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Introduction. In Russia, the approved morbidity statistics system is represented by the International Classification
of Diseases of the 10th revision (ICD-10). This classification provides two forms of dengue fever (DF): dengue
fever (A90) and hemorrhagic dengue (A91). Official statistics on the ratio of forms of DF is not published in open
sources and this lack of information about the real ratio of the forms of DF makes it difficult to objectively assess
the factors that determine the severity of this disease.

The aim: compare the clinical and epidemiological features of dengue fever and hemorrhagic dengue fever in
patients hospitalized in 2009-2019 to the City Infectious Clinical Hospital No. 1, Moscow.

Materials and methods. Aretrospective cohort study. We analyzed the patient database and reviewed 391 medical
records of patients with diagnosed dengue fever. We compared gender, age characteristics, travel geography
including information about previous visits of patients to endemic regions and dengue virus serotype. To determine
the primary and re-infection rate, an analysis of IgG for the dengue virus was carried out on days 1-5 of the
disease. To compare indicators, 95% confidence intervals for proportions, medians, and interquartile ranges were
calculated. The significance of differences between independent samples for assessing qualitative characteristics
was carried out using the criteria x?, the odds ratio. To assess the quantitative characteristics, the Mann-Whitney
test was used. Differences were considered statistically significant at p < 0.05.

Results. The proportion of patients with dengue fever was 14.9% of all hospitalized with febrile illnesses that
developed after international travel. Hemorrhagic dengue fever (DHF) was diagnosed in 15.7% of patients with
dengue fever. DHF developed significantly more often in women, as well as in those who had history of repeated
visits to endemic regions. However, DHF was also diagnosed in 10.9% of first-time travelers to tropical countries.
We did not find significant differences in the rates of DHF development depending on age and dengue virus
serotype. In a number of patients who had not previously traveled to endemic regions, IgG to the dengue virus
were detected, which may indicate a previous infection with related flaviviruses.

Conclusion. It has been established that in the regions most visited by Russians, there is a circulation of all
serotypes of the dengue virus with an annual change in the predominant serotype.
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CpaBHUTeNbHaA XapaKTepucTuKa 3aBo3HbIX Clly4yaeB
Krnaccu4eckom u remopparnyeckoun ¢oopm nmxopagku aeHre
B 2009-2019 rr.

CandynnmH M.A."2, 3sepeBa H.H.!, KapaHnb J1.C.3, IpuropbeBa A.E.3, AkuHwwmHa KO.A.24,
Napnues B.®.2, Wlamwesa O.B.", bazaposa M.B.%, CmetaHnHa C.B.5

'®rAQY BO «Poccuiicknin HaumoHanbHbIA UCCreAoBaTENbCKUN MEANLMHCKUIA YyHBepcuTeT umeHn H.W. Muporosa»
MwuH3sgpasa Poccuu, 117997, r. Mockea, Poccus;

20I'bY «HaumoHanbHbIN nccnegoBaTeNnbCKUN LEHTP 3NUOEMUONOrMN U MUKPOBMONOrMN MMEHM NOYETHOTO akagemMuka
H.®. Namanen» MuHagpasa Poccun, 125367, . Mockea, Poccus;

SoBYH LUHWW 3nupgemmonorum PocnoTpebHaasopa, 111123, r. Mocksa, Poccus;

43A0 «BKOJlab», 142530, MockoBckas obn., . AnekTporopck, Poccus;

STBY3 «MHdekumnoHHas knuHnyeckas 6onbHuua Ne 1 [lenaptameHTa 3gpaBooxpaHeHus . Mocksbi», 125310, r. Mockea,
Poccusa

BBepeHue. B Poccun B Ka4ecTBe CTAaTUCTUYECKON CUCTEMBI Y4éTa 3aboneBaHuin 3aKOHOAATENBHO YTBEPXKAEHA
MexayHapoagHasa knaccudukauma 6onesHen 10-ro nepecmotpa (MKB-10), npeaycmatpusatoLwas BblaeneHne
OByX ¢hopm nuxopagku AeHre — knaccuyeckon n remopparndeckoit (MM4). B OTKpbITbIX MCTOYHUKaX oduLmarns-
HbIX CTAaTUCTMYECKUX OAHHBLIX O COOTHOLLEHMM dhopM 3aboneBaHus He nybnukyetcs. HegoctaTtouHOCTL cBEAEHUN
O peanbHOM COOTHOLUEHUM (DOPM NNXOPAAKM AEHre 3aTpyAHSET BO3MOXHOCTb OOBLEKTUBHOWM OLEHKN (HaKTOPOB,
00yCrnoBnMBalLLMX TSXKECTb 3TOro 3aboneBaHus.

Llenb — oueHKa KIMMHMKO-3MNAEMMNONOTNYECKNX OCOBEHHOCTEN KNAacCU4ECKOW 1 reMopparnyeckor NMxopaaku AeH-
re y 60nbHbIX, rocnutanmanpoBaHHbix B 2009-2019 rr. B IHEKUMOHHYO KnnHnveckyto 6onbHuLy Ne 1 . Mocksbl.
MaTepuanbl n MeToAbl. [poBegEHO PETPOCNEKTUBHOE KOFOPTHOE NCCeO0BaHNe: NpoaHanu3npoBaHbl 6a3a AaH-
HbIX FOCMUTaNM3NpPOBaHHbIX BOMbHbIX, 391 MeaMUUHCKaa kapTa nauveHTOB C AMArHO30M «inMxopagka AeHrey.
OueHuBan1cb NonoBble, BO3PACTHLIE XapaKTePUCTUKN, reorpadusi NOe3nokK ¢ y4ETOM NpeaLlecTBYOLMX BU3UTOB
NnauMeHToB B 9HOEMUYHbIE PEMVMOHbI, CEepoTUN BUpyca AeHre. [1ns onpeaeneHms nepBMyYHON 1 NOBTOPHON NHAEK-
UMM npoBeféH aHanu3 nokasatenen IgG k BUMpycy AeHre Ha 1-5-e cyTku 3aboneBaHusl. [ins cpaBHEHUS Moka-
3atenen paccumTbiBany 95% [oBepuTenbHble MHTEpPBanbl ANA AoNen, MegnaHbl U MHTEPKBAPTUNbHbLIA pasMax.
3Ha4YMMOCTb pasnNuyMin Mexay He3aBUCUMbIMW BbIGOpKaMK AN OLEHKN Ka4eCTBEHHbIX XapaKTEPUCTUK OCYLLEeCT-
BT MPY NMOMOLLM KPUTEPUEB X2, OTHOLLEHUSI LLIAHCOB, Ar1S1 OLEHKM KONMYECTBEHHbIX XapaKTEPUCTUK — KpUTEpUsI
MaHHa—-YuUTHU. Paznnyns cumTtany ctaTtucTu4ecku aHadnmbimuy npu p < 0,05.

Pe3ynbratbl. [Jons 60nbHbIX Nnxopaakon aeHre coctasuna 14,9% OT BCex rocnutanma3npoBaHHbIX C NIMXOPaLo-
HbIMK 3ab0neBaHVsSIMU1, Pa3BUBLLMMUCS MOCNE MeXayHapoaHbIx noe3nok. M1 anarHoctnpoBaHa y 15,7% 60nbHbIX
nuxopagkon geHre. 3Haummo vaule 1 pasBvBanach y >XeHLUMH, a Takke Yy fuvL, nocrne NOBTOPHOrO NOCELLEeHNst
3HAEMUYHBIX permoHoB. Ho M1 Takke 6bina gnarHoctuposaHa y 10,9% nuu, Bnepsble nocellaBLUmnx Tponuydeckue
cTpaHbl. Mbl HE YCTaHOBWUM 3HAYMMbIX pasnuuuii pa3sutus T B 3aBUCHMOCTM OT BO3pacTa U cepoTuna Bupyca
OeHre. Y psiga NnaumMeHTOB, paHee He BbIE3XKABLUMX B SHAEMUYHbIE PETUOHbI, Obinn 0BHapyxeHb! IgG k BUpYCY AeHre,
YTO MOXET CBMOETENLCTBOBATL O NPEALLECTBYHOLLEM MHPMLMPOBAHUN POACTBEHHBIMU (dNaBUBUPYCaMU.
3aknoyeHune. YCTaHOBINEHO, YTO B Hambonee nocelaeMbiXx POCCUSIHAMM PErMOHaX UMEET MECTO LMPKynsaums
BCEX CEPOTUMNOB BMpPYyCa AEHre C eXXerogHon CMeHow npeobnaaatoLwlero cepotumna.

KnroueBble cnoBa: eemoppazuyeckasi nuxopadka 0eHae; mypusm; apbosupycel; uazHocmuka; LIP, @A
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Introduction

The first imported case of dengue fever (DF) in Rus-
sia was reported in 2002 [1]. A few isolated import-
ed cases were confirmed during the next 10 years.
After the DF record-keeping had been standardized
in 2012, a total of 1,618 dengue cases were reported
over 9 years. In 2019, 415 dengue cases were reported
in 48 of 85 territorial entities of the Russian Federation,
including 126 (30.4%) in Moscow [2] (Fig. 1).

In Russia, the approved morbidity statistics system! is
represented by the International Classification of Diseas-
es, Tenth Revision (ICD-10), which classifies dengue into
two major categories: classic (DF, A90) and hemorrhagic
(DHF, A91) dengue fever. No data are available on the
ratio between the above forms of the disease in the public
statistics sources. Information about DHF cases in Rus-
sia, including two cases with fatal outcomes in Moscow
and Novosibirsk, is available in scientific publications
[3-7]. The lack of information about the actual ratio of
DF forms makes it difficult to assess the factors contrib-
uting to the severity of the infection. The standard tourni-
quet test [5, 7] recommended by the World Health Orga-
nization (WHO) for DF diagnosis is not always used or is
replaced with non-standardized provocative tests [7, §].

The DHF development is usually associated with the
antibody-dependent enhancement (ADE) of infection,
which, according to S. Halstead, occurs during secondary
heterologous dengue virus infection or primary infection
in people who passively acquired specific antibodies,
including infants born to seropositive mothers [9, 10].

The cases of reinfection with the homologous dengue vi-
rus, which are described in literature [11], do not look
convincing and call for further research. The concept of
DHF development during reinfection is included in the
clinical practice guidelines “Dengue Fever in Adults”,
which were published in 2014 [12]. Currently, increasing
attention is given to other factors of DHF development:
specific DENV serotypes [13—15], gender, race, genetic
characteristics [16—18]. Therefore, severe forms of the
disease can depend on different factors, which may cause
high levels of viremia, release of inflammatory cytokines,
damage to endothelial cells, thus, affecting the disease se-
verity and prognosis [10, 19, 20].

The aim of our study was to analyze clinical and epi-
demiological characteristics of DF and DHF in patients
hospitalized to Infectious Disease Clinical Hospital
No. 1 (IDCH No. 1) in Moscow in 2009-2019.

Materials and methods

Study design: retrospective cohort study.

Materials: The patient database (created by the authors
using MS Access). Medical records of the patients hospi-
talized to IDCH No. 1 from 2009 to 2019.

Inclusion criteria: Medical records of the patients
who were hospitalized to IDCH No. 1 and developed
the disease within 21 days after they had left the country
for international travel. This group was further screened
to select medical records of patients with the labora-
tory-confirmed diagnosis of dengue fever. The study
was performed with the informed consent of patients?.

'Decree of the Ministry of Health of the Russian Federation,
No. 170, May 27, 1997, “On Transition of RF Healthcare Authorities
and Institutions to the International Statistical Classification of
Diseases and Health-Related Conditions, 10th Revision”.
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*The standard consent form for minimally invasive manipulations,
collection of biological material and personal data analysis was filled
out upon admission of the patient to hospital.
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Fig. 1. Distribution of cases of dengue fever in the Russian Federation in 2019 (according Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing).

Puc. 1. 3aboneBaemocTb TMXOpaaKoii AeHre B cyobekrax Poccuiickoit @eneparun B 2019 1. (mo nanueiM PocnioTpebHanzopa).

The research protocol was approved by the Ethics Com-
mittee of the The D.I. Ivanovskiy Institute of Virology,
protocol Nel dated 20.03.2014.

Specific diagnostic techniques: Dengue virus-specific
IgM antibodies were detected using the ELISA-IgM Zika,
dengue, WN, Chik reagent kit registered in Russia and in-
tended for differential detection of IgM antibodies to Zika,
dengue, West Nile and chikungunya viruses in human se-
ra by the enzyme-linked immunosorbent assay (ELISA).
The testing system is used to detect group-specific anti-
bodies to all the four serotypes of the dengue virus. Den-
gue virus-specific IgG antibodies were detected using the
ELISA-IgG pilot kit developed and made by the Labora-
tory of Arbovirus Biology and Indication at the Gamaleya
National Research Center for Epidemiology and Microbi-
ology (NRCEM).

The ribonucleic acid of the dengue virus was detected and
the type of the virus was identified using AmpliSens Dengue
virus-FL and AmpliSens Dengue virus type-FI pilot and sub-
sequently licensed reagent kits (Central Research Institute of
Epidemiology, Rospotrebnadzor, Moscow).

The DHF diagnosis was made in accordance with the
criteria established by WHO in 1997 [20]. Other import-
ant details included the age of patients, their gender, visits
to dengue-endemic regions, mosquito contact, existence
of specific IgG antibodies during the first 5 days of the
illness onset, results of dengue virus genotyping.

The statistical analysis was performed using MS Ex-
cel and IBM SPSS Statistics 23.0. Bootstrap distribution

of proportions was used to calculate 95% confidence in-
tervals (CI). The data distribution was analyzed with Sha-
piro—Wilk and Kolmogorov—Smirnov tests. Median val-
ues and interquartile ranges were calculated for non-para-
metric variables. The y? test was used to assess the
significance of differences between independent samples;
the odds ratio (OR) was used to assess categorical vari-
ables; the Mann—Whitney U test and the Kruskal-Wallis
test were used for assessment of quantitative variables.
Differences were considered statistically significant at
p <0.05.

Results

General profile of patients

the study was based on medical records of patients hos-
pitalized to IDCH No. 1 during 2009-2019; the selected
group included 2,632 patients with febrile illnesses de-
veloped within 21 days after they had visited other coun-
tries. Among them, 391 patients (14.9%) were diagnosed
with dengue fever, including 330 patients (84.3%) with
DF, 57 patients (14.6%) with grade I-II DHF, and 4 pa-
tients (1.1%) with grade III-1V DHF. Among the dengue
patients, there were 208 (53.2%) women.

During the previous 10 years, the number of imported
dengue cases was stable, ranging from 20 to 40 a year;
however, in 2019, a significant increase in the number
of cases was reported, having been presumably associ-
ated with the increased incidence in countries of South-

325



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2022; 67(4)
https://doi.org/10.36233/0507-4088-126

ORIGINAL RESEARCHES

Fig. 2. The number of cases of dengue fever diagnosed in city Infectious Clinical Hospital (Moscow) in 2009-2019.

Puc. 2. Uncno cayvaeB TUXOpaaKH JCHTE, TUarHOCTHPOBAaHHKIX B HeknnonHOH kimHmdeckoi 6ompHuIe Ne 1 Mocksbl B 2009-2019 rT.

east Asia as well as with the number of international
trips, which increased by 18.9% compared to the pre-
vious years’. During different years of observation, the
ratio between the number of DHF and DF cases ranged
from 0 to 33.3%, with DHF having been detected in 15.7%
of the total number of patients (Fig. 2).

The age of the patients ranged from 1 to 65 years, with
the median age of 30 years [26; 38]; there were 16 (4.1%)
children aged 1-18 years, including one 9-year-old girl
diagnosed with DHF. The median age of DF patients
was 30 years [26; 37]; the median age of DHF patients —
31 years [26; 38] (p, > 0,05). One child was diagnosed
with DHF. The differences in DHF frequency between
children and adults were not analyzed statistically due to
few observations in the pediatric group.

Female patients dominated significantly among the DHF
patients — 43 women (70.5%; 95% CI, 58.7-81.4), while in
the DF group there were 165 women (50%; 95% CI, 43.8—
54.5),p,,=0.003, OR =2.45 (95% CI, 1.4-4.4).

Dengue patients were admitted to hospital during the
entire year, much more frequently in January (15.3%) and
less frequently in October (3.8%).

113 (28.4%) patients were hospitalized on the 153" day
of the disease; 215 (55%) — on the 46" day; 52 (13.3%)
on the 779" day; 11 (2.8%) — on the 10" day and later
after the onset of disease symptoms.

Association between infection cases
and visits to endemic regions

We have found the causative relationship between
the disease and trips to 23 tropical countries: 373 trips
(95.4%) were to Southeast and South Asia, including
Thailand — 223 (57%), Indonesia — 68 (17.4%), Viet-
nam — 36 (9.2%), the Maldives — 15 (3.8%), and India —

’Based on the data from the Russian Federal Agency for Tourism,
the number of international trips was 119% in 2019 compared to the
average level in 2014-2018.
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13 (3.3%). In countries of the Western hemisphere, a total
of 12 people (3.1%) were infected, including 7 — in the
Dominican Republic and 6 (1.5%) — in African countries.

277 (70.8%) patients informed about mosquito bites
during the trip; 60 (15.3%) patients denied their contact
with any insects; 54 (13.8%) patients mentioned the pres-
ence of mosquitoes, but they were not sure whether mos-
quitoes had bitten them.

Thelengthofstayinadengue-endemicregionwasknown
in 360 cases and ranged from 3 daysto 2 years: 86 (23.8%)
patients stayed there from 3 to 10 days; 234 (65%)
patients — from 11 to 20 days; 26 (7.2%) patients —
from 21 to 30 days; 14 (3.9%) patients stayed in endem-
ic areas longer or lived there permanently; the median
length of stay in an endemic region was 15 days [11; 16].

Among the patients, 382 (97.6%) were Russian citi-
zens, 155 (39.6%) visited tropical regions for the first
time, 161 (41.1%) had already been there, including cit-
izens of India (2), Vietnam (4), Angola, Peru, Thailand
(one person from each country). Two citizens of Vietnam
informed that they had dengue fever previously. 75 pa-
tients (19.2%) did not provide any anamnestic data on
their trips, which would be useful for the analysis.

After their first visit to endemic regions, 18 patients
of 173 (10.9%) developed DHF; after repeat trips, 35 pa-
tients of 161 (22.3%) developed DHEF; p, = 0.007,
OR =2.34 (95% CI, 1.26-4.8) (Table 1). “

The longest incubation period was 14—15 days (based
on the onset of the first symptoms after the patients came
back to Russia); we were unable to identify the shortest
and average incubation time due to absence of the con-
firmed relationship between mosquito bites and the onset
of the disease.

Levels of specific IgM and IgG antibodies
in dengue patients
Using I1gM and IgG ELISA, together with the tetrava-
lent dengue virus antigen, we tested 26 sera collected on
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the 2"-5" day of the disease (from 22 DF patients and
from 4 DHF patients). All the samples were tested positive
for IgM antibodies with titers 1 : 100 to 1 : 6,400. IgG
antibodies were detected in 9 patients (34.6%): 3 DHF pa-
tients and 6 DF patients (27.3%). Out of them, 5 patients
(3 — with DHF, 2 — with DF) did not have any informa-
tion evidencing that they had ever visited endemic regions
(Table 2). Out of 17 IgG-negative patients, only one wom-
an who had visited endemic regions developed DHF.

Relationship between the disease form
and the virus serotype

Plasma samples collected from 246 patients were test-
ed using the reverse transcription polymerase chain re-
action (RT-PCR), and the virus serotype was identified
in samples from 244 patients: DENV-1 — 121 (49.5%),
DENV-2—-77 (31.5%), DENV-3 —30 (12.3%), DENV-4 —
15 (6.1%); one patient had coinfection with DENV-1 and
DENV-2. Two patients, who were hospitalized on the 4
day (DHF) and 8" day (DF) of the disease, had a negative
PCR test result. During different years, the ratio between
the variants varied significantly, demonstrating the domi-
nance of DENV-1 or DENV-2.

Each of the dengue virus serotypes caused both forms
of the disease, though the proportions were different:
DENV-3 accounted for the largest proportion of DHF
(Table 3); no statistically significant differences in DHF

OPUTUHANBbHBIE NCCNTEAOBAHUA

proportions in patients with different virus serotypes have
been found (p, , = 0.1). No etiological significance of den-
gue viruses in development of primary and secondary
dengue cases has been found.

The ratio between disease forms in patients who visited
hyperendemic regions of Southeast Asia

DHF was diagnosed after trips to 9 countries, in-
cluding 31 cases (51%) after the trip to Thai-
land, 12 cases (19.6%) — to Indonesia, 7 cases (11.5%) — to
Vietnam, 5 (8.2%) — to the Maldives. Rare cases were im-
ported India, Myanmar, Peru, and the Dominican Repub-
lic. Thus, 96.7% of DHF cases were reported after trips to
countries of South and Southeast Asia. The DHF proportion
in countries with 10 and more cases ranged from 13.9%
(95% CI, 9.5-18.9) in Thailand to 19.4% (95% CI,
7.5-33.3) in Vietnam. In addition, DHF was diagnosed in
two citizens of Vietnam, who had DF previously. No statis-
tically significant differences in the ratio between the dis-
ease forms among the countries with the number of cases
exceeding 10 people have been found (p , = 0.221).

The etiological role of the DENV-1 serotype was
identified in 49.5% of cases, while in different hyper-
endemic countries, its proportion ranged from 33.3%
to 68.0%; all the 4 serotypes in different ratios were
detected in countries with 10 and more hospitalized pa-
tients (Fig. 3).

Table 1. The frequency of development of DF and DHF depending on the frequency of visits to endemic regions

Tadmuna 1. Yacrora pa3sBuTHS KJIaCCHYECKOH M reMopparnyeckoii popMbI JJUXOPAIKHU /IeHre B 3aBUCHMOCTH OT KPATHOCTH MOCeIleHHs

SHAEMHUYHBbIX PErHOHOB

Diagnosis

Visit count (%; 95% CI)
Kommuectso (%; 95% JIN)

Jluaruos

First visit
IlepBuuHOE noceeHne

Return visit
IToBTOpHOE MOCEIICHNE

Dengue fever (DF)
Kiaccnueckas

Dengue Hemorrhagic fever (DHF)
T'emopparuyeckas

138 (89.1%; 84.3-93.7)

17 (10.9%; 6.3-15.7)

126 (77.6%; 71.3-83.6)

35(22.4%; 16.4-28.7)

Table 2. The value of the factor of the presence of specific IgG antibodies in the early period of the disease (2-5 days)

Tabauua 2. 3nayenne gpaxropa Haanuus cnenrpuyeckux IgG-anTuTes1 B paHHuii nepuoy 3adoaesanus (2-5 cyTok)

Return visit in endemic region

Gender, Age
IloBTOpHOE NOCEIIEHNE

Ilon, Bo3pact

Diagnosis

®dopma 3a00s1eBaHUSA

Reciprocal value of the titer

Diseases day O6parHas BeTHYMHA THTPA

Jlenn 6ose3Hn

9HJIEMUYHOTO PErHOHA IgG IgM
F (), 36 Yes (Jla) DF (KJIJT) 2 1600 200
M (M), 41 Yes (Jla) DF (KJIJT) 3 100 100
F (), 29 No (Her) DHF (IV1JT) 4 100 100
F (), 26 No (Her) DF (KJIJT) 5 200 100
F (), 20 No (Her) DF (KJIJT) 5 3200 100
F (), 27 No (Her) DHF (IV1J) 5 200 800
M (M), 31 Yes (Jla) DF (KJIJT) 5 12 800 800
F (), 23 No (Her) DHF (IJ1JT) 5 100 1600
M (M), 30 Yes (Jla) DF (KJIJT) 5 100 6400
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The long-term monitoring of hospitalized patients who
returned from Thailand showed that the dominance of se-
rotypes from the same region was not permanent: The sig-
nificant dominance of DENV-1 circulation was observed
in 2013 and 2019, while DENV-3 prevailed in 2014 and
DENV-2 was dominant in 2018 (Fig. 4).

Discussion

before the COVID-19 pandemic, Russia demon-
strated a steady upward trend in verified imported den-
gue cases. Over 10 years of observation, the number
of dengue virus infection cases increased from a few
isolated cases to the numbers exceeding the counts of
cases of natural-focal infections endemic for Russia.
The increase in dengue incidence is associated with
increased international travel and with development
of specific diagnostic techniques. Unlike cases in en-
demic regions, dengue cases in Russia are imported
and, consequently, have their specific characteristics
such as seasonality, age composition, a significant-
ly smaller proportion of affected children, compara-
tively rare cases of unfavorable disease progression
(two deaths over the entire observation period). As it
is known, the primary infection with one of the four
dengue viruses can usually lead to development of the
classical form of the disease. However, we observed
a fatal outcome after the first visit to the dengue-en-
demic region [2].

Based on our data, the repeat visit to an endemic region
increases the risk of DHF development, which in most

cases is characterized by the decreased platelet count,
a positive tourniquet test and (or) spontancous minor
bleeding. The pathogenic significance of the antibody-de-
pendent enhancement of infection in DHF cases is sup-
ported by high rates of IgG detection in patients during
the early stage of the disease. However, further studies
are required to make any statistically sound conclusions
in this respect. Nevertheless, the absence of IgG in one
patient with DHF during the early stage of the disease can
be indicative of the primary infection. During early stages
of the disease, the presence of group-specific IgG in pa-
tients who did not visit endemic regions can be associated
with the previous infection with related flaviviruses (the
West Nile virus, tick-borne encephalitis, etc.) or with vac-
cination against tick-borne encephalitis.

We have not found any relationship between the form
of the disease and the specific DENV serotype, though
we found it out that all the four serotypes circulated
in hyperendemic countries, which are highly popular
among Russian tourists. In addition, it has been found
that in dengue-endemic regions, the ratios of circulating
dengue viruses are constantly changing, thus increasing
the risk of repeat infection with the heterologous virus
during the re-visit to the same geographic area. There-
fore, prior to their next trip, the individuals who recov-
ered from dengue fever must be informed about poten-
tial risks, required preventive measures and the need
to seek immediate medical care in case of any febrile
illness that occurred during the trip or within two weeks
after the trip to endemic regions.

Fig. 3. The ratio of dengue virus serotypes in patients arriving from Thailand, Indonesia and Vietnam.
Puc. 3. CooTHoOIIEHNE CEPOTUIIOB BUpYCa JeHre y OONbHBIX, MpuoObBIINX U3 Tamnanna, unonesnu n BeeTHama.

Tadauua 3. CooTHOLIEHHE CIy4YaeB KIACCHYECKOH U reMOpparn4eckoii JeHre npu MHGUIUMPOBAHUHU PA3THYHBIMH CEPOTHNIAMH
Table 3. The ratio of cases of DF and DHF infected of different DENYV serotypes (count, percent, 95%CI)

) ) Case count (%, 95% CI)
Diagnosis Konunuecto ciyuaes (%, 95% JAN)
Juaruos
DENV-1 | DENV-2 | DENV-3 | DENV-4
Dengue fever (DF) 19 10 9 1
Kitaccrnueckas (15,6%; 9,7-21,9) (12,1%; 5,5-20,6) (30,0%; 14,8-48,1 (6,7%; 0-22,7)
Hemorrhagic Dengue 103 68 21 14

fever (DHF)
I'emopparuueckast

(84,4%; 78,1-90,3)

(87,9%; 79,4-89,5)

(70%; 51,9-85.2) (93,3%; 77,3-100)
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Fig. 4. The ratio of dengue virus serotypes in patients infected in Thailand 2013-2019.
Puc. 4. CooTHOIIIEHUE CEPOTHUIIOB BUPYCa JCHTe y TAlMEHTOB, MHOUIMPOBaHHKIX B Tammanzae B 2013-2019 rr.

Conclusions

It has been found that women are at higher risk of de-
veloping the hemorrhagic form of dengue; these findings
are consistent with the findings of the previous studies.

Repeat visits to endemic regions increase the risk of
DHF development, though this form of the disease can
be observed in individuals after their first visit to endemic
tropical countries.

Heterologous IgG detected during early stages of the
disease in individuals who did not visit dengue-endemic
regions may result from the previous infection with relat-
ed viruses or from vaccination.

Limitations of the study

Considering that the study was retrospective and that
we analyzed documented data, the time of collection of
clinical material from hospitalized patients was not suf-
ficiently standardized. The amount of the biological ma-
terial collected from some patients during the first days
of the disease was limited due to their late admission and
hospitalization.
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