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Background. Data on rotavirus burden among children in the 15 newly independent states of the former
Union of Soviet Socialist Republics, particularly contemporary data from poorer countries, are not widely available.
These data are desired by policy makers to assess the value of rotavirus vaccination, especially since the GAVI
Alliance approved financial support for the region’s eligible countries. The Rotavirus Surveillance Network was
established to provide these data.

Methods. We reviewed the region’s literature on rotavirus burden. We established an active surveillance network
for rotavirus and analyzed data from 2007 from 4 sentinel hospitals in 3 countries (Georgia, Tajikistan, and
Ukraine) that were collected using standardized enrollment and stool sample testing methods.

Results. Specimens for rotavirus testing were collected before 1997 in most studies, and the majority of studies
were from 1 country, the Russian Federation. Overall, the studies indicated that ∼33% of hospitalizations for
gastroenteritis among children were attributable to rotavirus. The Rotavirus Surveillance Network documented
that 1425 (42%) of 3374 hospitalizations for acute gastroenteritis among children aged !5 years were attributable
to rotavirus (site median, 40%). Seasonal peaks (autumn through spring) were observed. Genotype data on 323
samples showed that G1P[8] was the most common type (32%), followed by G9P[8] (20%), G2P[4] (18%), and
G4P[8] (18%). Infections due to G10 and G12 and mixed infections were also detected.

Conclusions. The burden of rotavirus disease in the newly independent states is substantial. Vaccines should
be considered for disease prevention.

Worldwide, rotavirus is the most common cause of

severe acute gastroenteritis (AGE) among children aged

!5 years, resulting in an estimated 527,000 deaths, 2

million hospital admissions, and 25 million outpatient

visits annually [1, 2]. Despite global efforts to promote

breastfeeding, oral rehydration treatment, water purifi-

cation, and improved sewage handling, the diarrheal

disease burden attributable to rotavirus infection has
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not decreased significantly over the past decade [1, 3].

Thus, widespread use of either of the 2 currently avail-

able rotavirus vaccines, the monovalent human rota-
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virus vaccine (Rotarix; GlaxoSmithKline) or the pentavalent

bovine-human reassortant vaccine (RotaTeq; Merck), is con-

sidered to be the best strategy for reducing morbidity and mor-

tality associated with rotavirus. Studies on vaccine efficacy that

were conducted in the Americas and Europe have prompted

the World Health Organization (WHO) to recommend rota-

virus vaccination in these 2 regions [4].

These rotavirus vaccines have been licensed in 1100 countries

throughout the world, and some countries have introduced the

vaccines in their national immunization programs (eg, coun-

tries in Latin America, the European Union, and the United

States). The 15 newly independent states (Armenia, Azerbaijan,

Belarus, Estonia, Georgia, Kazakhstan, Kyrgyzstan, Latvia, Lith-

uania, Republic of Moldova, Russian Federation, Tajikistan,

Turkmenistan, Ukraine, and Uzbekistan [Estonia, Latvia, and

Lithuania have become members of the European Union]) that

emerged from the former Union of Soviet Socialist Republics

could potentially introduce rotavirus vaccine in the near future.

Over 17 million children aged !5 years reside in these countries

[5]. Eight of the countries (Armenia, Azerbaijan, Georgia, Kyr-

gyzstan, Republic of Moldova, Tajikistan, Ukraine, and Uzbek-

istan) are eligible for financial support from the GAVI Alliance

(formerly known as the Global Alliance for Vaccines and Im-

munization) to purchase new vaccines, including rotavirus vac-

cine. Policy makers from each of these countries will need to

assess the value and cost of introducing rotavirus vaccine for

children. One critical component of the decision-making pro-

cess will be understanding the burden of severe rotavirus dis-

ease. Contemporary data on the burden and epidemiology of

rotavirus disease in the region and the genotypes of circulating

strains are limited.

To provide these data, the WHO, PATH, and the Centers for

Disease Control and Prevention helped Ministries of Health

establish the Rotavirus Surveillance Network (RSN) in GAVI-

eligible countries in the WHO European Region. This network

will compliment the activities in the rotavirus strain surveillance

system established in Western Europe (EUROROTANET). Data

from RSN will also raise awareness of rotavirus disease among

persons who frequently care for infected children but who are

not able to identify the pathogen, including clinicians, parents,

and managers of public health programs. In addition, the RSN

will be a valuable platform for assessing rotavirus vaccine per-

formance after introduction and for monitoring changes in

strain distribution over time.

In this article, we review studies published from 1980

through 2007 that investigated rotavirus gastroenteritis among

children in the newly independent states. We also present data

from the first year of surveillance for rotavirus gastroenteritis

among hospitalized children that was conducted by 3 GAVI-

eligible newly independent states in the RSN.

METHODS

Literature Review

We attempted to identify all articles published in the scientific

and medical literature from 1 January 1980 through 30 Sep-

tember 2007 that described the rotavirus burden among chil-

dren in the newly independent states. Articles in various lan-

guages of the region were included. PubMed and EMBASE were

searched using the terms “rotavirus,” “gastroenteritis,” “diar-

rhea,” “disease burden,” “surveillance,” and “infection,” as well

as country names. Bibliographies of the articles were reviewed

for additional relevant publications, and country technical re-

ports were reviewed when available. For this review, we included

studies that reported rotavirus detection results for a minimum

of 100 stool samples from children aged !14 years (a standard

age-group classification used in publications from this region)

that were tested for rotavirus with use of electron microscopy,

latex agglutination, enzyme immunoassay (EIA), polyacryl-

amide gel electrophoresis, or reverse-transcription polymerase

chain reaction (RT-PCR). For studies that reported results with

use of 11 detection method, we reported the results of testing

with only 1 method with use of the following hierarchy: (1)

RT-PCR, (2) EIA, (3) polyacrylamide gel electrophoresis, and

(4) electron microscopy or latex agglutination. When

publications from the same investigators and location greatly

overlapped with regard to the period of data collection, the

study with the most recent data or with more information on

the burden of disease was selected. Studies that reported that

the duration of sample collection was !3 months were excluded.

Studies were classified on the basis of severity of disease

(inpatient, outpatient, and combined) and duration of the sam-

ple collection period (�12 months, 3–11 months, or not spe-

cified). From each publication, we extracted the proportion of

cases of gastroenteritis due to rotavirus. When the value was

not explicitly stated, we calculated it by dividing the number

of rotavirus-positive specimens by the total number of speci-

mens tested. The results were categorized by country, age group

(!2, !5, and !14 years of age), and calendar month, as available.

Median estimates of the proportion of gastroenteritis cases at-

tributable to rotavirus were calculated for the studies overall.

For studies that reported results for 11 age group, we used the

result from the group closest to age !5 years for the median

calculation.

RSN

Proposals for establishing an RSN site(s) were solicited by the

WHO Regional Office for Europe from the Ministries of Health

of the region’s GAVI-eligible countries. Consultants visited the

countries that expressed interest, to help determine the capa-

bility of site staff to perform rotavirus surveillance and rotavirus

EIA testing, assess equipment and budget needs, and provide

training. Rotavirus surveillance was established at sentinel hos-
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Figure 1. Location of 4 sites participating in the Rotavirus Surveillance Network. NIS, newly independent states; WHO, World Health Organization.

pitals in Georgia, Tajikistan, and Ukraine in late 2006 (Figure

1). The RSN results reported here are from the 2007 calendar

year. Surveillance was also established in 3 other countries (in

Azerbaijan, supported by the RSN; in Kyrgyzstan and Uzbek-

istan, supported by the Centers for Disease Control and Pre-

vention and Norwegian Institute of Public Health). At the time

of submission, data from these countries from 2007 were not

available.

Georgia. Surveillance was established at the Center of In-

fectious Pathology in the capital, Tbilisi. This hospital cares for

children with severe gastroenteritis from all regions of Georgia,

but mainly from eastern Georgia. Rotavirus testing was per-

formed at the National Center for Diseases Control and Medical

Statistics.

Tajikistan. Surveillance was established at Dushanbe City

Children’s Hospital for Infectious Diseases, the major children’s

hospital for infectious diseases in Tajikistan. Located in the

country’s capital, this hospital provides care to children with

gastroenteritis from Dushanbe and suburban regions. Rotavirus

testing was performed at the Research Institute of Preventive

Medicine.

Ukraine. Surveillance was established in the 2 major cities

of Ukraine, Kyiv and Odessa. In the capital Kyiv, surveillance

was performed at the City Clinical Children’s Hospital #1 of

the National Medical Academy of Postgraduate Study, which

provides care to children with gastroenteritis from 7 of 10

districts of the city. Rotavirus testing was performed at the

Central Sanitary Epidemiological Station, Viral and HIV/AIDS

Laboratory. In Odessa, surveillance was established at the City

Children’s Infectious Diseases Hospital of the National Medical

University, which cares for all children with severe gastroen-

teritis in the region. Rotavirus testing was performed at the

Central Immunology and Virology Laboratory of the Sanitary

Epidemiological Station of Odessa.

Surveillance and Laboratory Methods

Surveillance methods followed those outlined in the WHO ge-

neric protocol for hospital-based surveillance of rotavirus gas-

troenteritis [6]. On days when surveillance was scheduled to

be conducted, hospital admission logs were reviewed to identify

all children aged !60 months who were admitted for AGE,

defined as the occurrence of at least 3 watery or looser-than-

normal stools in a 24-h period, with a duration of �7 days on

the day of hospital admission. Children who were hospitalized

for at least 1 night were eligible for enrollment. Standard de-

mographic and clinical data were collected on each enrolled

child; in addition, site investigators could adapt data collection

forms to gather additional information (eg, use of oral rehy-

dration treatment before hospitalization) that they deemed val-

uable. From each child, a whole stool sample was collected in

a screw-top container within 48 h of hospital admission. Stool

samples were refrigerated at the hospital until delivery to the

testing lab; samples were delivered in a cold box usually once

weekly.

At the testing laboratory, stool samples were refrigerated for

a maximum of 1 month until testing was performed. Stool

samples that could not be tested within 1 month after collection

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/200/Supplem

ent_1/S203/849081 by guest on 24 April 2024



S206 • JID 2009:200 (Suppl 1) • Mirzayeva et al

were aliquoted and frozen at �20�C for a maximum of 4

months until testing could be performed. Rotavirus detection

was performed by specific laboratory personnel involved in the

RSN by use of commercial IDEIA enzyme-linked immunosor-

bent assay kits (OXOID [Ely]). Testing was performed accord-

ing to the manufacturer’s instructions, which were translated

into the Russian language. Results were determined photo-

metrically using EIA plate readers and were reported to the

hospital surveillance coordinator. Whenever possible, a second

aliquot of each stool specimen was stored at the testing labo-

ratory at �20�C to allow further testing, including rotavirus

strain identification. In mid-2007, ∼80 samples positive for

rotavirus and 20 samples negative for rotavirus by EIA were

randomly selected at each site and sent to the Enteric Virus

Unit, Virus Reference Department, Centre for Infections,

Health Protection Agency, in London, United Kingdom, to

assess EIA performance at the originating laboratory and to

characterize the circulating strains. Strain typing was performed

by RT-PCR using established methods [7]. All surveillance pro-

tocols were submitted to the WHO Ethical Review Committee

and were deemed to be exempted from review.

RESULTS

Literature Review

Burden of disease. We identified and reviewed 89 publications

from the 15 countries. Eighty- two studies (92%) were pub-

lished in Russian, 3 (4%) in a country’s non-Russian native

language, and 4 (4%) in English. A total of 32 publications

from 8 countries met our inclusion criteria (Tables 1 and 2).

Most publications (21 [66%] of 32) were from 1 country, the

Russian Federation. Samples for rotavirus testing were collected

within the most recent decade (1997–2007) in only 6 (19%)

of the studies. Rotavirus was detected using EIA in 15

publications (47%), electron microscopy in 12 (38%), RT-PCR

in 3 (9%), RNA–polyacrylamide gel electrophoresis in 1 (3%),

and latex agglutination in 1 (3%).

Among the 17 studies that included only inpatients for which

samples were collected over a period �12 months, the median

proportion of rotavirus detection was 33% (range, 16%–65%)

(Table 1). For the 5 studies involving inpatients that had a

sample collection period of 3–11 months, the median propor-

tion of rotavirus detection was 37% (range, 24%–67%) (Table

2). Seven additional studies involving inpatients did not report

the duration of the sample collection period (median detection,

30%; range, 17%–74%). Finally, 3 other studies included out-

patients or did not specify patient type (Table 2).

Seasonality. Three studies provided rotavirus detection

rates by calendar month (Figure 2); higher detection was ob-

served from December through March (Belarus) [8], October

through March (northwestern Russian Federation) [17], and

January through April (western Russian Federation) [23]. Other

studies did not provide detailed results but described that higher

rotavirus detection occurred during particular seasons or

months: autumn (Tajikistan) [39], autumn and winter (Georgia

[11, 12] and western Russian Federation [16]), autumn through

spring (Moldova) [14], winter (northwestern Russian Federa-

tion) [26, 28, 31, 33], or winter and spring (western and south-

western Russian Federation [19, 20], Moldova [15], and Belarus

[9, 40]).

Rotavirus serotypes/genotypes. The results of 4 studies that

characterized rotavirus strains with use of G serotyping or G

and P genotyping assays are summarized in table 3. G1 was

the most common strain identified in 3 studies [10, 21, 22].

In a study from Birobidzhan in eastern Russian Federation [38],

almost all isolates were G3P[8]. One additional study [41] de-

scribed the changes in strain types in Nizhniy Novgorod (west-

ern Russian Federation) over a 19-year period: G1P[8] pre-

dominated in the mid-1980s, 3 different genotypes (G1P[8],

G3P[8], and G4P[8]) were frequently detected during the first

half of the 1990s, and G1P[8] again predominated during the

late 1990s and early 2000s.

RSN

Burden of disease. In 2007, 3374 (67%) of the 5008 children

eligible for enrollment were recruited at the 4 sentinel hospitals

in the 3 countries combined (Table 4). The mean monthly

proportion of children eligible for enrollment who were en-

rolled in the surveillance system ranged from 45% to 92%,

depending on the site. Overall, rotavirus was detected in 1425

(42%) of 3374 samples from the enrolled children (those aged

!5 years and hospitalized for AGE). Rotavirus was detected in

38% of enrolled children in Tajikistan, 40% in Georgia, and

41% and 49% in Odessa and Kyiv (Ukraine), respectively (mean

site detection rate, 42%; median, 40%). Age (in years) was

available from Ukraine and Georgia sites. Of the hospitalized

children with rotavirus aged !5 years, 740 (64%) of 1158 were

aged !2 years.

Seasonality. Hospitalizations for rotavirus gastroenteritis

were detected year-round at each site, with variability by season

(Figure 2). In Tajikistan, peak detection (58%–65%) occurred

from October through December. Detection was highest during

the winter and spring months at the other 3 sites (Georgia:

52%–64% during December–April; Kyiv, Ukraine: 70% in De-

cember and 54%–76% during February–May; Odessa, Ukraine:

61%-63% in November and December and 41%–46% during

March–May). Rotavirus accounted for �14% of cases of AGE

among enrolled children during each month at each site, except

in Georgia during June, when it accounted for only 6%. In

Odessa, rotavirus was detected in �23% of samples from chil-

dren each month.

Rotavirus genotypes. Strains were able to be typed in 323

samples. The most common rotavirus strain was G1P[8] (102
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Figure 2. Proportion of hospitalizations for gastroenteritis due to rotavirus, by month. Data are from a literature review (A, B, and C) and from the
Rotavirus Surveillance Network (RSN; D, E, F, and G). Horizontal lines indicate overall annual proportion. A, Belarus (1993–1995) [8]. B, Russian
Federation (1984–1985) [17]. C, Russian Federation (2001–2006) [23]. D, Georgia (2007; data from RSN). E, Tajikistan (2007; data from RSN). F, Kyiv,
Ukraine (2007; data from RSN). G, Odessa, Ukraine (2007; data from RSN).

[32%]), followed by G9P[8] (63 [20%]), G2P[4] (59 [18%]),

and G4P[8] (59 [18%]) (Table 3). More than 1 G type was

detected in 13 samples (4%). G12 was the sole G type in 7

samples (2%) and was combined with another type in 4 ad-

ditional samples. G10 was the sole G type in 1 sample (0.3%)

and was combined with G12 in another sample.

DISCUSSION

As in every region studied, rotavirus exacts a heavy toll among

young children living in the newly independent states. Data

from previously published reports were primarily from 1 coun-

try (the Russian Federation) and suggested that rotavirus was
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Table 4. Enrollment and Rotavirus Detection Rates among Children Aged !5 Years Who Had Acute
Gastroenteritis at 4 Sites in the Rotavirus Surveillance Network, 2007

Site
Total no. of

enrolled children

No. (%) of enrolled
children with a

rotavirus-positive
stool specimen

Range of monthly
percentage of

rotavirus-positive
stool specimens
among enrolled

children

Mean monthly
enrollment rate
among eligible

children, %

Georgia 703 281 (40) 6–64 73
Tajikistan 702 267 (38) 15–65 45
Kyiv, Ukraine 947 463 (49) 14–76 92
Odessa, Ukraine 1022 414 (41) 23–63 71

All 3374 1425 (42) 6–76 67

responsible for ∼33% of hospitalizations for gastroenteritis

among children in various age groups. Using a standardized

WHO surveillance protocol, 4 sites in the region’s new RSN

documented that 42% of hospitalizations for acute gastroen-

teritis among children aged !5 years were attributable to

rotavirus.

As our literature review indicates, several investigators in the

region have worked to improve detection and understanding

of the pathogen and its epidemiology. Although many previous

studies provide useful information, only a limited number were

described as prospectively evaluating all children with AGE or

a systematically selected sample within the age group at high

risk of disease over at least a 1-year period. Many of the results

presented here were derived from studies in which the primary

objective was to compare the performance of rotavirus detec-

tion assays; such studies began at the level of the laboratory

rather than the level of the patient. Many studies were per-

formed during the 1980s, when electron microscopy was used,

which is less sensitive than currently available standardized

EIAs. The few recent reports that were found were primarily

from the Russian Federation. Furthermore, many studies pro-

vided results only for the group of children aged !14 years,

limiting applicability toward understanding the burden among

young children at greatest risk of severe rotavirus disease, and

some presented results only for children with AGE of unknown

etiology.

The RSN provides a platform for collecting epidemiological

and clinical data and stool samples in a standardized way and

for detecting rotavirus in stool samples with a standardized,

sensitive assay to accurately determine the current burden of

rotavirus disease. Such standardization allows comparisons of

results among countries and regions, as well as changes over

time. The data from the RSN indicate that ∼2 of 5 children

aged !5 years who are hospitalized with AGE in Georgia, Ta-

jikistan, and Odessa, Ukraine, and ∼1 of 2 in Kyiv, Ukraine,

are hospitalized because of rotavirus infection. These results

are somewhat higher than the median found in the review of

the region’s literature, at least in part because of the reasons

described above. However, these results are similar to the higher

results of 44% obtained during the first year (2001–2002) of

surveillance through the Asian Rotavirus Surveillance Network,

which also used the WHO rotavirus surveillance protocol [42].

A recent publication from collaborators in the AGE observa-

tional study in 7 European countries (REVEAL) demonstrated

that rotavirus caused at least 53% of hospitalizations in each

of the countries among children aged !5 years who were hos-

pitalized for AGE during 2004–2005, with a maximum value

of 69% detected in Italy [43]. The proportional estimate of

severe rotavirus disease among all causes of severe gastroen-

teritis depends, in part, on the frequency of infection due to

other enteric pathogens among children in the country, as well

as on hospitalization practices for children who present with

AGE. Determining population-based rates of severe rotavirus

disease, as was done in REVEAL, would be a valuable next step

for RSN sites that can accurately enumerate their population

under surveillance.

Data from the RSN on the seasonality of rotavirus disease

augment the data in the published literature from the region.

As in other temperate zones, seasonality was demonstrated in

the newly independent states region, but unlike the clear winter

peak observed in some western European countries and the

Americas [44], rotavirus detection did not peak only in the

winter months in all newly independent states. The rotavirus

season appears to peak earlier in the region’s southeastern area

(eg, October–December in Tajikistan) and continues later in

locations further north and west (eg, through May in Ukraine).

Hospitalizations for rotavirus disease occurred every month of

the year at each of the RSN sites.

The most common rotavirus genotype identified in the RSN

in 2007 was G1P[8] (32%). Two earlier studies from the region

reported a G1 prevalence similar to this result, and another

reported a higher prevalence. With exclusion of isolates with

11 genotype, G1–G4 and G9 types combined made up 97% of

the RSN isolates, similar to the proportion in Europe (�96%)

[45, 46] and globally (190%) [47]. The relatively high preva-

lence (20%) of the “emerged” strain G9P[8] found in the RSN
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has been reported from several other areas [45, 47]. Some

unusual genotypes (G1P[4], G4P[4], G10P[6], G12P[6], and

G12P[8]) were also detected in the RSN. These may represent

zoonotic introduction or reassortants that naturally occur

among human rotavirus genotypes [47–49]. Mixed infections

with 11 rotavirus genotype were detected in 4% of the RSN

samples, in the range of the overall mixed infections estimates

of 2%–5% detected in Europe, Australia, and North America

and lower than the 10%–15% estimated from Africa, Asia, and

South America [47]. In the recent European REVEAL study,

however, no mixed rotavirus infections were identified among

the 1031 samples positive for rotavirus by EIA that were ge-

notyped, but this finding may be associated with the meth-

odology used for virus characterization [45]. Three samples

from the RSN contained the unusual genotype P[9] in com-

bination with another P type, representing an opportunity for

reassortment between human and animal rotavirus strains. It

is possible that the greater diversity of cocirculating genotypes

detected in the RSN samples may be attributable, in part, to

improved, more-sensitive methods that include use of primers

for detecting genotypes that were not available in the earlier

studies. The dynamics of genotype persistence versus change,

by area and by time, are not well understood [47, 50]. Ge-

notyping results from a larger number of samples collected over

a longer period in the RSN countries will be a valuable con-

tribution to the region’s literature.

As policy makers wrestle with important decisions regarding

timeline and financing for the introduction of new vaccines,

cost-benefit data become increasingly essential. Data on the

burden of rotavirus disease from each country or from similar

countries will be a critical component of these analyses. A cost-

effectiveness analysis has already been conducted in Uzbekistan,

where a rotavirus vaccine program was estimated to avert

US$369,000 in direct and indirect costs for rotavirus hospital-

izations alone in 1 birth cohort and was projected to be cost-

effective with vaccine prices in the range of US$2–25 per child

[24].

In conclusion, in view of the heavy burden of rotavirus dis-

ease in the newly independent states that was revealed by this

epidemiological surveillance and the high clinical efficacy of

the 2 available rotavirus vaccines [51–53], introducing rotavirus

vaccine and achieving coverage at levels similar to those

achieved with other routine infant vaccines could prevent a

substantial component of the total diarrhea-associated mor-

bidity and mortality in this region. In addition, costs of hos-

pitalization, lost productivity, and resource expenditure by fam-

ilies that are associated with severe gastroenteritis could be

reduced significantly by the introduction of these vaccines. Ro-

tavirus vaccine would be a valuable public health asset in the

newly independent states, especially in the 8 GAVI-eligible

countries, where it is now available at heavily subsidized prices.

Other countries in the European region need to conduct cost-

benefit analyses for their own populations to assess the potential

impact of the vaccine. Finally, postmarketing surveillance built

on the foundation of the RSN will permit countries to docu-

ment the impact of vaccine introduction on severe rotavirus

disease.

MEMBERS OF THE ROTAVIRUS SURVEILLANCE
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hashvili (Georgia); N. Islomov, S. Abduhrrahmonov, S. Jabirov,

F. Tishkova, and G. Lutfulloeva (Tajikistan); and O. A. Yukhi-

menko, I. V. Yurchenko, I. V. Demchishina, and L. S. Kotlik

(Ukraine).

Acknowledgments

We thank the Ministry of Health and Hospital Authorities of Azerbaijan,
Georgia, Tajikistan, and Ukraine, for providing support for surveillance;
Dr. John Gentsch, for continuous technical support in establishment and
working with laboratories in the Rotavirus Surveillance Network countries;
Tomas Allen and his colleagues at the World Health Organization (WHO)
Library, for consultations, workshops, and assistance in literature review
search obtaining articles at the WHO Headquarters Library and from the
Russian Federation; and Dr. Alexandr Podkolzin, Dr. Nadejda Novikova, Dr.
Vladimir Gudkov, Dr. Constantin Spynu, Liudmila Birka, and Dr. Ekaterina
Zangaladze, for assistance in obtaining articles and clarification of
methodology.

References

1. Bresee JS, Glass RI, Ivanoff B, Gentsch JR. Current status and future
priorities for rotavirus vaccine development, evaluation and imple-
mentation in developing countries. Vaccine 1999; 17:2207–22.

2. Parashar UD, Burton AH, Lanata CF, et al. Global mortality associated
with rotavirus disease among children in 2004. J Infect Dis 2009;
200(Suppl 1):S9–15 (in this supplement).

3. Glass RI, Bhan MK, Ray P, et al. Development of candidate rotavirus
vaccines derived from neonatal strains in India. J Infect Dis 2005;
192(Suppl 1):S30–5.

4. World Health Organization (WHO). Strategic Advisory Group of Ex-
perts (SAGE) recommendations. Wkly Epidemiol Rec 2006; 81:1–12.

5. World population prospects: the 2006 revision. United Nations Pop-
ulation Division, Department of Economic and Social Affairs, New
York, 2007. Available at: http://www.who.int/vaccines/globalsummary/
immunization/countryprofileselect.cfm. Accessed 18 February 2008.

6. World Health Organization (WHO). Generic protocols (i) hospital-
based surveillance to estimate the burden of rotavirus gastroenteritis
in children and (ii) a community based survey on utilization of health
care services for gastroenteritis in children. Geneva: WHO, 2002; 15:
1–67.

7. Iturriza-Gomara M, Green J, Brown DW, Ramsay M, Desselberger U,
Gray JJ. Molecular epidemiology of human group A rotavirus infections
in the United Kingdom between 1995 and 1998. J Clin Microbiol
2000; 38:4394–401.

8. Gudkov VG, Virinskaya AS, Zaytseva LV, et al. Status and ways of
improvements of methods for detections of rotavirus infection in Re-
public of Belarus [in Russian]. In: Program and abstracts of the IX
Congress of the Prophylactic Medicine Workers of Republic of Belarus
on Modern Issues of Epidemiology and Surveillance of Infectious Dis-

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/200/Supplem

ent_1/S203/849081 by guest on 24 April 2024



Rotavirus Burden in the Newly Independent States • JID 2009:200 (Suppl 1) • S213

eases. Minsk: Belarusian Society for Microbiology, Epidemiology and
Parasitology, Ministry of Health of the Republic of Belarus, 1996:75–83.

9. Pron’ko NV, Kisel’ NI, Jeludok MI. Clinic epidemiological aspects of
rotavirus infection among children [in Russian]. In: Program and ab-
stracts of the International Scientific and Practical Conference on Viral
Infections: Epidemiology, Clinic, Laboratory Diagnostics and Prophy-
laxis. Minsk: Scientific Research Institute of Epidemiology and Micro-
biology, Ministry of Health of the Republic of Belarus, 2007:141–2.

10. Ginevskaya VA, Amitina NN, Eremeeva TP, Shirman GA, Priimagi LS,
Drozdov SG. Electropherotypes and serotypes of human rotavirus in
Estonia in 1989–1992. Arch Virol 1994; 137:199–207.

11. Sakvarelidze LA, Zangaladze ED. Etiological significance of rotaviruses
in acute intestinal diseases in children [in Russian]. Vopr Virusol
1986; 31:695–7.

12. Ginevskaya VA, Eremeeva TP, Zangaladze ED, et al. Analysis of rotaviral
gastroenteritis in Tbilisi. Acta Virol 1991; 35:232–7.

13. Tamendarova N, Kumisbaeva Zh N, Abenova UA. Use of the passive
hemagglutination reaction for diagnosing rotavirus infections [in Rus-
sian]. Vopr Virusol 1989; 34:501–3.

14. Spynu KI, Grushko TP, Vutkarev VP, Kostritsa SS. The results of a
study of the contamination of bodies of water by rotaviruses against
a background of gastroenteritis morbidity [in Russian]. Vopr Virusol
1991; 36:423–6.
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