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Abstract

As a result of successful implementation of the measles/rubella elimination program, the etiology of more and more double
negative cases remains elusive. The present study determined the role of different viruses as causative agents in measles or
rubella suspected cases in Belarus. A total of 856 sera sent to the WHO National Laboratory between 2009 and 2011 were
tested for specific IgM antibodies to measles virus (MV), rubella virus (RV) and human parvovirus B19 (B19V). The negatives
were further investigated for antibodies to enterovirus (EV) and adenovirus (AdV). Children of up to 3 years were tested for
IgM antibodies to human herpesvirus 6 (HHV6). A viral etiology was identified in 451 (52.7%) cases, with 6.1% of the samples
being positive for MV; 2.6% for RV; 26.2% for B19V; 9.7% for EV; 4.6% for AdV; and 3.6% for HHV6. Almost all measles and
rubella cases occurred during limited outbreaks in 2011 and nearly all patients were at least 15 years old. B19V, EV and AdV
infections were prevalent both in children and adults and were found throughout the 3 years. B19V occurred mainly in 3–10
years old children and 20–29 years old adults. EV infection was most common in children up to 6 years of age and AdV was
confirmed mainly in 3–6 years old children. HHV6 infection was mostly detected in 6–11 months old infants. Laboratory
investigation of measles/rubella suspected cases also for B19V, EV, AdV and HHV6 allows diagnosing more than half of all
cases, thus strengthening rash/fever disease surveillance in Belarus.
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Introduction

Laboratory confirmation of measles and rubella started in

Belarus in 2002. Ever since, serum samples from all suspected

cases are investigated at the WHO National Laboratory for

Measles and Rubella. An effective vaccination strategy starting in

1967 with monovalent measles vaccine and in 1996 with

combined measles/mumps/rubella vaccine has reduced incidence

rates for both infections to very low levels. Since 2007 only single

imported or importation-related cases have been reported [1].

During the elimination stage WHO recommends that countries

demonstrate a sensitivity of their surveillance system of at least 2

suspected and discarded measles/rubella cases per 100 000

population per year [2]. With a decrease of measles and rubella

incidence, the etiology of increasing numbers of double negative

cases remains unknown. The confirmation of another infectious

etiology would be of clinical interest, support the rejection of

measles or rubella negative cases and improve the commitment of

medical staff to report measles/rubella suspected patients.

Besides bacterial infections, allergic and autoimmune reactions,

viral infections are among the more common causes of acute

exanthematous diseases [3]. The prevalence of rash/fever agents

differs depending on the geographic region, the age groups

involved and other epidemiological factors [4–6]. The present

study determined the incidence of measles virus (MV), rubella

virus (RV), human parvovirus B19 (B19V), enterovirus (EV),

adenovirus (AdV), and human herpesvirus 6 (HHV6) in measles or

rubella suspected patients in Belarus.

Materials and Methods

Ethics statement
The serum samples were collected by medical staff in hospitals

or outpatient clinics for diagnostic purposes in the framework of

the Belarus measles/rubella surveillance. According to the

National Public Health Law in Belarus, taking a blood sample

for diagnostic purposes requires only verbal informed consent.

This consent was obtained from all measles/rubella suspected

patients investigated here or from their guardians. The fact that a

blood sample has been taken is entered in the medical records of

the patient by the treating physician. Upon arrival at the WHO

National Measles and Rubella Reference Laboratory, a unique

identifier number was attributed to each sample and was used for

all data analyses. Access to patient data including name, date of

birth, gender, place of residence, vaccination status, date of rash

onset and sample collection was restricted to people directly

involved in diagnosis and reporting to the treating physician.
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Study samples
Between January 2009 and December 2011 a total of 856 serum

samples from measles/rubella suspected patients were tested at the

WHO National Laboratory of Belarus. With 276 samples in 2009,

190 in 2010 and 390 in 2011, case investigation rates per 100 000

population were 2.9, 2.0 and 4.1. The patients were between less

than 1 and 61 years old and were from all over the country.

Laboratory testing
All samples were tested for specific IgM antibodies to MV, RV

and B19V. The sera that were negative for all three pathogens

(n = 559) were further tested for specific IgM antibodies to EV and

AdV. From 156 children up to 3 years of age samples were

available for HHV6 testing.

Virus-specific IgM antibodies to MV, RV, B19V, EV and AdV

were investigated using commercial ELISA kits (Enzygnost anti-

measles and anti-rubella virus IgM, Siemens, Germany; Parvovi-

rus B19 IgM and Enterovirus IgM, Virion/Serion, Germany;

Adenovirus IgM ELISA, DRG, Germany). IgM antibodies to

HHV6 were detected using an indirect immunofluorescence kit

(Anti-HHV-6 IIF IgM, Euroimmun, Germany) according to the

manufacturers’ recommendations.

Statistical analysis
Statistical analyses were done with the Fisher’s exact test using

StatSoft STATISTICA v.8.0 software.

Results

Overall a viral etiology was identified in 451 of the 856 measles/

rubella suspected cases (52.7%) with the highest detection rate in

2011 and the lowest in 2009 (Table 1). Positives were found for all

six investigated pathogens and B19V, EV, AdV and HHV6 were

detected in each of the 3 consecutive years (Table 1).

Between 2009 and 2011 a total of 6.1% and 2.6% of the

samples were positive for measles and rubella, respectively, with

significant differences between the years (p = 0.001). A single

measles case was found in 2009/2010, but in 2011 51 cases or

13.1% of all samples were positive for measles and this was the

most frequent etiology after B19V in that year (Table 1). Only 2

cases of rubella were detected before 2011 when 20 cases were

confirmed. Despite some fluctuation in incidence rates (21.5–

31.1%), B19V was consistently the main etiology of measles/

rubella suspected cases (Table 1). 9.7% of all samples or 14.9% of

the 558 samples tested were positive for EV with the highest rates

in 2009 and 2010. AdV infection was confirmed in 4.6% of all

cases or 7.0% of the 558 samples tested with the highest rate in

2011 (Table 1). HHV6 specific antibodies were detected in 31

samples corresponding to 3.6% of all measles/rubella suspected

cases or 19.9% of the 156 samples tested, with essentially no

differences between the years (p = 1.0, Table 1). One of these

samples was both HHV6 and EV IgM positive, but clinically the

case resembled more an HHV6 infection.

Age distribution
About half of the patients tested (52.0%) were less than 15 years

old. The largest age groups were the 3–6 and 20–29 year-olds

(Figure 1). In each age group between 50 and 60% of the patients

were diagnosed except for the 11–14 years bracket (39.6%)

(Figure 1).

The frequency of the viruses differed between age groups

(Figure 2). 88.5% (46/52) of the measles patients were at least 15

years old and 61.5% (32/52) of the patients were 20 to 39 years
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old. Only 6 MV positive samples were from children. The 22

rubella positive sera were from 16–44 year-old patients.

B19V, EV and AdV infections were found both in children and

adults. 52.2% (117/224) of the B19V-positive samples were from

2–14 year-olds. 3–10 year-old children and adults between 20 and

29 years were most affected (Figure 2). B19V was the main

etiology in all age groups above 3 except for the 40–49 years age

bracket during a measles outbreak.

EV infections were most common in children up to 6 years of

age, but also in 20–29 year-old adults. AdV infections were

confirmed mainly in 3–6 year-old children with only rare cases in

other age groups.

In children ,3 years old, HHV6 dominated and was

responsible for 48.4% of the positives in this age group. Among

the 31 children positive for HHV6, 20 (64.5%) were 6–11 months

old, 6 were 1 year old, 4 were 2 years old and a single HHV6

patient was 3 years old.

Seasonality
The increase in both measles and rubella incidence was due to

limited outbreaks in 2011. Almost all rubella cases (20/22, 90.1%)

were reported between January and June 2011 and 94.2% of the

measles cases were recorded between May and July 2011

(Figure 3). B19V infections were found throughout the year with

peak incidences in March, June and November. Also EV, AdV

and HHV6 cases occurred essentially throughout the year

(Figure 3).

Discussion

As a result of successful vaccination strategies, the measles and

rubella incidence has decreased dramatically in Belarus. Between

2009 and 2011, 80 to 99% of all suspected cases were negative for

measles- and rubella-specific IgM antibodies. Similar rates were

reported from other countries in the final stages of disease

elimination [4,5,7–9]. Most suspected cases were reported among

the 3–6 and 20–29 year-olds, possibly reflecting more contacts

with different agents in nursery schools for the former, and more

and closer contacts with small children in young adults. Also

greater attention to exanthematous diseases in women of

childbearing age could play a role.

Between 190 and 390 measles/rubella suspected cases were

reported and investigated every year and at least 2 cases per

100 000 population were thus discarded as measles/rubella double

negatives. Most suspected cases were reported in 2011 when a

limited spread of both measles and rubella occurred after years

Figure 1. Numbers of samples positive for IgM antibodies against any of the viruses tested according to age groups, Belarus, 2009–
2011.
doi:10.1371/journal.pone.0111541.g001

Figure 2. Numbers of samples positive for specific IgM antibodies against MV, RV, B19V, EV, AdV and HHV6 in different age
groups.
doi:10.1371/journal.pone.0111541.g002
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with single or no cases. During the same year the measles

incidence was also higher in many other European countries [10].

In Belarus two single cases of genotype D4 were imported from

Germany and a limited outbreak was caused by a genotype D8

virus of unknown origin [11]. Half of the cases were either not

vaccinated against measles, had received one dose of vaccine or

had an unknown vaccination status. The patients vaccinated with

two doses were mostly between 16 and 30 years old. A similar

observation had been made in the Ukraine and was linked to cold-

chain failures and the use of a more thermo-labile vaccine [12].

Similar explanations may apply to Belarus, although secondary

vaccine failures and waning of antibodies may have also played a

role. Rubella was imported to Belarus from Vietnam where a large

outbreak was registered at the time [13] and initially affected

Vietnamese temporary workers before causing a limited outbreak

among resident people in Minsk city. In contrast to measles, 91%

of all rubella patients were unvaccinated and none had received

two doses of vaccine.

More than 50% of the suspected measles/rubella infections

were caused by any of the 6 viruses investigated, but only less than

9% were due to measles or rubella. Thus the panel of the four

additional assays is suitable to complement the routine MV and

RV testing in Belarus. The same 4 viruses were also frequent in

measles/rubella negative children with rash/fever in Finland,

where they accounted for about 37% of all cases [4]. In Brazil,

testing for all 6 viruses plus 4 additional pathogens allowed to

diagnose about 42% of the rash/fever cases [5].

B19V caused 26% of all cases or about 60% of all diagnosed

cases and was the main reason of measles/rubella suspected

diseases in each of the three consecutive years. Between 2005 and

2008, B19V accounted for nearly 36% of the measles/rubella

double negative cases in Belarus [14]. Therefore all measles/

rubella double negative samples are now also tested for B19V,

providing a diagnosis to about 3 times more patients and their

doctors (8.6% MV+RV compared to 26.2% B19V). The

importance of B19V was also shown in studies from Argentina,

Finland, England, and Poland where it was confirmed in 17% to

40% of suspected measles/rubella cases [4,7,8,15].

Similar to studies in children from Finland [4] and England [7],

we found that about 10% and 5% of the rash cases (or 15% and

7% of the cases tested) were caused by EV and AdV infection,

respectively. Acute AdV infection is mainly diagnosed by detecting

a significant rise of IgG antibodies in paired sera or by viral culture

[4,7], but no such samples were available for the present

investigation. Therefore, we screened the sera for specific IgM

antibodies against AdV, similar to the approach used in previous

studies [16–18].

In Finland, England and the Caribbean, HHV6 infection was

detected in 3–7% of all exanthemas [4,7,19]. In a study from

Brazil, HHV6 was with 25% even the most common etiology of all

rash/fever cases [5]. About one quarter of Thai rash/fever

patients up to 14 years were HHV6 positive [20]. In our study,

HHV6 was tested only in children up to 3 years of age and it was

the main agent in the less than 1 to 2 year-olds where it caused

about 20% of all cases or 48% of the diagnosed cases. In Brazil,

the peak incidence was observed among 6–11 months-old infants

and 75% of all HHV6 cases occurred between 6 and 17 months of

age [6]. Until now, HHV6 infection is not part of the routine

diagnosis in Belarus, but our data suggest that at least samples

from measles/rubella suspected children below 24 months should

be tested for this virus.

In conclusion, the results of the present study showed that MV,

RV, B19V, EV, AdV and HHV6 accounted for more than half of

all measles/rubella suspected cases in Belarus. Since Belarus has

entered the final stages of measles and rubella elimination, B19V is

responsible for most suspected cases in the country. Laboratory

investigation of measles/rubella double negative specimens for

B19V, EV, AdV and at least in children up to 2 years also for

HHV6 can help to further strengthen rash/fever surveillance in

Belarus providing a diagnosis for more than 5 times as many

patients as measles/rubella testing alone. Testing for these

additional pathogens should also be considered in other countries

with a similar geographical location and measles/rubella control

stage.
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11. Samoĭlovich EO, Svirchevskaia EY, Elin OE, Zgurskaya LI, Kachkan MV, et al.

(2011) [Clinical features and laboratory diagnosis of measles in immunized
persons (by the example of measles outbreak in Cherven district of Minsk

region)]. Zdravookhranenie 12: 32–36. Russian.

12. Velicko I, Muller LL, Pebody R, Gergonne B, Aidyralieva C, et al. (2008)
Nationwide measles epidemic in Ukraine: the effect of low vaccine effectiveness.

Vaccine 26: 6980–6985.
13. WHO (2014) Rubella reported cases (15 July 2014). Available: http://apps.who.

int/immunization_monitoring/globalsummary/timeseries/tsincidencerubella.
html. Accessed 2014 Oct 7.

14. Yermalovich MA, Hubschen JM, Semeiko GV, Samoilovich EO, Muller CP

(2012) Human parvovirus B19 surveillance in patients with rash and fever from
Belarus. J Med Virol 84: 973–978.

15. Pedranti MS, Barbero P, Wolff C, Ghietto LM, Zapata M, et al. (2012) Infection
and immunity for human parvovirus B19 in patients with febrile exanthema.

Epidemiol Infect 140: 454–461.

16. El-Mahallawy HA, Ibrahim MH, Shalaby L, Kandil A (2005) Community
respiratory viruses as a cause of lower respiratory tract infections following

suppressive chemotherapy in cancer patients. J Egypt Natl Canc Inst 17: 121–
126.

17. El-Sayed Zaki M, Abd-El Fatah GA (2008) Rapid detection of oculopathogenic
adenovirus in conjunctivitis. Curr Microbiol 56: 105–109.

18. Zhang H, Liu CY, Wang Y, Xie ZD (2007) [Detection of adenovirus-IgM

antibody in children hospitalized with lower respiratory tract infection in Beijing
Children’s Hospital]. Zhonghua Liu Xing Bing Xue Za Zhi 28: 686–687.

Chinese
19. Irons B, Morris-Glasgow V, Andrus JK, Castillo-Solorzano C, Dobbins JG, et al.

(2011) Lessons learned from integrated surveillance of measles and rubella in the

Caribbean. J Infect Dis 204 Suppl 2: S622–626.
20. Wananukul S, Nopponpunth V, Poovorawan Y (2003) Human herpesvirus

infection in children with fever and maculopapular rash. Asian Pac J Allergy
Immunol 21: 217–221.

Etiology of Rash/Fever Cases in Belarus

PLOS ONE | www.plosone.org 5 October 2014 | Volume 9 | Issue 10 | e111541

http://www.euro.who.int/__data/assets/pdf_file/0018/79020/e93035-2013.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0018/79020/e93035-2013.pdf?ua=1
http://apps.who.int/immunization_monitoring/globalsummary/timeseries/tsincidencerubella.html
http://apps.who.int/immunization_monitoring/globalsummary/timeseries/tsincidencerubella.html
http://apps.who.int/immunization_monitoring/globalsummary/timeseries/tsincidencerubella.html

