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Abstract. The epidemic situation and etiological factors of enterovirus infection in Russia and Vietnam were analysed
and compared. The identified strains of enteroviruses of 47 types, which circulated in Russia in 2018—2019, belonged
to different species: Enterovirus species A (CV-A2, CV-A4, CV-A6, CV-AS8, CV-A10, CV-Al6, EV-A71), as well as
Enterovirus species B and Enterovirus species C. The strains isolated from 87 children from southern Vietnam hospi-
talised in 2018—2019 into infectious hospitals while having enterovirus infection with exanthema were also studied. All
identified strains were represented by Enterovirus species A: EV-A71 — 59 strains, CV-A10 — 20 strains, CV-A16 —
5 strains, CV-A6 — two strains and CV-A2 — one strain. Out of 59 viruses EV-A71, 53 strains belonged to genotype C4
and 6 strains belonged to genotype B5. The sequences of EV-A71 strains of genotype C4 from South Vietnam formed
a monophyletic cluster with the sequences of EV-A71 viruses which circulated during 2016—2018 in different provinces
of China, and they were very close to EV-A71 strains of the same genotype from the Yunnan Province. These strains
were genetically different from Russian viruses and Vietnamese viruses identified in the years 2003—2005 and 2011—
2012. Most of the cases of enterovirus infection from southern Vietnam (78%) caused by EV-A71 virus of genotype C4
were reported in three provinces located in southern Vietnam in the Mekong Delta. The epidemic process and the eti-
ology of enterovirus infection in Russia and Vietnam have common features. At the same time, the epidemic situation
in these countries is not the same. The incidence of enterovirus infection is influenced by geographic, climatic, eco-
nomic and demographic factors that differ in two countries. In the majority of territories of Russia, the climate is tem-
perate or cold, seasonal rises in the incidence rates of enterovirus infection usually occur in the summer, when people go
on vacation, spend a lot of time outdoors and swim in open reservoirs. In Vietnam, a constant high-level temperature,
a high population density and a large proportion of children determine the higher incidence of enterovirus infection,
especially in the southern provinces of Vietnam, compared to Russia. The fact that more than 20% of the Vietnamese
population lives in the Mekong Delta, which is the largest river in Indochina, has a significant impact on the epidemic
process of enterovirus infection in South Vietnam. The Mekong River which flows through China, Laos, Thailand,
Cambodia and Vietnam, and carries huge streams of water, including rainstorm waters and sewages, from all of these
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countries into the southern provinces of Vietnam, which have the highest incidence rates of enterovirus infection in the
country. The results of the research underline the importance of active epidemiological and virological surveillance
of enterovirus infection, which plays the key role in informing the public health authorities about the changes in the epi-
demic situation in order to take appropriate measures and develop the prevention strategies. The goal of anti-epidemic
and preventive measures is to reduce the incidence of enterovirus infection and the economic burden of this infection
for Russia and Vietnam.

Key words: enterovirus infection, epidemic process, circulation, identification.

3NUAEMUOJIONMYECKUE U 3TUOJIOMTMYECKUE ACMEKTbI SHTEPOBUPYCHOW MHDEKLUK

B POCCUN U BBETHAME

Pomanenkosa H..!, Tonunpina JI.H.2, Hryen T.T.T.3, ITonomapesa H.B.2, Jleonos A.B.2, Kanaesa O.I1.!,

3sepes B.B.2, Ceausanosa C.I'.2, Pozaesa H.P.!, JIsionr M.T.*, Buuypuna M.A.!, Hosukosa H.A.?

'"®@BYH HUMU snudemuonoeuu u muxpobuonroeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus

2®OBYH Huxcezopoockuit HUH snudemuonocuu u muxpoouosoeuu um. akademurxa U.H. Baoxunoit, Huncnuii Hoeeopoo, Poccus
I Unecmumym Ilacmepa é Xowumune, e. Xowumun, Bvemnam

4 Poccuticko-Bvemnamckui mponuveckuii HayuHo-uccaed08amenbCKutl U mexHoN0UHeCKUil YeHmp, 10JcHoe omadenenue,

2. Xowumun, Beemnam

Pestome. [TpoBeneHbl aHAIU3 ¥ CpaBHEHUE SMUIEMUYECKOM CUTYAllMU W 3TUOJOTUY SHTEPOBUPYCHON MHPEKIIU YT
B Poccun 1 Bo BoeTHaMe. M meHTUDUIIMPOBaHHEIC IITAMMBI SHTEPOBUPYCOB 47 TUITOB, KOTOPHIE IIUPKYJINPOBAIN
B Poccum B 2018—2019 rr., OTHOCHJIUCH K pa3HbIM BuaaM: Buay DHrepoBupyc A (CV-A2, CV-A4, CV-A6, CV-AS,
CV-A10, CV-Al6, EV-AT71), Buny DHrepoBupyc B u Buny DurepoBupyc C. Takxe ObLIM M3yYeHbl HITAMMBbI 9HTE-
POBUPYCOB, U30JMPOBaHHbIE OT 87 nmeTeil U3 xHOro BreTHama, rocnutaausupoBaHHbiX B 2018—2019 rr. B UH-
(peKIIMOHHBIE CTAallMOHAPHl ¢ 3K3aHTEMHBIMU (opMaMU 3HTEpOBUPYCHON MH@ekuu. Bece aTu mraMMmbl mpu-
Haaiexalu K BUAY DHTepoBUpYyC A, Obl1o maeHTuduuuponaHo 59 mrammoB EV-A71, 20 mrammo CV-Al0,
5 mrammoB CV-A16, nBa mramma CV-A6 u onuH mtamm CV-A2. U3 59 BupycoB EV-A71 53 mTaMMa OTHOCHIJIUCH
kK renotuny C4 u 6 mrammoB — K reHotuny B5. [TocnenoBatenbHocTu mitaMmMoB EV-A71 renoruna C4 u3 OxHoro
BoetHama chopmupoBaiu MOHODUIETUYECKU KIacTep ¢ IMocaenoBaTeabHOCTIMU BUpycoB EV-A71 reHorumna
C4, uupkynmuposBasimumu B 2016—2018 rr. B pa3HbIX MpoBUHIKMAX KuTast, 0cOOeHHO OIM3KM OHU OBLIM K IITAM-
MaM TOT'O Xe€ TeHOTHIIa U3 MpoBUHINK KOHbHAHB. DTU IITAMMBI TCHETUUECKH OTINYAIUCH KaK OT POCCUUCKMX
BUPYCOB, TaK U OT BbETHAMCKUX BUPYCOB, uAeHTUGULIMPoBaHHBIX B 2003—2005 u 2011-2012 rr. boablInHCTBO
MU3YUYEHHBIX CJydYaeB SHTEPOBUPYCHON MHMeKUMUU U3 10XHOro BoernHama (78%), BoizBaHHBIX EV-A71 reHoru-
na C4, OblJIO 3aperucTpupoBaHO B TpeX MPOBMHIIMSIX, PACIIOJOXEHHBIX Ha fore BoeTHama B menbTe MeKoHTa.
TeueHMe 3MUAEMUUECKOTO MTPOLIeCCa U THOJIOTHSI SHTepOBUPYCHOM MHpeKunn B Poccun u Bo BbeTHaMe nmeroT
MHOTro obuiero. B To xxe BpeMs anuaeMuyeckas CUTyallus B IBYyX CTpaHax HeonnHakoBasd. Ha 3aboneBaemocTb
nHGpEKLI el BIUSIOT reorpauueckue, KiuMaTuyeckue, 3KOHOMUUeCKKue U aeMorpaduueckue (pakTopbl, KOTO-
pble pa3nuyaloTcsa B 9TUX cTpaHaX. Ha 6onbieit yactu tepputopuii Poccun knmmar yMepeHHBIH MU XOJIOAHBI,
Ce30HHBIC MOABEMBI 3a001€BaEMOCTH, KaK IIPaBUJIO, IPOUCXOAST JICTOM, B CE30H OTITYCKOB, KOT/Ia HACEICHUE aK-
THBHO TIepeMeIlaeTCsl, JIIOIN IPOBOASIT MHOTO BPEMEHM Ha CBEXEM BO3IyXe M KYITAIOTCS B OTKPBITHIX BOJOEMaX.
Bo BreTHaMe MOCTOSSHHBIM BBICOKMI TeMIlepaTypHBIi (DOH, BRICOKAS TJIOTHOCTH HAceJleHU S, OOJIBIION yaeab-
HBII Bec IeTell 00YCIOBIMBAIOT BRICOKHE TTOKA3aTeIN 3a00JIeBAEMOCTH SHTEPOBUPYCHOI WH(PEKIIMEl, 0COOCHHO
B I0XHBIX IpoBuHLMSX. bonee 20% nacenenus KOxHoro BoeTHaMa nmpoxXuBaeT B AeJibTe peKM MeEKOHT, KOTOpast
SIBJISIETCSl KpyTHeliei pekoit Mumokurtas u mporekaet no tepputopun Kuras, Jlaoca, Taunanna, Kam6onxu
1 BreTHama, 4TO OKa3bIBaeT CYIIECTBEHHOE BIMSIHUE HA SMTUAEMUISCKUIA TTPOIIECC SHTEPOBUPYCHON MHPEKIINH.
Peka mpoHOCHUT OrpoOMHBIE TOTOKM BOJbI, BKJIIOYAsl IMBHEBBIC U CTOYHBIEC BOIBI, M3 BCEX 3TUX CTPAH B I0XKHBIC
NpoBMHIMU BheTHaMa, rie oTMevaloTcsi caMble BBICOKHME TI0Ka3aTelu 3abojieBaeMoCcTu B cTpaHe. [lonmydyeHHbIe
pe3yJbTaThl MOAYEPKMBAIOT 3HAYEHUE AKTUBHOTO 3MUAEMUOJOIMYECKOT0 U BUPYCOJOTMYECKOr0 Haa30pa 3a 9H-
TePOBUPYCHOIN MHGEKIIMEH, KOTOPBI UI'paeT KJIIOUEBYIO POJib B MHOOPMUPOBAHUU YIIPABAEHUECKUX CTPYKTYD
3IpaBOOXPAHEHU S O Pa3BUTUM SMUAEMUYSCKOM CUTYALlUM ISl TPUHSATHUS aleKBaTHBIX Mep U pa3paboTKu cTparte-
UM IPOPUIAKTUKY 3TON nHPeKuu. Lleabro MpoTUBOAMUAEMUYECKHUX U MTPOPUIAKTUUECCKUX MEPOTIPUSITUI SIB-
JISIeTCSl CHUKEHME 3a00JIEBAEMOCTHU 9HTEPOBUPYCHON MH(EKIIMEN 1 9KOHOMMYECKOTO yIepoa, KOTOPbIii HAHOCUT
sTa nHpekuus Poccun u BoeTHamy.

Karoueesnle caosa: snmeposupycnas uHgekyus, snudemMudeckuil npoyecc, YUpKyaayus, U0eHmupukayus.
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Enterovirus infection in Vietnam

Introduction

Enterovirus infection is characterized by a wide
diversity of clinical forms. The most severe forms
of infection include enterovirus meningitis, menin-
goencephalitis and acute flaccid paralysis. Epidemic
rises of enterovirus meningitis, caused by enterovi-
ruses of different types such as ECHO 6, 9, 30 and
Coxsackievirus B1—6, were periodically recorded
in the Russian Federation, including the North-
West of Russia [1, 5, 9, 13, 14, 17]. At the same time,
in Russia a trend towards an increase in the propor-
tion of enterovirus infection with exanthema [2, 3,
4, 6, 15, 16] has been fixed in recent years. The etio-
logical factors of enterovirus infection with exan-
thema are most often enteroviruses, which belong
to species A: EV-A71, Coxsackieviruses A6, A10 and
Al6 (2, 3,4,6, 15, 16, 19, 23].

Certain types of enteroviruses can dominate
in the circulation among the population for several
years, then can disappear and then emerge some years
later. It should be noted that the observed changes
in the structure of clinical forms of enterovirus in-
fection are coherent with the process of changing
the types and genotypes of enteroviruses prevailing
in the circulation among the population. At the be-
ginning of the 21% century, on most territories, epi-
demic peaks of EVI were associated with the active
circulation of enteroviruses of type B, which caused
diseases of enterovirus meningitis. In recent years,
more active circulation of enteroviruses of type A has
been observed on the territories of Russia.

In South-East Asia, the most common form of en-
terovirus infection is the viral exanthema of mouth
and extremities (Hand, Foot and Mouth Disease —
HFMD). This disease is usually mild, characterized
by fever, malaise, rash on the hands and legs, rash and
ulcerations of the oral mucosa. The infection can be
complicated by pathology of the nervous or cardio-
vascular systems. Complications can lead to cogni-
tive and motor disorders, meningitis and cordial
troubles. Infection can be fatal due to pulmonary
oedema or encephalitis [29, 30, 33, 39]. Lethality
ranges from 0.5% to 19% [29] depending on the geno-
type of virus [37]. For example, in 2014, about 2.7
million cases of the disease were registered in China
and 384 people died [39]. The severe clinical forms
of infection and complications are connected mainly
with the virus EV-A71 which can cause outbreaks
and sporadic cases of HFMD [19, 38].

The first cases of HFMD complicated by en-
cephalitis were reported in Vietnam in 2003 during
an outbreak of acute encephalitis in Ho Chi Minh
City, when Enterovirus EV-A71 was for the first time
isolated from children by the researchers of Pasteur
Institute in Ho Chi Minh City. The results of the first
epidemiological and virological study of HFM D were
published later [36]. In 2005, 764 children admitted
to the children’s hospital in Ho Chi Minh City with

symptoms of HFMD were examined by virological
method. In 54% of cases, enteroviruses were detect-
ed, 42% of them were EV71, and 52% were CVAI6.
In 51 patients (29%) with infection associated with
EV71, the disease was accompanied by severe neuro-
logical complications, and three cases were fatal [36].

The peculiarities of the circulation of various
types and genotypes of enteroviruses and the mecha-
nisms of change of dominating in the circulation
types are not very clear [1I, 15, 22]. According to the
scientific data, non-poliomyelitis enteroviruses can
cause sporadic cases and outbreaks of infection [28,
41]. These facts emphasize the importance of epide-
miological and virological surveillance of enterovirus
infection [15, 16, 28, 41] as well as of the scientific
analysis of this problem.

The aim of our research was to analyze and com-
pare the epidemic situation and etiological factors
of enterovirus infection in Russia and Vietnam.

Materials and methods

The scientific research was accomplished within
the framework of scientific and technical coop-
eration between research institutes of the Russian
Federation and Vietnam. The strains of non-polio en-
teroviruses isolated from 87 patients having HFMD
from South Vietnam in 2018—2019 were studied.
Isolation of the strains from biological material was
carried out on cell cultures RD (CDC, RIVM/
WHO) and Hep2 (Cincinnati, RIVM/WHO) us-
ing standard procedures recommended by the World
Health Organization [40] in the virology labora-
tory of the Pasteur Institute in Ho Chi Minh City.
The type of enterovirus was determined in Blokhina
Research Institute of epidemiology and microbiology
in Nizhny Novgorod by modified partial sequenc-
ing the VPI genome region [12, 32], the amplifica-
tion of cDNA of full sequence of VPI region of EV-
A71 was performed in automatic mode on a Genome
Lab™ GeXP genetic analyzer. Alignment of nucleo-
tide sequences, construction of phylogenic trees, and
analysis of phylogenetic relationships were performed
using the software MEGA 7.0 [26]. The epidemiolog-
ical and statistical analysis was performed in Pasteur
Institute in St. Petersburg. The average errors were
determined, and the significance of statistical dif-
ferences between certain indices was evaluated using
the Student's t-test. Differences were considered sta-
tistically significant at 95% confidence interval (val-
ues of p < 0.05).

Results

Biological material from children with HFMD
was collected in the southern provinces of Vietnam.
In accordance with the recommendations of the
World Health Organization, 87 non-poliomyelitis en-
teroviruses which belonged to species A of enterovi-
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ruses were isolated from patients with the help of cell
cultures RD and Hep2. The strains were studied and
characterized using molecular methods. The major-
ity of isolated enteroviruses were represented by type
EV-A71 (67.8%), 23% of viruses were identified as
CV-A10, 5.8% — as CV-A16, 2.3% — as CV-A6 and
1.1% — as CV-A2. According to molecular analysis
53 from 59 strains of EV-A71 belonged to the geno-
type C4, only 6 strains of EV-A71 strains were repre-
sented by the genotype BS.

We carried out the clinical and epidemiological
analysis of 59 cases of enterovirus infection, the etio-
logical factor of which was enterovirus EV-A71. All
the cases of enterovirus infection were registered
in the southern provinces of Vietnam in 2018—2019.
The cases of infection were revealed in 12 provinces.
Among 59 cases 46 cases were registered in three
provinces: Dong Thap, An Giang and Ben Tre,
in other 9 provinces from one to three cases of infec-
tion were reported. It is important to note that 40.7%
of all cases were recorded in the province of Dong
Thap located in the southwestern part of Vietnam
on the border with the Kingdom of Cambodia. Two
neighboring provinces Dong Thap and An Giang
represent a single epidemiological focus. In the prov-
ince of Ben Tre 20% of studied cases of enterovi-
rus infection were detected. These three provinces
situated in the delta of Mekong — the greatest river
of Indochina accumulated 78% of all cases of HFM D
included in this research.

Clinically, all the cases were classified as HFMD.
The distribution of HFMD cases by the severity
of the disease and the epidemiological data are rep-
resented in the table below (Table).

Among 59 cases of HFMD 6 patients had a mild
form of the disease — grade I. The disease was char-
acterized by papulovesicular rash on the skin of the
hands and or feet, as well as vesicles and ulcerations
on the oral mucosa, and was accompanied by sub fe-
brile temperature. Most part of the diseases (76.3%)
were of moderate severity — grade II. In addition
to exanthema of the skin, the hands, the feet and en-
anthema of the oral mucosa, these patients had high
fever, as well as neurological and cardiovascular com-
plications, such as muscle cramps, confusion, menin-
gitis and myocarditis of moderate severity. Maximum
severity of the disease — grade I1I was noted in 8 pa-

tients (13.5%). Diseases with a typical rash on the
body and mouth, as well as high and prolonged fever,
were accompanied by severe complications involving
the nervous, cardiovascular and respiratory systems.
Severe manifestations of meningitis, encephalitis,
endocarditis, myocarditis, pericarditis, as well as
paralytic manifestations were recorded. One child
(aged 19 months) had the most severe complications
of the infection which led to cognitive disorders, cor-
dial and pulmonary troubles, the disease was fatal
due to toxic shock and pulmonary oedema. The total
percentage of moderate and severe forms of infection
characterized by complications from various organs
and systems among the analyzed HFMD cases was
89.8% and significantly exceeded (p <0.001) the per-
centage of mild clinical forms of this disease.

The majority of patients suffering from HFMD
(83%) were children under the age of three years,
mainly children of age between one and two years.
The number of cases among children from 3 to 6 years
old amounted to 17%. The proportion of children un-
der three years of age among the total number of sick
children significantly exceeded (p < 0.001) the per-
centage of children from three to six years. Among
the patients, there were more boys (64.4%) than girls
(35.6%). The proportion of boys among patients with
HFMD significantly exceeded (p < 0.05) the same
indicator for the girls with the same infection.

According to the State Report of the Russian
Federation, the incidence rate of EVI was 9.83 and
12.63 per 100,000 of population in 2018 and 2019 cor-
respondingly [10, 11]. The highest incidence was ob-
served among children under 17 years of age (92.6%
in 2018 and 91.89% in 2019). During these two years
on some territories where a share of enterovirus men-
ingitis was low children from 1 to 2 years old were
mostly affected by other clinical forms of enterovirus
infection, children from 3 to 14 years old more often
suffered from enterovirus meningitis [5]. The results
of studies, carried out in Russia in 2018—2019 using
molecular methods showed that 2,836 enterovirus
strains belonging to 47 types were identified. Those
were the viruses of four species — Enterovirus spe-
cies A: CV-A2, CV-A4—CV-AS8, CV-A10, CV-AlS6,
EV-A71, EV-AS89; Enterovirus species B: CV-A9,
CV-B1-CV-B5, E2—E7, E9, Ell, E13—El16, E18—
E21, E25, E30, E31, E33, EV-B81; Enterovirus spe-

Table. Clinical and epidemiological characteristics of HFMD cases

Cases of HFMD caused by the enteroviruses EV-A71
Severity grade Sex Age group
Year Number
of patients Gradel Grade Il + 11l Boys Girls 3Un:aer; 3-6 years
% Mtm % M£m % Mtm % M=m o/y % M=m
o M£Em
2018 45 0 41 26 19 37 8
2019 14 6 8 12 2 12 2
6 53 38 21 49 10
Total 2018-2019 | 59 102:39 | 89,8:39 | 64462 | 356:62 | 830:49 | 17,0:49
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A VNM 2018-2019
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O KR827490 1025 Rostov 2013
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Figure 1. Phylogenic relationship between EV-A71 strains of genotype C4 identified in Russia and Vietham
Note: 0 — Russian strains, A — Vietnamese strains described in this study, A — Vietnamese strains described in other studies,

& — strains identified in Germany.
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cies C: CV-Al, CV-A19, CV-A20, CV-A21, CV-A22,
CV-A24, EV-C96, EV-C99, EV-CI116; Enterovirus
species D: EV-D68 [5, 7]. The ratio of viruses
of EVA:EVB:EVC species was 45.61%:53.06%:1.25%
in 2018 and 59.49%:36.60%:3.91% in 2019. The lead-
ing etiological agents of enterovirus meningitis
in 2018—2019 were viruses E6, E9, E30 and CV-B5.
The viruses of species Enterovirus A were mainly
detected in patients having EVI with exanthema.
The virus CV-A6 dominated, its proportion in the
structure of the etiological agents of EVI in these
years averaged 21.47%; the CV-A16 virus was also
detected quite often (12.34%). The proportion of EV-
A71 among all identified viruses was 4.30% (122
strains). All of the strains of virus EV-A71 belonged
to the genotype Cl; they showed a genetic relation-
ship with the viruses of this genotype circulating dur-
ing the same period in Europe [20].

We defined that 53 EV-A71 strains from 59 stud-
ied strains, isolated in South Vietnam, belonged
to genotype C4, six strains represented the B5 geno-
type. The obtained full nucleotide sequences of VPI
genome region of 59 EV-A71 strains were submitted
in the International GenBank, they are available un-
der the numbers MW139687—MW139744.

Then a phylogenic analysis of the nucleotide se-
quences of VP1 genome region of studied Vietnamese
EV-A7lstrains of the genotype C4 and the sequences

97

of Russian viruses of the same genotype identified
earlier [4, 18] was carried out (Fig. 1).

The sequences of the strains collected in the
provinces of South Vietnam formed a monophyletic
cluster with the nucleotide sequences of EV-A71 vi-
ruses circulating in some provinces of China during
2016—2018 and in Germany during 2018—2019 [20,
35]. The highest homology (99.2—99.9%) of the nu-
cleotide sequences of majority of Vietnamese strains
belonging to this genetic group was revealed with
the strains identified in patients with HFMD and
AFP from the Chinese province of Yunnan in 2017—
2018. The strain VNDI18/227, isolated in 2018 from
a patient with clinical severity I1IB from Dong Thap
province, showed the greatest genetic relationship
(99.2—99.4% of homology) with the strains EV-A71
of genotype C4 isolated in Germany. These strains
formed together a separate genetic group and were
mostly close to viruses EV-A71 which circulated
in the Chinese province of Guangdong in 2017.
The studied Vietnamese strains EV-A71 of genotype
C4 genetically differed from Russian viruses as well as
from viruses identified in South Vietnam [30] during
HFMD outbreaks of 2003—2005 and 2011-2012 and
in North Vietnam [21] and Dak Lak Province [27]
in 2016.

The sequences of studied EV-A71 strains of geno-
type B5 formed a monophyletic group (Fig. 2).

A VND18/192 VNM 2018
A VND18/147 VNM 2018
A GS19/276 VNM 2019
A VND18/231 VNM 2018
A VND18/148 VNM 2018
MG756694 TW-51031 TWN 2015
MG843903 THA/CU2492 2017
KR045302 THA A1570 2014
KX372327 SilCRC05/THA 2013
LK985324B5 B5 FRA 2013
KX372314 SilCRC0O1/THA 2012
KC894866 EV1056-Terengg MAL 2011
AB936541 1615-Yamagata 2012
A KU887961 B5-257TS-VinhLong 2011
A MH557209 EVHO04RS/NHP VNM 2013
A MF001386 BD14-04 DakLak 2014

96

75

99

KC894874 EV0744-Johor MAL 2010
A KJ686270 171 VNM 2012

494'_7A MH557208 478RS/NHP VNM 2016
A MH557097 001TS/NHP VNM 2015

99

MK344771 J098-WS-YN CHN 2014
A MH716352 B5-95 VNM 2014
A MH557212 EVHO11RS/NHP VNM 2013
MN629889 CMC718 KOR 2012
A KP691653 B5 02-0-035 VNM 2013
A KJ686137 B5 VNM 2012
MG756754 TW-50144 TWN 2013

91

84

AY905548 B5 SAR 2003

0.005

89

KF154306 B5-03647-TWN 2011
MG756728 TW-01485 TWN 2012

Figure 2. Phylogenic relationship between EV-A71 strains of genotype B5 identified in Vietnam

Note: A — Vietnamese strains described in this study, A — Vie

tnamese strains described in other studies.
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These viruses were most closely related to viruses
identified in Thailand in 2017 [34] and they differed
from the earlier detected Vietnamese strains EV-
AT71 of genotype B5, which circulated in 2011-2016.
The strains EV-A71 of genotype B5 were not detected
in Russia.

Discussion

The results of the study showed that among en-
teroviruses isolated from patients with HFMD
from South Vietnam, viruses EV-A71 prevailed.
The EV-A71 strains accounted for 68% of all iden-
tified viruses. Viruses CV-A10 amounted to 23%
of all isolated viruses and 9% were viruses of three
types — CV-A16, CV-A6 and CV-A2. The preva-
lence of EV-A71 viruses in the examined patients
determined the fact that in 90% of children the dis-
ease was moderate or severe and it proceeded with
various complications. The majority of cases oc-
curred in three provinces of South Vietnam from
the 12 provinces included in the study. It is im-
portant to note that 40.7% of cases were reported
in the Dong Thap Province, located in the south-
western part of South Vietnam on the border with
the Kingdom of Cambodia. This province, together
with the neighboring province of An Giang, con-
stituted a single epidemiological focus. In the prov-
ince of Ben Tre, which is located in the southeast
of the country, 20.3% of the investigated cases of en-
terovirus infection were detected. All in all in three
provinces Dong Thap, An Giang and Ben Tre, lo-
cated in southern Vietnam in the Mekong Delta,
78% of cases were revealed in our study. According
to molecular studies 90% of identified EV-A71
strains were attributed to genotype C4. These data
allowed us to confirm the resumption of the activity
of EV-A71 virus of genotype C4. Phylogenic analy-
sis showed that the studied strains EV-A71 of geno-
type C4 entered the same cluster, and most of them
were very close to the strains EV-A71 of genotype C4
from the Chinese province of Yunnan. These strains
differed from EV-A71 strains of genotype C4, which
were identified in Russia in 2013—2014, as well as
from the strains of the same genotype circulating
in Vietnam in 2003—2005 and 2011—-2012. The EV-
A71 strains of genotype B5 from this study were re-
lated to the strains of the same genotype identified
in Thailand, but differed from similar strains circu-
lating in Vietnam from 20011 to 2016. It should be
especially noted that enteroviruses EV-A71 of geno-
type B5 have not yet been detected in Russia.

The results of performed phylogenic analysis
of enterovirus strains indicate the influence of the
Mekong as the largest Asian waterway, the ba-
sin of which is densely populated, on the forma-
tion of unique epidemic focus of enterovirus infec-
tion. A very close relationship between the majority
of studied Vietnamese EV-A71 strains of genotype

C4 and the viruses circulated in the Chinese province
of Yunnan was established in our study. The EV-A71
strains of genotype B5 were genetically close to the
strains from Thailand, through which the Mekong
also flows.

Previously, in our research performed in col-
laboration with Vietnamese colleagues [6] we iden-
tified and characterized 20 strains of CV-A10. It is
important to note that these CV-A10 strains were
most closely related to the viruses from the Yunnan
Province, as well as most of the EV-A71 strains
of genotype C4. The Yunnan Province is located
in the upper Mekong.

We revealed the strain VN DI18/227 which genet-
ically differed from other EV-A71 strains of geno-
type C4 in our research. These differences prove
that the case of infection caused by this virus was
not epidemiologically associated with the majority
of analyzed cases of HFMD caused by viruses of the
same genotype. The fact that some other strains iso-
lated in different regions of the world entered the ge-
netic cluster together with the strain VNDI18/227
indicates that the genetic variant of genotype C4
of EV-A71 virus, represented by all these strains,
was widespread in the world in 2017—2019. The vi-
rus of this genetic variant could have been intro-
duced into the Mekong Delta both by tourists from
abroad and as a result of internal migration of the
population from the North or Central Vietnam
to the South Vietnam.

The results our molecular study showed that 90%
of identified EV-A71 strains of genotype C4 differed
genetically from the EV-A71 strains of the same
genotype which earlier circulated in Vietnam. These
data allowed us to confirm the resumption of wide
circulation of EV-A71 virus of genotype C4 in South
Vietnam. This new peak of circulation can be very
likely explained by the introduction of new vari-
ants of this virus into Vietnamese provinces located
in the Mekong Delta.

A number of publications [23, 24, 25, 31] provide
the results of some long-term studies of patients who
suffered from HFMD and their contact persons who
lived in the southern provinces of Vietnam. The au-
thors proved the role of EV-A71 virus as the main
etiological factor of HFMD, which was the emerg-
ing infection with the highest incidence in Vietnam
over many vyears (2013—2018). Simultaneously
with the EV-A71 virus, other representatives
of Enterovirus A species such as CV-A10, CV-A6
and CV-A16 circulated in these provinces. In 2018,
co-circulation in Vietnam of EV-A71 viruses be-
longed to two genotypes C4 and B5 was described;
these data coordinate with our research. Viruses
of both genotypes were mainly detected during out-
breaks of enterovirus infection registered in the same
period of time in China and Taiwan. An article pub-
lished in 2019 [24] provides data from a survey of 150
children under 15 years of age with HFMD and 600
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of their contact persons in Dong Thap Province lo-
cated in the Mekong Delta. The average age of the
patients was 18 months. The diagnosis was labora-
tory confirmed in 113 patients and 142 contacts.
Enteroviruses EV-A71, CVA6 and CVAIl6 were
identified in patients and in contact persons. All
the data given in the publications of the Vietnamese
colleagues correspond well with the results of our re-
search.

The peak of HFMD incidence in Vietnam was re-
corded in 2011; the largest number of cases was regis-
tered in the southern provinces. In 2011, the Ministry
of Health of Vietnam classified HFMD as a severe
infectious disease (infectious disease of class B) with
a high epidemic potential and included it in the list
of infectious diseases for weekly reporting [37].
The surveillance system for enterovirus infection
was created in the South Vietnam in 2012. This sys-
tem is based on monitoring the incidence of HFMD
(ICD code No. 10 — B08.4), it includes obligatory
laboratory confirmation of severe and fatal cases
of enterovirus infection and identification of iso-
lated enterovirus strains [36]. The highest incidence
of enterovirus infection and the highest number
of deaths were associated with enterovirus EV-A71.
Circulation of EV-A71 genotypes C1, C4, C5, and B5
was recorded at different periods of time in Vietnam.
The analysis of the phylogenetic relationships of the
Vietnamese strains of viruses EV-A71 showed mul-
tiple importations of this virus from neighboring ter-
ritories and a wide spread within the country, which
led to maintaining the incidence of HFMD at a high
level up to now.

In Russia the epidemic process and the structure
of clinical forms of enterovirus infection changed
in different periods and on different territories
of the country. Previously, in certain regions of the
country, enterovirus infection was mostly charac-
terized as enterovirus meningitis, which is sepa-
rately registered in the state statistical report of the
Russian Federation for infectious diseases [1, 9, 13,
14, 17]. In recent years, the clinical forms of en-
terovirus infection with exanthema as HFMD have
begun to prevail in many regions of the country [2,
3, 7, 15, 16]. The proportion of severe and moder-
ate forms of infection, represented by enterovirus
meningitis, has decreased and there is a tendency
to shift the clinical picture towards a milder disease.
HFMD is more common in unorganized children
aged less than three years, as well as in children
of 3—6 years old attending nursery schools. It is ob-
vious that among young children, the transmission
of infection by direct contact is realized very rapid-
ly, which leads to the emergence of group cases and
outbreaks of the infection. Enterovirus meningitis
is more often observed among children aged 3—6
and 7—14 years. Group cases of enterovirus menin-
gitis are usually registered in preschool institutions
and schools.

Changes in the structure of clinical forms
of infection conformed to the process of changes
in the enterovirus types prevailing in the circula-
tion among the population. In previous years in the
North-West of Russia, epidemic rises of enterovirus
infection were associated with the active circulation
of enteroviruses belonging to the species B of en-
teroviruses, which caused enterovirus meningitis.
Etiological agents of enterovirus meningitis were
often ECHO?30 viruses, as well as ECHO6, ECHO9
and Coxsackieviruses B of different types [1, 7, 9,
13, 14, 17]. During the last years enterovirus infec-
tion with exanthema provoked by Coxsackieviruses
of species A, including virus EV-A71 has been
the leading clinical form of enterovirus infection
in many regions of Russia.

From 2017 Enteroviruses species A constituted
half of enteroviruses detected in patients with en-
terovirus infection. Different types of Enteroviruses
species A dominated in the circulation in differ-
ent years. In the second decade of the 21% century,
group cases of HFMD were recorded for the first
time on some North-Western territories of Russia.
Preschool children were mostly involved in the
epidemic process. On all these territories, the etio-
logical factor of infection was established as
Coxsackievirus Al6 [2]. Later Coxsackievirus A6
occupied the leading position among enteroviruses
that caused enterovirus infection with exanthema
in Russia. In 2017, the circulation of this virus was
fixed on 64 territories of Russia, and on some ter-
ritories it was the cause of outbreaks. From 2017
to 2019, sporadic cases of enterovirus exanthema
among children of 1-2 years of age were often ob-
served in Russia [16]. On some territories, group cas-
es of enterovirus exanthema were registered among
children 3—6 years old in preschool institutions.
The infection was transmitted by contact; the dis-
ease usually proceeded in a mild form. The etiologi-
cal agents of enterovirus infection were EV-A71 and
Coxsackieviruses A6, and A16.

In general, the epidemic process and the etiology
of enterovirus infection in Russia and in Vietnam
have common features. At the same time the epi-
demic situation in these countries has some differ-
ences. The incidence of enterovirus infection can be
influenced by geographic, climatic, economic, de-
mographic and socio-hygienic factors, which are not
the same in Russia and in Vietnam.

In the majority of territories of Russia the cli-
mate is temperate or cold with sharp fluctuations
from minus to plus temperatures during the year, so
seasonal rises in the incidence of enterovirus infec-
tion in the country, as a rule, occur in summer [1, 2,
8, 15, 16]. In summer, the temperature rises signifi-
cantly all over Russia and people go for the vacations,
mainly to the southern parts of the country. During
the holidays, social contacts and physical activity
expand; people go in for outdoor sports and swim
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in open reservoirs. On the contrary, in the southern
provinces of Vietnam the temperature and humid-
ity remain at a high level all the year round, respec-
tively, the HFMD cases and outbreaks are regis-
tered throughout all the year and the annual number
of the cases of enterovirus infection exceeds the total
number of such cases in Russia. The high popula-
tion density in Vietnam, which exceeds the popu-
lation density of Russia many fold, and a high pro-
portion of children also determine the higher inci-
dence of enterovirus infection in Vietnam compared
to Russia. The overcrowding of the population,
the prolonged stay of children in the street, com-
bined with a hot climate; support the active circu-
lation of enteroviruses among the population in the
southern provinces of Vietnam. The fact that more
than 20% of Vietnamese population lives in the
Mekong Delta show a significant impact of this riv-
er on the epidemic process of enterovirus infection
in South Vietnam. The Mekong is the largest river
in Indochina, which flows through China, Laos,
Thailand, Cambodia and Vietnam. The Mekong
River carries huge streams of water, including rain-
waters and sewages, from all of these countries into
the southern provinces of Vietnam, where it flows
into the South China Sea. All these factors compli-
cate the epidemic process of enterovirus infection
in southern provinces of Vietnam, where the highest
incidence of HFMD in the country is fixed.
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