REVIEWS | PORCINE DISEASES
0530Pb! | BOME3HN CBUHEN

DOI: 10.29326/2304-196X-2022-11-2-99-103 (:

In the course of my work, | unexpectedly discovered some areas
that had not been seriously discussed yet...

Frank Burnet

African swine fever: one hundred years later

V. V. Makarov
People’s Friendship University of Russia (RUDN University), Moscow, Russia,
https://orcid.org/0000-0002-8464-6380, e-mail: vvm-39@mail.ru

SUMMARY

This brief report pays tribute to Robert Eustace Montgomery (1880—1932) whose name is associated with the discovery of African swine fever (ASF). A hundred
years ago, he published a major report on study of new highly dangerous disease carried out in 1900—1917 in the East Africa. The infection fundamentals have
been established and described — the etiological, immunological and nosological uniqueness of the infection, fatal susceptibility of domestic pigs, clinical sings
and pathomorphology, viral etiology, natural reservoir and source of the infection, survival of the virus outside the body, many specific epizootological aspects.
Taking into account current high publication activity it has been concluded that there is a large body of multi-faceted research focused on African swine fever. Gap
analysis carried out by the large team of the European researchers and experts revealed the most challenging aspects — wild boars, ASF survival and transmission,
biosecurity and surveillance. In addition to the gaps mentioned in these conclusions and recommendations there are serious gaps in African swine feverimmunology,
namely in protective immunity mechanisms, virus-macrophage interaction, in vitro virus phenotypic signs correlating with its virulence, etc. Evidently, it is hardly
possible to expect development of anti-ASF vaccines and particularly the vaccines capable of preventing and effectively protecting against ASF epizooty according
to the general understanding without addressing these issues.
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PE3IOME

B kpatkom coobLeHnn Bo3gaetca gomxkHoe Pobepty H0ctacy Montromepn (1880—1932), ¢ nmeHem KOTOPOro (BA3aHO OTKPbITUE ahpUKAHCKOI UyMbl CBIHEN.
(70 neT Ha3aj UM ony6anKoBaH MacLUTabHbIi 0TYeT 06 CCeAOBAHMAX 3TOFO HOBOTO 0C060 onacHoro 3aboneBaHuna, npoBeaeHHbIX B 1900—1917 rr. B Boc-
TOYHOI AdpuKe. YCTaHOBNEHBI M OMMCAHbI OCHOBOMONArALOLLME MONOXEHNA — STUONOTNYECKAA, UMMYHONOTNYECKAA 11 HO3010rMYECKan CAMOCTOATENBHOCTb
JaHHON MHeKLMM, GaTanbHada BOCMPUMMUNBOCTb JOMALUHUX CBIHEN, KNMHWKA 11 NaTOMOPONOrA, BUPYCHaA STUONOTUA, NPUPOSHBIN pe3epByap U UCTOYHUK
3apaeHus, yCToNUMBOCTb BUPYCA BHE OPraHM3Ma, MHOTIE YaCTHbIe 3NeMeHTbl 3NU300ToNoru. PUMEHNTENbHO K TeKyLLei CTYaLMIn Ha 0CHOBAHMIN BbICOKOIA
ny6nnKaLMOHHOI aKTMBHOCTY CAeNaHO 3aKioueHHe 0 Upe3BbIYAiHOM MacCUBe Pa3HOCTOPOHHYX MCCNE0BAHMIA N0 adpUKAHCKOI uyMe (BUHeil. GAP-aHanu3
(aHanu3 npobenos, Gap analysis), BbINOAHEHHbI 60NbLLNM KONNEKTUBOM €BPOMENCKMX YUeHbIX U CNeLuaniucTos, No3BoaIN ONpeaenvTb Hanbonee npobnemHble
BOMPOCbI: MKNeE KabaHbl, BbhKMBaHME NOCNe adPUKAHCKOI YyMbl CBUHEN 11 TPAHCMICCUA, 6106E30MacHOCTb U Haa30p. MOMIMO OTMEUEHHDIX B 3TUX BbIBOAAX
11 peKOMEHZALMAX, cepbe3Hble NPO6eNbl CYLLeCTBYIOT B UMMYHONOTM ahPUKAHCKOI UyMbl CBIHEN, B YaCTHOCTH, OTHOCUTENbHO MEXaHU3MOB NPOTEKTUBHOIO
UMMYHUTETa, B3aUMOZEICTBIA BUPYC — MaKpODar, GeHOTUNNYECKIX NPU3HAKOB BUPYCA in Vitro, KOPPENUpYIOLLMX C BUPYNEHTHOCTbIO, U Apyrue. QUeBUAHO, uTo
6e3 peLLeHuA STX BOMPOCOB BPAZ N1 BO3MOXKHO PaCcCUMTbIBATb HA MONYYEHMe BAKLMH NPOTUB adPUKAHCKOI YyMbl CBUHEI 1 0COBEHHO Ha UX MPodUNAKTUYECKYI0
11 NPOTMBO3NM300TUYECKYIO IOOEKTUBHOCTD B 0OLLENPUHATOM NOHUMAHHIA.
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One hundred years ago Robert Eustace Montgo-
mery (1880-1932) - distinguished veterinarian and patho-
logist, researcher of exotic diseases of the period of the
first discoveries (Photo 1) — published results of the large-
scale observations and experiments on African swine fever
(Photo 2).

According to the Biographical Database of Southern
African Science [1], R. Montgomery graduated at the Roy-
al (Dick) Veterinary College in Edinburgh, Scotland, in 1903.
After special duty in India and Canada, in 1907 he was sent
by the Liverpool School of Tropical Medicine to investigate
sleeping diseases (zoonosis, serious disease of humans
and domestic animals) in Central Africa. The results of his
investigation were presented in several papers published
in the Annals of Tropical Medicine (1908-1909). In 1909 he
was appointed as a pathologist to the East African Protec-
torate and in the same year participated to the Pan-African
Veterinary Congress held in Pretoria on occasion of official
opening of the Veterinary Research Institute in Onderste-
poort, where he presented a report on “Trypanosomes
and their transmission (Fly Disease) in relation to South
Africa’, published later in the Proceeding of the Rhodesia
Scientific Association. He visited South Africa againin 1912
in connection with cattle immunization against East Coast
fever. During the First World War (1914-1918) he served
with the rank of Major in the East African Veterinary Corps.
In 1917, R. Montgomery started the Veterinary Institute
at Kabete (Kenya) and in 1918 he was appointed Direc-
tor of Veterinary Research for the Union of South Africa.
In 1920-1921, he was the first President of the South-
African Veterinary Medical Association. From 1923 to 1926
R. Montgomery was a veterinary adviser to the govern-
ments of Kenya, Uganda, Tanganyika, and from 1930 - to
the Colonial Office.

A truly fundamental R. Montgomery'’s contribution to
veterinary science and practice is associated with the dis-
covery of African swine fever (ASF) and the generalization
of multi-year investigations of this newly discovered dis-
ease and some related phenomena, such as epizootology
of exotic infections of wild animals, their role as reservoir,
endemicity, that were non-trivial for the early XX century.
Current situation demonstrates that his contribution is tru-
ly epochal’. Detailed final report on the studies of African
swine fever at the Nairobi Veterinary Laboratory (Kenya)
started in 1900 was compiled by him in 1917 but it was
published only four years later due to external reasons
(war, change of jobs) [1, 3, 41.

'The second name of ASF is a Montgomery disease in the honor of
R. Montgomery.

Photo 1. R. Eu. Montgomery [1]
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Photo 2. Reprint of the historical publication on African
swine fever [2]

In a large two-part paper [3], R. Montgomery gave
the first description of signs of an unknown disease that
emerged during the first attempts of rearing of pigs of
European breeds imported from the metropolises by
white settlers for home consumption or pork produc-
tion. Cases of the disease, very similar to classical swine
fever (CSF) well known in Europe, were officially registered
on several farms in British East Africa but supposedly had
a broader, epizootic, distribution.
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Natural and experimental infection clinical picture
and pathomorphology were described, infection natural
reservoir and source (persistently and asymptomatically
infected local warthogs — Phacochoerus africanus) were
identified as well as the infectious agent was found to
survive outside the animal body and in animal carcasses
for a long time. Domestic pigs appeared to be fatally sus-
ceptible to parenteral infection with warthog blood but
the infection was not transmitted by contact or by air that
was interpreted as indicative of animal reservoir resistance
and even then of low ASF contagiousness?.

Experiments on cross-infection of CSF-immune pigs
and passive protection from the infection with anti-CSF
immune serum effectively and widely used for simultane-
ous vaccine-serum inoculations in pig industry at that time
showed that the disease under study was new. Sera from
wild pigs were also ineffective, i.e. fundamental fact of the
lack of humoral protection against ASF became known
even then. Attempted immunization with the heat-inac-
tivated infectious material had no effect.

New infection was finally defined as an independent
nosological form named as East-African swine feverin 1910.
Further characterization of ASF, its causative virus, main
principles ofimmunology and epizootology up to modern
studies has improved the basic knowledge on the disease
confirming the postulates laid down in the outstanding
R. Montgomery paper [1, 3, 4].

In this context, current panzootia and resulting known
stalemate undoubtedly require extraordinary solutions.
Based on analysis of the data from PubMed? [5], world-
wide ASF-associated publication activity highly intensified
in recent years (Fig. 1) reflects both great scientific interest
and scope of research activities.

A lot of international institutions and specially estab-
lished associations with the World Organisation for Animal
Health (WOAH) and Food and Agriculture Organization of
the United Nations (FAO) as major players are involved in
this common work. It should be noted that the following
systems and organization are also highly engaged in the
said activities: EMPRES (Emergency Prevention System for
transboundary animal and plant pests and diseases, FAO),
GF-TADs (Global Framework for the Progressive Control of
Transboundary Animal Diseases, FAO), GARA (Global Afri-
can Swine Fever Research Alliance, USA), Stop ASF (Public
and private partnership programme, FAO/OIE), EFSA (Euro-
pean Food Safety Agency, EU), VACDIVA (EU Horizon 2020
Project on development of effective vaccine against ASF).
Each organization combines and coordinates the research
activities of several dozen up to more than one hundred
and fifty participants (laboratories and institutions). The
research effectiveness is discussed and evaluated in detail
followed by development of agreed conclusions and solu-
tions at regular scientific events and webinars®. Research
outcomes are presented in a wide range of publications.
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Fig. 1. Thirty-year dynamics of annual full-text publications
on key ASF aspects (in call-outs) [5]

The EFSA Panel On Animal Health and Welfare (AHAW)
activities and extended reporting and analytical publica-
tions in the EFSA Journal (for example, [6]) are of particular
interest.

In particular, significant results were obtained during
the Gap analysis® of management of short-term ASF risks
for the disease control recently performed by a large team
of reputable scientists and specialists in view of the ag-
gravating disease situation in the participating European
countries and published in the abovementioned periodi-
cal [5]. The timeliness of the said Gap analysis is obviously
justified by rapidly increasing spontaneous large body of
unsystematic publications that are still not associated with
any significant anti-epizootic effectiveness.

Since the Gap analysis methodology is based on ex-
pert opinion of the persons whose interests are in any
way related to the addressed task, respondents of the
widest stakeholder range from pig farmers, hunters, vet-
erinarians up to officers at high managerial level and all
relevant officials and private professionals engaged in
ASF control — national Veterinary Services and Ministries
of Agriculture, European Veterinary Association, farmer’s
organizations, hunters’ organizations, agribusiness, en-
vironment protection and management organizations,
etc., taking into account different epizootogical status
of the represented territories (first infected or endemic,

2This question is still debated. According to modern concepts, this type
of pathogen-host relationship is defined as persistent tolerant infection.
3 PubMed® is the largest data base of medicinal and biological
publications at the US National Library of Medicine maintained by the
National Centre for Biotechnology Information (USA), it contains more
than 33 million citations of scientific literature (journals, books, other
publications) [5].

4 For example, recent public VACDIVA workshop (First International
Workshop for the Pig Sector, October 1, 2021).

° Gap analysis is a method (or process) of the strategic analysis that
compares actual result with what was expected for the identification
of the challenging areas - suboptimal or missing strategies, structures,
capabilities, processes, practices, technologies, skills, and recommends
tools for the situation improvement and for meeting the goals. Unlike
risk assessment focused on the future, the object of Gap analysis is the
current state [7]. It is well known that recently Gap analysis has been
actively used by the WOAH to improve the national veterinary service
performance (PVS Pathway).
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ASF SURVIVAL AND TRANSMISSION
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Fig. 2. Prioritization of currently important aspects identified by the Gap analysis, in percentage [6]

at infection risk, infection free) were involved to ensure
its objectivity.

For an expert assessment of relevance based on a total
analysis of the results published around the world, a num-
ber of “hot” issues covering the most currently important
relevant scientific and practical areas in the context of
an uncontrolled aggravation of the situation primarily
in Europe were formulated. In particular, they included
(i) role of survived animals in further ASF spread, (ii) virus
virulence and possibility for live vaccine development,
(i) biosecurity in the broad sense of controlling infection
spread risks, (iv) intersectoral communications for maxi-
mum coordination of all stakeholders’actions, information
sharing, training, (v) sensitivity of diagnostic tests, non-in-
vasive methods for wild boar, (vi) disinfection of various
objects, destruction of wild boar carcasses, (vii) contribu-
tion of governmental bodies to international cooperation
and funding, (viii) role of import, migration, pathways,
objects in the infection introduction to the infection-free
countries, (ix) passive surveillance in wildlife, border con-
trol, zoning for trading, early infection detection, (x) eco-
logy, epizootology, control of wild boar populations. The
Gap analysis results were summarized and presented in
the form of spider graph (Fig. 2).

The conclusions and recommendations arising from
this prioritization indicate the main point: the most po-
pular trivial and conventional directions in modern ASF
research, such as diagnostics (availability of faultless poly-
merase chain reaction), disinfection (everything was done
a long ago), are not currently significant, and numerous
publications (see Fig. 1) show that the main gap associa-
ted with the virus virulence studies (endless genotyping) is
the unsuitability of the proposed attenuated virus variants
as vaccines, according to generally accepted immunolo-
gy and protectivity concepts. The main challenging gaps

requiring primary attention were identified in four out of
ten categories.

The crucial gaps in relation to wild boar were both or-
ganizational ones — necessity of harmonized wild boar po-
pulation density estimation and ASF reporting in the wild,
determination of the methods for reducing the absolute
number of wild boar — and scientific ones - elucidation of
the mechanisms for ASF spread and ASF virus persistence
in the wild, possibility and importance of direct-contact
infection transmission in wild boar taking into account
their behavior.

In relation to ASF survival and transmission, it was shown
that process management requires better knowledge and
understanding of the insect vector role in biological and
mechanical transmission of the infection, role of contami-
nated abiotic environmental factors and feed, potential
risks associated with production, processing, transpor-
tation, storage of forage materials, different beddings,
household items, porcine products and with personnel.

In relation to biosecurity, the important identified gaps
were as follows: lack of effective measures for preven-
tion of transboundary ASF introduction in the regions
and holdings with different husbandry systems, for pre-
vention of the infection transmission between wild boar
and domestic pigs as well as potential risks of backyard
farm involvement. Other gaps were considered serious:
low public awareness of ASF, and the fact that social and
economic situation, rural community lifestyle, as well as
traditional agricultural practices were not appropriately
taken into account.

The following was considered of high priority for the sur-
veillance aimed at mitigation of risks of ASF introduction to
the disease-free countries/regions: enhancement of bor-
der control of people, transportation vehicle, commodity
movements, passive surveillance for and early detection of
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dead animals (primarily, wild boar), methods for the agent
detection (forage materials, items after decontamination),
sensitive and rapid pen-side diagnostic kits to be used in
the field, non-invasive tests for wild boar [6].

A common disadvantage of the said Gap analysis is, of
course, the absence of the questions on ASF immunology
addressed to the well-known numerous gaps in the ques-
tionnaire, while all efforts are focused on identification of
virulence genes for their removal and virus attenuation.
According to the recent publications with the participation
of J. M. Sdnchez-Vizcaino [8], despite of a wide information
flow, knowledge about immune defense mechanisms is
very scarce. Such topic segregation can be attributed for
the peculiar local interests of the Western European com-
munity in the current context.

However, in another comprehensive Gap analysis with
a similar set of questions carried out on the GARA initiative
(USA) [2], immunity-associated challenges were also not
adequately addressed. The following clearly chronic gaps
remain beyond the routine research: virus interaction with
macrophages and, in general, a role of these unique cells
in pathogenesis and immunity, virus-induced intracellular
processes and virus reproduction, hemadsorption as an-
tigenic modulation of host cell, hemadsorption antigen,
serotyping hemadsorption-inhibition test, other in vitro
phenotypic close-to-reality signs correlating to virulence
and immunity, namely, intrapopulation virus heterogene-
ity, lack of protective humoral response of the immunity
system (trivial virus neutralization), culture models for di-
rect in vitro testing of protective antigen expression and
phenomenology of cellular and intercellular protective
reactions (interactions of antibodies with virus particles,
CD8* T-lymphocytes-killers and other cytotoxic effectors
with infected target cells,immune cytolysis morphology),
effector potential of T-cell-mediated immunity.

Itis hardly possible to expect development of anti-ASF
vaccines and particularly vaccines capable of preventing
and effectively protecting against ASF epizooty accor-
ding to general understanding without addressing these
issues, especially without determination and comprehen-
sive characterization of the immune response effector
phase using modern research methods, focusing only on
acquired resistance to challenge (i.e. at the animal level).
At the same time, the answers to many of the above ques-
tions were obtained earlier during the research carried out
by the Biochemistry and Immunology Laboratories of the
Federal Research Centre for Virology and Microbiology
(Pokrov, Russia) and widely covered in the national scien-
tific literature [9, 10].

It is noteworthy that the American Gap analysis, pro-
bably for the first time in relation to ASF panzootia con-

trol, raises the question about the reasonability of total
destruction of suspected susceptible population inclu-
ding emergency slaughter of tens of thousands of pigs
that results in significant financial losses, provokes all
forms of owners’resistance and is ethically challengeable.
Hence, alternative solutions to this socio-economic prob-
lem addressing the general public requirements without
prejudice to effectiveness of anti-epizootic measures are
required [2].
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