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The aim is to define the dynamics of TNF-a and IFN-y serum levels in adult patients with measles depending on the development
of complications.

Materials and methods. An examination of 175 adult patients with measles revealed a range of complications and
dynamics of serum TNF-a and IFN-y depending on the development of complications. The serum contents of TNF-a
(Invitrogen, Austria) and IFN-y (Invitrogen, Austria) in patients and 30 healthy individuals were determined by en-
zyme-linked immunosorbent assay on the basis of the Training Medical Laboratory Center of Zaporizhzhia State Medical
University.

Results. It was shown that the vast majority of hospitalized adult patients with measles developed complications (70.6 %) and
these latter were predominantly respiratory (61.7 %) and gastrointestinal (44.0 %). In the period of measles rash, on day 4.8 £ 0.2
in the presence of complications, the serum TNF-a content was 11 times higher than that in healthy individuals (P < 0.05) and in
patients with uncomplicated measles (P < 0.05), and did not differ from healthy individuals (P > 0.05) in the absence of compli-
cations. The development of measles complications in adult patients was associated with higher serum levels of TNF-a both at
hospitalization (P = 0.003) and after 10 days of the disease (P = 0.005).

The serum content of IFN-y in adult measles patients with rash at hospitalization on day 4.8 + 0.2 exceeded that in healthy indivi-
duals both in the presence of complications (P < 0.05) and in uncomplicated measles (P < 0.05). The serum content of IFN-y was
19.3 times (P < 0.05) higher in patients with complicated measles than that in patients without complications. High serum levels
of IFN-y were associated with the development of complications during acute period of measles (P = 0.0001).

Conclusions. Complications occurred in most hospitalized adult patients with measles (70.6 %), that was accompanied by more
pronounced immunological changes. The development of measles complications in adult patients was associated with higher
serum levels of TNF-a both at hospital admission on day 4.8 £ 0.2 (gamma 0.77; P = 0.003) and in the dynamics after 10 days
of the disease (gamma 0.56; P = 0.005). Elevated serum levels of IFN-y were associated with the development of complications
during the acute period of measles (gamma ratio 0.46; P = 0.0001).

AnHamika Bmicty TNF- Ta IFN-y B Aopocaux, Aiki XBopi Ha Kip,
3aneXHO BiA PO3BUTKY YCKAAAHEHb

C. 0. binokobuaa, 0. B. PabokoHb, 0. 10. PA6okoHb, H. B. OHilLeHKo

Meta po6otu — 3'sicyBatu auHamiky Bmicty TNF-a ta IFN-y B cupoBaTLi KpoBi Jopocnvx ocib, siki XBOpi Ha Kip, 3anexHo Big
PO3BUTKY YCKNaAHEHb.

Marepianu Ta metoau. Y pesynbrati obcTexeHHs 175 LOPOCTMX XBOPWX Ha Kip BUSHAYMMK CMEKTP YCKMaAHEHb i AUHaMIKy
BmicTy TNF-a Ta IFN-y B cupoBarTLi KpoBi 3anexHo Big po3suTKy ycknagHeHb. KoHueHTpauito TNF-a Ta IFN-y (Invitrogen, Austria)
B CMpOBATLi kpoBi naLlieHTiB i 30 300poBWX 0OCIO BU3Ha4YammM METOAOM iMyHOhepMEHTHOro aHanidy Ha 6asi Has4anbHoro meau-
K0-nabopaTopHOro LEHTPY 3anopi3bkoro AepKaBHOrO MEAUYHOTO YHIBEPCUTETY.

Pesynitatu. [NepeBaxHo B rocnitaniaoBaHux nauieHTiB giarHocTyBanm ycknaaHeHHs (70,6 %), 30ebinbwioro 3 60Ky anxanbHoi
cuctemn (61,7 %) Ta LUMyHKOBO-KWLLKOBOTO TpakTy (44,0 %). Y nepiog Bucuny kopy (Ha 4,8 + 0,2 gHst xBopobu) 3a HasiBHOCTI
ycknagHeHb ymict TNF-a B cupoBartLi kposi B 11 pasie nepesuLLye BignoBigHUIA nokasHuk 30oposux ocib (p < 0,05) Ta xBopux
Ha Kip 6e3 ycknagHeHs (p < 0,05); SO ycknaaHeHb He Byno, He Bigpi3HSABCS Bif NokasHuka 3noposux ocid (p > 0,05). PossuTok
yCKIagHeHb Kopy B JOPOCIMX acouitoeTbes 3 Buwmum pisHem TNF-a B cupoBartui KpoBi nig yac rocnitanisayii (p = 0,003) Ta B
[AvHamiui 3axsoproaHHs yepes 10 gi6 (p = 0,005).

KoHueHTpauist IFN-y B cupoBaTLi KpoBi SOPOCTNX XBOPUX Ha Kip Mig yac rocnitanisavii (Ha 4,8 + 0,2 4Hs xBopo6u) B nepiop Bucuny
nepeBMLLyE NOKa3HWKI 300POBHX OCI0 i 3a HassBHOCTI ycknaaHeHb (p < 0,05), i npu HeycknagHeHomy nepebiry xsopobu (p < 0,05).
Hameuwwmn smict IFN-y B cupoBaTLi KpOBi BUSHAUMNW B NALLIEHTIB i3 ycknagHeHnM nepebiroM Kopy; NepeBuLLEHHS BiAMOBIAHOMO
rnokasHuka xBopux 6e3 ycknagHeHb —y 19,3 pasa (p < 0,05). Bucokuii pieHb IFN-y B cupoBaTLi KpoBi aCOLETLCS 3 PO3BUTKOM
ycknaaHeHb y nepiog poanany kopy (p = 0,0001).

BucHoBKM. Y GinbLUoCTi rocnitaniaoBaHyx A0pOCinX NaLieHTiB i3 Kopom BUSBUNIK yeknagHeHHs (70,6 %), po3BUTOK SIKMX Cynpo-
BO/KYBaBCS BYPAXeEHILLMMW iIMyHONOTYHUMM 3MiHaMU. BUHUKHEHHS yCKnaaHEHb KOpy B AOPOCTMX aCOLKOETHCA 3 BULLIMM PiBHEM
TNF-a B cupoBaTtLi kpoBi nig Yac rocnitaniaauii (Ha 4,8 + 0,2 aHs xsopobu; ramma 0,77, p = 0,003) Ta B AMHAMILi 3aXBOPOBaHHS!
(4epes 10 gi6; ramma 0,56, p = 0,005). Bucokuii piseHb IFN-y B cupoBaTLi KpOBi aCOLIOETLCS 3 PO3BUTKOM YCKMaAHEHb Y nepiog
posnany kopy (koediuieHT ramma 0,46, p = 0,0001).
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AuHamuka copepxxaHusi TNF-a u IFN-y y B3pocAbIX 60AbHBIX KOPbIO
B 3aBUCMMOCTH OT Pa3BUTUA OCAOXKHEHUM

C. A. Benokobbina, E. B. Pa6okoHb, H0. 0. Pa6okoHb, H. B. OHMLIEHKO

Lienb pabotbl — onpegenutb auHamuky cogepxanus TNF-a n IFN-y B CbIBOPOTKe KpOBW B3pOCbIX BOMbHbIX KOPbIO B 3aBUCH-
MOCTU OT Pa3BUTUS OCTIOKHEHWA.

Matepwmarnbi n MeToabl. B pesynsrare obcnenosanns 175 B3pocbix 60MbHbIX KOPbIO YCTAHOBUMW CMIEKTP OCAOXHEHWIA 1 AUHAMMKY
copepxanust TNF-a v IFN-y B CbIBOPOTKe KPOBY B 3aBUCUMOCTY OT pa3BuTis ocrioxHeHnin. Copepxxanne TNF-a (Invitrogen, Austria)
un IFN-y (Invitrogen, Austria) B CbIBOpOTKe KpoBM naumeHToB 1 30 300pOBbIX WL, onpeaensn MeTogoM MMMYHODEPMEHTHOTO
aHanusa Ha 6ase Y4ebHoro Meanko-nabopaTtopHOro LieHTpa 3anopoXckoro rocyAapCTBEHHOrO MEAULIMHCKOTO YHUBEpCUTETa.

Pesynbrartbl. Y nogaensioLero 60nbLUMHCTBA rOCNUTANWU3MPOBaHHbIX NaLWEHTOB OTMEYEHO passuTie ocnoxHeHni (70,6 %),
yalLe BCEro Co CTOPOHbI AblxaterbHon cuctembl (61,7 %) v xxenynodHo-kuweyHoro TpakTa (44,0 %). B nepwoa ceinv kopu (Ha
4,8+ 0,2 oHs GonesH) Npu Hanu4MM ocnoxHeHN copepxanne TNF-a B CbIBOPOTKE KpoBM B 11 pa3 NpeBbILLAET COOTBETCTBYHOLLNIA
nokasaterb 300poBbIx N (p < 0,05) 1 BonbHbIX kopbto 6e3 0cnoxHeHuiA (p < 0,05); Npu OTCYTCTBUM OCNIOXHEHWIA — HE OTNNYancs
OT nokasarens 3a0poBbIX nuy, (p < 0,05). Pa3suTie 0CNOXHEHWIA KOPY Y B3pOCTbIX accoummnpyetcsi ¢ 6onee BbICOKMM YPOBHEM
TNF-a B cbiBOpOTKe KpoBw npu nocTynneHum (p = 0,003) n B auHamuke 3abonesanuns yepes 10 gHei (p = 0,005).

KoHueHTpauws IFN-y B cbiBOPOTKE KPOBMW B3pOCHbIX 6OMbHBIX KOPbIO NpK nocTynneHum (Ha 4,8 + 0,2 aHs BonesHu) B nepuog,
CbINW NpeBbILLIAET NOKa3aTeNW 300POBbIX MWL, U NPU HanUuMn ocnoxHeHWN (p < 0,05), 1 Npyu HEOCIIOXHEHHOM TeveHUn 6onesHu
(p < 0,05). HanbonbLuee cogepxanue IFN-y B CbIBOPOTKE KPOBM YCTAHOBMEHO Y MALMEHTOB C OCMOKHEHHBIM TEYEHNEM KOPH;
npeBbILLUEHVE COOTBETCTBYIOLLErO Nokasatens naumeHToB 6e3 ocnoxHeHuin — B 19,3 pasa (p < 0,05). Beicokuit ypoeeHb IFN-y B
CbIBOPOTKE KPOBM acCOLMMPYETCS C BO3HUKHOBEHEM OCIIOXHEHWIA B nepuop, pasrapa kopu (p = 0,0001).

BbiBoApbl. Y 60nbLUMHCTBA rOCIMTaNU3NPOBaHHbIX NALMEHTOB C KOpbHO AnarHocTupoBanu ocnoxHerus (70,6 %), passutie Ko-
TOpbIX CONPOBOXAANOCH Bornee BbIpaXKEeHHbIMI UMMYHOINOTMYECKAMU N3MEHEHNSMI. PasBUTUE OCTIOKHEHWIA KOPU Y B3POCTIbIX
accouumpyetcs ¢ bonee Bbicokum ypoHeM TNF-a B CbIBOPOTKE KPOBW Mpu rocnutanuaaumm (Ha 4,8 + 0,2 oHs GonesHu; ramma
0,77; p=0,003) n B anHamuke 3abonesanus (Yepes 10 gHelr; ramma 0,56; p = 0,005). Bbicokuin ypoBeHb IFN-y B CbIBOPOTKE KPOBU

accouunpyeTcs ¢ pa3BuUTHEM OCTIOXHEHUI B Nepuop pasrapa kopu (koadpduumeHt ramma 0,46; p = 0,0001).

Measles is a very contagious viral infection with a highly risk
of severe complications. Due to a measles massive vaccina-
tion campaign in the early 2000s, the WHO has set goals to
interrupt measles local circulation in the European Region
[1]. Despite some progress made towards the measles
elimination in the European Region, the epidemic process
is still spreading quite rapidly [2]. Cyclical epidemics and
emergence of local measles outbreaks are associated with
an increase in the number of susceptible populations due
to low immunization rates in previous years resulting in
decreased post-vaccination immunity [3]. In 2017-2018,
in European countries, including Ukraine, there was a sig-
nificant increase in the incidence of measles [4]. A feature
of measles in recent years is the predominance of adults
among sick individuals, in particular, Germany reported
52 % [5], Italy — 73 % [6] and Belgium — 50 % of measles
patients [7] over 15 years old.

The pathogenetic mechanisms of complications in mea-
sles patients are still unclear. The risk of measles complica-
tions is correlated with the severity of immunosuppression
that develops in patients with measles. At the same time,
a paradoxical induction of strong virus-induced specific
immune response can be seen in measles virus infection
followed by lifelong immunity [8]. The cytokine system state,
a universal regulatory system of mediators that controls
the processes of proliferation, differentiation, apoptosis, and
functional activity of immunocompetent cells, is important
in the immune response formation [9]. It is known that
dysregulated production of anti-inflammatory cytokines
can lead to a decrease in protection against infectious
agents and increase the direct damaging effect of viruses
on various organs and systems [10,11]. Therefore, the role
of such major pro-inflammatory cytokines as tumor necrosis
factor a (TNF-a) and interferon-y (IFN-y) in the measles
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complications development in adults deserves special
attention.

Aim
The aim is to define the dynamics of serum TNF-a and IFN-y

quantitative contents in adult measles patients depending
on the development of complications.

Materials and methods

In the study, 175 patients (81 males and 94 females) with
measles aged between 18 and 58 years were examined.
All patients received a treatment in the Municipal Institution
“Regional Infectious Diseases Clinical Hospital of the Zapo-
rizhzhia Regional Council” during 2017-2019. The diagnosis
of measles was confirmed by clinical, epidemiological, and
serological tests with the identification of anti-measles IgM
according to the WHO criteria (2013) [12]. All the patients
underwent traditional clinical, laboratory and instrumental
examinations and were assigned to either a group with or
without complications, 124 and 51 individuals, respectively.
The patients were twice examined: at hospitalization on
day 4.8 £ 0.2 of the disease and after 10 days of inpatient
treatment. The serum contents of TNF-a (Invitrogen, Austria)
and IFN-y (Invitrogen, Austria) in the patients and 30 healthy
people were determined by enzyme-linked immunosorbent
assay at the Training Medical and Laboratory Center of
Zaporizhzhia State Medical University, headed by MD,
Professor A. V. Abramov.

Statistical data processing was carried out using
the program Statistica for Windows 13 (StatSoft Inc., No. JP-
Z8041382130ARCN10-J). Mann-Whitney U tests were used
to compare continuous variables between the complication
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Table 1. Frequency and
abs. (%)

spectrum of complications in adult patients with measles,

hdcaor [ patenis win measies n=179

Uncomplicated course

51(29.4 %)

Complicated course 124 (70.6 %)
Respiratory complications: 108 (61.7 %)
- bronchitis 97 (55.4 %)
— pneumonia 13 (7.4 %)
Gastrointestinal complications: 77 (44.0 %)
— hepatitis 74 (42.3 %)
— enteritis 15 (8.6 %)
— Mallory-Weiss syndrome 1(0.6 %)
Eye complications
— cyclitis 1(0.6 %)
Central nervous system complications:
— serous meningitis 1(0.6 %)

Table 2. Dynamics of TNF-a and IFN-y serum levels in adult patients with measles
depending on the development of complications, Me [Q25; Q75], pg/ml

Time Healthy
of examination people

Patients with measles
With complications Without complications

TNF-a, Me [Q25; Q75], pg/ml

At admission 0.
After 10 days

IFN-y, Me [Q25; Q75], pg/ml
At admission 0.
After 10 days

04[0.02;0.04] 0.44 [0.08; 2.17]"2 0.04[0.04; 0.12]
0.07[0.04; 1.52]3 0.06 [0.04; 0.10]'
09[0.08;0.20] 4.83[0.29; 12.86' 0.25[0.13; 1.14]"
0.14[0.08; 0.58]° 0.121[0.08; 0.24]

Significant differences: 1 — compared to the healthy people (P < 0.05); 2 — compared to the patients

without complications (P < 0.

836 ISSN 2306-4145

05); 3 — compared to the corresponding group at admission (P < 0.05).

group and the group without complications. Correlations
between findings were evaluated using the Spearman test
and gamma ratio.

Results

The study results showed that measles progressed with
the development of complications in most adult patients
(70.6 %). Respiratory complications prevailed (61.7 %),
including acute bronchitis (55.4 %) and pneumonia (7.4 %).
Almost one in two patients (44.0 %) had gastrointestinal
complications, including hepatitis (42.3 %), enteritis (8.6 %),
Mallory-Weiss syndrome (0.6 %). In some cases, adult
patients developed measles-related visual impairments in a
form of cyclitis (0.6 %) and central nervous system disorders
manifested as serous meningitis (0.6 %) (Table 1).
Changes in the serum TNF-a content in adult measles
patients were shown to be highly dependent on the com-
plication presence at the time of hospitalization on day
4.8 + 0.2 of the disease during the rash. For instance, in
the presence of complications, the TNF-a level was 11
times higher than that in healthy individuals (P < 0.05) and
patients with uncomplicated measles (P < 0.05). It should
be noted that the serum content of TNF-a in patients with
uncomplicated measles did not differ statistically from that
in healthy people (P > 0.05) on day 4.8 + 0.2. Within 10
days of follow-up, the serum content of TNF-a decreased
(P < 0.05) in patients with complicated measles compared
with hospitalization, but remained higher than in healthy
individuals (P < 0.05) at the time of discharge (Table 2).
Using the statistical method of gamma rank correlation,

http://zmj.zsmu.edu.ua

a direct correlation was found between the complicated
measles course and the serum concentration of TNF-a in
the patients on day 4.8 + 0.2 of the disease and after 10
days of follow-up (P < 0.05). That is, the found correlations
suggested that there was an association between complica-
tions development by patients with the highest serum levels
of TNF-a both at admission (scale 0.77; P = 0.003), and in
the disease dynamics (scale 0.56; P = 0.005).

Analysis of the serum IFN-y content in adult measles
patients in dynamics showed higher levels of this cytokine
at the time of admission (P < 0.05) on day 4.8 + 0.2 of
the disease than those in healthy people, regardless of
complication development (P < 0.05). However, the highest
serum content of IFN-y was in the patients with complicated
measles, 19.3 times (P < 0.05) greater than the corre-
sponding value of the patients without complications. It
is worth noting that the significant increase in the serum
IFN-y content was short-term and decreased (P < 0.05)
in the dynamics after 10 days of the disease in patients
with complicated measles as compared to the admission
level. The serum content of IFN-y in patients of both study
groups did not differ statistically from that of healthy people
(P> 0.05) after 10 days in the dynamics (Table 2). A direct
correlation between the complicated course of measles and
the quantitative content of IFN-y in patients at admission on
day 4.8 £ 0.2 of the disease (P < 0.05) was found. These
correlations proved an association between elevated serum
levels of IFN-y and the development of complications during
acute period of measles (gamma ratio 0.46; P = 0.0001).

Using Spearman’s analysis, significant correlations
were found between the levels of studied cytokines and
hemograms and laboratory indicators of adult measles
patients. Namely, the serum content of IFN-y was directly
correlated with the number of band neutrophils (r = 0.38;
P <0.001), lymphocyte count (r = 0.31; P < 0.01), alanine
aminotransferase activity (r = 0.25; P < 0.05) and inverse-
ly — with the number of segmented neutrophils (r = -0.32;
P < 0.01). The serum TNF-a content was inversely cor-
related with the number of blood lymphocytes (r = -0.30;
P <0.05).

Discussion

Modern literature data [4-7] show that during the epidemic
rise in the measles incidence in 2017-2019, there was a
clear predominance of adults among sick individuals. It
has been believed that measles in adults is accompanied
by a severe course and the development of complications
more often than in children. However, literature data on
the incidence of measles complications in adults varies
which might be due to different indications for hospita-
lization and different diagnostic methods used (computed
tomography or X-ray examination) [13—15]. Among the most
commonly diagnosed complications are respiratory and
gastrointestinal [13—16]. However, according to various
researchers, the incidence of pneumonia in adult patients
ranges from 15.3 % [13] to 81 % [15], and the incidence
of hepatitis — from 45 % [16] to 81 % [15]. Based on our
study, the incidence of pneumonia in adult measles patients
was 7.4 %, although it should be pointed out that we used
only chest X-ray examination to confirm this complication.
The results of our study have shown hepatitis in 42.3 % of

Zaporozhye medical journal. Volume 23. No. 6, November — December 2021



measles patients, which was diagnosed through cytolytic
syndrome detection.

Immunological pathogenetic mechanisms of measles
complications are currently being examined. It has been
shown that the severity of immunosuppression in measles
patients was correlated with the risk of complications [8]. In
the conditions of secondary viremia, which is accompanied
by the manifestation of clinical symptoms, measles virus
reaches the maximum concentration in the cells of lymphoid
structures, respiratory system, gastrointestinal tract, and
eye epithelium, determining a spectrum of complications
[8]. With the development of respiratory and gastrointestinal
complications, which are the most common in measles
patients, the inflammatory process is characterized as
serous-macrophage and accompanied by lymphocytic
infiltration and small-vessel vasculitis [17]. It is known that
IFN-y is one of the key cytokines, as it determines the for-
mation of Th1-type immune response and is involved in
the development of systemic and local inflammatory and
immunopathological reactions that cause rash and measles
virus clearance [18]. However, in measles, the acute phase
differs from classical reaction and is characterized by the for-
mation of leukopenia in combination with elevated levels of
IFN-y [19]. According to our study, the highest serum levels
of TNF-a and IFN-y were revealed in adult measles patients
with complications. The literature suggest that increased
production of pro-inflammatory cytokines plays an important
role in the development of complications seen in a number
of organs and systems by inducing leukocyte adherence
to vascular epithelium, stimulating its procoagulant activity,
involving effector cells in the inflammatory zone, thereby
worsening immunopathological lesions in various organs [9].

We have determined in the disease dynamics a signi-
ficant decrease in the content of studied cytokines after 10
days of treatment compared to the corresponding indicators
at admission in patients with complicated measles, while
the TNF-a content in this period remained significantly
higher than that in healthy individuals. It is worth noting
that in patients without complications, the content of TNF-a
increased in the dynamics and became higher than that in
healthy persons. In recent years, scientific literature has
published the study results of other authors on the cytokine
profile dynamics in adult measles patients. Thus, the study
[20] analyzed the dynamics of pro-inflammatory and an-
ti-inflammatory cytokine levels in adult measles patients
considering two factors, namely severity of the course and
the presence of complications. The study [20] has shown
the highest level of serum IFN-y in patients with moderate
uncomplicated course in the dynamics of the disease,
and the lowest one — in patients with severe course and
pneumonia. This article presents our study results with no
regard for the severity of measles. Nevertheless, we have
also previously published the results of analysis [21,22] on
the content of studied cytokines depending on the severity of
measles, albeit without additional division into groups based
on the presence of complications. Our results obtained
analyzing the data in the measles dynamics, were to some
extent in line with the study results [20], namely, the serum
IFN-y content in patients with severe course of the disease
was found to be lower than that in patients with moderate
course after 10 days of treatment [22].
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Conclusions

1. Complications occurred in most hospitalized adult
patients with measles (70.6 %) and were primarily related
to the respiratory system (61.7 %) and gastrointestinal
tract (44.0 %).

2. In the period of measles rash, on day 4.8 + 0.2 of
the disease with the presence of complications, the serum
content of TNF-a was 11 times higher than that in healthy
individuals (P < 0.05) and in patients with uncomplicated
measles (P < 0.05), and did not differ from that in healthy
individuals (P > 0.05) in the absence of complications. The
development of measles complications in adult patients
was associated with higher serum levels of TNF-a both at
hospital admission on day 4.8 £ 0.2 of the disease (gamma
0.77;P=0.003) and in the dynamics after 10 days (gamma
0.56; P = 0.005).

3. The serum IFN-y content in adult measles patients at
admission on day 4.8 £ 0.2 of the disease in the period of
rash was higher than that in healthy individuals regardless
of complications (P < 0.05). The highest serum content of
IFN-y was in the patients with complicated measles, 19.3
times greater (P < 0.05) than the corresponding value of
the patients without complications. Elevated serum levels
of IFN-y were associated with the development of compli-
cations during the acute period of measles (gamma ratio
0.46; P =0.0001).
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