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Summary 

John Brooksby was an outstanding Scottish veterinary virologist who worked at the 
Pirbright Institute for 40 years, including 16 as the institute’s director. He devised 
quantitative methods for measuring neutralising antibodies and perfected a complement 
fixation test for the diagnosis, typing and strain differentiation of foot and mouth disease 
(FMD), especially when combined with neutralisation. He identified four of the seven 
types of FMD virus (FMDV) and many subtypes. Consequently, the institute was 
designated the World Reference Laboratory for FMD. As director, Brooksby also 
oversaw advances in the pathogenesis, epidemiology and aerobiology of FMD and other 
diseases. His advice on the prevention and control of FMD was widely sought by 
international organisations and individual countries. 

Fred Brown was an eminent English biochemist and molecular virologist. He joined the 
Biochemistry Department at Pirbright in 1955, became head of the department in 1964, 
and in 1980 became deputy director of the institute. Advances under his leadership 
included the use of aziridines as inactivating agents for vaccine production, purification 
of FMDV suitable for biochemical analyses, demonstration of the infectivity of isolated 
RNA, analysis of the genomic and antigenic structure of FMDV, solving of the atomic 
structure of FMDV and demonstration of the potential for synthetic peptide vaccines to 
protect animals against virus challenge. 
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Introduction 

In 1987, Loeffler and Frosch [1] in Germany demonstrated that vesicular fluid from the 
tongues of cattle with foot and mouth disease (FMD) that had passed through a bacterial 
filter would infect further cattle. This was the first demonstration that a disease of animals 
could be caused by a filter-passing agent, later termed a virus. Following this pioneering 
work, great advances in knowledge have been made, leading to improved methods to 
control the disease. Nevertheless, FMD remains a serious problem in livestock 
production and a major constraint on trade in animals and animal products. 

Many scientists working on FMD in various institutions throughout the world have 
contributed greatly to advancing knowledge of FMD. This article discusses the work of 
only two of many exceptional contributors, namely John Brooksby and Fred Brown, who 
worked at the Animal Virus Research Institute, now the Pirbright Institute (Pirbright), in 
the United Kingdom from 1939 to 1979 and from 1955 to 1983, respectively. Their 
investigative work on the control of the disease and the structure and function of the virus 
was of major significance and was seminal in influencing the evolution of the science of 
virology and the control of other viral diseases. 

Three of the authors of this article were privileged to work with Brooksby and Brown at 
Pirbright and so knew them personally and had first-hand knowledge of their scientific 
contributions. 

Part one: the contributions of Dr John Brooksby (1914–1998) 

John Brooksby (Fig. 1) joined Pirbright in 1939. His early career focused on the diagnosis 
of FMD virus (FMDV), as well as its serology and quantitation [2]. He contributed to the 
method of virus titration by cattle tongue inoculation [3] and adapted this method to 
develop a neutralisation test for assessing vaccine potency. With colleagues he 
elucidated the antibody response to FMD infection and vaccination [4]. Following the 
work of Heidelberger, he developed and perfected a complement fixation test (CFT) [5] 
that was adopted globally and that he used subsequently to identify the Southern African 
Territories (SAT 1, SAT 2 and SAT 3 serotypes) in 1948 and the Asia 1 serotype in 1954 
[2]. The sensitivity and precision of the CFT also led to the identification of subtypes and 
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variants such as A22 in 1964, providing essential information for the selection of vaccine 
viruses. In addition, the CFT contributed to differential diagnosis between FMD and 
vesicular stomatitis [2] and later swine vesicular disease, the latter first identified by the 
institute in 1972 [6]. 

Brooksby, together with Henderson, investigated the survival of FMDV post mortem in 
meat and found that the virus could persist in the bone marrow, lymph nodes and offal 
of infected cattle [7]. This led to the application of international control measures 
including boning out and maturation of meat and heat treatment of offal before 
importation from infected countries and greatly facilitated international trade. 

Pirbright was extensively involved in research during the 1946 Mexico epidemic of FMD, 
and Brooksby was the lead scientist, showing the effectiveness of the CFT in diagnosing 
FMD and of the CFT and serum neutralisation in cattle in distinguishing between strains 
of FMD and vesicular stomatitis [8,9,10,11,12,13,14]. 

Beginning in 1948, when Brooksby was head of the Pirbright Serology Department, a 
systematic examination and classification of samples from overseas established a global 
picture of the distribution of the types of FMD. The task was aided by the good 
relationships developed between Pirbright and other laboratories, including the Pan 
American Center for Foot-and-Mouth Disease and Veterinary Public Health in Brazil, the 
Plum Island Animal Disease Center in the United States and others throughout Europe 
and Africa. The exchange of scientific information and, in some cases, personnel among 
these institutions was mutually beneficial. 

Proposals made in 1955 for a central reference laboratory [2] were realised by the 
appointment of Pirbright as the World Reference Laboratory for FMD by the Food and 
Agricultural Organisation (FAO) of the United Nations in 1958 and by the World 
Organisation for Animal Health (WOAH, then the OIE) in 1960 [15]. 

In 1957 Brooksby was appointed as deputy director and the institute pursued the 
improvement of the existing FMD vaccines. A major achievement in the 1960s was the 
use of a continuous clone of characterised, baby hamster kidney (BHK) monolayer cells 
for the growth of FMDV and the adaptation of the cells to suspension culture to produce 
FMD antigen for vaccine manufacture [16,17]. This was allied to the introduction of 
aziridine, rather than formalin, for first-order virus inactivation [18], enabling the 
worldwide production of safe, potent vaccine on an industrial scale. 
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In 1963, Dr I. A. Galloway retired and Brooksby became director. In October 1967, type 
O1 FMD was reported in the United Kingdom [2]. Pirbright staff assisted with field 
investigations, and Brooksby initiated studies on the possible source of virus and the 
behaviour of the causal strain in cattle, sheep and pigs. These studies identified the role 
of the bulk transport of infected milk as an additional important mode of dissemination of 
FMD, and this mode of excretion was further investigated in pathogenesis studies [19]. 
The effect of disinfectants and the survival of virus in heat-treated milk were also studied 
[2]. Brooksby was heavily involved with the subsequent committee of inquiry and in 
making recommendations for future prevention and control of the disease [20,21]. 

One of the committee’s recommendations was that Pirbright should manufacture and 
stockpile SAT vaccines for possible use in the event of future outbreaks in the UK. The 
Frenkel vaccines were produced but were never employed in the UK [2]. However, when 
Pirbright identified the first Middle East incursions of type SAT 2 in 1962 and of the variant 
subtype A22 in 1964, such vaccines were supplied for the control of the FMD outbreaks 
in Israel, Turkey and Greece [2]. 

Evidence at the start of the 1967 epidemic pointed to airborne spread, and Brooksby 
asked Dr R. F. Sellers to investigate. Sellers and Parker [22] demonstrated that pigs 
could be a major source of airborne FMDV. Studies by Burrows et al. [19] showed that 
the respiratory route was the main method by which FMDV infected cattle and sheep, 
with initial multiplication in the pharyngeal area. Donaldson et al. carried out extensive 
studies on the aerobiology of FMDV, laying the foundations for the development of 
predictive models for airborne dissemination [23]. 

Brooksby, who had a special interest in the control of animal disease in Africa, seconded 
staff to assist in the control of FMD, African swine fever and rinderpest in East Africa. In 
addition, he instigated studies on the potential role of wildlife in the epidemiology of FMD. 
Cape buffalo (Syncerus caffer caffer) were shown to be long-term carriers of the virus, 
and transmission was demonstrated in both directions between infected buffalo and 
cattle [24]. Impala (Aepycerus melampus) were the most affected of the antelope species 
investigated and were found to be capable of transmitting FMDV to cattle. 

Pirbright also investigated the potential role that Australian marsupials might play in the 
epidemiology of FMD. Of the 11 species studied, the red kangaroo (Macropus rufus) 
showed only moderate susceptibility to experimental infection, and it was concluded that 
these animals would not play any significant role in any future antipodean outbreak [2]. 
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During these studies the Australian veterinarian overseeing the project established that 
primary calf thyroid cultures are the most sensitive cells for detecting live FMDV [25]. 

The increased volume of samples received from different parts of the world caused 
problems with subtyping, and in 1967 Brooksby redefined type and subtype [26]. In 1974 
Dr H. G. Pereira was appointed head of epidemiology. He proposed, and Brooksby 
agreed, that field isolates should be related to current strains in vaccines and to reference 
strains from past outbreaks [27]. 

As director of the World Reference Laboratory, Brooksby was frequently called on to 
advise international animal health organisations and individual countries on FMD, 
including its diagnosis, distribution and spread, the viruses to be included in vaccines 
and overall measures for control and prevention. 

In 1964, countries free of FMD wished to import European breeds of cattle. Brooksby 
played a leading role in the development of test protocols to enable the safe international 
export of European cattle to many FMD-free countries, including the UK, the Republic of 
Ireland, Canada, the United States, Australia and New Zealand, enabling the beef-
producing qualities of European breeds to be introduced into those countries [2]. 

Through the close contact he had with Kenya, he promoted the establishment of an FMD-
free zone in that country. Although the zone was not sustained, it was a legacy to 
Brooksby and served in many aspects as a model for free zones developed elsewhere 
in Africa, Europe and South America. Brooksby saw the advantages of FMD-free zones 
in providing greater opportunity for the export of animals and animal products. While the 
carrier state in African buffalo (Syncerus caffer) precludes the global eradication of FMD, 
greater acceptance of commodity-based trade, as promoted by Thomson et al. [28], 
would increase the export opportunity for animal products from endemic regions 
worldwide. 

Brooksby was chairman of the WOAH Commission on FMD and of the Research Group 
of the FAO-led European Commission for the Control of Foot-and-Mouth Disease. He 
retired in 1979. Among many honours, he was elected as a fellow of the Royal Society 
in 1980 [2]. 

Brooksby made a major and lasting contribution to the worldwide understanding, control 
and prevention of animal disease, in particular FMD. 
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Part two: the contributions of Dr Fred Brown (1925–2004) 

The work of Fred Brown (Fig. 2) at Pirbright included both vaccine development and the 
molecular biology of FMDV and other viruses. Brown was elected as a fellow of the Royal 
Society in 1981 in recognition of his contributions to science [29]. As mentioned, the 
development of the BHK cell system was a massive advance for vaccine production, and 
it was followed in 1963 by Brown and colleagues showing that aziridines (such as 
acetylethyleneimine and binary ethyleneimine) inactivated FMDV with first-order kinetics, 
removing the uncertainties associated with the use of formaldehyde [18]. 

The 1950s saw the emergence of molecular virology, and Brown made the seminal 
observation that purified RNA isolated from FMDV was infectious in susceptible cells 
[30]. Detailed analysis of the viral proteins had to await further developments in 
experimental techniques, including devising methods for producing highly purified virus 
particles, which he achieved in 1963 [31]. 

Brown’s laboratory made extensive use of evolving techniques to determine the protein 
composition of virus particles and the non-structural proteins involved in virus replication 
[32,33,34]. A non-structural protein was recognised by sera from infected animals and 
was termed VIA, for virus infection associated antigen. Because of the high levels of VIA 
antibodies in post-infection sera, it was the first antigen used to distinguish vaccinated 
from infected animals. Subsequent in vitro biochemical studies identified VIA as the viral 
RNA-dependant RNA polymerase [35]. Eventually, in vitro biochemical methods, 
together with molecular cloning and sequencing of the viral genome [36], enabled 
mapping of the distribution of all the protein coding regions on the FMDV genome [37,38]. 

Through the application of an elegant combination of biochemical, electron microscope 
and X-ray crystallographic methods, an immune-dominant feature that coincided with the 
cell receptor-binding domain of the virus was identified [39]. This initiated a collaborative 
pioneering study with Richard Lerner’s laboratory at the Scripps Research Institute in 
California, resulting in the demonstration that a synthetic peptide vaccine representing 
this antigenic site could protect laboratory animals [40]. Subsequent studies identified 
the importance of helper T cell epitopes in the immune response [41] and became the 
driving force for determining the atomic structure of FMDV, which was accomplished in 
collaboration with David Stuart’s laboratory at Oxford University [42]. This 
groundbreaking work was the forerunner of current endeavours to develop recombinant 
virus-like-particle (VLP) FMD vaccines. 
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Many unusual features of the FMDV genome were identified, including a long 
homopolymeric stretch of cytidine residues (the poly C tract) [43] and the triplication of 
the peptide VPg, which initiates RNA replication [44,45]. Brown’s laboratory also 
developed T1 mapping for exquisite discrimination of virus strains before nucleotide 
sequencing was readily available. This method was used to analyse virus samples from 
1982 European outbreaks of FMDV, which spread from Brittany in France to Jersey and 
the Isle of Wight [46]. The study demonstrated that the virus responsible for the 
outbreaks originated from an incompletely formalin-inactivated vaccine, thus vindicating 
Brown’s earlier demonstration of the superiority of aziridines as inactivating agents for 
vaccines and provided supporting evidence for wind-borne transmission of FMDV [23]. 

Brown left Pirbright in 1983 and joined Wellcome Biotechnology, a major manufacturer 
of FMD and other vaccines. Beginning in 1990 he conducted his final research on FMD 
at the Plum Island Animal Disease Center in New York. He moved back to the UK in 
2003, just five weeks before he died. 

Brown’s fundamental, collaborative and pioneering research employed and extended the 
techniques of molecular biology to elucidate the replication, structure and function of 
FMDV and many other viruses. His work had great practical application and was also 
strongly influential in the overall development of virus research. 

Part three: the Brooksby–Brown legacy 

Current research activities build on the achievements of the Brooksby/Brown era. For 
example, the earlier work by Brown and his team on FMDV-structure function, which led 
to exploring i) the potential for peptide vaccine and ii) the current endeavours to develop 
recombinant VLP FMD vaccines, have created prospects for future FMD vaccines that 
do not require the growth of virus for their production. Furthermore, the future application 
of artificial intelligence may further enhance the early work on vaccine development by 
improving antigenicity and product stability. 

Such technological developments are likely to stimulate policy strategies towards 
international FMD control and thereby facilitate global trade, realising Brooksby’s vision 
for the increasing inclusion of developing countries. There are already encouraging signs 
in at least two areas: i) the establishment by WOAH and FAO of Regional Reference 
Laboratories for FMD in Central, Eastern and Southern Asia [47] and ii) the system of 
commodity trade involving de-boning and removal of lymph nodes [7], as now 
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championed especially in Southern Africa [28], which should expand FMD-safe meat 
export. 

Acknowledgements 

In the preparation of this article, the authors drew on the information provided in the 
biographies written for the Royal Society on John Brooksby by R.F. Sellers [2] and on 
Fred Brown by D.J. Rowlands and J.J. Skehel [29]. 

__________ 

References 

[1] Loeffleur F, Frosch P. Summarischer Bericht ueber der Ergebnisse der Untersuchungen zur 

Erforschung der Maul- und Klauenseuche. ZentBL Bakt Parasitkde I. 1897;22:257-9. 

[2] Sellers RF. John Burns Brooksby. 25 December 1914 – 17 December 1998. Biogr. Mems Fell. R. 

Soc. 2007;53:77-92. https://doi.org/10.1098/rsbm.2007.0002 

[3] Henderson WM. The quantitative study of foot-and-mouth disease virus. Agricultural Research 

Council Special Report Series No 8. London (United Kingdom): His Majesty’s Stationery Office; 

1949. 120 p. 

[4] Brooksby JB. The antibodies in foot-and-mouth disease. Agricultural Research Council Special 

Report Series No 9. London (United Kingdom): His Majesty’s Stationery Office; 1949. 87 p. 

[5] Brooksby JB. The technique of complement fixation in foot-and-mouth disease research. Agricultural 

Research Council Report Series No 12. London (United Kingdom): Her Majesty’s Stationery Office; 

1952. 40 p. 

[6] Swine vesicular disease: a statement from Pirbright. Vet. Rec. 1972;91(27):681-2. 

[7] Henderson WM, Brooksby J. The survival of foot-and-mouth disease in meat and offal. J. Hyg. 

1948;46(4):394-402. https://doi.org/10.1017/S0022172400036561 

[8] Galloway IA, Henderson WM, Brooksby JB. Strains of the virus of foot-and-mouth disease recovered 

from outbreaks in Mexico. Proc. Soc. Exp. Biol. Med. 1948;69(1):57-63. 

https://doi.org/10.3181/00379727-69-16617 

[9] Brooksby JB, Henderson WM, Galloway IA. Strains of the virus of foot-and-mouth disease from 

outbreaks in Mexico. Identification. Proc. Soc. Exp. Biol. Med. 1948;69(1):64-6. 

https://doi.org/10.3181/00379727-69-16618 

[10] Henderson WM, Galloway IA, Brooksby JB. Strains of the virus of foot-and-mouth disease 

recovered from outbreaks in Mexico. Proc. Soc. Exp. Biol. Med. 1948;69(1):66-9. 

https://doi.org/10.3181/00379727-69-16619 

https://doi.org/10.1098/rsbm.2007.0002
https://doi.org/10.1017/S0022172400036561
https://doi.org/10.3181/00379727-69-16617
https://doi.org/10.3181/00379727-69-16618
https://doi.org/10.3181/00379727-69-16619


Scientific and Technical Review 9 

100thSE_03_Rweyemamu_preprint  9/13 

[11] Brooksby JB, Galloway IA, Henderson WM. Strains of the virus of foot-and-mouth disease 

recovered from outbreaks in Mexico. Complement fixation tests. Proc. Soc. Exp. Biol. Med. 

1948;69(1):70-4. https://doi.org/10.3181/00379727-69-16620 

[12] Brooksby JB, Galloway IA, Henderson WM. Strains of the virus of foot-and-mouth disease 

recovered from outbreaks in Mexico. Serum neutralisation tests. Proc. Soc. Exp. Biol. Med. 

1948;69(1):74-7. https://doi.org/10.3181/00379727-69-16621 

[13] Brooksby JB. Differential diagnosis of vesicular stomatitis and foot-and-mouth disease. Examination 

of virus samples from Mexico with special reference to complement fixation. J. Hyg. 

1949;47(4):384-9. https://doi.org/10.1017/S0022172400014698 

[14] Brooksby JB. The virus of foot-and-mouth disease. Adv. Virus Res. 1958;5:1-37. 

https://doi.org/10.1016/S0065-3527(08)60670-3 

[15] Ferris NP, Donaldson AI. The World Reference Laboratory for Foot and Mouth Disease: a review 

of thirty-three years of activity (1958-1991). Rev. Sci. Tech. 1992;11(3):657-84. 

https://doi.org/10.20506/rst.11.3.626 

[16] Mowat GN, Chapman WG. Growth of foot-and-mouth disease virus in a fibroblastic cell line derived 

from hamster kidney. Nature. 1962;194:253-5. https://doi.org/10.1038/194253a0 

[17] Capstick PB, Garland AJM, Chapman WG, Masters RC. Production of foot-and-mouth disease viral 

antigen from BHK Clone 21 cells grown and infected in deep suspension culture. Nature. 

1965;205:1135-6. https://doi.org/10.1038/2051135a0 

[18] Brown F, Hyslop NS, Crick J, Morrow AW. The use of acetylethyleneimine in the production of 

inactivated foot-and-mouth disease vaccines. J. Hyg. 1963;61(3):337-44. 

https://doi.org/10.1017/S0022172400039620 

[19] Burrows R, Mann JA, Garland AJM, Goodridge D. The pathogenesis of natural and simulated 

natural foot-and-mouth disease infection in cattle. J. Comp. Pathol. 1981;91(4):599-609. 

https://doi.org/10.1016/0021-9975(81)90089-X 

[20] Committee of Inquiry on Foot-and-Mouth Disease. Report of the Committee of Inquiry on Foot-and-

Mouth Disease. London (United Kingdom): Her Majesty’s Stationery Office; 1969. 142 p. 

[21] Brooksby JB. The veterinary annual, tenth year. Bristol (United Kingdom): John Wright; 1969. 

Laboratory investigations on the 1967/68 outbreak of foot-and-mouth disease in Great Britain; p. 1-

10. 

[22] Sellers RF, Parker J. Airborne excretion of foot-and-mouth disease virus. J. Hyg. 1969;67(4):671-

7. https://doi.org/10.1017/S0022172400042121 

[23] Donaldson AI, Alexandersen S. Predicting the spread of foot and mouth disease by airborne virus. 

Rev. Sci. Tech. 2002;21(3):569-75. https://doi.org/10.20506/rst.21.3.1362 

[24] Hedger RS, Forman AJ, Woodford MH. Foot-and-mouth disease in East African buffalo. Bull. Epiz. 

Dis. Afr. 1973;21:101-3. 

https://doi.org/10.3181/00379727-69-16620
https://doi.org/10.3181/00379727-69-16621
https://doi.org/10.1017/S0022172400014698
https://doi.org/10.1016/S0065-3527(08)60670-3
https://doi.org/10.20506/rst.11.3.626
https://doi.org/10.1038/194253a0
https://doi.org/10.1038/2051135a0
https://doi.org/10.1017/S0022172400039620
https://doi.org/10.1016/0021-9975(81)90089-X
https://doi.org/10.1017/S0022172400042121
https://doi.org/10.20506/rst.21.3.1362


Scientific and Technical Review 10 

100thSE_03_Rweyemamu_preprint  10/13 

[25] Snowden WA. Growth of foot-and-mouth disease virus in monolayer cultures of calf thyroid cells. 

Nature. 1966;210:1079-80. https://doi.org/10.1038/2101079a0 

[26] Brooksby JB. Variants and immunity: definitions for serological investigation. In: Regamey RH, ed. 

Proc. 19th International Symposium for Foot-and-Mouth Disease: Variants and Immunity; 1967 July 

13-14; Lyon. Symposium Series in Immunobiological Standardization, Vol. 8. Karger, Basel 

(Switzerland), p. 1-10. 

[27] Pereira HG. Subtyping of foot-and-mouth disease. Dev. Biol. Standard. 1977;35:167-74. 

[28] Thomson GR, Leyland TJ, Donaldson AI. De-boned beef – an example of a commodity for which 

specific standards could be developed to ensure an appropriate level of protection for international 

trade. Trans. Emerg. Dis. 2009;56:9-17. https://doi.org/10.1111/j.1865-1682.2008.01054.x 

[29] Rowlands DJ, Skehel JJ. Fred Brown. 31 January 1925 – 20 February 2004. Biogr. Mems Fell. R. 

Soc. 2007;53:93-108. https://www.doi.org/10.1098/rsbm.2007.0016 

[30] Brown F, Sellers RF, Stewart DL. Infectivity of ribonucleic acid from mice and tissue culture cultures 

infected with foot-and-mouth disease. Nature. 1985;182:535-6. https://doi.org/10.1038/182535a0 

[31] Brown F, Cartwright B. Purification of radioactive foot-and-mouth disease virus. Nature. 

1963;199:1168-70. https://doi.org/10.1038/1991168a0 

[32] Wild T.F, Burroughs JN, Brown F. Surface structure of foot-and-mouth disease virus. J. Gen. Virol. 

1969;4(3):313-20. https://doi.org/10.1099/0022-1317-4-3-313 

[33] Brown F, Smale CJ. Demonstration of three specific sites on the surface of foot-and-mouth disease 

virus by antibody complexing. J Gen Virol. 1970;7(2):115-27. https://doi.org/10.1099/0022-1317-7-

2-115 

[34] Cavanagh D, Sangar DV, Rowlands DJ, Brown F. Immunogenic and cell attachment sites of FMDV: 

further evidence for their location in a single capsid polypeptide. J. Gen. Virol. 1977;35(1):149-58. 

https://doi.org/10.1099/0022-1317-35-1-149 

[35] Newman JF, Cartwright B, Doel TR, Brown F. Purification and identification of the RNA-dependent 

RNA polymerase of foot-and-mouth disease virus. J Gen Virol. 1979;45(2):497-507. 

https://doi.org/10.1099/0022-1317-45-2-497 

[36] Boothroyd JC, Highfield PE, Cross GA, Rowlands DJ, Lowe PA, Brown F, Harris TJ. Molecular 

cloning of foot and mouth disease virus genome and nucleotide sequences in the structural protein 

genes. Nature. 1981;290:800-2. https://doi.org/10.1038/290800a0 

[37] Sangar DV, Black DN, Rowlands DJ, Brown F. Biochemical mapping of the foot-and-mouth disease 

virus genome. J. Gen. Virol. 1977;35(2):281-97. https://doi.org/10.1099/0022-1317-35-2-281 

[38] Doel TR, Sangar DV, Rowlands DJ, Brown F. A re-appraisal of the biochemical map of foot-and-

mouth disease virus RNA. J. Gen. Virol. 1978;41(2):395-404. https://doi.org/10.1099/0022-1317-

41-2-395 

https://doi.org/10.1038/2101079a0
https://doi.org/10.1111/j.1865-1682.2008.01054.x
https://www.doi.org/10.1098/rsbm.2007.0016
https://doi.org/10.1038/182535a0
https://doi.org/10.1038/1991168a0
https://doi.org/10.1099/0022-1317-4-3-313
https://doi.org/10.1099/0022-1317-7-2-115
https://doi.org/10.1099/0022-1317-7-2-115
https://doi.org/10.1099/0022-1317-35-1-149
https://doi.org/10.1099/0022-1317-45-2-497
https://doi.org/10.1038/290800a0
https://doi.org/10.1099/0022-1317-35-2-281
https://doi.org/10.1099/0022-1317-41-2-395
https://doi.org/10.1099/0022-1317-41-2-395


Scientific and Technical Review 11 

100thSE_03_Rweyemamu_preprint  11/13 

[39] Fox G, Parry NR, Barnett PV, McGinn B, Rowlands DJ, Brown F. The cell attachment site on foot-

and-mouth disease virus includes the amino acid sequence RGD (arginine-glycine-aspartic acid). 

J. Gen. Virol. 1989;70(3):625-37. https://doi.org/10.1099/0022-1317-70-3-625 

[40] Bittle JL, Houghten RA, Alexander H, Shinnick TM, Sutcliffe JG, Lerner RA, Rowlands DJ, Brown 

F. Protection against FMD by immunisation with a chemically synthesized peptide predicted from 

the viral nucleotide sequence. Nature. 1982;298:30-3. https://doi.org/10.1038/298030a0 

[41] Francis MJ, Hastings GZ, Syred AD, McGinn B, Brown F, Rowlands DJ. Non-responsiveness to a 

foot-and-mouth disease virus peptide overcome by addition of foreign helper T-cell determinants. 

Nature. 1987;330:168-70. https://doi.org/10.1038/330168a0 

[42] Acharya R, Fry E, Stuart D, Fox G, Rowlands D, Brown F. The three-dimensional structure of foot-

and-mouth disease virus at 2.9 Å resolution. Nature. 1989;337:709-16. 

https://doi.org/10.1038/337709a0 

[43] Rowlands DJ, Harris TJ, Brown F. More precise location of the polycytidylic acid tract in foot and 

mouth disease virus RNA. J. Virol. 1978;26:335-43. https://doi.org/10.1128/jvi.26.2.335-343.1978 

[44] Sangar DV, Rowlands DJ, Harris TJ, Brown F. Protein covalently linked to foot-and-mouth disease 

virus RNA. Nature. 1977;268:648-50. https://doi.org/10.1038/268648a0 

[45] King AM, Sangar DV, Harris TJ, Brown F. Heterogeneity of the genome-linked protein of foot-and-

mouth disease virus. J Virol. 1980;34:627-34. https://doi.org/10.1128/jvi.34.3.627-634.1980 

[46] King AM, Underwood BO, McCahon D, Newman JW, Brown F. Biochemical identification of viruses 

causing the 1981 outbreaks of foot and mouth disease in the UK. Nature. 1981;293:479-80. 

https://doi.org/10.1038/293479a0 

[47] Food and Agriculture Organization of the United Nations (FAO), World Organisation for Animal 

Health, World Health Organization (WHO). Global Early Warning and Response System for major 

animal diseases, including zoonoses (GLEWS). Rome (Italy): FAO; 2006. Co-published by World 

Organisation for Animal Health and WHO. Available at: 

https://www.woah.org/app/uploads/2021/03/glews-tripartite-finalversion010206.pdf (accessed on 

30 August 2024). 

__________ 

© 2024 Donaldson A.I., Rowlands D., Garland A.J.M. & Rweyemamu M.M.; licensee the World 

Organisation for Animal Health. This is an open access article distributed under the terms of the 

Creative Commons Attribution IGO Licence 

(https://creativecommons.org/licenses/by/3.0/igo/legalcode), which permits unrestricted use, 

distribution and reproduction in any medium, provided the original work is properly cited. In any 

reproduction of this article there should not be any suggestion that WOAH or this article endorses any 

specific organisation, product or service. The use of the WOAH logo is not permitted. This notice should 

be preserved along with the article’s original URL.  

https://doi.org/10.1099/0022-1317-70-3-625
https://doi.org/10.1038/298030a0
https://doi.org/10.1038/330168a0
https://doi.org/10.1038/337709a0
https://doi.org/10.1128/jvi.26.2.335-343.1978
https://doi.org/10.1038/268648a0
https://doi.org/10.1128/jvi.34.3.627-634.1980
https://doi.org/10.1038/293479a0
https://www.woah.org/app/uploads/2021/03/glews-tripartite-finalversion010206.pdf
https://creativecommons.org/licenses/by/3.0/igo/legalcode


Scientific and Technical Review 12 

100thSE_03_Rweyemamu_preprint  12/13 

 

Figure 1 

Dr John Brooksby 

Photograph reproduced with the permission of the Pirbright Institute 

  



Scientific and Technical Review 13 

100thSE_03_Rweyemamu_preprint  13/13 

 

Figure 2 

Dr Fred Brown 
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