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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-A8, CV-A10, CV-A16, 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.
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Резюме. Проведены анализ и сравнение эпидемической ситуации и этиологии энтеровирусной инфекции 

в России и во Вьетнаме. Идентифицированные штаммы энтеровирусов 47 типов, которые циркулировали 

в России в 2018–2019 гг., относились к разным видам: виду Энтеровирус А (CV-А2, CV-A4, CV-A6, CV-A8, 

CV-A10, CV-A16, EV-А71), виду Энтеровирус В и виду Энтеровирус С. Также были изучены штаммы энте-

ровирусов, изолированные от 87 детей из южного Вьетнама, госпитализированных в 2018–2019 гг. в ин-

фекционные стационары с экзантемными формами энтеровирусной инфекции. Все эти штаммы при-

надлежали к виду Энтеровирус А, было идентифицировано 59 штаммов EV-A71, 20 штаммов CV-A10, 

5 штаммов CV-A16, два штамма CV-A6 и один штамм CV-A2. Из 59 вирусов EV-A71 53 штамма относились 

к генотипу C4 и 6 штаммов — к генотипу В5. Последовательности штаммов EV-A71 генотипа C4 из Южного 

Вьетнама сформировали монофилетический кластер с последовательностями вирусов EV-A71 генотипа 

C4, циркулировавшими в 2016–2018 гг. в разных провинциях Китая, особенно близки они были к штам-

мам того же генотипа из провинции Юньнань. Эти штаммы генетически отличались как от российских 

вирусов, так и от вьетнамских вирусов, идентифицированных в 2003–2005 и 2011–2012 гг. Большинство 

изученных случаев энтеровирусной инфекции из южного Вьетнама (78%), вызванных EV-A71 геноти-

па C4, было зарегистрировано в трех провинциях, расположенных на юге Вьетнама в дельте Меконга. 

Течение эпидемического процесса и этиология энтеровирусной инфекции в России и во Вьетнаме имеют 

много общего. В то же время эпидемическая ситуация в двух странах неодинаковая. На заболеваемость 

инфекцией влияют географические, климатические, экономические и демографические факторы, кото-

рые различаются в этих странах. На большей части территорий России климат умеренный или холодный, 

сезонные подъемы заболеваемости, как правило, происходят летом, в сезон отпусков, когда население ак-

тивно перемещается, люди проводят много времени на свежем воздухе и купаются в открытых водоемах. 

Во Вьетнаме постоянный высокий температурный фон, высокая плотность населения, большой удель-

ный вес детей обусловливают высокие показатели заболеваемости энтеровирусной инфекцией, особенно 

в южных провинциях. Более 20% населения Южного Вьетнама проживает в дельте реки Меконг, которая 

является крупнейшей рекой Индокитая и протекает по территории Китая, Лаоса, Таиланда, Камбоджи 

и Вьетнама, что оказывает существенное влияние на эпидемический процесс энтеровирусной инфекции. 

Река проносит огромные потоки воды, включая ливневые и сточные воды, из всех этих стран в южные 

провинции Вьетнама, где отмечаются самые высокие показатели заболеваемости в стране. Полученные 

результаты подчеркивают значение активного эпидемиологического и вирусологического надзора за эн-

теровирусной инфекцией, который играет ключевую роль в информировании управленческих структур 

здравоохранения о развитии эпидемической ситуа ции для принятия адекватных мер и разработки страте-

гии профилактики этой инфекции. Целью противо эпидемических и профилактических мероприятий яв-

ляется снижение заболеваемости энтеровирусной инфекцией и экономического ущерба, который наносит 

эта инфекция России и Вьетнаму.

Ключевые слова: энтеровирусная инфекция, эпидемический процесс, циркуляция, идентификация.
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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 

A16 [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 21st 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 HFMD 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 CVA16. 

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 [1, 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 VP1 genome region [12, 32], the amplifica-

tion of cDNA of full sequence of VP1 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 (va l-

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 B5.

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 HFMD 

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 III 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-A8, CV-A10, CV-A16, 

EV-A71, EV-A89; Enterovirus species B: CV-A9, 

CV-B1–CV-B5, E2–E7, E9, E11, E13–E16, E18–

E21, E25, E30, E31, E33, EV-B81; Enterovirus spe-

Table. Clinical and epidemiological characteristics of HFMD cases

Year

Cases of HFMD caused by the enteroviruses EV-A71

Number 
of patients 

Severity grade Sex Age group

Grade I
% M±m

Grade II + III
% M±m

Boys
% M±m

Girls
% M±m

Under 
3 years
% M±m

3–6 years
% M±m

2018 45 0 41 26 19 37 8

2019 14 6 8 12 2 12 2

Total 2018–2019 59
6

10,2±3,9
53

89,8±3,9
38

64,4±6,2
21

35,6±6,2
49

83,0±4,9
10

17,0±4,9
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Figure 1. Phylogenic relationship between EV-A71 strains of genotype C4 identified in Russia and Vietnam

Note: � — Russian strains, � — Vietnamese strains described in this study, � — Vietnamese strains described in other studies, 
� — strains identified in Germany.
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cies C: CV-A1, CV-A19, CV-A20, CV-A21, CV-A22, 

CV-A24, EV-C96, EV-C99, EV-C116; 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 C1; 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 VP1 

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-A71strains of the genotype C4 and the sequences 

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 VND18/227, isolated in 2018 from 

a patient with clinical severity IIB 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).

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

Note: � — Vietnamese strains described in this study, � — Vietnamese 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-

A71 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 VND18/227 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 VND18/227 

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 years (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 CVA16 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 ECHO30 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 21st 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 A16 [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 f lows 

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.

Conclusion

The results of this research confirm the importance 

of the epidemiological study of different cases of entero-

virus infection: sporadic, group and outbreaks as well 

as the need for virological and molecular investigations 

of patients’ samples in order to establish the etiologi-

cal factor of each case of the disease. The obtained re-

sults also provide new information on the circulation 

of non-poliomyelitis enteroviruses among the popula-

tion of Russia and Vietnam — two countries, situated 

in different parts of the world. The results of the study 

give the possibility to trace the changes in the dominant 

types of enteroviruses circulating in two countries and 

help to understand the patterns of the evolution of the 

epidemic process of enterovirus infection in differ-

ent periods. The obtained data once again emphasize 

that the surveillance of all clinical forms of enterovirus 

infection is indispensable for the Russian Federation 

and the Socialist Republic of Vietnam. The active epi-

demiological and virological surveillance plays the key 

role in informing the public health authorities about 

the changes in the epidemic situation concerning en-

terovirus infection in order to take appropriate meas-

ures and develop the adequate prevention strategies. 

The main goal of complex anti-epidemic and preven-

tive measures is to reduce the incidence of enterovirus 

infection and the economic and social burden of this 

infection for both countries — Russia and Vietnam.
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