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Abstract

Discontinuation of vaccination after the completion of Smallpox global eradication program led to a sharp decrease
in the level of collective immunity not only to smallpox but also to other orthopoxvirus infections. Over the past
10-15 years, the world has seen an increase in the frequency of diseases caused by smallpox viruses of cows,
buffaloes, camels. The outbreak of mpox (a disease caused by the monkey pox virus) occurred in 2022-2023.
Analysis of the literature data on the organization of the orthopoxvirus genome suggest that smallpox could have
occurred in the past as a result of evolutionary changes in the zoonotic progenitor virus. In this regard, there is
a threat of a new particularly dangerous anthropozoonosis, the pathogen of which can occur both naturally and
artificially.

The aim of the review is to analyze open science published data on aerobiological research with OPVs conducted
by the U.S. Department of Defense from 1994-2013, which was a period of restricted research and storage of
smallpox virus samples. The authors did not find any publications of the results of aerobiological research with
orthopoxviruses conducted by the US Department of Defense after 2013 in open scientific sources.

The review presents a data analysis in Russian and English-speaking scientist publication as well as those
posted on the Internet.

The presented results of aerobiological studies with orthopoxviruses indicate the interest of the US military
department in carrying out experimental work of dual use, including monitoring of the properties of orthopoxviruses
and a possible change in their pathogenicity for humans, selection of optimal laboratory models for studying the
properties of orthopoxviruses, and the possibility of modeling the properties of the smallpox virus when using
other orthopoxviruses (cowpox virus, rabbit pox virus, monkey pox virus), modeling of the main characteristics
of the disease caused by the smallpox virus in humans and evaluation of the effectiveness of existing and newly
developed vaccines against smallpox, comparative study of effectiveness of antiviral drugs for regular or post-
exposure prophylaxis of naturally occurring smallpox and monkey smallpox.
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AHHOMauus

MpekpalyeHne BakuMHaumm nocrne 3aeeplleHns «lporpammbl rnobanbHOM NMUKBMAALMKW HaTypanbHOW OCMbl»
NPUBENO K PE3KOMY CHKEHUIO YPOBHS KONMEKTUBHONO UMMYHUTETA HE TOMBKO K HaTyparbHOM ocre, HO U K Apy-
rMm opTonokcBupycHbiM (OlB) nHdpekumam. 3a nocnegHune 10—15 neTt B MMpe Npoun3oLLINIO YBENMUYEHME YacTOoThbl
3abonesaHui, BbI3BaHHbLIX BMPYCaMun OCMbl KOPOB, ocnbl BynBonos, ocnbl Bepbniogos. B 2022-2023 rr. npowu-
3owna BChbllKa Mpox (3abonesaHue, Bbi3biBaeMoe BMPYCOM ocrbl 06e3bsiH). AHanm3 AaHHbIX nuTepaTypbl 06
opraHu3aunm reHoma OlNB no3eonsieT NpegnonoXuTb, YTO BO30yAUTENb HAaTypanbHOM OCMbl MOT B MPOLLIOM BO3-
HUKaTb B pesynbsrare 3BOMIOLMOHHBLIX M3MEHEHMWI 300HO3HOIO BUpYca-npapoanTens. B cBs3n ¢ aTum cyuiecTsyeT
yrpo3a BO3HWKHOBEHWNSI HOBOrO 0COB0 OMAacHOro aHTPONO300HO3a, BO30yAMTENb KOTOPOro MOXET BO3HUKHYTb Kak
€CTECTBEHHbIM, TaK N NCKYCCTBEHHBLIM MyTEM.

Llenbto 0630pa fBnsieTcs aHanu3 onyornmMKoBaHHbIX B OTKPbITbIX HAYYHbIX MCTOYHUKAX AaHHbIX 06 aapobuono-
rmyeckux nccregoanusix ¢ OMNB, nposogmMMbix MuHuctepctBom 060opoHbl CLUA B 1994-2013 rr. — B nepuoa
OrpaHNYeHNs Hay4YHbIX UCCIeAOBaHUA N XpaHeHus obpasuoB BMPYcoB ocnbl. [lybnvkaumm pesynsratoB aspo-
Bronornyeckmx nccrneaoBaHnii ¢ opTonokesmpycamu, nposoanmeix MuHoboporsl CLUA nocne 2013 r., B OTKpbI-
TbIX Hay4HbIX MCTOYHUKaX aBTOpaMu He HanaeHbI.

Pesynbrathl aspobuonornyecknx ncenegosaruii ¢ ONB cBUMOETENBCTBYIOT O 3aUHTEPECOBAHHOCTU BOEHHOIO Be-
pomctea CLUA B npoBefeHun akcnepumMeHTanbHbIX paboT ABOMHOMO HasHa4YeHWsi, BKMOYAOT MOHUTOPUHT 3a
csoncteamu OlB 1 BO3MOXHOE M3MEHEHWEe NX NAaTOreHHOCTM AN YernoBeka, BbiIbop onTuMarnbHbIX nabopatop-
HbIX MoAenen Ans ndyveHus ceoncts OlNB 1 BO3MOXHOCTY MOAENMPOBaHMSA CBOMCTB BMPYCa HaTyparbHOW OCMbl
npu ucnonb3oBaHun gpyrux OB (B1pYyCbl OCMbI KOPOB, OCTbI KPOMMKOB, OCMbl 00€3bsIH), MOAENMPOBaHNE OCHOB-
HbIX XapakTepUCTUK 3aboneBaHus, Bbi3bIBAEMOro BYUPYCOM HaTypanbHOWM OChbl, Y YenoBeka 1 oLeHka addeKkTmBs-
HOCTM MMEILUXCHA U BHOBb paspabaTtbiBaeMblX BaKLUH NPOTMB HATyparbHOW OCMbl, CPaBHUTENbHOE MU3yYeHne
3 PEKTUBHOCTU NPOTUBOBUPYCHBIX NEKAPCTBEHHBLIX CPEACTB ANS NPOMUNAKTUKM NN IKCTPEHHOW NpogdunakTu-
KW HaTyparnbHOW ocnbl 1 OCMbl 06e3bsH.

KnioueBble croBa: 0pmornoKceupychl, 8UPYC HamyparibHOU OCrbl, 8UPYC OCIbI KDOSILUKO8, 8UPYC OCbl 06e3bsiH,
eupyc ocrbl Kopos, nabopamopHasi Moderib, ModernuposaHue ceolicme supyca, cpedcmea MeduyuHckol 3auju-
mbi

MUcmoyvHuk ¢puHaHcupogaHusi. ABTOpbI 3aBMSAOT 06 OTCYTCTBMU BHELLHEro (OMHAHCUPOBAHUS NPU NPOBEAEHUN UC-
crnepoBaHus.

KoHdpbnnukm unmepecos. ABTOpbI AeKNapupyOT OTCYTCTBME SBHbIX U NOTEHLUMAnNbHbIX KOHMIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnmkaumen HacTosiLLen cTaTby.

Ansa yumupoeaHusi: Onvwwenko I, Kupunnos N.A., Bopucesuu C.B., Cusukosa T.E., Kpotkos B.T. AHanun3 aspo6uo-
TIOTMYECKMX UCCNEA0BAHNUIA C OPTOMOKCBMpYCcamu, NpoBoauMbix MuHuctepcteom o6opoHbl CLUA. XKypHan mukpobuo-
n102uu, anudemuonoauu u uMmMyHobuonozauu. 2024;101(3):399-411.
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Introduction

The discontinuation of vaccination after the com-
pletion of the Global Smallpox Eradication Program
has led to a dangerous situation, as a significant propor-
tion of the world's population has become susceptible
to both smallpox and other human pathogenic ortho-
poxviruses (OPVs) due to the loss of population im-
munity [1, 2]. The latter can lead to a global epidemic
emergency [2, 3].

A clear example of this is the development of
monkeypox outbreak in 2022-2023 (since 28.11.2023
the disease has been renamed by the Taxonomic Com-
mittee and is now known as “mpox”) [4], the increase
in the frequency of diseases caused by cowpox, buffalo
pox and camelpox viruses in the world over the last 10-
15 years [5].

In nature, representatives of various zooanthro-
ponotic OPVs circulate practically on all continents and
periodically cause diseases among animals and humans.
For example, isolated cases of poxvirus infections have
been reported in Brazil and other parts of South Ameri-
ca [6, 7]. Isolates from humans and livestock have been
found to have a high degree of affinity to the vaccine
virus [8, 9]. When investigating the possible role of
primates as carriers of vaccine-like viruses, a high per-
centage of seropositive results was found [10].

Analysis of literature data on the organization of
the OPV genome suggests that the smallpox pathogen
may have arisen in the past as a result of evolutionary
changes in the zoonotic progenitor virus. In this regard,
there is a threat of a new particularly dangerous an-
thropozoonosis [11-13].

The aim of the review is to analyze open scientific
published data on aerobiological research with OPVs
conducted by the U.S. Department of Defense during
the years 1994-2013. During this period, the World
Health Organization imposed restrictions on research
and storage of smallpox virus samples for all institu-
tions worldwide, except for two international reposi-
tories: the Center for Disease Control and Prevention
(USA) and the State Scientific Center for Virology and
Biotechnology "Vector" of Rospotrebnadzor (Russia)'.

The authors did not find any publications of the
results of aerobiological studies with orthopoxviruses
conducted by the US Department of Defense after 2013
in open scientific sources.

To study numerous aspects of the infection, spe-
cialists of research institutions of the US Department
of Defense actively use various laboratory animals
and pathogenic OPVs for them. These are white mice,
lower primates (mainly Javan macaques, rhesus ma-
caques) and rabbits. Ectromelia, cowpox and smallpox

! World Health Organization. Report of the meeting of the Ad hoc
Committee on orthopoxvirus infections (Geneva, 09.09.1994).
URL: https://iris.who.int/bitstream/handle/10665/59062/WHO _
CDS_BVI 94.3.pdf?sequence=1

vaccine viruses were used to infect mice, rabbitpox and
smallpox vaccine viruses were used to infect rabbits,
and smallpox vaccines were used to infect monkeys
[14-16]. According to American researchers, the opti-
mal model should combine the possibility of using a
low infectious dose to infect animals and the transmis-
sion of the virus from a sick animal to a healthy one.
The peculiarities of the spread of smallpox are modeled
to the greatest extent using experimental work with
smallpox of rabbits and monkeys.

The importance of rabbit pox virus as a model
agent for studying OPV infections was demonstrated in
the early 1960s, when it was shown that hyperimmune
sera provided protection to aerogenically infected rab-
bits when administered immediately after infection at a
dose of 175 PFU (plaque forming units) per individual
or even 3 days after infection. In this experiment, a dry
biological formulation with an average particle size of
about 1 um was used [17].

Because aerosol particles larger than 10 um are
trapped in the upper respiratory tract, in almost all
aerogenic infection experiments conducted by US Ar-
my Medical Research Institute of Infectious Diseases
(USAMRIID) staff, the median diameter of generated
particles penetrating the lower respiratory tract is 1 um
[18]. A number of parameters characterizing the course
of rabbit smallpox in aerogenically infected animals
makes it possible to model human smallpox disease
(Table 1).

Thus, at low infectious doses (< 200 PFU), the
incubation period was 4—6 days. The first clinical sign
of the disease was fever, followed by anorexia, weak-
ness, rapid weight loss, depression, lethargy, drop in
body temperature to subnormal values and death on the
8—14" day after infection.

At high infectious doses (more than 200 PFU),
rabbit pox virus caused a rapidly progressive lethal in-
fection resembling the hemorrhagic form of smallpox.
The incubation period of the disease in this case was
2-3 days. The disease ended with death on the 6™ day.

According to the data of the USAMRIID Aerobio-
logy Research Center, the LD, value for aerogenic
infection of rabbits with rabbit pox virus is 15 PFU
[19]. This result coincides with the data obtained by
H.S. Bedson et al. in 1963 using a dry preparation of
rabbit pox virus [20].

When rabbits are aerogenically infected with a
fine aerosol and the process of disease spread from one
animal to another is studied, the above parameters are
modeled for smallpox. Consequently, rabbit pox virus
can be used to test protective agents against small-
pox [19]. Rabbit smallpox virus can be used to model
such characteristics of smallpox virus as the ability to
cause aerogenic infection under conditions of low in-
fectious dose and the ability to transmit infection from
patients to healthy individuals [19]. M. Nicas et al.
evaluated a mathematical model that determines the in-
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Table 1. Similarities and differences between smallpox and rabbit pox (by aerosol route of infection) [19]

Nosological form

Parameter
HSmallpox

(common type)

rabbitpox

(infectious dose < 200 PFU)

rabbitpox
(infectious dose > 200 PFU)

Transmission method Aerosol

Incubation period, days 7-17 4-6

Prodromal phase, days 2-4

Clinical signs of the disease Fever, pharyngitis, skin lesions

Macules — papules —
vesicles — pustules —
crusts — pospinas

Characterization of skin lesions

L Pneumonia, blindness,
Complications

encephalitis
Lethality of the disease, % =30 =100
Time of death, day 29_28 8—14

from the beginning of the disease

Fever, pharyngitis, skin lesions,
erosions in the nasopharynx

Macules — papules —
vesicles — pustules

2-3
0-2

Fever, pharyngitis, skin lesions,
erosions in the nasopharynx

Macules — papules —
vesicles

Pneumonia, multiple necroses

100

5-7

Table 2. Results of evaluation of the effectiveness of specific and nonspecific means of protection against OPV (using rabbit

pox virus, Utrecht strain, as a model agent in case of aerogenic infection) [22]

PFU infectious

Administration process that provides:

dose, Me, D Preparation
total protection partial protection
10 ml of 1 : 100 dilution when administered
Purified 1 day after infection or 10 ml of whole drug 10 ml of 1 : 10 dilution when administered

175 (146-1795) hyperimmune serum

> 1000 Thiosemicarbazone
2860 (1140-5000) ST-246

Lngocosup
el Cidofovir

when administered on the 3 day after
infection

None

40 mg/kg of animal weight for 14 days at
the first injection immediately after infection

10 mg/kg animal weight for 3 days at first
injection, either immediately or 24 h after
infection

on the 3 day after infection

100-200 mg/kg of animal weight daily
for 4 days

40 mg/kg animal weight for 14 days at first
injection, 24, 48 or 72 h after infection

1 mg/kg animal weight for 3 days at the first
injection either immediately or 24 h after
infection

Note. Me — median infectious dose; D — range of variation of infectious dose during the experiment.

fectious dose of smallpox virus for conditions of aero-
genic infection [21]. The authors concluded that one
complete virion is sufficient to infect a person.

C.J. Roy et al. conducted a comparative study
of the efficacy of nonspecific defenses against small-
pox [22]. The antiviral drugs thiosemicarbazone, cido-
fovir and ST-246 were tested using rabbit smallpox vi-
rus as a model agent. For comparison, experiments were
carried out with administration of a specific protective
agent, namely a purified hyper-immune rabbit serum, to
animals. Data on the efficacy of these antiviral prepara-
tions at aerogenic infection of animals with rabbit pox
virus (Table 2) indicate that full protection of animals
was revealed when using cidofovir at a dose of 10 mg/kg
of animal weight for 3 days at the first injection either

immediately or 24 h after infection, and ST-246 at a
dose of 40 mg/kg of animal weight for 14 days (at the
first injection immediately after infection). Thiosemi-
carbazone provided only partial protection.

A. Nalcaetal. [19] and N.L. Garsa et al. [23] test-
ed the efficacy of a third-generation smallpox vaccine
(MVA-BN) in aerogenic infection of rabbits with rab-
bitpox virus. During a single immunization with a low
dose of the vaccine, some rabbits showed some signs of
disease, but all animals survived (Table 3). In case of
double immunization with an interval of 14 days or a
single immunization with a high dose of vaccine there
were no signs of disease in animals.

Based on these studies, specialists from the
USAMRIID Pathology, Toxinology and Aerobiology
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Table 3. Results of the evaluation of the efficacy of the third-generation smallpox vaccine (MVA-BN) in aerogenic infection

of rabbits with rabbit pox virus [19]

Animal group

Percentage of animals with signs

Percentage of surviving

of disease, % animals, %

Once immunized with a low dose of vaccine followed

: . 30 100
by infection
Twice immunized with a low dose of vaccine followed

) - 0 100
by infection
Once immunized with a high dose of vaccine 0 100
Control group (infected animals without immunization) 100 0
Control group (once immunized with a high dose of vaccine 0 100

without infection)

Note. An infectious dose of rabbit pox virus 200 CFU/animal was used in challenge experiments. The low vaccine dose
was 1 x 10® PFU/specimen, and the high vaccine dose was 1 x 10° PFU/specimen.

Departments consider rabbitpox virus to be a promising
agent mimic for smallpox virus [24, 25].

In 1999, monkeypox virus was included by the
Ad Hoc Group of States Parties to the Convention on
the Prohibition of the Development, Production and
Stockpiling of Bacteriological (Biological) and Toxin
Weapons and on Their Destruction in the List of Bio-
logical Agents — Human Pathogens, which was recog-
nized as significant in the context of developing a list of
biologically destructive agents for specific measures to
strengthen the “Convention...” [26]. It should be noted
that according to the public opinion formed before the
middle of 1998, smallpox of monkeys was considered
as a zoonotic infection, which is not significant for hu-
man pathology.

When analyzing the outlined studies (including
aerobiological studies) conducted with the monkeypox
virus at the leading specialized foreign military-medi-
cal center, the US Army Medical Research Institute of
Infectious Diseases, two significant directions can be
distinguished: modeling of the main characteristics of
the disease caused by the smallpox virus in humans and
evaluation of the effectiveness of existing and newly
developed smallpox vaccines.

According to N. Hahon, a member of the U.S.
Army Chemical Corps, monkeypox virus allows mod-
eling some basic characteristics of the disease caused
by human smallpox virus. Thus, according to the litera-
ture, 4 species of lower primates (Macaca cynomolgus,
M. irus, M. rhesus, and Saimiri) are susceptible to aero-
genic infection with smallpox virus [14].

Experimental infection in Javan macaques by
aerogenic infection with monkeypox virus was studied
[27]. Monkeypox virus, strain Zaire-79, isolated in
1979 during a fatal human disease, was used in this
work. The inoculum for aerosol formation was the
supernatant of infected Vero cells. The average mass
diameter of the aerosol particles was 1.2 pm, and the
calculated infectious dose ranged from 1.0 x 10* to
1.4 x 10° PFU. Javan macaques of both sexes weigh-

ing 1.6-4.7 kg were used in the experiment. The in-
fectious dose was determined for each monkey during
the entire exposure period (10 min). Aerosol sampling
was performed in DMEM medium with defoamer. The
virus concentration in the aerosol samples was deter-
mined by subsequent titration of the obtained samples
using the negative colony method on a monolayer of
Vero cells.

All infected monkeys died from the 10th to 17th
day after infection (the average life time before the
animals died was 11.2 days). Lethal outcome was as-
sociated with the development of bronchopneumonia.
There was no correlation between the time of death and
infectious dose.

Subsequently, an additional study of experimen-
tal infection was carried out during aerogenic infec-
tion of Javan macaques with monkeypox virus [28].
Infection was carried out using an automated system
of biological aerosol exposure, which allows for pre-
cise administration of the infectious dose to each ani-
mal depending on its individual respiratory character-
istics. The Zaire strain V79 was used in the aerogenic
infection experiments. According to the data present-
ed in Table 4, the outcome of the disease is apparently
determined by the individual characteristics of the in-
fected animals; in any case, no correlation between the
administered dose and the proportion of dead animals
was observed. At the same time, according to foreign
military specialists, the clinical features of the disease
in Javan macaques resemble the course of smallpox in
humans [29].

Subsequently, the possibility of using reverse
transcription polymerase chain reaction (RT-PCR)
for quantitative determination of monkeypox virus in
bioassays obtained from aerogenically infected Javan
macaques was evaluated [30]. The sensitivity of the
method was found to be 200 PFU/cm’. The infectious
dose ranged from 2.5 x 10*to 9.3 x 10° PFU. The mean
median aerosol particle size was 1.07 um and varied
for each individual experiment between 1.06 and 1.09
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Table 4. Results of the study of experimental infection indices during aerogenic infection of Javan macaques with monkeypox
virus [28]

Infectious dose, PFU

Indicator
4,3 x 10 1,4 x 10° 4,4 x 10° 1,1 x 10*

Fever

onset, day after infection 4.7 3.8 2.8 4.3

duration, h 215.3 244.7 266.7 2781
Temperature. °C

maximum increase from normal 25 3.3 3.4 3.5

average increase from normal 1.9 1.9 21 2.3
Life expectancy before death, days 10.0 9.0 9.6 8.5
Percentage of dead animals 2/3 4/6 5/6 2/3

Table 5. Estimated virus concentration in the blood of monkeys aerogenically infected with monkeypox virus, PFU/cm? [31]

Time after infection, days

Infectious dose, PFU/cm?

0 2 4 6 8 10 14 18 21
4.2x10* <200 <200 51x10°% 7.0x10* 15x10° 4.0x10° 3.1x10° 12x10° <200
2.5%x 104 <200 <200 <200 7.4x10* 3.0x10° 26x10° 4.1x10* <200 <200
1.2x10° <200 <200 7.8x10° 1.8x10° 27x10° b - - -
2.8 x10° <200 <200 <200 9.1x10* 3.6x10° b = = =
3.9 x10° <200 <200 9.3x10° 4.8x10° * - - - -
9.3 x 10° <200 <200 25x10* 6.9x10° 45x10° 4.8x10° b = =

Note. Here and in Table 6: < 200 — concentration of the pathogen in blood is lower than the limit of detection of RT-PCR assay
(200 PFU/cm?). *The animal died on the 7" day; **the animal died on the 9" day; ***the animal died on the 12" day after aerogenic infection.

Table 6. Estimated virus concentration in nasopharyngeal washings of monkeys aerogenically infected with monkeypox virus,
PFU/cm?® [31]

Time after infection, days

Infectious dose, PFU/cm?

0 2 4 6 8 10 14 18 21
4.2 x 104 <200 <200 <200 25x10° 1.1x10° 25x10° 3.1x10° 6.3x10° <200
2.5 x 10 <200 <200 <200 <200 1.4 x10° 4.1x10° 4.1x10* 3.5x10° <200
1.2 x10° <200 <200 <200 <200 3.0 x 104 > - - -
2.8 x10° <200 <200 <200 8.4 x102 2.1x10° ** - - -
3.9 x10° <200 <200 3.2x102 9.0 x10° * - - - -
9.3 x 108 <200 <200 53x10° 58x10* 1.9x10%° 4.6 x 108 ok = =

um. The LD, for monkeys for this mode of infection  sopharyngeal washings on the 4"-18" day after aero-

was approximately 7.8 x 10* PFU, and the time to death
was 7—10 days after infection. Viremia and virus con-
centration in nasopharyngeal washings from infected
animals were determined by extrapolation of the results
of quantitative RT-PCR.

As follows from the data presented in Table 5 and
Table 6, monkeypox virus is detected in blood and na-

genic infection. The onset of detection of the pathogen
correlates with the infecting dose.

Taking into account that the course of monkeypox
in Javan macaques can simulate human smallpox dis-
ease, it can be concluded that the probability of virus
transmission from a sick person to a healthy person
reaches a maximum on the 810" day (the virus con-
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Table 7. Results of evaluating the protective efficacy of 2" and 3 generation smallpox vaccines (against monkeypox virus

during aerogenic infection of Javan macaques) [32]

Characterization of the course of the disease

Group Immunization process dlinical time of papule | average c?fur:tlzﬂe survival
) appearance, | number of . orpap o
signs disappearance, rate, %
days papules days
Administration of buffered saline 28 days before A *
1 infection (control) +++ 6 51 Didn't disappear 0
Injection of Acam2000 once at a dose
2 of (2.5-12.5) x 10° PFU 28 days before + 9 3 5 100
infection by skin scarification
Subcutaneous injection of Imvamune once at a dose x
3 of 2.0 x 108 TCPD,, 28 days before infection i ° 10 5 67
4 Subcutaneous injection of Imvamune twice at a dose + 6 7 5 100

of 2.0 x 108 TCPD,, 28 days before infection

Note. TCPD,, — 50% tissue cytopathic dose. + — mild; ++ — moderate; +++ — expressed signs of disease.
*Animals died on the 7"—11" day; **Animals died on the 7" and 9" day after aerogenic infection.

centration in nasopharyngeal washings has the highest
values and approximately corresponds to the virus con-
centration in blood).

Specialists of the U.S. Department of Defense
together with the U.S. Center for Disease Control and
Prevention evaluated the protective efficacy of second-
generation (Acam 2000) and third-generation (Imva-
mune) vaccines. In experiments on aerogenic infec-
tion of Javan macaques, monkeypox virus, strain Zaire
79, was used, with an infectious dose of (2.1-3.1) X
10° CFU per animal. The results presented in Table 7
indicate that, although the level of virus-neutralizing

antibodies was not significantly different between ani-
mals of groups 2 and 4, the signs of disease were slightly
more pronounced in group 4. It is concluded that the use
of aerogenic infection of Javan macaques provides an
assessment of the efficacy of various vaccines intended
for human immunization under conditions where clinical
trials are not feasible [32]. It was found that the dynamics
of antibody production in vaccinated Javan macaques is
similar to that in vaccinated humans [33, 34].

Despite the fact that the cowpox virus is not
considered a potential biologically destructive agent,
leading foreign military medical centers, including the

Table 8. Results of evaluation of susceptibility of BALB/c white mice to aerogenic infection with cowpox virus [35]

Average weight Infectious dose,

Disease symptoms

Average survival time Percentage of

of animals, g PFU to death, days dead animals, %
Reduced body weight, ruffled coat, significant decrease
6

5x10 in functional activity 12 100

12 5 x 10 Decrease in body weight, slight decrease _ 0
in functional activity

5 x 102 None - 0

17 5x 108 Decrease in body weight and functional activity 12 65

Table 9. Results of a study of the susceptibility of white mice to aerosolized infection with ectromelia, vaccinia and cowpox

viruses [16]
Virus Strain White mouse line | Infection method | Infectious dose, PFU Disease symptoms
Intranasal 1 x 108 Inflammation of the bronchi, alveoli, pleura
Ectromelia Hampstead Autobred animals
Aerosol 1 x10°8 Inflammation of the bronchi, alveoli, pleura
. Bronchopneumonia with manifestations
6
Vaccines WR BALB/c Intranasal 1% 10 - p—"
) Bronchopneumonia, rhinitis, sinusitis
6 ) ) )
Cowpox Brighton BALB/c Aerosol 5x10 meningitis, exanthema
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U.S. Army Medical Research Institute of Infectious
Diseases, conduct research with this pathogen. Anal-
ysis of the data published in the open press indicates
that cowpox virus is also used in studies to evaluate the
efficacy of existing and newly developed nonspecific
prophylaxis against smallpox.

The results of the assessment of the susceptibi-
lity of BALB/c mice to aerogenic infection with cow-
pox virus (Table 8) indicate that aerogenic infection
of BALB/c mice weighing 12 g with cowpox virus,
Brighton strain, at a dose of 5 x 10° PFU causes 100%
mortality of the animals.

Data on the susceptibility of inbred white mice
to intranasal and aerosol infection with various OPVs
(Table 9) indicate that all tested viruses caused respi-
ratory tract damage. In case of aerosol infection with

REVIEWS

cowpox virus, symptoms of meningitis and exanthema
were also recorded.

The study of morphologic changes in tissues of
white BALB/c mice during intranasal or aerosol in-
fection with cowpox virus, Brighton strain (Table 10)
indicates that this pathogen is a promising model agent
for screening tests of nonspecific prophylaxis against
smallpox. This is due to the fact that the disease caused
by this strain in the aerosol method of infection of white
mice is characterized by a variety of symptoms, as well
as the fact that this pathogen is pathogenic for humans,
which simplifies the possibility of extrapolating the ob-
tained data regarding the antiviral efficacy of the inves-
tigated therapeutic and prophylactic agents.

Thus, the antiviral effect of cidofovir (1-[(S)-3
hydroxy-2]-(phosphonomethoxy)-propyl cytosine) was

Table 10. Results of morphologic changes in tissues of white BALB/c mice during intranasal or aerogenic infection with

cowpox virus, Brighton strain [24]

Tissues and organs

Morphologic changes

Presence of cowpox

Infection method virus antigen

in organs
. . . . +
Lungs, bronchi, bronchioles, Inflammation, eczema, necrosis, hemorrhages, Aerosol
alveoli inclusion bodies Intranasal +
Bronchiolar vessels Inflammation, necrosis, degeneration, inclusion bodies Aerosol +
Pleura Inflammantion Aerosol -
Trachea Inflammation, eczema, necrosis, corpuscles Aerosol +
. . +
Inflammation, eczema, necrosis, hemorrhages, Aerosol
Nasal tract inclusion bodies
Intranasal +
. " +
Glands Inflammation, eczema, necrosis, hemorrhages, Aerosol
inclusion bodies Intranasal a
Aerosol +
Connective tissues Inflammation, hemorrhages
Intranasal +
Mammary gland ducts Inflammation, necrosis, inclusion bodies Aerosol
+
Inflammation, eczema, necrosis, hemorrhages,
Nasopharyngeal ducts . - . Intranasal +
inclusion bodies
Eustathian pipe Inflammation, inclusion bodies Intranasal +
. . +
Middle ear Inflammation, necrosis, hemorrhages, Aerosol
inclusion bodies Intranasal _
Muscles Inflammation, necrosis, inclusion bodies, Aereme] o
tissue regeneration
Aerosol -
Bone marrow Myelogenous hyperplasia
Aerosol +
Tail skin Inflammation, necrosis, inclusion bodies, s -
epidermal proliferation Intranasal o

Note. + — detection of labeled viral antigen by immunohistological method; — — No detection of labeled viral antigen.
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studied on the model of white BALB/c mice aerogeni-
cally infected with cowpox virus, Brighton strain [35].
This strain causes bronchopneumonia in BALB/c mice
when aerogenically infected with a fine aerosol (par-
ticle size 1 um) with subsequent death. Subcutaneous
administration of cidofovir at a dose of 100 mg/kg
(once) provided 90—100% protection of aerogenically
infected animals when administered not later than 4 days
after infection. When cidofovir was administered on the
day of infection, the virus titer in the lungs decreased
10-100 times, the severity of viral pneumonia de-
creased and pulmonary hemorrhages were prevented.
Administration of cidofovir did not cause an in-
crease in the concentration of urea, creatine, aspartate
aminotransferase and alanine aminotransferase in the
blood sera of infected and intact animals. It was found
that the disease did not develop with daily subcutane-
ous administration of cidofovir at doses of 20.5 and
even 1 mg/kg. The time of the first administration of
the drug is important. The dose of 5 m/kg protected al-
most 100% of mice when the drug was administered
on the day of infection. However, if the beginning of
drug administration was delayed for at least 1 day, daily
administration of higher doses was required to protect
the animals. Aerosol application of cidofovir was sig-

nificantly more effective [36, 37]. The results of deter-
mining body weight, virus concentration in the lungs,
pathologic changes in the lungs, and survival of infect-
ed animals established that a dose of cidofovir in the
range of 0.5-5.0 mg/kg was always more effective than
a dose of 25 mg/kg, and sometimes even more effective
than a dose of 100 mg/kg when administered subcuta-
neously. Consequently, the antiviral efficacy of cidofo-
vir is largely due to the drug retention in the respira-
tory tract of animals. Subsequently, the dependence of
the antiviral efficacy of cidofovir on the scheme of its
administration into the body of white mice aerogeni-
cally infected with cowpox virus was determined [37]
(Table 11). Based on the results obtained, the authors of
the study concluded that cidofovir when administered
aerosolized can be effective in the prophylaxis or emer-
gency prophylaxis of smallpox or monkeypox.
Analysis of the presented data indicates that spe-
cialists of the US Department of Defense use cowpox
virus as a model agent for screening tests and methods
of application of nonspecific medical defenses against
smallpox. When summarizing the results of the presen-
ted studies, it is possible to conclude about the dual-use
character of the conducted research. Thus, it can be
stated that the USAMRIID staff has substantiated the

Table 11. Results of antiviral efficacy of cidofovir when administered by aerosol or subcutaneous injection to BALB/c white
mice aerogenically infected with cowpox virus, Brighton strain, at a dose of 5 x 108 PFU [37]

Method of drug Period of drug

Ratio of surviving to infected

Percentage of surviving

administration Dose, mgfkg administration, day animals animals, % p
-2 8/10 80 <0.05
-1 9/10 90 <0.05
0.5-5.0 0 10/10 100 <0.05
+1 10/10 100 <0.05
+2 9/10 90 <0.05

Aerosol

-2 0/10 0 N. d.
-1 7/10 70 <0.05
0.06-0.50 0 10/10 100 <0.05
+1 9/10 90 <0.05
+2 7/10 70 <0.05
-2 7/10 70 <0.05
-1 7/10 70 <0.05
Subcutaneously 100 0 10/10 100 <0.05
+1 10/10 100 <0.05
+2 10/10 100 <0.05

Placebo 0 0/10 0 -

Note. —2 — administration of cidofovir 2 days before infection; 0 — administration of cidofovir on the day of infection; +2 — administration
of cidofovir 2 days after infection. p — reliability level of differences in relation to the experiment variant with placebo administration.

N. d. — differences are not reliable.
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choice of rabbit pox and monkey pox viruses as agent
mimics of the smallpox virus.

At the same time, the data obtained in the ear-
ly 2000s were compared by US military specialists
with the results obtained in the early 1960s using a
dry agent mimic based on rabbitpox virus [20]. In
their opinion, the rabbit pox virus can simulate such
characteristics of the smallpox virus as the level of re-
production in various systems, including cell cultures
in suspension cultivation, and resistance when trans-
ferred to aerosol. The LD, value for rabbits during
aerogenic infection is quite low (in contrast to other
laboratory animals during aerogenic infection with
other OPVs) [19].

When conducting aerobiological studies, special
attention was paid to the fractional-disperse composi-
tion of the agent simulant. Such specification is obvi-
ously unnecessary for the declared by the authors goals
of the conducted studies. As an infectious preparation
for these studies, in most of the research projects of US-
AMRIID staff, the direct culture of monkey pox and
rabbit pox virus strains was used. However, according
to a number of indirect signs (composition of sampling

REVIEWS

fluids, presence of different concentrations of defoam-
er, different concentrations of fetal calf serum), it can be
concluded that in reality, during a number of aerobio-
logical tests, virus-containing materials obtained by
growing the pathogen in suspension cell culture were
used as an infectious preparation.

Conclusion

The presented results of aerobiological studies
with OPVs indicate the interest of the U.S. Military
Department in conducting dual-purpose experimental
work, including monitoring for the properties of OPVs
and possible changes in their pathogenicity for humans,
selection of optimal laboratory models for studying the
properties of OPVs as well as the possibility of model-
ing the properties of smallpox virus using other OPVs
(cowpox, rabbitpox, monkeypox viruses), modeling the
main properties of the disease caused by smallpox virus
in humans and evaluation of the efficacy of available
and newly developed smallpox vaccines, and the com-
parative study of the efficacy of antiviral drugs for regu-
lar or post-exposure prophylaxis of naturally occurring
smallpox and monkey smallpox.
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Yyacmue aemopoe: OHuweHko I.I", Kupunnoe N.A. — pa3paboT-
Ka KoHuenuuu ctatbu, 06obLieHne nonyyYeHHbIX AaHHbIX; bopuce-
suy C.B. — cbop n aHanu3 AaHHbIX, 0600LLUeHNe NONyYEeHHbIX AaH-
HbIX, peAaKkTUpoBaHMe TEKCTa CTaTbU, YTBEPXKAEHNE OKOHYATENbHOMo
BapuaHTa ctatbu; Cusukoea T.E. — cbop v aHanun3 gaHHbIX, hopmu-
poBaHue TekcTa ctatbh; Kpomkoe B.T. — oueHKa NonyYeHHbIX AaH-
HbIX. Bce aBTOpbl NOATBEPXAAT COOTBETCTBME CBOEr0 aBTOPCTBA
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XYpHanoB, Npoynu u ogobpunu uHanbHylo Bepcuio Ao nybnvka-
Lmu.
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