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Introduction. Measles is a highly con-
tagious acute viral disease that is trans-
mitted by airborne droplets and can lead 
to serious complications and death. 

The incubation period of measles in-
fection ranges from 9 to 17 days. Infected 
people are contagious from 4 days be-
fore the appearance of the rash and up to 

4 days after the appearance of the rash in 
vaccinated people. 

Measles virus is transmitted by air-
borne droplets through aerosolised se-
cretions, as a part of the contents of the 
nasopharynx, secretions from coughing, 
sneezing, talking, breathing. The patho-
gen can spread considerable distances 
with airflow. 

The disease begins with fever and 
usually at least one of three symptoms: 
cough, rhinitis and conjunctivitis. Fila-
tov-Koplik spots are small whitish-gray 
dots surrounded by a corolla of hyper-
emia. They are located on the mucous 
membrane of the cheeks opposite the 
second molars and make it possible to 
clinically diagnose measles a day or two 
before the rash appears.

The rash appears in 3-4 days after the 
onset of fever, first on the face and behind 
the ears. Then it spreads to the trunk and 
extremities, coinciding with the develop-

ment of the adaptive immune response. 
Fever and catarrhal symptoms usually 
peak along with the rash, which persists 
for 3-4 days. Measles in vaccinated pa-
tients occurs in a mild form, there is no 
stage in the manifestation of infection.

Diagnostic studies of measles consist 
of the collection of anamnesis, examina-
tion, assessment of the manifestation of 
the main symptoms of the disease, as 
well as laboratory and instrumental meth-
ods of investigation.

Specific prevention. The main meth-
od of protecting the population from mea-
sles, rubella and mumps is vaccination.

Immunization of the population against 
measles, rubella, and mumps is carried 
out within the framework of the National 
Calendar of Preventive Vaccinations and 
the Epidemic Indications Preventive Vac-
cination Calendar. 

Children and adults who received vac-
cinations under the National Preventive 
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Vaccination Schedule and whose blood 
serum did not detect antibodies to the 
relevant pathogens in standard serolo-
gy tests receive additional vaccinations 
against measles and rubella (or) mumps 
according to the instructions for immuno-
biological drug use (hereafter referred to 
as "ILP").

For immunization, ILPS is used, reg-
istered and approved for use on the ter-
ritory of the Russian Federation in accor-
dance with instructions for its use.

In order to maximize coverage of 
vaccinations for measles, rubella and 
mumps in the population of the Russian 
Federation, efforts are being made to 
identify people who have not had these 
infections and have not received vac-
cinations among hard-to-reach groups 
(migrants, refugees, internally displaced 
people, nomadic populations) and to im-
munize them in accordance with the Na-
tional Immunization Schedule.

To ensure population immunity to 
measles, rubella, and mumps, sufficient 
to prevent the spread of infection among 
the population, vaccination coverage of 
the population in the territory of the mu-
nicipality should be:

- vaccination and revaccination 
against measles, rubella, mumps in chil-
dren at decreed ages - at least 95%;

- vaccination against rubella in women 
aged 18-25 years - at least 90%;

- vaccination against measles in adults 
aged 18-35 years - at least 90%;

- vaccination against measles of per-
sons of decreed professions aged 18-55 
years - at least 90%. [8].

Materials and Methods. In the analy-
sis of the epidemiological situation, mate-
rials from the official websites of the US 
and European health care organisations, 
WHO, as well as data from Rospotreb-
nadzor were used. Statistical processing 
of the material was carried out by using 
the MS EXCEL software package for the 
Microsoft Office 2020 operating system.

Objectives:
- to summarise the results of the 

spread of the epidemic process in Rus-
sia, neighbouring and foreign countries;

- to determine the main difficulties in 
conducting vaccine prophylaxis of mea-
sles infection, cite the reasons preventing 
its elimination in the country and modern 
conditions, as well as possible ways to 
eliminate them;

- to analyse the level of prevalence of 
measles infection on the territory of the 
Russian Federation and assess the vac-
cination coverage rate;

- to analyse the reasons for late vac-
cination.

Results and discussion. The epi-

demiological situation of measles in the 
Russian Federation

Considering the epidemiological sit-
uation of measles in the Russian Fed-
eration and other countries of the world 
since the 1990s, it can be noted that the 
level of morbidity is characterized by dy-
namic wave-like rises with a periodicity 
of 7-10 years and subsequent declines 
after the introduction of anti-epidemic 
measures [5].

Between 2017 and 2023, new wave-
like outbreaks of infection can be ob-
served both in the Russian Federation 
and in other countries [2, 3, 4, 5, 6, 7]. All 
this is happening for various reasons that 
can include increased migration between 
neighboring countries, increased parallel 
imports, and weakened anti-epidemio-
logical measures related to the new coro-
navirus infection. All this requires a direct 
analysis of the incidence and its spread 
associated with new outbreaks of mea-
sles. Data on cases in the period 2017-
2023 are presented in Fig.1 and Table 1.

Analyzing the reported data from 2017 
to 2019, there is an increase in incidence. 
Between 2019 and 2021, on the contrary, 
there is a sharp number decrease of in-
fections due to the epidemiological situa-
tion connected with the new coronovirus 
infection (COVID-19) in the world and in 
the country. All this was accompanied by 
the imposition of measures such as re-
strictions on the movement of citizens, 
self-isolation, mask regime, bans on 
mass events, closure of borders, and 
restrictions on trade with neighboring 
countries [5, 6, 7]. All of these restrictions 
slowed the spread of the new infection 
and also reduced the risks associated 
with the spread of measles.  

According to the data for the period 
from 2022 to 2023, there is an increase 
in the incidence of the disease. There is a 
tendency to "restore" the indicators of the 
"pre-СOVID" period.

Specific prophylaxis is one of the ef-
fective measures to protect the popula-
tion from measles and other infections. 
However, its effectiveness will depend 
on the immune coverage of the popula-
tion, which should be at least 75% of the 
country's population. And in the case of 
measles it should be 95%. Indicators of 
immunization of the RF personnel are 
presented in Table 2.

Analyzing the data from 2017 to 2023, 
overall vaccination coverage among un-
der 24 months and 6 years old children, 
and 18-35 years old adults exceeded the 
regulated level (at least 95%) nationwide. 
Nevertheless, measles outbreaks contin-
ued to be observed. The epidemic pro-
cess of measles was supported by peo-

ple who were not vaccinated and those 
with an unknown vaccination history, ac-
counting for 82.4% of cases. Those who 
had been vaccinated once and twice par-
ticipated in the epidemic process equally, 
at 8.8% each, indicating the effective-
ness of vaccination [7]. Imported cases 
of measles are shown in Figure 2.

A pronounced upward trend in im-
ported measles cases was observed 
in the periods from 2017 to 2019, and 
from 2020 to 2022 there was a sharp de-
crease. The deterioration of the epidemi-
ological situation of measles is facilitated 
by an increase in the number of children 
and adults in many territories who have 
not been vaccinated with HCV, mainly 
due to refusals of vaccination, including 
during vaccination according to epidemi-
ological indications [3]. The largest num-
ber of cases, as well as imported cases 
of measles, occurred in 2019. According 
to the Federal State Budgetary Insti-
tution "MNIIEM named after G.N. Ga-
brichevsky" Rospotrebnadzor imported 
231 cases of measles from 41 countries 
on the territory of 40 subjects of the Rus-
sian Federation. Measles was most often 
imported from Ukraine (49), Azerbaijan 
(24), Thailand (24), Georgia (21), Turkey 
(16), Uzbekistan (17), Kyrgyzstan (12) 
[4]. The decline in morbidity is caused by 
a reduction in tourism, the closure of bor-
ders with neighboring countries, as well 
as a decrease in imports [5].

Due to the closure of borders due to 
the COVID-19 pandemic in 2020, the 
long-term trend of increasing the num-
ber of imported cases did not persist, but 
the import of measles cases from neigh-
boring countries still prevailed (in 2020 - 
about 70% of all imported cases) [5].

However, from 2022 to 2023, an in-
crease in imported measles cases was 
observed again, due to the cancellation 
of anti-epidemic measures aimed at pre-
venting the spread of the new coronavi-
rus infection and an increase in parallel 
imports and tourism.

Kazakhstan. In recent years, there 
has been an increase in the number of 
measles cases in the Republic of Ka-
zakhstan. For example, from 2018 to 
2019, the number of cases increased 
from 576 to 13326 [10].

One of the main reasons for the ag-
gravation of the epidemiological situation 
was insufficient immunisation of the pop-
ulation due to refusals and medical con-
traindications to preventive vaccinations.

The main share of morbidity that 
made up 58.3 per cent (7,775 cases) 
was noted among unvaccinated chil-
dren, who accounted for, of whom 3,703 
(47.6%) were under one year old and 
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4,072 (52.4%) due to medical withdraw-
als and refusals.

Among those who fell ill, 2,405 people 
(18 %) were vaccinated against measles, 
1,273 (52.9 %) of them received one 
dose of vaccine and 1,132 (47.1 %) of 
them received two doses.

Analysing the morbidity of different 
population groups, the main share of in-
fections was in children from 1 to 4 years 
old, which corresponded to 4257 (31.9%) 
and children under 1 year were corre-
sponded to 3879 (29.1 %).

Smaller proportion of patients was ob-
served in the age group of 20-29 years 
(14.7 %.), 30 years and older (11.9%).

At the end of 2019, 21 cases of mea-
sles-related deaths were reported, 19 
(90.4 %) of them were children.

According to the US Centers for Dis-
ease Control and Prevention (CDC), 
12,985 cases of measles were recorded 
in Kazakhstan from May to October 2023 
[18].

In a study by Yerdesov et al., 2023, 
the cyclical nature of measles outbreaks 
in Kazakhstan is noted, often correlating 
with a drop in vaccination rates and ag-
gravated by seasonal factors [11].

Thus, the number of new measles 
outbreaks in the Republic of Kazakhstan 
has increased in recent years. Unvacci-
nated children accounted for the bulk of 
the cases. Mostly children under 1 year 
of age were ill due to not reaching the 
vaccination age and medical refusals, as 
well as unvaccinated adults.

Ukraine. Ukraine is one of the most 
endemic territories with measles infec-
tion. This is a serious public health prob-
lem that needs to be continuously moni-
tored. 

The largest recent outbreak occurred 
between 2017 and 2019. More than 
115,000 people were infected in Ukraine 
during this period, and 41 of those who 
became ill died. The incidence peaked in 
2018 and 2019 with up to 53219 cases 
of infected people.  In 2019, this figure 
increased even further to 57282. The in-
crease in infections was due to people 
who were not vaccinated or did not com-
plete the immunisation course. According 
to the latest data, 65-67 per cent of those 
who fell ill were children and 33-35 % 
were adults in Ukraine.

Ukraine has risks of new measles out-
breaks due to low vaccination coverage, 
which implies increased susceptibility to 
the virus in the country.

At the beginning of the outbreak of 
2017-2019, the coverage of the popula-
tion with measles vaccinations in Ukraine 
was 42%, which is two times less than 
the 95% regulated by WHO [19]. In 2021, 

Results of measles outbreaks in the Russian Federation in 2017-2023 abs.units

Number of patients 2017 2018 2019 2020 2021 2022 2023

Recorded cases 721 2539 4491 1214 1 102 8073

Diseases reported in children 464 1414 2395 763 0 65 4989

Reported illnesses in adults 257 1125 2096 451 1 37 3084

Indicators of vaccination coverage of the population of the Russian Federation
for 2017-2023

Index 2017 2018 2019 2020 2021 2022-
2023

Vaccination coverage of 
children at 24 months, % 97.69 97.1 97.66 97.28 97.34 97.44

Revaccination coverage of 
children at 6 years of age, % 97.05 97.02 96.62 96.09 96.4 96.52

Measles vaccination coverage 
of adults 18-35 years old, % 99.08 97.82 97.99 97.71 97.83 97.97

Fig. 1. Dynamics of measles incidence in the Russian Federation in 2017-2023 abs.units

Table 1

Table 2

Fig. 2. Imported measles cases in the Russian Federation in 2017-2023
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the vaccination coverage rate increased 
to 88%, and in 2022 it was only 74%, 
which led to a decrease in the immune 
layer and, accordingly, to an increase 
in the number of vulnerable populations 
[20].

Thus, new cases of measles occur pe-
riodically in Ukraine, which is the reason 
for insufficient vaccination rates among 
all segments of the population. Thus, 
due to the current situation, military ac-
tions and migration to other countries, 
there is an additional risk of outbreaks of 
measles infection outside the territory of 
Ukraine.

The U.S.A. Thanks to universal vacci-
nation in the United States, measles was 
officially declared eliminated in 2000. 
According to the Centers for Disease 
Control and Prevention (CDC), 31 states 
reported 1,282 confirmed measles cases 
and 128 hospitalisations from January to 
December 2019, that is the highest re-
ported number since 1992 [12]. 

Severe cases of measles require hos-
pitalisation of patients. Based on histor-
ical data, CDC estimates that about 1 
in 4 infected cases in the U.S. requires 
hospitalisation, and 1 in 1,000 cases is 
fatal. The number of hospitalisations fell 
sharply following widespread measles 
vaccination [12].

The 2019 measles outbreak in the 
U.S. was imported, and most of those 
who became ill were unvaccinated.

In light of increased mobility in this 
century, any under-immunized region is 
at risk of a measles outbreak due to so-
cial migration.

During the COVID-19 pandemic, rou-
tine immunisation rates are reported to 
have decreased in various parts of the 
world, including in the USA. Epidemiolo-
gists estimate that more than 27 million 
children worldwide missed their first dose 
of measles vaccine in 2020. A decrease 
in the level of routine vaccination is likely 
to lead to an upsurge in highly contagious 
diseases, including such as measles.

Measles in Europe. Despite the in-
troduction of vaccination programmes in 
European countries, the increase in vac-
cination refusals and the lack of manda-
tory immunization strategies in a number 
of countries have led to various outbreaks 
throughout Europe [14]. 

In particular, in 2017, measles epi-
demics were observed in 28 European 
countries with 37 reported deaths. They 
were mainly detected in Romania (5,608 
cases), Italy (5,098), Greece (967) and 
Germany (929 cases). Measles infections 
were also reported in European countries 
in 2018 (17,822 cases) and 2019 (13,199 
cases).

In 2020, measles incidence decreased 
by 2,043 cases in all European countries 
due to restrictions implemented during 
the COVID-19 pandemic [14].

In 2022, 123 measles cases were reg-
istered in the EU/EEA countries, of which 
75 (61%) were laboratory confirmed, 
41 cases were registered as "possible" 
(33%), 5 cases as "probable" (4%) and 2 
cases as "unknown" (<2%) [16].

In 2023, 2,361 cases of measles were 
reported in the EU/EEA countries, of 
which 1,607 (68%) were laboratory con-
firmed. The remaining 754 cases were 
registered as "probable" (29%), "possi-
ble" (3%) and "unknown" (<1 %) [16].

Twenty-three countries reported mea-
sles cases in 2023, while seven countries 
(Bulgaria, Greece, Iceland, Cyprus, Lux-
embourg, Malta, Slovenia) did not report 
any cases during this period, indicating a 
favorable epidemiological situation [16].

One country (Romania) accounted for 
74% of all reported cases.

The spread of measles in Europe indi-
cates that the eradication of infection has 
not yet been achieved.

In Europe, the persistent presence of 
measles each year highlights that erad-
ication has not yet been achieved. This 
emphasizes the need to continue ex-
panding vaccination efforts to control the 
disease and prevent future outbreaks.

Until March 2020, surveillance data 
confirm the classic cyclical pattern of 
measles prevalence.

Since March 2020, many European 
countries didn’t report any cases of mea-
sles virus infection [15].

In Europe the average number of mea-
sles cases has a maximum value in 2019 
(37.51 cases per million inhabitants) and 
a minimum value in 2020 (4.24 cases per 
million inhabitants) [15].

Based on WHO data, it can be as-
sumed that COVID-19 containment mea-
sures have largely prevented the spread 
of other airborne diseases, as the epi-
demic trend that is usually observed has 
not been confirmed in 2020-2021 [15]. 

The resurgence of measles incidence 
is paradoxical in Europe in the last few 
years. Although national immunisation 
programmes offer an affordable and ef-
fective vaccine, but the results of epide-
miological situation analysis show that 
more than 47000 people have contract-
ed measles in WHO countries. Serbia, 
France, Greece and Italy were the most 
affected countries were [15]. 

Recent outbreaks, that are often trans-
mitted nasocomialy and infect health-
care workers, were reported in several 
European countries, such as Ireland, 
Portugal, France, Sweden and Ireland, in 

which the virus has been eradicated ac-
cording to WHO [15].

Transmission from unvaccinated pa-
tients from measles-endemic countries 
is the most common cause of outbreaks.

Lack of awareness of the infection, as 
well as the late appearance of the typi-
cal maculopapular rash characteristic 
of measles, 3-4 days after the onset of 
fever, increases the risk of disease with 
nasocomial and household transmission.

Between January and July 2018, mea-
sles caused 63 deaths in Europe, a rate 
of one to two cases per 1,000 cases. 
During the outbreak in France from Oc-
tober 2017 to July 2018, there were two 
deaths per 1,101 infected people. These 
figures appear to have been underesti-
mated because of possible unconfirmed 
data, without virological laboratory re-
sults, and a higher prevalence of suscep-
tible patients with risk factors for severe 
measles [15].  

Migration of unvaccinated populations 
from the war zones increased the risk 
of the infection transmission with under-
developed primary health care systems 
such as Syria and Pakistan in the Middle 
East. Other reasons are poor vaccination 
of hard-to-reach populations and national 
minority groups living in European coun-
tries [15].  

Conclusion. The occurrence of 
measles outbreaks in the near abroad 
indicates the need to maintain vigi-
lance against this infection [7]. And the 
constant annual detection of measles 
cases in Europe indicates that eradi-
cation has not yet been achieved, and 
underlines the need to further increase 
the number of vaccinations necessary 
to control the disease and prevent new 
outbreaks [14].

WHO information resources and the 
European Center for Disease Prevention 
and Control provided data to assess the 
solution to the problem of vaccination re-
fusal and recommended evidence-based 
responses to increase and maintain the 
level of the immune stratum of the pop-
ulation.

There are good reasons to focus on 
the risk of measles in children who are 
unprotected or not immunized yet, as 
even newborns can be at risk when they 
are exposed to the virus. Infants born 
to vaccinated women have significant-
ly lower antibody concentrations than 
those born to naturally immune women 
and may have no protection until the first 
MMR vaccination. In addition, under one 
year old children are seven times more 
likely to die than older children due to 
post-infectious complications such as 
pneumonia.
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The current outbreaks in Europe af-
fect both adult and pediatric populations. 
A large proportion of cases in the anal-
ysis of European measles outbreaks 
involved health care workers, and most 
were associated with the refusal to be 
vaccinated.

The of two doses of MMR vaccine 
is about 95%. Immunity to the measles 
pathogen acquired from immunization 
with live attenuated vaccine is much low-
er than the protection afforded by natu-
ral infection. A 2018 study reported that 
immunity wanes over time regardless of 
how it was acquired.

The route of transmission may be im-
portant because health care workers who 
are in close contact with primary measles 
patients and are exposed to high doses 
of virus appear to have a greater risk of 
infection.

Vaccination is the only way to prevent 
measles and eliminate the disease, and 
a great effort must be made to restore 
public confidence in vaccination. Cur-
rently, mandatory measles vaccination 
is included in national immunization pro-
grams in nine of the 28 European Union 
countries, but Italy has recently decided 
to opt out of mandatory MMR measles 
vaccination. The European Commission 
proposed to increase the cooperation 
between countries in the fight against 
diseases that can be prevented by vac-
cination against infections such as mea-
sles, whooping cough and seasonal 
influenza. The European Union propos-
als emphasize the importance of joint 
action to increase vaccination coverage 
and provide reliable and understand-
able information about vaccines to the 
public [14].

Since 2017, there has been a rise in 
measles incidence in the Russian Fed-
eration through 2019. The main reason 
was the decrease in attention to immu-
nization against measles and, as a con-
sequence, the formation of susceptible to 
the pathogen persons among the popula-
tion shares.

The decline in morbidity occurred from 
2020 to 2022, which is the result of an-
ti-epidemic measures carried out in the 
country related to isolation in connection 
with COVID-19.

In 2023, there was a tendency for 
the incidence of measles to rise. Many 
domestic researchers have noted an in-
crease in vaccination refusals over the 
past few years, which has contributed to 
a significant decline in the immune layer 
of the population prior to the 2017-2019 
COVID-19 pandemic [9].

Another problem is the large influx 
of migrants from neighboring countries.  

Cultural and language barriers prevent 
the timely seeking of health care, which 
ultimately creates large groups of un-
vaccinated citizens. It contributes to the 
spread of infections among the local pop-
ulation [9].

Based on the epidemiological analy-
sis of neighboring countries for the years 
2017-2023, it can be seen that the rise in 
incidence and its cyclical nature is char-
acteristic of many states, so the problem 
of measles virus is a worldwide problem.  
Maintaining vaccination rates for all seg-
ments of the population is the top priori-
ty in measles prevention and requires a 
coverage rate of at least 95%.

Imported cases with migration flows 
remain relevant in the Russian Feder-
ation and neighboring countries. This 
requires special attention from health 
authorities to take additional measures, 
including even such as checking certifi-
cates for measles vaccination.
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Introduction. On 5th May, 2023 World 
Health Organization officially announced 
that Novel Coronavirus Infection (NCI) 
COVID-19 pandemic no longer con-
stitutes a public health emergency of 
international concern. However, there 
is still a wide circulation of various SARS-
CoV-2 virus variants [4]. NCI COVID-19 is 
a predominately respiratory disease with 
multisystem damage, especially in case 
of extremely severe disease course, ac-
companied by pronounced hypoxic effect 
on all the tissues and organs with the de-
velopment of multiple organ dysfunction 
with potential early damage to the kidney 
parenchyma [9]. The decrease in oxygen 
saturation of the tissues stimulates the 
synthesis of erythropoietin (EPO) a gly-
coprotein hormone. Up to 90% of EPO in 
the body of an adult person is produced 
by peritubular fibroblasts of renal intersti-
tium [5]. EPO activates the production of 
nitrogen oxide in the endothelium, thus 
effecting the lung vasoconstriction and 
improving the oxygen supply to the brain, 
heart and other organs and tissues [12]. 
Under physiological regulation EPO is 
capable of reacting against the pro-in-
flammatory cytokines TNFα and IL-1β, 
producing an anti-inflammatory effect [3, 

13, 14].  Numerous studies have present-
ed the data on adverse pregnancy out-
comes in patients with NCI of various se-
verity. Against the background of steady 
NCI course pregnant women may have 
sudden development of critical state. The 
majority of studies testify to a high risk of 
fetus distress in pregnant women with se-
vere COVID-19, which is associated with 
the necessity of preterm labor, premature 
fetus birth, or potential prenatal/intrapar-
tum fetus death [1, 10, 11, 15, 19]. That 
is why the studies devoted to the anal-
ysis of the NCI effect on pregnancy re-
main highly relevant. The determination 
of early predictors of the progression of 
the COVID-19 severity during gestation 
is of utmost importance.

The aim of the study: to assess the 
level of blood serum erythropoietin in 
pregnant women with novel coronavirus 
infection COVID-19 of various severity; 
determine its threshold value to predict 
extremely severe course of COVID-19 
during gestation. 

Materials and methods. A compar-
ative prospective cohort study has been 
performed with subsequent retrospective 
analysis of the data from medical records 
(labor and delivery record, health card of 

L.S. Ishchenko, E.E. Voropaeva, E.A. Kazachkova,
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ERYTHROPOETIN AS A PREDICTOR
OF EXTREMELY SEVERE COURSE OF NEW 
CORONAVIRUS INFECTION COVID-19
IN PREGNANT WOMEN

A comparative analysis of medical, social, clinical and laboratory parameters in pregnant 
women with a new coronavirus infection (NCI) COVID-19 of varying severity was carried out. 
For the first time, the level of serum erythropoietin was studied in this category of patients; for 
the first time, a statistically significantly lower level of erythropoietin was detected in pregnant 
women with extremely severe COVID-19. The threshold value of serum erythropoietin level was 
determined to predict the development of extremely severe COVID-19 in pregnant women.
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