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In 2017, Ukraine ranked in the top three among European countries in terms of measles incidence, and ranked first in measles
growth in 2018. High morbidity, mortality and development of complications make the problem of knowing features of the measles
clinical course, timely diagnosis and active prevention highly relevant. The purpose of the research is to study the dynamics of the
incidence and clinical features of measles in children during the outbreak of 2018-2019 in the city of Mariupol, Donetsk region.
A peculiarity of the measles outbreak in 2018-2019 in Mariupol is prevalence of the disease in preschool children (60.4%), including
30.2% — those under one year of age; low vaccination rate: 52.3% of children unvaccinated; only 22.2% of children were vaccinated
twice, according to the schedule. In all age groups, a moderately severe measles course prevailed (69.8%). The clinical course of
measles in preschool and school age children had definitive features. Thus, Belsky—Filatov—Koplik spots were observed three times
more frequently in preschool children than in schoolchildren (63.9% and 23.3%, respectively). Abdominal pain and diarrhea were
only observed in children under 6 years of age (30.2%). Skin pigmentation was absent in children under one year of age and was
detected in preschool and school-age children (69.8%). Skin sloughing was only observed in schoolchildren (10.4%). Severe disease
course occurred in patients of all ages (29.3%), but children aged under one year and preschool children with severe disease were two
times more numerous than those of the school age. Among the observed complications, the vast majority were associated with the
respiratory organs: pneumonia (38.3%), subcutaneous emphysema (1.7%), bronchitis (53.2%), laryngitis (3.3%), otitis media (5%).
No fatalities were observed. The city should form a commitment to immunization, restore public trust in vaccination, using all forms

and means of information, and develop a program to implement the vaccination schedule into practice.
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Introduction

In Ukraine, such infectious diseases as measles related to VPDs
(vaccine-preventable diseases) do not lose their relevance today because
the outbreaks of the infection that began in June 2017 are still far from
abating (Orenstein et al., 2018; Trykhlib et al., 2018; Utenkova, 2018).

Measles has been known to mankind since ancient times and justi-
fied the name “baby plague” because it was characterized by high mor-
bidity and high mortality rates (Timchenko et al., 2017; Zhanga et al.,
2017; Portnoy et al., 2018). Prior to the introduction of the measles
vaccination, globally about 130 million people suffered from this were
disease annually, more than 2.5 million of them died (Artemova &
Kulichenko, 2017; Marusik, 2017; Yunasova et al., 2019). The second
period in the evolution of measles treatment is associated with the use of
antibiotics, which has led to a reduction in complications and a signifi-
cant reduction in mortality. The third stage was characterized by im-
plementation of mass immunization, which was introduced in our coun-
try in 1968, and led to a sharp decrease in the incidence of measles
within the infant population. Since the 1970s measles has been characte-
rized by a cyclic epidemic process with outbreaks every 5-6 years
(Pozdnyakov & Chernyavskaya, 2018; Smymova et al., 2019), which is
caused by the accumulation of susceptible non-immune individuals.

Due to the WHO’s campaign of measles vaccination performed
during 20002015, measles mortality rates have decreased by 79% in
the world (Doshi et al., 2017; Yunasova et al., 2019). At the same time,

in 2010, there were 139,300 deaths from measles worldwide, in 2014
mortality was not so high — slightly less than 115,000 cases, but it made
almost 380 cases per day, or 15 cases per hour (Verguet et al., 2015;
Timchenko et al., 2017; Portnoy et al., 2018). In 2016, 89,780 deaths
were reported — the number of deaths from this disease had first fallen
globally below 100,000 cases per a year (Ishchuk & Stetsyuk, 2018).
Major measles outbreaks have been observed in developing countries,
including those in Southeast Asia (Pham et al., 2014), the Democratic
Republic of the Congo, Ethiopia, India, Nigeria, Pakistan (Ishchuk &
Stetsyuk, 2018; Muscat et al., 2018; Nandi et al., 2019). In 20132015,
another measles epidemic spread, involving almost all countries in the
Western Pacific: China, Japan, Mongolia, Republic of Korea, Philip-
pines, Vietnam, Papua New Guinea and others (Antipova et al., 2018).
In September 2016, the WHO declared the region of America free
of measles as a result of a 22-year vaccination campaign (Orenstein
etal., 2018; Ishchuk & Stetsyuk, 2018; Molochkova et al., 2019). Den-
mark, Spain and the United Kingdom have completely eliminated
measles (Ishchuk & Stetsyuk, 2018). Measles elimination means the
absence of endemic measles virus circulation in the region for 12
months, with a well-functioning epidemiological surveillance system
(Bester, 2016; Gastanaduy et al., 2018). However, in 2017 the number
of measles cases grew dramatically again worldwide (Utenkova, 2018;
Nozdracheva et al., 2019). In 2017, more than 20,000 cases of measles
were reported in Europe, mainly in children (Nickovic et al., 2018,
2019). A high incidence of measles is observed in European countries
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with low immunization rates (in France, Germany, Italy, Romania,
Poland, Switzerland, Ukraine) (Goncharov et al., 2019; Nickovic et al.,
2019). Multiple increase in the incidence of measles in Europe remains
to this day. In 2018 measles was registered on the American continent
(Argentina, Brazil, Colombia, Ecuador, Mexico, Peru, Venezuela, Can-
ada, and the United States) as well as in 28 European countries (Yuna-
sova et al., 2019). In 2018, over 82,000 people were infected with
measles in 47 countries out of 53, which is three times more than in
2017 and 15 times more than in 2016, with 72 fatal cases (Molochkova et
al.,, 2019). In 2017, Ukraine was one of the top three among European
countries in terms of measles. Romania and Italy shared the first and
second places, respectively (Ishchuk & Stetsyuk, 2018). According to
the available data from the Public Health Center at the Ministry of
Health of Ukraine in 2018, more than 54,000 people were diseased,
among them being 34,000 children (Usachova et al., 2019). According
to UNICEF, in 2018, Ukraine ranked first in terms of the measles inci-
dence (Ishchuk & Stetsyuk, 2018; Goncharov et al., 2019; Yunasova et
al., 2019).

The leaders in the number of measles patients in 2018 in Ukraine
were Lviv, Ivano-Frankivsk, Transcarpathian, Ternopil and Chernivtsi
regions (Koloskova et al., 2019). In Ukraine, the increase in the inci-
dence rate in recent years is primarily associated with low vaccination
rates (Skryabina et al., 2018; Smymova et al., 2019). In 2016, only 45%
of children in Ukraine had measles vaccinations. Only 30% of children
received a second dose of the vaccine (Marusik, 2017; Savchuk et al.,
2017; Usachova et al., 2019). In 2018, the number of children who
received the first dose of live combination vaccine against measles,
mumps (parotitis) and rubella (MMR) in time was 84.1%, two doses —
83.9% (Usachova et al., 2019). Despite having a safe and effective
vaccine, vaccination programs have only covered worldwide about 85%
of children under the age of one year with the first measles vaccine in
2014 (Ishchuk & Stetsyuk, 2018; Portnoy et al., 2018). This is from a
low mean index of 83% in the Afiican region to a high mean index of
93% in the American region (Freidl et al., 2018; Portnoy et al., 2018).

But for the formation of high measles immunity level among the
population, the vaccination coverage should be more than 95% with
two doses of measles vaccine (Fowlkes et al., 2016; Furuse & Oshitani,
2017; Freidl et al., 2018).

In order to achieve measles elimination in five of the six WHO re-
gions by 2020, efforts should be focused both on strengthening the
planned vaccination program and on the possibility of supplementary
immunization (SIA) of unvaccinated and not fully vaccinated with anti-
measles vaccines to form immunity to measles in the population (Anti-
pova et al.,, 2018; Orenstein et al., 2018; Portnoy et al., 2018). The same
strategy has been adapted in the Southern African countries and has
been a major contributor to the reported measles mortality decline in the
African continent. WHO recommends repeating SIA every 2-4 years
for a country with the first vaccination coverage below 80% (Verguet
etal, 2015).

Another strategy is to vaccinate children twice in infancy (Fowlkes
et al., 2016; Zhanga et al., 2017; Hong et al., 2019). This regime, when
used in Guinea and China, has resulted in high coverage, high antibody
concentrations, excellent protection against measles, and increased sur-
vival of children by 30%. Early vaccination efficacy with an early two-
dose regimen during a severe measles epidemic in Florida was 99%
(Njie-Jobe et al., 2012). In China, children are also vaccinated twice in
childhood at the age of 8 months and from 18 to 23 months (Zeng et al.,
2019). As a result, the incidence of measles has fallen sharply: from
99.5 cases per million in 2008 to 7.4 in 2011 (Hao et al., 2016). Protec-
tive antibodies are transferred transplacentally during pregnancy and
through breast milk if the mother has had measles or is fully vaccinated
(Nickovic et al., 2018, 2019). Early weaning leads to depriving the child
of measles antibodies, so the first vaccination should be carried out from
the age of 6-9 months to 12 months. In addition, there is a call to con-
sider planning an earlier age for the first dose of measles vaccine in Eu-
rope (Park et al., 2016; Cilleruelo et al., 2017). However, studies in the
United States have shown that cell-mediated responses to the measles
vaccine administered to infants aged 6 months were similar to those in
children vaccinated at 9 or 12 months of age, but antibody responses

were reduced by maternal antibodies. Some children whose mothers
were vaccinated and not naturally infected with measles lose their mater-
nal antibodies long before their babies reach this age (Njie-Jobe et al.,
2012; Cilleruelo et al., 2017). Therefore, it is necessary to study the dura-
tion and to perform quantitative analysis of maternal anti-measles antibo-
dies in infants and to review the first vaccination terms (Park et al., 2016).

Not only does untimely vaccination contribute to the spread of
measles, but also migration of the population, as well as nosocomial
transmission of infection among patients and healthcare professionals
(Hao et al., 2016; Vemula et al., 2016; Yunasova et al., 2019).

In view of the worsening of the measles epidemic situation and of
the inability to achieve elimination targets within the established time
limit, WHO and its partners within the Measles and Rubella Initiative
have developed the Measles and Rubella Global Strategic Plan 2012—
2020. It presented a strategy aimed at reducing global measles mortality
by at least 95% by 2015 compared to 2000 levels and at achieving eli-
mination of measles and rubella in at least five WHO regions by 2020
(O'Connor et al., 2017; Datta et al., 2018; Orenstein et al., 2018). Sup-
port for high measles vaccination coverage, rapid implementation of
measures against measles outbreaks remain essential to prevent the
wide spread of measles (Gastanaduy et al., 2018; Pozdnyakov & Cher-
nyavskaya, 2018; Patel et al., 2019).

Mesasles is a serious threat to the health and life of children and the
adult population. Children at birth (even congenital measles is possible)
and adults at any age can be infected with measles. Measles presents a
risk of development of the severe course of the disease affecting the
bronchopulmonary system (pneumonia, obstructive bronchitis, stenos-
ing laryngotracheobronchitis); ENT (ear, nose, and throat) organs (sinu-
sitis, ofitis) complications, damage to other organs and systems (Moss,
2017; Nickovic et al., 2019). A particularly severe measles complication
is nervous system impairment — from fulminant encephalopathy to se-
vere encephalitis, meningoencephalitis, encephalomyelitis and polyradi-
culoneuritis. The measles virus is also considered to be involved in the
development of chronic subacute sclerosing panencephalitis (SSPE),
which can develop a few years after measles (Trykhlib et al., 2018).
Measles remains one of the leading causes of death among infants world-
wide, despite the availability of a safe and effective vaccine (Datta et al.,
2018; Hong et al., 2019). Development of the severe course and complica-
tions of measles, particularly among pediatric patients, the lack of specific
etiotropic treatment, makes the problem of knowing the features of the
clinical course of measles, timely diagnosis and active prevention of this
vaccine-manageable disease most urgent in the modern period.

The purpose of the research work is to study the clinical features of
measles in children during the outbreak of 20182019 in the city of
Mariupol, Donetsk region, Ukraine.

Materials and methods

A total of 212 children patients with measles who live in environ-
mentally unfavourable industrial Donetsk region and were treated in the
pediatric infectious disease department of the I. K. Matsuk City Hospital
No. 4 in Mariupol during the epidemic outbreak of 20182019 were
included in this study. Informed consent to participation in the study
was obtained from the children’s parents.

All children underwent conventional clinical and laboratory exami-
nation (clinical blood test, biochemical blood count, urine test).

Laboratory studies of antibodies to the measles virus were carried
out on the basis of the Mariupol city state institution ‘“Donetsk Regional
Laboratory Center” under the Ministry of Health of Ukraine, at the
“VectoKor—IgM” virological laboratory with a kit of reagents for im-
muno-enzymic detection of class M immunoglobulins to the measles
virus in the blood serum (produced by AT “Vector—Best”, Novosibirsk —
Russia, certified in Ukraine). The test system is used according to the
instruction leaflet.

Initially, the test-system was calibrated with determining the critical
value of IgM optical density (critical Optical Density — OD) calcu-
lated according to the formula: OD; = OD e + 0.2, where ODeank
is calculated as the mean value of the negative control test-system sam-
ples, the value of which must not exceed 0.25 absorbance unit (AU).
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The rules for serological examination of patients with suspected measles
were observed (Utenkova, 2018). The blood serum was selected on
days 4-5 from the rash onset, and not later than day 28 from the mo-
ment of the rash onset. Persons vaccinated within the 6 months period
were not subject to examination. The result is considered positive if the
patient’s index — ODs (where ODs is Optical Density of the analyzed
sample) exceeded or was equal to OD.;; negative — if ODs was less
than 0.8xOD;; undefined — if its value exceeded 0.8xOD,, but does
not exceed OD ;..

Comparisons are made of indices in different age groups (infants
under one year, preschool and schoolchildren), in vaccinated and unvac-
cinated children, in children with measles complications and those
without complications. According the vaccination, all patients are divi-
ded into groups: “vaccinated” — those who received the vaccination
according to the schedule in full (2 vaccinations — at the age of 1 and
6 years); “vaccinated with a schedule change” — those who received
2 vaccinations, but at the wrong age; “partially vaccinated” — children
who had received 1 vaccination according to the schedule at the age of 1
year or up to 6 years and those who had not received a revaccination,
aged over 6 years; “unvaccinated before 1 year”; and “unvaccinated
aged over 1 year”.

Mean values (x) and confidence interval for mean (CI) were calcu-
lated to provide the data. Statistical processing of absolute values was
performed in compliance with conventional methods with the calcula-
tion of intensive and extensive indices. Statistically significant differ-
ence is considered at P <0.05 (ANOVA).

Results

In total 212 children with measles were monitored. In all patients
the diagnosis of measles was established on the basis of epidemiological
history, complaints, characteristic clinical symptoms, as well as positive
results of IgM antibodies determination in serum by means of enzyme-
linked immunosorbent assay, which indicates the presence of acute
infection.

In 2018, 2 children (0.9%) came down with measles in October, 33
(15.6%) — in November, and 26 (12.3%) — in December. Among
212 patients with measles, the largest number of hospitalizations were
in January 2019 — 56 (26.4%) children, in February — 40 (18.9%) and in
March —41 (19.3%). In April, May and June 2019, the number of dise-
ased children became small and the outbreak reached its end (Fig. 1).
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Fig. 1. Monthly incidence of measles infection during
the 2018-2019 epidemic in Mariupol, Donetsk region, Ukraine

There were 112 (53%) boys and 100 (47%) girls among the hospi-
talized children. The patients’ age ranged from 2 months to 18 years,
with the mean age of 72.0 = 8.0 months. The number of diseased child-

ren under the age of 1 year was 64 (30.2%), children of preschool age —
64 (30.2%), children of school age — 84 (39.6%, Fig. 2).
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Fig. 2. Age characteristics of children diseased with measles during
the outbreak of 2018-2019 in the city of Mariupol,
Donetsk region, Ukraine

Breast-fed children under one year of age are considered protected
from measles if their mothers are vaccinated against the measles or have
had the disease before. But in the children under 1 year only 7 (16.3%)
were breast-fed. Most measles diseased children under the age of 1 year
were non-breastfed infants — 36 (83.7%). A total of 115 children
(54.2%) attended children’s educational or care institutions: kindergar-
ten — 26 (12.3%), school — 65 (30.6%), boarding school — 5 (2.4%)),
specialized school — 19 children (8.9%). There were 97 children not
attending school or kindergarten (45.8%), but most of them either were
in contact with diseased children or lived in an apartment house where
adults or children are diseased. Given the high contagiousness of the
disease, it should be noted that 2—3 children from the same family were
treated in hospital, there were 13 such families.

Vaccination had not been given to 111 children (52.3%), including
64 children under 1 year of age (30.1%) and 47 children over 1 year
(22.2%). Vaccination was performed partially: 1 dose of MMR
(measles, mumps (parotitis), rubella) was administered to 30 (14.2%)
children; 1 dose of MMR with violation of the vaccination schedule —to
24 (11.3%) children. According to the preventive vaccinations schedule,
only 47 (22.2%) children had been twice vaccinated with MMR.

The typical form of measles was characterized by cyclic course
with changed classical periods (incubation, catarrhal, rash and pigmen-
tation), presence of peculiar clinical syndromes of the disease. Catarrhal
syndrome occurred in 100% of patients and was characterized by dry
cough, nasal stuffiness, moderate mucous discharge from the nasal
meatus, conjunctivitis (Table 1). Moderate hyperemia of the oropharynx
mucous membranes (100.0%) and enanthema was manifested in the
soft and hard palate in the form of large red-coloured patches (64;
30.2%). Enanthema was not detected in a single school-aged child
(Table 2). Scleroconjunctivitis with specific light phobia was observed
in 118 (55.7%) patients, 204 (96.3%) patients suffered coughing, rhi-
norrhea — in 180 (84.9%) children. A pathognomonic symptom of
measles infection — Koplik’s spots (in the national literature — Belsky—
Filatov—Koplik spots) was only observed in 86 (40.6%) patients, 3 times
more frequently in children under 6 years of age than in school children (P
<0.05, Table 1, 2). But the detection of this pathognomonic symptom of
measles depends on the time of the diseased child’s admission to hospital.

Fever was observed in almost all the patients (201; 94.8%). Body
temperature fluctuations in the patients ranged from 37.1 to 40.3 °C.
In almost half of the patients (105; 49.5%), the maximum temperature
exceeded 38.0 °C. In 11 (5.2%) children, fever was not observed; these
were 4 children vaccinated with 2 doses of MMR and 4 children who
had 1 dose of MMR, 3 more breast-fed children under 1 year of age
(Table 1). Measles can also occur in vaccinated children, but the presen-
ce of protective immunity is indicated by the mild course of the disease
and by rare development of complications. These children endured an
atypical mild form of the disease — mitigated measles, they have mild
catarrhal phenomena, Belsky—Filatov—Koplik spots were absent, rash
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was slight, unclear, disturbed stages of the rash that developed in an
unusual manner (the rash comes simultaneously on the face and trunk,
or starts with the extremities and lower body). The mean fever duration
was 3.8 days (3.8 £ 0.4 days, 1 to 12 days). No significant difference
was observed in the level and duration of fever between different age
groups of patients (P > 0.05). In children vaccinated with the measles
vaccine, the fever duration was 3.6 + 0.5 days (1-12 days). The fever
duration was slightly longer in patients who had not received measles
vaccination (4.3 + 0.6 days) compared to vaccinated children (3.6 + 0.5
days, P > 0.05) and in children who had complications (4.6 + 0.8 days)
compared to patients without complications (3.9 + 04, P > 0.05). The
mean body temperature level was 37.8 + 0.1 °C, there was no significant
temperature level difference in vaccinated and unvaccinated children (37.9
+0.2 and 37.8 £ 0.2 °C respectively, P > 0.05), but in children with com-
plications the mean temperature was 38.5 + 0.2 °C and exceeded that in
children without complications (37.8 + 0.2 °C, P < 0.05).

The height of the disease is manifested in abundant exanthema,
prone to fusion with the formation of erythematous areas. The rash was
present in all the patients and in all cases (100%) was spotty-papular.

Table 1

Only 2 children aged 9 and 10 years old had a hemorrhagic component
in the rash. The rash came on average in 4.0 + 0.2 days, regardless of
the child’s vaccine status (in non-vaccinated patients — on days 3.9 +
0.4 day and in vaccinated ones — on days 4.1 + 0.3, P > 0.05). In 170
(80%) patients, the stage of rash with a characteristic spread from head
to extremities was observed within 3—4 days.

In 42 (20%) patients vaccinated with 2 or 1 dose of MMR, the rash
stage was impaired, i.e. in 11 (5.2%) children the rash starts with lower
extremities, or in 31 (14.8%) child — with face and trunk together.

In the same manner as the rash onset, i.e. from the face to the lower
extremities, pigmentation appeared in patients with a typical clinical pic-
ture (148; 69.8%). Pigmentation and skin itching were absent in children
under 1 year (P < 0.05). Skin sloughing was only detected in 22 (10.4%)
school-aged children (P < 0.05). Skin rash and desquamation were ac-
companied by slight itching in 85 patients over 1 year aged (40.1%). Itch-
ing was 2 times more common in children of school age than in children
of preschool age, and it was not found in children up to 1 year (67.1% and
32.9% respectively, 0% —after 1 year of age (P <0.05).

Incidence of major clinical symptoms of measles in infants under one year, preschoolers and schoolchildren

Clinical symptom

All children,n=212, Infantsunder 1 year,n=64 Preschoolers aged 1-6 years,n=64 Schoolchildren aged 6-18 years,n=_84

N P% m p:1% n Yo m ps%
Rhinorrhea 180 849 32 17.8 64 356 84 46.7
Scleroconjunctivitis and photophobia 118 55.7 ok ok 56 475 62 525
Cough 204 96.3 56 274 64 314 84 412
Koplik spots 86 40.6 11 12.8 55 63.9* 20 233
Enanthema 64 30.2 16 25.0 43 75.0%* 0 0.0
Abdominal pain, diarthea 64 302 18 28.1 46 71.9* 0 0.0
Fever 201 94.8 61 304 62 30.8 78 38.8
Fever >38°C 105 495 25 23.8 45 429 35 333
Spotty-papular rash 212 100.0 64 302 64 302 84 39.6
Rash hemorrhagic component 2 09 0 0.0 0 0.0 2 100.0
Staged rash onset 170 80.0 46 27.1 51 30.0 73 429
Skin pigmentation 148 69.8 0 0.0 64 432 84 56.8
Skin sloughing 22 104 0 0.0 0 0.0* 22 100.0
Skin itching 85 40.1 0 0.0 28 329* 57 67.1

Note: N —number of all children, who had symptom; P% — percentage of patients with symptom from all children under monitoring; n; — number of infants under 1 year,
who had symptom; p;% — percentage of infants under 1 year, who had symptom from all children who had symptom; n, — number of preschoolers aged 1-6 years who
had symptom; p,% — percentage of preschoolers aged 1-6 years who had symptom from all children; n; — number of schoolchildren aged 6-18 years who had symptom;
% — percentage of schoolchildren aged 6-18 years who had symptom from all children who had symptom; * — reliability of the indices difference between children

aged 1-6 years and schoolchildren P <0.05; ** —undetectable at this age.

Table 2
Incidence of major clinical symptoms of measles in patients of different age groups

- under 1 year,n=64 1-3 years,n=21 3-6 years,n=43 6-10 years,n=41 >10 years,n=43

Clinical sympiom n pi% n p% n p% n p% n pi%

Rhinorthea 32 17.8 21 11.6 43 239 41 228 43 239
Scleroconjunctivitis and photophobia 0 0.0 13 11.0 43 364 41 34.8 21 178
Cough 56 274 21 103 43 21.1 41 20.1 43 21.1
Koplik spots 11 12.8 20 233 35 40.7 15 174 5 5.8
Enanthema 16 250 20 313 28 43.7 0 0.0 0 0.0
Abdominal pain, diarthea 18 28.1 18 28.1 28 438 0 0.0 0 0.0
Fever 61 304 21 104 41 204 39 194 39 194
Fever>38°C 25 238 21 200 24 229 16 152 19 18,1
Spotty-papular rash 64 302 21 99 43 203 41 193 43 20.3
Rash hemorrhagic component 0 0.0 0 0.0 0 0.0 2 100.0 0 0.0
Staged rash onset 46 27.1 15 8.8 36 212 35 20.6 38 223
Skin pigmentation 0 0.0 21 142 43 29.1 41 277 43 290
Skin sloughing 0 0.0 0 0.0 0 0.0 10 454 12 546
Skin itching 0 0.0 0 0.0 28 329 32 377 25 294

Note: n; —number of all children who had symptom in specified age; p,% — percentage of patients in specified age with symptom from all children who had this symptom.

The rash onset was accompanied by a new rise in body temperature.
The intoxication syndrome was most pronounced in the first 2 days of the
rash period and was characterized by sedation, decreased liveliness of
patients, tearfulness, refusal to eat and drink (201; 94.8%). One third (64;
30.2%) of the children under 6 years of age experienced moderate abdo-
minal pain and loose stool 3—4 times a day against the onset of rash.

The measles severity can have a mild, moderate and severe course
(Fig. 3). The disease severity is determined taking into account the pres-
ence and severity of general intoxication symptoms, height and duration

of the temperature response, the degree of the upper respiratory tract and
eyes damage, nature and duration of rash, presence of complications. Only
2 patients with measles (0.9%) vaccinated with 1 or 2 MMR doses had a
mild disease course. Children with mild measles are also likely to have
been treated at home. Most of the children were hospitalized in a pediatric
infectious department with moderately severe course (148; 69.8%). Se-
vere measles was found in 62 (29.3%) patients. The severe disease course
was observed in all age groups, but children up to 1 year of age and pre-
school children with severe course were two times as numerous as school
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children. In MMR vaccinated children, 27 (26.7%) patients had severe
disease course, and 35 (31.5%) patients (P > 0.05) were non-immunized
with MMR (Fig. 4). The onset of complications is manifested by a new
fever and worsening of the child’s general condition or a fever that does
not decrease after 4-5 days. In measles, pulmonary, nervous, and digestive
systems and ENT organs complications occur most frequently. Complica-
tions were found in 60 (28.3%) patients (Table 3).

Fluctuations in the incidence of complications depending on the
child’s age are not statistically significant. The frequency of complications
does not also depend on the child’s vaccinal status (P > 0.05). Most of the
complications are related to the respiratory tract organs. Pneumonia com-
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plicated the course of measles in 23 (38.3%) patients. In all cases, pneu-
monia was confirmed radiographically. Among 23 patients with pneumo-
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Among our patients were children having several complications, na-
mely: pneumonia complicated by subcutaneous emphysema, and almost
all children with pneumonia had intestinal disorders. There were no nervo-
us system complications in the children hospitalized in the pediatric infec-
tious department.

Laboratory examination revealed fluctuations in the level of peripher-
al blood leukocytes in patients amounting 4.1-12.8 G/L (10%/L), the mean
level was 7.0 + 0.2 G/L. Leukopenia, one of the most common laboratory
symptoms of measles, was not observed in any patient. Almost half of the
patients had normocytosis in their blood tests. Neutrophilia was observed
in 136 (64.2%) patients. The percentage of stab neutrophils increased to
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the maximum of 31% in children with complications, the mean level of
stab neutrophils was 9.5 + 0.9%. The mean ESR (Erythrocyte sedimenta-
tion rate) was 14.5 + 1.1 mm/h, with the maximum of 25 mm/h. The
mean level of serum anti-measles IgM antibodies detected by the enzyme
immunoassay amounted to 2.55 + 0.06 AU (absorbance unit), it did not
differ significantly between vaccinated and unvaccinated children (2.6 +
0.1and2.5+0.1 AU, P>0.05).

The duration of inpatient treatment for measles patients ranged 6—
20 days (8.8 + 0.4 days). The mean length of stay in hospital did not de-
pend on the child's age. Thus, it amounted to 9.2 + 0.6 days in infants
under one year of age, in children of preschool and school age — 9.1 +
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0.7 days and 8.5 = 0.6 days, respectively (P > 0.05). The mean length of
staying in hospital depended on the presence of complications. Thus,
patients with complications were hospitalized for 10.0 + 0.6 days, those
without complications — for 8.2 + 0.3 days (P < 0.05).

Table 3
Structure of complications in children with measles

Measles complications Number of patients n =212

n; Jul %
Pneumonia 23 383
Subcutaneous emphysema 1 1.7
Bronchitis 33 532
Laryngitis 2 33
Otitis 3 5.0
Intestinal disorders 64 30.2

Note: n; — number of all children who have complication; p;% — percentage of
patients who have complication from all children under monitoring.

Discussion

In recent years, the incidence of measles has shown a number of
features. Age priority has ceased, i.e., this infection has lost its infant
status, and affects all age categories with a dominant shift to 14-25 year
olds (O’Connor et al., 2017; Volanska et al., 2019) and priority in adults
(Pokrovska et al., 2015; Goncharov et al., 2019). Volyanska et al.
(2019) indicate that the shift of the morbidity peak in the Ternopil regi-
on to the age group of 1425 year olds actualizes the necessity of revac-
cination against measles at this age, because they have a high risk of
catching the disease due to the weakening of the post-vaccination im-
munity over the years. The levels of measles antibodies decrease with
increasing time after vaccination, suggesting that measles susceptibility
is potentially increasing (Kang et al., 2017).

The works of Clemmons et al. (2017), Skryabina et al. (2018), Nic-
kovic et al. (2019) report an increase in the proportion of diseased
schoolchildren aged 614 and adolescents. According to Usacheva et al.
(2019) the proportion of children aged 1-9 years of all measles diseased
children in the Zaporizhzhya region is 72%, in the Carpathian region
diseased children of this age amount to 64.8%, which indicates low
vaccination coverage (Savchuk et al., 2017). In the Odessa region, the
vast majority of patients are children aged 1-4 and 5-9 years, as well as
persons in the age group over 30 years (Goncharov et al., 2019).

Kharchenko & Kimirilova (2019) point out to high susceptibility to
measles in infants under 3 years of age, 76% of measles cases are attri-
buted to this age group. The incidence of measles among infants is
increasing due to the lack of immunity (post-vaccination or post-infecti-
on) in their mothers (Clemmons et al., 2017; Patel et al., 2019; Vo-
lyanska et al., 2019). According to our study, pre-school children
(60.4%) are the most prevalent among patients with measles, including
30.2% — under 1 year of age, 30.2% — 1-6 years, which is consistent
with Jahic et al. (2017) — 57.2%.

The number of vaccinated patients is increasing. Our data is consis-
tent with that of Volyanska et al. (2019), with regard to epidemic rates
of measles incidence in the Ternopil region, where a high percentage of
vaccinated persons, about 50%, is registered among patients. In our stu-
dy, 47.7% of children with measles were vaccinated. Data in the Odessa
region indicate that this index is much lower — 5-15% (Goncharov
etal., 2019). According to the Russian authors Kharchenko & Kimirilo-
va (2019) the proportion of vaccinated children is 26.7%.

The incidence rate is determined by the coverage of the infant po-
pulation with schedule vaccinations (Volyanska et al., 2019). According
to the published studies (Jahic et al., 2017; Savchuk et al., 2017; Patel
etal.,, 2019) the majority of measles patients are unvaccinated children
(49.4-76.7%). In studies of Timchenko et al. (2015), almost all children
with measles were unvaccinated (95.4%). In Mariupol (the Donetsk re-
gion), 52.3% of the diseased children were not vaccinated. The results
of this study and the literature sources indicate that the majority of pati-
ents are unvaccinated children, which caused the epidemic outbreak.

Measles in all the age groups of children, both vaccinated and un-
vaccinated, typically occurred with a predominance of moderately seve-

re course of the disease. Our results in terms of the disease severity do
not have significant differences with data from other studies (Pavelkina
et al,, 2016; Skryabina et al., 2018; Smyrmova et al., 2019). Analysis of
the obtained data shows that the severe course of the disease (29.3%)
occurs at all ages, but among children with severe course there are two
times more infants up to one year and preschool children than school-
children (64.5% and 35.5% respectively). Kramarov et al. (2018) and
Yevtushenko et al. (2019) report that the disease severity does not de-
pend on the child’s age.

According to our data, the most common disease type in hospitali-
zed children was the moderately severe measles course (69.8%). Al-
most all the children had fever (94.8%), rhinorrhea (84.9%), cough
(96.3%)), as reported by most authors (Pokrovska et al., 2015; Timchen-
ko et al., 2017; Moss, 2017). We found that half of the children had
scleroconjunctivitis and photophobia (55.7%), as in the work of Skrya-
bina et al. (2018) — 46%, Pavelkina et al. (2016) — 57.1%, but in the
studies of Pokrovska et al. (2015), Kramarov et al. (2018), Yevtushenko
et al. (2019) scleroconjunctivitis and photophobia were more common
(83.2-85.7%) and were pronounced in schoolchildren and adults.

According to our observations, the pathognomonic symptoms of me-
asles — enanthema (30.2%) and Belsky—Filatov—Koplik spots (40.6%) —
were three times more frequent in children under 6 years of age than in
schoolchildren (63.9% and 23.3%, respectively, P < 0.05). According to
literature data (Pokrovska et al., 2015; Timchenko et al., 2017; Skryabina
et al., 2018) Belsky—Filatov—Koplik spots are more frequently found, in
66.5-96.8% of patients. Kharchenko & Kimirilova (2019) point out that
Belsky-Filatov—Koplik spots are observed in 66.5% of patients, including
half of the children under one year and 77.5% of schoolchildren. Howe-
ver, Nickovic et al. (2018) observed Belsky—Filatov—Koplik spots in only
6.4% of children with measles. According to various studies, the enan-
thema is found in 20-57% of cases (Pokrovska et al., 2015; Skryabina
etal., 2018; Kharchenko & Kimirilova, 2019).

During the rash stage, 100% of patients had a spotty-papular rash
with a staged of onset (80%) and a tendency to fuse, which coincides with
the literature data (Pavelkina et al., 2016; Artemova & Kulichenko, 2017).

The sign of the past measles disease is pigmentation (69.8%),
which is absent in children under one year of age, and skin sloughing,
which was only observed in schoolchildren (10.4%). Pokrovska et al.
(2015) also report that pigmentation and skin sloughing are predomi-
nantly found in children aged over 15 years and in adults. Kharchenko
& Kimirilova (2019) observed pigmentation in 71.1% and skin slough-
ing in 35.4% of patients, mainly in schoolchildren. Timchenko et al.
(2015) report skin sloughing in 14.7% of infants with measles. Almost in
all patients (92.7-100.0%), pigmentation is revealed according to Tim-
chenko et al. (2015), Pavelkina et al. (2016), Skryabina et al. (2018).

Smyrmova et al. (2019) report that in the epidemic season 2017—
2018 in the Zaporozhye region they observed a relatively rare complica-
tion — hepatitis (54%), which is probably related to the direct hepato-
tropic action of the measles virus. In these patients hepatomegaly with-
out concomitant splenomegaly and ALT (Alanine aminotrasferrase) in-
crease by 2—10 times compared to the norm were found. During the
20102011 measles epidemic (Paris, France — Dinh et al., 2013), meas-
les complications in the form of hepatitis (37.5%) were also reported.
Pavelkina et al. (2016) point out to the development of reactive hepatitis
with hepatomegaly and cytolysis syndrome in 78.6% of patients. In their
study, Jahic et al. (2017), Kramarov et al. (2018) and Yevtushenko et al.
(2019) found hepatitis in only 1.20-1.43% of patients, with hepatic
changes limited only by increased transaminase and not accompanied
by clinical symptoms. However, we did not find liver enlargement in
children with measles, transaminase levels were not studied.

In our patients, 30.2% of infants under one year of age and pre-
school children experienced intestinal disorders: abdominal pain and di-
arrhea, which is consistent with the literature data. Thus, Pokrovska et al.
(2015), Nickovic et al. (2018), Kharchenko & Kimirilova (2019) ob-
served moderate abdominal pain and loose stool 3—4 times a day in
21.2-40.0% of infants up to three years of age against the background
of rash, and explained it by the direct effect of the measles virus on the
intestinal mucosa and by mesadenitis.
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According to Trykhlib et al. (2018) complications of measles were
observed in 21-40% of patients. Timchenko et al. (2015, 2017) found
complications of measles in children under one year in 36.4% of cases
(pneumonia, ofitis, etc.). We observed complications of measles in 29.3%
of children. Among the revealed complications, the vast majority were
associated with respiratory organs: pneumonia (38.3%), subcutaneous
emphysema (1.7%), bronchitis (53.2%), laryngitis (3.3%), otitis media
(5%). In the studies of Jahic et al. (2017) pneumonia was similarly com-
mon in 38.8% and bronchitis was only found in 4.3% of children. Ac-
cording to Kramarov et al. (2018), Yevtushenko et al. (2019) measles
complications were found in 15.7% of children, pneumonia and bron-
chitis were found only in 2.86% and 2.14% respectively, sinusitis and
otitis — in 3.57% and 2.86%. Kharchenko & Kimirilova (2019) also
indicate that complications were not severe and ended with recovery,
pneumonia was detected in 2.4% of patients, bronchitis — in 7.6%, otitis —
in 1.4%. In our observation and according to Kramarov et al. (2018),
Yevtushenko et al. (2019) the presence of complications and severe
measles course are independent of the child’s age and vaccinal status.

According to our data, leukopenia, which is one of the most com-
mon laboratory symptoms of measles, was not observed in any patient.
Neutrophilia was observed in 64.2% of patients with stab neutrophil
shifting of leukocyte formula to the left. In general blood analysis of
patients with uncomplicated measles Pokrovska et al. (2015) revealed
leukopenia with relative lymphocytosis in only 20.9% of adults and
25.7% of children, with no children under one year having leukopenia
in any case, most often the normal number of leukocytes with stab
neutrophil shifting of leukocyte formula to the left (63.4%). Leukopenia
or normocytosis is also reported by Utenkova (2018). Every fifth child
with measles showed leukopenia within 4-6 days of the disease onset
according to Kramarov et al. (2018), Yevtushenko et al. (2019).

Measles in infants has its own features: conjunctivitis, photophobia,
thinitis are poorly pronounced, but cough is present in all children aged
under one year, only half of infants have a staged rash onset, half of
them have pigmentation, and one third have skin sloughing (Pokrovska
et al.,, 2015). Timchenko et al. (2015, 2017) also indicate that catarrhal
phenomena are not pronounced in infants, Belsky—Filatov—Koplik spots
may be absent, rash is not abundant and pale, its onset is staged, pig-
mentation is poorly pronounced, intestinal dysfunction frequently oc-
curs. According to our data, cough was present in one third of infants,
while in one third there was a staged rash, no pigmentation and skin
sloughing, one third had abdominal pain and diarrhea.

Thus, the revealed clinical features of measles in children during the
outbreak of 2018-2019 in the city of Mariupol (Donetsk region) are
very important for timely diagnosis of the disease and for the termina-
tion of outbreaks. Reducing the incidence of measles can be facilitated
by the timely detection and isolation of measles patients, elimination of
measles transmission into organized children’s groups, prevention of
nosocomial measles outbreaks in combination with routine double im-
munization against the measles of children and serologic immunity con-
trol in vaccinated children.

Conclusions

The peculiarity of the measles outbreak in 20182019 in Mariupol,
Donetsk region, was the prevalence of the disease in preschool children
(60.4%), including 30.2% under one year of age. The high incidence of
measles is associated with low rates of vaccination in children. 52.3% of
children had not been vaccinated. According to the preventive vaccina-
tions schedule, only 22.2% of children had been administered MPR twice.
Analysis of the clinical course of measles in children of different age
groups, both vaccinated and unvaccinated, showed that measles in most
cases (69.8%) took a typical moderately severe form, characterized by
cyclic course with changing classical periods: incubation, catarrhal, rash
and pigmentation. In the clinical picture of measles in preschool and
school age children there are definitive features. Thus, Belsky—Filatov—
Koplik spots were observed three times more frequently in preschool
children than in schoolchildren (63.9% and 23.3%, respectively, P < 0.05).
Abdominal pain and diarrthea were only observed in children under 6
years of age (30.2%). Skin pigmentation was absent in children under one

year of age and was detected in preschool and school-age children
(69.8%, P < 0.05). Skin sloughing was only observed in schoolchildren
(10.4%). Leukopenia, which is one of the most common laboratory symp-
toms of measles, was not observed in any patient. In 64.2% of the patients,
neutrophilia was observed with stab neutrophils shift of the leukocyte
formula to the left. The mean serum anti-measles IgM antibody level
detected by the immune-enzyme assay was elevated and made 2.55 +
0.06 AU and did not differ between vaccinated and unvaccinated children
(P> 0.05). Severe disease course occurred in patients of all ages (29.3%),
but children aged under one year and preschool children with severe dis-
ease were two times more numerous than those of the school age. Among
the observed complications, the vast majority were associated with the
respiratory organs: pneumonia (38.3%), subcutaneous emphysema
(1.7%), bronchitis (53.2%), laryngitis (3.3%) and ofitis media (5.0%).
Vaccination is the only means of protection against measles. Forming a
favourable attitude to immunization, restoring public trust in vaccination,
using all forms and means of information is required.
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