
IC does not; trachoma spreads only from eye
to eye, but IC is primarily a genital tract
infection sometimes transmitted to the infant
eye at birth, or to the adult eye through media
such as infected swimming pools. Other
workers took a different view. For example,
Bietti (1959) described people with trachoma
in Japan, Taiwan, the Phillipines and Italy in
whom corneal lesions were minimal or
absent; and experimental inoculations of the
eye and genital tract with infected epithelial
scrapings led Mitsui (1949) to the extreme
opinion that there is no basic difference
between the two syndromes: trachoma can
alternate between the eye and genital tract,
and IC is merely the infantile form of
trachoma.

Investigations in London. Observations on
English patients suggested to Barrie Jones
(1961) the idea of a spectrum of clinical
pictures, with classical trachoma and in-
clusion conjunctivitis at the extremities, and
a number of intermediate syndromes that
do not fall clearly into either category. The
isolation of TRIC agents at once provided
the means of obtaining better experimental
evidence concerning the relationship between
these syndromes, and Barrie Jones and |
proceeded to inoculate a blind volunteer with
two strains isolated in London. The first was
MRC-I/G, from the female genital tract; it
had been passaged 23 times in chick embryos.
The inoculation induced only a mild
transient conjunctivitis. The significance of
this finding became apparent later, when, as
we have seen, it was realised that some
strains, including this one, had changed
their characteristics during repeated yolk-sac
passage. The results of the second experi-

ment, a year later, were much more interest-
ing. Strain MRC-4 (LB4) was inoculated
into the other eye of the same man. This
strain also generated a “fast-killing” mutant
later on, but the early passage material used
as inoculum was still in the s phase. It
induced a very severe inclusion-positive
conjunctivitis with keratitis and pannus.
These corneal lesions are supposed to be
characteristic of trachoma, yet were induced
by a TRIC agent that was isolated from the
eye of an English baby with neonatal
inclusion conjunctivitis, and hence originated
from a parental genital tract infection
(Jones & Collier, 1962).

This experiment seemed to confirm that
TRIC agents causing a syndrome identical
with trachoma exist in the genital tract;
but in the light of later monkey experiments
by Wang and Grayston (1967) is open to the
objection that the earlier inoculation with
MRC-1/G could have induced delayed
hypersensitivity predisposing to pannus.
Corneal lesions are not normally induced in
simian species by TRIC agents, and the only
recorded instances are in Taiwan monkeys
previously inoculated by the parenteral or
conjunctival routes. This is not however
true of man, who readily develops corneal
lesions as aresult ofa primary infection. But,
whatever the wvalidity of this objection,
observations of naturally acquired infections
in The Gambia complemented those of
Barrie Jones in London and provided yet
more evidence of an overlap in the trachoma
and IC syndromes.

Investigations in The Gambia. During the
Marakissa surveys, all 79 babies born in the
village over a 3 year period were frequently
examined for evidence of TRIC infection.
In 5 (including a pair of twins) TRIC agent
was detected soon after birth, and isolations
from the genital tracts of 3 of the 4 mothers
suggested that their infections were acquired
from this source. In 3 infants the disease
resembled trachoma more than inclusion
conjunctivitis (Sowa et al., 1965). In a later
study of 297 newborn infants in the general
hospital at Bathurst, the capital, 4 were
found to have TRIC infections, and in them
the syndrome was more characteristic of
trachoma than inclusion conjunctivitis. One
of the mothers had cervicitis, and her
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husband had a mild urethritis from which
TRIC agent was isolated (Sowa, Sowa &
Collier, 1968). This strain and that from the
baby’s eye were kindly tested by Dr. Kim at
Seattle, and were both serotype F ; this is the
only time that this serotype has been isolated
in The Gambia (Collier, Sowa & Sowa, 1969).
The serological findings made it virtually
certain that the baby’s neonatal trachoma
was contracted at birth.

The observations described in this section
disprove the notions that trachoma and
inclusion conjunctivitis are clinically and
epidemiologically distinct; that ophthalmic
trachoma cannot be acquired from the
genital tract; and that genital tract infections
with TRIC agents do not exist in areas where
trachoma is endemic.

TRACHOMA VACCINE

Laboratory Experiments

Immunization of baboons. Many of the
findings from our studies of growth
characteristics and serological properties
contributed to the eventual production of
the experimental vaccines tested in the field;
but while these problems were being solved,
others came to the fore : the first was to devise
a method for testing the potency of a pre-
ventive vaccine. Established vaccines can
usually be assayed in terms of an easily
measured property—such as infectivity titre
or concentration ofmicro-organisms—known
to be correlated with protective effect. We
were not in this fortunate position and had to
depend on direct tests of ability to protect
against conjunctival infections. Only pri-
mates seem to be susceptible to TRIC
infections of the conjunctiva: we had there-
fore to find first, a suitable species: and
second, TRIC agents sufficiently pathogenic
to induce an easily recognisable clinical
syndrome, with—as a more objective index
of infection—the regular appearance of con-
junctival inclusions. Several strains were
tested for pathogenicity in baboons and
rhesus monkeys ; baboons appeared to be the
more suitable, and had the great advantage
ofbeing much less susceptible to adventitious
chest and bowel infections. The infections
induced by several trachoma and inclusion
conjunctivitis agents were characterised in
terms of clinical signs, cytology of con-
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junctival scrapings and appearance of in-
clusions (Collier, 1962). The MRC-4 strain
was satisfactory and was employed for many
of the subsequent experiments.

At the outset, the responses of the
immunized animals were compared with
those of controls by means of a scoring
system. The technique was soon refined by
applying statistical tests of significance,
including analysis of variance; and by
determining the minimum infective doses of
the strains used for challenge and adjusting
the eye inocula accordingly. Later still, the
experience gained from many baboon ex-
periments resulted in further improvement
of the criteria for measuring the immuno-
genicity of experimental trachoma vaccines
(Collier & Lightman, 1971). The first tests
(Collier, 19616) showed that live MRC-4
could be injected parenterally into baboons
without ill effects. Three spaced sub-
cutaneous doses conferred partial protection
against subsequent eye inoculation with the
same strain; and 2 subcutaneous doses
followed by an intravenous injection gave
almost complete immunity. Later experi-
ments (Collier & Blyth, 1966u, b; Collier,
Blyth, Larin & Treharne, 1967) elicited more
information, which can be summarised but
briefly.  Live vaccines prepared from
MRC-4.S grown in chick embryos protected
well against challenge with the same strain,
and performed best when a final intravenous
dose was given; but this immunity waned
considerably during the ensuing year, and
could not be prolonged by the use of various
adjuvants. The/ variant of MRC-4 grown
in HelLa cells also immunized, but not so
well as its parent strain. The number of
cross-tests possible with different strains was
limited by failure of some of them to induce
conjunctival infection when used for chal-
lenge; the existence of antigenic differences
in terms of such tests was however established.
Inactivation by formalin, gentle heating, or
carefully controlled exposure to ultra-violet
light impaired or completely abolished
immunogenicity.

Immunization of guinea-pigs. The necessity
for testing vaccines by tedious and expensive
experiments in baboons was a considerable
bottleneck in this investigation; while it was
proceeding, attempts were made to devise



protection tests in small animals, and at the
same time to learn more about the mech-
anisms of immunity. Graham had pre-
viously shown that mice could be infected
by the pulmonary route and protected against
such infections by parenteral immunization.
Blyth (1967a, b) found that TRIC agents
injected into guinea-pig skin induced lesions
within which the organisms multiplied;
s strains were detectable in the regional
lymph nodes and very occasionally in the
spleen and liver. By contrast, / strains
induced infections of longer duration, were
more often detectable in the viscera and
probably multiplied in the spleen. The
absence of TRIC agent from this organ
proved to be the most sensitive index of the
resistance to infection induced by preliminary
immunization. The best immunity was
afforded by an intracutaneous injection of
live organisms followed by formalized
vaccine given intravenously; its rapid in-
duction two days after the second dose and
disappearance within two weeks recalled
similar findings in mice by Graham (1966),
and suggested the possibility of mediation
by mechanisms other than humoral anti-
body.

Antibody response. During the baboon
experiments it became clear that although
the most immunogenic vaccines in general
induced the highest serum titres of com-
plement-fixing antibody, there was no
correlation between titre and the degree of
immunity in individual animals. There was
little information about the time-course of
the humoral response to trachoma vaccines,
and none about the classes of immuno-
globulin involved. Accordingly we studied
the induction of complement-fixing antibody
in rabbits given well-spaced intravenous
injections of inactivated TRIC agent (Mogg,
Collier & Harris, 1971). The pattern
differed considerably from that of the
classical primary and secondary responses
to protein antigens: the responses to the
first and subsequent doses did not differ
much in magnitude or in the amount of
antibody associated respectively with IgM
and 1gG, and closely resembled that to
Gram-negative bacteria. In particular, the
persistence of IgM antibody was character-
istic of the response to bacterial poly-

saccharides, and accorded with the obser-
vation, previously referred to, that the
Chlamydia group antigen is a lipoprotein-
polysaccharide complex. These experiments
also demonstrated that neutralizing antibody
was associated with both the 1gG and IgM
immunoglobulins.

Immunogenicity of live vaccines. With few
exceptions, most work in laboratories other
than our own revolved around the use of
inactivated vaccines. In our experience,
however, live vaccines were much more
effective; but we did not know whether this
was because inactivation damaged a pro-
tective antigen, or because live TRIC agent
multiplied within the host, thus giving an
enhanced stimulus. The contention that
TRIC agents would multiply in vivo only
within epithelial cells was part of the folk-
lore surrounding trachoma, but was con-
tradicted by Blyth’s work with guinea-pigs.
We therefore decided to find out whether
live TRIC agents injected parenterally
would also replicate in a primate host, and If
so, where. In the first instance baboons
were injected subcutaneously or intra-
venously with MRC-4/; at intervals there-
after the amounts of infective TRIC agents
in various organs were titrated; represent-
ative baboons were challenged by con-
junctival inoculation with MRC-4s so that
the immunity induced by different vac-
cination schedules could be assessed in
relation to the degree of multiplication
within the host. Five minutes after sub-
cutaneous injection all the TRIC agent
inoculated was recoverable from the in-
jection site indicating that the technique of
isolation was efficient. Subsequently, TRIC
agent multiplied in the skin and regional
lymph nodes, and was present at low titre
in the spleen for up to 28 days. Soon after
intravenous inoculation it was detectable
in the blood and liver for a short period, but
persisted up to a month in peripheral lymph
nodes. Intravenous injection resulted in
much higher spleen titres than did sub-
cutaneous injection; and as in previous
experiments, it induced better immunity to
conjunctival infections (Collier & Smith,
1967). By contrast, the parent MRC-4r
strain multiplied to a more limited extent in
the skin, and made but a transient appear-
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ance in the viscera; these findings were
associated with lack of resistance to con-
junctival challenge (Collier & Mogg, 1969).
Our results accorded well with Blyth’s
observations in guinea-pigs; and considered
with those of other experiments suggested
that the immunogenicity of TRIC agents
injected parenterally may depend on the
attainment of a large antigenic mass; or
possibly upon the manufacture during
replication in vivo of essential antigens that
might be lost during the purification of a
vaccine.

Field Trials

By 1963 experiments in baboons and other
animals had provided sufficient evidence of
the safety and immunogenicity of prototype
live vaccines to justify a small-scale field trial
in The Gambia; we had also by this time
acquired the necessary information about the
epidemiology of trachoma in that country,
and about methods of growing and purifying
TRIC agents in quantities sufficient for
vaccine production on a moderate scale. At
this point, due acknowledgement must be
made to Dr. I. Sutherland of the MRC
Research and Statistical Services Unit for his
invaluable advice which not only helped in
the design and analysis of all our field trials,
but also contributed greatly to the statistical
aspects ofthe potency tests in baboons.

Trial 1. 1t is reasonable to suppose that the
chronicity oftrachoma is due to an inadequacy
in the patient’simmune response; we decided
in the first instance to determine whether
vaccination of trachomatous children would
result in clinical improvement and disap-
pearance of TRIC agent from the conjunc-
tiva. This experiment had the advantage of
requiring relatively few children; it also
provided the opportunity of testing a method
of scoring the clinical and microbiological
findings designed to make them amenable to
statistical analysis. The vaccine was made
from a locally isolated strain, MRC-221,
grown in chick embryos and given live in
aqueous suspension. The control children
received a dummy vaccine; and as in all
our trials, full “double-blind” precautions
against observer bias were employed.

There was no change in the control
children but there was a significant improve-
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ment in the vaccinated group associated with
disappearance of TRIC agent from the con-
junctiva.  This improvement was most
pronounced 8 weeks after vaccination and
was still evident at 17 weeks. One year after
vaccination, however, there was no difference
between the vaccinated and control children
(Collier, Sowa, Sowa & Blyth, 1963).

Trial I1. The short duration of the immune
response to an aqueous vaccine in Trial | was
disappointing, but not altogether unexpected
in view of the results of our baboon experi-
ments. Although prophylactic oil adjuvant
vaccines had not performed very well in these
animals—which were challenged with large
doses—it was decided to test such a vaccine
in the field in the hope that the immunity
induced would be enough to protect against
the much smaller dose assumed to infect
under natural conditions; and might persist
longer than that afforded by aqueous
vaccines.

This trial started in May 1963. With the
help of Dr. G. Turner the vaccine was pre-
pared at Elstree from another Gambian
strain, MRC-187, which had already been
tested in baboons in combination with a
mineral oil adjustment; it was purified by an
improved method involving treatment with
molar potassium chloride. On the basis of
the trachoma attack rates determined in
Marakissa, Dr. Sutherland computed the
numbers of children needed to demonstrate
significant protective effects over periods of
one and two years with vaccines of various
assumed degrees of efficacy. Since in The
Gambia the average age of onset is early, the
children to be vaccinated had to be recruited
in the main from those aged four years and
under; in calculating the number required
account had to be taken of the melancholy
fact that the mortality rate within the first
two years of life may be as high as 40%. For
this trial, we needed about 300 trachoma-free
children; the Marakissa surveys indicated
that a total population of at least 3,000 would
be needed to yield this number. Rural
communities of this size are relatively un-
common in The Gambia, and we could not
spread our net too widely because oftransport
problems; but eventually we found two
suitable villages, Salekini and Katchang, with
a total population of 4,600. They were



15 miles apart on the north bank of the River
Gambia, and more or less opposite the MRC
up-river station at Keneba on the south bank,
where most of the team lived during vaccina-
tion and follow-up periods. The logistics of
Trial Il were complex and involved many
river crossings in “Tricsy”, our Dowty
Turbocraft. This fast motor boat rendered
sterling service. Its ability to plane at
30 knots greatly shortened the time needed
for the 10-18 mile river journeys. The
absence of a conventional propeller enabled
us to hug the bank closely, when as often
happened, the river was choppy; and also
permitted navigation of small shallow creeks.
The main disadvantage was the tendency of
the water-jet intake to become clogged with
enormous mangrove seeds, which had to be
removed by descending into the crocodile-
infested water. Josef Sowa, a great cutter of
Gordian knots, overcame the problem by
enlarging the intake so that the pods were
sucked in and expelled as an homogenate.

The results of this trial were also dis-
appointing; some protective effect was
apparent six months after vaccination, but as
in Trial 1, the influence of vaccination was
no longer apparent at one year (Sowa, Sowa,
Collier & Blyth, 1969).

Trials 111 and 1V. In 1961 the Trachoma
Unit entered into a collaborative agreement
with the Institute, two pharmaceutical
firms—Pfizer Ltd. and Evans Medical Ltd.
—and the National Research Development
Corporation. This arrangement was directed
to the development and production of a
trachoma vaccine and much experimental
work to this end was done in the four
laboratories concerned. By 1965 we were
able to apply the “know how” derived from
our researches on replication in chick
embryos to the manufacture of vaccines of
improved purity and titre; such a vaccine,
in the form of both live and formalin-
inactivated aqueous suspension, was pre-
pared by Pfizer and Evans and subjected to
tests in the field. The third trial was also
undertaken at Salekini and Katchang, and
involved only the live vaccine. One year
after vaccination there was no evidence of
protection; at two years the severity of the
disease in vaccinated children who had
acquired trachoma was on average greater

than in the controls, and the tendency to
healing by cicatrization was less pro-
nounced (Sowa et al., 1969).

Trial 1V was started three months after the
start of Trial 11, and included a comparison
of the live and formalized vaccines. It
was undertaken in 40 villages in the Malayer
district of north-west Iran in collaboration
with the Institute of Ophthalmology,
London, and the University of Tehran. The
findings differed from those in The Gambia;
vaccination significantly reduced the tra-
choma attack rate during the first year of
observation; and in vaccinated children who
did acquire trachoma, there were significant
reductions in the incidence of necrotic
follicles in the upper tarsal plate, keratitis and
pannus. There were no detectable differ-
ences between the live and inactivated
vaccines in terms of efficiency. By the end
of the second year, the benefit of vaccination
had largely disappeared, and there were
significantly more fresh infections in the
vaccinated children than in the controls.
It seems probable that in this trial the effect
of vaccination was to delay rather than to
prevent the onset of trachoma.

Adverse responses to immunization. In 1962,
Grayston, Woolridge and Wang reported
that in monkeys and human volunteers
given experimental trachoma vaccines the
response to subsequent conjunctival chal-
lenge was sometimes enhanced, rather than
lessened or abolished. This observation was
later confirmed in monkeys (Wang et al.,
1967; Mordhorst, 1967) and in baboons
(Collier & Blyth, 19666); and reflected the
findings at the second-year follow-up of our
third field trial. Induction of delayed
hypersensitivity isthe most likely explanation,
at least as far as the animal experiments are
concerned; but the lapse of two years before
the effect was observed in children is
puzzling. It may be that the physical signs
in vaccinated children who acquire trachoma
are the resultant of two forces: an initial
resistance to infection that decreases com-
paratively quickly; and delayed hyper-
sensitivity that may persist for much longer.

The Outlook for Trachoma Vaccine

In 1966, reviewing the current state of
vaccination studies in the USA, Saudi
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Arabia, Taiwan, Ethiopia and Africa, |
concluded that... “afully effective vaccine
has not yet been reported. Although a
measure of protection can be obtained
against both experimental and naturally
occurring trachoma, and there is some
evidence of therapeutic effect, there is no
assurance of solid immunity; and several
reports suggest that any beneficial effect
is of comparatively short duration” (Collier,
1966). Seven vyears later, | find myself
unable to change a word of that opinion.
Looking at our findings as a whole, it is
interesting to see how closely in their
essentials they resemble those of workers in
other countries, despite wide variations in
the epidemiology of trachoma, in methods
of examination and assessment, and in the
type of vaccine, vaccine strains and im-
munization schedules. The general picture
that emerges is one of short-lived immunity
induced in a barely significant proportion of
vaccinated children, with the possibility of
vaccine-induced delayed hypersensitivity
looming in the background. The impact on
trachoma research of this rather depressing
situation is illustrated by analysis of the
papers presented at international symposia
held in 1961, 1966 and 1970; the proportion
dealing directly with trachoma vaccine fell
from 13% in 1966 to 5% in 1971; by
contrast, communications under the heading
of “basic immunology” rose from 20% to
42% (Collier, 1971). These trends suggest
that at best, there is a return to the drawing
board as far as trachoma vaccine is con-
cerned; and at worst, some people have
abandoned the idea altogether.

Is there any hope on the horizon ? Some
have suggested that more concentrated
vaccines might be of use; and it is certainly
true that the inactivated trachoma vaccines
so far produced have 10-100 times less
antigenic mass than a typical bacterial
vaccine. This is because the content of
antigen is governed by the yield that can be
obtained in practice from chick embryos or
cell cultures. Unless some revolutionary
method can be devised for increasing yield
by an order of magnitude, realistic estimates
suggest that the costs of making con-
ventional-type vaccines ten times more
concentrated than those used hitherto
would be prohibitive (Collier, 1972). So far
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there is no convincing evidence that adju-
vants are sufficiently effective to be of any
significant value.

The Ancient Egyptians used “Milk-of-a-
woman-who-had-borne-a-son” for treating
eyes suffering from “flow of matter”
(Ebers Papyrus: Bryan, 1930). This idea
foreshadowed in a curious way the recent
appreciation ofthe role of secretory antibody
in immunity to chlamydial infection (Murray
& Charbonnet, 1971). Antibodies can be
induced in the guinea-pig conjunctiva by
instilling inactivated TRIC agent into the
eye (Zakay-Rones et al., 1969). This
procedure also raised local and circulating
antibodies in owl monkeys, and induced a
degree of resistance to challenge given two
weeks later (McComb et al., 1971). It is
however difficult to see how immunity
induced in this way could be maintained in
man for reasonably long periods. We
approached this problem by instilling into
the eyes of baboons an attenuated TRIC
agent that could undergo limited multi-
plication without causing overt disease; but
this procedure failed to induce immunity
to a pathogenic strain inoculated six months
later (Reports 1970, 1971). Needless to say,
immunization by topical application also
carries the potential danger of inducing
delayed hypersensitivity.

In the early days, it was thought that the
poor immune response evoked by naturally
acquired trachoma resulted from local-
ization of the infection to the eye; and that
resistance might be enhanced by parenteral
injection of a vaccine. This can certainly be
done to a limited degree, but it is now
apparent that the immune response to
Chlamydia is complex, involving cell-
mediated factors at least as much as antibody.
By 1967 | felt that although it might still be
possible to achieve prolongation of vaccine-
induced immunity, the dangers of inducing
hypersensitivity would not be solved without
considerable further effort and expenditure;
and even then, there could be no guarantee
of ultimate success. In particular, | felt
that it would be unethical to mount further
field trials unless it could be proved beyond
doubt that the danger of sensitization had
been eliminated. With reluctance therefore,
we abandoned the tactical researches on



trachoma vaccine and turned to more
fundamental investigations into the nature
of Chlamydia and the immunopathology of
the infections caused by them.

CHEMICAL STUDIES

We have seen that during the growth cycle
of Chlamydia the reticulate body multiplies
by fission to give rise to new infective
elementary bodies. The fission of TRIC
agents is inhibited by penicillin and D-
cycloserine which act on specific enzymes
involved in the synthesis of bacterial cell
walls. The demonstration of compounds
such as muramic acid, diaminopimelic acid
and D-amino acids peculiar to bacterial
mucopeptide and its precursors would throw
further light on the relationship of Chlamydia
to free-living bacteria; and might in the long
term help in the discovery of more effective
drugs. Some work along these lines has
already been reported. Perkins & Allison
(1963) detected muramic acid in the agents
of psittacosis, mouse pneumonitis and feline
pneumonitis; the evidence was less firm in
regard to trachoma. Purified preparations
were not used and the results were not
quantitative. Manire & Tamura (1967) did
not find muramic acid in purified cell walls
of meningopneumonitis agent, possibly
because of autolysis during purification, or
an insufficiently sensitive assay method.
These workers analysed pure suspensions of
elementary bodies; there were no reticulate
bodies which, as the vegetative form, perhaps
contain proportionately more muramic acid.
Dr. J. Garrett and Miss Margaret Harrison
examined the problem by somewhat different
techniques. Their investigation demanded
the growth of TRIC agent in large quantities,
a suitable method of purification, and use of
an analytical method that would detect
muramic acid in extremely small amounts.

Growth and Purification of TRIC Agent
in Quantity

TRIC agents are fastidious in their growth
requirements and use of cells growing under
less than optimal conditions seriously impairs
the yield. Light was thrown upon another
factor influencing yield by the observation
that in cells infected with more than one
elementary body the resulting loci of growth
coalesce (Bernkopf et al., 1962; Blyth &

Taverne, 1972). Mrs. Andrea Evans (1972)
confirmed by quantitative experiments that
such inclusions contain more elementary
bodies than those derived from single infec-
tions. With increasing multiplicity of
infection (the ratio between the numbers of
infectious units in the inoculum and cells
inoculated) the yield increased, although not
proportionately. Garrett exploited this in-
formation in defining the optimum condi-
tions for growing TRIC agent on a large scale
in cell cultures. Group B chlamydiae had
been propagated in suspended cells, but
TRIC agents proved more intractable in this
respect. After much experimentation, he
and Miss Harrison succeeded in growing the
MRC-4/strain in litre quantities ofsuspended
baby hamster kidney (BHK-21) cells and
mouse (L) cells, with yields as high as 1,500
infective units per inclusion, or 109 per ml of
culture; 25 mgm (dry weight) of highly
purified elementary bodies was eventually
prepared for analysis (Report, 1973).

Muramic acid. The analytical method was
designed to prevent autolysis of wall com-
ponents, and detected as little as ljig. These
researches are still in progress at the time of
writing; but the indications are that muramic
acid can be detected in the MRC-4/strain of
TRIC agent. It is hoped also to test
meningopneumonitis agent, kindly provided
by Professor G. P. Manire, University of
North Carolina, USA.

Polysaccharide. The growth of large quanti-
ties of TRIC agent provided a good oppor-
tunity for examining the polysaccharide
contained in the inclusion matrix. We have
already noted that it resembles glycogen in
staining brown with iodine and that this
property is useful in microscopy; but little
was known of its synthesis, structure or
function. Garrett found that one litre of
suspended BHK-21 cells produced about
40 mg, 10-20% of which was recovered
from the medium (Report, 1971). Forty-two
hours after inoculation, infected cells con-
tained an average of 20-30 pg glucose
equivalents per inclusion (Report, 1972).
Digestion of purified material with iso-
amylase and [3-amylase yielded only maltose
and glucose, products expected from a gly-
cogen, and a trace of unidentified reducing
material. The polysaccharide proved to have
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an average chain length of 14-16 glucose
units and an average exterior chain length of
11 units.

Until recently, it was not known whether
the polysaccharide is elaborated by the
micro-organism, or whether it represents a
response of the host cell to infection.
Jenkin & Fan (1971) reported that in
uninfected HeLa cells glycogen synthetase
used UDP-glucose as substrate prefer-
entially; but in cells infected with TRIC
agent, ADP-glucose was preferred, a path-
way characteristic of bacteria. Mrs. Evans
(1973) approached the problem differently
by inhibition experiments with chloram-
phenicol. This antimetabolite inhibits pro-
tein synthesis in bacteria but not in mammal-
ian cells. She established that polysaccharide
formation is governed by the TRIC agent
rather than by the host cell, and that
synthesis of the relevant enzyme system
takes place at some time between 19 and
24 hr after infection of the cell. The
amount of polysaccharide in an inclusion is
not necessarily related to the number of
elementary bodies formed; it can indeed be
synthesized within inclusions in which
elementary body formation has been in-
hibited by trimethroprim and other antime-
tabolites (Reeve, Taverne & Bushby, 1968).
Under these circumstances, however, iodine
may stain the carbohydrate blue or mauve
instead of brown, suggesting that the degree
of branching is less than in normally synthe-
sized molecules (Blyth & Taverne, un-
published observations).

Oxytetracycline added later than 24 hr
after infection caused accumulation of poly-
saccharide; there is no obvious explanation
for this finding, which may however prove
useful in obtaining the carbohydrate in
larger quantities (Report, 1972).

The function of the polysaccharide matrix
is still open to conjecture. Reeve & Taverne
(1967c) observed that it is formed late in the
growth cycle, attaining its maximum when
the numbers of new elementary bodies in
the inclusions are also at their greatest. This
time factor makes it unlikely that, as some
have suggested, it functions as an energy
reservoir like the glycogens of other bacteria.
It may have a structural role: | have already
mentioned that the inclusions of type B
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chlamydiae, which do not possess a car-
bohydrate matrix, are diffuse, with ele-
mentary bodies scattered through the host
cell cytoplasm, whereas type A inclusions
are compact. Blyth, Taverne & Garrett
(1971) found that TRIC inclusions con-
taining carbohydrate could actually be
separated as discrete bodies from the host
cells; their observations suggested that the
carbohydrate must be intimately associated
with whatever structural component main-
tains the physical integrity of the inclusions.
It will be recalled that the aggregates of
elementary bodies usually found in yolk
sacs infected with Gambian TRIC agents
belonging to serotype ! also contain much
polysaccharide. These aggregates can be
seen in sections of intact yolk sac, and
maintain their integrity in impression
preparations (Sowa & Collier, 1960).

The polysaccharide may possess some
serological activity: Mrs. Evans recently
found that a crude extract and an antiserum
prepared against it reacted in gel-precipitin
tests. At low dilution, the antiserum
neutralized the infectivity of TRIC agent
for cell cultures; a protein component may
well be implicated in this reaction, but to
what extent is as yet uncertain (Report,
1973).

IMMUNOPATHOLOGY OF
TRACHOMA

Corneal lesions. The most distressing lesions
of trachoma are those that impair vision by
affecting the cornea. Infiltration with
inflammatory cells and invasion by new
blood vessels (pannus) is one of the most
characteristic lesions of trachoma, and one
of the least understood. It has features in
common with the corneal reactions first
described by Wessely (1911) that can be
induced by injecting antigen into the cornea
of an animal with the corresponding anti-
body in its serum (Collier, 1967). There
was however no obvious relationship be-
tween the onset of pannus in Gambian
children and the appearance of antibody in
the serum or conjunctival secretions (Collier,
Sowa & Sowa, 1972). The pannus observed
by Wang and Grayston (1967) in a pro-
portion of experimentally infected Taiwan
monkeys previously inoculated into the eye



or injected with TRIC agent was ascribed
to a hypersensitivity reaction. | recently
tried to reproduce these findings under
controlled conditions by inoculating the eyes
of baboons, in groups of 6, with single doses
of TRIC agent, repeated doses, or repeated
doses preceded by an injection of TRIC
agentin Freund’s adjuvant; the animals were
observed for 35 weeks. Only one baboon—
given repeated doses—developed slight
pannus. The results of this experiment—
which included tests for conjunctival and
serum antibodies and for cell mediated
immunity—are not yet complete; but they
do not support the notion that repeated
infections increase either the severity of
infection or the incidence of corneal lesions.

For this experiment, Dr. Wang kindly
provided the same TRIC agent that induced
pannus in his Taiwan monkeys; the differ-
ence in results may therefore be accounted
for partly or wholly by the use of different
species, and is a reminder that variations
between monkey and man in terms of
response to infection may be even more
pronounced. At the time of writing,
therefore, the pathogenesis of pannus in
man remains in doubt.

Interactions between TRIC agents and cells.
So far we have considered the relation
between cell and micro-organism only in
terms of the ability of the one to support
replication of the other; but about three
years ago research was started on other
aspects of this relationship that have wider
implications.

The microscopic appearance of a con-
junctival scraping from a patient with active
trachoma reflects various features of the
pathological process. Many of the epithelial
cells show characteristic changes: the nuclei
are enlarged and eosinophilic and the
chromatin is distorted; the cytoplasm has a
moth-eaten appearance, and its disintegration
accounts for the large amount of amorphous
basophilic debris commonly seen. Poly-
morphonuclear leucocytes are usually out-
numbered by lymphocytes, and lympho-
blasts may be present in quantity if follicles
have been ruptured. The Ilymphocytes,
together with plasma cells, originate from
the characteristic dense subepithelial in-
filtration. Macrophages are also in evidence;

their cytoplasm may contain ingested debris
but never inclusions, which are seen only in
epithelial cells; unlike Group B chlamydiae,
TRIC agents do not parasitize macrophages
in vivo.

Inclusions may on occasion be present in
their hundreds, but more often are com-
paratively scanty. This may be accounted
for to some extent by Blyth and Taverne’s
observation (Report, 1970) that in BHK-21
cells, wild type s strains of TRIC agent form
inclusions that grow and release their
contents more slowly than inclusions formed
by / mutants; furthermore, the s type
inclusions contain 5-50 times fewer in-
fective particles. These findings, if paralleled
in the eye, might help to explain the relative
inefficiency with which TRIC agent multi-
plies in the conjunctiva—if inefficiency is the
word; for this inability to infect all the
susceptible cells contributes to the chronicity
of infection and hence favours the parasite.

Blyth and Taverne noticed that TRIC
agents grow well in lines of cells that
contain scanty lysosomes, but less well in
certain primary cultures and not at all in
macrophages that are rich in these organelles.
Lysosomes contain various enzymes, and are
part of the cell’s digestive system; as such,
they might be able to dispose of TRIC
elementary bodies and thus prevent in-
fection. However, experiments with various
cell lines failed to establish a definite
correlation between content of lysosomes
and susceptibility to infection. This was
disappointing, but an interesting dividend
was yielded by the attempts to grow TRIC
agents in macrophages: not surprisingly, the
macrophages, which are scavenger cells,
killed the elementary bodies; but the
elementary bodies also killed the macro-
phages.

Suspensions of TRIC agent—either s ox f
—exerted a cytopathic effect as soon as 6 hr
after addition to mouse or guinea-pig
peritoneal macrophages. This effect could
be induced by a single live elementary body
(EB) per cell, but several hundred heat-
killed organisms were needed. In suspension
cultures seeded at low multiplicities, the
damaged macrophages sometimes exceeded
in number those that had ingested EBs.
Morphological changes were apparent before
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permeability to vital stains or the power of
phagocytosis were affected, suggesting that
the primary action of the EB was directed
against some internal function of the cell
rather than against the outer membrane.

In collaboration with Dr. Reeve, cell
protein synthesis was found to be “switched
off” to an extent depending on the number of
organisms and the time since ingestion
(Taverne & Blyth, 1971). But this was a
secondary effect; the primary action involved
the lysosomes, although not quite in the
manner anticipated. After inoculation with
EBs the total amount of acid phosphatase in
the cells, assayed after its release from the
lysosomes by a detergent, decreased pro-
gressively with time; but there was an in-
crease in free enzyme measured in the
absence of detergent. These effects were
directly proportional to the number of viable
organisms ingested. Analogous results were
obtained with another lysosomal enzyme,
[3-glucuronidase. By contrast, in BHK-21
cells, which support the growth of TRIC
agent, there was no cytopathic effect except
with overwhelming doses. Protein synthesis
increased during the replication of TRIC
agent, and there was no alteration in the
total amount of lysosomal enzymes or in their
location within the lysosomes.

The chlamydial toxin has already been
referred to in connection with its ability to
kill mice and its antigenic specificities. It is
highly labile, and procedures that destroy the
infectivity of elementary bodies normally
result in loss of toxicity as well. It was there-
fore rather surprising that although EBs
rapidly lost infectivity after ingestion by
macrophages, they retained their ability to
kill mice and to cause lesions in guinea-pig
skin.

The finding of a clear difference in the
behaviour of macrophages and BHK-21 cells
vis-a-vis EBs prompted Lawn, Blyth and
Taverne (1973) to examine by electron
microscopy the early intracellular events in
both sorts of cell after ingestion of micro-
organisms. Cells were seeded with an inocu-
lum containing all the developmental forms
of the micro-organisms and adventitious
debris. Macrophages phagocytosed this
material indiscriminately; soon after inges-
tion, EBs were observed in vacuoles that
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invested them tightly (“T vacuoles”); they
eventually underwent degenerative changes,
and were transferred to lysosomes. By
contrast, BHK-21 cells ingested only EBs,
which were taken into small phagocytic
vacuoles that remained separate from the
lysosomal system. Within 2 hr after their
ingestion the organisms enlarged, and a
uniform electron-transparent zone appeared
between the wall and the cell membrane of
the organism. This morphological change
probably reflects a very early stage in the
development of the elementary bodies.

These findings have implications for our
knowledge both of the cell/parasite relation-
ship and of the immunopathology of
chlamydial infections. As far as we know,
the uptake of chlamydiae by cells is not
governed by a special receptor system of the
sort operating in some viral infections. The
mechanism by which infectious EBs are
selectively ingested by cells in which they
multiply is therefore obscure, but must
involve recognition ofsome physico-chemical
surface characteristic, possibly involving
electrical charge. It is more difficult to
account for the means by which EBs evade
contact with the lysosomal system of
BHK-21 cells, a finding reminiscent of the
behaviour of other intracellular parasites
such as certain mycobacteria, rickettsiae and
toxoplasmas. Macrophages also treat ele-
mentary bodies somewhat differently from
reticulate bodies and debris; but in these
cells the EBs too are eventually taken into
lysosomes and then damage the lysosomal
membrane. The consequent release of
enzymes not only autolyses the cell immed-
iately affected, but can also affect others not
entered by micro-organisms.  Secondary
toxic damage of this sort might well account
for the extensive necrotic changes in the
trachomatous conjunctiva; and the ability of
TRIC agents to kill macrophages in this way
might significantly affect the cellular immune
response to infection.

CODA

Cod'a. n. (mus.). Independent and often
elaborate passage introduced after the
natural conclusion of a movement (Oxford
Concise Dictionary, 5th ed.).

This final section is not elaborate, but is



independent in the sense that having re-
viewed a number of researches, many of
which were the work of others, | shall con-
clude with a few more personal observations.

First, | should not wish to lose this chance
of thanking the very many people who have
helped so much during the life of the
Trachoma Unit, in particular the scientific
staff for their loyal support and hard work
over the years; the list of references provides
ample evidence of their achievements. | am
sure that in turn they would wish to join me
in thanking our technical and auxiliary staff
for the innumerable ways in which they have
assisted our researches; and here a special
word of gratitude is due to the senior techni-
cians—Mr. lvan Barnett and Mr. Malcolm
Race in The Gambia and Miss Fay Storey
at the Institute—who did so much to keep
the laboratory organization functioning
smoothly, and who took an active part in
many of our investigations. We are also most
grateful for the many kindnesses that we have
had from the scientific, administrative and
maintenance staff of the Institute; and in
particular, for the encouragement and
advice of Sir Ashley Miles, during whose
directorship most ofour work was undertaken.

It goes without saying that during the
period | have reviewed, many researches on
chlamydial infections have been in progress
elsewhere, some on lines parallel with ours,
others on different aspects. Readers of this
article will appreciate that it is intended to
cover only the work of the MRC Trachoma
Unit, and that it has been practicable to
quote only key references to investigations
by others that impinged directly on our own;
indeed, considerations of space have not
allowed me to cover our own work com-
pletely, or to mention all our publications.
Nevertheless, | hope that | have given a
reasonable conspectus of our investigations,
and some flavour of the manner in which we
set about them.

In conclusion, | should like to indicate in
brief some probable future trends in research
on trachoma and allied infections. Improved
methods of isolation and serotyping should
facilitate study of the transmission and epi-
demiology both of ocular and of genital tract
infections. Newer methods of detecting

antibodies, such as radioisotope precipita-
tion, may be valuable for diagnosis; and
research on mechanisms of immunity, par-
ticularly the cell-mediated aspects, should
help in understanding various aspects of
pathogenesis. As we have seen, TRIC agents
possess several advantages in their role of
opponents to be fought with immunological
weapons. They can avoid destruction by the
lysosomes of susceptible cells, within which
they multiply to an extent sufficient to ensure
their own survival without endangering that
of their host. They can kill macrophages,
the cells that normally play a large part in
dealing with particulate antigens. In terms
of its value for combating infection, the
antibody response that they evoke is poor in
quantity and in quality. But although these
characteristics are obstacles to artificial
immunization, their continued investigation
might elucidate the relationship between
parasite and host, and thus lead to methods
oftipping the balance in our favour. We may
look forward to further advances in the
molecular biology of replication, to which
Becker and his colleagues in Israel have
already made a substantial contribution.
Further study of the ribosome system of the
Chlamydia may solve the puzzle of how these
organisms not only induce interferon but are
inhibited by it. Standing as they do on the
border between intra- and extracellular exist-
ence, the chlamydiae show promise of be-
coming useful tools for exploring not only
microbial metabolic pathways, but also those
of their eukaryotic host cells. Progress in
this direction increases the chance of devis-
ing more effective drugs; and in the long
term may even bring about the achievement
of propagating these infective agents in a
cell-free medium.

However esoteric these investigations may
become, it is to be hoped that those who
undertake them will never forget that their
ultimate purpose is the relief of suffering in
the hundreds of millions of people—and
animals—affected by chlamydial diseases.
The isolation by T "ang ofthe trachoma agent
16 years ago offered real hope of controlling
these infections by scientific methods. As
often happens, the road now seems longer
than it did at the outset; but | should be very
glad to think that by our efforts the end is a
little nearer.
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RESEARCHES

MICROBIOLOGY
Trypanosomiasis

Immunology. Improvements were made in
agglutination tests and in the counting of
trypanosomes. The preparation of sus-
pensions of living trypanosomes in good
condition, uncontaminated with host blood
cells or plasma, was best achieved by wash-
ing column-separated organisms in bicine-
buffered saline-glucose. Motility was nor-
mal, infectivity was unimpaired, no ultra-
structural change occurred and agglutin-
ability increased only marginally (Taylor,
Lanham, Williams). Twelve months pro-
tection against challenge with homologous
organisms was aiforded by purified soluble
immunogens.  Phosphoglucose isomerase,
but not aminotransferase, activity persisted
in these antigens after prolonged storage
frozen at low temperatures (Lanham,
Taylor).

Aminotransferases. The proportion ofalanine
to aspartate aminotransferase activity in
bloodstream trypanosomes was taxonomically
significant and probably corresponds to the
relative mitochondrial activity (Godfrey,
Kilgour). For the first time, by electro-
phoresis of the aminotransferases, species-
characteristic isoenzymes were demonstrated
in trypanosomes (Kilgour). A high con-
centration in the host diet of pyridoxine, a
co-factor of aminotransferases, enhanced
parasitaemia in the early stages of an in-
fection; parasitaemia was reduced in the
middle stages, presumably because of the
metabolic stimulation of antibody produc-
tion by the pyridoxine. Finally, parasitaemia
was exacerbated just before the host died,
when pyridoxine was readily available to the
organisms and the immune response had
failed (Kilgour).

Whooping Cough Bacillus

Work continued on the large scale pro-
duction of a vaccine containing purified
pertussis component (Gilligan) and on the
isolation of small amounts of the antigen
that immunises mice against intracerebral
challenge with B. pertussis (Ackers). One
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whole cell vaccine containing only small
amounts of agglutinogen 1 was poorly
protective (Shanbury and J. Dolby).

There is evidence that the antigen
eliciting bactericidal antibody is made up of
a heat labile component as well as the
heat stable lipopolysaccharide (Ackers and
J. Dolby).

Tests were continued to determine the
nature of the immunity of vaccinated mice
to B. pertussis challenge, by passive transfer
of various antibodies and cells to normal
mice. Normal mice were protected by
intraperitoneal transfer of both lymphocytes
and serum obtained from mice vaccinated
once (Shanbury and J. Dolby), and by intra-
cerebral transfer of concentrated serum
globulins (Ackers, D. Dolby, J. Dolby).

The 7S antibody, which is bactericidal
in vitro, afforded immediate protection
against a small challenge only (Report, 1972).
Another 19 or 11S antibody, not bactericidal
in vitro, conferred a stronger immediate
protection in vivo. A third antibody 11 or
7S afforded protection to the mice 3-4 days
after challenge, as judged by the number of
organisms in the brain.

Introduction of vaccine directly into the
mouse brain stimulated formation of anti-
bod}', but immediate killing of the inoculum
effected by this procedure was non-specific
at doses greater than a single protective dose
(J. Dolby, D. Dolby).

Cholera

A mouse protection test is being examined
to assess its value for the routine potency
assay of cholera vaccine (Mumford). The
vibriocidal test is more sensitive than
agglutination in detecting antibody in sera
of persons recently vaccinated against
cholera (Mumford). Attempts are being
made to purify cholera toxin, and to prepare
stable toxoids that may be better vaccines
than whole killed organisms (Mumford).

Inheritance in Bacteria
Phylogeny of colicin factors. Two major



groups can be distinguished in naturally-
occurring factors by a variety of criteria,
irrespective of the host range of the colicin:
a low molecular weight (ca. 5X 106 group
containing three E and one K factors; and
a high molecular weight (ca. 65X 106
group containing B, | and V factors (Hardy,
G. G. Meynell).

Plasmid replication. Many copies of Col
factor E2-P9 are present in a stationary
phase cell of E. coli. When a stationary
culture is transferred to fresh medium, the
percentage ofcolicin-synthesizing cells halves
in successive generations, suggesting that
Col factor replication is prevented and that
its pre-existent copies are simply diluted
amongst the dividing cells. Eventually the
percentage reaches the minimum character-
istic of exponential growth and replication
presumably recommences since no Col'cells
occur (Hardy, G. G. Meynell).

Specificity in co-transfer of non-transmissible
by transmissible plasmids. Transfer of ColE2
and ColK occurs at high frequency but is
only mediated by I-like sex factors. In
certain other cases, although transfer is at a
lower rate, the type of sex factor is im-
material (Harden, E. Meynell).

Inhibition of I-like sex pili production by
F-like sex factors and non-transmissible
plasmids. In addition to the specific re-
pression of sex pilus production by type-
specific repressors (fr, fi- system), certain
I-like R factors, notably R62I, can inhibit
production of the opposite (F-like) type of
pilus. This non-specific inhibition is also
shown by certain non-transmissible colicin
factors. Mutants of F-like factors can be
selected which are insensitive to the action of
R621; they produce abnormally large
quantities of sex pili once R621 is removed
(E. Meynell).

Extraction of sex pili for immunochemical
examination. Mutants of F-like sex factors
isolated using R621 (see above) provide an
abundant source of sex pili. They were
purified by exploiting their tendency to
adhere to bacteria, and each other, except in
extremely low salt concentrations. Pilus
proteins from these preparations were
examined by polyacrylamide gel electro-
phoresis (Lemcke, E. Meynell).

Electron Microscopy

Sex factors of enterobacteria. The pili
associated with the drug resistance transfer
factor R124 were shown to be ofthe R538-1
serotype using the electron microscope.
One ofthe sex factors from isolate R73 was of
the R192 serotype (F-like factor) and the
other was ofthe Col I serotype (I-like factor)
(E. Meynell, Harden, Lawn). Antibody speci-
fic for the ends of sex pili was demonstrated
with suitably absorbed sera lacking the major
population of antibodies that react with the
sides of the pili. The proportion of end-
specific antibody was increased by in-
oculating with sonicated pili fragments
instead of whole pili (E. Meynell, Lawn,
Matthews).

Serology of common pili of enterobacteria.
Although, as with sex pili, small amounts of
antibody specific for the tips of common pili
could be demonstrated in the electron
microscope with suitably absorbed sera this
anti-tip antibody failed to distinguish between
the tips of haemagglutinating common pili
and closely related non-haemagglutinating
variants (Dr. D. C. Old, Bacteriology
Department, University of Dundee, Lawn).

Anti-DNA antibodies. Rabbits were in-
oculated with various antigens reported to
induce antibodies that combine specifically
with DNA. Complement-fixing antibody
to denatured DNA was demonstrated.
Various methods for preparing DNA for
examination in the electron microscope were
tested for their suitability for demonstrating
specific attachment of antibody molecules
to DNA strands. The Kleinschmidt tech-
nique was not ideal for this purpose because
of the coating of the DNA strands by
cytochrome C (E. Meynell, Matthews).

Early events following entry of TRIC
organisms into BHK-21 cells. BHK-21 cells
ingested only elementary bodies from
suspensions containing all forms of TRIC
particles; the organisms were tightly envel-
oped by small cytoplasmic vacuoles which
eventually became inclusions and at all times
remained separate from the lysosomal
system. The earliest developmental stage
was seen about two hours after inoculation
and was observed as a slight swelling of the
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organism accompanied by separation of its
wall from the underlying plasma membrane.
At this time, tiny vesicles clustered round
the vacuoles containing TRIC organisms.
Four hours later, the separation was absent
and the change to a reticulate body was more
obvious (Blyth, Lawn, Taverne).

Mycoplasma

Association of Mycoplasma fermentans with
rheumatoid arthritis.  Evidence of cell-
mediated immunity to mycoplasma antigens
was sought by the use of extracts derived
from M. fermentans membranes in the leuco-
cyte migration inhibition (MI) and lympho-
cyte transformation tests. In the M1 test on
matched pairs of rheumatoid and healthy
controls, leucocytes from the rheumatoid
patient were inhibited more than those of
the healthy control in a significant number of
instances, but some of those of the controls
were appreciably inhibited. Investigation of
components responsible for inhibition pro-
ceeds (Lemcke in collaboration with R. N.
Maini, Kennedy Institute for Rheumatology).

The haemagglutinating antigen of Mycoplasma
gallisepticum. Neuraminidase activity, which
is associated with the haemagglutinin of
myxoviruses, was not found in seven strains
of Ai. gallisepticum by the use of three
different substrates. The haemagglutinin
was associated with membrane fractions of
the mycoplasma, but the organism is difficult
to lyse by osmotic shock. A new method of
lysis which gives high yields of membranes
with a high level of haemagglutinin activity
was devised (Goel).

Isolation and characterization of mycoplasmas
from horses. Five mycoplasmas belonging to
at least two species were isolated from the
respiratory tract of horses with respiratory
disease or from healthy animals (Allam).

TRACHOMA AND INCLUSION
CONJUNCTIVITIS

Chemical analysis. A method of maintaining
the infectivity of TRIC agents in intact
suspended cells at —196 C was devised
(Harrison). Elementary bodies were puri-
fied in large quantities from suspended cell
cultures, and a method of detecting very
small amounts of muramic acid in bacterial
cells was perfected (Garrett, Harrison).
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The polysaccharide found in cells in-
fected with TRIC agent was characterized
as a glycogen with an average chain length of
14-16 glucose units (Garrett). The time
course of its production by various strains
was determined; crude extracts of soluble
material in inclusions induced neutralizing
antibody to TRIC agents in rabbits, but the
contribution to antigenicity of the carbo-
hydrate itselfis not yet clear (A. Evans).

Isolation of TRIC agents. Unirradiated
BHK-21 cells were as efficient as irradiated
McCoy cells both for growing laboratory
strains of TRIC agent, and for isolating the
micro-organisms from patients with trachoma
or genital tract infections. This finding
should be of considerable benefit to clinical
pathology laboratories (Blyth, Taverne; clin-
ical material was provided by Dr. D. Oriel,
St. Thomas’s Hospital and Dr. S. Sowa,
MRC Trachoma Unit, The Gambia).
Neutralizing antibody. Titres of psittacosis-
neutralizing antibody are said to be enhanced
by adding antiserum against the 1gG of the
animal species in which the psittacosis anti-
serum is prepared. With TRIC agent, the
apparent enhancement obtained seemed to
be partly due to non-specific blocking of
infectivity by the anti-1gG (Blyth, Taverne).
Interaction between macrophages and TRIC
agents. TRIC agents ingested by macro-
phages do not multiply; there is instead a
mutually lethal interaction between the
micro-organisms and cells involving libera-
tion of enzymes from the lysosomes into
which the organisms are taken. By contrast,
TRIC organisms ingested by BHK-21 cells
evade contact with the host cell lysosomes
and are able to replicate. These findings may
help to explain the toxicity of trachoma
agents for the host’s tissues, and the relative
inefficiency ofthe cellular defence mechanisms
(Blyth, Taverne).

Immunopathology. Trachomatous corneal
lesions similar to those in man were for the
first time induced in baboons. Neither their
incidence nor the severity of infection in
general were enhanced by repeated eye
inoculations or by preliminary sensitisation
with TRIC agent in Freund’s adjuvant. The
various classes of antibody appearing in the
blood and conjunctival secretions of these
baboons and the histology of the corneal



lesions are now under study (Collier).

Investigations in The Gambia. TRIC agents
are said to be completely resistant to strepto-
mycin, but some strains were found to be
partially sensitive, a finding of importance in
isolation studies (J. Sowa).

Sulphadoxine, along-acting sulphonamide,
cured a very high proportion of tracho-
matous children as judged by clinical
response, disappearance of TRIC agent from
the conjunctiva and diminution of serum
antibody. In some children the disease
recurred within a year; serotyping of the
TRIC agents isolated suggested that this
was sometimes due to re-infection rather
than relapse (S. Sowa, J. Sowa, Collier).

A morphological difference between two
serotypes of trachoma agent was observed
for the first time (J. Sowa).

VIROLOGY

Infectious Hepatitis

The survey of virus-neutralizing antibodies
in infectious hepatitis sera was extended to
include antibodies against rubella and
cytomegalovirus; their incidence was not
higher than in control sera. More hepatitis
sera were shown to be cytotoxic for human
embryo liver cultures (Report 1972) but
this effect could not always be reproduced
and was not transmissible in series.

The aggregation of adult rat hepatocytes
in vitro and the formation of junctions and
“bile ducts” were examined by electron
microscopy (Alwen, Lawn).

Adenovirus

A rapid and reliable neutralization test for
adenoviruses was devised (Alwen).

Rabies Virus

Studies on the nature of the immune
response to rabies vaccines were continued.
In a comparison with smallpox vaccine, both
transfer of immune spleen cells and treat-
ment with antilymphocyte serum confirmed
the role of cellular immunity in poxvirus
infection; but immunity to rabies appeared
to be mediated solely by humoral antibody
(Turner). An investigation of the species of
immunoglobulin involved in rabies pro-
tection was started (Turner, Runkel).

Vaccinia Virus

Infection and. immunity. Researches on
immunity to vaccinia infection were con-
tinued. Comparison of normal and specific
pathogen-free mice of different strains
indicated that variations both in humoral
and cell-mediated responses depended more
on strain differences than on the degree of
freedom from microbial pathogens.

The antibody responses to cell-associated
and free virus were both biphasic, but
differed quantitatively and in their time
courses. Cell-mediated responses are being
studied in terms of lymphocyte trans-
formation and of histology (Hutt).

Vaccinia assay. In tests on assay procedures
ofsmallpox vaccine, higher relative potencies
were found in tissue culture than in chick
chorioallantoic membranes (Murray).

Preparation and stability of viral vaccines.
Suspension cultures of tissue cells offer a
very efficient means of preparing large
amounts of viral antigens for vaccines
(Robinson).

Influenza virus particles can be con-
centrated and purified by a partition method
(Robinson). This technique can be used to
concentrate large volumes of viral antigen in
a form suitable for the preparation of
vaccines.

Further studies (Reports 1970-2) were
made of the effect of residual water and
oxidation of the sulphydryl groups on the
stability of freeze-dried virus (Robinson).
Such determinations are important when
assessing the shelf-life of vaccines.

IMMUNOLOGY AND
EXPERIMENTAL PATHOLOGY
Anaphylaxis

An eosinophil-stimulating factor. In further
tests on substances attracting eosinophils
(Reports 1964,1965,1969-72) anaphylactoid-
eliciting substances were found to induce
tissue eosinophilia in rats (Jeffery). The
local tissue eosinophilia appears to be due to
substances selectively retaining infiltrating
eosinophils rather than attracting them
(Parish). Eosinophils are attracted to bacteria
in vitro, and ingest them, but kill only a small
proportion (Parish).
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Human IgG anaphylactic antibody. Some
human sera have an 1gG, heat-stable anti-
body that sensitizes human and monkey skin
in vivo and in vitro, and human lung and
basophils in vitro for short periods (Parish).

Allergic Vasculitis

Rheumatoid factors synthesised locally in
cutaneous chronic vasculitis fix aggregated
IgG to form complexes. Thus vasculitis
induced by complexes of bacterial antigen
with antibody (Reports 1966, 1967) may be
perpetuated by the formation of further
endogenous complexes (Parish).

Mechanisms of Inflammation and
Infection

Maternal transfer of monocytosis promoting
factor. In the offspring ofadjuvant-sensitized
guinea-pigs, the degree of insensitivity to a
non-specific stimulus depends upon the
period of gestation at which sensitization was
carried out. Thus the course of transfer of
the factor is like that of the passive transfer of
specific antibody, which begins at about
35 days before birth and intensifies until
term. Serum transfer of the factor was
effected in inbred guinea-pigs of strain 2, but
the degree of modification of the effect by
maternal pre-treatment of donors was un-
certain. Transfers were most effective not
more than four days after donor challenge
and specific (M. tuberculosis) adjuvant was
a more powerful inducer than non-specific
(latex) adjuvant (Wells).

Patency of carbon-labelled capillaries of rat
skeletal muscle injured by phosoholipase C.
The number of carbon labelled vs. unlabelled
vessels was proportional to the dose of toxin
given, but the number of occluded vessels
depended on the duration of exposure to
circulating carbon, regardless of toxin dosage
up to TO mouse intravenous LD/50 doses.
With short exposure to carbon about halfthe
capillaries labelled were fully patent and
apparently labelled intramurally (Wells).
Plasma kinin system. In studies of the kinin-
releasing system in human and guinea-pig
plasma, a second activator was identified that
is also present in Hageman-factor deficient
plasma (Mason).

BIOCHEMISTRY
Human Blood-group Substances
Structure. Work was continued on the
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macromolecular structure of the blood group
specific glycoproteins (Reports 1971, 1972).
The effect on the amino acid composition of
more exhaustive treatment with pronase was
examined and new techniques were investi-
gated for obtaining the peptide moiety free
from sugar (Donald). Thirteen glycopep-
tides, obtained by acid hydrolysis procedures,
were purified and their amino acid sequences
determined (Goodwin, Watkins).

Investigations were continued (Report
1972) on the structure of the oligosaccharide
fragments isolated from the acid hydrolysis
products of blood group Pj substance
(Cory, Morgan).

Biosynthesis. Serum samples from patients
with fucosidosis, from blood donors with rare
ABO phenotypes and from baboons were
examined for the activity and distribution
of the /1-gene specified a-iV-acetylgalacto-
saminyl transferase and the B-gene specified
a-galactosyl transferase (Race, Watkins).

Attempts to determine the enzymic basis
for the difference between blood groups Ax
and A2 were continued (Report 1972). The
most striking difference was in the pH optima
of the x-N-acetylgalactosaminyl transferases
in sera of donors of the two groups (Race,
Watkins).

Soluble a-galactosyl- and a-1V-acetyl-
galactosaminyl-transferases in an ovarian
cyst fluid from a group AB patient were
purified 200- and 500-fold, respectively, by
density gradient centrifugation of the cyst
fluid, followed by ammonium sulphate
fractionation of the protein layer and iso-
electric focusing of the active fraction. The
isoelectric point ofboth enzymes was between
pH 90 and 9-3 (Topping, Watkins). The
properties of the purified enzymes were
examined (Race, Topping).

The a-2-L- and a-3-L-fucosyltransferases
in human serum were further investigated
(Report, 1971). A simplified assay pro-
cedure was devised for the a-2-L-fuco-
syltransferase and the kinetic properties of
the enzyme were examined. The levels of
activity of the 2-fucosyltransferase in normal
donors of different ABO groups, and in
patients with leukaemia and fucosidosis
were compared. Attempts to purify the
fucosyltransferases in human stomach muco-



sal linings and salivary glands were con-
tinued (Chester, Watkins).

The in vitro biosynthesis of blood group
substances by slices of fresh submaxillary
glands and stomach mucosa was examined
with [1*C] glucose and [14C] threonine as
radioactive labels. Both isotopes were
incorporated into materials specifically pré-
cipitable by blood group antisera. [14C]
Glucose was utilized more efficiently than
threonine and the radioactivity from this
labelled sugar was found in all the sugars in
the blood group substances indicating that,
under the conditions used, de novo synthesis
of the carbohydrate chains had occurred
(Simpson, Watkins).

Purification of glycosidases. Investigations on
the Leadestroying enzyme of Trichomonas
foetus were continued (Reports, 1971, 1972).
Purification procedures gave a 300-fold in-
crease in the specific activity of the enzyme.
Competition studies revealed that the a-1,
4-L -fucosidase which destroys Lea activity
also hydrolyses a-1, 3 linked L-fucosyl
residues. The specificity changes induced in
blood group A5 A2 B, HLeband Lea-active
glycoproteins by controlled degradation
with the Lea-destroying enzyme were
examined (Stealey, Watkins).

biophysics
Blood-group Specific Glycoproteins

Detailed physico-chemical and analytical
characterization was made of a series often
fractions obtained from a single ovarian cyst
fluid by a two-stage density gradient ultra-
centrifugation procedure.  The results
showed well defined trends in both physical
and analytical properties consistent with the
concept that the wvariation of molecular
weight of these substances arises in the
carbohydrate rather than the peptide moiety
(Creeth, Bhaskar).

Human Bronchial Mucous Secretion

A survey was made ofthe bronchial secretion
of patients with chronic bronchitis and
asthma, in collaboration with Professor L.
Reid of the Institute of Diseases of the
Chest. The distribution of glycoprotein
components was observed by analytical
density-gradient ultracentrifugation: the

samples showed general similarities, but an
apparently significant variation was ob-
served in some cases of asthma (Creeth,
Bhaskar).

BLOOD PRODUCTS LABORATORY
Extension of Laboratory

The building was finally taken over on
21st February 1972 and was commissioned
during the ensuing months. In spite of the
lack of certain items of equipment, it was
possible to begin the preparation of plasma
fractions by the end of this year (Vallet,
Wesley, Maycock).

Testing Facilities
The pyrogen testing laboratory and animal
house were commissioned and testing
started (Singleton).

Australia (hepatitis-associated) Antigen
(HBAQg)

Testing for the detection of HBAg was
extended (Shaw, Combridge). Immuno-
globulin containing antibody to HBAg was
prepared for clinical trial (Ashton, Ellis,
Stickley).

Pharmacologically Active Substance in
Human Blood

Evidence was obtained that the reaction
caused in guinea-pigs by the injection of
human blood infected with gram-negative
bacteria is related to the presence of white
cells in the injected blood (Mackay).

Treatment of Haemophilia and Allied
Disorders

The preparation of a more concentrated
fraction of Factor VIl and of Factor IX
was begun (Ellis, Stickley).

Plasma Fractionation Laboratory,
Oxford

Extension of Laboratory. This extension was
commissioned and brought into use during
the year (Bidwell, Snape and Dike).

Factor IX. The amounts of this factor
needed for present methods of treating
patients with Christmas Disease were
prepared (Dike, Snape).



BLOOD GROUP UNIT

New Antibodies and Antigens

The finding of anti-Dob, an expected
antibody, promoted Dombrock to fifth
place amongst red cell antigen systems in
order of potential usefulness in discriminating
between white people (Tippett). Analysis of
many families suggests that the Dombrock
locus is within measurable distance of the
MNSs locus (Tippett, Gavin, Sanger).

The genetical analysis of a new antigen,
Anu was completed. So far this antigen
seems to be practically confined to Finland
(Gavin, Sanger).

A known dominant inhibitor of the
Lutheran antigen Luh was found to inhibit
Luaalso; the inhibitor locus was shown not
to be part of the Lutheran locus. Two
“new” antibodies associated with the Luth-
eran system were investigated. The antigen
corresponding to one of them was shown in
all probability not to be controlled from the
Lutheran locus (Tippett).

A “new” antibody associated with the
Duffy system was investigated (Gavin).

The opportunity arose to test small
samples of blood from two coelacanths:
enough could be done to show that coela-
canths have something like blood groups
(Tippett, Teesdale).

Application of Blood Groups to Human
Genetics

The Xg groups continued to be applied to
the mapping of the X and to problems of X
chromosome aneuploidy. The locus for an
X-linked form of mental retardation is
probably within measurable distance of the
locus for Xg (Sanger).

The Xg groups ofthe parents of an XXXY
boy showed the aneuploidy to have arisen by
successive non-disjunction at the first and
second meiotic division at paternal meiosis
(Sanger).

The loci for both the Duffy and the Rh
blood groups having been shown, by others,
to be on autosome No. 1, our records were
re-analysed and again showed that the two
loci are too far apart to be within direct
measurable distance of each other (Sanger,
Tippett, Gavin, Race).
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Many families with chromosomal trans-
locations were grouped but without giving
any hoped for information about blood
group gene location on the autosomes. More
twin chimeras and dispermie chimeras were
grouped and evidence found that dispermie
chimerism is more frequent than it was
thought to be and that many examples are
being overlooked (Tippett, Gavin, Teesdale).

Space prevents acknowledgment to very
many collaborators in Great Britain and
abroad.

BLOOD GROUP REFERENCE
LABORATORY

Standardization and Control of
Blood-grouping Reagents

The total annual output of grouping serum
exceeded, for the second year running,
1,000 litres (Ikin, Dawes, Brooks, Garner,
Moghaddam, Giles, Poole and Goldsmith).

Automated screening of potential blood-
grouping sera using an AutoAnalyser system,
commenced in 1971, proved reliable for the
exclusion of many unwanted blood group
antibodies, particularly of anti-Wra, anti-Mia
and anti-Vw (Dawes, Moghaddam). The
scheme has been extended to test certain
batches of bovine serum albumin for their
suitability for use in AutoAnalyser systems
(Dawes).

A number of batches of commercial
bovine serum albumin that had proved very
inefficient in agglutinating sensitized Rh-
positive red cells, were examined in an
attempt to determine the cause of failure of
these particular reagents (Phillips, Ikin,
Goldsmith).

In collaboration with the Working Party
of the International Society of Blood
Transfusion and International Committee
for Standardization in Haematology, the
characteristics of various batches of serum
albumin were examined with a view to
determining the requirements of batches
suitable for the detection of Rh-sensitized
red cells (Phillips, Goldsmith).

In collaboration with a working party of
the British Committee for Standardization
in Haematology, and with an international
working party, antiglobulin sera were tested



with a view to defining a broad-spectrum
reagent optimal for routine use (Ikin,
Goldsmith). In addition, experiments were
performed with antiglobulin reagents in an
effort to determine the cause of false-
positive reactions that sometimes occurs
with red cells previously incubated with
inert AB serum (Giles, Poole).

An international collaborative study on a
batch of anti-c being tested for its suitability
as a proposed international Standard for
anti-c blood-typing serum has been com-
pleted and a report on the subject is being
prepared for the Expert Committee on
Biological Standardization of the World
Health Organisation (Ikin, Goldsmith).

Red Cell Serology

Investigations were performed on various
red cell antigens and antibodies. Family
studies were performed to examine the
possible relationship of one “new” antigen
to the Kell blood group system and studies
were also performed on another to determine
its relationship to the MN system. A
number of D-variant antigens were investi-
gated that came from individuals some of
whom had anti-D in their serum (Giles,
Poole).

Many sera containing anti-Bg antibodies
were tested manually and by automated
techniques (Giles, Poole, Dawes). A number
of problems involving low-frequency anti-
gens were investigated, some involving poly-
agglutination. In particular, studies were
performed on Miltenberger antigens and
antibodies received from Thailand (Giles,
Poole).

Antibodies to Serum Antigens

In determining the probable origin of blood
samples which were being investigated by
Dr. Giles in her research on red cell antigens
use was made of the fact that Asiatic and
Negro populations have distinctive Gm and
Inv phenotypes (Brazier).

National and International Panels of
Donors of Rare Blood Types

The names of many new donors whose red
cells lack high-frequency antigens were added
to both Panels (Giles, Poole, Goldsmith).

A number of urgent blood transfusion
problems were examined and, in some cases,
compatible blood was obtained from donors
whose names are present on either National
or International Panels. Among the anti-
bodies examined were two examples of
anti-H, one ofanti-P+P1+ Pk one anti-Kpb
and one anti-Vel as well as one anti-Csa
(Giles, Poole).

Among other complex blood transfusion
problems investigated was one containing
anti-H, anti-c and anti-Jkb while another
contained anti-S, anti-P,, anti-Lea anti-Fya,
anti-Bgatogether with auto-anti-C+e (Giles,
Poole).
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Financial Report of the Governing Body

The Governing Body presents the Accounts
of the Institute for the year ended
31st December 1973.

1. Results

The General Fund income and expendi-
ture account shows income for the year as
£583,521 compared with £538,910 in 1972.
Expenditure amounts to £604,256 against
£614,740 last year. After crediting income
and expenditure account with profit on sales
of investments of £83,275 there is a surplus
of £62,540 compared with a deficit of
£39,608 in 1972.

The fourth and final instalment of
£75,000 from the Wolfson Foundation and
the fifth and final instalment of £1,000 from
the Grocers Company have been added to
the Capital Fund.

2. Principal Activities

The Institute continues to carry out re-
search work in connection with the preven-
tion of diseases. It produces for sale Sera
and Bacterial and Virus Vaccines the profits
from which are utilised for its research and
experimental work.

3. Exports

Sera and vaccines to the value of £349,479
were exported from the United Kingdom
during the year.

4. Fixed Assets

The movements in fixed assets during the
year are set out in the table in note 2 on the
Accounts. These include further payments
on account on roads and buildings at Elstree.

5. Interests in Land

In the opinion of the Governing Body the
market value of the Institute’s properties is
now in excess of the amount at which they
are included in the Balance Sheet, but the
amount of this excess cannot be accurately
determined.

6. Governing Body

There have been no changes in the
Governing Body during the year ended
31st December 1973.

7. Employees

The average number of persons employed
by the Institute in each week during the year
ended 31st December 1973 was 278. The
aggregate remuneration paid or payable in
respect of that year to these employees
amounts to £530,857.

8. Auditors

Coopers & Lybrand will continue in office
in accordance with section 159 (2) of the
Companies Act 1948.

A. NEUBERGER
Chairman



Report of the Auditors to the Members

m our opinion the accounts set out on pages 4 to 8 give a true and fair view of the state of the Institute’s affairs
at 31st December, 1973 and of its results for the year ended on that date and comply with the Companies Acts
1948 and 1967.

COOPERS & LYBRAND
London, 22nd May 1974 Chartered Accountants



The Lister Institute of Preventive Medicine
BALANCE SHEET e« 31 December 1973

1972 £ £

£
677,358 FIXED ASSETS fnofe 2)

453,770 INVESTMENTS AND UNINVESTED CASH (note 3) ..

1,131,128
CURRENT ASSETS
149,824 SEOCK (NOTE 4) oot
118,406 DEDLOIS oo
3,812 Cash and Bank BalanCesS.....cccccuiiiiiiiiiiiee e
272,042 374,500
Less:
CURRENT LIABILITIES
104,904 Creditors ............ 113,922
4,549 Bank Overdraft
109,453 113,922
162,589
£1,293,717

Represented by

1,249,121 CAPITAL FUND (NOte 5) ..oooviriiriiiiirecieneee e
16,539 PENSION FUND (note 6)
27,282 BEQUEST FUNDS (NOtE 7) ..occireeieierinienienieet e
775 NUFFIELD FOUNDATION GRANT (note 8)

£1,293,717

A. NEUBERGER i Members of the
H. HARRIS )y Governing Body

The notes on pages 6 to 8 form part of these accounts.
Audit report on page 3.

701,382

470,596

1,171,978

158,718
112,527
103,255

260,578

£1,432,556

1,388,267
14,996
28,663

630

£1,432,556



The Lister Institute of Preventive Medicine
INCOME AND EXPENDITURE ACCOUNT

for the year ended 31 December 1973

1972

537,851
(35,000)

502,851

16,617
839

839
12,304
5,460

538,910

349,664
21,910
12,557
26,321
16,605

2,050
2,007
6,182
86,036
34,589
22,324
14,588

12,292
7,615
614,740

75,830
36,222

(£39,608)

INCOME
Sales of sera and bacterial and virus vaccines (note 9)
Stock adjustment (NOte 4) ..o

Investment Income:
General fund

QUOLEA e

Unquoted

Bank interest
Rent ...
Other income

EXPENDITURE
Salaries and WagesS .....ccocceoiiiriiieiiiee e
Superannuation Premiums  ..oooecoeeeeieeenieen e
Rates and iNSUrANCES .........ccccoviiiiiiiiiicii e
Gas, water, fuel and electriCity ........ccooeiiiiiiiiiniennien.
Office expenses, stationery and printing ........ccccceeeueene
Audit fee
Interest on overdraft........ccoooiiiiiiii
Chelsea research ...
Elstree research and production ............iinninn.
Animals and forage .........ccccceeeeeen.
Alterations, repairs and renewals
General EXPENSES ...t
Depreciation

BUIIINGS oo

Furniture, fittings, scientific apparatus and books

Excess of expenditure over inCome ...........ccoccevveeeenen.
Profit on sales of investments.........ccccciviiiiniiiiiie e,

Surplus (Deficit) transferred to Capital Fund ...............

Total
expenditure

567,801
29,738
16,233
42,565
22,121

1,700
704
42,827

128,819
44,818
30,646
21,989

12,558
10,731

£973,250

The notes on pages 6 to 8 form part of these accounts.

Audit report on page 3.

£ £

529,290
8,894

538,184
21,938
959

22,897

8,782

12,779

879

583,521
External

contributions

261,162 306,639

10,338 19,400
2,679 13,554
17,038 25,527
6,654 15,467
- 1,700

— 704
37,017 5,810
15,825 112,994
7,066 37,752
5,737 24,909
5,478 16,511
— 12,558

— 10,731

£368,994 604,256

20,735
83,275

£62,540



NOTES ON THE ACCOUNTS *31 December 1973

1. ACCOUNTING POLICIES
The main accounting policies are described under the appropriate headings in the notes below.

2. FIXED ASSETS

Freehold properly Total
Land and Queensbury Furniture,
buildings, Lodge tittings and
Chelsea Estate, scientific
Elstree apparatus
£ £ £ £
Cost
At 1st January 1973 .. 517,811 131,277 86,917 736,005
AdditionS At COST.uiiiiiiiiiiiiiiiee e 19,845 27,468 47,313
At 31st December 1973 .....ccooiiiiiiiiieee e £517,811 £151,122 £114,385 £783,318
Depreciation
At 1st January 1973 .. 15,204 16,722 26,721 58,647
Charged to income and expenditure account....... 9,803 2,755 10,731 23,289
At 31st December 1973 ......cccooiiiiiiiniiee e £25,007 £19,477 £37,452 £81,936
Net book value at 31st December 1973 ............... £492,804 £131,645 £76,933 £701,382

Depreciation

Depreciation is calculated to write off the book value on a straight line basis over the expected useful
lives of the assets concerned. Buildings have been depreciated at the annual rate of 2% from the date of
completion, and furniture, fittings and scientific apparatus at the annual rate of 10%.

INVESTMENTS AND UNINVESTED CASH £ £ £ £ £
Quoted at cost Unquoted Uninvested Total
at cost cash
In Great Elsewhere
Britain
General .o 310,809 103,458 12,670 426,937
Pension fund .........cccccoiiiiiiiii e, 12,659 — _ 2,337 14,996
Bequest
Jenner Memorial studentship fund ... 16,488 - _ 3,195 19,683
Morna Macleod scholarship fund .. 6,265 — _ 2,715 8,980
£346,221 £103,458 £12,670 £8,247 £470,596
1972 (E287,749) (£143,512) (£13,082)  (£9,427) (£453,770)
Market value of quoted investments ....... 1973 £568,309 (1972 £834,871)
Unquoted investments valued by Institute's
investment advisers .........cccoeeiiieniinnn. 1973 £22,077 (1972 £17,993)



STOCKS

(i) Sera amounting to £55,150 are valued at net realisable value which is below the current cost of

production.

(ii) Bacterial Vaccines and Virus Vaccines totalling £103,568 are valued at cost.
Cost is based on 1973 direct materials and labour with additions for overheads appropriate to the stages

of production reached.

CAPITAL FUND

Donations and endowments have been received to date from the following:—

Dr. Ludwig Mond (1893) ....cocceriiiiiiiieeieee e

Berridge Trustees (1893-1898)

Worshipful Company of Grocers (1894 and 1969/73)
Lord Iveagh (1900) ..ccccoiiiiiiiiiiiiieiee e
Lord Lister's Bequest (1913-1923)
William Henry Clarke Bequest (1923-1926)
Rockefeller Foundation (1935-1936)

Wolfson Foundation (1969-73)

Other donations and legacies (1891-1973)

Income and Expenditure Account .........cccociiiiiiniieennne.

Accumulated balance at

31st December 1972 ....ccccovciiieeeiieeee e

Amount transferred from

SINKING FUN ..o
Re-endowment FUNd.......ccocceeeieiiiiec e
Investment RESErve ........ccccociiiiiiiiiiiiiiiiiiiieciecee e,
Add surplus (defiCit) ..o

Accumulated balance at

31st December 1973 ..o

PENSION FUND

As at 1st January 1973 ...
Interest on INVeStMENtS .....cccooeivieeiiciiieee e
Profit on sale of investments .........ccccoceeeviiieeeeinnnen.

LESS: PENSIONS ...iviiiiiiiiiiie ettt

bequest funds
Jenner Memorial Studentship Fund

As at 1st January 1973 ..o
Interest on iNVEStMENES ......ccoiieiiiiiiiiciee e

1973
£ £

2,000
46,380
15,000
250,000
18,904
7,114
3,400
300,000
23,876

666,674

659,053

721,593
£1,388,267

16,539
1,125
247

17,911
2,915

18,750
933

1972
£

2,000
46,380
14,000
250,000
18,904
7,114
3,400
225,000
23,270

590,068

(58,776)

140,369
43,006
574,062
(39,608)

£1,249,121

£14,996

19,683



10.

11.

12.

13.

Morna Macleod Scholarship Fund

As at 1st January 1973 ... 8,532
Interest on investments ......... . 352
Profit on sale of INVESIMENtS .......ccccciieeiciiiie e 96
NUFFIELD FOUNDATION GRANT
£
As at 1st January 1973 ... 775
LESS: SAIAMNES  weiiiiiiiciiiiie e 145

TURNOVER

8,980
£28,663

£630

Turnover has been arrived at after deducting commissions due to agents from the invoice value of sales of

sera, vaccines and virus vaccines.

EMOLUMENTS OF MEMBERS OF THE GOVERNING BODY

1973
Emoluments in an eXecCutive CapaCily ....cccoccuiiiiiiiiiieiiieeeee et £16,548
Particulars of emoluments of the Governing Body in accordance with Section 6
of the Companies Act 1967
1973
Emoluments of the Chairman of the Governing Body .........cccoocoeiiiiiiiiennnnn. Nil

Emoluments of the highest paid member of the Governing Body ............... £9,000

Numbers of members of the Governing Body whose emoluments were within
the range

NO EMOIUMENTS .o e e s et e e e et e e e e seaa e e e e e s ssreeeesannes 7
£1 — £2,500

£2,501 — £5,000
£5,001 — £7,500
£7,501— £10,000

CAPITAL EXPENDITURE SCHEMES

1973
The position at 31st December 1973 was as follows:—

Commitments in respect of CONtractS.. ... 10,500
Approved by the Governing Body in addition to commitments, for the new
laboratories at EIStree ... 10,197

£20,697

CONTINGENT LIABILITIES

At 31st December 1973 there were contingent liabilities amounting to £6,760 in respect of
issued to third parties.

RESEARCH EXPENDITURE
Expenditure on research is written off in the year in which it is incurred.

1972
£17,896

1972
Nil
£8,750

1972

3,000

42,500
£45"500

indemnities
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Annual General

Meeting of the Lister Institute of

REPORT OF THE GOVERNING BODY

The Governing Body has the honour to
present its report of the Institute for the year
1973. The scientific section consists ofa brief
summary of the various researches and an
article by Dr. W. E. Parish describing his
researches on substances mediating eosin-
ophilia.

GOVERNING BODY

The Governing Body takes much pleasure in
recording that the title of Emeritus Professor
of Chemical Pathology has been conferred
upon Professor A. Neuberger by the Uni-
versity of London.

At its last meeting the Council reappointed
Professor A. Neuberger, Sir Douglas Black
and Sir Ewart Jones as its representatives on
the Governing Body until 31st December
1974.

The Governing Body records with great
regret the death of Sir Charles Dodds in
December. Sir Charles became a member of
the Governing Body in June 1956 and was its
Chairman from 1961 until 1968. The Inst-
itute is greatly indebted to him for his
energetic support of the application to the
Wolfson Foundation which led to the muni-
ficent gift of £300,000 for the erection of the
new wing at Chelsea. Sir Charles remained
keenly interested in the affairs ofthe Institute
and only a few days before his death he was
actively concerned in seeking further endow-
ments.

COUNCIL

At last year’s Annual General Meeting Mr.
W. J. Thompson, Professor F. S. Stewart
and the President of the Royal College of
Physicians were reappointed.

The three members of the Council due to
retire this year in accordance with the
Articles of Association, but who are eligible
for reappointment, are Sir Ashley Miles,
Professor J. S. Mitchell and Professor W. T.
J. Morgan, each a representative of the
Members of the Institute.

It is with great sorrow that the Governors
record the death of Dr. Muriel Robertson in

June 1973. Dr. Robertson was a distin-
guished protozoologist who worked at the
Institute from 1910 until 1961 and was a
member ofthe Council from 1950 until 1969.

MEMBERS

The Governors also record with much regret
the death of Dr. Marjorie G. Macfarlane in
July. Dr. Macfarlane, a member of the
Department of Biochemistry, became a
Member of the Institute in 1946 and worked
at the Institute from 1926 until her retire-
ment in 1965.

STAFF AND STUDENTS

Dr. W. E. Parish, Head of the Vaccines and
Sera Laboratory, Elstree, will be leaving the
Institute at the end of August this year.
Professor L. H. Collier, Deputy Director of
the Institute and a long standing member of
the Institute’s staff, both at Chelsea and
Elstree, has been appointed to succeed
Dr. Parish.

Dr. H. G. S. Murray, who had worked at
the Institute since 1960, resigned from the
Vaccines and Sera Laboratory staff in
October 1973. The Governing Body wishes
him every success in his new post at the
Public Health Laboratory at Neasden
Hospital.

Mr. R. Hanford, Mr. N. Pettet and Mr. C.
Rackham were appointed to the Blood
Products Laboratory. Miss M-J. King and
Mr. L. R. Carne were awarded the Grocers’
Company Studentship and an Institute
Studentship respectively, both tenable in the
Department of Biochemistry.

The Governing Body records with great
pleasure that Dr. R. R. Race was made a
member of the Deutsche Akademie der
Naturforscher Leopoldina; that Dr. Race
and Dr. Ruth Sanger were made honorary
members of the Norwegian Society for
Immunohaematology; and that Dr. Sanger
received the 1973 Oliver Memorial Award
for Blood Transfusion.

In January 1973 Professor W. T. J.
Morgan and Professor Winifred Watkins



participated in a meeting at the Max-Planck
Institut fir Immunbiologie, Freiburg and in
September attended a meeting of the Euro-
pean Society for Immunology in Strasbourg.

Dr. W. E. Parish, at the invitation of the
Finnish Medical Society, presented two
papers on the immunology of lung disorders
at its conference in Helsinki in January
1973. In June he returned to Finland as the
guest of the Finnish Anti-Tuberculosis
Association, to present a paper at the Associ-
ation’s Conference at Kiipula. He spoke by
invitation in July at the Workshop on Chemo-
taxis of Leucocytes held at Hopital Kremlin-
Bicetre, Paris. In October, as a WHO Con-
sultant and at the invitation of the Burmese
Government, he visited the laboratories of
the Burma Pharmaceutical Industry, Ran-
goon, and Medical Centres in Upper Burma.
He then went to Bangkok in November as a
guest of the Thailand Ministry of Defence to
advise at the Armed Forces Pharmaceutical
Factory.

Dr. J. M. Creeth and Dr. K. R. Bhaskar
attended the Ninth International Congress
of Biochemistry at Stockholm in July 1973
and presented a paper in the Poster Session.

Dr. D. G. Godfrey and Mrs. Veronica
Kilgour presented papers, by invitation, at
the Ninth International Congress of Tropical
Medicine and Malaria in Athens in October
1973. They also visited the Swiss Tropical
Institute in Basle and the National Research
Foundation in Athens to discuss amino-
transferases of trypanosomes. Dr. Angela E.
R. Taylor also attended the Congress in
Athens.

Dr. Ruth Lemcke participated, by invit-
ation, in a conference on mycoplasma and
mycoplasma-like agents of human, animal
and plant diseases, organised by the New
York Academy of Sciences in New York in
January 1973.

In June 1973 Dr. Ethel Bidwell attended
the IVth International Congress on Throm-
bosis and Haemostasis and the Task Force

Preventive Medicine 25 June 1974

on Factor IX ofthe International Committee
on Thrombosis and Haemostasis in Vienna.
In October she attended, by invitation, Las
Primeras “Jornadas de Hemofilia” Madrid.

Mr. T. J. Snape visited the New York
Community Blood Center, the Center for
Blood Research, Boston, and the School of
Medicine, the New York University Medical
Center in September 1973.

For the academic year 1973-4 there are
ten postgraduate research workers at the
Institute registered for higher degrees of the
University. Four Ph.D. and one D.Sc.
degrees were awarded during 1973.

DONATIONS AND GRANTS

The Governing Body records its appreciation
of the many bodies whose benefactions and
grants support research work in the Institute.
These include a grant from the Arthritis and
Rheumatism Council to investigate the pos-
sible role of Mycoplasmafermentans antigens
in the immune response of rheumatoid arth-
ritis patients; from the Asthma Research
Council for the investigation of antibodies in
anaphylactic disorders; from the British
Heart Foundation to study endocarditis and
vasculitis induced by bacterial toxins and by
antigen-antibody complexes; from the Chil-
dren’s Research Fund to examine the various
antibodies mediating milk allergy; from the
Horserace Betting Levy Board for research
on mycoplasmas in the respiratory tract of
horses; grants from the Medical Research
Council for research on immunity in Bordet-
ella pertussis; for biochemical investigations
on the products of the blood group H, Lewis
and Secretor genes; on the characterisation
ofthe enzymic products ofthe A and B blood
group genes; on the characterisation of the
human blood-group active Pt substance in
hydatid cyst fluid; on the biosynthesis of
blood-group specific glycoproteins in human
tissues; on glycosidases from Trichomonas
foetus; on the characterisation of blood-group
specific glycoproteins by density gradient
methods; on the separation and characteris-
ation of glycoproteins by physicochemical



methods; on mechanisms of immunity to
rabies and their relation to its pathogenesis
and for an investigation into tissue damage
resulting from antibody or cell-mediated
responses to bacteria; and a grant from the
Smith Kline and French Foundation for in-
vestigations of the immunochemistry and
biosynthesis of blood-group specific glyco-
proteins. Grants were also received from the
Department of Health and Social Security
for the development of a bacteriologically
sterile smallpox vaccine; from the Overseas
Development Administration of the Foreign
and Commonwealth Office and from the
Medical Research Council for studies on the
biology of trypanosomes with special refer-
ence to their surface properties; and from
the World Health Organisation for an inves-
tigation into the aminotransferases of try-
panosomes.

The Governing Body also gratefully ack-
nowledges donations from Arthur Guinness,
Son & Company Limited, the Prudential
Assurance Company Limited and the Royal
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PRODUCTION AT ELSTREE
Increases in the volume of vaccines and sera
produced have been reported annually
during the past few years. This year further
increases are reported. About 18-5 million
doses of bacterial vaccines were issued, but
by the end of the year the production rate
had risen to an equivalent of about 30 million
doses per annum, which would represent
about a tenfold increase over the past four
years. Smallpox vaccine production was
maintained at a high level throughout the
year and stocks of dried vaccine were re-
placed after their depletion in previous years.
A total ofabout 12 million doses of dried and
glycerolated vaccine were completed in the
year. Increases in serum production were
smaller than expected, mainly due to diffi-
culties in obtaining sufficient numbers of
horses. Work in the new enlarged production
section for rabies was seriously delayed ow-
ing to a reappraisal of safety measures. These
difficulties are now resolved and production
started early in 1974. Further increases in
production of bacterial vaccines will be
marginal as the existing facilities have now
been exploited to their maximum capacity.

VISITORS

The following visitors, in addition to those
listed under Staff, worked for short periods
in the Institute’s laboratories: Dr. R. P.
Bajpai, State Vaccine Institute, Patwadangar,
Nainital, India; Dr. A. de la Chapelle,
Folkhélsan Institute of Genetics, Helsinki,
Finland; Dr. R. Dobbelaer, Instituut voor
Hygiene en Epidemiologie, Brussels; Dr.
Kyi Khin, National Blood Bank, Mandalay,
Burma; Dr. F. Lopez-Bueno, Centro
Nacional de Virologia y Ecologia Sanitarias,
Spain.

During the last few years the financial
position of the Institute has given rise to
much concern, and as pointed out in the last
Annual Report, effective steps have been
taken to reduce our expenditure. This and
other measures have led to a marked reduc-
tion in our deficit. However, our financial
situation is far from satisfactory and our
scientific activities have been reduced to a
level which would be intolerable if it were to
continue for a long period. Every effort must
be made to increase substantially our income
and to build up again our former scientific
activities and expand into new fields. This
is by no means an easy task and the prospects
of obtaining public funds at this time to
cover our overhead expenses on a long-term
basis are not favourable. In order to expand
our scientific activities, as we must, we shall
have to attract private funds and this is a
matter which is receiving the most urgent
attention of the Governing Body.



It would be inappropriate for me to dis-
cuss here the future scientific policy of the
Institute in any detail, but I wish to make a
few points. It appears that the main function
of the Institute must always be to supply
basic knowledge relevant to medicine. The
fields to be chosen, however, must be influ-
enced to a large extent by the needs of the
country and of the world at large. We must
continue to support work traditional for the
Institute, provided it is scientifically exciting
and that first-class people can be found to
carry out the research. But we must also be
prepared to shift our emphasis and to expand
into new fields. We must not forget that the
quality of research depends not only on the
topics chosen but also on the imaginative
powers, the persistence and the technical
skill of those who carry out the research.

It is much more than a formal duty, indeed
it is a pleasure, for me to record the thanks of
the Governing Body to the staff of the
Institute for their loyalty and unfailing
support. | also wish to express our special
appreciation to the Director who has been a
source of strength to everybody associated
with the Lister Institute.

A. NEUBERGER,
Chairman



REVIEW ARTICLE

Substances from Mast Cells, Basophils and
Antigen-activated Lymphocytes that Elicit Eosinophilia

W. E. PARISH
Vaccines and Sera Laboratory,
Elstree

Though the eosinophil polymorphonuclear
leucocyte was first described in 1846, is easily
recognised, and occurs in increased numbers
in several common disorders, little is known
of the stimuli regulating its behaviour and
nothing certain is known of its function.

Eosinophils are polymorphonuclear leuco-
cytes with numerous, characteristic, large,
cytoplasmic granules that stain brightly with
eosin; hence the name of the cell. They are
formed in the bone marrow which contains a
large reserve of mature cells, but there is
evidence that in some species, eosinophils
are modified or matured in the spleen after
leaving the marrow. There are very few
eosinophils in the blood of a normal subject;
they form 2% to 5% of the total leucocytes,
and they circulate for a few hours only before
penetrating the tissues. They survive a few
days in the tissues so there is a continual
release of cells into the blood to replace them.
Eosinophils are normally found in the lamina
propria of the bowel, and less abundantly in
the lung and spleen. The sites of degradation
and disposal of the dead cells have not been
determined, though damaged eosinophils are
occasionally seen to be ingested by macro-
phages in anaphylactic or granulomatous
tissues.

An increase in the number of eosinophils
in blood and tissues occurs in many dis-
orders. They are particularly evident in
anaphylaxis, hay fever and asthma, in which
eosinophilia is a diagnostic sign. Eosino-
philia also occurs during infestation by
helminth parasites,’ particularly those which
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penetrate tissues, and in skin diseases,
pemphigus, pemphigoid and some vasculitis
lesions; in allergic granulomatosis up to 80%
of the infiltrating cells may be eosinophils.
Eosinophilia occurs in Hodgkin’s disease,
and sometimes in pernicious anaemia, and in
burnt skin. In such a variety of disorders it is
evident that eosinophilia is elicited by more
than one substance, and that eosinophils
probably have more than one function.

Though eosinophilia occurs in many
forms of tissue damage, it is usually a
manifestation of allergic change. Anaphy-
laxis has already been mentioned. Formation
ofantigen-antibody complexes which activate
complement do not normally elicit eosino-
philia in vivo but generate substances that
selectively attract eosinophils in vitro.
Delayed  hypersensitivity  (lymphocyte-
mediated immune response) may occur
concomitantly with eosinophilia when in-
duced by antigens of helminth larvae or
certain chemicals, though other antigens, e.g.
tuberculin and dinitrochlorobenzene, induce
delayed sensitivity without eosinophilia.

This account reviews studies on sub-
stances that attract or retain randomly
migrating eosinophils in tissues which have
anaphylactic changes or which contain
antigen-activated lymphocytes. Alsoreviewed
are studies on substances or cells that
mobilise eosinophils from the tissue reserves
into the blood, and on the lymphoid cells
that stimulate proliferation or formation of
increased numbers of eosinophils in the bone
marrow.



ANTIBODIES FORMING
COMPLEXES THAT ATTRACT
EOSINOPHILS

The properties and concentrations of
antibodies mainly determine the nature of
antibody-induced allergies. Antibodies may
form complexes with antigen while free in
the blood or tissue spaces, or sensitize
tissues for anaphylaxis; other antibody-
mediated allergies are not reviewed. How-
ever, phenomena observed in vitro may not
be relevant to those in vivo, because com-
plexes formed of antibody with antigen when
incubated in fresh serum containing com-
plement, generate substances that attract
leucocytes in vitro, including eosinophils
(Keller and Sorkin 1969; Ward 1969), but
when such complexes are tested in vivo they
normally attract neutrophils in large num-
bers, resulting in Arthus-type responses
with little or no eosinophilia. The eosinophil-
activating properties of antibodies can be
examined inguinea-pigs which are susceptible
to anaphylaxis and to eosinophilia, and have
immunoglobulins separable into non-anaphy-
lactic 19G2 which form complexes with
antigen fixing all components of comple-
ment, and into anaphylactic 1gGl which
form complexes fixing C3 and later com-
plement components. There are two
anaphylactic 1gG1, and another anaphylactic
antibody, the IgE-like reagin (Parish 19706)
which is present in serum in such small
amounts that it does not form macroscopic
precipitates, or fix complement.

Complexes Attracting Eosinophils

In Vitro

Leucocyte-attraction by complexes or by
other substances in vitro is usually studied in
Boyden-type chambers, in which counts are
made of the number of leucocytes attracted
from an upper chamber through a Millipore
filter towards a test substance in a lower
chamber.

Complexes formed of purified 19G2
antibodies with antigen when incubated with
complement attract both eosinophils and
neutrophils in vitro (Kay 19706; Parish
1970a; 19726). Complexes of IgGl and
antigen were found by Kay (19706) to be as
effective as those of 1gG2 in attracting both
these polymorphonuclear leucocytes, where-

as Parish (1970a; 19726) reported that
complexes of IgGl antibody attracted
eosinophils only weakly in vitro. The con-
flicting results reflect differences in the
methods of preparing the complexes, because
Kay incubated preformed 1gGl complexes
in complement-containing serum—a pro-
cedure which fixes complement by the
“alternative pathway” (Osier et al. 1969)—
and Parish concomitantly mixed IgGl,
antigen and complement, which does not fix
or activate complement. Therefore it is not
the antigen-antibody complex that attracts
leucocytes, but substances they generate
when they activate complement. Some sub-
stances that selectively attract eosinophils
in vitro have been separated from complex-
activated serum. One is believed to be a
fragment split from the fifth component of
complement (Kay 19706) and two others,
designated cytotaxin and cocytotaxin, are
peptides related to anaphylatoxin (Wissler
etal. 1972).

Human eosinophils are similarly attracted
in vitro to substances generated when normal
human serum is incubated with antigen-
antibody complexes (Ward 1969). Purified
aggregated human IgG and IgM that fix
complement generate similar leucocyte-
attracting activity, but aggregated IgE, which
does not fix complement, is ineffective in this
test (Parish 1972c).

Complexes Attracting Eosinophils

In Vivo

Complexes of antigen with guinea-pig
purified immunoglobulins evoke in vivo a
different eosinophil response from that in
vitro. Complexes prepared from 1gG2,
antigen and complement, which attract
eosinophils in vitro, do not do so when
injected into skin or peritoneum of normal
guinea-pigs, whereas complexes of I1gGl,
which only weakly attract eosinophils in
vitro if prepared by the addition of antigen
to 1gGIl antibody in complement, attract
many eosinophils into the peritoneum and
skin in vivo (Kay 1970a; Parish 1970a;
1972a 6), and the eosinophils infiltrating
injected skin persist longer than do the
neutrophils also infiltrating the site (Parish
19726; Parishand Luckhurst,to be published).
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These results are obtained in animals with
few eosinophils in the blood when the com-
plexes are injected. If however the recipient
has many blood eosinophils, skin injected
with 1gG2-containing complexes becomes
infiltrated by eosinophils in proportion to the
number of eosinophils in the blood (Parish
1970a; 1972ft), but they persist in the lesion
no longer than do the neutrophils also infil-
trating the site. It was thought, and subse-
quently demonstrated, that the much greater
ability of complexes of anaphylactic 1gGlI to
attract eosinophils in vivo than in vitro re-
sulted from activation or release of a sub-
stance from skin that selectively retains
eosinophils. Complexes of non-anaphylactic
1gG2 released no such substance, and could
only attract eosinophils if the cells were
numerous, as in the in vitro tests, and could
not retain them in the tissue.

The ability of 1gGI anaphylactic antibody
to mediate eosinophilia in skin, and the failure
of non-anaphylactic 1gG2 to do so, is well
shown in passive cutaneous anaphylaxis,
when skin is injected with 1gGl, and after
four hours or longer, the animal is challenged
with antigen intravenously. In such tests,
sites prepared with 1gGI become infiltrated
with eosinophils starting about four hours
after challenge and reaching the greatest
number at about twelve hours. Both IgGla
and 1gGlb are effective. Sites prepared with
1gG2 show no such eosinophilia, though in-
filtrated by neutrophils (Kay 1970a; Parish
1970a; 1972ft). The allergic cellular changes
in these tests tend to be obscured by the
inflammatory trauma from injecting the sera
into the skin. This was avoided by injecting
antibody intravenously, and challenging with
antigen by prick test. In these tests, the pro-
portion of eosinophils to neutrophils was
greater than found after the conventional
passive cutaneous anaphylaxis technique.
The number of eosinophils entering the
anaphylactic skin was proportional to the
number circulating in the blood, and there
was no change in the number of circulating
eosinophils  before or after challenge
(Parish 1972ft).

The evidence thus far adduced indicates
that antibodies mediating local cutaneous
anaphylaxis activate or release a tissue sub-
stance that induces local accumulation of
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eosinophils, and no increase in the number
in the blood. Eosinophils and neutrophils
appear to infiltrate the anaphylactic tissue by
random migration rather than by attraction,
but the eosinophils are selectively retained
while the neutrophils continue to emigrate.
The next step was to identify the tissue
substance retaining the eosinophils.

ANAPHYLACTIC EOSINOPHILIA

It was shown that anaphylactic antibodies
mediated release of some tissue substance
retaining or attracting eosinophils. Ana-
phylaxis occurs when mast cells or basophils,
sensitized by “tissue-sensitizing” antibodies,
react with antigen. This induces release or
activation of several substances, of which
histamine is the best known example, that
mediate the observed tissue changes. Several
of these substances have been examined for
their ability to elicit anaphylactic eosinophilia.

Histamine-induced Retention of
Eosinophils

It has long been thought that histamine
attracts eosinophils and elicits blood eosino-
philia, and that the function of eosinophils is
to degrade excess histamine and other media-
tors of anaphylaxis (Archer 1963). Though
no eosinophilia is induced by local histamine
injections in rats (Halpern and Benos 1951;
Hungerford 1964), or consistently in guinea-
pigs (Litt 1964; Cohen and Sapp 1965;
Parish and Coombs 1968), it has been re-
ported that intradermal injections of hista-
mine in horses induced local eosinophilia
(Archer 1963), as did similar injections or
topical applications to abraded skin of atopic
persons, though not in all investigations
(see Parish 1970a).

We were unable to show that histamine
attracted eosinophils, or elicited a blood
eosinophilia resulting from a mobilisation of
stored eosinophils, but histamine in tissues
could retain eosinophils, giving the appear-
ance of a selective attraction (Parish and
Coombs 1968; Parish 1970a; 1974). This is
based on the observations

(1) Anti-histamine drugs modifying acute

anaphylaxis in guinea-pigs, failed to
reduce the eosinophilia of blood or
lungs.

(2) Intravenous histamine in physiological
excess resulted in a rapid decrease in



©)

(4)

®)

the number of eosinophils in the
blood, but in physiological doses of
2 or 20(i.g histamine base there was
little or no decrease in the number of
eosinophils, though a slight to moder-
ate increase in the number in the
blood at 24 hours. If such treated
animals were killed at 3 to 6 hours,
the lungs contained more eosinophils
than found at 24 hours in injected
animals, or at any time in the saline
injected control animals. It is believed
that the eosinophilia of the histamine-
treated animals results from a tem-
porary sequestration of blood eosino-
phils in the lungs. These are subse-
quently released, and when added to
those which had been entering the
blood from the bone marrow at the
normal rate of release, result in
temporarily increased numbers.

The failure of histamine to mobilise
eosinophils from the bone marrow
reserves has recently been confirmed
by injecting guinea-pigs with physio-
logical doses of histamine daily for 7
and for 14 days. This did not signifi-
cantly change the number in the
peripheral blood after the first 24
hours, or in the bone marrow at any
time.

Eosinophils were not attracted to his-
tamine in vitro as monolayers tested in
glass chambers, or in Boyden-type
chambers when a gradient of increas-
ing concentration of histamine per-
fused through the bottom test chamber
failed to attract eosinophils from the
upper chamber into the dividing
porous membrane.

Selective retention of eosinophils in
histamine-treated tissues was seen in
the exposed mesenteries of anaesthe-
tized guinea-pigs which were con-
tinually observed under phase con-
trast illumination for up to 2 hours.
Addition of 0 02 ml containing 2-5 or
5 jrg histamine base/ml, among other
changes, induced emigration of eosi-
nophils and neutrophils from venules,
but whereas the neutrophils emigrated
further, or disintegrated, the eosino-
phils tended to round up and remain

close to the vessel. Thus there was an
appearance of a selective eosinophil
emigration, because most of the
neutrophils had disappeared.

These results are believed to illustrate an
important property of altered tissue, the
ability of the tissue to selectively retain a
particular type of cell that enters it by ran-
dom migration, and not by selective attrac-
tion. Histamine does not attract eosinophils,
and does not mobilise eosinophils from tissue
reserves, but it does appear to retain
eosinophils in tissue longer than it retains
neutrophils.

Other mediators of anaphylaxis or of
changes similar to anaphylaxis—serotonin,
bradykinin, slow reacting substance of
anaphylaxis and prostaglandins—do not
attract eosinophils in vitro or elicit eosino-
philiainvivo (Parish 1970a, and unpublished;
Kay et al. 1971).

Substances from Anaphylactic Tissues
that Elicit Eosinophilia and that Attract
or Retain Eosinophils

The existence of an anaphylactic substance
selectively inducing eosinophilia in blood
was first shown by Samter et al. (1953) in
perhaps one of the greatest single advances in
studies on eosinophilia. They found that
pieces of guinea-pig lung, when implanted
into the peritoneal cavity of normal guinea-
pigs, induced eosinophilia in the blood of the
recipient twenty-four hours later. When con-
firming this property of anaphylactic lung,
Litt (1960) and Parish and Coombs (1968)
showed that the eosinophilia was induced by
a soluble substance. This substance passed
through 0-8 ;j.mfilter pores, but did not pass,
or completely pass, through dialysis mem-
branes (Parish and Coombs 1968), though
subsequently the eosinophil-eliciting sub-
stance was found to diffuse through dialysis
membranes leaving activity inside and out-
side the sac. The variable results may be due
to differences in samples of the Visking
dialysis tubing and to differences in osmotic
pressure in each preparation.

At the time that we tested the eosinophilia-
inducing properties of cell-free extracts of
anaphylactic lung, Litt’s (1961; 1964) asser-
tion that antigen-antibody complexes attract
eosinophils and elicit eosinophilia was
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generally accepted. Lung extracts were
therefore examined for eosinophil-inducing
antigen-antibody complexes before investi-
gating the dialysable substance. The eosino-
philia-inducing activity of the extracts was
not due to complexes, because immuno-
adsorbents which removed antigen-antibody
complexes and complement C3 did not
remove the ability of the extracts to induce
eosinophilia in normal guinea-pigs.

A dialysable substance from anaphylactic
guinea-pig lung that selectively attracts eosi-
nophils in vitro was reported to be released
concomitantly with histamine and slow-
reacting substance of anaphylaxis (SRS-A)
(Kay et al. 1971). Its release requires the
same divalent cations and is independent of
complement as is release of histamine, and its
activity is destroyed by boiling in alkaline
solution. The molecular weight is between
500 and 1000. It was designated ECF-A
(eosinophil chemotactic factor of anaphyl-
axis). This substance forms part of the
eosinophil-activating lung extracts examined
in the in vivo tests of Litt (1960) and Parish
and Coombs (1968). We confirmed these
properties and further found that the in vitro
attracting substance was not degraded by
trypsin or chymotrypsin. However, this
substance is not the only eosinophil-
activating substance in extracts of anaphylac-
tic lung, because separation of the extracts by

filtration on Sephadex G 25 or G 15 columns
revealed at least two substances with activity
for eosinophils. One is the low-molecular
weight substance that attracts eosinophils
in vitro, which we found would attract
eosinophils into skin in vivo but would not
elicit a blood eosinophilia; the other ofhigher
molecular weight did not attract, or only
weakly attracted eosinophils in vitro, but
elicited blood eosinophilia in vivo.

Anaphylactic lung is not the only organ to
release the eosinophil-eliciting substance.
Litt (1960) found that anaphylactic guinea-
pig peritoneum elicited peritoneal eosino-
philia when implanted intraperitoneally into
normal guinea-pigs. Similarly Parish and
Coombs (1968) showed that anaphylactic
diaphragm elicited blood eosinophilia. It has
since been shown that guinea-pig anaphyl-
actic lung, diaphragm, peritoneum, mesen-
tery and skin, when implanted intraperiton-
eally into normal guinea-pigs, elicit a blood
eosinophilia, and release one or more sub-
stances in vitro which likewise elicit eosin-
ophilia in blood and peritoneum in normal
guinea-pigs, and attract eosinophils when
injected into skin. The substances from
these anaphylactic tissues attract eosinophils,
but not neutrophiis in vitro, with the excep-
tion of skin which also attracts neutrophils
(Table 1). Liver and kidney taken from
anaphylactic guinea-pigs, or treated with

Table 1. Eosinophilia-eliciting or eosinophil-attracting activities of various tissues from
anaphylactically sensitized guinea-pigs after treatment with antigen in vitro

Tissue Organ (a)

No. eos.

blood

blood

Lung 221 134
Diaphragm 52 36
Peritoneum 36 29
Mesentery 41 62
Skin 101 40
Liver 9 19
Kidney n 14
Tyrode’s soln. 18 16
Nil, pre-test 15 17

Extract in vivo Extract
No. eosinophils in vitro (d)
peritoneum(b)  skin(c) Eos. neuts.
954 18 14
424 13 n 0
402 12 7 4
616 14 12 0
733 13 18 31
88 5 0 2
93 6 1 3
96 4 0 1
268 2 not applicable

(@) Awv. no. eosinophils per cu.m.m. in blood of recipient 24 hours after tissue implanted intraperitoneally.
(b) Av. no. eosinophils per cu.m.m. in blood or peritoneal fluid of recipient 9 or 12 hours after intraperi-

toneal injection of anaphylactic tissue extract.

(c) Av. no. eosinophils per 66 fields in skin, 16 hours after injection of 0.1 ml tissue extract.
(d) Av. no. eosinophils or neutrophils per field on membranes of Boyden-type chambers after tests with

tissue extracts.

The pre-test in vivp eosinophil counts are omitted to simplify the table: the Tyrode’s soin, and Nil test

are suitable controls.
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IgG| tissue-sensitizing antibody in vitro,
and then with antigen, neither -elicited
eosinophilia in normal recipients nor released
eosinophil-activating substances (Parish
1974). These tests showed that eosinophil-
activating substances are released only by the
anaphylactic “shock” tissues, which are the
tissues infiltrated by eosinophils after acute
systemic anaphylaxis. Liver and kidney
which failed to activate eosinophils in these
tests, are not infiltrated by eosinophils in the
anaphylactic animal, unless there are so many
eosinophils in the peripheral blood that some
ofthem accumulate in these tissues when the
circulation is impeded. The anaphylactic
“shock” tissues of the guinea-pig have
another feature in common, in that they all
contain numerous mast cells; liver and
kidney do not.

The tests on guinea-pigs were soon shown
to be relevant to man. Anaphylactic human
lung releases concomitantly with the hista-
mine, an eosinophil-attracting substance
(designated ECF-A) with properties similar
to that released by guinea-pig tissues. The
substance is released from human lung sensi-
tized by IgE, by treatment with antigen or
with anti-lgg (Kay and Austen 1971).
Human skin also releases histamine and
eosinophil-attracting substance(s), but in
vitro passive sensitization of human skin also
activates complement following aggregation
of the Fc portion of 1gG or IgM on stratum
corneum, which complicates the tests for
substances selectively attracting eosinophils
(Parish 1974). No doubt other human tissues
that bind reaginic IgE will one day be shown
to release eosinophil-attracting substances.

Substances from Anaphylactic Mast
Cells and Basophils that Attract
Eosinophils or Elicit Eosinophilia
Having shown that anaphylactic tissues
release substances that attract eosinophils or
elicit eosinophilia, it was then necessary to
identify the cells from which the eosinophil-
attracting substance was released. Reference
was made above to the observation that the
tissues that become infiltrated by eosinophils
during anaphylaxis also contain many mast
cells. The relation between mast cells and
anaphylactic eosinophilia was examined in
guinea-pig mesentery and subcutaneous
tissue after in vivo anaphylaxis, and also by

testing isolated pure suspensions of rat
anaphylactic mast cells for their ability to
attract rat eosinophils in vitro and in vivo.

Guinea-pig mast cells. Mast cells enlarge
during anaphylaxis and loose most of their
cytoplasmic granules which are replaced by
homogeneous metachromatic material, a little
ofwhich leaks from the cell.

In mesenteric spreads from guinea-pigs
dying of acute systemic anaphylaxis after
intravenous antigen, or killed after intra-
peritoneal injection of a very dilute solution
of antigen, about 80% of the changed mast
cells had attracted eosinophils leaving a
surrounding zone devoid of eosinophils,
though they were dispersed diffusely in other
parts of the mesentery (Parish 1970a). Some
of the eosinophils lay within the metachro-
matic cytoplasmic substance surrounding the
mast cell, others lay on the membrane or
even appeared to enter the cell. Similarly in
subcutaneous tissue spreads after passive
cutaneous anaphylaxis the changed mast cells
attracted eosinophils (Parish 1972ft) Thirty
minutes after intravenous antigenic challenge
the mast cells showed the characteristic
anaphylactic changes, and the first eosino-
phils to infiltrate the site were attracted to
them until one to three eosinophils sur-
rounded each cell and entered or overlay it.
By four hours after antigen challenge, though
few eosinophils remained close to mast cells,
many others were diffusely dispersed in the
tissues.

It is believed that these changes reflect the
early anaphylactic release from mast cells ofa
substance selectively attracting eosinophils.
The first eosinophils to enter the tissue
within 30 to 60 minutes are attracted directly
to the mast cells where there is the greatest
concentration of the attracting substance.
Thereafter the attracting substance either
diffuses away, or is inactivated so that
eosinophils infiltrating the tissue after four
hours are retained there without being
attracted directly to the mast cells.

Rat mast cells. Guinea-pig mast cells cannot
be isolated in pure suspensions; rat mast cells
can. Therefore suspensions of rat mast cells,
about 96% pure, were treated in vitro with a
scrum fraction containing rat IgE-like anti-
body, or with serum containing IgE-like and
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1gG2 antibody, or with normal serum. The
cell-free supernatant fluids obtained after
antigenic treatment of cells sensitized with
IgE-like antibody released a substance which
on testing in Boyden-type chambers, attracted
rat eosinophils but not neutrophils (Parish
1972c; 1974). Histamine was released con-
comitantly with the eosinophil-attracting
substance; release of both mediators was
greatest at about 1 minute, and continued for
5 to 15 minutes. More eosinophils were
attracted to the supernatant fluid of anaphy-
lactic mast cells which had been passively
sensitized than that of mast cells from actively
sensitized rats, and to the mast cell super-
natant fluids than to the fluids from in vitro
tests on mesentery, lung, skin, kidney or
blood buffy coat.

Undamaged unsensitized mast cells,
treated with normal serum, or Eagle’s tissue
culture medium, released small amounts of
histamine and no significant amounts of
eosinophil-attracting substance when incu-
bated for 2 hours at 37°C or when kept for 4
hours at 4°C. However, when normal mast
cells were homogenized, the supernatant
fluid strongly attracted eosinophils, being
about five-fold more potent than the
supernatant fluid from the anaphylactic mast
cells. Thus the eosinophil-attracting sub-
stance appears to be preformed, as is
histamine. Similarly the nonallergic release
ofhistamine, from mast cells by the histamine
releasing compound 48/80, or from cells ofthe
Lister hooded strain of rats by dextran, is
accompanied by release of eosinophil-
attracting substance. A further similarity in
mediator release is the effect of cholera toxin
at 2-5 to 5 jig/ml on sensitized mast cells,
which greatly reduces or abolishes release of
histamine and of eosinophil-attracting sub-
stance on antigenic challenge 15 to 30
minutes later. Cholera toxin increases the
amount of endogenous cyclic AMP which
suppresses the anaphylactic release of
histamine, and evidently, release of eosino-
phil-attracting substance.

Substance(s) from rat mast cells also
attract eosinophils in vivo. Suspensions of
intact mast cells, or cells disrupted by
freezing and thawing, injected subcutan-
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eously into normal rats, induced a greater
infiltration of eosinophils than occurred in
sites injected with blood buffy coat cells or
erythrocytes (Parish 1970a). When the
supernatant fluid from anaphylactic mast
cells that attracted eosinophils in vitro was
injected into rats intraperitoneally, it elicited
eosinophilia ofthe blood and peritoneal fluid.
The increase in the number of eosinophils
was about the same as that occurring in rats
passively sensitized with IgE-like antibodies,
and challenged in vivo, and was always much
less than the number of eosinophils found
after in vivo challenge of actively sensitized
rats which at time of challenge had low levels
of serum antibody or circulating eosinophils.
It is concluded that in the rat, the anaphy-
lactic mast cell-derived substance probably
elicits most of the eosinophilia of passively
sensitized rats, but other mediators probably
contribute to the eosinophilia of active
anaphylaxis.

Human basophils. Anaphylactic monkey
mast cells sensitized with human IgE anti-
body also release histamine and eosinophil-
attracting substance (Parish 1973). As suitable
human tissue was not available to isolate
mast cells, suspensions of the mast cell-like
basophils, 92 to 97% pure, were isolated
from human blood, sensitized in vitro with
human reaginic IgE, and treated with antigen
or with anti-IgE, when they released hista-
mine and a substance attracting human
eosinophils in vitro (Parish 1972c). Heating
the IgE antibody (which destroys its ability
to confer anaphylactic sensitivity on tissues)
or treating the sensitized basophils with
anti-1gG (as 1gG is not normally a human
anaphylactic antibody) resulted in no signifi-
cant release of histamine or eosinophil
attracting substance (Table 2).

Anaphylactic tissues therefore release
substances that selectively attract eosinophils
in vitro, attract and retain eosinophils in skin
in vivo, and mobilise eosinophils into the
blood. The low molecular weight substance
that attracts eosinophils in vitro is released
from mast cells and basophils where it is
preformed; it does not mobilise eosinophils
in the blood as effectively as do extracts of
anaphylactic lung.



Table 2. Concomitant release of eosinophil-attracting substance and histamine
from sensitized basophils treated with antigen or with anti-IgE

Origin Treatment of Treatment of
basophils Reaginic serum Sensitized cell
Man Unheated Antigen
Heated Antigen
Unheated Anti-IgE
Unheated Anti-1gG
Monkey Unheated Antigen
Heated Antigen

Neut: neutrophils

DELAYED SENSITIVITY AND
EOSINOPHILIA

Eosinophilia is such an obvious feature of
anaphylaxis, and so readily elicited in
anaphylactic animals, that examination ofthe
eosinophilia in lymph nodes, granulomata or
connective tissue disorders in which there is
no evidence of anaphylactic sensitivity,
tended to be neglected. Eosinophilia occurr-
ing during infestation by helminth parasites
was attributed to anaphylaxis because many
worms have extremely potent allergens
which induce formation of anaphylactic
antibodies. This contention was very ably
challenged by Professor Beeson and his
colleagues when they showed that ‘activated’
or ‘sensitized’ lymphocytes mediated most of
the eosinophilia in parasitised rats.

Rats fed trichinella larvae had a ten-fold
increase in the number of eosinophils in the
blood and a four-fold increase of those in the
bone marrow, before the appearance of
agglutinins. Living or dead larvae injected
intravenously induced eosinophilia provided
that the larvae were deposited in the lungs
(Basten et al. 1970; Walls and Beeson 1972).
The ability to respond to the trichinella
larvae with eosinophilia, was greatly reduced
if the rats were previously depleted of
lymphocytes by prolonged thoracic duct
drainage or by treatment with anti-lympho-
cyte serum which inactivates lymphocytes.
X-ray irradiation, which destroys lymphoid
and bone marrow tissue, abolished eosino-
phil responses, but the ability to have an
eosinophil response returned after the
animals were injected with lymphocytes and
bone marrow cells from normal aninals to

Post-treatment supernatant fluid activity

Chemotaxis Histamine release
(% total)
Neut. Eos.
5 32 76
3 1 12
1 18 85
4 0 14
7 22 33
7 3 5

Eos: eosinophils

replace the irradiated tissues (Basten and
Beeson 1970; McGarry et al. 1971; Walls
et al. 1971). Injection oftrichinella larvae into
rats also stimulated proliferation of eosino-
phils in the bone marrow (Spry 1971a) and
accelerated release from the bone marrow of
eosinophils which were possibly modified in
the spleen (Spry 19716). Spry reports the
existence of ‘an eosinophil releasing factor’
in rat plasma that mobilises release of
eosinophils from the bone marrow and
possibly from the spleen into the blood.
Blood and serum from anaphylactic guinea-
pigs will also elicit eosinophilia in normal
recipients (Litt 1960). These substances may
resemble or be identical with the eosino-
philia-eliciting substance in extracts of
anaphylactic lung (Parish 1974 and above).

LYMPHOCYTE SUBSTANCES
ATTRACTING EOSINOPHILS

One lymphocyte-derived substance is known
to attract selectively eosinophils in vitro and
in vivo. When lymphocytes from guinea-pigs
with delayed sensitivity are cultured with the
appropriate antigen, they synthesise and
release substances into the culture fluid, one
of which is the precursor of an eosinophil-
attracting substance (ECFp). If the culture
fluid is incubated with complexes of antibody
combined with the same antigen that
stimulated the lymphocytes, the ECFp loses
an antigen fragment that it contains and
becomes activated eosinophil-attracting sub-
stance (ECF) (Cohen and Ward 1971;
Torisu et al. 1973).

The relevance of this phenomenon to
eosinophilia in vivo is still to be determined.
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It is just possible that this ECF substance
attracts eosinophils to lymph nodes draining
sites of antigen (Litt 1963; 1964), to perit-
oneal mononuclear cells after local antigen
injection in sensitized animals (Speirs 1958;
Speirs and Speirs 1963), or to large basophilic
mononuclear cells in mesenteric lymphoid
milk spots after anaphylactic intravenous
challenge (Parish 1970a). This attraction
between mononuclear cells and lymphocytes
appears to be mediated by a lymphocyte-
synthesised substance, because puromycin
which inhibits this lymphocyte synthesis
prevents lymph node eosinophilia on first
but not on repeated exposure to antigen (Litt
1972; Parish 1974), as does anti-lymphocyte
globulin, which also prevents the accumula-
tion of eosinophils round anaphylactic
mesenteric, basophilic, mononuclear cells
(Parish 1970a; 1974). Such speculation is not
consistent with all the data. Eosinophils
infiltrate lymph nodes after first stimulation
with antigen, more quickly than antibody is
released to form the complexes necessary to
activate the lymphocyte substance, and,
moreover, lymph node eosinophil infiltration
occurs after local injection of non-antigenic
substances, e.g. latex, bentonite or sephadex
beads, which are not known to activate
synthesis of lymphocyte substances.

Pentose nucleotides, which are reported
to induce eosinophilia, are unlikely to
mediate the attraction between mononuclear
cells and eosinophils. Subcutaneous injec-
tions of guanylic acid are said to induce
eosinophilia in mice, whereas adenylic acid
induces leucocytosis but no eosinophilia
(Barakan et al. 1948). We have been unable
to confirm this in tests on three strains of
mice. Instead, we found that the nucleoside
guanosine incubated with mouse serum
generates a substance that attracts mouse
neutrophils and eosinophils in vitro-, adeno-
sine does not. Similarly guanosine incubated
with guinea-pig serum, attracts guinea-pig
neutrophils and eosinophils.

TESTS DISTINGUISHING BETWEEN
DELAYED HYPERSENSITIVITY
AND LYMPHOCYTE-MEDIATED
EOSINOPHILIA

In order to study the relation between
delayed sensitivity and eosinophilia, strain
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13 guinea-pigs were sensitized to 2:4
dinitrochlorobenzene (DNCB), which in-
duces delayed sensitivity but no eosino-
philia, or to citraconic anhydride (CA) which
induces delayed sensitivity together with
eosinophilia at the site of the skin reaction
and in the blood. Lymphocytes were
subsequently transferred to normal strain
13 guinea-pigs, to avoid graft versus host
reactions.

Passive transfer of delayed hypersensitivity
was effected by separating lymphocytes from
peritoneal exudates of the sensitized guinea-
pigs, to provide pools of cells sensitized to
DNCB, or to CA. These were injected
intravenously into normal recipients; half
the recipients were skin-tested to show
transfer of delayed sensitivity, and the blood
of all was examined daily for eosinophilia.
Weak to moderate delayed sensitivity respon-
ses were seen in all recipients tested with
the appropriate antigen, but eosinophilia
occurred only in recipients of lymphocytes
from donors sensitized to CA (Table 3). It
appears therefore that the ability of lympho-
cytes to elicit eosinophilia is not a property
of those mediating delayed sensitivity, but of
specialised lymphocytes that are activated
concomitantly with delayed sensitivity
responses. Nevertheless, lymphocytes media-
ting eosinophilia on transfer lost this
property, and the ability to transfer delayed
sensitivity, if they were treated with anti-
lymphocyte globulin, or with inhibitors of
protein synthesis, mitomycin C or puromycin,
indicating that both activities depend upon
lymphocyte synthesis of mediators.

If such specialised lymphocytes exist, they
are also present in skin when eosinophilia
occurs in delayed sensitivity responses. Skin
taken from DNCB reaction sites of DNCB
sensitized guinea-pigs six hours after chall-
enge, freed of all the stratum corneum and
most of the epidermis, and implanted
intraperitoneally into normal guinea-pigs,
decreased the number of eosinophils in the
blood and peritoneum of the recipients. Skin
of sensitized guinea-pigs tested with CA
when implanted into normal animals de-
creased the number of blood eosinophils, but
increased the number in the peritoneum.
Thus, some substance or cells in the CA-
tested skin attracted eosinophils into the



Tabic 3. Results of transferring to normal recipients, lymphocytes or antigen-tested skin
from donor guinea-pigs sensitized to 2:4 dinitrochlorobenzcne (DNCB)
or to citraconic anhydride (CA).

DNCB

Donors delayed sensitivity

no eosinophilia
lymphocytes skin

treat ALG
or puromycin

inject intravenously implant

peritoneally

Recipients delayed ) )
sensitivity nil nil
no eosinophilia

peritoneal cavity, though did not mobilise
eosinophils in the blood. Unfortunately it
was not possible to show the presence of a
diffusible substance in the antigen-treated
skin by placing skin samples in diffusion
chambers implanted intraperitoneally into
normal recipients, because, as in the earlier
tests on lung tissue (Parish and Coombs
1968) the procedure decreased the numbers
of eosinophils in all animals.

It will be necessary to repeat these tests
to examine the in vitro activity of any soluble
substances in the skin lesions in order to
reconcile our findings with those of Cohen
et al. (1973), who found that extracts
obtained from skin sites of delayed sensitivity
attracted monocytes and lymphocytes in vitro
and in vivo, but did not attract neutrophils.
In our tests, in vivo, there was neutrophilia of
the peritoneal cavity implanted with skin
tested with DNCB or CA, and eosinophilia
also with skin tested with CA. These
findings confirm and extend earlier reports,
particularly those of Basten and Beeson
(1970), that living lymphocytes from sen-
sitized animals will transfer eosinophil-
eliciting activity to normal animals. They
further show that the ability to induce
eosinophilia appears to be a property of
specialised lymphocytes, because eosino-
philia does not occur in lymphocyte-
transferred delayed hypersensitivity if the
lymphocyte donors have no eosinophilia.

CA

delayed sensitivity
with eosinophilia

lymphocytes skin

treat ALG
or puromycin

inject intravenously implant
peritoneally
delayed ) )
sensitivity ~ nil peritoneal
with eosinophilia eosinophilia

BONE MARROW EOSINOPHILIA

The bone marrow contains many more
mature eosinophils than does any other organ.
In guinea-pigs there are about 400 eosino-
phils in the marrow for each eosinophil in the
blood (Hudson 1960). In rats the proportion
is about 300:1 (Rytomaa 1960) and in man it
is said to be 100:1. Normally there is a
continual release of eosinophils into the
blood where they remain for a few hours
until they enter the tissues. In certain dis-
orders large numbers may be released rapidly
resulting in many eosinophils in the blood
and other tissues, though it is not known
what proportion of those in the blood are
released directly from the bone marrow or
are mobilised from the spleen and other
organs. The nature of the stimuli promoting
proliferation of eosinophils within the
marrow and mediating their release is un-
known, but it is evident that both humoral
and lymphocytic substances participate.

Antigenic stimulation results in prolifera-
tion of bone marrow eosinophils, and sub-
sequent re-exposure to the antigen mediates
their release. Three injections of foreign
protein doubled the number of mature
eosinophils in the marrow of guinea-pigs,
presumably by proliferation of eosinophil
precursors (Hudson 1963). A fourth injection
of the protein halved the number of eosino-
phils in the marrow within 29 hours, but the
number in the blood was less than 10% of
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that discharged from the marrow. Therefore
about 90% of the released cells entered the
tissues; some had accumulated at the site of
the protein injection. The injections of
foreign protein presumably sensitized the
animals anaphylactically while also stimula-
ting proliferation of eosinophils. It is note-
worthy that there was also an increase
of basophils, which were released or
‘disappeared’ after the fourth injection. This
observation may be relevant to the eosino-
phil-attracting ~ substances in  human
anaphylactic basophils (see above).

In rats, proliferation of eosinophils after
stimulation by trichinella worm antigen is
rapid, the eosinophil population is doubled
in 49 hours and thereafter the rapid pro-
liferation is reflected in the greater number of
eosinophils appearing in the blood in 2 to 10
days after stimulation (Spry 1971a). Anti-
genic stimulation releases eosinophils from
the bone marrow twice as quickly as occurs
in normal rats (Spry 19716).

The stimulus to the sudden release of
eosinophils from bone marrow is unknown.
It has been thought analogous to the
Leucocytosis Promoting Factor of inflam-
matory exudates, which on injection into
normal animals mediates release of many
neutrophils from the marrow within four
hours (Harris et al. 1956; Hudson 1963),
though this is four to five times quicker than
that observed in eosinophilia.

Antigen  stimulated proliferation  of
eosinophils requires bone marrow cells and
thoracic duct lymphocytes. When Basten and
Beeson (1970) irradiated normal rats to
suppress lymphoid and haemopoetic activit-
ies, an eosinophilia was only induced when
the irradiated rats were injected with bone
marrow cells and thoracic duct lymphocytes,
before exposure to antigen. Marrow cells or
lymphocytes alone were insufficient. When
the thoracic duct lymphocytes were obtained
from a donor sensitized to the antigen, the
resulting eosinophilia in the recipient was
greater than when lymphocytes were obtained
from an unsensitized donor. Marrow cells
from sensitized donors did not, however,
increase the eosinophilia in recipients above
that seen after transfer of marrow from
normal donors. Therefore the large lympho-
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cytes as found in the thoracic duct appear to
be the cells activating bone marrow eosino-
poiesis. If this is so, then very few of these
lymphocytes are required to activate the
marrow stem cells, because Spry (1972)
found that on injection of radio-isotope
labelled large lymphocytes from sensitized
rats, into normal recipients, very few were
found in the marrow. Most of them were
found in the lymphoid tissues.

THE INTERRELATION OF
SUBSTANCES MEDIATING
EOSINOPHILIA

The properties of the substances which
stimulate eosinopoiesis and accelerate release
of eosinophils from bone marrow, mobilise
eosinophils into the blood, and selectively
attract and retain eosinophils in tissues are
summarized in Table 4.

Increased proliferation of eosinophils
occurs in bone marrow after antigenic stimu-
lation, irrespective of whether the animal
develops anaphylactic or delayed hyper-
sensitivity. The stimulus to the increased
proliferation appears to be mediated by large
lymphocytes which have to be intact, and
probably requires cell to cell contact with the
appropriate marrow stem cells. In ana-
phylactic sensitization, increased prolifera-
tion may not result in accelerated release of
eosinophils into the blood unless the animal
is re-exposed to the antigen, but in lymphoid
cell-mediated eosinophilia, as in parasitised
rats, bone marrow proliferation is followed
by prolonged blood eosinophilia.

Anaphylactic eosinophilia varies according
to the nature of the inducing stimulus. It
may occur without proliferation ofeosinophils
in the bone marrow, when an animal is
passively sensitized by antibody and chal-
lenged to elicit eosinophilia on first contact
with antigen. In generalised active or passive
anaphylaxis there is usually blood eosino-
philia when the eosinophils are mobilised or
released from the tissue reserves to infiltrate
the “shock” organs. The source of these
eosinophils is not yet known, some are
probably released from the bone marrow,
others from the spleen. The stimulus to
mobilisation may be the “eosinophil releasing
factor” of Spry (19716) or the “eosinophilia
eliciting substance” of Parish (1974). Eosino-



Table 4. Some of the properties of mediators of eosinophilia

In vitro

Effectors Substance attraction

Histamine -

G-pig 1gG2 +

+Ag+C

G-pig 1gGl +
ANAPHYLAXIS +Ag+C
AND Anaphylactic +

lung substance
ANAPHYLACTOID Purified ECF-A +
REACTIONS Anaphylactic rat +

mast cells

Anaphylatoxin (a) +

assoc, substances
LYMPHOCYTE T lymphocytes(b)
MEDIATED parasitised rats
CHANGES Lymph node subs.(c) +

+Ag —Ab complexes

C

phils also accumulate in sites of local tissue
anaphylaxis. This may occur with or
without concomitant blood eosinophilia. As
eosinophils accumulate in such sites in pro-
portion to the number in circulation, they are
thought to infiltrate the tissue randomly and
are selectively retained rather than selectively
attracted. Histamine and ECF-A from mast
cells and basophils participate in selective
retention of eosinophils.

There are several possible explanations for
the selective retention of one type of cell in a
tissue. The cells may be retained because
they stick there, or because their respiration
is so altered that they can migrate no further,
or because they enter a pool of the substance
attracting them so uniform in concentration
that there is no concentration gradient to
attract them further.

Lymphocyte-mediated eosinophilia is
probably a manifestation of delayed hyper-
sensitivity but does not always occur with it.
Sensitization to DNCB or to tuberculin
induces delayed hypersensitivity without
eosinophilia, whereas citraconic anhydride
induces both delayed hypersensitivity and
eosinophilia (Parish 1970a and above).
Eosinophilia can be passively transferred to

In vivo eosinophilia

at reaction in blood in blood in bone marrow
site 1st to 6th day 1stday 6th day
2nd day et seq.

£ - - _ —
+ - - - -
+ +

+ + — — —
+ - - , ,
+ + - - -

+ -
(granulomata)
+

a) Wissler et al. 1972. (b) See references of Beeson, Basten, Spry and Walls,
Cohen and Ward 1971.

normal animals by lymphocytes, and the
transfer can be prevented by substances that
abolish lymphocyte activity (Basten and
Beeson 1970). The difference between the
lymphocytes that transfer delayed hyper-
sensitivity and those that transfer the stimuli
to eosinopoiesis and accelerated release into
the blood is still to be examined.

Lymphoid cells also attract eosinophils, as
occurs in the lymph nodes, mesenteric
lymphoid milk spots and parasitic granulo-
mata. There is almost certainly more than
one stimulus to lymphoid cell-eosinophil
attraction, but the only known stimulus
is that generated when a lymphocyte-
synthesised substance is incubated with
complexes containing the sensitizing antigen,
(Cohen and Ward 1971; Torisu et al. 1973).
This is unlikely to account for all eosinophil
infiltrations of lymphoid, or granulomatous
tissue.

Lymphocytes therefore appear to mediate
similar invivo eosinophil changes as observed
in antibody-mediated anaphylaxis. They
induce an accelerated release of eosinophils
from bone marrow, possibly mobilise eosino-
phils from other tissues into the blood, and
certainly attract or retain eosinophils in
tissues.



Eosinophilia occurring in patients, or in depend upon the sensitivity of the subject

actively sensitized animals is probably elicited and the nature of the antigenic stimulus. An
both by anaphylactic and lymphocyte- important study in the future will be the
synthesised substances; the activity derived interrelation between activators and inhibitors
from each type of allergic response will of eosinophilia.
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RESEARCHES

MICROBIOLOGY

Trypanosomiasis

Enzymes. For the first time, the feasibility of
strain typing of trypanosomes was demon-
strated by the electrophoresis of various
isoenzyme systems. Alanine aminotrans-
ferases were especially useful for identifying
the salivarian trypanosomes (Kilgour, God-
frey), but variations in glucose-6-phosphate
dehydrogenase, “malic enzyme”, phospho-
glucose isomerase and phosphoglucose
mutase were also valuable (Taylor). Aspart-
ate aminotransferase patterns were the most
useful for Trypanosoma cruzi (Toyé).
Tyrosine and phenyl-pyruvate-glutamine
aminotransferase activities were found in
trypanosomal extracts; the activities of
phosphoglucose isomerase and alanine
aminotransferase were separated by column
chromatography (Lanham).

Surface coat. The surface coat of T. vivax
was unaffected by washing (Taylor, Lanham).
Experiments with ferritin-labelled antibody
to detect variant-specific antigens in the coat
were inconclusive (Taylor).

Bacteriology

Reactions to bacterial vaccines. Sera and
tissues of persons reacting abnormally to
several bacterial vaccines were examined to
determine the class and amount of the
immunoglobulins probably mediating the
reaction. Persons with local reactions to
tetanus toxoid mostly had high titres of IgG
precipitins. Those with a generalised rash
usually had IgE or anaphylactic 1gG anti-
bodies, but less neutralising antibody (Parish,
Richer).

Diphtheria toxin. The conditions necessary
to obtain optimal amounts of diphtheria
toxin are being examined by analytical tech-
niques requiring polarographic and gas
chromatographic procedures (Robinson).

Cholera. The mouse protection test was
shown to be reliable for determining the
potency of cholera vaccine (Report 1973),
and will be used as a routine procedure;
provisional reference reagents were prepared
(Mumford). The titres of agglutinins and
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vibriocidal antibodies in mice inoculated
with cholera vaccine reflect the potency of
the vaccine (Mumford). A method was de-
vised for partially purifying cholera toxin
(Report 1973), as a preliminary to preparing
a toxoid vaccine (Mumford).

Electron Microscopy

Electron microscopy of antigen-antibody re-
actions. The binding ofantibody to filament-
ous protein antigens such as bacterial pili and
phages may produce surface patterns when
no surface detail can be resolved without
antibody. These patterns can be enhanced
by the use of monovalent Fab fragments of
immunoglobulins rather than intact mole-
cules (Lawn and Dr. Elinor Meynell,
Department of Microbiology, University of
Kent, Canterbury).

Sex pili of enterobacteria. Vigorous washing
on a membrane filter of bacteria carrying sex
factors having I-like sex pili causes a large
increase in the number of sex pili per bac-
terium. Ifice cold fluids are used the increase
in the sex pili is not obtained (Lawn).

Immuno-electron microscopy of hepatitis B
antigen. A survey was made of the criteria
used to identify hepatitis B antigen by this
method at nine laboratories in this country.
The survey has included the evaluation of a
set of electron micrographs of various types
of particles found in human plasma pools.
The results are being analysed (Lawn,
Maycock).

Mycoplasma

Association of Mycoplasma fermentans with
rheumatoid arthritis. Leucocyte migration
inhibition tests to detect cellular hyper-
sensitivity to membrane antigens of M.
fermentans (Report 1973) were extended to
include patients without joint disorders as
well as rheumatoid arthritis patients and
healthy individuals. The number of persons
tested in each group was also increased. With
membrane preparations which contained
1gG adsorbed from the growth medium, the
mean value of inhibition of leucocyte migra-
tion was significantly higher in rheumatoid
patients than in healthy individuals. The



inhibition observed in patients without joint
disorders was intermediate between that of
the rheumatoid and healthy subjects. To
determine the significance of 1gG in these
reactions, membrane preparations free from
IgG are now being tested (Lemcke, in col-
laboration with R. N. Maini, Kennedy
Institute).

Haemagglutinating antigen of M. gallisepti-
cum. A glycoprotein which inhibited haem-
agglutination of M. gallisepticum was
obtained from membranes of this myco-
plasma after treatment with lithium diiodo-
salicylate and fractionation by caesium
chloride density gradient centrifugation.
Haemagglutinating activity was found in a
complex lipoprotein fraction at the top of the
gradient, and was associated with a protein
rather than a lipid sub-fraction (Goel).

Isolation and characterisation of mycoplasmas
from horses. Thirteen mycoplasmas were iso-
lated from the respiratory tract of horses with
respiratory disease and from healthy animals.
They belong to seven different species, of
which at least three are probably peculiar to
the horse. All except one of the new species
were found in both healthy and sick horses
(Allam, Lemcke; material for isolation was
provided by Mr. D. G. Powell, Equine
Research Station, Newmarket and Dr. G. D.
Windsor, Wellcome Research Laboratories,
Beckenham).

TRACHOMA AND INCLUSION
CONJUNCTIVITIS

Chemical analysis. The question whether
Chlamydia contain muramic acid, a struc-
tural component of bacterial cell walls, has
important implications for the taxonomy of
these intracellular parasites. Highly purified
TRIC agent, a Group A Chlamydia, con-
tained a very small quantity—less than
0 04% of wall material. This finding casts
doubts on the structural role of muramic
acid in chlamydiae and poses the problem of
how penicillin inhibits their replication. No
muramic acid was detected in whole element-
ary bodies or purified cell walls of meningo-
pneumonitis agent, a Group B Chlamydia
kindly provided by Miss A. Tanaka, Univer-
sity of North Carolina, U.S.A. (Garrett,
Harrison). This report is the last on the

activities ofthe MRC Trachoma Unit, which
has now concluded its investigations.

VIROLOGY

Rabies Virus

Further investigations ofthe cellular immune
responses to rabies showed that the CVS
strain of rabies virus was rapidly taken up by
mouse peritoneal macrophages in vitro and
rendered non-infective. Agents that speci-
fically blocked the activity of peritoneal
macrophages in vivo increased the infectivity
of virus administered by the intraperitoneal
route (Turner).

Investigation of the immunoglobulin (IgM
and 1gG) responses of mice to several rabies
vaccines suggests that the persistent IgM
responses to repeated doses of rabies vaccine
observed in other species (Report 1973) may
be peculiar to certain vaccines. Methods
were devised for obtaining mouse IgM of
sufficient potency to compare with 1gG in
passive protection tests (Turner). Attempts
to identify the components of rabies virus
responsible for interferon induction were
begun in conjunction with workers at Pir-
bright (Turner, in collaboration with Drs. J.
Crick and F. Brown, Animal Virus Diseases
Institute). Various methods for assaying
interferon were investigated (Collier and
Turner).

Antibody assays on serum samples from
individuals undergoing prophylactic vaccin-
ation against rabies confirmed that antibody
responses to cell culture vaccines were
superior to those elicited by duck embryo
vaccine (Turner).

Vaccinia Virus

Infection and immunity. The study of
immunity to vaccinia was concluded. Intra-
venous inoculation of mice with live virus
induced prolonged resistance to re-infection;
immunity was associated with production of
antibodies to both cell-associated and free
virus, delayed hypersensitivity and capacity
of lymphoid cells to transform in response to
vaccinia antigens. The variability in results
of tests for macrophage migration inhibition
factor was due to complex and sometimes
mutually antagonistic reactions between viral
antigens, lymphokines and cells (Hutt).
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Viral Encephalitis

Anew investigation on the immunopathology
of acute viral encephalitis was begun.
Encephalitis induced by vaccinia and Sem-
liki Forest viruses—containing DNA and
RNA respectively—will be studied in terms
of the influence of antibody, interferon and
cell-mediated mechanisms on the outcome
of infection (Collier).

Viral Vaccines

The partition purification process developed
by Dr. Robinson was used to obtain concen-
trates of influenza virus, which were success-
fully inactivated in carefully controlled
conditions (Robinson). Five licensing batches
ofthe vaccine were made, and are being tested
rigorously for potency and quality before
being submitted for official approval
(Robinson, Squires, Bird, Parish).

The technique for preparing suspension
cultures of rabbit kidney cells on DEAE
sephadex beads was improved, and was used
experimentally to prepare large amounts of
vaccinia virus (Robinson).

The importance of sulphydryl groups and
residual water on the stability of freeze-dried
vaccines was further examined (Reports
1970-3) and the results were applied to long-
term preservation of freeze-dried bacteria in
collaboration with the National Collection of
Type Cultures (Robinson).

IMMUNOLOGY AND
EXPERIMENTAL PATHOLOGY
Anaphylaxis

An eosinophil-stimulating substance. Extracts
of anaphylactic tissues previously shown to
attract eosinophils (Reports 1964, 1965,
1969-73) were separated by chromatography
into fractions that attracted eosinophils, and
other fractions that mobilised release of
eosinophils from various organs into the
blood (Parish).

Eosinophils are unable to kill ingested
bacteria (Report 1973) even after incubating
the cell/bacteria suspension for 24 hours
(Parish).

Allergic Vasculitis

Streptolysin O was found in some human
cutaneous and cardiac vascular lesions. An
experimental model confirmed earlier results
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that this bacterial substance, like others
(Reports 1966, 1967, 1973) predisposed the
tissues to deposition of harmful complexes,
and formed part of the complex (Parish).

Biologically Active Substances Released
from Mononuclear Cells

The examination of the biological activities of
substances released by lymphocytes in vitro
was continued (Report 1970) to show that
substances influencing activities of macro-
phages, fibroblasts and bacteria after treat-
ment for three hours appeared to differ from
those active after 24 hours treatment. The
substances inhibited or promoted cellular
activity according to concentration (Parish).

Human Infertility

In response to requests to examine incon-
sistencies in techniques used in clinics to
detect agglutinins to spermatozoa (Reports
1964, 1968,1969,1972) a  protein was found
in some male and female sera that agglutinated
spermatozoa or particles treated with seminal
plasma, thereby confusing the interpretation
of the results of tests for antibody (Parish).

BIOCHEMISTRY

Human Blood Group Substances
Structure. Work was continued on the macro-
molecular structure of the blood group
specific glycoproteins (Reports 1971-1973).
The results of pronase digestion of a series of
blood group active fractions isolated from a
single ovarian cyst fluid suggested that the
peptide backbones of the glycoprotein
molecules are not all identical (Donald).

The rate of release of the various sugar
components ofthe glycoprotein in the forma-
tion of jV-acetylgalactosaminyl-peptides
(Report 1970) was investigated. The un-
expectedly slow release of sialic acid indicated
that some residues of this sugar are located
near the peptide moiety (Donald).

Biosynthetic enzymes. Investigations of the
properties of the Aland A2 gene-associated
u-N-acetylgalactosaminyltransferases  and
the B gene-associated a-galactosyltransferase
were continued (Report 1973). Further
isoelectric focusing experiments with partially
purified enzymes from human ovarian cyst
fluids confirmed that the A2 and B trans-
ferases had isoelectric points 0f90-9°5. The



A 1 transferase, however, had an isoelectric
point of 10-10-5, indicating a structural
difference between the Aland A2gene pro-
ducts. All three enzymes were readily
separable by isoelectric focusing from the
peptidyl-a-1V-acetylgalactosaminyl- and "-
galactosyltransferases that are also present in
the cyst preparations (Topping, Watkins).

Examination ofthe A and B gene-specified
glycosyltransferases in sera or plasma from
donors of rare ABO blood groups was con-
tinued (Reports 1972, 1973). The transferase
levels in the sera from two pairs of Chimera
twins indicated that the true ABO genotype of
the twins can be predicted from these assays
irrespective of the blood group of the pre-
dominant red cell population (Race,
Topping, Came). Serum samples from three
donors of the anomalous cis AB phenotype
had apparently normal a-N-acetylgalacto-
saminyltransferase activities but barely
detectable «-galactosyltransferase activities
(Race, Watkins).

Attempts are being made to devise a radio-
immunoassay for the A and B gene-specified
glycosyltransferases (Carne, Watkins).

The properties of the H and Le gene-
specified fucosyltransferases (Reports 1971—
1973) were further investigated (Chester,
Watkins). Methods for the preparation of
unlabelled GDP-fucose were examined.
Porcine liver promises to be a suitable source
for the isolation of the enzyme that converts
GDP-mannose to GDP-fucose (King,
Watkins). The relationship between the
fucosidase activity in human stomach homo-
genates and the yield of products obtained by
the action of the H and Le gene-associated
fucosyltransferases was examined (King,
Watkins).

Studies on the in vitro biosynthesis ofblood
group substances by slices of human gastric
mucosal tissue were continued (Report 1973).
An indication that almost all addition of
sugars takes place on to nascent peptide chains
was obtained from inhibition experiments
with puromycin. Incorporation of label from
either [14C] glucose or [14C] threonine was
inhibited to almost the same degree. When
either [14C] glucosamine or [14C] galactos-
amine were used as the labelled precursor

the radioactivity in the isolated blood group
substances was located in the hexosamines
and in no other sugars. The incorporation of
label from [14C] galactosamine suggests that a
previously unidentified minor pathway may
exist for the conversion of galactosamine to
UDP-iV-acetylgalactosamine (Simpson,
Watkins).

Purification of glycosidases. Considerable
purification was achieved of the enzyme in
extracts of Trichomonas foetus that destroys
the serological activity of purified blood group
Pt substance. Attempts are being made to
determine the specificity of this enzyme with
low molecular weight substrates (Yates,
Watkins, Morgan).

BIOPHYSICS

Blood-group Specific Glycoproteins
Analytical and physicochemical characterisa-
tion of the fractions prepared by density
gradient methods led to the establishment of
molar ratios among the constituent sugars and
amino acids which showed informative trends
and regularities of structure. The absence of
the sparingly-soluble components in these
fractions prompted a study of the effect of
caesium chloride and guanidinium chloride
on solvent-extracted preparations (Creeth,
Bhaskar).

Theoretical Studies on Density Gradient
Methods

Mathematical expressions giving the distribu-
tion of macromolecules whose buoyant
densities lie at the extremes, or outside the
span of, density gradients were derived. The
expressions give guidance in the design of
separation experiments (Creeth).

Human Bronchial Mucous Secretion

Two sputa were examined by the density
gradient methods developed for these secre-
tions, and their glycoprotein components
separated, analysed and characterised.
General similarities between the carbo-
hydrate components of cyst fluid glyco-
proteins and those ofthe sputum preparations
were observed, whereas the amino acid
profiles of the latter glycoprotein resembled
those of the sparingly-soluble cyst com-
ponents (Creeth, Bhaskar).
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BLOOD PRODUCTS LABORATORY

Extension of Laboratory and
Modernisation of Original Building
Commissioning of all major items of equip-
ment was completed and by the end of 1973
plasma fractions were being prepared on the
planned scale (Vallet, Wesley, Ellis, May-
cock).

Hepatitis B Antigen (HB Ag)
Collaboration with the MRC Working Party
on HB Ag Immunoglobulin continued. The
laboratory prepared all the immunoglobulin
used by the Working Party (Ellis, Wesley);
and participated in a clinical investigation of
the efficacy of HB Ag immunoglobulin for
removing antigen from the blood of patients
with chronic hepatitis (Maycock).

Pharmacologically Active Substances
in Human Blood

An agent which liberates histamine from
human white cells was isolated from plasma
that had been enriched with human white
blood cells and used as a medium for growing
cryophilic gram-negative bacteria for 4 weeks
at 4°C. The histamine-liberating agent is a
gamma globulin and can be defined by poly-
acrylamide gel electrophoresis (Mackay).

Treatment of Haemophilia and Allied
Disorders

The laboratory provided the preparation of
Factor V111 concentrate used in an investiga-
tion for prophylactic treatment of haemo-
philia (Ellis).

Plasma Fractionation Laboratory,
Oxford

Factor VIII. Investigation of the possibility
of separating biological Factor V11 (clotting
factor) from Factor VIl antigen, which
induces sensitivity to antihaemophilic factor,
was begun (Snape).

Factor IX. The laboratory participated in an
investigation at King’s College Hospital,
London of Factor IX concentrate for the
treatment of hepatic disorders (Bidwell).

BLOOD GROUP UNIT

Blood Groups
About halfthe time of the Unit was taken up
by problems related to blood transfusion.
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Several antibodies were found directed at
‘new’ antigens of very low or very high fre-
quency, some perhaps heralding new systems
and some subdividing those known (Tippett,
Gavin, Teesdale, Contreras, Daniels).

The double population of cells in several
twin and also tetragametic chimeras were
investigated (Tippett, Gavin, Teesdale).

Progress was made in understanding the
dominant inhibitor of the Lutheran antigens.
It is now becoming clear that the inhibitor is
not part of the Lutheran locus but that,
wherever sited, it inhibits other antigens too,
Aua, P, and i. Since the P system is genetically
independent of Lutheran there is no longer
reason to suppose that Au belongs to
Lutheran, which had long seemed a possibi-
lity. This realization calls in question the
current interpretation of the reaction of a
number of new antibodies thought to belong
to the Lutheran and Kell systems; it also
anticipated the later finding of an apparent
exception to the inheritance of the P groups
(Tippett, Contreras, Sanger).

A Canadian family gave evidence, tantaliz-
ingly close to significance, of linkage between
the Wr and Sd blood group systems:
alternatively, the absence of recombinants in
the family could point to the two antigens
being controlled from one complex locus
(Tippett, Gavin, Sanger).

Applications of Blood Groups to
Human Genetics

The Xg groups continued to be applied to the
mapping of the X. The locus for an eye
condition, retinoschisis, was at last established
as being within measurable distance of Xg,
about 27 centimorgans away; it had long been
a ‘probable’linkage. Lesch-Nyhan syndrome
(an enzyme deficiency) is becoming a slightly
hopeful candidate for linkage with Xg and
there is a hint, from Xg linkage tests, that the
low thyroxine binding globulin may be gen-
etically heterogeneous (Tippett, Gavin,
Teesdale, Sanger).

The Xg groups of samples from many parts
of Europe continue to give information about
the accident at gametogenesis responsible for
the various X chromosome aneuploidies,
several of which cause Klinefelter’s or
Turner’s syndrome. Amongst the most
puzzling of these aneuploidies are the very



rare XX males, first recognized ten years ago.
The Unit has tested 49 such patients and the
distribution of their Xg groups differs
significantly from that of XX females but not
from that of XY or XXY males, suggesting
that these people do have a Y though it is not
detectable by cytogenetic methods. In some
cases the Xg groups have shown both Xs to be
of maternal origin (Tippett, Gavin, Teesdale,
Sanger).

Towards mapping of the autosomes the
Unit continued to group many families with
genes for abnormalities or with inherited
chromosomal upsets such as translocations
and inversions: though nothing dramatic
emerged the data will eventually contribute
to autosomal cartography. The possible link-
age between the MNSs and Dombrock blood
groupsisstill being investigated:the estimated
distance between the two loci is so great that a
long search for informative three generation
families will be needed to settle the question
(Tippett, Gavin, Teesdale, Contreras,
Daniels).

Lack of space prevents acknowledgement
to very many collaborators in Great Britain
and abroad.

BLOOD GROUP REFERENCE
LABORATORY

Standardization and Control of
Blood-grouping Reagents

The total annual output of grouping serum
again exceeded 1,000 litres (lkin, Dawes,
Garner, Moghaddam, Giles, Poole, Brazier,
Goldsmith). More than 25,000 serum in-
vestigations were performed on potential
grouping reagents, both manual and auto-
mated techniques being employed.

Studies continued on batches of commer-
cial bovine serum albumin used as diluents in
Rh testing, these being examined by sero-
logical and physicochemical means in a study
of their variable reactions (Phillips, Ikin,
Dawes, Goldsmith). An international colla-
borative study on batches of serum albumin
used for Rh testing was completed and a paper
is being prepared for submission to the
International Committee for Standardization
in Haematology and to the International
Society of Blood Transfusion (Phillips,
Goldsmith).

In collaboration with a working party ofthe
British Committee for Standardization in
Haematology and with an international
working party, batches of antiglobulin serum
were tested to see if they were suitable for
routine use (Ikin, Giles, Poole, Goldsmith).

Red Cell Serology

Gerbich-negative red cell samples that also
bore weak antigens of the Kell system were
discovered and studied. Investigations per-
formed on blood samples from Thailand
revealed a number bearing various Milten-
berger satellite antigens. An antibody was
discovered that resembled Chido in its
activity against ared-cell and aserum antigen.
Two ‘new’ blood group antigens, possibly the
expression of antithetical genes, were dis-
covered. One ofthese two antigens was found
in an Indian population. A study was under-
taken on the Vel groups of a Swedish popula-
tion (Giles, Poole). Automated techniques
were improved so that anumber of antibodies
first detected with the AutoAnalyzer could
also be identified with this apparatus without
recourse to manual methods (Dawes).

Antibodies to Serum Antigens

Anti-Gm (21) was prepared in rabbits and an
antibody with the same specificity was
identified in a human serum. As a result,
stocks of anti-Gm (21) are now large enough
for it to be available for routine investigations
(Brazier).

National and International Panels of
Donors of Rare Blood Types

New editions of both panels were produced
and the names of many more donors of rare
blood groups added (Giles, Goldsmith). The
International Panel was used by transfusion
centres throughout the world to locate blood
for eight patients for whom compatible blood
was extremely difficult to find. Among those
helped were a severely anaemic LW-negative
woman, and a patient whose red cells bore the
ii phenotype.

Proficiency Assessment of Blood Group
Serology

The Department of Health and Social
Security asked that techniques in all Labora-
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tories be assessed and, so far as blood group
serology was concerned, a number of
Regional Blood Transfusion Centres partici-
pated in pilot studies by distributing to their
hospitals samples of red cells and serum to be
tested. These samples were also examined at
the Blood Group Reference Laboratory to
make sure that they were suitable for the
purpose. In addition, summaries of results
from each Regional Centre were assessed at
the Blood Group Reference Laboratory
(Goldsmith, Giles).
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Financial Report of the Governing Body

The Governing Body presents the Accounts
of the Institute for the year ended
31st December 1974.

1. Results

The General Fund income and expendi-
ture account shows income for the year as
£554,557 compared with £583,521 in 1973.
Expenditure amounts to £692,866 against
£604,256 last year. After debiting income
and expenditure account with losses on
sales of investments of £48,484 there is a
deficit of £186,793 compared with a
surplus of £62,540 in 1973.

2. Principal Activities

The Institute continues to carry out re-
search work in connection with the preven-
tion of diseases. It produces for sale Sera
and Bacterial and Virus Vaccines the profits
from which are utilised for its research and
experimental work.

3. Exports

Sera and vaccines to the value of £358,865
were exported from the United Kingdom
during the year.

4. Fixed Assets

The movements in fixed assets during the
year are set out in the table in note 2 on the
Accounts. These include further payments
on roads and buildings at Elstree.

5. Interests in Land

In the opinion of the Governing Body the
market value of the Institute’s properties is
now in excess of the amount at which they
are included in the Balance Sheet, but the
amount of this excess cannot be accurately
determined. The laboratories at Chelsea will
close at the end of this year and are on offer
for sale.

6. Governing Body

There have been no changes in the
Governing Body during the year ended
31st December 1974.

7. Employees

The average number of persons employed
by the Institute in each week during the year
ended 31st December 1974 was 279. The
aggregate remuneration paid or payable in
respect of that year to these employees
amounts to £602,563.

8. Auditors

Coopers & Lybrand will continue in office
in accordance with section 159 (2) of the
Companies Act 1948.

A. NEUBERGER
Chairman



Report of the Auditors to the Members

We report on the Institute’s accounts set out on pages 4 to 8.

The Institute has during 1974 discontinued its costing records which were used for the valuation of the
opening stock of sera and vaccines at £158,718. As indicated in note 4, sera and bacterial vaccines totalling
£141,662 are valued at 1973 average costs with estimated adjustments in respect of changes in circumstances.

We have been unable to confirm these adjustments and are therefore unable to satisfy ourselves as to the
accuracy of the closing valuation of sera and bacterial vaccines.

With this exception, in our opinion, the accounts give a true and fair view of the state of affairs at 31st
December 1974 and of the loss for the year ended on that date and comply with the Companies Acts 1948
and 1967.

COOPERS & LYBRAND
London, 23rd May 1975 Chartered Accountants



The Lister Institute of Preventive Medicine
BALANCE SHEET e« 31 December 1974

1973
£
701,382

470,596

1,171,978

158,718
112,527
103,255

374,500

113,922

113,922
260,578

£1,432,556

1,388,267
14,996
28,663

630

£1,432,556

FIXED ASSETS (NOE 2) eooveeeeereeeeeeeeeeeeesereseeseeeseeeen

INVESTMENTS AND UNINVESTED CASH (note 3) ...

CURRENT ASSETS

StOCK (NOE 4) e
DEDLOIS oo
Cash and Bank BalanCes.....cccccoceveiiiiiieeciiiieee e,

Less:
CURRENT LIABILITIES

Creditors .o
Bank Overdraft .......cccccoviiiieiiiie e

Represented by

CAPITAL FUND (note 5) ....ccccoovrvvviinreneenne
PENSION FUND (note 6) ....cccecvveeverennens
BEQUEST FUNDS (note 7) ..cccoovvvenerveneennnns
NUFFIELD FOUNDATION GRANT (note 8)

A. NEUBERGER
R. A. McNEILE

Members ol the
> Governing Body

110,951
94,512

The notes on pages 6 to 8 form part of these accounts.

Audit report on page 3.

221,478
138,776

391,631

205,463

706,464

366,359

1,072,823

31,377

186,168

£1,258,991

1,214,085
13,748
30,614

544

£1,258,991



The Lister Institute of Preventive Medicine
INCOME AND EXPENDITURE ACCOUNT

for the year ended 31 December 1974

1973

529,290
8,894

538,184

21,938
959

8,782
12,779
879

583,521

306,639
19,400
13,554
25,527
15,467

1,700
704
5,810

112,994
37,752
24,909
16.511

12,558

10,731
604,256

20,735
(83,275)

(£62,540)

INCOME
Sales of sera and bacterial and virus vaccines (note 9)
Stock adjustment (NOte 4) ..oiiiiiiiiiiie s

Investment Income:
General fund
QUOEA i
UNQUOLEd .o

BanK INtEreSt. e
RENE -
Other INCOME i

EXPENDITURE
Salaries and wages ............
Superannuation premiums
Rates and iNSUraNCesS ..........ccccoiviiiiiiiiii i
Gas, water, fuel and electriCity ........ccocoeiiiiiiiinniennnien,
Office expenses, stationery and printing .........cccoceeeeee.
Audit fee
Interest on overdraft. ...
Chelsea research ...,
Elstree research and production ...
Animals and forage ...
Alterations, repairs and renewalS .......ccocccviiieniieiiieeens
General EXPENSES..c.iiiiiriiirieese et
Depreciation

BUIlAINGS oo

Furniture, fittings, scientific apparatus and books

Excess of expenditure over iNnCOMe .......ccccovveviienienenne
Loss (Profit) on sales of investments ...........ccccceeeieeen.

Deficit (Surplus) transferred to Capital Fund ...............

Total
expenditure

643,510
34,782
30,322
53,161
29,227

2,500
3,797
21,042

149,518
60,399
42,101
29,308

12,818
11,996

£1,124,481

The notes on pages 6 to 8 form part of these accounts.

Audit report on page 3.

£ £
444,796
62,760
507,556
26,093
1,079
27,172
7,154
12,675
554,557
External
contributions

303,645 339,865

12,930 21,852
15,315 15,007
21,205 31,956
9,100 20,127
- 2,500

- 3,797
14,858 6,184
22,383 127,135
9,855 50,544
15,946 26,155
6,378 22,930

- 12,818

— 11,996

£431,615 692,866

138,309
48,484

£186,793



NOTES ON THE ACCOUNTS *31 December 1974

1

2.

ACCOUNTING POLICIES

The main accounting policies are described under the

FIXED ASSETS

Cost

At 1st January 1974 ...
Additions at CoOSt...ccoocviiiiiiiieieieeeeecis

At 31st December 1974 .......ccocevvveeiinns

Depreciation

At 1st January 1974 ...
Charged to Income and expenditure account

At 31st December 1974 .......ccccovveeeinnnns

Net book value at 31st December 1974

Depreciation

Freehold property

Land and
buildings,
Chelsea

£

................... 517,811
................... 74

.................. £517,885

............. 25,007

9,804

.................. £34,811

............... £483,074

Queensbury
Lodge
Estate,
Elstree

£

151,122
15,479

£166,601

19,477
3,014

£22,491

£144,110

appropriate headings in the notes below.

Total
Furniture,
fittings and
scientific
apparatus
£ £

114,385 783,318
14,343 29,896

£128,728 £813,214

37,452 81,936
11,996 24,814

£49,448 £106,750

£79,280 £706,464

Depreciation is calculated to write off the book value on a straight line basis over the expected useful
lives of the assets concerned. Buildings have been depreciated at the annual rate of 2% from the date of

completion, and furniture, fittings and scientific apparatus at the annual rate of 10%.

INVESTMENTS AND UNINVESTED CASH

General ..o

Pension fund .........cccociiiiiiii e,

Bequest
Jenner Memorial studentship fund ...
Morna Macleod scholarship fund

Market value of quoted investments .......

Unquoted investments valued by Institute’s
investment advisers ...

£ £ £ £ £
Quoted at cost Ungquoted Uninvested Total
at f'nct cash
In Great Elsewhere
Britain

241,681 68,041 12,275 321,997
11,069 — — 2,679 13,748
16,488 _ - 4,261 20,749
6,265 — — 3,600 9,865
£275,503 £68,041 £12,275 £10,540 £366,359
(£346,221) (£103,458) (12,670) (£8,247) (£470,596)

1974 £343,718 (1973 £568,309)

1974 £17,404 (1973 £22,077)



STOCKS

(i) Virus Vaccines totalling £79,816 are valued at average 1974 cost of production. Cost is the sum of

materials and labour and direct overheads.

(il) Sera and Bacterial Vaccines totalling £141,662 are valued at 1973 average costs with percentage addi-

tions, varying between 15%

(iii) At 31st December 1973 stocks were valued at the lower of cost and net realisable value.

CAPITAL FUND

Donations and endowments have been received to date from the following:— 1974
£ £
Dr. Ludwig Mond (1893) ..ccceeiiiiiiiiiieeesiee e 2,000
Berridge Trustees (1893-1898) .......cccccceviiveviieennnen. 46,380
Worshipful Company of Grocers (1894 and 1969/73) 15,000
Lord Iveagh (1900) ..ccooiiiiiiiiiiie e 250,000
Lord Lister's Bequest (1913-1923) ....ccccoiieirriieniieenieeesieesseeee s 18,904
William Henry Clarke Bequest (1923-1926) .. 7,114
Rockefeller Foundation (1935-1936) .....cccccvveriiieniieenniieenieeeien. 3,400
Wolfson Foundation (1969-73) ....cccoeoeiiiiieeiieeniinnnne 300,000
Other donations and legacies (1891-1974) .....ccccoviiiiiieeiieennns 36,487
679,285
Income and Expenditure Account .........ccccociiiiiieniieenn.
Accumulated balance at
31st December 1973 721,593
Less deficit (SUIPIUS) oociiiiiiiiiiiee e 186,793
Accumulated balance at
31st December 1974 ....ccccoviiiiiiiiiiiice e 534,800
£1,214,085
PENSION FUND
As at 1st January 1974 .....cccooiiiiiiiiiiie e 14,996
Interest on Investments ... 1,090
Profit on sale of investments ..........c.ccoccvciiinnnne 260
16,346
Less: PEeNSIONS ....cccccviiiiiiiiieciee e 2,598
BEQUEST FUNDS
Jenner Memorial Studentship Fund
As at 1st January 1974 ... 19,683
Interest on Investments ... 1,066
Morna Macleod Scholarship Fund
As at 1st January 1974 ... 8,980
Interest on iNVEStMENtS .......cccoceviiiiiiicciceeee 885

to cover cost Inflation in 1974, less deductions to cover
anticipated wastage in subsequent production.

1973
£

2,000
46,380
15,000
250,000
18,904
7,114
3,400
300,000
23,876

666,674

659,053
(62,540)

721,593
£1,388,267

£13,748

20,749

9,865
£30,614



8. NUFFIELD FOUNDATION GRANT

As at 1st January 1974 630
Less: Expenses .......... 86

£544

9. TURNOVER

Turnover has been arrived at after deducting commissions due to agents from the invoice value of sales of
sera, vaccines and virus vaccines.

10. EMOLUMENTS OF MEMBERS OF THE GOVERNING BODY

1974 1973
Emoluments in an executive CapacCity.......cccooiiieiiiiiiiiiiie e £17,578 £16,548
Particulars of emoluments of the Governing Body in accordance with Section 6
of the Companies Act 1967
1974 1973
Emoluments of the Chairman of the Governing Body.....cc.ccccoviiiiiiiiieenninenn. Nil Nil
Emoluments of the highest paid member of the Governing Body............... £9,408 £9,000
Numbers of members of the Governing Body whose emoluments were within
the range
No emoluments ............. 7 7
£1 — £2,500
£2,501 — £5,000
£5,001 — £7,500
£7,501 — £10,000 2 2
11. CAPITAL EXPENDITURE SCHEMES
1974 1973
The position at 31st December 1974 was as follows:—
Commitments in respect of CONtractS......ccooovviiiiiiiiiicii e 1,718 10,500
Approved by the Governing Body in addition to commitments, for new
laboratories at EIStree ... 102,500 10,197

£104,218 £20,697

12. CONTINGENT LIABILITIES

At 31st December 1974 there were contingent liabilities amounting to £10,162 in respect of indemnities
issued to third parties.

13. RESEARCH EXPENDITURE
Expenditure on research is written off in the year in which it is incurred.
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Annual General Meeting of the Lister Institute of

REPORT OF THE GOVERNING BODY

The Governing Body has the honour to
present its report of the Institute for the
year 1974.

GOVERNING BODY

There have been no changes in the Govern-
ing Body during the year under review and
at its last meeting the Council reappointed
Professor A. Neuberger, Sir Douglas Black
and Sir Ewart Jones as its representatives on
the Governing Body until 31st December
1975.

COUNCIL

The Governing Body and members of the
staff sent to Dame Harriette Chick, on the
occasion of her 100th birthday, their most
sincere congratulations and good wishes for
the future. Dame Harriette was a distin-
guished member of the Institute’s scientific
staff from 1905 until 1947.

At last year’s Annual General Meeting
Sir Ashley Miles and Professor W. T. J.
Morgan, each a representative of the
Members of the Institute, were unanimously
reappointed to the Council. The third
retiring member of the Council, Professor
J. 'S. Mitchell, did not offer himself for
reappointment.

The three members of the Council due
to retire this year in accordance with the
Articles of Association, but who are eligible
for reappointment, are Lord Brock and
Lord lveagh, each a representative of the
Members of the Institute and Professor
B. P. Marmion, the representative of the
University of Edinburgh.

MEMBERS

The Governors record with regret the deaths
of Professor R. Cruickshank and Sir Zachary
Cope, both Members since 1945. As the
representative of the British Medical Asso-
ciation Sir Zachary was also a member of
the Council from 1945 until 1957.

STAFF AND STUDENTS
Mr. J. Rodican,. Production Manager at
Elstree, left in November 1974 to take up a

post in Buenos Aires with the Pan American
Sanitary Bureau. Miss B. A. Prideaux,
Assistant Secretary, left at the end of 1974
after twenty one years service at Chelsea
to become Secretary of the Royal College
of Pathologists. The Governing Body wishes
Mr. Rodican and Miss Prideaux every
success in their new posts.

Miss Constance Shaw, a member of the
scientific staff of the Blood Products
Laboratory for eighteen years, retired in
September 1974.

Mr. M. Campbell was appointed Pro-
duction Manager in the Vaccines and Sera
Laboratory in May 1975 in succession to
Mr. Rodican. The Governing Body is
most grateful to Dr. A. F. B. Standfast for
returning and so ably undertaking the duties
of Production Manager in the interim
period. Dr. J. A. Green and Miss Susan
Wilmot were appointed to the Vaccines
and Sera Laboratory; Mrs. H. M. Citrin
and Mr. G. M. Bailey (Administrative
Assistant) to the Blood Products Laboratory;
Mr. A. G. W. Bailey was appointed Account-
ant (Elstree) and Mr. F. E. Carter an
Administrative Assistant at Elstree.

The Governing Body records with great
pleasure that Dr. R. R. Race was made an
Honorary Fellow of the Royal Society of
Medicine and Dr. K. L. G. Goldsmith a
Korrespondierendes  Mitglied of the
Deutsche Gesellschaft fur Bluttransfusion.

By the time this Report is published it is
expected that the Trypanosomiasis Research
Group under Dr. D. G. Godfrey will have
moved to new accommodation at the
London School of Hygiene and Tropical
Medicine.

In March 1974 Professor W. T. J. Morgan
and Professor Winifred Watkins lectured by
invitation at the opening of a new Cancer
Immunology Laboratory in the University
of Lund, Sweden.

Dr. W. d’A. Maycock attended, in
March 1974, a meeting of the Group of
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Experts No. 15B of the European Pharma-
copoeia Commission. He attended as the
representative of the Department of Health
and Social Security, a meeting of the
Council of Europe Subcommittee of Experts
on Blood Problems in Montpelier in May
1974 and in December 1974, he presented a
paper at the Symposium on Viral Hepatitis
arranged by the International Association
of Biological Standardization in Milan.

Dr. Creeth took a sabbatical leave in
Australia in the period October 1973 -
April 1974. He was located in the Depart-
ment of Physical Biochemistry, Australian
National University, Canberra, for most of
that time, but visited also the Universities
of Adelaide, Sydney and Melbourne.

In September 1974 Dr. Ethel Bidwell
attended a meeting of the International
Committee on Thrombosis and Haemostasis
in Basle and visited the Swiss Red Cross
Blood Transfusion Laboratory in Berne,
Switzerland.

Dr. G. S. Turner participated by in-
vitation in the Second International Col-
loquium on Rhabdoviruses at Roscoff,
France, in June 1974.

Dr. Ruth Lemcke participated, by in-
vitation, in an International Congress on
mycoplasmas of man, animals, plants and
insects at the University of Bordeaux II,
in September 1974.

Dr. D. G. Godfrey and Mrs. Veronica
Kilgour worked for 14 weeks in Nigeria on
enzyme variation in a trypanosome of
cattle. Dr. Godfrey and Mr. P. J. Toye
attended in August a congress on Parasit-

ology at Munich, where Mr. Toye delivered
a paper.

In May 1974, Mr. E. D. Wesley attended
the 22nd Annual Colloquium “Protides of
the Biological Fluids” and the Meeting of
the Council of Europe Working Party on
Fractionation, Separation, Concentration
and Detection in Bio-Science, in Bruges.

1975

In January 1974, Mr. T. J. Snape attended
the conference “Haemophilia: Recent Ad-
vances”, organized by New York Academy
of Sciences and visited the Division of
Blood Products, Bureau of Biologies, Food
and Drug Administration, and the American
National Red Cross Blood Research Lab-
oratories, both at Bethesda, Maryland,
US.A.

For the academic year 1974-5 there are
eleven postgraduate research workers at the
Institute registered for higher degrees of
the University. Three Ph.D. and one M.Phil.
degrees were awarded during 1974.

DONATIONS AND GRANTS

The Governing Body records its apprecia-
tion of the many bodies whose benefactions
and grants support research work in the
Institute. These include a grant from the
Asthma Research Council for the investiga-
tion of antibodies in anaphylactic disorders;
from the British Heart Foundation to study
endocarditis and vasculitis induced by
bacterial toxins and by antigen-antibody
complexes; from the Horserace Betting
Levy Board for research on mycoplasmas
in the respiratory tract of horses; grants
from the Medical Research Council for
research on the characterisation of the
enzyme products of the A and B blood
group genes; on the biosynthesis of blood
group specific glycoproteins in  human
tissue; for studies on the human blood
group P system; the identification of the Pk
determinant in chemical terms; on glyco-
sidases from Trichomonas foetus; on the
separation and characterisation of glyco-
proteins by physiochemical methods; on the
physiochemical basis of the rheological
properties of the bronchial mucus (jointly
with the Brompton Hospital); on the
characterisation of blood group specific
glycoproteins by density-gradient methods;
on the immunopathology of acute viral
encephalitis; and on the mechanisms of
immunity to rabies and their relation to its
pathogenesis; from the Royal Society for



the investigation of ordered binding of
antibody to protein polymers; from the
Smith, Kline and French Foundation in
connection with research on the mechanisms
of immunity to rabies; and from the Well-
come Trust for research on the immuno-
chemistry and biosynthesis of the ABO
blood group antigens. Grants were also
received from the Department of Health
and Social Security for the development of
an improved smallpox vaccine; from the
Overseas Development Administration of
the Foreign and Commonwealth Office for
studies on the biology of trypanosomes ; and
from the World Health Organisation for
work on enzyme analysis as a means of
taxonomic differentiation of trypanosomes.

The Governing Body also gratefully
acknowledges donations from Arthur Guin-
ness, Son & Company Limited, the Pru-
dential Assurance Company Limited and
the Royal London Mutual Insurance Society
Limited.

PRODUCTION AT ELSTREE

The production of bacterial vaccines is now
running at its maximum rate and cannot be
increased until capital expenditure is in-
curred on equipment and buildings. It is
still impossible to meet the sales demand
both in the UK and abroad. By far the
major part of the total production of
bacterial vaccines is exported; but it is
gratifying to note that the sales of diphtheria,
tetanus and pertussis vaccine and its
components in the United Kingdom also
rose considerably during the last two years,
from 2-8 million doses in 1972 to 4T
million in 1974.

A high incidence of sickness in the horses
created difficulties in the production of
antitoxins but these problems are now
virtually resolved and serum production is
again on the increase. The manufacture of
rabies vaccine continues and is being
steadily expanded.

A programme of major improvements to
the production buildings was begun and
“Lister Ridge” (formerly residential ac-
commodation) was converted into a new
centralized quality control and assay lab-
oratory. This important new facility will
improve the efficiency of these procedures

and release space in other areas for pro-
duction activities.

VISITORS

The following visitors, in addition to those
listed under Staff, worked for short periods
in the Institute’s laboratories: Dr. Ko Ko
Gyi and Dr. U Zaw Win, Pharmaceutical
Industries, Rangoon, Burma; Dr. K. Ige,
Nigerian Institute for Trypanosomiasis Re-
search; Dr. S. Rajalakshmi, King Institute
of Preventive Medicine, Madras, India;
Dr. N. Scaloumbacas, WHO Fellow,
National Blood Transfusion Centre and
Blood Derivatives Unit, Greece.

In the Last Annual Report | indicated
that effective steps had been taken to reduce
our expenditure, and the hope was ex-
pressed that we might be able to balance our
books and, ultimately, to expand again our
scientific activities. A warning was sounded,
however, that our financial position was far
from satisfactory. Indeed, during the last
year the rising rate of inflation with the
resulting increase in our expenditure, to-
gether with a very marked loss in the market
value of our investments, has confronted the
Governing Body with a most difficult
situation. Our efforts to attract either
private or public funds of any magnitude to
the Institute were unsuccessful, owing to
the unfavourable economic situation of the
country at large. After most careful con-
sideration, the Governing Body came to the
conclusion that, in fairness to the existing
staff, it had to close our main laboratories at
Chelsea Bridge Road, and this is to take
effect at the end of the year 1975.



The decision to disband the Chelsea
laboratories does not affect the activities of
the Elstree laboratory where, together with
some developmental research, the pro-
duction of vaccines and sera takes place.
Indeed, the Governing Body has full
confidence in the national value of these
activities, which can be expected to remain
entirely or largely self-supporting. Nor does
the decision affect the activities of the
Blood Products Laboratory and Plasma
Fractionation Laboratory (Oxford), which
the Institute runs on behalf of the Medical
Research Council and the Department of
Health and Social Security.

At this point | wish to record my deeply
felt appreciation to all members of the staff
who have supported the Governing Body
in its great efforts to keep the Lister In-
stitute going. The loyalty of all our col-
leagues, scientific, technical, and admini-

strative during these difficult years, is
beyond praise. We shall, | hope, be able to
make relatively generous arrangements for
those who have become redundant. It is also
expected that we shall be able to help some
of our senior scientists to carry on with their
research in other centres.

It is with deep regret that what is probably
the oldest institute devoted to medical
research in the United Kingdom has to
close its doors, and a whole chapter of
medical research has to come to an end.
This is not the place to record all the
outstanding achievements with which the
name of the Lister Institute is associated.
Without being immodest one can claim that
the Institute has played an important part
in the advancement of medical research, it
has produced some outstanding scientists,
and altogether encouraged research of a
very high order.

A. NEUBERGER,
Chairman



RESEARCHES

MICROBIOLOGY
Trypanosomiasis

Enzyme variation. Isolates of Trypanosoma
brucei gambiense, the causative organism of
chronic human trypanosomiasis, were gen-
erally differentiated from the morpho-
logically identical subspecies, T.b. brucei
and T.b. rhodesiense, by differences in
electrophoretic mobility of alanine amino-
transferase (ALAT) in thin-layer starch-gel.

It is uncertain whether one apparently
missing “malic” enzyme (ME) band in
T.b. gambiense was due to a much reduced
activity or a true absence. Aspartate amino-
transferase (ASAT) differences were as-
sociated with antigenic differences among
T.b. gambiense isolates. Phosphoglucomutase
variations were characteristic of individual
isolates in each of the subspecies (Kilgour,
Godfrey, Taylor). Three distinctive amino-
transferase patterns were found among
samples of T. vivax from naturally infected
Nigerian cattle; each ALAT pattern was
associated with a particular ASAT mobility
(Kilgour, Godfrey). In collaboration with
the Department of Veterinary Parasitology,
Ahmadu Bello Univeristy, a convenient red
cell lysis method was developed for field use
with infected blood to provide trypanosome
material for electrophoresis (Godfrey, Kil-
gour). Progress was made in staining
enzymes after thin-layer polyacrylamide gel
electrophoresis, and the method has been
applied to the minute amounts of material
normally available from the important
ruminant pathogen T. congolense (Williams).

Using cultured trypanosomes, 5 enzyme
systems differentiated between T. cruzi,
T. ranged, T. conorhini and T. lewisi.
Comparisons with enzymes showed major
subspecific groupings among a large number
ofisolates of T. cruzi, the causative organism
of human trypanosomiasis in South America
(Toye). In collaboration with the Liverpool
School of Tropical Medicine, ALAT and
ASAT variations' were demonstrated be-
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tween isolates of Leishmania, a protozoan
parasite of man closely related to the
trypanosomes (Kilgour, Godfrey).

Enzyme antigenicity. Substrate-specific en-
zyme activity was demonstrated in certain
precipitin lines formed between trypanosome
material and antisera after double-diffusion
in gels; hexokinase, glucophosphate iso-
merase (GPl) and ME readily induced
precipitating antibody, but malate de-
hydrogenase was not as efficient. Consider-
ably increased antiserum specificity against
the enzyme was produced in the homologous
host by inoculating ME-precipitin lines
cut from gels (Lanham). Better resolution
of GPI-precipitins was achieved by immune
electrophoresis (Taylor).

Bacteriology.

Reactions to bacterial vaccines. Sera and
tissues of persons reacting abnormally to
bacterial vaccines were examined to deter-
mine the nature of the reaction (Report
1974). Most persons with local reactions to
tetanus toxoid had high titres of IgG
precipitins, but the few persons with
persistent local reactions had only small
amounts of specific 1gG antibodies, and the
reactions were associated with, and possibly
mediated by, cryoglobulins, anti-lgG anti-
bodies or abnormal lymphocyte responses
(Parish, Richer). Anti-tetanus toxoid anti-
body occurs in all IgG subclasses, but
abnormal reactions are mainly mediated by
subclass 1gGl. Cholera vaccine may induce
formation of IgE antibody (Parish).

Cholera vaccine. Further examination of the
mouse protection test (Reports 1973, 1974)
confirmed its value as a routine potency
assay procedure for cholera vaccine (Richer).
This test will eventually become mandatory.
Sera of persons inoculated with cholera
vaccine formed more agglutinating antibody
to protein than to polysaccharide antigens,
and a few persons also formed agglutinins/
neutralisins for cholera toxin. Most anti-



cholera polysaccharide antibodies were IgM
and IgA, and occasionally IgD (Mumford,
Parish). When 1gG anti-cholera poly-
saccharide antibodies were formed they were
in subclasses 1gG2 and IgG|I (Parish).

Quality control of bacterial vaccines. New
techniques for assaying aluminium, thio-
mersalate and formaldehyde by polaro-
graphy were devised and are now in routine
use; they are more accurate, sensitive and
rapid than those employed hitherto
(Robinson).

Electron Microscopy

Electron microscopy of antigen-antibody
reactions. The patterns produced when
monovalent Fab fragments of specific anti-
body bind to filamentous protein polymers
such as bacterial pili are being investigated
by optical diffractometry. The diffraction
patterns obtained from electron micrographs
confirm the presence of an ordered arrange-
ment of antibody fragments on the surface
of the antigen, but a relationship between
this pattern and that of the subunits in the
underlying antigen has not yet been demon-
strated.

The structure of bacterial flagella. A study of
the surface structure of the flagella of 50 H
reference strains of Escherichia coli revealed a
constant structure for each H serotype but,
in many instances, remarkable differences in
diameter and surface pattern between
serotypes.

The flagella proteins (flagellins) were
examined by SDS polyacrylamide gel
electrophoresis, the structure of the flagella
was examined using optical diffractometry
and in an in vitro system it was demonstrated
that flagellin of one serotype could readily
be polymerized onto fragments of flagella of
another, morphologically different, serotype.

These three types of investigation indicated
that surface patterns which have previously
been attributed to the presence of a separate
sheath are, on the contrary, the result of a
special arrangement of the outer part of a
single layer of subunits. In spite of con-
siderable variation in molecular weight of
flagellin between species, the subunits
appear to be assembled in an identical
arrangement.

Mycoplasmas

Association of Mycoplasma fermentans with
rheumatoid arthritis

Investigation of the claim that rheumatoid
arthritis patients show cellular hyper-
sensitivity to membrane antigens of M.
fermentans (Reports, 1973, 1974) was com-
pleted. It was established that the migration
of leucocytes from patients with active
rheumatoid arthritis was inhibited to a
significantly greater extent than those from
healthy controls or hospital patients without
joint disorders by antigens of M. fermentans
prepared and tested under the conditions
reported by the original investigators.

Contrary to the original claim, however,
leucocytes from some individuals in the
non-rheumatoid control groups were ap-
preciably inhibited, the percentage of in-
hibitory responses being significantly greater
in controls aged 55 years and over.

Since it is known that migration of
rheumatoid leucocytes is inhibited by ag-
gregated 1gG, the possibility that M.
fermentans membrane preparations might
inhibit leucocyte migration because of 1gG
adsorbed to them during growth of the
mycoplasma in serum-containing medium
was investigated using two types of mem-
brane preparation, one which was proved
to be free from 1gG, the other containing
adsorbed 1gG. Migration tests were carried
out both in an IgG-free medium and in a
medium containing 1gG. With leucocytes
from rheumatoid patients, a very high
percentage of inhibitory responses was
observed when IgG-containing M. fer-
mentans membranes were used in 1gG-
containing medium but only a very low
percentage with IgG-free membranes in
medium free from IgG.

These results suggest that inhibition by
M. fermentans membranes of leucocytes
from rheumatoid arthritis patients is due,
at least in part, to contaminating IgG and
that mycoplasma membrane antigens may
not be directly involved. Thus, we have
found no evidence in rheumatoid patients
of a cell-mediated immune response specific
to M. fermentans. These results correlate
with our failure to detect complement-fixing
or growth-inhibiting antibodies in the serum
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of such patients or to isolate M. fermentans
from rheumatoid joints. A causal relationship
between M. fermentans and rheumatoid
arthritis ~ therefore seems  improbable.
(Lemcke, in collaboration with R. N. Maini,
Kennedy Institute and G. D. Windsor,
Wellcome Research Laboratories).

Mycoplasmas from horses

The identification of mycoplasmas isolated
from the equine respiratory tract during a
two year collaborative survey, sponsored by
the Horse Race Betting Levy Board, into
agents associated with equine respiratory
disease was completed. In all, twenty strains
were identified as belonging to seven
different species, three of which were sterol
non-requiring Acholeplasma and four sterol-
requiring Mycoplasma. Three species,
Acholeplasma  equifoetale, Mycoplasma
equirhinis and a glucose-utilizing Mycoplasma
species so far not named are new and
apparently peculiar to the horse. The other
four species, A. laidlawii, A. oculi, M. fehs
and M. pulmonis have all been isolated
previously from other animal hosts. The
mycoplasma flora of the equine respiratory
tract has thus been defined for the first time
(Lemcke and Allam).

Since the significance of the various
mycoplasmas in equine respiratory disease
is still obscure, a new survey was initiated
in November 1974 to determine the myco-
plasma flora in health and disease by a
regular examination of selected horses in
seven different stables. The results will be
correlated with those from a survey of
mycoplasma antibodies in sera taken at the
same time (Lemcke, in collaboration with
Mr. D. G. Powell, Equine Research Station,
Newmarket, Dr. M. Butler, University of
Surrey, Guildford and Dr. J. Poland, Royal
Veterinary College, London).

An investigation has also begun of the
mycoplasmas in aborted foetuses and in the
genital tract of mares, since mycoplasmas
have been suggested as possible agents in
cases of abortion or genital infection which
cannot be attributed to bacteria (Lemcke, in
collaboration with Dr. G. D. Windsor and
Mr. G. R. Craig, Wellcome Research
Laboratories).
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VIROLOGY
Rabies Virus

Studies of the cell-mediated and humoral
immune responses to rabies virus infection
were continued. At 37°C the inactivation
rate of both CVS and Flury strains after
phagocytosis by mouse peritoneal macro-
phages was similar to that in cell-free
medium, suggesting that the inactivation in
macrophages previously observed (Report
1974) was a simple temperature effect. At
33°C however, inactivation was minimal,
neither strain grew in adult or suckling
mouse macrophages, but the Flury virus
adapted to tissue culture multiplied vigo-
rously in baby hamster kidney (BHK-21)
cells. Co-cultivation of infected macrophages
with BHK-21 cells at 33°C showed that
virus spread from suckling mouse macro-
phages but not from those of adult mice.
These findings reflect and may help to
explain the age-dependent susceptibility of
mice to extra-neural rabies infection.

Mouse anti-rabies IgM and 1gG globulins
were prepared, characterised and adjusted to
the same neutralizing potency. Passive
protection tests in suckling mice suggested
that only the IgG antibody is protective
(Turner).

Viral Vaccines

Smallpox vaccine. In further experiments on
the growth of vaccinia virus in cell cultures
(Report 1974) good yields were obtained
from disposable plastic vessels containing
a spirally-wound polystyrene film of large
surface area on which rabbit kidney cells
are propagated. This technique is being
explored in parallel with the DEAE—
Sephadex suspended culture method, and
may prove equally or more satisfactory for
the routine production of smallpox vaccine.

Before smallpox vaccine prepared from
cell cultures can be used in man, it must be
shown to be free of contaminating viruses;
this cannot be done without first selectively
neutralising all the live vaccinia virus
present. This is difficult by conventional
methods; preliminary results suggest that it
can be done much more efficiently by passing
the vaccine through a column containing
anti-vaccinia immunoglobulin cross-linked



with polyacrylamide gel (Robinson). This
techniqgue might be very useful in the
quality control of other live viral vaccines.

The thermal stability of vaccinia virus
grown in cell culture and freeze-dried for
various periods of time is influenced by the
amount of residual water and by the loss
of sulphydryl groups; prevention of such
loss by adding glutathione or —SH sub-
stituted polyethylene glycol improves the
thermal stability (Robinson).

Rabies vaccine. Antibody assays were under-
taken on serum samples from volunteers
immunized with a prophylactic vaccine
prepared at the Merieux Laboratories in
human diploid cells. The results so far
indicate that this vaccine induces an excellent
antibody response. (Turner, in collaboration
with Drs. F. Aoki, D. A. J. Tyrrell and Lisa
Hill, MRC Clinical Research Centre.)

Influenza vaccine. Pilot-scale batches of
influenza virus were prepared and experi-
ments on the purification and concentration
of the virus were continued (Bird).

In the preparation of the vaccine, virus
is inactivated with formaldehyde; a method
of estimating this chemical by polarography
was devised and is being used to study the
kinetics of virus inactivation (Robinson).

IMMUNOLOGY AND
EXPERIMENTAL PATHOLOGY

Anaphylaxis

An eosinophil-stimulating factor. Further
studies on substances inducing eosinophilia
confirmed and extended previous work
(Reports 1964, 1965, 1969-74). Apart from
the anaphylactic substance that selectively
attracts eosinophils, another substance can
be separated from anaphylactic tissue that
mobilises eosinophils from tissues into the
blood but which does not attract them to a
particular site. The accumulation of eosino-
phils in granulomata induced by antigen-
treated Sephadex beads was found to be
mediated by lymphocytes without release
or synthesis of the anaphylactic substances
(Parish).

Human 1gG anaphylactic antibody. The
human 1gG heat-stable antibody that sensi-
tizes human and monkey tissues in vivo and

in vitro (Report 1973) was shown to be
associated with, but not identified as 1gG4
subclass (Parish).

Allergic Vasculitis

Human spontaneous cutaneous vasculitis is
sometimes induced by complexes of bacterial
antigen with antibody (Reports 1966, 1967)
and may be perpetuated by locally formed
complexes containing rheumatoid factors
(Report 1974). Other phenomena contri-
buting to the persistence of the lesions were
found to be cryoglobulins and decreased
ability to degrade fibrin (Parish). Herpes
virus antigen forming complexes with
antibody and complement was found in the
vascular lesions of two patients, and in vitro
tests showed such complexes to be tissue-
damaging (Parish, Squires).

BIOCHEMISTRY
Human Blood Group Substances

Structure. Attempts to obtain the protein
moiety of blood group specific glycoproteins
free from carbohydrate were continued
(Reports  1970-1974). The action on the
glycoproteins of 6 Ai HC1 in methanol was
investigated in place of the sulphuric
acid-acetic acid reagent used earlier (Report
1970). The glycopeptides obtained by this
procedure contained “-acetylgalactosamine
and a small amount of iV-acetylglucosamine
but were virtually free from galactose.
These glycopeptides were good substrates
for a glycosidase preparation from Lumbricus
terrestris which removed nearly all of the
Af-acetylhexosamine. Attempts are now
being made to free the glycosidase prepara-
tion from proteolytic enzymes that break
down the peptide backbone of the glyco-
peptides after release of the carbohydrate
(Donald).

The isolation of blood group | substance
from human erythrocyte membranes was
begun with a view to carrying out structural
studies on this determinant (Gardas).

Work was continued on the serologically
active oligosaccharides isolated from the
acid hydrolysis products of the glycoprotein
with blood group Pi specificity from sheep
hydatid cyst fluid (Report 1973). One
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oligosaccharide with strong Pi serological
activity was characterised as a trisaccharide
composed of galactose and glucosamine in
the molar ratio of 2:1. Reduction with
sodium borohydride gave galactose and
glucosaminitol. Methylation analysis and
degradation with specific a- and p- galacto-
sidases showed the structure of the Pi
determinant to be D-galactosyl-a-(l ->4)-D-
galactosyl-P(l -> 4)-W-acetyl - Z)-glucosamine
(Cory, Yates, Donald, Watkins and Morgan).

Biosynthetic enzymes. Investigations of the
properties of the Aland A2gene associated
a-N-acetylgalactosaminyltransferases and the
B gene associated a-galactosyltransferase
were continued (Reports 1973, 1974). Iso-
electric focusing experiments with serum
samples revealed that the isoelectric points
of the Aland B transferases in serum were
similar to those of the corresponding
enzymes in ovarian cyst fluids (pH 9-5-
10-0). The A2transferases in serum samples
however, had isoelectric points in the range
pH 6-7 in contrast to the values of pH
9-5-10-0 found for the transferases in
ovarian cyst fluids from A2 donors. These
results indicate that the isoelectric point is
the result of post-translational modification
of the A2 gene specified transferase and is
not an invariable property arising from the
primary structure of the enzyme protein.
The difference in pi values of the Aland
A2transferases enabled the two enzymes in
the serum from a donor of the genotype
AJ1A2 to be preparatively separated by the
isoelectric focusing technique (Topping,
Watkins).

Although isoelectric focusing offers an
effective method of purifying the A and B
gene specified transferases the yields of
enzyme are very low. Purification by ion
exchange chromatography on DEAE cel-
lulose and by partition in aqueous two-
phase systems are therefore being in-
vestigated (Carne, Watkins).

Examination of the A and B gene
associated glycosyltransferases in serum or
plasma from donors of rare ABO blood
groups was continued (Reports 1972-1974).
Serum samples from several Bm donors
(weak B variants) contained levels of
a-galactosyltransferase that were commen-

surate with the fact that the donors were
secretors of B substance. The red cells of
the Bm donors did not lack acceptors for
the a-galactosyltransferase and could be
converted into normally reactive B cells in
the presence of UDP-galactose and their
own serum. This variant appears to arise
from a block in the expression of the B gene
transferase at the site of synthesis of the
red cell antigens (Yates, Watkins). Further
attempts have been made to determine
whether serum from donors ofthe anomalous
cis AB phenotype contain one enzyme that
can transfer both iV-acetylgalactosamine and
galactose to H-active receptors or whether
separate a-AT-acetylgalactosaminyl and a-D-
galactosyltransferases are present in the
sera. The very weak activity of the a-
galactosyltransferase has so far prevented
any definite conclusion from being reached
(Carne, Watkins).

The purification and properties of the
H-gene specified a-2-L-fucosyltransferase
were further examined (King, Kuhns and
Watkins). In homogenates of human gastric
mucosa the activity was largely associated
with the particulate fraction sedimenting at
100,000 g. Solubilisation with Triton X-100
yielded an active supernatant that could be
further purified by ammonium sulphate
precipitation and Sephadex G-200 chroma-
tography (King). Affinity chromatography
on columns of P-phenyl thiogalactoside-
Sepharose and GTP-Sepharose are being
examined as methods for the further
purification of the a-2-fucosyltransferase in
the solubilised fractions from stomach
mucosa and of the soluble enzyme in
human serum. When a reasonably pure
enzyme fraction is obtained attempts will
be made to induce a specific antibody which
could be used to determine whether the
a-2-fucosyltransferase occurs as a surface
membrane-associated enzyme in tissues
where fucose containing glycolipids and/or
glycoproteins occur as cell surface structures
(Kuhns, Watkins).

The incorporation of radioactive label
from [1C]galactosamine into blood group
substances in in vitro experiments with
slices of human gastric mucosal tissue
suggested that a pathway must exist for the
conversion of galactosamine into UDP-A/-



acetylgalactosamine (Report 1974). An
enzyme that converts AT-acetylgalactosamine-
1-phosphate into UDP-A-acetylgalacto-
samine has now been clearly demonstrated
in human gastric mucosal tissue (Richardson,
Watkins). The other requisite enzymes in
the metabolic pathway from galactosamine
to N-acetylgalactosamine-1-phosphate are
being investigated.

Purification of glycosidases. The enzyme in
extracts of Trichomonas foetus that destroys
the serological activity of purified blood
group Pi substance has been characterised
in chemical terms. Sephadex G.200 chroma-
tography of the T. foetus extract, followed
by isoelectric focusing, yields a Pi destroying
enzyme that hydrolyses a-galactose residues
linked (I->4) to galactose but no other
a-galactosidic linkage. The enzyme is clearly
distinguished from the blood group B-
destroying enzyme in the same crude
T. foetus extract that hydrolyses a-galactosyl
residues linked (I->3) to the subterminal
sugar (Yates, Morgan and Watkins).

biophysics

Blood-group specific glycoproteins
Variations in amino-acid profile and their
correlation with solubility and gel-forming
character have long been among the most
interesting features of blood-group specific
glycoproteins. The absence of the aspartic
acid-glutamic acid rich fractions from a
series prepared by density-gradient centri-
fugation in CsCl prompted a study of the
action of pronase on these fractions, in
collaboration with Dr. Donald of the
Department of Biochemistry. Although
pronase has relatively little effect on their
composition, the molecular weights are
significantly reduced, by a factor of at least
two. Thus the existence of a cross-linking
peptide is confirmed, even in those fractions
which are not particularly rich in aspartic
and glutamic acids (Creeth, Bhaskar).

Human Bronchial Mucous Secretion

The studies of sputa by density gradient
methods referred to previously were
extended: a total of seven such materials
has now been examined and the glyco-
proteins characterised in conjunction with

Professor Reid’s group at the Brompton
Hospital. Most attention was directed to
those samples where difficulty was experi-
enced in separating the glycoproteins from
accompanying protein: several cases were
encountered where separation was incom-
plete under normally satisfactory conditions.
Repeated centrifugations finally eliminated
uncombined protein, but the glycoproteins
remaining were found to exhibit unusual
slow conformational changes.

This characteristic was found to be most
marked in the preparations containing a high
proportion of sialic acid. All the preparations
examined have conformed to the amino-acid
profile characteristic of the sparingly soluble
glycoproteins, and they are accordingly
thought to be extensively cross-linked
(Creeth, Bhaskar).

BLOOD PRODUCTS LABORATORY

Extension of Laboratory and
Modernisation of Original Building

During the year it became clear that a defect
in a subzero temperature laboratory, first
noticed in 1973, was extensive. Considerable
investigation was necessary to determine its
cause. Its correction will inevitably interrupt
large-scale fractionation of plasma for several
weeks. This defect did not interrupt in 1974
the preparation of human normal immuno-
globulin and human albumin fractions
(Wesley). The preparation of these fractions
was more affected by the volume of plasma
received from Regional Transfusion Centres
of the National Blood Transfusion Service
and by staff vacancies.

Hepatitis B Surface Antigen

The laboratory continued to collaborate
with the M.R.C. Working Party on Anti-
HBsAg Immunoglobulin and prepared the
anti-HBsAg immunoglobulin used in the
Working Party’s study of the value of this
immunoglobulin in preventing hepatitis B
following inoculation injuries (Rackham,
Wesley). The laboratory is also taking part
in the study at King’s College Hospital of
the use of this specific immunoglobulin in
the treatment of certain forms of chronic
hepatitis (Maycock). Comparative studies of
the sensitivity of counter-immunoelectro-
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phoresis and reversed passive haemagglutin-
ation for detecting HBsAg were performed
and the association between the presence of
certain bacterial antibodies and positive
reverse passive haemagglutination tests was
investigated (Shaw, Combridge).

Specific Immunoglobulin

In addition to.anti-HBsAg immunoglobulin,
the laboratory was able to prepare larger
amounts than previously of other specific
immunoglobulins, for some of which, partic-
ularly anti-varicella immunoglobulin, there
is an increasing need associated with the
more extensive use of immunosuppressive
treatment (Wesley, Rackham). Credit for
this more satisfactory state of affairs is shared
with the Regional Transfusion Centres,
several of which were able to adopt screening
methods to detect antibody-containing
plasma.

Coagulation Factors

The total amount of Factor V111 Concen-
trate prepared in the year was increased but
staff vacancies caused the rate of preparation
to fall sharply at the end of the year (Ellis,
Pettet).

An  investigation of  fractionation
procedures was made (Ellis, Pettet) in
readiness for the much increased scale of
preparation of Factor VIII concentrate by
the National Blood Transfusion Service
and the Blood Products Laboratory and
Plasma Fractionation Laboratory, Oxford,
being planned by the Department of Health
and Social Security.

Alkaline Phosphatase (Bone
Isoenzyme) and other Enzymes

Following preliminary studies, a method,
involving large scale preparative columns,
for the separation and purification of the
bone isoenzyme from specially collected
plasma was developed (Hanford, Vallet).

Three batches were prepared for clinical
use in a study of the value of replacement
treatment of hypophosphatasaemia by
Professor C. E. Dent, University College
Hospital.

Preliminary investigation of methods for
preparing a clinically usable concentrate of
Ci esterase inhibitor have begun (Hanford).
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Electrophoretic Separation of Human
Plasma Proteins

The collaborative study with Dr. A. R.
Thomson, aere, Harwell, of the separation
of human plasma proteins by electrophoresis
continued (Vallet). Globulin and albumin
fractions were separated and examined
respectively for purity and antibody and for
purity and thermal stability.

Plasma Fractionation Laboratory,
Oxford

Factor VI

A concentrate of this factor was prepared
and used successfully to treat a patient with
congenital Factor VIl deficiency (Bidwell,
Dike, Snape).

Factor VII1

Further investigation of the stability of
certain preparations of Factor VIII was
begun (Snape).

Factor I X

The laboratory collaborated closely with the
MRC Working Party on Factor IX which is
considering investigation of the clinical
value of Factor 1X concentrate for treating
conditions other than congenital deficiency
of Factor 1X, in particular hepatic insuffi-
ciency (Bidwell). A re-examination of
methods for in vitro testing of potential
thrombogenicity of Factor 1X concentrate
was started (Bidwell, Dike).

BLOOD GROUP UNIT
Blood Groups

As in recent years, about half the time of the
Unit was taken up by problems related to
blood transfusion.

The finer structure of the Rh antigen D
continues to be studied, particularly in
people whose red cells contain variants of
the antigen and whose plasma contains
anti-D. During this work the second example
of an antibody, anti-D w specific for one of
the variants was encountered. An antibody,
anti-Beg the cause of severe haemolytic
disease of the newborn, which had been a
puzzle for 21 years was at last proved to
belong to the Rh system: the antigen Bea
is a variant of the ce antigen. Samples from



the critical family were sent by Professor
Ducos of Toulouse (Tippett, Gavin,
Teesdale).

New facts have been gathered about the
suppressed and depressed antigenic con-
ditions, Rhnun and Rhrmod> in the Rh
system and comparable phenotypes in the
Kell system (Tippett, Gavin, Teesdale).

Many antisera containing antibodies to
very common or very infrequent antigens
were examined and some of them found to be
“new” ones whose genetic relationships are
being studied (Gavin, Teesdale, Contreras,
Daniels, Tippett).

In collaboration with Dr. T. E. Cleghorn
of the North London Blood Transfusion
Centre, extensive blood group tests were
done on 200 plasmapheresis volunteers who
are mostly being immunized for the pro-
duction of powerful anti-D for the preven-
tion of haemolytic disease of the newborn.
The serum of these donors is being screened
for other antibodies they could theoretically
make. Though the main point of the
investigation concerns the primary and
secondary antibody response, the frequent
donations provide a splendid source of
fully grouped control cells for the general
work of the Unit (Contreras, Daniels,
Teesdale, Gavin and Tippett).

The proportion of own and twin’s red
cells in the circulation of chimerical twin
pairs is not related to their true genetic
groups: analysis suggests that maternal
anti-A or anti-B may be a factor in deter-
mining the quantitative success of the
intra-twin grafting (Sanger).

Applications of Blood Groups to
Human Genetics

Because of the rapid advances in human
chromosome mapping, international work-
shops are now held annually; the latest was
in the Netherlands where a summary was
given of the contributions of the Unit to the
mapping of the X during the last twelve
years (Sanger). This work is mainly con-
cerned with linkage between the blood
group locus Xg and other X-borne loci but
the most recent positive result was the
establishment of linkage between colour

blindness and muscular dystrophy of the
Becker type (with Dr. M. Zatz of Sao
Paulo).

The Unit collaborated with Dr. Fellous
of Paris, and Professor Bodmer of Oxford,
in attempts, which are meeting with some
success, to demonstrate the presence of the
antigen Xga on fibroblasts. If this prove
possible Xg will be open to investigation
by in vitro mouse-man hybrid cell culture
methods.

During the year a further two hundred
or so patients with the wrong number of,
or with deformity of, their sex chromosomes
were tested for the Xg groups together with
many of their relatives. A fresh analysis of
such families is now due, the last was made
four years ago.

As a contribution to the eventual mapping
of the autosomes the Unit goes on blood
grouping many families with inherited
diseases or with chromosomal abnormalities
such as deletions, inversions and trans-
locations (with many collaborators in Britain
and abroad).

During the last eighteen months a sixth
edition of Blood Groups in Man was prepared
(Race and Sanger).

The Unit is grateful to the Institute for
ideal conditions in which to work for nearly
thirty years, and thanks the present and
past staff for their friendship, their know-
ledge, and so much of their blood.

THE BLOOD GROUP REFERENCE
LABORATORY

Standardization and Control of
Blood-Grouping Reagents

The annual output of grouping serum
showed an increase over the previous years,
exceeding 1,100 litres (Ikin, Dawes, Jenkins,
Garner, Moghaddam, Giles, Poole, Brazier,
Goldsmith). In addition to testing grouping
reagents being processed in this Laboratory,
an independent opinion was provided on
the reagents being produced elsewhere in
the United Kingdom or overseas. More
than 45,000 serum investigations were
performed on potential grouping reagents,
manual and automated techniques being
employed.
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Standardization of Immunoglobulin
Anti-D

During the year, the Laboratory took over
responsibility from the MRC Experimental
Haematology Unit for the standardization
of immunoglobulin anti-D used thera-
peutically for the prevention of Rh sensi-
tization. Previously, the material had been
standardized by radioimmune assay but,
in this Laboratory, an AutoAnalyzer was
adapted for the purpose (Dawes). Samples
of immunoglobulin anti-D are standardized
on behalf of the Blood Products Laboratory
at the Lister Institute, Elstree, for the
Scottish National Blood Transfusion Service
Protein Fractionation Centre at Edinburgh
and also on behalfofa number of laboratories
throughout the world (Dawes).

Red Cell Serology

The study of Gerbich-negative red cell
samples carrying weak Kell antigens con-
tinued while an antibody was discovered to
a “new” red cell antigen that may be related
to the HL-A system (Giles). A study was
made of Rhnun phenotypes from Japan
(Giles) while an investigation was under-
taken on Lutheran antigens carried by cells
of the Lu (a—b—) phenotype (Poole). The
first example in the United Kingdom of the
Gy (a-) phenotype was found (Poole).

Antibodies to Serum Antigens

Investigations were performed on the fre-
quencies of various Gm antigens in samples
from various parts of the World, particularly
among Gurkhas (Brazier).
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National and International Panels of
Donors of Rare Blood Types

Use was made of both these Panels during
the year. Among patients helped were two
who were Yt (a—), one being in Denmark
and the other in Sweden (Giles, Goldsmith).

In both cases, blood was sent from the
United Kingdom.

Proficiency Assessment of Blood
Group Serology

On behalf of the Department of Health and
Social Security, the Laboratory acts as the
central laboratory for a scheme being
developed on a national basis. Most of the
Regional Transfusion Centres in England
and Wales distribute to their hospitals
samples of serum known to contain blood
group antibodies and red cells to be matched
against them. Regional Transfusion Centres
send aliquots of all these reagents to the
Blood Group Reference Laboratory where
they are examined to ensure that they are
suitable for the purpose. Hospital labora-
tories submit their results to their respective
Regional Transfusion Centres and these
results are also examined at the Blood
Group Reference Laboratory. In addition,
the Blood Group Reference Laboratory
distributes to Regional Transfusion Centres
from time to time samples of serum known
to contain multiple antibodies in order that
these may be detected and identified. In
this way, the proficiency of serology in
Regional Transfusion Centres is also con-
trolled (Goldsmith, Giles).
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Financial Report of the Governing Body

The Governing Body presents the
Accounts of the Institute for the year
ended 31st December 1975

1. Results

The General Fund income and expendi-
ture account shows income for the year
as £772,607 compared with £554,557 in
1974. Expenditure amounts to £854,560
against £692,866 last year. The deficit
at the end of the year was reduced to
£25,407 (compared with a deficit of
£186,793 in 1974) after allowing for
profits on sales of investments of
£56,546 and taking into account increased
stock valuations.

2. Principal Activities

The Institute continues to produce for
sale sera and bacterial and virus vaccines
the profits from which are utilised for
its research and development work.

3. Exports

Sera and vaccines to the value of
£457,721 were exported from the
United Kingdom during the year.

4. Fixed Assets

The movements in fixed assets during
the year are set out in the table in
Note (2) on the Accounts.

5. Chelsea Buildings

The Governing Body regrets to report
that, although offers have been received
for the Chelsea laboratories, none was
acceptable and the buildings remain
unsold. The reluctance of Westminster
City Council to grant permission for
change of use has proved a major
hindrance but negotiations on this point
are now in progress.

6. Employees

The average number of persons employed
by the Institute in each week during
the year ended 31st December 1975 was
274, including the staff at Chelsea and
Oxford. The aggregate remuneration paid
in respect of that year to these
employees amounts to £866,661.

7. Auditors

Messrs Coopers & Lybrand will continue
in office in accordance with Section
159 (2) of the Companies Act 1948.

A. NEUBERGER

Chairman



Report of the Auditors to the Members

We report on the accounts set out in pages 4 to 8.

Our report on the accounts for the preceding year stated that there was insufficient
information to enable us to verify the amount of £141,662 at which the stocks of sera
and bacterial vaccines were stated in the balance sheet at 31st December 1974.

In our opinion :

(a) with this reservation, the income and expenditure account shows a true and
fair view of the Institute’s results for the year ended 31st December 1975.

(b) the balance sheet shows a true and fair view of the state of the Institute’s
affairs at 31st December 1975.

(c) with the above reservation, the accounts comply with the Companies Acts
1948 and 1967.

London, 2nd June 1976 COOPERS & LYBRAND

Chartered Accountants



The Lister Institute of Preventive Medicine
BALANCE SHEET e« 31 December 1975

1974
£ £

706,464  FIXED ASSETS (NOtE 2 ) .cociiciiiiiiiiiiieeceeeeee e

366,359 INVESTMENTS AND UNINVESTED CASH (note 3) ........

1,072,823
CURRENT ASSETS
221,478 STOCK (NOLE 4) i
138,776 DEDLOIS oo
31,377 Cash and Bank Balances .........ccccccccceeviiiiieeeeeeeeninnnns
391,631
Less:
CURRENT LIABILITIES
110,951 (OF (<Y 1] (0] 7T 152,718
94,512 Bank Overdrafts 55,595
205,463
186.168
£1,258,991

Represented by
1,214,085 CAPITAL FUND (NOtE 5) .eoiiiiiiiiiieiiie it
13,748 PENSION FUND (note 6)
30.614 BEQUEST FUNDS (NOte 7) ocoiiiiiiiiiie e
544 NUFFIELD FOUNDATION GRANT (note 8) ..ccccvceennes

£1,258.991

A. NEUBERGER i Members of the
R.A. McNEILE 1 Governing Body

The notes on pages 6 to 8 form part of these accounts.
Audit report on page 3.

391,701
185,827
15,477

593,005

208,313

694,204

159,106

853,310

384,692

£1,238,002

1,193,186
12,371
32,445

£1,238,002



The Lister Institute of Preventive Medicine
INCOME AND EXPENDITURE ACCOUNT
for the year ended 31 December 1975

1974

444,796
62.760

507,556

26,093
1,079

7.154
12.675

554,557

339.865
21,852
15,007
31,956
20,127
2,500
3,797
5.184
127,135
50,544
26,155
22,930

12,818
11.996

592.866

138,309
A*8AB4)

5186,793

INCOME
Sales of sera and bacterial and virus vaccines (note 9)
Stock adjustment (note 4 )

Investment Income:
General fund

QUOLEA e

Unquoted

Bank Interest
Rent ..ol
Other Income

EXPENDITURE
Salaries, wages and redundancy payments
Superannuation premiums
Rates and INSUrANCES  ......oooeieiiiiiiiiieieeeeeeciiieeee e
Gas, water, fuel and electriCity .....ccccoccveeviiieeeciceeenns
Office expenses, stationery and printing
AUdit BB o
Interest on overdraft
Chelsea research ........ccccccciiiiiiiiiie e
Elstree research and production
Animals and forage .........cccccceeennnn.
Alterations, repairs and renewals
General expenses
Depreciation
BUIIAINGS oo
Furniture, fittings, scientific apparatus and books
Loss on disposals of equipment

Excess of expenditure over Income
Profit (Loss) on sales of investments

Deficit transferred to Capital Fund

’

£ £ £
590,777
140,295
731,072
20,611
1,158
21,769
3,681
13,213
2,872
772,607
Total External

expenditure contributions

866,661 392,886 473,775
31,799 13,987 17,812
35,680 18,361 17,319
67,065 30,095 36,970
37,003 11,622 25,381

3,100 - 3,100
2,983 - 2,983
13,226 8,399 4,827

178,073 27,396 150,677
50,104 8,276 41,828
41,475 12,980 28,495
32,370 9,555 22,815
12,855 - 12,855
13,023 - 13,023

2,700 - 2.700
£1,388,117 £533,557 854,560
81,953

56,546

£25,407

The notes on pages 6 to 8 form part of these accounts.

Audit report on page 3-



Notes on the Accounts : 31 December 1975

1. ACCOUNTING POLICIES
The main accounting policies are described under the appropriate headings in the notes below.

FIXED ASSETS

Freehold property Fumiture. Total

fittings and

Cost Chelsea Elstree equigm ot
At 1st January 1975 517,885 166,601 128,728 813,214
Additions at COSt .....ccovieiieiiiiieeiee e - 1,819 16,020 17,839
517,885 168,420 144,748 831,053
LesS: diSPOSAIS  ...evveviiieeeiiiie e - - 7,449 7,449
At 31st December 1975  ..iiiiiiiieee e £517,885 £168,420 £137,299 £823,604

Depreciation

At 1st January 1975 ... 34,811 22,491 49,448 106,750
Charged to income and expenditure account ... 9,805 3,050 13,023 25,878

44,616 25,541 62,471 132,628
Less: diSPOSaAlS......ccccviieiiiiieeiiie e - - 3,228 3,228
At 31 December 1975 .....ccooiiiiiiiieieee e £44,616 £25,541 £59,243  £129,400
Net book value at 31 December 1975.................. £473,269 £142,879 £78,056 £694,204

Depreciation

Depreciation is calculated to write off the book value on a straight line basis over the expected
useful lives of the assets concerned. Buildings have been depreciated at the annual rate of 2% from the
date of completion, and furniture, fittings and scientific apparatus at the annual rate of 10%.

3. INVESTMENTS AND UNINVESTED CASH

Quoted at cost Unquoted  Uninvested Total
In UK. Elsewhere at cost cash
General ..o 70,616 31,818 11,855 114,289
Pension fund ... 9,326 - - 3,045 12,371
Bequest
Jenner Memorial studentship fund .. 16,485 _ _ 5,400 21,885
Morna Macleod scholarship fund ... 6,265 - - 4,296 10,561

£102,692 £31,818 £11,855 £12,741  £159,106

Market value (unquoted investments

valued by Institute's investment advisers) £200,662 £49,564 £9,994 £12,740  £272,960
Excess of market value over cost ........... £113,854
1974 COSE et £275,503 £68,041 £12,275 £10,540 £366,359
Market Value.......cccccveeecvie e £248,586 £95,132 £17,404 £10,540  £371,662
Excess of market value over cost .......... £5,303



4. STOCKS

(i) Stocks of sera and vaccines are valued at the lower of cost and net realisable value. Cost is the
sum of direct materials and labour with additions for overheads appropriate to the stages of production

reached.

(ii)  Stocks of packing materials, which in previous years were written off when purchased, have been

valued in the accounts at the invoice cost of £29,928.

5. CAPITAL FUND

Donations and endowments have been received to date from the following:— 1974
£ £
Dr. Ludwig Mond (1893) ...cccceeeiiiieeciiiie e ciiee e s e s seeeeessaeea e 2,000
Berridge Trustees (1893-1898) ....cccccceiierieeeieie et e steeree e sre s sseesaennens 46,38046,380
Worshipful Company of Grocers (1894 and 1969/73) ....ccccccecvevvevvervennenne 15,00015,000
Lord Iveagh (1900) ...ccccooveerveevrrennne. 250,000250,000
Lord Lister's Bequest (1913-1923) 18,90418,904
William Henry Clarke Bequest (1923-1926) ......cccocecvvvreennnne. 7,114
Rockefeller Foundation (1935-1936) 3,400
Wolfson Foundation (1969-73) ..ccccceieiiieiiiriitieisee e 300,000300,000
Other donations and legacies (1891-1975) ....ccccocevieieeirieeieseerie e 40,99536,487
683,793 679,285
Income and Expenditure ACCOUNT ....ccoociveeiiiieeiciieeecieee e see e
Accumulated balance at
31st DecemMbEr 1974 ..o e 534,800 721,593
LeSS: AefICIT i 25,407 186,793
Accumulated balance at
31St DECEMDEN 1975 ..o 509,393 534,800
£1,193,186 £1,214,085
6- PENSION FUND
As at 1St January 1975 ..o 13,748
Interest on INVESIMENTS ..o 831
Profit on sale of investments 56
14,635
LeSS: PENSIONS ..o 2,264
£12,371
7 BEQUEST FUNDS
Jenner Memorial Studentship Fund
As at 1st January 1975 ... 20,749
Interest on INVESIMENES ..o 1,136
--------- 21,885
Morna Macleod Scholarship Fund
As at 1St JanUAry 1975 ... 9-865
Interest on INVESIMENES ..o 898 10,560
£32,445
8- NUFFIELD FOUNDATION GRANT
As at 1st January 1975 544
LeSS: EXPENSES ..ociiiiiiiiiiiieee e 544




9. TURNOVER

Turnover has been arrived at after deducting commissions due to agents from the invoice value of sales
of sera, vaccines and virus vaccines.

10. EMOLUMENTS OF MEMBERS OF THE GOVERNING BODY

1975 1974
£ £
Emoluments in an eXeCUtiVE CaPACILY ...ccieeeiiviieiiiieesieeesseee e eee e e e seeee e e nnnaee s £25,400 £17,578
Particulars of emoluments of the Governing Body in accordance with Section 6
of the Companies Act 1967
1975 1974
Emoluments of the Chairman of the Governing Body .......ccccccovciveeicineennee. Nil Nil
Emoluments of the highest paid member of the Governing Body 10,375 9,408
Numbers of members of the Governing Body whose emoluments were within
the range
NO EMOIUMENTS oottt e b e e e seee e naeeenaes 7 7
ES5,001 - E7,500 ittt 1
E7,501 -£10,000  ooiiieieieei et 1 2
£10,001 -£12,500  oiiiiiiiiiiiie et e et e e 1
11. CAPITAL EXPENDITURE SCHEMES
- 1975 1974
The position at 31st December 1975 was as follows: —
Commitments in respect 0f CONractS ....ccccoccvvveiiieiicce e Nil 1,718
Approved by the Governing Body in addition to commitments, for new
1aboratories at EIStrEE ... ———— 102,500 102,500

£102,500 £104,218

12. CONTINGENT LIABILITIES

At 31st December 1975 there were contingent liabilities amounting to £10,178 in respect of redundancy
payments to former members of Chelsea staff.

13. RESEARCH EXPENDITURE
Expenditure on research is written off in the year in which it is incurred.
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Lister

REPORT OF THE GOVERNING BODY

The Governing Body has the honour to present
its report of the Institute for the year 1975.

GOVERNING BODY

Professor L. H. Collier joined the Governing
Body. Professor W. T. J. Morgan resigned from
the Governing Body on the closure of the
Chelsea laboratories, and Professor Watkins
retired as Staff Representative.

COUNCIL

At last year’s Annual General Meeting Lord
Brock and Lord lveagh, each a representative
of the Members of the Institute, were
unanimously reappointed to the Council.
During the year Professor A. W. Wilkinson
was appointed as the representative of the
University of Edinburgh in place of Professor
Marmion who had resigned.

The three members of the Council due to
retire this year in accordance with the Articles
of Association, but who are eligible for

reappointment, are Professor Henry Harris,
Professor A. Neuberger and Professor Sir
Douglas Black.

STAFF

The Governing Body is pleased to note that
after the closure of the Chelsea Laboratories
all members of the scientific staff obtained
satisfactory posts elsewhere and that both the
Blood Group Research Unit and the Trypano-
somiasis Research Group were successful in
obtaining alternative accommodation. The
Governing Body wishes to record its apprecia-
tion of the services of all those members of
the staffwho have left the Institute and wishes
them every success for the future.

The Governors wish particularly to thank
Professor W. T. J. Morgan and Mr. S. A. White
for their many years of loyal and devoted
service to the Institute and wish them well in
their retirement.

VACCINES AND SERA LABORATORIES

Professor L. H. Collier was appointed Director
with effect from 1st January 1976.

Mr. S. A. Sidani was appointed Deputy Head
of the Blending, Filling and Packing Unit and
Mr. A. J. Barry joined the staff of the Bacterial
Vaccines Unit.

Miss Susan Wilmot resigned her appointment
and Mr. S. T. A Gilligan left to take up an
appointment as Technical Advisor to the
Biochemical and Bioengineering Research
Centre for the Arya Mehr University, Tehran,
Iran. Mr. M P. Banks resigns his appointment
on 18th June, 1976, to take up an appoint-
ment at the Institute of Hygiene, Caracas,
Venezuela.

Donations and Grants

The Governing Body records its thanks to the
Medical Research Council for supporting
researches on the-mechanisms of immunity to

rabies and on the antibody response to a
prophylactic rabies vaccine; to the relatives of
one of the rabies victims, Mr. Apps, who died
in this country last year, for a donation to
assist these investigations; and to Arthur
Guinness, Son and Company, Limited, for
their donations to the Institute’s research
funds.

Production

Tlie increasing demand for single-dose con-
tainers and the more stringent inspection
procedures introduced during 1975 imposed
an abnormally heavy burden on the Blending,
Filling and Packing Unit; the consequent
constraints on the output of finished goods
resulted in an accumulation of bulk bacterial
vaccines and antitoxins. It is proposed shortly
to effect a major upgrading of this Unit in
terms of layout, sterile air supply, and use of
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high capacity vial-washing, filling and labelling
equipment; these improvements will eliminate
the present bottleneck between bulk products
and finished goods.

It is gratifying that production of sera
(Report, 1975) continued to improve, and
that increased sales of scorpion antivenin made
a substantial contribution to revenue.

Research and Development

Bacterial vaccines. Research was undertaken
on variables in the culture medium that affect
yield in the large-scale preparation of diph-
theria antigen; they include studies of the
concentration of iron (Gilligan, Green) and
of the presence of various amino-acids
(Robinson). This work is directed towards the
introduction of a new and improved medium
for routine production. A method is being
sought for preparing cholera vaccine of
satisfactory immunogenicity in suspension
cultures (Green).

Rabies. Studies of the mechanisms of immunity
to rabies vaccine were continued (Reports
1974, 1975). Nude (athymie) mice showed
neither primary nor secondary responses to a
rabies vaccine prepared in cell culture: they
produced no antibody and were not protected
against challenge by the intramuscular route.
Similar doses of vaccine induced high antibody
titres and complete protection in the normal
litter mates of these mice. In other control
experiments, antigens known to be thymus-
dependent or independent (E. coli lipopolysac-
charide and sheep red blood cells respectively)
induced the appropriate responses in nude and
normal mice. These results show that the
protective and antibody-inducing properties of
rabies antigen(s) are thymus-dependent.

The preparation was continued of homo-
logous high titre anti-rabies IgM globulin in a
quantity sufficient to determine its value in
the passive protection of mice (Report 1975).
The immunosuppressant cyclophosphamide,
given after rabies vaccine, “switches off” the

1976

1gG response and thus may be useful for this
purpose (Turner).

Rabies antibody was assayed in large
numbers of serum samples taken from
volunteers immunized with Merieux vaccine
prepared in human diploid cells (Report,
1975). The results continue to confirm the
excellent immunogenicity of the vaccine: they
also show that the antibody response is
prolonged and that the vaccine is effective in
small doses (Turner, in collaboration with
Drs. F. Aoki, D. A J. Tyrell, K G. Nicholson
and Lisa E. Hill, MRC Clinical Research
Centre). Volunteers in the trial with high titres
of antibody have donated plasma for preparing
stocks of human anti-rabies immunoglobulin.

At the invitation of the World Health
Organization a variety of tests on a rabies
vaccine were undertaken as part of an inter-
national collaborative study designed to intro-
duce a new Standard Preparation (Turner).

Smallpox vaccine. Good progress was made
in the development of a smallpox vaccine
prepared in primary rabbit kidney cells (DHSS
grant, Report 1974). From crude sheep vaccine
stocks of seed virus free from contamination
with bacteria, fungi and mycoplasma were
prepared. Amethod of growing large quantities
of virus in disposable plastic bulk culture
vessels (Report, 1975) proved suitable for the
production process, which includes simple but
effective techniques for purifying the virus
and concentrating it to the required potency.
Experimental glycerolated vaccines prepared
in this way are similar to sheep vaccine in
terms of thermal stability over a wide range of
temperatures. Work is now directed mainly to
establishing suitable quality control tests for
extraneous viruses (Collier, Wilmot, Bird).

Overseas Visits

Dr. Turner attended the 3rd International
Congress for Virology, Madrid, in September
1975. He also attended by invitation a meeting
at the Institut Merieux, Lyon, in December
1975.



Visitors

Tlie following visitors worked in the Vaccines
and Sera Laboratories: Dr. C. Aronsohn,
Instituto Bacteriolégico, Santiago, Chile; Mr. P.
Mwisa, Ministry of Health, Nairobi, Kenya;
Dr. Z. Woldehiwot, Imperial Central Labora-

tory and Research Institute, Addis Ababa,
Ethiopia; Dr. S. Basu, Central Research
Institute, Kasauli, India; and Mr. J. K
Pawoolkar, Maharashtra State Drugs Control
Laboratory, Bombay, India.

BLOOD PRODUCTS LABORATORY, AND THE PLASMA
FRACTIONATION LABORATORY AT OXFORD

Dr. W d’A. Maycock was appointed Director
with effect from 1st January 1976.

Extension of Laboratory and
Modernization of Original Building

In the latter part of 1975, after a series of
meetings, decisions were finally reached regard-
ing the methods to be used to correct the
serious defects in the floors of the subzero
fractionation laboratory and adjoining rooms
and in the insulation of the —25°Ccold rooms.

Repair of the floors will occupy about six
months and will greatly affect the work of the
laboratory.

A scheme for providing more storage space
is being prepared.

During the year parts of the original building
were adapted in readiness for increasing the
preparation of antihaemophilic globulin con-
centrate in accordance with a programme
prepared by DHSS in conjunction with the
Regional Transfusion Centres. By June 1977
it is planned to fractionate each week about
1000 - 1200 L of fresh plasma (i.e. separated
and frozen within eighteen hours of collection)
which will be obtained from about 340,000
blood donations per year.

A hutted laboratory, separate from the
main building, was installed for work with
hepatitis B surface antigen.

Research and Development

Alkaline phosphatase (bone isoenzyme) and
other enzymes. The batches of alkaline phos-
phatase prepared on a pilot scale were used
successfully by Professor C. E. Dent, University
College Hospital, in a fifty year-old patient
with hypophosphatasia. Although there was
insufficient to produce any beneficial clinical
effect, it was shown that the preparation was
well-tolerated, that its half-life was about six
days and some pointers to probable necessary

dosage were observed. It was agreed with
Professor Dent to prepare further batches to
treat a younger patient for a longer period if
suitable plasma can be obtained (Hanford,
Vallet, Maycock).

Pseudocholinesterase. A new method for
separating this enzyme from fraction IV and
yielding a 1500-fold purification was devised,
and its use in certain conditions is being
discussed (Hanford).

Recovery o falbumin. A method, using column
techniques, for recovering albumin from
fraction IV and from red cell wash fluid was
investigated on a bench scale (Hanford).

Continuous flow electrophoretic separation
of human plasma proteins. A programme of
joint investigation with Biochemistry Group,
AERE, Harwell, was completed and applica-
tion made to DHSS for a research and
development grant to be applied at AERE.
The programme is designed to investigate the
value of the method for preparing concentrates
of selected proteins or classes of proteins
(Vallet).

Specific immunoglobulins. Anti-bee venom
immunoglobulin was prepared in collaboration
with the Department of Medicine, Guy’s
Hospital Medical School, for the treatment of
persons sensitized to bee-stings. In collabora-
tion with the MRC Clinical Research Centre,
plasma is being collected from volunteers
immunized in the trial of human diploid cell
rabies vaccine. Part of the anti-rabies immuno-
globulin produced will be used in a trial to
investigate its life in vivo and effect upon
active immunization (Wesley and Rackham).
Hepatitis B surface antigen. Equipment was
obtained and installed for the radioimmuno-
assay of hepatitis B surface antigen. Blood
Products Laboratory and Plasma Fractionation
Laboratory can now become independent of



outside help in testing all plasma and plasma
fractions for the presence of this antigen.
Because of the publicity given to hepatitis,
both types A and B, apparently associated
with the use of commercial preparations of
antihaemophilic globulin concentrate, similar
concentrates prepared at Elstree and Oxford
were formerly tested by radioimmunoassay by
Professor A J. Zuckerman and occasionally
by Dr. T. Flewett, Dr. D. I. McGrath and
Dr. D. S. Dane, to all of whom we are much
indebted for their help.

Antihaemophilic globulin. Apparatus for the
antihaemophilic  globulin  programme was
Production :
I.  Normal Immunoglobulin and A Ibumin

(a) Plasma fractionated

(b) Fractions prepared for clinical use:

Plasma protein fraction (4.59% 400ml)

designed and installed, in particular equipment
for thawing and mixing the large amounts of
frozen plasma within narrowly controlled
temperature limits (Vallet).

Potential thrombogenicity of factor IX
concentrate. Work on the development of in
vitro tests to detect and measure thrombo-
genicity continued (Snape).

Factor 1X concentrate for treatment o ffactor
V11 deficient patients with inhibitors. Investi-
gation of possible use of factor IX concentrate
was begun (Snape and Smith).

85,628 L

96,202 containers

Albumin, salt poor, freeze-dried (25g) 7,431
Albumin 10g% solution (2.5ml) 8,609
(10.0ml) 456
Albumin, reprecipitated, 10g% solution (10.0ml) 739
Normal immunoglobulin (250mg) 58,635
(750mg) 34,220
Specific Immunoglobulins .
P J Prepared Issued Fraction
for issue (vials) Il Stock
(vials) 31 Dec 1975
Anti-Rh(D) (100//g) 63,956 59,622 1
(50/<g) 25,791 20812 i 1380 kg
Anti-tetanus (1500iu) 0 275 30.75 kg
Ariti-HBS (500mg) 1,814 1,415 5.14kg
Anti-varicella (500mg) 1,639 1,665 0
Anti-vaccinia (500mg) 0 1,959 | 1.28 k
(250mg) 0 797 1 g
Anti-herpes simplex (500mg) 0 29 2.32 kg
Anti-mumps (500mg) 149 0 0.14 kg



3. Coagulation Factors

Antihaemophilic globulin concentrate 250iu

Normal fibrinogen I-2g
150mg

Fibrinogen for isotopic labelling
Fibrin Foam
Thrombin

Factor IX concentrate (800 units)

4.  Dried small pool plasma (400ml)

Overseas Visits

Dr. E. Bidwell:

Fifth Congress of the International Society on
Thrombosis and Haemostasis — Paris, 19-27
July, 1975.

XIV International Congress of the Inter-
national Society of Blood Transfusion 27 July
- 1 August, 1975 and the meeting of the
World Federation of Haemophilia, Helsinki
31 July - 1 August, 1975.

Dr. Bidwell was the Chairman of the session
on Factor IX at the XIV Blood Transfusion
Congress in Helsinki. She visited the labora-
tories of the C.N.T.S. in Paris and the Finnish
Red Cross in Helsinki.

Dr. W. d’A. Maycock:

Human Albumin Workshop,National Institutes
of Health, Bethesda, Md., USA. 13 and 14
February, 1975.

Group of Experts 15B, European Pharma-

On the 31st December 1975 the main labora-
tories of the Lister Institute at Chelsea Bridge
Road closed, and what is left are Mr King, the
caretaker, and, for the time being, the Office
of the Chairman of the Governing Body. Thus,
a not unimportant chapter in British medical
research has -come to an end. This is not the
right occasion for an objective assessment of
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Elstree Oxford

8,1 78 containers 4,450 containers

2,635
651

135
584
2,170

7,486

14,587 containers

copoeia Commission, Council of Europe,
Strasbourg, 22-23 April, 1975.

Group of Experts 6B, European Pharma-
copoeia Commission, Council of Europe,
Strasbourg, 27-28 November, 1975.

Joint Meeting of WHO and International
League of Red Cross Societies on Use and
Supply of Human Blood and Blood Products,
Berne, 9-13 December, 1975.

L. Vallet:

XIV International Congress of the Inter-
national Society of Blood Transfusion —
Helsinki, 27 July - 1 August, 1975.

Visitors

The following visitors worked in the Plasma
Fractionation Laboratory at Oxford: Dr. S.
Bejrachandra from the Blood Transfusion
Centre, Bangkok;and Dr. A. Andrade Azevedo
of the Federal University of Pernambu-Co,
Brazil.

the contribution which the Lister Institute has
made to medical science, and to a large extent
this has already been done by Dame Harriette
Chick, Margaret Hume and Marjorie Macfarlane
in their book entitled “War on Disease”
published in 1971. But it is appropriate to
recall briefly some of the outstanding features
of the history of the Institute.



Its foundation was launched at a party given
by the Lord Mayor of London at the Mansion
House on July 1st 1889. The Plan was to raise
money for the new venture from private
individuals, and not to depend on the State
for financial support. Even in Victorian times
it was not easy to collect funds, but on July
21st 1891 the Institute acquired legal identity
as “The British Institute of Preventive
Medicine”. One of the first major donors was
the Worshipful Company of Grocers, who have
been friends and generous supporters of the
Institute throughout its history. The Institute
was then housed in Bloomsbury, but in 1898
the first Lord Iveagh made the truly magnifi-
cent gift of £250,000, which provided a steady
income for many years to come. The Guinness
family have steadily supported the Institute
not only financially, but have taken a close
personal interest in the scientific activities
both at Chelsea and Elstree. The Chelsea site
had been acquired in 1893, and the building
was being occupied in 1898, at a total cost of
somewhat over £36,000.

Over a period of seventy-seven years at
Chelsea, the Institute had five Directors, and
each of them possessed a strong personality
and differed markedly from one another. The
man who made the greatest impact on the
Institute was Sir Charles Martin, who “reigned”
from 1903 to 1930. He made important
contributions to physiology, bacteriology,
protein chemistry and nutrition. He was
remarkably good at spotting ability in young
research workers, was able to give informed
advice and encouragement in most fields of
medical research, and exercised perfect leader-
ship without suppressing personal initiative.
Martin was succeeded by the distinguished
bacteriologist, or rather virologist, Sir John
Ledingham, who retired in the middle of the
Second World War. The third Director was
Sir Alan Drury, who was largely responsible
for initiating and supporting research on serum
Proteins, which led ultimately to the establish-
ment of the Blood Products Laboratory. Drury
was succeeded by Sir Ashley Miles, who
maintained the scientific status of the Institute
in the face of increasing financial difficulties.

For more than twenty years the Institute at
Chelsea was the largest and most important
institution in Great Britain devoted to medical
research. After 1920, the Medical Research
Council started to develop its institute and

units, and the national importance of the
Lister Institute relatively declined. But its
impact on medical science was very much
greater than the size of its staff might suggest.
The Institute made important contributions
to bacteriology, virology and parasitology, and
at one time it was not easy to find a professor
of one of the fields of pathology in the United
Kingdom who had not spent some period of
scientific training at the Lister Institute.
Another field in which the Institute has
achieved scientific eminence of a high order
was in biochemistry. Thus, Sir Arthur Harden,
who had joined the Institute in 1897, started
experiments on alcoholic fermentation by
yeast and in this work discovered “co-zymase”,
and established the fact that glycolysis involved
phosphorylation of glucose. Harden’s work
represented indeed one of the important land-
marks of modern biochemistry. Another
distinguished contribution of the Lister
Institute was the elucidation of the chemical
basis of the specificity of the ABO human
blood group system. This work, which was
initiated and successfully pursued over many
years by Professor Morgan, and more recently
by Professor Watkins, is of considerable
importance both in the field of chemistry of
natural products and also in the realm of
human genetics.

The Institute has also played an important
part in developing the science of nutrition,
and this is largely associated with the name of
Harriette Chick. Dame Harriette joined the
Institute in 1905 and she is still closely
concerned in our affairs seventy-one years
later. The physical chemistry of proteins was
taken up by the Institute in 1935, and the
application of the scientific principles involved
led ultimately to the production of important
biological products from blood proteins.
Indeed, blood has been for some time one of
the major research interests of the Institute.

Considering the size of the staff and the
financial resources available, the amount of
first-class scientific work for which the
Institute has been responsible is impressive,
and it is worthwhile considering the reasons
for these successes. In the first place it was
due, | believe, to a deliberate policy of picking
first-rate people and providing for them an
environment which was both congenial and
challenging. There was probably little con-
scious direction, at least of the more senior



staff, but a lot of encouragement and advice.
In addition, some of the people responsible for
the guidance of the Institute over the years
have been particularly effective, and in this
connection a special tribute must be paid to
Sir Charles Martin, who had the perfect
combination of qualities required in a Director
of a research institute. Successive Directors
have been assisted by a Governing Body which
had among its members some of the most
outstanding medical scientists at the time. Its
first Chairman was Lord Lister, and amongst
his successors were the great parasitologist,
Sir David Bruce, and more recently, Sir Henry
Dale.

The foundation of a research institute,
dependant largely on private donations, was
already a somewhat risky undertaking in the
late Victorian days when the Institute was
founded. Indeed, Sir Ray Lankesteris reported
to have said in 1889: “We cannot by private
subscription maintain an institution for scien-
tific research. It has been tried. It cannot be
done. It is simply out of the question.” The
development of the Institute showed that it
was possible, at least in the past, to finance
research partly by private donations and partly
by sales of biological products. Indeed, up to
two years ago, we hoped that Chelsea would
survive and be able to carry on its work for
some time to come. However, the worsening
of the economic position of the country, and
the rapid rate of inflation in the last two years,
have made this impossible. Thus, we must,
with heavy hearts, say goodbye to Chelsea.
All the staff of the Institute, scientific,
administrative, technical and maintenance,
who supported the Governing Body over the
last difficult years, deserve our special apprecia-
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tion. Tribute must be paid in particular to
Professor Morgan, who had been retired for
some years but was still active in the laboratory,
and came back as Director at a time when it
was hoped the Institute could continue at
Chelsea. Instead, he had to preside over the
difficult task of disbanding Chelsea.

When the Institute was founded, the produc-
tion of vaccines and other biological products
was considered an important part of the
Institute’s activities. This part of our effort
has been carried on over many years at Elstree,
where a certain amount of research was
combined with the large scale production of
vaccines and sera. Elstree has greatly increased
the production of these biological products,
and under the leadership of our senior staff
the volume of production has been increased
over the last ten years, as well as the general
efficiency. We owe a great deal to the
enthusiasm and hard work of our Elstree
colleagues, the continuation of whose work
the Governing Body fully supports. The
structure of Elstree will be decided, it is hoped,
in the next year or two, but it is clear that the
public interest, as represented by the Depart-
ment of Health and Social Security, is markedly
involved. It must also be clear that it is
essential for the future of the Lister Institute
at Elstree that our efforts in production should
be combined with a greatly increased activity
in research, such research being closely con-
nected with our production activities. Without
research there cannot be any long-term future
for Elstree.

A. Neuberger.
Chairman of the Governing Body.
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Financial Report of the Governing Body

The Governing Body presents the
Accounts of the Institute for the year
ended 31st December 1976

1. Results

The income and expenditure account on
page 5 shows income for the year as
£904,224 compared with £772,607 in
1975. Expenditure amounts to £794,143
against £854,560 last year. There was a
surplus at the end of the year of
£110,564 (compared with a deficit of
£25,407 in 1975) after allowing for a
profit on sales of investments of £483
and taking into account increased stock
valuations.

2. Principal Activities

The Institute continues to produce for
sale sera and bacterial and virus vaccines
the profits from which are utilised for its
research and development work.

3. Exports

Sera and vaccines to the value of
£512,900 were exported from the
United Kingdom during the year.

4. Fixed Assets

The movements in fixed assets during
the year are set out in the table in
note (2) on the Accounts.

5. Chelsea Buildings

The Governing Body is pleased to report
that Westminster City Council has
granted permission for change of use to a

hospital or clinic and, although the build-
ings are not yet sold, negotiations for
their sale are in progress. It is hoped to
sell the property, which is freehold, at a
price in excess of the book value.

6. Governing Body

The members of the Governing Body as
shown on page 1 were in office for the
whole of the year ended 31st December
1976 except as follows :

Professor Sir Ashley Miles, cbe, md, frs, was
appointed 28 June 1976.

Professor J. H. Humphrey, cbe, md, frs, was
appointed 25 August 1976.

Professor Henry Harris, ma, mb, DPhil, frs,
resigned 1 June 1976.
Professor Sir Ewart Jones, ma, PhD, dasc, frs,
resigned 28 June 1976.

7. Employees

The average number of persons employed
by the Institute in each week during the
year ended 31st December 1976 was 246,
including the staff at Oxford and the few
staff at Chelsea. The aggregate remunera-
tion paid in respect of that year to these
employees amounts to £836,083.

8. Auditors

A resolution to re-appoint the Auditors,
Coopers and Lybrand, will be proposed
at the General Meeting.

A. NEUBERGER
Chairman



Report of the Auditors to the Members

In our opinion the accounts set out on pages 4 to 9 give a true and
fair view of the state of the Institute’s affairs at 31st December
1976, and of its surplus and source and application of funds for
the year ended on that date, according to the historical cost
convention, and comply with the Companies Acts 1948 and 1967.

London COOPERS & LYBRAND
19th May, 1977 Chartered Accountants



The Lister Institute of Preventive Medicine
BALANCE SHEET ¢ 31 December 1976

1975
£ £

694,204  FIXED ASSETS (NOLE 2 ) .ioiiiiiiiiiiirie e

159,106 INVESTMENTSAND UNINVESTED CASH (note 3)........

853,310
CURRENT ASSETS
391,701 Stocks and work in progress (note 4)......ccccceeveenne
185,827 Debtors ....ccccovciiiiieiiee
15,477 Cash and Bank Balances
593,005
Less:
CURRENT LIABILITIES
152,718 CreditOrS oo 247,024
55,595 Bank Overdrafts (£64,270 secured)........ccceeevnnnnn. 69,693
208,313
384,692
£1,238,002

Represented by
1,193,186 CAPITAL FUND (NOtE 5) ooiocveieieecee e
12,371  PENSION FUND (NOt€ 6) ..ooceiveiiriirieiiiiieenie e
32,445 BEQUEST FUNDS (NOtE 7) .icoocoviiiririciiieneecnie et

£1.238,002

A. NEUBERGER i Members of the
R. A. McNEILE ' Governing Body

The notes on pages 6 to 8 form part o f these accounts.
Audit report on page 3.

£ £

732,353

161,348

893,701
526,391
203,217
46,369
775,977
316,717

459,260

£1,352,961

1,307,307

10,971

34,683

£1,352,961



The Lister Institute of Preventive Medicine
INCOME AND EXPENDITURE ACCOUNT

for the year ended 31 December 1976

1975

590,777
140,295

731,072

20,611
1.158

3.681
13,213
2,872

272,607

473,775
17,812
17.319

36,970
25.381
3.100
2.983
4.827
150.677
41,828
28,495
22,815

12.855
13.023
2.700

£s54,560

181.953)
56.546

(£25,407)

INCOME
Sales of sera and bacterial and virus vaccines (note 8)
Stock adjustment (N0t 4 ) ..vveevceeeeeiiie e

Investment Income:
General fund
QUOEA i
(03 Vo 180} £=o IS

Bank INTEreSt ....ueeeiiiiiiiciiee e
RNt o
Other INCOME ...
Sale of Chelsea Library......cccccceviiieeiiiiieciieee e

EXPENDITURE
Salaries, wages and redundancy payments............cc......
Superannuation premiums ...cccccoecvveeeieccieeeeree e
Rates and INSUraNCeS .......ccccovieieieiiieinie e
Gas, water, fuel and electricity ......cccccccveviceeiicieeee,
Office expenses, stationery and printing .....
Audit fee ...
Interest on overdraft
Chelsea research ...
Elstree research and production ........ccccccvviiieeviinnnn.
Animals and forage ......cccccvceeiiiieii i
Alterations, repairs and renewals ...........cccccceevcvieeerenen.
General EXPENSES  .....ocivieiiieiiee ettt
Depreciation
BUIIAINGS oo e
Furniture, fittings, scientific apparatus and books
Loss on disposals of equipment......ccccccceeeiiciieeiiieneenn,

Excess of income (expenditure) .......cccccceeeeiiiveeniinneene
Profit on sales of investments .......cccccccceeiiiieeiiiiie e,

Surplus (deficit) transferred to Capital Fund .............

The notes on pages 6 to 8 form part of these accounts.

Auditreport on page 3.

Total

836,083
40,592
32,622
65,731
31,667

7,203
633

266,989
55,215

109,275
31,994

12,876
20,255

£1,511,135

695,380
146,899

9,238
1,158

| External
expenditure contributions

442,881
18,890
16,881
34,468
12,563

90,744

9,655
76,867
14,043

£716,992

842,279

10,396

1,621
13,421
20,380
16,127

904,224

393,202
21,702
15,741
31,263
19,104

7,203
633

176,245
45,560
32,408
17,951

12,876
20,255

794,143

110,081
483

£110,564



Notes on the Accounts : 31 December 1976

1

2.

ACCOUNTING POLICIES

The main accounting policies are described under the appropriate headings in the notes below.

FIXED ASSETS

Cost
At 1st January 1976
Additions at cost

At 31st December 1976

Freehold property
Chelsea Elstree
517,885 168,420

- 1,036
517,885 169,456

Furniture,
fittings and
equipment

137,299
70,244

207,543

Total

823,604
71,280

894,884

The Chelsea freehold property has been substantially unoccupied during the year and negotiations are
currently proceeding for its sale. The amount by which its market value exceeds the book value of

£463,464 cannot at present be quantified.

Depreciation
At 1st January 1976

Charged to income and expenditure account ...

At 31st December 1976 .........ccocvvvveee..n.
Net book value at 31st December 1976

44,616
9,805

54,421

£463,464

25,541
3,071

28,612
£140,844

59,243
20,255

79,498
£128,045

129,400
33,131

162,531
£732,353

Depreciation is calculated to write off the book value on a straight line basis over the expected
useful lives of the assets concerned. Buildings have been depreciated at the annual rate of 2% from the

date of completion, and furniture, fittings and scientific apparatus at the annual rate of 10%.

INVESTMENTS AND UNINVESTED CASH

General

Pension fund

Bequest
Jenner Memorial studentship fund ..
Morna Macleod scholarship fund ...

Market value (unquoted investments
valued by Institute's investment advisers)

Excess of market value over 1976 cost ...

1975 COSt oo

Market value ......ccccccoeecinieiieiiiiiiiiiiee.

Excess of market value over 1975 cost...

Quoted at cost

In UK.
72,467

9,326

16,609
6,290

£104,692

£177,752

£102,693
£200,662

Elsewhere

31,818

£31,818

£73,354

£31,818
£49,564

Unquoted

at cost

11,410

£11,410
u

£9,529

£11,855
£9,994

Uninvested

cash

1,645

6,717
5,066

£13,428

£13,428

£12,740
£12,740

Total

115,695

10,971

23,326
11,356

£161,348

£274,063
£112,715

£159,106
£272,960
£113,854



4. STOCKS AND WORK IN PROGRESS
Bacterial Vaccines

Virus Vaccines
Serum ...

Packing materials

1976
£
383,156
54,344
71,172

508,672
17,719

526,391

1975
£
230,497
69,170
62,106

361,773
29,928

391,701

(i) Stocks of sera and vaccines are valued at the lower of cost and net realisable value. Cost is the sum
of direct materials and labour with additions for overheads appropriate to the stages of production
reached. Net realisable value is the price at which the stocks can be realised in the normal course of
business after allowing for the costs of realisation and, where appropriate the cost of conversion from
their existing state to afinished condition. Provision is made for obsolescent, slow-moving and defective

stocks.

(ii) Stocks of packing materials are valued at invoice costs.

5. CAPITAL FUND

Donations and endowments have been received to date from the following: —

Dr. Ludwig Mond (18931 .....cccceeiiiiieeciie e
Berridge Trustees (1893-1898) .......ccccceeviireeiiiereeeiiieeessieee e
Worshipful Company of Grocers (1894 and 1969/73) ..........
Lord Iveagh (1900) ...ccccveiiiiieeciiee e
Lord Lister's Bequest (1913-1923) .....cccccvevvcveeeiiieeeeniineeeiens
William Henry Clarke Bequest (1923-1926) .......cccccceeevvvveenne
Rockefeller Foundation (1935-1936) .....ccccccevvivveerieeeeesnnnnn.
Wolfson Foundation (1969-73) ...cccocceveeiieireiiiieeeseee e
Other donations and legacies (1891-1976) .........ccccceeevvvverrnnen

Income and Expenditure ACCOUNT ...cooveeeeiciiien e eriee e

Accumulated balance at
31st December 1975 ...

Add: surplus (defiCit)..ccoceiecirieiiiee e

Accumulated balance at
31st December 1976 .......ccceviiiiiiii i

6- PENSION FUND
As at 1st January 1976
Interest on investments

Less: Pensions

£

509,393
110,564

1976
£

2,000
46,380
15,000
250,000
18,904
7,114
3,400
300,000
44,552

687,350

619,957
£1,307,307

12,371
663

13,034
2,063

1975
£

2,000
46,380
15,000
250,000
18,904
7,114
3,400
300,000
40,995

683.793

534,800
(25,407)

509,393
£1,193,186

£10,971



7. BEQUEST FUNDS
Jenner Memorial Studentship Fund

As at 1st January 1976 ........cccceiiieieiiiiiiieeee e 21,885
INterest 0N INVESIMENTS  ..oveeeeeiiiciceee e e 1,317
Profit on sale of investmMents .........ccccoociiiiiiieiiiciiiiieeeeeeeee, 125

Morna Macleod Scholarship Fund
As at 1st January 1976 .......cccceeiiiiieiiiiiiieeee e 10,560
Interest on INVESIMENS  ......cccciiiiiiii i 771
Profit on sale of investments 25

8. TURNOVER

23,327

11,356

£34,683

Turnover has been arrived at after deducting commissions due to agents from the invoice value of sales

of sera and vaccines.

9. EMOLUMENTS OF MEMBERS OF THE GOVERNING BODY

1976
In an executive CapacCity .......ccccceeveveeiiireesiieeennennnn £11.663
10. EMPLOYEES EMOLUMENTS
Particulars of the numbers of employees receiving emolu- 1976
ments in excess of £10,000 disclosed in accordance with
Section 8 of the Companies Act 1967 are as follows.............. £10,001 - £12,500 2
11. CAPITAL EXPENDITURE SCHEMES
1976
The position at 31st December 1976 was as follows: —
Commitments in respect Of CONraACtS  ....ccccveeciieeeiiie e e 69,880
Approved by the Governing Body in addition to commitments for new
1aboratories at EIStree. ... Nil
£69,880

12. CONTINGENT LIABILITIES
At 31st December 1976 there were contingent liabilities as follows: —

(@  Arising in the normal course of business, £7,114.

1975
£25,400

1975

1975

Nil
102,500
£102,500

(b) The Institute is a defendant, together with the Department of Health and Social Security, in
two cases brought by parents of children stated to have suffered brain damage following
whooping cough vaccination. If the plaintiffs were to win their cases, or if they lost and
were unable to meet the Institute's costs, the Institute's financial liability could be

considerable. It is impossible to supply an estimate at this stage.

13. RESEARCH EXPENDITURE
Expenditure on research is written off in the year in which it is incurred.

14. DONATIONS

It is the accounting policy of the Institute to credit donations received direct to the Capital Fund.



Statement of Source and Application of Funds
for the year ended 31 December 1976

1976 1975
£ £
SOURCE OF FUNDS
Surplus (deficit) .oocvveveeieniiiies 110,564 (25,407)
Adjustment for items not involving
movements of funds
Depreciation......ccccovvvveeienieininns 33,131 22,650
Profit on sales of investments..... (483) (56,546)
Total generated from operations.... 143,212 (59,303)
FUNDS FROM OTHER SOURCES
Sale of Fixed ASSEtS .....cccccceeeeunnnnee. - 7,449
Proceeds of sale of investments...... 3,129 264,254
DonationS......ccoeccuvveeeieeeeeeiieeeee e, 3,558 4,507
149,899 216,907
APPLICATION OF FUNDS
Purchase of Fixed Assets ................ (71,280) (17,839)
Purchase of investments ................. (4,052) (75,332) - (17,839)
74,567 199,068
INCREASE/DECREASE IN WORKING
CAPITAL
Increase in StocKS...ccccvvvvvvvveveveennne 134,690 170,223
Increase in Debtors......ccccceeeeeennn. 17,390 47,051
(Increase) in Creditors ........ccccc...... (94,306) (41,767)
Decrease in Nuffield Foundation
(€171 1| ST 544
Movement in net liquid funds:—
Increase (Decrease) in cash
balances.........ccccooviiiiiiiiiiinn 30,892 (15,900)
Bank overdraft.......cccccoouieeeen (14,099) 16,793 38,917 23,017

74,567 199,068
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Annual General

Meeting of the

Lister

REPORT OF THE GOVERNING BODY

The Governing Body has the honour to present
its report of the Institute for the year 1976.

GOVERNING BODY

Professor Henry Harris, representing the Royal
Society, and Professor Sir Ewart Jones, elected
by the Members, resigned from the Governing
Body and were replaced respectively by
Professor John H. Humphrey and Professor
Sir Ashley Miles.

COUNCIL

At last year’s Annual General Meeting
Professor A. Neuberger and Professor Sir
Douglas Black, each a representative of the
Members of the Institute, were unanimously
reappointed to the Council.

The three members of the Council due to
retire this year in accordance with the Articles
of Association, but who are eligible for re-
appointment, are Mr. C. E. Guinness,
Mr. R. A. McNeile and Mr. A. Steele-Bodger.
Major L. M E. Dent, representing the
Worshipful Company of Grocers, resigned
during the year.

The Governing Body takes much pleasure
in recording that the honour of Knighthood
was conferred upon Professor David G. Evans
in the New Year Honours of 1977, and wishes
to convey its congratulations to Sir David.

The Governing Body also wishes to record
its congratulations to Sir Douglas Black on his
election as President of the Royal College of
Physicians.

MEMBERS

Mr. M. Campbell became a Member of the
Institute during the year.

STAFF

ROBIN HANFORD (194 7-1977).

Robin Hanford, B.Sc. (City University), Ph.D.
(London), a member of the staff of Blood
Products Laboratory, died on 9 February
1977 after a short illness. He joined the
Laboratory in 1973 and quickly applied his
specialized knowledge of chromatographic
and enzymological techniques to problems of
plasma fractionation. During his short time
with BPL he devised new and simpler methods
of preparing alkaline phosphatase and
pseudocholinesterase for clinical use. In the
months before his death he had completed
and put into operation a method for the
chromatographic separation of albumin.

He was an energetic and intense worker
who drove himself at a high pitch. He was
held in affection and esteem by all who knew
him. His death is a great loss to the Blood
Products Laboratory and the Institute. He
leaves a widow and two daughters, to whom
we extend our deepest sympathy.

DR. R. S. LANE.

The Governing Body is very pleased to
welcome to the Institute Dr. Richard S. Lane
who joined the staff in April, 1977 as Medical
Deputy Director and Director Designate of
the Blood Products Laboratory.

MRS. 1. M. CITRIN.

Mrs. Hilde Citrin (BPL) resigned her appoint-
ment on 31 March, 1977 and the Governors
wish to convey their best wishes to her on the
occasion of her remarriage.

VACCINES AND SERA LABORATORIES

Grants and Donations

The Governing Body records its thanks to the
Medical Research Council for grants for (a)
research on “Mechanisms of immunity to

rabies and their relation to its pathogenesis.”
MRC Project Grant No. G 973/269B (termin-
ated 31 December 1976); and for(b) “Clinical

Institute of



Preventive Medicine

trial of a new rabies vaccine prepared from
human diploid cells and of human anti-rabies
immunoglobulin.” MRC Special Project Grant
No. G 976/611.

The British Council is also thanked for
donating the costs of Dr. Turner’s visit to
Tiibingen to the 3rd International Colloquium
on Rhabdoviruses during July 1976.

The Governing Body also gratefully
acknowledges  donations  from  Arthur
Guinness, Son & Company Ltd., the W
Guinness Charitable Trust, the Prudential
Assurance Company Ltd., W.H. Smith & Son
Ltd., and others, and is particularly apprecia-
tive of donations from the following schools: —

Wycombe High School, Marlow Hill,

High Wycombe, Buckinghamshire (1977)

Form 3Y, Grammar School for Girls,
Shottery  Manor,  Stratford-upon-Avon
(1977)

Fort Pitt School for Girls, Kent.

Production

Production of bulk antigens for those bacterial
vaccines in greatest demand continued at a
high rate throughout the year; the preparation
of tetanus antigen was suspended in the
autumn of 1976 because stocks were adequate
to meet requirements for some time to come.

In terms of volume, production of crude
antitoxin regained the ground lost during
1974 when there was much sickness among
the horses. Yields from the refining process
were not however as high as they should be;
this problem is under investigation.

The Blending and Filling area was out of
commission for two months from November
1976 during extensive refurbishing (Report,
1976). In addition to extensive structural
alterations, the new facilities installed include
a complete water treatment unit with
apparatus for reverse osmosis, deionization
and distillation; an automatic vial and
ampoule  washing machine; sterilization
equipment; air conditioning and filtration

27 June 1977

plant; and an improved inspection room.

During 1976 total sales were 25.75 million
doses of bacterial vaccines; 3.48 million doses
of smallpox vaccine; and 35,400 packs of
antitoxins and 148,350 doses of scorpion
antitoxin.

Research and Development

Bacterial vaccines. Work on improving the
culture medium used for preparing diphtheria
antigen (Report, 1976) was fora considerable
period interrupted by the departure of
Mr. Gilligan; this study has now been resumed
by Mr. Barry. Further progress was made
toward a better definition of the factors,
including aeration, pH and availability of
amino-acids, that promote or inhibit high
yields of toxin (Barry, Robinson).

Tetanus and diphtheria vaccines, alone or
combined with whooping-cough vaccine,
often cause transient but uncomfortable local
reactions and sometimes indisposition. The
true incidence of such reactions at various
ages is unknown; more information is needed
about their cause, which may at least in part
be related to the amount of antibody circulat-
ing in the blood as a result of previous
inoculations. In collaboration with the
Epidemiological Research Laboratory of the
Public Health Laboratory Service and with
the kind co-operation of the Hertfordshire
Area Health Authority, an investigation of
this problem was begun. In the first instance,
children receiving a booster dose of tetanus
vaccine on leaving school will be studied; it
is hoped later to extend these researches to
school entrants in another health area (Collier,
with Dr. T. M Pollock and Mr. W. B. Fletcher,
Epidemiological Research Laboratory).

Rabies. Studies on the mechanisms of
immunity to rabies were continued; these
researches are especially relevant to the
devising of optimum schedules of immuniza-
tion. In an investigation of the protective
capacity of early-appearing (IgM) immuno-
globulin in mice (Reports, 1975, 1976), the
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type, dose and time of administration of
vaccine and the use of immunosuppressants
were varied; the results are not yet conclusive
but suggest that these early antibodies do not
protect well against infection. Similar
experiments in guinea pigs showed that
neutralization of rabies virus by IgM antibody
is complement-dependent (Turner).

As part of a Medical Research Council
trial, now in its third year, the assay of rabies
antibody in numerous serum samples from
volunteers immunized with Meérieux rabies
vaccine was continued (Reports, 1975, 1976).
The results continued to confirm the good
durability of the antibody response and to
yield further information about the efficacy
of booster doses administered by various
routes. With a view to avoiding the use of
large numbers of mice in these tests, methods
for estimating rabies antibody in cell cultures
and by enzyme-linked immunoassay are being
examined (Turner).

Tests on two batches of human rabies
immunoglobulin  prepared from plasma
donated by volunteers in the Mérieux vaccine
trial showed them to be stable on storage for
at least six months. Their high titre of antibody
enabled them to be used in small doses in
tests on volunteers that are still in progress
(Turner, in collaboration with Drs. K
Nicholson, D. A. J. Tyrell and Lisa E. Hill,
MRC Clinical Research Centre; and Mr. C.
Rackham and Dr. W. d’A. Maycock, Blood

Products Laboratory. The co-operation of
many of the staff of the National Blood
Transfusion Service is gratefully acknow-
ledged.)

Tests undertaken at the invitation of WHO

as part of an international collaborative
study on the introduction of a new Standard
Preparation of rabies vaccine were completed.
The results accorded very well with those of
the other nine participating laboratories
(Turner).
Smallpox vaccine. The experimental work
on a glycerolated vaccine prepared in rabbit
kidney cell cultures was virtually completed
(Reports, 1975, 1976); and a scheme of
quality control tests for submission to the
licensing authorities was devised (Collier,
Bird).

Overseas Visits

Professor Collier

Attended a symposium on rabies vaccines in
Tunis in August 1976.

Dr. Turner

Participated by invitation in the 3rd Inter-
national Colloguium on Rhabdoviruses in
Tiibingen during July 1976.

Visitors

Dr. M S. Kulkarni, Haffkine Biopharmaceut-
ical Corporation, worked for a period in the
Vaccines and Sera Laboratories.

BLOOD PRODUCTS LABORATORY, AND PLASMA
FRACTIONATION LABORATORY AT OXFORD

Research and Development

Recovery of albumin. Dr. Hanford continued
the work on development of the method of
separating albumin by affinity chromato-
graphy with cross-linked agarose as a matrix
and Cibracron Blue, bound directly, as a
ligand. For the automatic operation of a
chromatographic column charged with this
adsorbent, he designed a controller to
programme the independent action of six
valves with associated recording equipment.

In his absence in the latter half of the year,

the work was continued on the lines he had
initiated and following his indications. Using

the controller, the separation of albumin
from fraction IV by cyclic use of the column
was demonstrated.

Mr. Vallet is now examining and comparing
the albumin so obtained with that separated
by cold ethanol fractionation.

Continuous flow electrophoretic separation
of human plasma proteins. Following a pilot
joint investigation with Biochemistry Group,
AERE, Harwell, Dr. A R. Thomson (Harwell)
and Mr. Vallet and Mr. Rackham began a
more extensive programme to separate and
examine human plasma proteins with the
apparatus developed at AERE from the



Philpot  continuous flow electrophoresis
apparatus. The work at Harwell is supported
by a direct grant from DHSS (See Report
1976).

Alkaline phosphatase (bone isoenzyme) and
pseudocholinesterase.  Further work was
suspended due to the absence of Dr. Hanford
in the latter part of the year. However,
arrangements had been completed to collect
the special plasma needed for preparing the
former enzyme, and will be put into action
when necessary (See Report 1976).

Factor VIl concentrate. Dr. Ellis and
Mr. Pettet and, independently, at Plasma
Fractionation Laboratory, Oxford, Dr. Smith
and Mr. Snape devised modifications in the
fractionation procedure resulting in a more
concentrated preparation so that 200-250
units of activity are contained in 30 ml of
solution and are freeze-dried in vials instead
of transfusion bottles. By the end of 1976
the rate of fractionation had reached the
target of 1000 to 1200 L. of plasma per week
set by DHSS at BPL.

Cryoprecipitate working party of regional
transfusion directors meeting. Dr. Bidwell and
Mr. Snape became members of this working
party which is investigating factors which
influence the loss of factor VIII during the
preparation of plasma and cryoprecipitate.

Thrombin. An International Standard Unit of
activity, established by WHO during the year,
was adopted in place of the unit defined in
1954 by Professor R. A Kekwick and
Dr. Margaret Mackay working in the Institute.

Factor IX: potential thrombogenicity.
Dr. Bidwell and Mr. Snape continued investi-
gation of the several tests proposed to detect
in vitro the potential thrombogenicity in vivo
of this clotting factor preparation, the safety
of which for treating inherited factor 1X
deficiency has been amply demonstrated, but
the use of which for treating other haemato-
logical abnormalities has been reported to be
associated with thrombus formation in some
circumstances. The MRC clinical trial to
investigate the value and dangers of this
clotting factor preparation in such disorders
began in the autumn.

Identification of sources of inter-laboratory
variation in factor VIII assay. Mr. Snape took
a large part in the organization of this work-
shop, planned by Dr. C. R Rizza, at

Haemophilia Centre, Oxford, which was
attended by workers from many UK.
laboratories including BPL and PF Lab. The
most important observation was that variation
in reagents is the main cause of differences
between laboratories; another observation of
importance was that two-stage methods, in
this trial, gave results with significantly
smaller margins of error than one-stage
methods. The results and their statistical
analysis will be published in British Journal
of Haematology.

Trials. The Blood Products Laboratory and
Plasma Fractionation Laboratory continue to
collaborate in the following studies:

(@ A trial of factor VIII concentrates in
home treatment of haemophilia
(Dr. C. R Rizza and Professor C. I. G.
Ingram).

(b) A trial of factor VIII in prophylaxis
(Dr. Aronstam).

(c) Survey of hepatitis associated with use
of factor VIII concentrate (Haemophilia
Centres at Newcastle and Lord Mayor
Treloar College).

Specific immunoglobulins. Mr. Rackham (in

conjunction with Dr. G. Turner) prepared

human anti-rabies immunoglobulin (Report

1976) which is being used by the Clinical

Research Centre in a trial in volunteers to

investigate its half-life and to determine a

dose likely to confer passive protection

without suppressing active immunization by
the vaccine.

Lectins. In the course of work on the pyrogen
test, lectin-like substances (LLS) were detected
in peanut and hazel nut extracts, which were
shown to have an affinity with conconavalin
A. 1t has been shown that LLS can be detected
by a variety of immunological techniques.
Peanut LLS was partially purified by affinity
chromatography with conconavalin labelled
Sepharose; several entities are eluted by the
eluent (a-methyl D-mannopyranoside) and the
relationship between them is being studied.
Typing of Psfluorescens. Psfluorescens is one
of the commoner contaminants of pre-
parations of human blood and it is important
to be able to trace its source. Mrs. Citrin
investigated the value of fluocin and phage
production by strains of pseudomonads as
means of strain identification and attempted
to isolate fluocin marker strains which would



permit division of pseudomonad isolates into
groups. The typing achieved is not yet an
entirely reliable means of identification; it
may be necessary to achieve greater control
over growth and fluocin production. Mrs.
Citrin showed that variations in sensitivity
to certain antibiotics could be used as a
subsidiary means of grouping. From the
isolates, thirty types have thus been recogn-
ized, the majority falling into eleven of them.

The investigation of the nature of the
fluorescent pigment was begun with gel
fdtration, thin-layer chromatography and
electrophoresis of culture fdtrates.Preliminary
results suggest that all strains, producing
fluorescing culture filtration, produce the
same fluorescent substances.

Hepatitis B surface antigen and antibody.
Re-accommodation for hepatitis antigen
testing (Report 1976) made it possible for
Mr. Combridge to extend screening so that all
plasma received at BPL in 1976 was tested for
the presence of antigen with first a micro-
modification of the reverse passive haemag-
glutination (RPH) test and more recently by
radioimmunoassay (RIA). Although RPH
detected some antigens which had been
missed at Regional Transfusion Centres,
which with one exception use RPH, RIA has
detected even more. All fractions are tested
by RIA before issue.

Accommodation. Since the new extension
was occupied in 1972, defects have occurred,
the more serious of which have been
mentioned in previous reports. During the
first half of 1976, the floors in the main
fractionation area were completely replaced.
The routine work of the laboratory was
greatly disorganised and the preparation of
immunoglobulin and albumin fractions was
unavoidably diminished. The effects of this
reconstruction affected all parts of the
laboratory and much is owed to all members
of the “staff for their cheerful and effective
co-operation. After the main fractionation
area had been re-occupied in August, batches
of plasma, considerably greater than those
for which the laboratory was planned, were
successfully fractionated and it is proposed
to continue this practice.

The final stages of conversion of the
accommodation for preparation of anti-
haemophilic globulin, which were begun late
in the year and will be completed early in
1977, did not hinder the development of the
programme for increased production of
antihaemophilic globulin concentrate.

At Plasma Fractionation Laboratory,
Oxford, negotiations with Area Health
Authority (Teaching) for additional storage
space were completed.

Overseas Visits
Mr. G. W. R. Dike.

Visited laboratories of the German Red Cross
Transfusion Service at Hagen, Westphalia,
20 April 1976.

Dr. W. d’A. Maycock.

Group of Experts 6B (Chairman), European
Pharmacopoeia Commission, Council of
Europe, Strasbourg, 23-25 February 1976,
and 31 May —3 June 1976, followed by visit
to French National Transfusion Centre at
Orsay, 4-5 June.

Council of Europe Public Health Committee,
Subcommittee of Experts on Blood Problems,
Reykjavik, 2-7 June 1975 and Brussels
17-22 May 1976.

WHO Consultation, Good Manufacturing
Practices for Blood and Blood Components,
Geneva, 28 June —3 July 1976.

WHO Consultation, Development of Blood
Transfusion Services and their extension to
the Peripheral Level, Geneva, 8-13 November
1976.

Dr. J. K. Smith.

Visited Central Laboratory of the Netherlands
Red Cross, Amsterdam on 20 February 1976
and was an invited speaker at the 9th Inter-

national Symposium on Bleeding Disorders
in Brussels on 21 February 1976.

Mr. T. J. Snape.

Workshop organised by the 1st Dept, of
Medicine, University of Vienna, on “Inhibitors
of factors VIII and IX” ih Vienna, 26-27
January 1976.



In the report for the Governing Body for
1976 | had to record with deep regret the
closure of our laboratories in Chelsea Bridge
Road, and I referred ina somewhat inadequate
manner to the distinguished contribution to
medical science which had been made at
Chelsea. The year 1977 has not yet resolved
our problems. The buildings in Chelsea have
been on the market, but have not been sold.
| am pleased to report, however, that the
Institute has obtained permission from
Westminster City Council to the change of
use of the buildings to a hospital or clinic and
it is likely therefore that during the current
year we shall be able to dispose of the property
and thus significantly increase our capital
resources.

We have been engaged in discussions with
the Department of Health and Social Security
about our relationship with the Department
and the part the Lister Institute should play
within the medical services of the country.
It is hoped that within the next few months
this position will be clarified.

In Elstree, where all our activities are now
concentrated, we had to face a number of
difficult problems. W have increased produc-
tion of many of our products in terms of
volume, and our gross income has thus
markedly increased, but the high rate of
inflation has greatly added to our costs.
However we have so far managed to run our
financial affairs reasonably well without
making great use of the overdraft facilities
which were available to us. Our buildings
and the general layout of our production
have not been modernised to any great extent
over many years, and we had to spend some
capital on the improvement of our facilities.
An additional reason for improvement and
modernisation were the requirements of
recent Acts of Parliament and other statutory
provisions; and these mean that we shall have
to go on spending fairly large amounts of
money on modernisation and improvement of
our production facilities. It is hoped that these
problems will be satisfactorily resolved
during the next few years.

Looking back over the last few years we
can derive some satisfaction from the fact
that all our senior Staff employed at Chelsea
have found new satisfying appointments
either in universities or research council
establishments. Their work has been inter-

rupted to a much smaller extent than we
could have foreseen, and we can, | feel, on
the whole be satisfied with the manner in
which this most unpleasant and almost
distasteful task of disbanding our Chelsea
laboratories has been tackled.

In my last report | paid some tribute to
Professor Morgan, who was the last Director
of the old Institute. 1 should like now to
record our appreciation to Mr. White, who
retired as Secretary of the Lister Institute
on 31 December, 1975, although continuing
to serve the Institute on a part-time basis
until the end of April 1976. He has been a
faithful servant of the Lister Institute for
many years, and | wish on behalf of the
Institute to thank him for the hard work he
has put in during that time, and for the help
he has given me personally since | became
Chairman of the Governing Body.

The day-to-day affairs of our Vaccines
and Sera Laboratories at Elstree have been
run in avery competent manner by a Manage-
ment Committee consisting of Professor
Collier, Mr. Roderick and Mr. Campbell. 1
wish to thank the members of this Committee
for their devoted service to the Institute, and
| wish to extend our gratitude to all other
members of the Staff who have served us so
well.

In addition to the WVaccines and Sera
Laboratories, which are our complete respons-
ibility, we continue to discharge administrative
and certain scientific responsibilities for the
Blood Products Laboratory. While the Depart-
ment of Health and Social Security is
financially responsible for the expenditure of
this laboratory, under the able leadership of
Dr. Maycock this Laboratory has expanded its
activities and continues to meet its national
responsibilities in a very satisfactory manner.
During the year, Dr. Richard Lane has been
appointed Medical Deputy Director of this
laboratory with the understanding that he will
ultimately succeed Dr. Maycock. It should
also be mentioned here that it has been
decided to keep the position of Director of
the Lister Institute in abeyance for the time
being, and Dr. Maycock and Professor Collier
have been appointed Directors of then-
respective Laboratories. We wish them well
in the discharge of their expanded duties.

Finally, 1 would like to say a few words
about the future. In our present somewhat



uncertain position our research efforts have
been greatly reduced and are now on a level
which is not acceptable on any long —or even
medium-term basis. There is no doubt in my
mind that the Lister Institute can only
continue as an institution devoted to the
advancement of medical knowledge in the
field of applied immunology in which it
specializes. Its production activities must be
commercially successful, but it is clear that
such success must provide the basis on which
research takes place. Our aim must therefore
be to help to recreate an institution which is
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devoted to research and also occupies an
important position in the supply of vaccines
nationally and internationally. How these
tasks can be combined, and what organization
is appropriate in the future, cannot be stated
at the present time, but it is clear that the
next few years must be used both to provide
a sound economic basis for our production
and to rebuild our research activities in a
satisfactory and solid manner.

A. Neuberger.
Chairman of the Governing Body.
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The Lister Institute of
Preventive Medicine

Financial Report of the
Governing Body

The Governing Body presents the accounts of the Institute for the year ended 31st December 1977.

Results

The results of the Institute for the year ended 31st December 1977 are set out on page 4 and a detailed
income and expenditure account is set out on page 11. The surplus for the year is £224,112 compared
with asurplus of £110,564 in 1976, after taking into account profit on sales of investments of
£14,734 (1976 £483).

Exports
Sera and vaccines to the value of £780,000 were exported from the United Kingdom during the year.

Principal activities

The Institute produces for sale sera and bacterial and virus vaccines the profits from which are utilised
for its research and development work. However, for activities since the year end see Future Operations.

Future operations

The Governing Body, after careful and prolonged consideration, reluctantly decided and announced on
17th April 1978 that the production of sera and bacterial and virus vaccines would cease on or before
31st August 1978. The Governing Body are confident that any costs arising out of the decision to
cease production will be covered by existing surpluses and net income to be realised.

Fixed assets
The movements in fixed assets during the year are set out in the table in Note 5 on the accounts.

Chelsea buildings

Negotiations for the sale of the Chelsea Buildings continue. It is hoped to sell the property, which is
freehold, at a price in excess of the book value.

Governing Body

The members of the Governing Body as shown on page one were in office for the whole of the year
ended 31st December 1977 except as follows:

Professor Sir Cyril Astley Clarke KBE, MD, FRCP, FRS, was appointed 27th June 1977.

Dr. W. d'A. Maycock CBE, MVO, MD, FRCP, FRCPath, was appointed 27th June 1977.

Mr. L. Vallet MA, was appointed 5th December 1977.

Professor Sir Douglas Black, MSc, MD, FRCP, resigned 27th June 1977.

Employees

The average number of persons employed by the Institute in each week during the year ended

31st December 1977 was 280 including the staff at the Plasma Fractionation Laboratory Oxford, the
Blood Group Reference Laboratory, Chelsea and the few staff remaining at Chelsea. The aggregate
remuneration paid in respect of that year to these employees amounted to £979,975.

Auditors

A resolution to re-appoint the Auditors, Coopers and Lybrand, will be proposed at the General
Meeting.

A. NEUBERGER
Chairman



The Lister Institute of
Preventive Medicine

Report of the Auditors

to the members of Lister Institute of
Preventive Medicine

In our opinion the accounts set out on pages 4 to 10 give a true and fair
view of the state of the Institute's affairs at 31st December 1977, and
of its surplus and source and application of funds for the year ended on
that date, according to the historical cost convention, and comply with
the Companies Acts 1948 and 1967.

COOPERS & LYBRAND
Chartered Accountants
London

25th May 1978



The Lister Institute of

Preventive Medicine

Income and Expenditure Account

for the year ended 31st December 1977

Notes

Turnover 3
Excess of income over
expenditure
after charging:
Emoluments of members of the Governing

Body u
Auditor's remuneration
Depreciation 5

and after crediting:

Investment income
Bank interest
Rental income

Accumulated balance
at 1st January 1977

Accumulated balance
at 31st December 1977

1977

11,847
3,207
34,919

12,995
538
16,831

1977

916,678

224,112

619,957

1976

695,380

110,564

11,663
7,203
33,131

10,396
1,621
13,421

509,393

£844,069

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

£619,957



The Lister Institute of

Preventive Medicine

Balance Sheet

at 31st December 1977

Employment of capital

Fixed assets
Property held for resale

Investments and uninvested cash

Current assets
Stocks and work in progress

Debtors
Cash and bank balances

less:
Current liabilities

Creditors

Bank overdrafts (£160,972 secured) (1976 £64,270)

Net current assets

Capital employed

Capital fund
Pension fund

Bequest funds

A. Neuberger
R. A. McNeile

Members of the
Governing Body

1977 1977 1977
£ £ £
327,770
463,464
166,631
957,865
663,952
404,653
22,625
1,091,230
305,703
161,137
466,840
624,390
1,582,255
1,534,957
10,265
37,033
1,582,255

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

1976

208,889
463,464

161,348

893,701

526,391
203,217

46,369 i

775,977

247,024
69,693

316,717
459,260

1,352,961

1,307,307
10,971
34,683

1,352,961



The Lister Institute of
Preventive Medicine

Notes on the Accounts

1 Accounting policies

The main accounting policies are as follows: —

a Depreciation

Depreciation is calculated to write off the book value on astraight line basis over the expected useful lives of the
assets concerned. Elstree buildings have been depreciated at the annual rate of 2% from the date of completion, and
furniture fittings and scientific apparatus at the annual rate of 10%. The Chelsea freehold property which is
unoccupied has been depreciated at the rate of 2% up to 31st December 1976. As from that date this property is
not being depreciated.

b Stocks

Sera and vaccines are valued at the lower of cost and net realisable value. Cost is the sum of direct materials and
labour with additions for overheads appropriate to the stages of production reached. Net realisable value is the price
at which the stocks can be realised in the normal course of business after allowing for the costs of realisation and,
where appropriate the cost of conversion from their existing state to a finished condition. Provision is made for
obsolescent, slow-moving and defective stocks.

Packing materials are valued at invoice cost,

¢ Research expenditure
Expenditure on research is written off in the year in which it is incurred,

d Donations
Donations received are credited direct to the Capital Fund.

2 Post balance sheet event

As stated in the financial report of the Governing Body, on 17th April 1978, the Governing Body announced that the
production of Sera, Bacterial and Virus Vaccines would cease on or before 31st August 1978. It is intended that the
stocks and investments will be realized in the normal course of business and negotiations are in hand concerning the
disposal of the other assets of the Institute.

The Governing Body are confident that any additional costs arising out of the decision to cease production will be
covered by the existing surplus and future net income.

No decision has yet been made by the Governing Body as to how the resulting net surplus will be used in furthering
medical research and development.

No adjustments to the accounts prepared for the year ended 31st December 1977 have been considered necessary.

3 Turnover
Turnover has been arrived at after deducting commission due to agents from the invoice value of sales of sera and
vaccines.

4 Property held for resale
The property held for resale is the Chelsea freehold building which is included in the balance sheet at a net amount of
£463,464, being the cost of the property £517,885 less accumulated depreciation to 31st December 1976 of £54,421-

The property is unoccupied and negotiations are continuing for its sale.

The amount by which its market value exceeds the book value of £463,464 cannot at present be quantified.



5 Fixed assets

Cost

At 1st January 1977

Additions at cost

At 31st December 1977

Depreciation

At 1st January 1977

Charged to income and expenditure account
At 31st December 1977

Net book value at 31st December 1977

6 Investments and uninvested cash

General
Pension fund
Bequests

Jenner Memorial studentship fund
Morna Macleod scholarship fund

Market value (unlisted investments are
valued by Institute's investment advisers)

Excess of market value over 1977 cost

1976 cost
Market value

Excess of market value over 1976 cost

~  Stocks and work in progress
Bacterial vaccines

Mirus vaccines
Serum

Packing materials

Freehold

property

Elstree

169,456

51,935

221,391

28,612

4,110

32,722

£188,669
Listed at cost Unlisted
in UK elsewhere at cost
86,116 31,051 2,166

4,125 - -
16,610 - -
6,289

£113,140 £31,051 £2,166
£240,174 £53,296 £1,885
£104,692 £31,818 £11,410
£177,752 £73,354 £9,529

Furniture
fittings and
equipment

207,543
41,865

249,408
79,498
30,809

110,307

£139,101

Uninvested
cash

6,140
8,223
5,911

£20,274

£20,274

£13,428

£13,428

1977

£
457,869
97,646
84,418

639,933
24,019

Total

376,999
93,800

470,799
108,110

34,919
143,029

£327,770

Total
119,333
10,265
24,833
12,200

£166,631

£315,629

£148,998

£161,348
£274,063

£112,715

1976

E
383,156
54,344
71,172

508,672
17,719



8 Capital Fund

Donations and endowments have been received to date from:

Dr Ludwig Mond (1893)
Berridge Trustees (1893-1898)

Worshipful Company of Grocers (1894 and 1969/73)

Lord Iveagh (1900)

Lord Lister's Bequest (1913-1923)

William Henry Clarke Bequest (1923-1926)
Rockefeller Foundation (1935-1936)
Wolfson Foundation (1969-73)

Other donations and legacies (1891-1977)

Income and Expenditure Account

Accumulated balance at 31st December 1976
add surplus

Accumulated balance at 31st December 1977

9 Pension Fund

As at 1st January 1977
Interest on investments
Profit on sale of investments

less Pensions

10 Bequest Funds

Jenner Memorial Studentship Fund
As at 1st January 1977
Interest on investments

Morna Macleod Scholarship Fund
As at 1st January 1977
Interest on investments

11 Emoluments of members of the Governing Body

In an executive capacity

1977

£ £

2,000

46,380

15,000

250.000

18,904

7,114

3,400

300.000

48,090

690,888
619,957
224,112

844,069

£1,534,957
10,971
797
450
12,218
1,953

£10,265
23,327

1,506 24,833
11,356

844 12,200

£37,033

1977

£11,847

1976

£

2,000
46,380
15,000
250.000
18,904
7,114
3,400
300.000
44,552

687,350
509,393
110,564
619,957

£1,307,307

1976

£11,663



12 Employees' emoluments

Particulars of the numbers of employees receiving emoluments in

excess of £10,000 disclosed In accordance with Section 8 of the 1977 1976

Companies Act 1967 are as follows £10,001-£12,500 3 2
£12,501-£15,000 1 -

13 Capital expenditure schemes

Commitments in respect of contracts as at 31st December 1977 £6,629 £69,880

14 Contingent liabilities
At 31st December 1977 there were contingent liabilities as follows:

a Arising in the normal course of business £6082.

b The Institute is still a defendant together with the Department of Health and Social Security, in two cases brought
by parents of children stated to have suffered brain damage following whooping cough vaccination. If the plaintiffs
were to win their cases, or if they lost and were unable to meet the Institute's costs, the Institute's financial liability
could be considerable.

However in view of the Government's recent announcement relating to compensation for these children, it is probable
that the liability may in fact not now exist.



The Lister Institute of
Preventive Medicine

Statement of source and

application of funds
for the year ended 31st December 1977

1977
£
Source of funds
Surplus 224,112
Adjustment for items not involving
movements of funds: —
Depreciation 34,919
Profit on sales of investments (14,734)
Total generated from operations 244,297
Funds from other sources
Proceeds of sale of investments 33,453
Donations 3,538
281,288
Application of funds
Purchase of fixed assets (93,800)
Purchase of investments (22,358) (116,158)
165,130
Increase/decrease in working capital
Increase in stocks 137,561
Increase in debtors 201,436
(Increase) in creditors (58,680)
Movement in net liquid funds: —
Increase (Decrease) in cash balances (23,744)
(Increase) in bank overdraft (91,443) (115,187)
165,130

Audit report on page 3

1976

110,564

33,131
(483)

143,212

3,129
3,558

149,899

(71,280) ,
(4,052)  (75,332)
74,567
134,690
17,390
(94,306)
30,892
(14,099) 16,793
74 567
-—-/



The Lister Institute of
Preventive Medicine

Income and Expenditure Account
for the year ended 31st December 1977

1977 1977
£ £
Income
Sales of sera and bacterial and virus vaccines 916,678
Stock adjustment 131,261
Investment income:
General fund
Listed 12,826
Unlisted 169
Bank interest
Rent
Other income
Sale of Chelsea Library
Expenditure Total External
expenditure contributions
Salaries, wages and redundancy payments 979,975 594,886
Superannuation premiums 47,349 23,531
Rates and insurances 51,521 24,517
J?as, water, fuel and electricity 94,258 47,429
Office expenses, stationery and printing 31,671 15,685
Audit fee 3,207 -
Interest on overdraft 5,307 2
Elstree research and production 430,247 194,933
Animals and forage 54,222 11,113
Alterations, repairs and renewals 172,924 131,052
~aneral expenses 44,087 21,927
Oepreciation
Buildings 4,110 -
Furniture, fittings, scientific apparatus and books 30,809 -
1,949,687 1,065,075

Excess of income
rofit on sales of investments

Surplus transferred to Capital Fund

1977

1,047,939

12,995

538
16,831
15,687

1,093,990

385,089
23,818
27,004
46,829
15,986

3,207
5,305

235,314
43,109
41,872
22,160

4,110
30,809

884,612

209,378
14,734

224,112

1976

695,380
146,899

842,279

9,238
1,158

1,621
13,421
20,380
16,127

904,224

393,202
21,702
15,741
31,263
19,104
7,203
633
176,245
45,560
32,408
17,951

12,876
20,255

794,143

110,081
483

110,564

p—
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The Lister Institute of
Preventive Medicine
Annual General Meeting

18 July 1978

Report of the Governing Body

The Governing Body hasthe honour to present
its report of the Institute for the year 1977.

Governing Body

Professor Sir Douglas Black, representing the
Members of the Institute, resigned from the
Governing Body and was replaced by Professor
Sir Cyril Clarke. Under the terms of the revised
Memorandum of Association Professor L. H.
Collier and Dr W.d'A. Maycock were, as
Laboratory Directors, elected to the Governing
Body, and Mr L. Vallet was elected to replace
Professor Collier as the Scientific Staff's
representative.

Council

At last year's Annual General Meeting
Mr C. E. Guinness and Mr. R. A. McNeile,
both representatives of the Members of the
Institute, and Mr A. Steele-Bodger, represent-
ing the Royal Agricultural Society, were
unanimously reappointed to the Council.

The three members of the Council due to
retire this year in accordance with the Articles
of Association, but who are eligible for
reappointment are Professor Sir Ewart Jones,
Professor Sir David Evans and Dr M. L.
Conalty.

Blood Group Reference
Laboratory

On 1st October 1977 the responsibility for
the administration of the Blood Group
Reference Laboratory, Gatliff Road, off
Ebury Bridge Road, London SW1W 8QJ was
transferred from the Medical Research Council
to the Institute, and the Governors extend a
warm welcome to the staff of that laboratory,
some 35 persons. The Governing Body is
pleased to announce the appointment, as from
1st February 1978, of Dr A. M. Holburn, MD,
ChB, MRCPath, as Director of the Blood
Group Reference Laboratory.

Staff

The Governing Body was very pleased to
promote Dr Carolyn M. Giles to Deputy

Director of the Blood Group Reference
Laboratory as from 1st February 1978 in
recognition of her long and distinguished
service to the Unit.

The Governing Body has pleasure in wel-
coming to the Scientific Staff of the Blood
Products Laboratory, Mr Andreas Greulich,
Dr Michael Harvey, Miss Jane Webb and Miss
Deborah Woodward.

The Governing Body takes much pleasure
in recording that the honour of Knighthood
was conferred upon Dr W.d'A. Maycock in
the Queen's Birthday Honours of 1978, and
wishes to convey its congratulations to Sir
William.

The Governors congratulate Sir William
on his election as honorary member of the
British Society for Haematology, 30th March
1978.

Vaccines and Sera Laboratories

Grants and Donations

Grants. The Governing Body records its
thanks to the Medical Research Council for a
grant for "Clinical trial of anew rabies vaccine
prepared in human diploid cells and of human
anti-rabies immunoglobulin® MRC Special
Project Grant No. G 976/611.

Donations. Donations of cash were received
from the following sources:

High School, Kidderminster; Penzance County
Grammar School (two donations); Haber-
dashers' Girls' School, Elstree; Merchant
Taylors School for Girls, Liverpool (three
donations); Gravesend School for Girls (two
donations); Fulmerston School, Thetford;
Fort Pitt School, Chatham (2nd donation);
Lord MayorTreloar Hospital, Alton; Collegiate
School for Girls, Bristol; Alec Hunter High
School, Braintree.

From Dr N. Mahoney, a former member of
staff, 500 Dutch guilders as a contribution
towards travelling expenses of members of
staff of the Vaccines and Sera Laboratories
visiting the Netherlands in connection with
their work at the Institute.



From Silverson Machines Limited, Chesham,
Buckinghamshire: a sealed unit blending
machine valued at £350 for usein Dr Turner's
research on rabies.

Production

Bacterial vaccines. Compared with 1976
there was a 12% increase in the amount of
bulk antigens prepared for making bacterial
vaccines (excluding tetanus, production of
which was not recommenced until October
1977). This improvement wasachieved despite
a reduction of three staff in the media and
production departments.

Smallpox vaccine. No crude vaccine was
prepared since stocks were sufficient to meet
demand; 3.64 million doses of vaccine were
sold, compared with 3.48 million in 1976.

Antitoxins. The vyield of crude tetanus
antitoxin from the horses was poor in the first
half of the year; and, although it improved
dramatically thereafter, the total amount of all
crude antitoxins produced was 10% less than
in 1976. The problem of poor yields from the
refining process (Report, 1977) has however
been overcome.

Blending, Filling and Packing Department.
Following the closure for refurbishing at the
start of the year (Report, 1977) the blending
and filling area was again shut down for three
weeks in August for decorations to be com-
pleted. Despite these interruptions to work,
there were increases over the 1976 figures of
6% in terms of containers filled and of 35% in
terms of doses: over 34 million doses of
bacterial vaccines were filled during 1977.

Research and Development

Tetanus vaccine.  Professor Collier continued
his studies on the incidence and severity of
reactions to tetanus vaccine and on the anti-
body response (Report, 1977). In collaboration
with  Dr Sheila Polakoff (Central Public
Health Laboratory, Colindale) he examined
children receiving their routine school-leaving
dose of vaccine: 1100 children in 15 schools
in Hertfordshire were seen at the time of
inoculation and 48 hours later; most were
examined again on the 6th or 7th day. From a
sample consisting of 286 volunteers in 5
schools, blood was taken at the time of
inoculation and again 4 weeks later to deter-
mine (a) whether the severity of reaction was
related to the tetanus antibody titre at the
time of inoculation and (b) the serological
response to the booster dose. In 3 schools, the
reactions and antibody responses to plain and
adsorbed toxoids are being compared. The
results of this study are now being analysed.
The help of Dr L. A. Crawford, Hertfordshire
Area Health Authority, and her staff, is grate-
fully acknowledged, as is the cooperation of
the pupils and staff of the schools concerned.

In parallel with this investigation Professor
Collier is comparing the antibody responses to
primary tetanus immunization with (a) 1 dose
of adsorbed vaccine and 2 doses of plain
formol toxoid and (b) 3 doses of adsorbed
vaccine; this study is being done in volunteers
on the Institute's staff and their assistance is
also much appreciated.

Cholera vaccine. The vaccine prepared at
the Institute is grown on solid medium; this
technique is less economical and convenient
than those employing fluid media but has the
advantage of yielding a more potent vaccine.
Dr Green is trying to devise a method of
preparing a satisfactory vaccine in suspended
culture. In the first instance he is using a
continuous culture chemostat to determine
whether alteration of growth rate (by limita-
tion of carbon, magnesium and nitrogen)
influences antigenicity. Dr Green found that
the sensitivity of organisms to lysis by cold
shock varies with nutrient limitation; this
property might prove a useful marker if it
becomes necessary to reproduce in a batch-
fed production system the conditions defined
in chemostat experiments.

Rabies

Dr Turner continued his studies of the IgM
antibody responses of rabbits and mice to
different schedules of vaccination with
Semple, duck embryo and several cell-culture
vaccines (Reports 1975, 1976, 1977). The
results showed that the prolonged IgM
response reported by other workers is related
more to the quality and quantity of antigen
than to the number, timing and route of
administration of the doses.

Virus-neutralizing  antibody = composed
solely of IgM globulin was obtained from
mice four days after a single intravenous dose
of concentrated cell-culture vaccine. Mice
were not passively protected by this early
antibody but were protected by IgG antibody
of the same neutralizing titre; this finding was
confirmed in mice in which the transition
from IgM to IgG response was arrested by
cyclophosphamide treatment.

In collaboration with Dr F.Y. Aoki and
Dr K. Nicholson (MRC Clinical Research
Centre) Dr Turner assayed rabies antibody in
numerous serum samples from volunteers in
the Medical Research Council trial of Merieux
rabies vaccine (Report 1977). These studies,
now in their fourth year, continue to show
that adequate and durable antibody responses
can be obtained by small doses of vaccine.

Large numbers of assays were also per-
formed for the Scottish and the National
Blood Transfusion Services to screen plasma
for the preparation of human antirabies
immunoglobulin  (HRIG). Tests of the first
batch of HRIG in 70 human volunteers were
completed (Report 1977). The HRIG was



well tolerated and exerted but little immuno-
suppression on the active response to vaccine;
it could probably be used in doses larger than
those currently recommended. This study was
done in collaboration with Dr K. Nicholson
(MRC Clinical Research Centre) and with
Mr C. Rackham and Dr W.d'A. Maycock
(Blood Products Laboratory). The cooperation
of many of the staff of the Transfusion Service
and of the volunteers from the Royal
Veterinary College is gratefully acknowledged.

With Dr K. Nicholson, Dr Turner also con-
tinued to examine methods that might avoid
the use of large numbers of mice in antibody
assays (Report 1977). So far, enzyme-linked
immunoassays are unsatisfactory; assays in
cell culture making use of plaque reduction
techniques or resistance to superinfection by
other viruses are now being investigated.

Tests on the thermal stability of two candi-
date vaccines for a new international reference
preparation were undertaken at the invitation
of the World Health Organization (Report
1977). The results again accorded with those
of the other participating laboratories and
were incorporated in recommendations
promulgated by WHO.

Overseas Visits

Professor Collier

Lectured by invitation at the Institute for
Social and Preventive Medicine at the
University of Zirich on the world smallpox
eradication programme and on immunization
against whooping cough, in June 1977.
Participated in a World Health Organization
Working Group on the Production and Testing
of Pertussis Vaccine at Geneva in October
1977.

Dr Turner

Gave by invitation a seminar on "Rabies and
Interferon” in the Department of Medical
Virology and Immunology of the University
of Essen in June 1977.

Participated by invitation in the WHO/IABS
Joint Symposium on "Standardization of
rabies vaccines for human use produced in
tissue culture", Marburg 21-23 November,
1977.

Visitors

The following visitors worked for periods of
two weeks or more in the Vaccines and Sera
Laboratories:

Mr Stanley Maung Sein, The Burma Pharma-
ceutical Industry, Rangoon.

Mrs Paz Ona Frisnedi, Alaband Serum and
Vaccine Laboratory, Muntinlupa, Philippines.
Dr F. L. Saldanha, Haffkine Bio-Pharma-
ceutical Corporation Ltd, Bombay.

Dr P. Georgiou-Boufas, Central Public Health
Laboratory, Athens.

Blood Products Laboratory, and
Plasma Fractionation
Laboratory, Oxford

Research and Development

Recovery of Albumin. Dr M. Harvey con-
firmed and continued the earlier work of Dr
Robin Hanford (Report 1977) using affinity
chromatography and Cibacron Blue as ligand
for the recovery of albumin from certain
fractions which are at present discarded.
Dr Harvey reassessed the capacity of the
method, the experimental conditions and the
yield and purity of the separated albumin. It
has proved possible to use the same automated
Cibacron Blue agarose chromatography
column several hundred times without loss of
resolution of albumin. Dr Harvey also began
an examination of ligandsother than Cibacron
Blue.

Applied protein andimmune studies. Dr R.S.
Lane began, using chromatographic and
advanced small scale preparative methods, to
prepare and study certain protein antigens
and corresponding antibodies: (1) antiglobulin
constituents in serological immune diagnostic
reagents; (2) antibodies for immune quantita-
tion of plasma protein levels; (3) antibodies to
blood coagulation proteins, factor V111R and
fibrinogen for use in quality control of the
purification process. Sterile non-pyrogenic
IgM anti-D was prepared for the Regional
Transfusion Centre, Lancaster.

Continuous flow electrophoresis for separation
of human plasma proteins. Mr Vallet and
Mr Rackham continued with Dr A. R.
Thomson, Biochemistry = Group, AERE
Harwell, the investigation of fractions separat-
ed by the Philpot continuous flow electro-
phoresis apparatus. As aresult of studying the
various proteins, the experimental conditions
of separation and yields, immunoglobulins
and coagulation factor VIII were selected for
closer investigation which will be carried out
in 1978 and will be coupled with a study of
the separation of sterile and pyrogen-free
fractions by the apparatus. The work at
Harwell was supported by adirect grant from
DHSS.

Lectins.  Dr Singleton continued the analysis,
by a variety of methods, of the lectin-like
substances (LLS) from extracts of certain
nuts. Among other observations he showed
that the LLS agglutinated human group O red
cells on which the receptor sites were revealed
by treatment with neuraminidase and that the
haemagglutinating activity is eluted by lactose
or galactose from a Sepharose column using
conconcavalin A as ligand. The preliminary
results of disc electrophoresis suggest that this
eluate and that removed by N-methyl D-man-
nopyranoside are heterogeneous. Titration



against neuraminidase treated human red cells
shows that the galactose eluate is purified
fourfold.

Factor VII. Mr Dike and Mr Griffiths devised
a method for separating Factor VII. This
concentrate produced agood clinical response
in three patients and its use was unattended
by side effects.

Factor VIII. Dr J.K. Smith continued to
investigate the variables affecting yield and
purity of factor VIII with the aim of prepar-
ing a more highly purified concentrate which
would be of value in certain circumstances
for treating haemophilia A. Mr Snape showed
that factor VI, after absorption with alumin-
ium hydroxide, was stable at 18°C for at least
24 hours.

Factor IX. Dr Smith began an investigation
of means whereby the potentially thrombo-
genic components could be excluded from
factor IX concentrates prepared forclinical use.
Removal of these contaminating "materials"
would contribute to the safety of factor IX
concentrates. In conformity with general
usage, the Kingdon test (non-activated partial
thromboplastin time) for the thrombogenicity
of factor IX concentrates was adopted in
place of the recalcification test hitherto used.

Factor XIIl. A method of preparing factor
XIl was devised, using Cohn fraction | as
starting material. At the request of the factor
Xl Working Party of the International
Society on Thrombosis and Haemostasis, a
provisional reference preparation, on which
stability studies were started, was made.

Coagulation Factor Assay. Mr Snape estab-
lished a one-stage assay system for factor VI
which includes the use of a semi-artificial
factor VIlI-deficient substrate and factor V
prepared from bovine blood.

Chromogenic Substrates. Mr Snape used
synthetic chromogenic substrates, specific for
plasmin, thrombin, factor Xa and kallikrein,
to detect qualitatively these proteases at
various stages during the preparation of factor
VIl concentrate. It is intended to develop
guantitative methods. In collaboration with
Mr Vallet, Mr Snape began to develop a
method, using kallikrein chromogenic substrate
to assay the amount or pre-kallikrein activator
(PKA) in plasma protein fraction. The presence
of PKA has been found in USA to be associat-
ed with vasodepressor reactions in man.

Production

Coagulation factors. During the year the
target for the preparation of factor VIII con-
centrate, contained in DHSS expansion
programme 1974, was reached and then
exceeded, in spite of the fact that two regional
transfusion centres have not yet begun to

provide their quotas of fresh frozen plasma.
Twice as much factor VIII was issued to NHS
in 1977 as in 1976. Plans were prepared for
doubling the preparation of factor VIII con-
centrate in 1978.

The amounts of prothrombin complex
(factors 1l, IX and X) were also augmented
by the initiation at Elstree of the preparation
of this complex which is taken to the final
stage. The concentrate is then sent to Plasma
Fractionation Laboratory, Oxford, where final
filtration, filling, quality control and freeze-
drying are carried out.

The responsibility for final assays of activity
in factor VIII and factor IX concentrates was
transferred to Mr Snape, Plasma Fractionation
Laboratory, Oxford. The opportunity for
certain research and development, which was
expected to occur asa result of this re-organi-
zation, disappointingly did not develop
because of increased needs for fibrinogen for
isotopic labelling at Radiochemical Centre
and because of loss of staff.

Albumin and Plasma Protein Fraction.  Under
the direction of Mr Vallet and Mr Wesley,
means were found to exceed the planned
capacity of the large scale fractionation
laboratory by some 60 per cent and plans were
made for further growth in 1978.

Immunoglobulins. The need for normal
immunoglobulin  remains fairly constant.
Policy changes regarding smallpox vaccination
were followed by a decline in requests for
anti-vaccinia immunoglobulin.

Overseas Visits

Dr W. d'A. Maycock

Group of Experts 6B (Chairman), European
Pharmacopoeia Commission, Council of
Europe, Strasbourg, 21-23 February 1977,
14-15 June 1977 and 14-16 November 1977.
Council of Europe Public Health Committee,
Subcommittee of Experts on Blood Problems,
Frankfurt, 23-26 May 1977.

Temporary Adviser, World Health Organiza-
tion, Geneva, to revise WHO monograph
"Blood Transfusion: A Guide to the Formation
and Operation of a Transfusion Service",
18-23 July 1977.

Mr L. Vallet, Mr E.D. Wesley and Dr J.K.
Smith

International Workshop on Technology for
Protein Separation and Improvement of
Blood Plasma Fractionation, Reston, Virginia,
USA, 7-9 September 1977 and, subsequently,
American National Red Cross Blood Research
Laboratory, Bethesda, Md., and New York
Blood Center, New York, USA.

Mr L. Vallet

Netherlands Red Cross Central Transfusion
Laboratory, Amsterdam, German Red Cross
Regional Blood Transfusion Centre and



Institute, Hagen, Westphalia and Swiss Red
Cross Central Transfusion Laboratory, Bern.
28 March to 1 April 1977.

Workshop on Measurement of Potentially
Hypotensive Agents, Bureau of Biologies,
Food and Drugs Administration, Bethesda,
Md., USA. 15-16 September 1977.

Mr E. D. Wesley and Dr J. K. Smith

Dept, of Medicine, University of North
Carolina, Chapel Hill, Cutter Laboratories Inc.,
Clayton, North Carolina, and Blood Products
Laboratory, Michigan State Department of
Health, Lansing, Michigan, USA. September
1977.

Mr E. D. Wesley

Center for Blood Research Inc., Boston,
Mass.,, and Blood Products Laboratory,
Commonwealth of Massachussetts Depart-
ment of Health Laboratories, Jamaica Plain,
Mass., USA. September 1977.

Dr E. Bidwell and Dr D. Ellis

Symposium on "Clotting Factor Production:
Factor VIII and Factor IX Complex", Swiss
Red Cross Central Transfusion Laboratory,
Bern, 27-28 April 1977.

Dr E. Bidwell

Xllth  Congress of World Federation of
Haemophilia, New York, USA. 21-24 June
1977.

Task Force Meetings of International Society
on Thrombosis and Haemostasis, Philadelphia,
USA. 25-28 June 1977.

VIth International Congress of International
Society on Thrombosis and Haemostasis,
27 June - 2 July 1977, Philadelphia, and,
subsequently, American National Red Cross
Blood Research Laboratory, Bethesda, Md.,
Dept, of Medicine, University of North
Carolina, Chapel Hill, New York Blood Center,
and New York University Medical Center,
USA.

Visitor

The following visitor worked for a period of
two weeks or more inthe Plasma Fractionation
Laboratory, Oxford:

Dr J. P. Allain, Centre National deTransfusion
Sanguine, Paris.

Blood Group Reference
Laboratory

For the Blood Group Reference Laboratory
1977 was a difficult year marked by major
administrative changes, staff shortages at
senior level and threats to accommodation.
Some of these problems have now been
resolved. The transfer of the administration of
the Blood Group Reference Laboratory on
behalf of the Department of Health & Social
Security from the Medical Research Council

to the Lister Institute was completed on 1st
October, 1977. A new Director, Dr A.M.
Holburn, has been appointed.

Grants

The Blood Group Reference Laboratory is
grateful to the World Health Organisation for
two grants in support of its work as the WHO
Collaborating Centre for Reference and
Research in Blood Grouping and as the WHO
Collaborating Centre for Reference on the use
of Immunoglobulin anti-D for the Prevention
of Rh sensitisation.

Production of Blood Grouping
Reagents

During 1977, 1,037,370 ml of ABO sera,
25,648 ml of other human sera and 5,671 ml
of animal sera were issued to Blood Trans-
fusion Centres and Hospitals within the
United Kingdom. Sera of more than 80
different specificities are available for issue.
Improvements in procedure, including changes
in techniques of bacteriological control, have
been introduced to meet the demand but any
further increase in output will necessitate
expanded facilities (Jenkins and Moghaddam).

Standardisation of Blood Grouping
Reagents

The Blood Group Reference Laboratory con-
tinues to assess the suitability of reagents
produced by the Regional Transfusion Centres
in addition to its own products (Ikin). Dr Giles
is a participant of two Working Parties on the
Standardisation of Antiglobulin Reagents
(International Committee for Standards in
Haematology and M.R.C.).

Proficiency Testing

Quality control exercises art being issued to
hospitals by the Regional Transfusion Centres
in increasing numbers and each exercise is
tested by the Blood Group Reference
_aboratory. In addition, the Blood Group
Reference Laboratory issues sera containing
multiple antibodies to the Regional Trans-
fusion Centres for identification.

Anti-D Quantitation

There has been a further increase in the
number of samples assayed with material being
received from the Blood Products Laboratory,
Transfusion Centres and from overseas
laboratories and manufacturers (Dawes).
Variations in the results of assays between
Transfusion Centres and the Blood Group
Reference Laboratory inspired an investigation
of assay methods and standards used in the
UK. A collaborative study undertaken by the
Working Party on Anti-D Immunisation has
revealed that there are important discrepancies
in the stated values of anti-D concentrations
between national and international reference
preparations.



International Panel of Donors of

Rare Blood Types

The Blood Group Reference Laboratory con-
tinues to receive blood samples from donors
of rare groups for confirmation and full typing
for listing in the International Panel. Blood
has been provided from UK donors for two
patients in Switzerland and other requests for
the location of rare blood have been received.

Platelet and white cell serology

Samples are received for the investigation of
immune, including drug-induced, thrombo-
cytopenias and leucopenias.

Red Cell Reference Work

The red cell antigen and antibody problems
investigated continue to provide much variety
and interest (Giles and Poole). Rare antibodies
such as anti-Lan, anti-Yta, anti-Dib, anti-Vel
and anti-P in a P,k patient were all received
from overseas for identification. Two auto-
antibodies of unusual specificities, anti-Vel
and anti-Leb, have been found. Of many low
frequency antigens studied, two have been
shown to be present transiently on the donor
cells. A collaborative study of IVIN variants has
facilitated the correlation of the serological
(Blood Group Reference Laboratory) and
biochemical abnormalities (Regional Trans-
fusion Centre, Bristol).

Research and Development

Research projects have stemmed mainly from
routine activities and have included investiga-
tions of the G1m(1) system (Brazier) and of
the effects on antibody activity of conversion
of plasma to serum (Jenkins). Red cell
reference work provides a rich source of
material but other commitments have not
permitted full advantage to be taken (Poole
and Giles).

Accommodation

The eventual sale of the Chelsea Laboratories
of the Lister Institute hasvery serious implica-
tions for the Blood Group Reference
Laboratory. Loss of laboratory space in the
Svedberg building together with loss of
essential storage space in the stables and loss
of ease of access will very seriously impair the
capacity of the Blood Group Reference
Laboratory to maintain bulk production of
reagents. In addition, it would not be possible
to rehouse the AutoAnalysers for anti-D
quantitation. The search for alternative
accommodation for the Blood Group
Reference Laboratory must therefore be a
high priority for 1978,



Chairman's Statement

It is now more than two years since our
laboratories in Chelsea Bridge Road had to
close. Since that time we have been working
hard trying to improve and expand our
laboratories at Elstree in the hope that our
activities would become sufficiently profitable
to support and to increase our activities in
medical research. We have indeed been most
fortunate in having a very competent and
devoted staff, but at the beginning of this
year we came to the decision that we should
discontinue the activities of our Vaccines and
Sera Laboratories in 1978. This decision was
made after detailed exploration by a full
meeting of the Governing Body, where the
final conclusion was reached unanimously.
The decision was also supported by a com-
bined special meeting of the Council and
Members of the Institute.

There were several reasons for this decision.
Recent legislation requires avery high standard
not only in production but also in the proces-
sing of our products. After careful investigation
we came to the conclusion that we had to
spend at least £700,000 to bring our facilities
up to the required standard. In addition, the
following points have to be remembered.
None of our facilities are purpose-built; our
laboratories have been put up in a haphazard
manner over a long period of time. The
general layout is uneconomic, and the labora-
tories are in every way outmoded. In order to
compete efficiently, extensive rebuilding
would be necessary, which might bring the
total cost to about £2M. We also have to
remember that the Institute has not put out a
new product for many years, and some of our
existing products are likely to be phased out
over a relatively short time. In order to com-
pete internationally we would have to invest
at least £2M, and probably more, in research
and development of new products. In other
words, without considering research in the
wider sense, we felt we required at least £4M
to remain efficient and competitive. Even
with the sale of the Chelsea buildings under
the most favourable conditions, we could not
see our way to obtaining capital sums of that
magnitude.

| have so far referred only to production
and such research as is immediately related to
the day-to-day needs of an efficient production
unit. It must be clear, however, that whilst we
value our contribution to the national well-
being by the manufacture of vaccines, one of
our main aims must be the advancement of

medical knowledge, and this means research.
In order to mount even a relatively modest
research effort would need at least another
£212M. The figures Iam quoting were obtained
after careful examination of all relevant
aspects, and some of the figures may in fact
be under-estimates.

The conclusion we have reached is very
painful and depressing. We have explored so
far as we know every possible avenue of
finance both in this country and abroad, but
the results were completely disappointing.
| am conscious of the hardship which this
decision will impose on our staff, all of whom
have served us faithfully and with devotion.
Many have been with us for avery long time,
and their lives have been bound up with the
Lister Institute. We sympathise with them
deeply, and we shall try to do what we can
to ease the problems which will arise by the
closure of the Elstree laboratories. We are at
present engaged in designing a redundancy
scheme which will be considerably more
generous than that laid down by legislation.
We shall also try to deal with individual cases
of special hardship to the best of our ability.
| wish to use this opportunity of thanking all
the staff for their understanding and for their
loyal service. | have been most impressed over
the last few years especially by the high
morale, which, made our task much easier
than it would otherwise have been. Speaking
for myself, up to a few months ago | was still
quite hopeful that we would pull through.

The Governing Body has not yet made any
decision about the use of such funds as may
be available when all our affairs at Elstree are
wound up. Our buildings in Chelsea are still
unsold, and we can only guess at present what
the size of our assets will be. However, the
Governing Body has made the decision in
principle that such funds as may be available
shall be used for medical research. How this
can be achieved remains to be seen, but | feel
fairly confident that the Lister Institute will
continue to exist in some form for a long time
to come.

The activities of our Blood Products
Laboratory and Blood Group Reference
Laboratory will, of course, continue in some
way which is still to be decided.

A. Neuberger.
Chairman of the Governing Body.
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The Lister Institute of
Preventive Medicine

Financial Report of the

Governing Body

The Governing Body presents the accounts of
the Institute for the year ended 31st December
1978

Results

The results of the Institute for the year ended
31 st December 1978 are set out on page 4 and
adetailed income and expenditure account is
set out on page 11. The surplus for the year is
£168,749 compared with asurplus of £224,112
1977 after taking into account profit on sales
of investments of £151,775 (1977 £14,734).

Exports

Sera and vaccines to the value of £901,530

(1977 £780,000) were exported from the

United Kingdom during the year, despite the
cessation of production activities in August 1978.

Principal activities

The Institute produced for sale sera and bacterial
and virus vaccines the profits from which were
utilised for research and development work.

Future operations

As previously reported the production of sera
and bacterial and virus vaccines ceased on 31st
August 1978. The Governing Body are still
confident that any costs arising out of the
decision to cease production will be covered
by existing surpluses and net income to be
realised.

Fixed assets

The movements in fixed assets during the year
are set out in the table in Note 5 on the accounts.
Negotiations are in hand concerning the sale

of the land and buildings at Elstree. It is expected
that the price will be in excess of the book value.

Chelsea buildings

Negotiations for the sale of the Chelsea Buildings
continue. It is hoped to sell the property, which
isfreehold, at a price in excess of the book value.

Governing Body

The members of the Governing Body as shown
on page one were in office for the whole of the
year ended 31st December 1978 except the
following, who ceased to be eligible on 30th
September 1978:

Professor L. H. Collier, MD, DSc, MRCP, FRCPath

Sir William d'A. Maycock, CBE, MVO, MD, FRCP, FRCPath
Mr. L. Vallet MA,

Employees

The average number of persons employed by the
Institute in each week during the period 1st
January to 31st August, 1978 when production
ceased was 278 and from 1st September to

31st December 1978 was 209 including the staff
at the Blood Products Laboratory, the Plasma
Fractionation Laboratory, Oxford, the Blood
Group Reference Laboratory, Chelsea and the
few staff remaining at Chelsea. The aggregate
remuneration paid in respect of the year ended
31st December 1978 to these employees
amounted to £1,250,071.

Auditors

A resolution to re-appoint the Auditors, Coopers
and Lybrand, will be proposed at the General
Meeting.

A.NEUBERGER
Chairman



The Lister Institute of
Preventive Medicine

Report of the Auditors

to the members of Lister Institute of
Preventive Medicine

In our opinion the accounts set out on pages 4 to 10 give atrue and fair
view of the state of the Institute's affairs at 31st December 1978 and

of its surplus and source and application of funds for the year ended on
that date, according to the historical cost convention, and comply with

the Companies Acts 1948 and 1967.

COOPERS & LYBRAND
Chartered Accountants
London

21st May 1979



The Lister Institute of

Preventive Medicine

Income and Expenditure Account

for the year ended 31st December 1978

Notes

Turnover 3

Excess of income over
expenditure and before
extraordinary items

after charging:

Emoluments of members of the Governing

Body n
Auditor's remuneration
Depreciation 5

and after crediting :

Investment income
Bank interest
Rental income

Extraordinary items 13
Accumulated balance
at 1st January 1978

Accumulated balance
at 31st December 1978

1978

33,336
4,815
26,292

7,175
37,756
15,382

1978

£1,200,338

192,126

(23,377)
168,749

844,069

£1,012,818

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

1977

£916,678

224,112

18,437
3,207
34,919

12,995
538

16,831

224,112

619,957

£844,069



The Lister Institute of
Preventive Medicine

Balance Sheet

at 31st December 1978

Employment of capital

Fixed assets
Property held for resale

Investments and uninvested cash

Current assets
Stocks and work in progress

Debtors
Cash and bank balances

less:

Current liabilities

Creditors

Bank overdrafts (secured 1977 £160,972)

Net current assets

Capital employed

Capital fund
Pension fund

Bequest funds

A. Neuberger
R. A. McNeile

Members of the
Governing Body

1978 1978 1978
£ £ £
304,996
463,464
72,615
841,075
164,542
295,835
846,011
1,306,388
395,113
395,113
911,275
£1,752,350
1,703,753
9,383
39,214
£1,752,350

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

1977

327,770
463,464

166,631

957,865

663,952
404,653
22,625

1,091,230

305,703
161,137

466,840
624,390

£1,582,255

1,534,957
10,265
37,033

£1,582,255

o.<



The Lister Institute of
Preventive Medicine

Notes on the Accounts

1 Accounting policies

The main accounting policies are as follows: —

a Depreciation

Depreciation is calculated to write off the book value on a straight line basis over the expected useful lives of the
assets concerned. Elstree buildings have been depreciated at the annual rate of 2% from the date of completion, and
furniture fittings and scientific apparatus at the annual rate of 10%. The Chelsea freehold property which is.
unoccupied has been depreciated at the rate of 2% up to 31st December 1976. As from that date this property is
not being depreciated.

b Stocks

Sera and vaccines are valued at the lower of cost and net realisable value. Cost is the sum of direct materials and
labour with additions for overheads appropriate to the stages of production reached. Net realisable value is the price
at which the stocks can be realised in the normal course of business after allowing for the costs of realisation and,
where appropriate the cost of conversion from their existing state to afinished condition. Provision is made for
obsolescent, slow-moving and defective stocks.

Packing materials are valued at invoice cost,
¢ Research expenditure
Expenditure on research is written off in the year in which it is incurred,

d Donations
Donations received are credited direct to the Capital Fund.

2 Future operations

As anticipated in the financial report of the Governing Body, on 17th April 1978, the production of Sera, Bacterial
and Virus Vaccines ceased on 31st August 1978. It is intended that the stocks and investments will be realized

in the normal course of business and negotiations are in hand concerning the disposal of the other assets of the
Institute.

The Governing Body are still confident that any additional costs arising out of the decision to cease production

will be covered by the existing surplus and future net income.

No decision has yet been made by the Governing Body as to how the resulting net surplus will be used in furthering
medical research and development.

No adjustments to the accounts prepared for the year ended 31st December 1978 have been considered necessary.

3 Turnover

Turnover has been arrived at after deducting commission due to agents from the invoice value of sales of sera and
vaccines.

4 Property held for resale

The property held for resale is the Chelsea freehold building which is included in the balance sheet at a net amount of
£463,464, being the cost of the property £517,885 less accumulated depreciation to 31st December 1976 of £54,421-
The property is unoccupied and negotiations are continuing for its sale.

The amount by which its market value exceeds the book value of £463,464 cannot at present be quantified.



5 Fixed assets

Cost

At 1st January 1978
Additions at cost
Disposals at cost

At 31st December 1978

Depreciation
At 1st January 1978

Charged to income and expenditure account

Accumulated on disposals
At 31st December 1978
Net book value at 31st December 1978

Net book value at 31st December 1977

6 Investments and uninvested cash

General
Pension fund
Bequests

Jenner Memorial studentship fund
Morna Macleod scholarship fund

Market value (unlisted investments are
valued by Institute's investment advisers)

Excess of market value over 1978 cost

1977 cost

Market value

Excess of market value over 1977 cost

? Stocks and work in progress
Bacterial vaccines

Virus vaccines
Sera

Packing materials

Freehold
property
Elstree
221,391
4,949
226,340
32,722
4,209
36,931
£189,409
£188,669
Listed at cost Unlisted
in UK elsewhere at cost
22,358 1,660
4,125 -
16,610
6,289 - -
£49,382 £1,660
£61,243 £1,549
£113,140 £31,051 £2,166
£240,174 £53,296 £1,885

Furniture
fittings and
equipment

249,408
2,844
(4,773)

247,479

110,307
22,083
(498)

131,892
£115,587

£139,101

Uninvested
cash

5,258

9,522
6,793

£21,573

£21,573

£20,274

£20,274

1978

£
89,164
7,858
66,549

163,571
971

£164,542

Total

470,799
7,793
(4,773)

473,819

143,029
26,292
(498)

168,823
£304,996

£327,770

Total

24,018

9,383

26,132
13,082

£72,615

£84,365

£11,750

£166,631
£315,629

£148,998

1977

£
457,869
97,646
84,418

639,933
24,019

£663,952



8 Capital Fund

Donations and endowments have been received to date from:

Dr Ludwig Mond (1893)

Berridge Trustees (1893-1898)

Worshipful Company of Grocers (1894 and 1969/73)
Lord Iveagh (1900)

Lord Lister's Bequest (1913-1923)

William Henry Clarke Bequest (1923-1926)
Rockefeller Foundation (1935-1936)

Wolfson Foundation (1969-73)

Other donations and legacies (1891-1978)

Income and Expenditure Account

Accumulated balance at 31st December 1977
add surplus

Accumulated balance at 31st December 1978

9 Pension Fund

As at 1st January 1978
Interest on investments

less Pensions

10 Bequest Funds

Jenner Memorial Studentship Fund
As at 1st January 1978
Interest on investments

Morna Macleod Scholarship Fund

As at 1st January 1978
Interest on investments

11 Emoluments of members of the Governing Body

844,069
168,749

10,265
720

10,985
1,602

24,833
1,299

12,200
882

1978 1977

£ £

2,000 2,000

46,380 46,380

15,000 15,000

250.000 250.000

18,904 18,904

7,114 7,114

3,400 3,400

300.000 300.000

48,137 48,090

690,935 690,888

619,957

224,112

1,012,818 844,069

£1,703,753 £1,534,957
£ 9,383
26,132
13,082
£39,214

Particulars of emoluments of members of the Governing Body disclosed in accordance with Sections 6 and 7 of the

Companies Act 1967 are as follows :—

Emoluments of the highest paid Governor

Number of other Governors whose emoluments were
within the ranges : —

ENIL

£ 5,001 —£ 7,500
£ 7,501 - £10,000
£10,001 -£12,500

1978 1977
£12,317 £11,847
7 8
1

1

1



12 Employees' emoluments

Particulars of the numbers of employees receiving emoluments in

excess of £10,000 disclosed in accordance with Section 8 of the 1978 1977

Companies Act 1967 are as follows £10,001 - £12,500 1 3
£12,501 - £15,000 1 1m
£15,001 - £17,500 1

13 Extraordinary Items

a In accordance with adecision ratified by the Governing Body on 18th July, 1978, £ it
asubstantial part of the Institutes portfolio was sold giving rise to aprofit on sale
amounting to 151,775 ?1
b Redundancy payments arising out of the decision to cease production (175,152)

£(23,377)

14 Capital expenditure schemes

Commitments in respect of contracts as at 31 st December 1978 £2,046 £6,629

15 Contingent liabilities

At 31st December 1978 there were contingent liabilities as follows:

a The Institute is still adefendant together with the Department of Health and Social Security, in two cases brought
by parents of children stated to have suffered brain damage following whooping cough vaccination. If the plaintiffs
were to win their cases, or if they lost and were unable to meet the Institute's costs, the Institute's financial liability
could be considerable.

However in view of the Government's announcement relating to compensation for these children, it is probable that the 4
liability may in fact not now exist.

b There were no contingent liabilities arising in the normal course of business (1977 £6,082).

Audit report on page 3



The Lister Institute of
Preventive Medicine

Statement of source and

application of funds
for the year ended 31st December 1978

Source of funds
Surplus
Extraordinary items

Adjustment for items not involving
movements of funds:—
Depreciation
Profit on sales of investments

Total generated from operations

Funds from other sources

Proceeds of sale of investments
Donations

Application of funds

Purchase of fixed assets
Purchase of investments

Increase/decrease in working capital

Increase (decrease) in stocks
Increase (decrease) in debtors
(Increase) in creditors

Movement in net liquid funds: —

Increase (Decrease) in cash balances
Decrease (Increase) in bank overdraft

1978
£

192,126
(23,377)

168,749

26,292
(151,775)

43,266

247,090
47

290,403

(3,518)
(3,518)

£286,885

(499,410)
(108,818)
(89,410)

823,386
161,137 984,523

£286,885

1977
£

224,112

224,112

34,919
(14,734)

224,297

33,453
3,538

281,288

(93,800)
(22,358)  (116,158)
£165,130
137,561
201,436
(58,680)
(23,744)
(91,443) (115,187)
£165,130

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3



The Lister Institute of
Preventive Medicine

Income and Expenditure Account

for the year ended 31st December 1978

Income

Sales of sera and bacterial and virus vaccines
Stock adjustment

Investment income:
General fund
Listed
Unlisted

Bank interest
Rent
Other income

Expenditure

Salaries, wages and redundancy payments
Superannuation premiums
Rates and insurances
Gas, water, fuel and electricity
Office expenses, stationery and printing
Audit fee
Interest on overdraft
Elstree research and production
Animals and forage
Alterations, repairs and renewals
General expenses
Depreciation
Buildings
Furniture, fittings, scientific apparatus and books

Excess of income (after redundancy payments of £175,152)
Profit on sales of investments

Surplus transferred to Capital Fund

1978 1978

1,200,338
(476,362)

7,035
140

Total External
expenditure  contributions

1,250,071 799,857
68,570 47,168
57,569 31,812
97,327 66,798
45,249 27,032

4,815
131 2
520,274 354,941
21,074 14,785
108,929 88,121
48,510 31,243

4,209

22,083

£2,248,811 £1,461,759

1978

723,976

7,175
37,756
15,382
19,737

804,026

450,214
21,402
25,757
30,529
18,217

4,815
129
165,333
6,289
20,808
17,267

4,209
22,083

787,052

16,974
151,775

£168,749

1977

916,678
131,261

£1,047,939

12,826
169

12,995

538
16,831
15,687

1,093,990

385,089
23,818
27,004
46,829
15,986
3,207
5,305
235,314
43,109
41,872
22,160

4,110
30,809

884,612
209,378
14,734

£224,112
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The Lister Institute of
Preventive Medicine
Annual General Meeting
11 July 1979

Report of the Governing Body

Governing Body

As the result of the closure of the Institute's Vaccines and Sera Laboratories on
31st August 1978 and the subsequent transfer of the administrative responsibility
for the Blood Products Laboratory to the North West Thames Regional Health
Authority, Professor L. H. Collier, Sir William Maycock and Mr. L. Vallet ceased
to be eligible to serve as Governors on 30th September 1978.

Council

At last year's Annual General Meeting it was reported that the Royal Irish
Academy had appointed Dr. Thomas Murphy, President of University College,
Dublin, a member of the Council to replace Dr. M. L. Conalty; that Professor Sir
David Evans had resigned and that the Royal Society had appointed Professor
J. H. Humphrey in his place; and that Professor Sir Ewart Jones had also resigned.

The three members of the Council due to retire this year in accordance with
the Articles of Association, but who are eligible for reappointment are Professor
R. I. N. Greaves, the representative of the University of Cambridge, and the
Presidents of the Royal College of Surgeons of England and of the Royal College
of Veterinary Surgeons.

Chairman's Statement

In the statement | made in the Report of the Governing Body for 1978 |
explained the reasons which compelled us to complete the closure of the Institute
and to give notice to our Staff. This closure is now almost complete. It has
necessarily meant a certain amount of hardship to all our staff, but we hope this
was greatly mitigated by our generous redundancy scheme and by providing as
far as possible special help in individual cases. It has been possible for the senior
members of our scientific staff, with one exception, to find new posts, and their
research activities have not been as much interrupted as might have been feared.



I wish to thank again the staff at all levels for their understanding and devoted
service over many years.

Our estate at Elstree has been sold to the Department of Health & Social
Security, and the legal formalities will, | hope, be completed within the next few
months. We also hope to dispose of our Chelsea buildings before long but the
price we may receive for this property depends on several factors, particularly
the possible extension of the planning consent for change of use. We are also at
present selling some of our remaining vaccines and sera and other assets, and it is
expected that this process will also come to an end by the late summer. The
administration of the Blood Products Laboratory and of the Blood Group
Reference Laboratory has been handed over to the Department of Health &
Social Security. This will more or less complete the disposal of our assets and
responsibilities.

We shall of course retain our responsibilities to our pensioners, and payments
under this heading will have first call on such financial resources as will remain.
It is too early to state the exact size of our financial assets, but we may be
confident that they will be in excess of £2,000,000. The precise way in which we
shall use our financial resources to support medical research will occupy the
attention of the Governing Body during the next few months. As soon as we are
able to formulate definite proposals, we will of course consult our Members and
the Council of the Institute. We are also considering whether constitutional
changes are necessary, but this is again a matter on which we are taking advice.

In conclusion | wish to thank my colleagues on the Governing Body for their
most helpful co-operation, and | want to express my great appreciation for the
help 1 have received from Professor Collier, who has been Director of the Vaccines
& Sera Laboratories at Elstree. We are glad that he has been appointed to a Chair
of Virology in the University of London at the London Hospital Medical College.
Above all, | want to express my warmest thanks to Mr. Roderick whose
competence, devotion, and hard work are beyond praise.

A. Neuberger
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The Lister Institute of
Preventive Medicine

Financial Report of the

Governing Body

The Governing Body presents the accounts of
the Institute for the year ended 31st December
1979.

Results

The results of the Institute for the year ended
31st December 1979 are set out on page 4 and a
detailed income and expenditure account is set
out on page 11. The surplus for the year is
£1,047,164 compared with a surplus of £168,749
in 1978 after taking into account profit on sales
of fixed assets of £447,813 (1978 Nil).

Exports

Sera and vaccines to the value of £5639,579
(1978 £901,530) were exported from the
United Kingdom during the year, despite the
cessation of production activities in August 1978.

Principal activities

The Institute sold sera and bacterial and virus
vaccines produced in previous years, the profits
from which are intended to be utilised for
research and development work.

Future operations

The Governing Body are actively engaged in
considering plans for the direct financial
assistance of research in bio-medicine.

Fixed assets

The movements in fixed assets during the year
are setout in the table in Note 5 on the accounts.
The land and buildings at Elstree were sold
during the year at a price which exceeded the
book value.

Chelsea buildings

Negotiations for the sale of the Chelsea Buildings
continue. It is hoped to sell the property, which
isfreehold, at a price in excess of the book value.

Governing Body

The members of the Governing Body as shown
on page one were in office for the whole of the
year ended 31st December 1979 except Professor
W.T.J. Morgan who was appointed on 21st
March 1979.

Employees

The average number of persons employed by the
Institute in each week during the period 1st
January to 31st March 1979 was 247, including
the staff at the Blood Products Laboratory, the
Plasma Fractionation Laboratory, Oxford, the
Blood Group Reference Laboratory, Chelsea and
the few staff remaining at Chelsea. For the last
7 months on average only 9 people were
employed. The aggregate remuneration paid in
respect of the year ended 31st December 1979
to these employees amounted to £405,221.

Auditors

A resolution to re-appoint the Auditors, Coopers
and Lybrand, will be proposed at the General
Meeting.

A. NEUBERGER
Chairman



The Lister Institute of
Preventive Medicine

Report of the Auditors

to the members of Lister Institute of
Preventive Medicine

In our opinion the accounts set out on pages 4 to 10 give a true and fair
view of the state of the Institute's affairs at 31st December 1979 and
of its surplus and source and application of funds for the year ended on
that date, according to the historical cost convention, and comply with
the Companies Acts 1948 and 1967.

COOPERS & LYBRAND
Chartered Accountants
London

10th June 1980.



The Lister Institute of
Preventive Medicine

Income and Expenditure Account
for the year ended 31st December 1979

Notes 1979 1979 1978
£ £ £
Turnover 3 £787,814 £1,200,338
Excess of income over
expenditure and before 202.125
extraordinary items ’ 192,126
after charging:
Emoluments of members of the Governing
Body 10 33,336
Auditor's remuneration 3,000 4,815
Depreciation 5 120 26,292
and after crediting:
Investment income 17,312 7,175
Bank interest 203,303 37,756
Rental income 32,834 15,382
Extraordinary items 1 345,039 (23,337)
1,047,164 168,749
Accumulated balance
at 1st January 1979 1,012,818 844,069
Accumulated balance
at 31st December 1979 £2,059,982 £1,012,818

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3



The Lister Institute of
Preventive Medicine

Balance Sheet
at 31st December 1979

1979 1979 1978
Notes £ £ £

Employment of capital
Fixed assets 5 960 304,996
Property held for resale 4 463,464 463,464
Investments and uninvested cash 6 873,150 72,615

1,337,574 841,075

Current assets

Stocks and work in progress 18,500 164,542

Debtors 64,249 295,835

Cash and bank balances 1,517,083 846,011
1,599,832 1,306,388

less:

Current liabilities

Creditors 121,965 395,113

Net current assets 1,477,867 911,275

£2,815,441 £1,752,350

Capital employed

Capital fund 7 2,750,922 1,703,753
Pension fund 8 9,012 9,383
Bequest funds 9 55,507 39,214

£2,815,441 £1,752,350

A. Neuberger | Members of the
R.A. McNeile | Governing Body

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3
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The Lister Institute of
Preventive Medicine

Notes on the Accounts

1 Accounting policies
The main accounting policies are as follows: —
a Depreciation

Depreciation is calculated to write off the book value on a straight line basis over the expected useful lives of the
assets concerned. Elstree buildings have been depreciated at the annual rate of 2% from the date of completion, and
furniture fittings and scientific apparatus at the annual rate of 10%. The Chelsea freehold property which is
unoccupied has been depreciated at the rate of 2% up to 31st December 1976. As from that date this property is
not being depreciated.

b Stocks

Sera and vaccines are valued at the lower of cost and net realisable value. Cost isthe sum of direct materials and
labour with additions for overheads appropriate to the stages of production reached. Net realisable value is the price
at which the stocks can be realised in the normal course of business after allowing for the costs of realisation and,
where appropriate, the cost of conversion from their existing state to afinished condition. Provision is made for
obsolescent, slow-moving and defective stocks.

Packing materials are valued at invoice cost,

¢ Investment income

Credit istaken for income from investments on a cash received basis, except for gilt-edged securities which is accrued
d Donations

Donations received are credited direct to the Capital Fund.

2 Future operations

No decision has yet been made by the Governing Body as to how the net surpluses arising in this and previous years
will be used in furthering medical research and development. However, the Governing Body are actively engaged in
considering plans for the direct financial assistance of research in bio-medicine.

No adjustments to the accounts prepared for the year ended 31st December 1979 have been considered necessary in
this respect.

3 Turnover

Turnover has been arrived at after deducting commission due to agents from the invoice value of sales of sera and
vaccines.

4 Property held for resale

The property held for resale is the Chelsea freehold buildj*g which is included in the balance sheet at a net amount of
£463,464, being the cost of the property £517,885 lesj*ccumulated depreciation to 31st December 1976 of £54,421-

The property is unoccupied and negotations are continuing for its sale.

The amount by which its market value exceedyfrie book value of £463,464 cannot at present be quantified.

See letter dated 10th June 1980 from the Chairman, attached.



5 Fixed assets

Cost
At 1st January 1979
Disposals at cost

At 31st December 1979

Depreciation

At 1st January 1979

Charged to income and expenditure account
Accumulated on disposals

At 31st December 1979
Net book value at 31st December 1979

Net book value at 31st December 1978

6 Investments and uninvested cash

General
Pension Fund

Bequests
Jenner Memorial studentship fund
Morna Macleod scholarship fund

Market value (unlisted investments are
valued by Institute's investment advisers)

Excess of market value over 1979 cost

1978 cost
Market value

Excess of market value over 1978 cost

Listed at cost
in UK

807,447
4,125
22,543

13,708

£847,823

£855,155

£49,382

£61,243

Freehold

property
Elstree

226,340
(226,340)

Nil

36,931
(36,931)
Nil
Nil

£189,409

Unlisted
at cost

1,185

£1,185

£1,078

£1,660

£1,549

Furniture
fittings and
equipment

247,479
(219,634)

27,845

131,892
120
(105,127)

26,885
£960

£115,587

Uninvested
cash

4,887
11,267

7,988

£24,142

£24,142

£21,573

£21,573

Total
473,819
(445,974)

27,845

168,823
120
(142,058)

26,885

£960

£304,996

Total

808,632

9,012

33,810
21,696

£873,150

£880,375

£7,225

£72,615
£84,365

£11,750



10th June 1980.

TO: MEMBERS OF TILE LISTER INSTITUTE OF PREVENTIVI: MEDICINE

Dear Member,

Chelsea Buildings.

The Financial Report of the Governing Body
and Notes on the Accounts refer to negotiations for
the sale of the Chelsea buildings. Subsequent to
the year end and the final printing of the Accounts,
the Institute has sold the Chelsea buildings for
£2,700,000. The sales proceeds exceed the book
value of £463,464 by over £2_.2 million and the net
surplus arising, which is free of tax, will be
included in the Capital Fund in the Accounts for the
year ending 31lst December 1980.

A. Neuberger.
Chairman.



7 Capital Fund
Donations and endowments have been received to date from: £

Dr Ludwig Mond (1893)

Berridge Trustees (1893-1898)

Worshipful Company of Grocers (1894 and 1969/73)
Lord Iveagh (1900)

Lord Lister's Bequest (1913-1923)

William Henry Clarke Bequest (1923-1926)
Rockefeller Foundation (1935-1936)

Wolfson Foundation (1969-73)

Other donations and legacies (1891-1979)

Income and Expenditure Account

Accumulated balance at 31st December 1978 1,012,818
add surplus 1,047,164

Accumulated balance at 31st December 1979

8 Pension Fund

As at 1st January 1979
Interest on investments

less Pensions

As at 31st December 1979

9 Bequest Funds

Jenner Memorial Studentship Fund
As at 1st January 1979
Interest on investments
Profit on sale of investments

Morna Macleod Scholarship Fund
As at 1st January 1979
Interest on investments
Profit on sale of investments

10 Emoluments of members of the Governing Body

1979
£

2,000
46,380
15,000

250,000
18,904
7,114
3,400
300,000
48,142

690,940

2,059,982

£2,750,922

9,383
1,011

10,394
1,382

£9,012

26,132
1,671
6,007

13,082
1,168
7,447

1978

2,000
46,380
15,000

250,000
18,904
7,114
3,400
300,000
48,137

690,935

844,069
168,749

1,012,818

£1,703,753

33,810

21,697

£55,507

Particulars of emoluments of members of the Governing Body disclosed in accordance with Sections 6 and 7 of the

Companies Act 1967 are as follows :—
Emoluments of the highest paid Governor

Number of other Governors whose emoluments were

within the r a n g e S £ N | L
£ 5,001-£10,000
£10,001-£15,000

1979
Nil

1978
£12,317

[N



11 Extraordinary Items

1979
a In accordance with a decision ratified by the Governing Body on 18th July, 1978, £
asubstantial part of the Institute's portfolio was sold giving rise to a profit on sale
amounting to
b Redundancy payments arising out of the decision to cease production (102,774)
¢ Profit on sale of the freehold property and equipment at Elstree 447,813
£345,039

12 Capital expenditure schemes

Commitments in respect of contracts as at 31st December 1979 were NIL (1978 —£2,046)

13 Contingent liabilities

At 31st December 1979 there were contingent liabilities as follows:

1978

151,775

(175,152)

(£23,377)

a The Institute is still adefendant together with the Department of Health and Social Security, in two cases brought
by parents of children stated to have suffered brain damage following whooping cough vaccination. If the plaintiffs
were to win their cases, or if they lost and were unable to meet the Institute's costs, the Institute's financial liability

could be considerable.

However in vew of the Government's announcement relating to compensation for these children, it is probable that the

liability does not in fact now exist.

b There is acontingent liability of £17,000 in respect of payments that may be required to be made to the National

Health Superannuation Scheme in respect of the transfer to that Scheme of ex-employees.

¢ There were no contingent liabilities arising in the normal course of business (1978 Nil).

Audit report on page 3



The Lister Institute of
Preventive Medicine

Statement of source and

application of funds
for the year ended 31st December 1979

Source of funds

Surplus
Extraordinary items

Adjustment for items not involving
movements of funds:-
Depreciation
Loss (Profit) on sales of investments
(Profit) on sales of fixed assets

Total generated from operations

Funds from other sources

Sale of fixed assets
Proceeds of sale of investments
Donations

Application of funds

Purchase of fixed assets
Purchase of investments

Increase/decrease in working capital

(Decrease) in stocks
(Decrease) in debtors
Decrease (Increase) in creditors

Movement in net liquid funds:—
Increase in cash balances
Decrease in bank overdraft

671,072

1979

£
702,125
345,039

1,047,164

120
258
(447,813)

599,729

751,730
22,575
5

1,374,039

(807,447)

£566,592

(146,042)
(231,586)
273,148

671,072

£566,592

823,386
161,137

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

(499,410)
(108,818)
(89,410)

984,523

1978
£

192,126

(23,377)

168,749

26,292
(151,775)

43,266

247,090
47

290,403

(3,518)

£286,885

£286,885



The Lister Institute of

Preventive Medicine

Income and Expenditure Account
for the year ended 31st December 1979

Income

Sales of sera and bacterial and virus vaccines
Stock adjustment

Investment income:
General fund
Listed
Unlisted

Bank interest
Rent and service charges
Other income

Expenditure

Salaries, wages, pensions and redundancy payments
Superannuation premiums

Rent, rates and insurances

Gas, water, fuel and electricity

Office expenses, stationery and printing
Professional fees

Interest on overdraft

Elstree research and production
Animals and forage

Alterations, repairs and renewals
General expenses

Grants

Depreciation

Excess of income (after redundancy payments
°* £102,774; 1978: £175,152)

Profit on sale of fixed assets

Profit/(Loss) on sale of investments

Surplus transferred to Capital Fund

1979

Total
Expenditure

405,221
13,333
32,135
29,030
21,039
16,858

207,101
3,704
44,925
45,563
2,065
120

£821,094

11

1979 1979
£ £
787,814
(145,071)
642,743
17,210
102
17,312
203,303
32,834
23,896
£920,088
External

contributions

200,216 205,005
12,101 1,232
2,877 29,258
22,048 6,982
15,011 6,028
— 16,858
172,243 34,858
3,704 -
39,577 5,348
32,838 12,725
- 2,065
- 120

£500,615 £320,479

599,609
447,813
(258)

£1,047,164

1978

1,200,338
(476,362)

723,976

7,035
140
7,175
37,756
15,382
19,737

£804,026

450,214
21,402
25,757
30,529
18,217

4,815
129
165,333
6,289
20,808
17,267

26,292

£787,052

16,974

151,775

£168,749
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The Lister Institute of
Preventive Medicine
Annual General Meeting
9th July 1980

Report of the Governing Body

Governing Body

Professor W. T. J. Morgan, cbe, PhD, dsc, frs was co-opted on to the Governing
Body on 21st March, 1979, in accordance with Clause 4(2) of the Memorandum
of Association.

Council

At last year's Annual General Meeting it was reported that the University of
Cambridge had appointed Professor Peter Wildy a member of the Council to
replace Professor R. I. N. Greaves; that the Royal College of Veterinary Surgeons
had appointed Dr Olga Uvarov to serve on the Council in lieu of the President;
and that the President of the Royal College of Surgeons of England would
continue to serve on the Council as the representative of the Royal College.

The three members of the Council due to retire this year in accordance with
the Articles of Association, but who are eligible for reappointment, are Sir
Graham Wilson, the representative of the University of London, Professor
P. J. Collard, the representative of the University of Manchester and Sir Alan
Drury, a representative of the Members.

Chairman's Statement

In a statement | made in the Report of the Governing Body for the year 1979,
| reported the closure of the Institute and on our efforts to dispose of our assets,
which mainly consisted of our buildings at Chelsea and our estate at Elstree.
I reported that our Elstree estate had been sold, and | can now confirm that
the legal formalities were completed soon afterwards. We are now renting from
the DHSS on a short-term basis certain very limited accommodation at Elstree
in order to enable us to sell our remaining vaccine and sera stocks, equipment
and furniture, and to facilitate the completion of several important admini-
strative functions. | am pleased to be able to report the sale of our Chelsea



property to the St Martin's Property Corporation Ltd. Completion took place
on the 27th May 1980, and we have obtained what | believe is a good price for
the Chelsea buildings. Both these transactions, that is, the sale of the Elstree
estate and that of our Chelsea property, had of course to be approved by the
Charity Commissioners. We have now also disposed of such vaccines and sera as
could be marketed, and we have made arrangements to sell the remaining stock
of scorpion antitoxin through our agents, there being sufficient material available
to meet demand for about four years.

When all these transactions are completed we shall be in a reasonably strong
financial position. Our policy with regard to investment must be directed on the
one hand to protecting the real value of our capital, but at the same time we
must aim to get the maximum income compatible with our intention to protect
the real value of our investments. Details of such a policy are being worked out
at present. We shall also have to consider during the next few months changes in
our organizational structure and the defining in detail of the aims of our scientific
policy. These are matters which will remain the preoccupation of the Governing
Body during the coming year.

We are anxious to continue to maintain a close connection with medical
research whilst considering our future long-term policy, and for this reason we
have as an interim measure decided to give additional support to those of our
senior scientists who were in our employment during the last few years before
the Institute closed. We have therefore given grants for periods up to three years
to former members of the staff to a total value, in the first year, of about
£40,000. At a later date, when our future policy has been defined, we hope to
make concrete long-term proposals both to Council and to our Members.

It gives me great pleasure to thank my fellow Governors, particularly our
Honorary Treasurer, for continued support. | also wish to record again my
personal gratitude to Mr Roderick for his devotion, hard work, and competence.
The success with which the depressing task of winding up the Institute has been
carried out is mainly due to the work of Mr Roderick.

Albert Neuberger.
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The Lister Institute of
Preventive Medicine

Financial Report of the

Governing Body

The Governing Body presents the accounts of
the Institute for the year ended 31st December
1980.

Results

The results of the Institute for the year ended
31st December 1980 are set out on page 4 and a
detailed income and expenditure account is set
out on page 11. The surplus for the year is
£2,878,511 compared with a surplus of
£1,047,164 in 1979 after taking into account
profit on sales of fixed assets of £2,175,579
(1979 £447,813).

Exports

Sera and vaccines, mainly scorpion anti-toxin,
to the value of £247,693 (1979 £539,579) were
exported from the United Kingdom during the
year. Sales of scorpion anti-toxin are continuing
during 1981.

Principal activities

The Institute sold sera produced in previous
years, the profits from which are being utilised
for the support of medical research.

Future operations

The Governing Body are actively engaged in
consolidating plans for more direct financial
assistance of research in bio-medicine.

Fixed assets
The movements in fixed assets during the year

are set out in the table in Note 5 on the accounts.

Chelsea buildings

The Institute sold the Chelsea buildings for
£2,700,000. The sales proceeds exceeded the
book value of £463,464 and the net surplus
arising, which is free of tax, has been included
in the capital fund.

Governing Body

The members of the Governing Body as shown
on page 1 were in office for the whole of the
year ended 31st December 1980.

Auditors

A resolution to re-appoint the Auditors, Coopers
and Lybrand, will be proposed at the General
Meeting.

A.NEUBERGER
Chairman



The Lister Institute of
Preventive Medicine

Auditors’ Report

to the members of The Lister Institute of
Preventive Medicine

We have audited the accounts on pages 4 to 10 in accordance with
approved Auditing Standards. The accounts have been prepared under

the historical cost convention.

In our opinion the accounts give a true and fair view of the state of

affairs of the company at 31st December 1980 and of its profit and
source and application of funds for the year then ended and comply
with the Companies Acts 1948 to 1980.

COOPERS & LYBRAND
Chartered Accountants
London

22nd June 1981



The Lister Institute of

Preventive Medicine

Income and Expenditure Account

for the year ended 31st December 1980

Notes

Turnover 3

Excess of income over
expenditure and before
extraordinary items

after charging:

Emoluments of members of the Governing

Body 10
Auditors' remuneration
Depreciation 5

and after crediting :
Investment income

Bank interest
Rental income

Extraordinary items 1

Grants 14

Accumulated balance
at 1st January 1980

Accumulated balance
at 31st December 1980

1980

3,000
480

395,686
217,162

1980

£269,085

738,240

2,157,720

2,895,960
(17,449)

2,878,511

2,059,982

£4,938,493

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

1979

£787,814

704,190

3,000
120

17,312
203,303
32,834

345,039

1,049,229
(2,065)

1,047,164

1,012,818

£2,059,982



The Lister Institute of
Preventive Medicine

Balance Sheet
at 31st December 1980

Employment of capital

Fixed assets

Property held for resale

Investments and uninvested cash

Current assets

Stocks and work in progress

Debtors
Cash and bank balances

less:

Current liabilities

Creditors

Net current assets

Capital employed

Capital fund
Pension fund

Bequest funds

A. IMeuberger Members of the
R.A. McNeile Governing Body

Notes 1980 1980
£ £
5 480
4 R
6 4,040,486
4,040,966
31,062
275,029
1,454,996
1,761,087
101,759
1,659,328
£5,700,294
7 5,629,438
8 9,940
9 60,916
£5,700,294

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3

1979

960
463,464

873,150

1,337,574

18,500
64,249
1,517,083

1,599,832

121,965

1,477,867

£2,815,441

2,750,922
9,012

55,507

£2,815,441



The Lister Institute of
Preventive Medicine

Notes on the Accounts

1 Accounting policies
The main accounting policies are as follows:—
a Depreciation

Depreciation is calculated to write off the book value on a straight line basis over the expected useful lives of the
assets concerned. The Chelsea freehold property, sold during the year, was depreciated at the rate of 2% up to
31st December 1976. As from that date the property was not depreciated.

b Stocks

Sera and vaccines are valued at the lower of cost and net realisable value. Bulk stocks are included at a nil valuation,
as their realisable value is uncertain. Final product stocks are stated at the lower of packaging and handling costs
and net realisable value.

c Investments

Investments are stated at cost. Provision is made for any permanent diminution in value,

d Investment income

Credit istaken for income from investments on a cash received basis, except for gilt-edged securities which is accrued,
e Donations

Donations received are credited direct to the Capital Fund.

2 Future operations

The Governing Body is actively engaged in consolidating its plans for the use of the net surpluses arising in this and
previous years in furthering medical research and development including the direct financial assistance of research in
bio-medicine.

3 Turnover

Turnover has been arrived at after deducting commission due to agents from the invoice value of sales of sera and
vaccines.

4 Property held for resale

The property held for resale at 31st December 1979, was included in the balance sheet at a net amount of £463,464,
being the cost of the property £517,885 less accumulated depreciation to 31st December 1976 of £54,421.

The property was sold for £2,700,000, less expenses of realisation £78,816, during the year.



5 Fixed assets

Cost
At 1st January 1980
Disposals at cost

At 31st December 1980

Depreciation

At 1st January 1980

Charged to income and expenditure account
Accumulated on disposals

At 31st December 1980
Net book value at 31st December 1980

Net book value at 31st December 1979

6 Investments and uninvested cash

General
Pension Fund

Bequests
Jenner Memorial studentship fund
Morna Macleod scholarship fund

Market value (unlisted investments are
valued by Institute's investment advisers)

Excess of market value over 1980 cost

1979 cost

Market value

Excess of market value over 1979 cost

Listed at cost
in UK
£

3,742,727
2,108
22,543
13,708

£3,781,086

£3,846,862

£847,823

£855,155

Unlisted
at cost

£
226,903

£226,903

£234,213

£1,185

£1,078

Uninvested
cash

£

7,832
14,678
9,987

£32,497

£32,497

£24,142

£24,142

Furniture

fittings and

equipment
£

27,845
(26,645)

1,200

26,885
480
(26,645)

720
£480

£960

Total
£

3,969,630
9,940
37,221
23,695

£4,040,486

£4,113,572

£73,086

£873,150
£880,375

£7,225



7 Capital Fund 1980 1980 1980 1979

£ £ £ £
Donations and endowments have been received to date from:
Dr Ludwig Mond (1893) 2,000 2,000
Berridge Trustees (1893-1898) 46,380 46,380
Worshipful Company of Grocers (1894 and 1969/73) 15,000 15,000
Lord Iveagh (1900) 250,000 250,000
Lord Lister's Bequest (1913-1923) 18,904 18,904
William Henry Clarke Bequest (1923-1926) 7,114 7,114
Rockefeller Foundation (1935-1936) 3,400 3,400
Wolfson Foundation (1969-73) 300,000 300,000
Other donations and legacies (1891-1980) 48,147 48,142
690,945 690,940
Income and Expenditure Account
Accumulated balance at 31st December 1979 2,059,982 1,012,818
add surplus 2,895,960 1,049,229
Less grants (17,449) (2,065)
2,878,511
4,938,493 2,059,982
Accumulated balance at 31st December 1980 £5,629,438 £2,750,922
8 Pension Fund
As at 1st January 1980 9,012
Interest on investments 1,395
Profit on sale of investments 708
11,115
less Pensions 1,175
As at 31st December 1980 £9,940
9 Bequest Funds
Jenner Memorial Studentship Fund
As at 1st January 1980 33,810
Interest on investments 3,411
Morna Macleod Scholarship Fund 37,221
As at 1st January 1980 21,697
Interest on investments 1,998
23,695
————'/
916
£60,

10 Emoluments of members of the Governing Body

Particulars of emoluments of members of the Governing Body disclosed in accordance with Sections 6 and 7 of the
Companies Act 1967 are as follows :—

No member of the Governing Body received any emoluments during 1980 or 1979.



11 Extraordinary Items 1980 1979

£ £
a Profit on sale of the freehold property at Chelsea 2,157,720
b Profit on sale of the freehold property and equipment at Elstree 447,813
¢ Redundancy payments arising out of the decision to cease production in
August 1978. (102,774)
£2,157,720 £345,039

12 Capital expenditure schemes

There were no commitments in respect of contracts as at 31st December 1980 (1979: NIL)

13 Contingent liabilities

At 31st December 1980 there were contingent liabilities as follows:

The Institute is still a defendant together with the Department of Health and Social Security, in two cases brought by
parents of children stated to have suffered brain damage following whooping cough vaccination. If the plaintiffs were
to win their cases, or if they lost and were unable to meet the Institute's costs, the Institute's financial liability could
be considerable.

However in view of the Government's announcement relating to compensation for these children, it is probable that the
liability does not in fact now exist.

14 Grants

The Governing Body whilst considering its policy for the giving of grants in support of medical research, decided as

an interim measure, to invite certain senior ex-members of staff to apply for grants to aid their research. As a result
several grants for a maximum period of three years are being made.

Audit report on page 3



The Lister Institute of
Preventive Medicine

Statement of source and

application of funds

for the year ended 31st December 1980

Source of funds

Surplus
Extraordinary items

Adjustment for items not involving
movements of funds: —
Depreciation
Loss on sales of investments
(Profit) on sales of fixed assets

Total generated from operations

Funds from other sources

Net surplus (deficit) for the year on the Pension Fund
Income from Bequest Fund investments

Sale of fixed assets

Proceeds of sale of investments

Donations

Profit on sale of Pension Fund investments

Profit on sale of Bequest Fund investments

Application of funds

Purchase of investments
Grants

Increase/fdecrease) in working capital

|ncrease/(Decrease) in stocks
Increase/(Decrease) in debtors
Decrease in creditors

Movement in net liquid funds: —
(Decrease)/!ncrease in cash balances

1980

£

738,240
2,157,720

2,895,960

480

(2,175,579)

720,861

220
5,409
2,639,043

5
708

3,366,246

(3,167,336)
(17,449)

£181,461

12,562
210,780
20,206

(62,087)
£181,461

1979

£
704,190
345,039

1,049,229

120
258
(447,813)

601,794

(371)
2,838
751,730
22,575
5

13,454

1,392,025

(823,368)
(2,065)

£566,592

(146,042)
(231,586)
273,148

671,072
£566,592

The notes on pages 6 to 9 form part of these accounts. Audit report on page 3



The Lister Institute of
Preventive Medicine

Income and Expenditure Account

for the year ended 31st December 1980

Income

Sales of sera and bacterial and virus vaccines
Stock adjustment

Investment income:
General fund
Listed
Unlisted

Bank interest
Rent and service charges
Other income

Expenditure

Salaries, wages, pensions and redundancy payments
Superannuation premiums

Rent, rates and insurances

Gas, water, fuel and electricity

Office expenses, stationery and printing
Professional fees

Elstree research and production

Alterations, repairs and renewals

General expenses

Depreciation

Excess of income (after redundancy payments
of ENIL; 1979 £102,774)

Profit on sale of fixed assets

(Loss) on sale of investments

Surplus transferred to Capital Fund

1980 1980
£ £

269,085
12,562

281,647

392,206
3,480
395,686

217,162

£894,495

72,004
3,472
4,479
3,004
5,198

77,335

214
7,928
480

£174,114

720,381
2,175,579

£2,895,960

1979
£

787,814
(145,071)

642,743

17,210
102
17,312

203,303
32,834
23,896

£920,088

205,005
1,232
29,258
6,982
6,028
16,858
34,858
5,348
12,725
120

£318,414

601,674
447,813,
(258)

£1,049,229






