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The aim of the study is to determine the diagnostic significance of immunological parameters in predicting the development of pneumonia 
in adult patients with measles.

Material and methods. The study examined 88 patients aged 21 to 55 years diagnosed with measles according to the World Health Or-
ganization’s criteria (2013). Enzyme-linked immunosorbent assay (ELISA) was used to determine IgG levels to the measles virus (Vircell 
Microbiologists, Spain) and the levels of interferon-γ (IFN-γ) (Invitrogen, Austria). Statistical analysis was conducted using Statistica 13 
for Windows (StatSoft Inc., No. JPZ804I382130ARCN10-J).

Results. According to the results of the study, it was found that upon hospitalization on the 4.8 ± 0.2 day of the disease, 71.6 % of patients 
were seropositive for IgG to measles virus. The development of measles pneumonia was associated with the lowest level of IgG to mea-
sles virus (p < 0.01). When the level of IgG to measles virus at hospitalization of adult patients was ≤20.26 optical units, the probability of 
developing measles pneumonia was significant (AUC = 0.650, p = 0.016). 

In adult patients with measles, the serum IFN-γ level at the height of the disease was higher (p < 0.05) than in healthy individuals. Upon 
hospitalization on the 4.8 ± 0.2 day of the disease, the level of IFN-γ in the setting of pneumonia was the highest (p < 0.05), exceeding the 
corresponding parameter in patients without complications. The level of IFN-γ at hospitalization >1.90 pg/ml was diagnostic for predicting 
the likelihood of pneumonia (AUC = 0.643, p = 0.038). 

The authors present their clinical observation, which demonstrates the informative value of using the established immunological parameters 
in clinical practice to predict the likelihood of pneumonia in adult patients with measles.

Conclusions. The diagnostic significance of such immunological parameters as IgG to measles virus and IFN-γ in predicting the develop-
ment of pneumonia in adult patients with measles at the time of hospitalization has been proved. Our clinical observation demonstrates 
the informativeness of the established prognostic markers.
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Діагностичне значення імунологічних параметрів у прогнозуванні розвитку пневмонії  
у хворих на кір дорослих
О. В. Рябоконь, С. О. Білокобила, О. О. Корнієнко, Ю. Ю. Рябоконь, А. В. Винокурова

Мета роботи – з’ясувати діагностичну значущість імунологічних параметрів у прогнозуванні розвитку пневмонії в дорослих, хворих 
на кір.

Матеріали і методи. Обстежили 88 хворих на кір віком від 21 до 55 років. Діагноз кору встановлювали за критеріями Всесвітньої 
організації охорони здоров’я (2013). Імуноферментним методом у сироватці крові визначали IgG до вірусу кору (Vircell Microbiologists, 
Spain) та рівень інтерферону-γ (IFN-γ) (Invitrogen, Austria). Статистично дані опрацювали в програмі Statistica 13 for Windows 
(StatSoft Inc., № JPZ804I382130ARCN10-J).

Результати. У результаті дослідження встановили, що під час госпіталізації на 4,8 ± 0,2 дня захворювання 71,6 % хворих були 
серопозитивними за наявністю IgG до вірусу кору. Розвиток корової пневмонії асоціювався з найнижчим рівнем IgG до вірусу кору 
(р < 0,01). Якщо вміст IgG до вірусу кору під час госпіталізації дорослих пацієнтів становив ≤20,26 опт. од., імовірність розвитку 
корової пневмонії значуща (AUC = 0,650, р = 0,016). 
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У хворих на кір дорослих вміст IFN-γ у сироватці крові в розпал хвороби вищий (р < 0,05), ніж у здорових осіб. Під час госпіталі-
зації на 4,8 ± 0,2 дня захворювання рівень IFN-γ при розвитку пневмонії виявився найвищим (р < 0,05), перевищував відповідний 
параметр у хворих без ускладнень. Рівень ІNF-γ під час госпіталізації >1,90 pg/ml мав діагностичне значення для прогнозування 
ймовірності розвитку пневмонії (AUC = 0,643, р = 0,038). 

Наведено власне клінічне спостереження, що демонструє інформативність застосування в клінічній практиці встановлених іму-
нологічних параметрів для прогнозування ймовірності розвитку пневмонії у хворих на кір дорослих.

Висновки. Доведено діагностичну значущість таких імунологічних параметрів, як IgG до вірусу кору та IFN-γ у прогнозуванні 
розвитку пневмонії у дорослих, хворих на кір, під час госпіталізації. Наведене власне клінічне спостереження підтверджує інфор-
мативність цих прогностичних маркерів.

Ключові слова: кір, вірусна інфекція, пневмонія, поствакцинальні антитіла, цитокіни, діагностика, прогноз.
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The introduction of measles vaccination has significantly 
reduced the incidence of measles [1,2], which has allowed 
the World Health Organization to set the goal of eliminating 
measles in the European region [3]. On one hand, increased 
measles immunization has substantially decreased morbidity 
and mortality from this infection. On the other hand, the epi
demiology of measles in countries with high immunization 
rates has undergone significant changes [4]. In recent decades, 
measles has ceased to be solely a childhood infection [4]. 
Countries with high levels of vaccination and revaccination 
among children have observed a decline in postvaccination 
measles IgG levels in adults. However, the consequences of 
this phenomenon during the period of measles elimination 
remain insufficiently understood [5].

In 2017–2018, many countries worldwide experienced an 
epidemiological deterioration in measles [6,7,8,9,10,11,12]. 
A notable feature of the recent measles epidemic was the 
significant prevalence of adult cases. For instance, in Ger
many, adults constituted 52 % of measles cases [8], in Italy 
– 73 % [10], and in Belgium – 50 % [11]. This trend was also 
observed in Asian countries; for example, in Sri Lanka, the 
proportion of adult patients with measles reached 73.3 % [12].

It is recognized that measles in adults poses a higher risk of 
complications compared to children [6,13,14]. The most com
mon complication believed to occur is measles pneumonia, 
although literature reports on its frequency vary considerably 
[14]. Thus, there is a current need to ascertain the incidence 
of pneumonia in adult patients with measles.

Understanding the development of measles pneumonia 
involves not only viral replication but also immunopathoge
netic mechanisms, which are still under investigation. The 
measles virus initially infects alveolar macrophages and 
dendritic cells in the respiratory tract, then replicates in local 
lymphatic tissue, and disseminates through viremia [15]. 
The immunopathogenetic features of measles complications 
involve the “measles paradox” – the progression of measles 
with severe immunosuppression even before acute viremia 
signs disappear [16,17]. On one hand, complications arise 
from immunosuppression due to viremia progression, while 
on the other hand, measles virus replication induces lifelong 
antimeasles immunity [18]. Since the cytokine system go
verns the functional activity of immune cells, and impaired 
production of antiinflammatory cytokines may contribute 
to direct viral damage to organs and systems [19], assessing 

the diagnostic significance of immunological parameters is 
advisable for predicting measles in adults.

Aim
The aim of the study is to determine the diagnostic signifi
cance of immunological parameters in predicting the deve
lopment of pneumonia in adult patients with measles.

Material and methods
The study included 88 patients with measles aged 21 to 55 
years who were treated at the Municipal nonprofit enterprise 
“Regional Infectious Diseases Clinical Hospital” of the 
Zaporizhzhia regional council during 2017–2019. There were 
36 men and 52 women. All patients were included in the study 
on a random basis and with informed consent. The diagnosis 
of measles was made according to the criteria of the World 
Health Organization (2013). In the anamnesis, all patients 
with measles indicated the presence of measles vaccination 
in childhood, but there was no documentary evidence.

To determine the presence of probable postvaccination 
antibodies during hospitalization, serum IgG to measles virus 
was determined (Vircell Microbiologists, Spain). The serum 
levels of interferonγ (IFNγ) were determined in patients 
and 20 healthy subjects (Invitrogen, Austria). The studies 
were conducted by enzymelinked immunosorbent assay at 
the Training Medical and Laboratory Center of Zaporizhzhia 
State Medical and Pharmaceutical University (Head – Doctor 
of Pharmacy, Associate Professor R. O. Shcherbyna).

Statistical processing of the data was performed using 
the software Statistica 13 for Windows (StatSoft Inc., 
No. JPZ804I382130ARCN10J). The results of quantitative 
data were presented as median and interquartile ranges Me 
[Q25; Q75]. The Mann–Whitney test was used to assess the 
reliability of differences between quantitative characteristics 
in independent groups, Wilcoxon test in dependent groups, 
and the χ2 method for qualitative characteristics. Correla
tions between quantitative features were determined using 
Spearman’s correlation (r). ROC analysis was performed 
to determine the diagnostic significance of the content of 
IgG to the measles virus and IFNγ level in predicting the 
development of pneumonia. Differences at p < 0.05 were 
considered significant.
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Results
According to the results of the study, it was found that during 
the hospitalization of adult patients on an average of 4.8 ± 0.2 
days of illness, 63 (71.6 %) patients were seropositive for 
the presence of IgG to measles virus, and the remaining 25 
(28.4 %) were seronegative. Analysis of the spectrum and 
frequency of complications in adult patients with measles 
depending on the presence of IgG to measles virus revealed 
that the incidence of pneumonia has a clear tendency to in
crease in the setting of seronegativity (1.7 times, p > 0.05). 
However, the incidence of gastrointestinal complications 
in adult patients with measles was significantly higher in 
seronegative patients (2.3 times, χ2 = 10.60, p < 0.001), with 
this pattern also applying to the development of hepatitis (2.4 
times, χ2 = 11.61, p < 0.001). It should also be noted that in 
seronegative patients, in contrast to seropositive patients with 
IgG to measles virus on 4.8 ± 0.2 day of illness, a combination 
of several complications was significantly more frequent (2 
times, χ2 = 7.70, p < 0.01) (Fig. 1).

To further investigate the protective role of probably 
postvaccination antibodies in adult measles patients in the 
development of pneumonia, we compared their quantitative 
content at the time of hospitalization depending on the further 
development of pneumonia. Among the seropositive patients, 
the lowest level of IgG to measles virus occurred in patients 
with the development of measles pneumonia and was 16.80 
[14.68; 20.26] units against 23.58 [21.87; 26.78] optical units 
in patients without complications (p = 0.0002). According 
to the results of the ROCanalysis, the diagnostic value of 
this parameter on 4.8 ± 0.2 day of illness was established for 
predicting the development of pneumonia. For instance, when 
the content of IgG to measles virus during hospitalization 
of adult patients was ≤20.26 optical units (AUC = 0.650; 
sensitivity – 92.3 %, specificity – 52.0 %), the probability of 
developing measles pneumonia was significant (p = 0.016) 
(Fig. 2).

In the next part of the work, we compared the level of IFNγ in 
the blood serum of adult patients with measles in the dyna mics 
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Fig. 1. Complications in adult patients with measles depending on the presence of IgG to measles virus at the time of hospitalization.  
*: difference is significant compared to seropositive patients (p < 0.01).
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Fig. 2. Prediction of the probability of out-of-hospital pneumonia based on the level of IgG to measles virus in adult patients during hospitalization.
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Fig. 4. The likelihood of pneumonia development prediction by the level of INF-γ in the blood serum of adult patients at hospital admission.
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of the disease depending on the development of pneumonia. 
The level of IFNγ during hospitalization was higher than in 
healthy people, regardless of the development of pneumonia 
(p < 0.05). It should be noted that in the setting of pneumonia, 
the level of IFNγ was the highest and significantly higher than 
in healthy people and patients with measles without compli
cations, namely, 4.83 [0.29; 12.86] pg/ml as compared to 0.09 
[0.08; 0.20] pg/ml and 0.25 [0.13; 1.14] pg/ml, respectively. 
In the dynamics of 7–10 days of treatment in patients without 
complications, the level of IFNγ in the serum of adult patients 
with measles normalised (p > 0.05) and amounted to 0.12 [0.08; 
0.24] pg/ml, in contrast to the level of IFNγ in patients with 
pneumonia, which was 0.14 [0.08; 0.58] pg/ml and remained 
higher compared to healthy people (p < 0.05) (Fig. 3).

According to the results of ROC analysis, the cutoff 
level of increase in serum INFγ, which is diagnostic for 
predicting the development of pneumonia, was deter
mined. It was found that with an increase in the level of 
INFγ > 1.90 pg/ml, the probability of developing pneumonia 
is significant (AUC = 0.643, p = 0.038; sensitivity – 61.2 %, 
specificity – 81.0 %) (Fig. 4).

The correlations of the studied immunological parameters 
with laboratory parameters were established, which indicate 
both the severity of the disease and the formation of compli
cations. The level of IgG to the measles virus in the blood 
serum correlated with the following parameters: platelets 
(r = +0.32, p < 0.05), lymphocytes (r = +0.46, p < 0.05), ala
nine aminotransferase activity (r = 0.45, p < 0.05), and rods 
cells (r = 0.36, p < 0.05). The level of INFγ correlated with 
the level of rods (r = 0.38, p < 0.001), segmented leukocytes 
(r = 0.32, p < 0.01), lymphocytes (r = 0.31, p < 0.01), and 
alanine aminotransferase activity (r = 0.25, p < 0.05).

In the following part of the paper, we present a clinical case 
that, in our opinion, allows us to demonstrate the features of 
the development of measles pneumonia in an adult patient 
and demonstrate the possibility of using the immunological 
parameters studied to predict the development of pneumonia.

Clinical case. Patient T., 55 years old, was admitted to the 
Municipal nonprofit enterprise “Regional Infectious Disea
ses Clinical Hospital” of the Zaporizhzhia regional council 
on 10.01.2019 (on the 7th day of illness) with complaints of 
fever up to 39.5 °C, severe weakness, shortness of breath at 
rest, a profuse skin rash, dry hacking cough with pain behind 
the sternum, and decreased appetite.

From the medical history, it became known that he fell ill 
on 04.01.2019 with hyperthermia of 40.0 °C, eye pain, dry 
cough. He took antipyretic drugs on his own, but against the 
background of persistent fever on 08.01.2019, shortness of 
breath appeared, on the 6th day of illness a rash on the skin 
of the face and swelling of the face appeared, on the 7th day 
of illness a rash on the skin of the trunk and arms appeared, 
shortness of breath increased. The patient sought medical 
attention and was hospitalized.

In the history of life: has chronic obstructive pulmonary 
disease, grade II obesity (body mass index 36.1 kg/m2), type 
2 diabetes mellitus. There is no documentary evidence of 
previous vaccinations.

Epidemiological history: contact with a son who had 
measles and had laboratory confirmation of measles 
diagnosis.

On admission, the patient’s condition was critical due to 
severe signs of intoxication and acute respiratory failure. 
Body temperature 39.0 °C, tachycardia 112/min, blood 
pressure 130/70 mmHg, dyspnoea up to 44/min, oxygen 
saturation 86 % (with the connection of oxygen therapy in 
mask mode, oxygen saturation was 96 %, dyspnoea decreased 
to 28/min). The patient was admitted to the intensive care 
unit for treatment. Consciousness was clear, scleritis and 
conjunctivitis were pronounced, the face was swollen, and the 
skin of the face, trunk, and extremities had a bright, plentiful, 
confluent spottedpapular rash, which in some places had 
a hemorrhagic component. Oral mucosa with enanthema, 
positive Filatov–Koplik symptom. Auscultation of breath 
sounds over the lungs was decreased in the lower parts on 
both sides, crepitation was heard on the right.

Based on the clinical and anamnestic data during the initial 
examination of the patient, the diagnosis was made: measles 
(epidemiologically linked case), rash period, severe course, 
complicated by outofhospital pneumonia.

Xray examination of 10.01.2019 on the right revealed 
lung tissue infiltration in the middle lobe projection, which 
confirmed the development of rightsided middle lobe pneu
monia (Fig. 5A).

When interpreting the results of laboratory tests in the 
general blood analysis, the presence of neutrophilia up to 
85 % with an increase in rodnuclear leukocytes up to 14 %, 
lymphopenia up to 13 % (abs. 0.78 × 109/l), thrombocytopenia 
up to 138 × 109/l, the appearance of plasma cells up to 3 %, 
acceleration of erythrocyte sedimentation rate up to 50 mm/h. 
In the biochemical indicators, there were signs of hyperco
agulation with an increase in the levels of the prothrombin 
index to 107.7 % and fibrinogen to 5.1 g/l; signs of acute 
kidney damage, namely an increase in urea to 8.2 mmol/l, 
creatinine to 130.0 μmol/l, proteinuria 0.264 g/l; as well as 
hyperglycemia up to 14.3 mmol/l.

Taking into account weakly positive meningeal symp
toms, namely stiffness of the occipital muscles and Kernig’s 
symptom, a lumbar puncture was performed for diagnostic 
purposes. In the cerebrospinal fluid, cytosis was 1 cell per 
mcl, lymphocyte, protein 0.09 g/l, which made it possible to 
rule out the presence of meningitis.

According to the analysis of the patient’s immunological 
parameters, which we studied, it was established that at the 
time of hospitalization, the content of IgG to the measles 
virus was ≤20.26 opt. units, and the level of IFNγ >1.82 
pg/ml, which indicated a high probability of developing 
pneumonia (Table 1).

The treatment was prescribed: oxygen therapy in a mask 
mode, infusion therapy in the volume of 400.0 ml, antibac
terial therapy with ceftriaxone in a dose of 2.0 g twice a day 
intravenously, low molecular weight heparin in a prophylactic 
dose of enoxaparin 4000 antiXa MO/0.4 ml subcutaneously 
once per day, ambroxol orally, antipyretic drugs according 
to indications.
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Despite the prescribed treatment, clinical signs of acute 
respiratory failure persisted during the initial five days, char
acterized by a respiratory rate of 28–30 breaths per minute 
and oxygen saturation of 90 % without supplemental oxygen, 
which increased to 96–97 % with oxygen support. Additional
ly, there was a persistent lowgrade fever, and auscultation of 
the lungs revealed negative dynamics, including weakening 
of breath sounds in the lower lung fields and the presence of 
crepitation bilaterally. Radiologically, beginning on January 
14, 2019, there was evidence of increasing infiltration of 
lung tissue: on the right side, affecting the middle and lower 
lobes, and on the left side, affecting both lobes, with the roots 
of the lungs appearing compacted and structureless. Sinuses 
and mediastinal organs were not visualized. The radiographic 
findings were consistent with a diagnosis of bilateral polyseg
mental pneumonia (Fig. 5B).

During the laboratory examination on 01.13.2019 negative 
dynamics were also noted in the general blood analysis due to 
an increase in the expression of neutrophilia to 80 %, rodnu
clear shift to 21 %, expression of lymphopenia to 6 % (abs. 

0.49 × 109/l), thrombocytopenia 145 × 109 /l, preservation of 
plasma cells up to 2 %.

Correction of treatment was carried out on 01.14.2019: 
combined antibacterial therapy with levofloxacin 500 mg 
twice a day intravenously and ceftriaxone at a dose of 2.0 g 
twice a day intravenously, glucocorticosteroids at a dose of 
2 mg/kg of body weight under prednisone was prescribed 
(within three days), an infusion of 10 % immunoglobulin 
for intravenous administration in a dose of 200.0 ml once 
was prescribed.

After correction of treatment during 01.14.2019–
01.16.2019 clear positive dynamics were obtained: steady 
normalization of body temperature, since 16.01.2019 oxygen 
dependence disappeared, oxygen saturation 95–96 % with
out oxygen support, frequency of respiratory movements 
22–24/min, auscultation reduced crepitus, rash on the skin 
became significantly less bright. From 01.17.2019 the patient 
was transferred to the department for further treatment.

Research results also clearly demonstrated positive dyna
mics. Thus, according to the results of an Xray examination 

 

 

Fig. 5. X-ray picture of chest organs in the dynamics of the disease in patient T., 55 years old.  
A: from 01.10.2019; B: from 01.14.2019; C: from 01.16.2019; D: from 01.21.2019.

Table 1. The level of IgG to the measles virus and IFN-γ in the blood serum of measles patient T., 55 years old at the time of hospitalization

Indicator, units of measurement Prediction according to ROC analysis Patient T., 55 years old

IgG to the measles virus, opt. unit ≤20.26 16.64

IFN-γ, pg/ml >1.9 12.86

5A

5C

5B

5D
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of the chest organs from 01.16.2019, a decrease in lung tissue 
infiltration was noted in all parts of the lungs. Conclusion: 
leftsided lower lobe and rightsided middle lobe and lower 
lobe pneumonia (Fig. 5C).

During the laboratory examination in the general blood 
test on 01.15.2019, clear positive dynamics were noted due 
to a significant decrease in the rodnuclear shift to the left 
to 7 %, an increase in the level of the relative and absolute 
number of lymphocytes to 20 % (abs. 0.76 × 109/l), platelets to 
168 × 109/l. In biochemical indicators, there are no deviations 
from the reference values.

Against the background of further treatment, clear positive 
dynamics of clinical, laboratory, and Xray data remained. 
During the control Xray examination on 01.21.2019, a 
further decrease in lung tissue infiltration was noted, such as 
signs of infiltration remaining on the left in the lower lobe 
and on the right in the middle lobe (Fig. 5D). The patient was 
discharged with recommendations for continued treatment in 
outpatient settings.

As can be seen from the given clinical example, a 
55yearold patient had a severe course of measles, which 
was complicated by the development of pneumonia. During 
hospitalization, the results of immunological studies, namely 
the level of IgG antibodies to the measles virus, were 16.64 
opt. unit and an IFNγ level of 12.86 pg/ml indicated a high 
risk of developing measles pneumonia. The development 
and progression of pneumonia during the first five days were 
characterized by an increase in infiltrative changes in the lung 
tissue according to Xray examination data, the appearance of 
signs of acute respiratory failure of the first degree, inflamma
tory changes in the general blood test with the presence of a 
rodshaped nucleus shift to the left, the appearance of plasma 
cells, the appearance of signs of hypercoagulation. These 
changes required the appointment of combined antibacterial 
therapy, the use of corticosteroids, and anticoagulant therapy.

Discussion
In modern conditions, almost all studies demonstrate the 
dependence of the frequency of measles complications on the 
age of patients. It should be noted that the main age groups at 
risk for a complicated course of measles are children in the 
first year of life and adults [6,11]. One of the most serious 
complications of measles is outofhospital pneumonia, how
ever, literature data on the frequency of this complication vary 
significantly [11,20,21]. Thus, under conditions of sporadic 
measles incidence among adults, a high rate of development 
of this complication was noted, namely 57 % [14]. During the 
growth of the morbidity rate, according to various authors, 
the frequency of pneumonia among hospitalized patients 
was 15.3–20.6 % [22]. The severity of the course of measles 
pneumonia in adult patients was demonstrated in the study 
[23], namely, it was proven that measles was complicated 
by outofhospital pneumonia in 31 % of patients, of which 
72 % of patients required oxygen support. During the last 
epidemic rise in the incidence of measles in Ukraine among 
military personnel, the development of pneumonia occurred 
in every fifth patient, despite the mild course of measles [13].

According to the results of our study, among hospitalized 
adult measles patients, the frequency of pneumonia was 
5.7 %. Today, significant differences in the assessment of 
the frequency of pneumonia in adult measles patients are 
explained by the use of different imaging methods for its 
confirmation. The researchers draw attention to the fact that 
pneumonia in measles patients was suspected in the presence 
of a weakening of breathing in the lower parts of the lungs in 
the absence of wheezing, and its confirmation in most cases 
required not an Xray examination, but a computer tomog
raphy [11]. In our study, only radiographic examination was 
used to confirm pneumonia, which to some extent may ex
plain the low frequency of this complication in adult measles 
patients even during the epidemic rise in measles incidence.

In our study, the role of probably postvaccination IgG to 
the measles virus in the development of such a complication 
as pneumonia in adults was determined. Today, the presented 
literature draws attention to the possibility of developing 
pneumonia in adults who were previously vaccinated against 
measles [24,25,26].

Elucidation of the pathogenetic mechanisms of the de
velopment of pneumonia in previously vaccinated adults 
against measles continues [27]. The appearance of foci of 
inflammation in the lungs is explained by the development 
of a type III hypersensitivity reaction, when in the process 
of replication of the measles virus in previously vaccinated 
patients, rapid production of IgG against the measles virus 
occurs, a significant number of immune complexes are 
formed, and foci of inflammation appear in the lungs, which 
have an immune complex mechanism of development [28]. 
It is assumed that the immunopathogenetic mechanism of 
the development of focal measles pneumonia in vaccinated 
individuals may differ from the mechanism of its development 
in nonvaccinated individuals [24]. In a number of studies, 
it has been demonstrated that foci of measles pneumonia in 
previously vaccinated individuals appear in the acute period 
of the disease, but subsequently regress for a very long time, 
from 2 months [26] to 8 months [25]. In addition, primarily 
in previously vaccinated individuals, measles pneumonia is 
most often focal and is diagnosed not by radiographic exam
ination, but by computer tomography [24,25,26].

When analyzing modern literature, we paid attention to the 
attempt of researchers [24] to propose serological prognostic 
criteria for the development of pneumonia in previously 
vaccinated individuals. Namely, a ratio of IgG/IgM >20 was 
proposed, which may be useful for the diagnosis of measles 
pneumonia [24]. In our study, we managed to establish a cutoff 
level of IgG to the measles virus ≤20.26 opt. units, which gives 
an idea of the probability of developing measles pneumonia.

Various links to the immunopathological mechanisms of 
the formation of measles pneumonia continue to be studied 
today. During the development of measles pneumonia, the 
inflammatory process is characterized as serousmacrophagic, 
accompanied by lymphocytic infiltration and vasculitis of 
small vessels [29].

It is known that IFNγ is one of the key cytokines respon
sible for the formation of the Th1 type of immune response 
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and is involved in the development of systemic and local 
inflammatory and immunopathological reactions, which 
causes the appearance of a rash and the clearance of the 
measles virus [30]. However, the acute phase of measles has 
a significant feature and differs from the classic reaction, as 
it is characterized by the formation of leukopenia in combi
nation with a high level of IFNγ [31,32]. In our study, we 
established the highest level of IFNγ under the conditions 
of the development of measles pneumonia and found out the 
cutoff level of this cytokine, which allows us to state the 
probability of the development of this complication in adult 
measles patients.

Conclusions
1. When hospitalized on the 4.8 ± 0.2 day of illness, 

71.6 % of patients are seropositive for the presence of IgG 
to the measles virus. The development of measles pneumo
nia is associated with the lowest level of IgG to the measles 
virus (p < 0.01). Under the conditions of IgG content to the 
measles virus during hospitalization of adult patients ≤20.26 
opt. units, the probability of developing measles pneumonia 
is significant (AUC = 0.650, p = 0.016).

2. In adults with measles, the content of IFNγ in blood 
serum at the height of the disease is higher (p < 0.05) than in 
healthy individuals. During hospitalization on the 4.8 ± 0.2 
day of the disease, the level of IFNγ under the conditions 
of the development of pneumonia is the highest (р < 0.05), 
exceeding the corresponding parameter in patients without 
complications. The level of INFγ during hospitalization 
>1.90 pg/ml has a diagnostic value for predicting the proba
bility of developing pneumonia (AUC = 0.643; p = 0.038).

3. The given clinical case demonstrates the informative
ness of the application in clinical practice of the immunolo
gical parameters established for predicting the probability of 
developing pneumonia in adult measles patients.

Prospects for further research. In our opinion, taking into ac
count the strategy of the World Health Organization regarding 
the elimination of measles in the European region, today it 
remains relevant to clarify the peculiarities of immunological 
parameters, in particular cellular immunity, in predicting the 
course of measles in adults.
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