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RISE IN 2017-2018 MEASLES MORBIDITY
IN SERBIA AND NORTHWEST RUSSIA
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Abstract. In 2017, the WHO registered 23,927 measles cases in 44 out of 53 countries in the European region. In 2018,
measles incidence rate increased up to 82,599 cases registered in 48 countries of the region, with a large number of measles-
associated deaths. Overall, 72 measles fatalities were registered in 10 European countries, including Serbia (15 cases).
Aim of the study: to characterize 2017—2018 epidemiological upsurge of measles incidence rate observed in the Republic
of Serbia (RS) and the Northwestern Federal District (NWFD) of the Russian Federation. Materials and methods. During
the 2017—2018 season, 944 serum samples were collected from patients with measles, rubella, or exanthematous diseases
in the NWFD and tested in the Laboratory of Virology at the St. Petersburg Regional Centre for Measles Surveillance
(SPbRC). In 2017-2018, 2,946 serum samples from the Republic of Serbia were analyzed in the SPbRC by using ELISA
with IgM measles test system (Vector-Best, Russia; or Siemens, Germany). Urine and swab samples were examined by
RT-PCR and used for isolation and genotyping of measles viruses. Results. From 2017 to 2018, 5,798 measles cases were
registered in the RS, among which 2,946 were laboratory-confirmed (serological testing and/or PCR). Unvaccinated
subjects or those with unknown vaccination status accounted for majority of the cases. Children under 5 years of age
and adults aged 30 years and over dominated among measles patients. During this season, 15 deaths were reported.
Several genotypes of measles virus circulated in the RS, e.g. B3 Dublin, D8 Gir Somnath, and D8 Herborn. In 2018, 109
measles cases were recorded in the NWFD, 5 of which were imported from abroad. Among patients, adults comprised
64.2%, wherein 74.3% were covered by unvaccinated subjects or those with unknown vaccination status. Rise in measles
incidence rate linked to multiple importations of various measles virus genotypes: B3 Kabul; B3 Dublin; D8 Frankfurt;
D8 Cambridge; and D8 Gir Somnath.
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NOALEM 3AB0JIEBAEMOCTU KOPbIO B PECNYBJIUKE CEPBEUS U HA CEBEPO-3ANALE
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Pestome. B 2017 1. B EBpormeiickom pernone BO3 0Ob110 3apeructpupoBaHo 23 927 ciayyaeB Kopu B 44 u3 53 cTpaH,
a B 2018 1. 3a001eBaeMOCTh KOPBIO Bo3pocia 10 82 599 ciaydaeB, KOTOPBIE PETUCTPUPOBAINCH B 48 CTpaHaX perroHa.
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3aperucTpupoBaHoO 72 ciiyvasi CMeEpPTH OT KOPU B iecsTU cTpaHax EBponeiickoro pervuona, Bkitouasi Cepouto (15 cinyuaes).
Llenb uccenoBaHMsI: XapaKTePUCTUKA MU ISMUOJIOTMUECKOT0 TIobeMa 3a00ieBaeMoCT KOopbio B Pecniyouke Cepous
(PC) u na teppurtopusx CeBepo-3amagHoro (enepaibHoro okpyra Poccuu (C3®PO0) B 2017-2018 rr. Mamepuans
u memoosbt. I3 CeBepo-3amanHoro geaepanbHoro okpyra B 2017—2018 rr. 6111 ucciaenoBanbl 944 o0pasiia ChIBOPOTKHU
KPOBU OT MaIlMEHTOB C KOPbIO, KPACHYXOl M 3K3aHTEMHBIMM 3a00J€BaHUSIMM, JOCTaBJICHHBIE B BUPYCOJIOTUUECKYIO
naboparoputo Cankr-Ilerepoyprckoro permonanbHoro eHTpa (PL). U3 Pecnyonuku Cepoust B 2017—2018 rr. Obu1n
uccienoBanbl 2946 00pasLoB CHIBOPOTOK KpoBU. TecTHpoBaHKMe 00pa3loB ChIBOPOTOK KPOBHM IIPOBOAMINA METOIOM
HN®A, ¢ mpumeHeHueM TecT-cucteM IgM-kops upmbel «Bektop-bect» (Poccust) mnm «Siemens» ([epmanus).
O0pasIBl MOYM M HOCOTJIOTOYHBIX CMBIBOB HcciemoBaimuch MetomoM RT-PCR m mcmonb3oBanmch ST BBIOCICHUS
U TEHOTUNUPOBAHUS BUPYCOB Kopu. Pezyromamur. B Peciybnuke Cepous B 2017—2018 1. 6b1JIO0 3aperucTpupoBaHO
5798 cayuaeB Kopu. JlabopaTOpHO AUArHO3 MOATBepxKAeH (ceposnornuyecku u/ unu I1LP) y 2946 nauuenTtos. bosenu
B OCHOBHOM HEBaKIIMHUPOBAHHBIC JIMIIA U JINIIA C HEM3BECTHBIM BaKIIMHHBIM CTaTyCOM. BOJBIIMHCTBO 3a00JIEBIINX
OBLIM IETV MOJIOXKE TISITH JIET ¥ B3pOcCIible B Bo3pacte 30 jieT v cTapiiie. B TedeHne 3Toro eproaa Ob110 3aperucTpupoBaHO
15 nmetanbHbix ciaydyaeB. B 2017—2018 rr. B Pecnyonuke CepOusi LMPKYJIUMPOBAIM HECKOJIbKO T€HOTHUIIOB BUpYyca
kopu: B3 Dublin, D8 Gir Somnath u D8 Herborn. B CeBepo-3ananHomM ¢enepaibHom okpyre Poccuu B 2018 1. ObLI0
3apeructpupoBaHo 109 ciiyyaeB KopH, MSTh U3 KOTOPBIX ObLIM UMIIOPTUPOBAHbBI U3 APYTUX cTpaH. Cpeau 3a00eBIINX
nun 64,2% cocrasnsiin B3pocnbie. B 74,3% cinyuyaeB 0osieiM HeBaKIIMHUPOBAHHBIE MJIM JIMIA C HEU3BECTHBIM
BaKLIMHHBIM cTratycoM. [loBeimeHune 3aboieBaeMocT Kopbio B C3MO Oblta cBsg3aHa ¢ MHOTOKPAaTHBIM MMIIOPTOM

pa3IMYHBIX TeHOTUTOB BUpyca Kopu: B3 Kabul, B3 Dublin, D8 Frankfurt, D8 Cambridge and D8 Gir Somnath.

Karouesoie caosa: 3a6o1esaemocmo, kopv, Cepous, Ceeepo-3anad Poccuu, eaxyunauus, 2eHomunsi.

Introduction

In 2002, the WHO Regional Office for Europe
developed a Strategic Plan for the elimination
of measles, rubella, and congenital rubella by the end
of 2010 [20]. Later, due to increases in measles in-
cidence, the plan’s implementation target was post-
poned until the year 2015 and yet again until the year
2020 [13, 22]. In 2017, 23,927 cases were registered
in 44 out of 53 countries in the WHO European re-
gion. In 2018, measles incidence increased to 82,599
cases and was registered in 48 countries of the region
[8, 14]. The most affected countries were Ukraine
(53,218 cases, a rate of 1,209.2 per million popula-
tion); Serbia (5,076 cases, a rate of 579.3); Georgia
(2,203 cases, a rate of 563.8); and Israel (2,919 cases,
a rate of 345.3). In 2018, five WHO European region
countries accounted for 81% of the region’s reported
measles cases; these were Ukraine, Serbia, Israel,
France, and Italy [6, 9, 16, 24]. The measles virus was
absent in only five regional countries. A large num-
ber of fatal measles cases took place for the first time
in 2018. Specifically, 72 deaths from measles were re-
corded in 10 European region countries. The largest
numbers of deaths were reported in Romania (22);
Ukraine (15); and Serbia (15). Among the sick, 47%
were unvaccinated, and 26% were of unknown vac-
cination status. The most affected were persons aged
20 years and over. In 2019, registration of a larger
number of measles cases continued in the WHO
European region. Cases were registered in Romania
(1,533); France (1,453); Poland (1,044); Bulgaria
(866); and Italy (864). Seven fatalities occurred: 5 in-
Romania; 1 inltaly; and 1 inFrance [11].

In the Russian Federation, the ‘National Program
for Elimination of Measles, Rubella, and Congenital
Rubella By The Year 2010’ was developed in 2002.

From 2008 to 2010 in Russia, measles incidence
was kept at a very low level and cases mainly arose
from importation of measles virus (of various geno-
types) from endemic regions of the world [2, 3, 4].
The Northwestern Russian Region (NRR) is com-
prised of 11 areas monitored by the St. Petersburg
Regional Centre for Measles Surveillance (SPbRC).
From 2008 to 2011, sporadic, individual measles
cases were registered in the NRR. In 2012, how-
ever, an increase in measles incidence took place
in the NRR in connection with a measles outbreak
in a children’s hospital in St. Petersburg [1]. The goal
of WHO-supported epidemiological and laboratory
surveillance of measles and rubella in the Republic
of Serbia is elimination of endemic measles and ru-
bella; and prevention of congenital rubella infection
(CRI) in the European Region [20]. Unfortunately,
based on conclusions reached at the 8" meeting
of the European Regional Verification Commission
for Measles and Rubella Elimination (RVC, 12—14
June 2019, Warsaw), Serbia remains a measles and
rubella endemic country. The World Health Orga-
nization (WHO) has targeted measles for elimination
by 2020, and the goal does not currently appear to be
feasible [13, 22].

Surveillance of measles and rubella in Serbia
(population of about 7 million) is conducted by “Dr.
Milan Jovanovi¢ Batut” Institute of Public Health
of Serbia and the National Reference Laboratory
for Measlesand Rubella (NRL) (ofthe Torlak Institute
of Virology, Vaccine and Sera). Surveillance, based
on the WHO measles case definition, was imple-
mented in 2009 and relies on 22 Institutes of Public
Health (IPH), the National Reference Laboratory
for measles, and healthcare workers (HCWs) at all
levels. The epidemiological data analyzed herein
originated from public data (regarding the actual epi-
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demiological measles situation in Serbia) provided by
the “Dr. Milan Jovanovi¢ Batut” Institute of Public
Health of Serbia (Belgrade); and from the labora-
tory database of the National Reference Laboratory
for Measles and Rubella. Joint efforts (National
Verification Commission, National Reference Labo-
ratory for Measles and Rubella) to eliminate (and
maintain elimination) of measles and rubella focus
on confirming the absence of transmission of wild
measles/rubella viruses in the population or region
over defined time periods.

Aim of the study is to characterize increases
in measles incidence seen in Serbia and Northwestern
Russia from 2017 to 2018.

Materials and methods

Russian Federation

Analysis of measles incidence was based on the
State Statistical Monitoring Form No. 2 and real-
time daily and weekly reports.

Materials. Blood samples were collected from ill
patients (between 4 and 7 days after onset of rash)
and sent from the region to the SPbRC Laboratory
of Virology. Nasal swabs, throat swabs, and/or
urine samples were collected (within three days af-
ter the onset rash) and delivered to the National
Laboratory for Measles and Rubella Diagnostics
(of Gabrichevsky Research Institute of Epidemiology
and Microbiology, Moscow). In 2017—2018, a total
of 944 serum samples from patients ill with measles,
rubella, or exanthematous diseases were delivered
to the SPbRC.

Methods. Analysis of serum samples was car-
ried out by ELISA using an IgM measles test system
(Vector-Best, Russia). At the virological laboratory
of the National Research Center (NRC, Russia)
for measles and rubella surveillance, 54 samples from
patients with a confirmed “measles-positive” diag-
nosis were further tested by molecular-genetic meth-
ods (PCR and sequencing).

The Republic of Serbia

Case definitions. A suspected measles case was
defined as one which matches the following clini-
cal criteria: generalized, maculopapular rash lasting
more than 3 days; temperature > 38.3°C; cough; co-
ryza; conjunctivitis. Measles cases were classified ac-
cording to WHO criteria [9,10], using the categories:
clinically-compatible, epidemiologically-linked, or
laboratory-confirmed; as well as definition by origin
(endemic, imported, import-related, or unknown).
Laboratory-confirmed measles was defined as a case
that meets the clinical case definition and has labora-
tory data (positive for measles-specific [gM antibodies
in the blood, and/or measles RNA detected in nose/
throat swabs by PCR). Epidemiologically-linked was
defined as a case which meets the clinical case defini-
tion and is linked to a laboratory-confirmed case.

Sample collection and laboratory testing. From
October 2017 to June 2019, 5,789 patients were re-
corded; of those, 2,946 were confirmed by laboratory
analysis [5]. Sera were collected within 21 days, and
nose/throat swabs within 5 days after onset of rash.
Laboratory analysis included detection of measles-
specific IgM antibodies using an enzyme-linked im-
munosorbent assay (ELISA) (Enzygnost®, Siemens
Healthcare Diagnostic Products GmbH, Marburg,
Germany) and/or detection of measles RNA in nose/
throat swabs by real-time PCR. Briefly, RNA was
extracted from 140 pl of nose/throat swab samples
using the QIAamp viral RNA kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instruc-
tions. Using primers and probes from the Statens
Institute (Denmark), amplification was done in
a 25 ul volume containing 5 pl of extracted RNA
and 20 pl of master mix; an Mx3005P (Stratagene)
instrument was used for thermal cycling. Serological
and molecular analyses were performed at the Na-
tional Measles/Rubella Reference Laboratory of the
Torlak Institute of Virology, Vaccine and Sera.

Phylogenetic Analysis. Clinical samples (nasal/
throat swabs) from 125 measles-positive patients
(as determined by PCR) were sent to the WHO
European Regional Reference Laboratory (Luxem-
bourg) for sequencing and genotyping. Using mo-
lecular evolutionary genetics analysis software [18]
with recommended reference sequences [21, 23],
a neighbour-joining phylogenetic tree, based on the
Kimura two-parameter method, was constructed.
Specifically, 450 nucleotides, which encode the car-
boxyl-terminal 150 amino acids of the measles virus
nucleoprotein, were analyzed. Statistical analysis
of the data was carried out using the Student’s t-test.

Results and discussion

The SPbRC serves 11 administrative regions lo-
cated in Northwestern Russia. Collectively, they rep-
resent approximately 14 million people. Measles in-
cidence in Northwestern Russia has featured surges
and falls since the year 2000 (fig. 1).

During the 2007—2011 period, sporadic imported
measles cases were recorded in the district. In 2012,
an upsurge in measles incidence took place due
mostly to transfer of measles infection to a pediatric
hospital in St. Petersburg; there, a focus of measles
infection formed totaling 94 cases [1]. Several con-
ditions were conducive to the spread of infection
within the hospital: late diagnosis and isolation of the
first patient with measles; placement of the afflicted
patient in a unit with a majority of non-vaccinated
(because of their age or health status) children; and
movement of the patient within the hospital for diag-
nostic and treatment procedures.

Later, the number of cases decreased, leading
to a complete absence of measles in 2016. An upsurge
in measles incidence took place in 2018. In total, 109
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Figure 1. Incidence of measles in the Northwest Federal District of Russia, 2000-2019
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cases were recorded, and the incidence rate was 0.79
per 100,000 population. Measles was registered in 6
out of 11 regions, and the largest number of cases
were reported in three regions: Saint Petersburg —
54 cases (1.02 per 100,000 population); Leningrad
Region — 21 cases (1.22 per 100,000 population); and
the Republic of Karelia — 29 cases (4.62 per 100,000
population). In 2018, five imported cases were regis-
tered from Italy, France, Turkey, and Ukraine. In ad-
dition, 25 measles cases were imported from other
Russian regions. The largest number of cases were
from three areas of the North Caucasian Federal
District: the Republic of Dagestan; the Republic
of Ingushetia; and the Chechen Republic.

In St. Petersburg, 3 foci of nosocomial transmis-
sion and 3 foci of familial infection occurred. In the
Leningrad Region (the area surrounding, but not in-
cluding St. Petersburg), two foci of familial infection
were seen. In addition, a measles outbreak (29 cases)
occurred in the Republic of Karelia which lasted
for a month; mass illness started in late June 2018,
and the last case was recorded on July 23. The cause
behind the intense measles incidence in the Republic
was a missed measles case in the middle of June.
The patient received a diagnosis of “enterovirus in-
fection” and was not tested for measles. Among
the affected were 5 non-vaccinated medical workers
at a district hospital and 5 measles cases due to vis-
its to a clinic. The age structure of measles patients

64,2%

|:| 18 yearsand older

. under 18

Figure 2. Age structure of measles patients
in regions served by the SPbRC, 2018

in regions served by the SPbRC, for 2018, is present-
ed in figure 2. Children represented 35.8% of the af-
fected patients.

Analysis of patients’ vaccination status showed
that the afflicted were predominantly in the category
of “unvaccinated, or of unknown vaccination status”
(74.3%). In addition, among the affected persons
known to have received vaccination, cases were as
follows: 6.4% were patients who had been covered by
one-dose vaccine; and 18.4% were people who had
been covered by two-dose vaccine (fig. 3).

Molecular-genetic analysis showed that different
genotypes of measles virus were detected from SPbRC
regions. In St. Petersburg, the genotypes B3 Kabul,
B3 Dublin, D8 Frankfurt, D8 Cambridge, and D8
GirSomnath were detected. Cases in the Leningrad
Region featured D8 Frankfurt, and the measles out-
break in The Republic of Karelia was due to the D8
GirSomnath genotype. These data indicate multi-
ple importations of various measles genotypes from
abroad, as well as from other Russian regions.

In the Republic of Serbia, following several years
of very low immunization coverage (two-dose MMR
vaccine), cases began to rise. From early October
2017 to June 2019 in Serbia (including regions served
by the National Institute of Public Health of Kosovo,
Mitrovica), 5,798 measles cases were recorded,
of which 2,946 were laboratory confirmed [5, 12].
At the end of December 2017, the first measles death
was reported in the Republic of Serbia in 20 years. By
the end of April 2018, another 14 deaths due to measles
had been reported. Out of the total number of patients,
33% were hospitalized. Regarding serious complica-
tions of measles, 2 patients had brain inflammation
and 587 patients were diagnosed with pneumonia.
The most affected groups were children under 5 years
of age and adults aged 30 and over. The youngest pa-
tient was 15 days old, and the oldest was 71 years old.
Nearly 95% of the patients were either unvaccinated,
incompletely-vaccinated, or of unknown vaccina-
tion status. The main strain of the measles virus was
the genotype B3 Dublin variant. Sequence data iden-
tified the genotype B3, Dublin variant in 123 nose/
throat swab samples. In one patient from Novi Sad,
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the D8 genotype (GirSomnath variant, import case)
was detected. In another patient from Pancevo, the D8
genotype (Herborn variant, import case) was detected.

Mandatory measles immunization with a sing-
le monovalent dose, targeting all children aged 12—
15 months, was introduced in Serbia in 1971. The bi-
valent measles—mumps vaccine was introduced into
the immunization program in 1981. In 1993, bivalent
MM vaccine was replaced with a combined mea-
sles—mumps—rubella (MMR) vaccine. From 1994,
the trivalent MMR vaccine began to be delivered using
a two—dose schedule: once at the age of 12—15 months;
and once at 12 years of age. The second dose was moved
to preschool age (6—7 years) in 2006, and if the child
misses the second dose, he/she is to be re-vaccinated
before the age of 15 years. Over the last seven years, full
MMR coverage (both doses received) has been below
95% [15, 19]. Vaccination coverage for second dose
MMR vaccine in last ten years was significantly lower
than 95%. In 2017, the rates were: 1 dose — 85.2% and
2" dose — 91.6%.

Following the introduction of measles vaccination
in Serbia in 1971, the disease has appeared in epidemic
form every 3 to 5 years, but with a much smaller num-
ber of cases compared to the period before the intro-
duction of the vaccine. Large outbreaks were regis-
tered in 1986, 1989, 1993, 1997, 2007, 2011, and 2015
[7, 17]. Only a few sporadic measles cases were report-
ed between these outbreaks. In Serbia, there were no
recorded measles-associated deaths in the time period
from the 1997 measles outbreak (which affected ap-
proximately 4,000 people) until December 2017.
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Figure 3. Distribution of measles patients
by vaccination status in the regions served
by the SPbRC, 2018

Since 2013, there has been a growing, vocal anti-
vaccination movement and a consequent rejection
of immunization by some parents. This, combined
with high-risk populations who remain outside of the
immunization system, has led to a critical mass
of unvaccinated individuals that disrupts the col-
lective immunity of the population. In light of these
facts, elimination of measles on a global scale will
require synchronized efforts in several key areas:
maintenance of sustained, high levels of routine im-
munization (95% or above); enactment of additional
immunization campaigns for risk groups (including
certain healthcare workers); and activities to counter
the anti-vaccination lobby.
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