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MocTTpaBMaTUYHUA CTPECOBUM po3nan:
KNiHiKO-nabopaTopHi 3MiHK
Ta NepcneKTMBa iMyHHMX NMOpyLUEeHb

CeiTnaHa 3ybueHko?!, IpuHa Kpinb!, OneHa Haaixko?,
Bonoaumnp raescbknia?, Irop Nangyyok?,
Ninia MornnbHuUubkKa3

1Kageapa kniHi4HOI iMyHo10rii Ta aneprosaorii

JIbBIBCbKOIro HaLioHasibHOro MeAU4YHOro yHiBEPCUTETY

imeHi [lannna anvybkoro, JIbBiB, YKpaiHa

’Kageapa otopuHonapmHronorii JIeBiBCbKOro HayioHabHOro
MeANYHOro yHiBepcuteTy iMeHi [lanwna annibkoro,

JIbBiB, YKpaiHa

3Kageapa TepaneBTUYHNX ANCUNIIIIH T@ CIMEMHOI MeaANLMHU
@r10 BiHHULbBbKOIro HauioHasibHOro MEANYHOIO YHIBEPCUTETY
imeHi M.I. MNuporosa, BiHHWLs, YKkpaiHa

BcTyn. lNMpobnema nowmpeHHs NoCTTpaBMaTMYHOro CTPECOBOro
po3naay (MTCP) 3a yMOB CbOrogeHHs B YKpaiHi i nogonaHHs
MOro Hacnigkie, y TiM 4MCAi IMYHO3aneXHUX MNopyleHb — Le
OZHe 3 KJIIDUYOBMX MUTaHb, sIke NOTpebye LUMPOKOro BUBHEHHS i
BUPILLEHHS Y NPAKTUYHIA MEANLNHI.

MaTtepianu Ta Metoau. pyny AOCNIAXEHHS CTaHOBUAW 79
(27,5 %) nauieHTiB 3 BepudikoBaHum MTCP: 46 (58,2 %) xi-
HOK i 33 (41,8 %) 4onoBikiB, cepeaHin Bik 38,7£7,2 pokiB;
KOHTPO/bHY rpyny — 20 npakTWM4yHO 340poBuKX 0cCi6. [Ansa Bepu-
dikauii NTCP BukopucTOBYBanu onuTyBanbHUK HauioHanbHOro
iHCTUTYTY ncuxidHoro 3gopos’a (National Institute of Mental
Health, NIMH), American National Center for PTSD (2013). Bu-
KOHyBanu 36ip aHaMHe3y, KiHiYHWI ornsapa, 3aranbHi Ta b6ioxi-
MiYHi NabopaTopHi AOCNIAXKEHHS, CTaTUCTUYHWNIA aHani3.

Pe3ynbTaTthn. Y BCix nauieHTiB 3 MNMTCP BUABNEHO KIJIiHIYHI No-
pYLWeEeHHS Ta 3MiHM B flabopaTopHUX MOKasHMKax 3 BiporigHuM

36inbWeHHAM abCoNOTHUX | BIAHOCHMX 3HA4YeHb HEUTPOQINiB i MOHOHYKIEapHUX KNITWUH, NiaBuU-
LeHHAM piBHIB rocTpoda3oBux binkiB i akTuBaUi€lo TpaHcaMiHas. LiInx nauieHTiB MM oxapakTepu-
3yBaJiN K IMYHOKOMMPOMETOBAHMX OCi6 3 NepCnekTUBO BUBYEHHS iMYHOSIOMNYHUX NOPYLUEHb.

BucHOBKMW. Pe3ynbTatu ornany HaykoBOI NiTepaTypu i BUABNEHI HAMW KNIHIYHI | napakiHiyHi
NposiBM y nauieHTiB 3 MTCP BKa3yTb Ha pOfb IMYHHUX MEXaHi3MiB y (hOpMYyBaHHI LLbOro CUHAPOMY
i AMKTYOTb HEOBXIAHICTb PO3LUMPEHHS AiarHOCTUUYHNX 3aX0AiB cepes Taknx XBOPUX 3 NOAASbLUOK
NnaToreHeTUYHO TaKTUKOM X BeAEHHS.

KnwouoBi cnoBa: nocrrpaBMaTU4HUI cTpecoBmin posnag, COVID-19, nocTiHdekuirHi po3naam,

iIMYHOKOMMPOMETOBAaHI MauieHTH.
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Post-traumatic stress disorder: Clinical and
laboratory changes and potential for immune
disorders
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Background. The spread of post-traumatic stress disorder
(PTSD) and overcoming its consequences, including immune-
related disorders, is one of the critical issues requiring extensive
study and resolution in practical medicine, particularly under
present conditions in Ukraine.

Materials and methods. The study group consisted of 79
(27.5%) patients with verified PTSD: 46 (58.2%) female and 33
(41.8%) male, with an average age of 38.7+7.2 years; a control
group of 20 apparently healthy people was used. The National
Institute of Mental Health (NIMH) American National Center for
PTSD (2013) questionnaire was used to verify PTSD. In addition,
history taking, clinical examination, general and biochemical
laboratory tests, and statistical analysis were performed.

Results. All patients with PTSD experienced clinical disorders
and changes in laboratory indicators, with a probable increase in
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absolute and relative values of neutrophils and mononuclear cells, an increase in the levels of acute
phase proteins, and activation of transaminases. In addition, these patients were characterized
as immunocompromised patients with the potential to study immunological disorders.

Conclusions. The results of the review of the scientific literature and the clinical and paraclinical
manifestations that we found in patients with PTSD indicate the role of immune mechanisms in
the development of this syndrome and necessitate expanding diagnostic measures among such
patients with the different pathogenetic approach of their management.

Post-Infectious

Keywords: Post-Traumatic  Stress

Immunocompromised Patients.

Disorder, COVID-19, Disorders,
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Bctyn

Binomnii ncmxonor Pobept EMMoOHC XXI cToniT-
TS Has3BaB «CTONITTAM TpaBM» [6]. MNaHaemis
COVID-19 ctana ncMxodisanyHMM TPaBMYHO4YUM
dakTopoM nsiaHeTapHOro MacwTaby, npussena
[0 MacoBuX NeTasibHMX BUNaAKiB, MaHidecTa-
Uil MOCTKOBIAHUX YCKNafHeHb, iHBanigusauii,
BTpaTM MCUXIYHOrO 340pOB’'S 3 (POpPMyBaH-
HAM MOCTTPaBMaTU4YHOrO CTPECOBOr0 po3sany
(ATCP) [30]. MNocTTpaBMaTU4YHWIA CTPECOBUI
po3nag — TSXKWIA NCUXIYHUIA CTaH, SKUIA € Ha-
CNiAKOM ncmxoTpaBMytoyoi nogii [4]. NMTCP Bu-
HUKAE §K BiACTpoyeHa abo 3aTsxHa peakLlis Ha
CTpecoBy noaito abo cuTyauito (KOpOTKOYacHy
abo TpuBany), aka Ma€ cyb'eKTUBHUIN XapakTep
norposn abo katactpodu, MOXe BUKIMKATU
3aranbHUA AUCTPEeC MalmXe y KOXHOI 0ANHN.
TepMiH «NOCTTPaBMaTUYHUI CTPECOBUIN PO3-
nap» 6ys ynepwe BBeaeHun y CLUA (1960-
1970 pokn) [17]. Ha Tni naHgemii COVID-19
e o4HWM 3arpo3fiIMBUM BUKIIMKOM Ans YKpa-
iHKW cTana noBHoOMacwTabHa BiliHa. OCKiNbKK
aKTUBHa (pa3za BiltHM B YKpaiHi TPUBAE 3 /IOTOr0
2022 poky, TO KiNbKiCTb NOCTpaxkaanmx @isnu-
HO Ta ncuxonoriyHo 36inblwyeTbcs. poBiaHi
YKpaiHCbKi daxiBui B ranysi ncmxonorii Ta ncu-
xXoTepanii KOHCTaTyBanu B YKpaiHUiB dopMy-
BaHHS «KOJIEKTUBHOI TpaBMu» [6].

3arasioM CTpecoBi NoAii pi3HOI IHTEHCUBHOCTI
CYMpOBOAXYIOTb JIIOANHY BIMPOAOBX XUTTH,
ajie naTosoria po3BMBAETLCA He Y BCiX. [1okas-
HMKK nowunpeHocTi MTCP cepen TUX, XTO nepe-
XWIKW eKCcTpeManbHi cuTyadii, 3a pisHUMK axe-
penamu ctaHoBnaTb BiA4 10 % (cepen cBiakiB)
00 90 % (cepen TSXKKO nMOCTpaxaanux ocib).
3pebinbworo cumntomMmn MTCP 3HMKaTL Mpo-
TAMOM Ki/IbKOX TUXHIB MNiCNg NepexuTol noaii,
y Maixe 50 % nauieHTiB CUMNTOMU BMPOAOBXK
pPOKYy 3HMKalTb 6e3 nikyBaHHsA, a B 10-20 %
BUMaAKiB pO3BMBAETLCS XPOHIYHMI Henepeps-
HMIn nepebir MTCP [17]. Ha no4aTky MNOBHO-
mMacwTabHoi BiliHM B YKpaiHi nepeBaxanu na-
LiEHTM 3 FOCTPUMU CTPECOBMMU poO3sajaMu.
Tenep (pik nicnsa nodaTky eckanauii KOHdiK-
Ty) AOMiHYtOTb 0cobum 3 MTCP, Wwo € HacnigKkoM
NepexXunuTnx TpaBMaTUYHUX MOAIN.

OTmxe, npobnema nowwupeHHs MTCP 3a ymoB
CbOroAeHHs B YKpaiHi i nogonaHHs MOro Ha-
CNiAKiB, Y TiM YUC/i IMYHO3aNEeXHUX NOpYLUEHb
- e O4He 3 K/IK4YOBUX NUTaHb, SKe noTpebye
LUMPOKOro BUBYEHHS | BUPIWWEHHS Yy MpaKTuy-
HiN MeauUmnHI.
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MeTa Hawoi pob0oTn — NpoaHanizyBaTu AaHi onu-
TyBanbHUKA, KIIHIYHUX | MapaKniHiYHMX NposBiB
y nauienTiB 3 NTCP i BMOKpeMnTn rpyny iMyHo-
KOMMPOMETOBAHMX XBOPUX 3 NEepCreKTUBOoIO BU-
BYEHHS IMYHOJIOMYHUX MOPYLUEHb i MOAANbLUOK
NaToOreHeTUYHOK TaKTUKOI IX BEAEHHS.

MaTepianu Ta metoamn

Jocnig)xeHHa npoBoAWMAM 3 AOTPUMAHHAM
npuHUUNiB 7-ro neperngany lenbciHCbKOI Ae-
knapauii npas nwanHu (2013), KoHBeHLUii
Pagn €sponu npo npasa noanHu i biomeamum-
HYy Ta BiANOBIAHWX 3aKOHIB YKpaiHn. OTpMMaHo
3roay Komicii 3 eTuku J1bBiBCbKOro HauioHanb-
HOro MeAu4YHOro yHiBepcuTeTy iMeHi [aHuna
Manunubkoro (npotokon N2 1/22 Big 27.02.22).

JocnipxeHHs BinbysBanocsa Ha 6asi kadenpu
KNiHiYHOT iMyHosiorii Ta anepronorii JIbBiBCbKO-
ro HauioHanbHOro yHisepcuTeTy iMeHi [JaHuna
Manuubkoro B rnepiog BepeceHb 2022 - ci-
yeHb 2023 poky. Ans Bepudikauii MTCP Buko-
puctosyBann onutyBanbHUK NIMH, American
National Center for PTSD (2013). Kputepiamu
BKJIIOUEHHS 6ynn pgopocni ocobun obox craTen
BikoM Bia 18 pokie 40 65 pokiB 3 gaHMMK aHa-
MHe3y Mpo nepeHeceHuin Tsxxkmin COVID-19 i/
abo cTpec yHacniAoK BiMHM UM iHLINX KaTacTpo-
diYHMX noair, a TaKoX HasIBHICTIO nicnscTpe-
COBMX CUMMNTOMIB TpmBanictio 6inblie ogHOro
Micaus. OnuTyBanbHMK cknagascs 3 4 60kiB
nuTaHb: 1) CMMNTOMM MOBTOPHOrO MNeEpexmu-
BaHHS TpaBMaTW4dHOI nogii (MiH. 1 cumnToMm);
2) CUMMNOTOMW YHUKAHHSA (MiH. 1 cumnToM); 3)
CUMNTOMU 36YyAXKEHHSA Ta peakTUBHOCTI (MiH.
2 cumnToMn); 4) CMMATOMWU MOPYLUEHHS KOr-
HITUBHUX PYHKUINM i HacTpoto (MiH. 2 cMMnTO-
mMn). KoxHuin 6nok mictue 8-10 cumnToMiB,
[04aTKOBO B KiHUI aHKeTn 6yno NMTaHHS Woao
TPUBAsnoCTi BiANOBIAHUX NposBiB (ONUTyBasb-
HUK 40AAETbCA). KoXHa No3mMTMBHA BiANOBIAb
(Tak) ouiHtoBanacb K HasiBHICTb CUMMTOMY:
CMMNTOMM MOBTOPHOrO nepexmBaHHa (MiH. 1
no3nTUBHa BIAMOBIAb); CUMMATOMU YHUKHEH-
Ha (MiH. 1 no3uTMBHa BigMNOBIAb); CUMMOTOMU
36yAXeHHS Ta peaKTUBHOCTI (MiH. 2 MO3UTUBHI
BiAMOBIAI); CUMMMOTOMMU KOFHITUBHUX (YHKLUINA i
HacTpot (MiH. 2 NO3nTUBHI Bignosiai). Cymap-
Ha (MiHiManbHa) KiNbKiCTb NO3UTUBHUX BiANO-
BiAeln ons noctaHoBkK giarHosy MTCP - wicTb.

KpuTtepii BUKIOYEHHSA: 0cobu, sKi A0 OAHOro
MicALA nepeHecnu CTpecosi noAaii, Aitu, BariT-
Hi, BIJ1-iH(ikoBaHi, nauieHTn 3 ayTOIMyHHUMH,
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Introduction

The 21st century was called the “century of
trauma” by the famous psychologist Robert
Emmons [6]. The COVID-19 pandemic has
become a traumatic psychophysical factor on
a global scale. It has led to mass deaths, the
manifestation of post-COVID complications,
disability, and loss of mental health with the
formation of post-traumatic stress disorder
(PTSD) [30]. Post-traumatic stress disorder
is a severe mental condition resulting from
a traumatic event [4]. PTSD occurs as a de-
layed or prolonged reaction to a stressful
event or situation (short-term or long-term),
which has the subjective nature of a threat
or disaster and can cause general distress in
almost every person. The term “post-trau-
matic stress disorder” was first introduced in
the USA (1960-1970) [17]. In the setting of
the COVID-19 pandemic, a full-fledged war
has become another threatening challenge
for Ukraine. Since the active phase of the
war in Ukraine has continued since February
2022, the number of physically and psycho-
logically injured patients is increasing. Lead-
ing Ukrainian experts in psychology and psy-
chotherapy noted the formation of “collective
trauma” in Ukrainians [6].

In general, stressful events of varying inten-
sity accompany a person throughout life, but
not everyone develops a pathology. According
to various sources, prevalence rates of PTSD
among survivors of extreme situations range
from 10% (among witnesses) to 90% (among
severely injured persons). In most cases, the
symptoms of PTSD disappear within a few
weeks after the experienced event. In almost
50% of patients, symptoms disappear within
a year without treatment, and a chronic con-
tinuous course of PTSD develops in 10-20%
of cases [17]. Patients with acute stress dis-
orders predominated at the beginning of the
full-fledged war in Ukraine. Currently (a year
after the start of the conflict escalation), peo-
ple with PTSD dominate, which is a conse-
guence of experienced traumatic events.

Thus, under present conditions in Ukraine, the
problem of PTSD spreading and overcoming
its consequences, including immune-depen-
dent disorders, is one of the topical issues re-
quiring extensive study and resolution in prac-
tical medicine.
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The objective of our study was to analyze data
from the questionnaire, clinical and paraclin-
ical manifestations in PTSD patients, and to
single out a group of immunocompromised
patients with the potential of studying immu-
nological disorders and different pathogenetic
approaches to their management.

Materials and Methods

The study was conducted following the 7th
revision of the Declaration of Helsinki Human
Rights (2013) principles, the Council of Eu-
rope Convention on Human Rights and Bio-
medicine, and the relevant laws of Ukraine.
Approval was obtained from the Ethics Com-
mittee of Danylo Halytsky Lviv National Med-
ical University (protocol No. 1/22 dated Feb
27, 2022).

The study was conducted from September
2022 to January 2023 based on the Depart-
ment of Clinical Immunology and Allergology
of Danylo Halytsky Lviv National Medical Uni-
versity. The NIMH American National Center
for PTSD (2013) questionnaire was used to
verify PTSD. Inclusion criteria were adults of
both sexes aged 18 to 65 with a history of se-
vere COVID-19 and stress due to war or other
catastrophic events, as well as the presence of
post-traumatic stress symptoms lasting more
than one month. The questionnaire consisted
of 4 blocks of questions: 1 - symptoms of a
repeated traumatic event experience (min.
one symptom); 2 - symptoms of avoidance
(min. one symptom); 3 - symptoms of ag-
itation and reactivity (min. two symptoms);
4 - symptoms of impaired cognitive functions
and mood (min. two symptoms). Each block
contained 8-10 symptoms; the questionnaire
included a question about the duration of the
corresponding manifestations at the end (the
guestionnaire is attached). Each positive an-
swer (Yes) was evaluated as the presence of a
symptom: symptoms of a repeated experience
(min. one positive answer); avoidance symp-
toms (min. one positive response); symptoms
of agitation and reactivity (min. two positive
answers); symptoms of cognitive functions
and mood (min. two positive answers). The
total (minimum) number of positive answers
for diagnosing PTSD is six.

Exclusion criteria: persons who experienced
stressful events for up to one month, chil-
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OHKOJIOTIYHUMU, FOCTPUMU (HPEKLUINHMMKN Ta
XPOHIYHUMWN cepLeBO-CYANHHUMU, MNYJIbMOHO-
NoriyHnuMKn, HesponoriyHumu, nimdonponide-
paTuBHUMK XxBOopobamn, UyKpoBMM pAiabeTom
1i 2 tuny, Ta 6yAb-AKMMW HWMMWN CYMNYTHIi-
MU [EKOMMNEHCOBAHMMW 3aXBOPIHOBAHHAMMK, a
TakoX 0cobu, §Ki 310BXMBalOTb ANKOronem,
HapKOTUYHMMKU pe4voBMHaMM abo nignsranu
BMJIMBY TOKCUYHUX YN XiIMIYHUX PEYOBUH.

KOHTponibHY rpyny ctaHoBuam 20 mMpakTUYHO
340poBMX 0Ci6 BignoBigHOro BiKy i CTaTi, sKi
3a AaHMMKM onuTyBasibHMKa Habpanu Big 0 Ao
5 6anis.

MpoBoannu 3aranbHWUIA Ornag NauieHTiB Ta oc-
HOBHi MapakniHiyHi nabopaTopHi ob6cTexeH-
HA: 3aranbHWMn aHaniz kposi (3AK), ceui, piBHi
anaHiHamiHoTpaHcdepasn (AJIT), acnapTaTa-
MiHOoTpaHcdepasn (ACT), kpeaTuHiHy, C-pe-
akTmMBHOro npoteiHy (CPIM). Yci pani ornaay Ta
06CTeXxXeHHs NauieHTIB BHOCUIN y po3pobreHy
HaMU aBTOPCbKY <«AHKETY KAiHiYHMX i nabo-
paToOpHUX AaHux MNTCP».

Ona o6pobku emMnipuyHMX AaHMX MNaUiEHTIB 3
rpynu AOCAIOXEHHS, X cucTteMaTm3adil i Kinb-
KiCHOro onmcy, a TakKoX Hao4yHOro npeacras-
JIEHHA Y BUrNA4i pUCYHKIB BMKOPWUCTOBYBA/N
OECKPUNTUBHUI CTAaTUCTUYHWMIA MeToA. Y pasi
HopManbHoro (Mayca) po3noainy AaHWX BUKO-
puctoByBanu kputepin Lanipo-Binka, npu He-
HOpMaJsibHOMY PO3MoAisli AaHUX BUKOPUCTOBYBa-
N HenapaMmeTpuyHuin U-kpuTtepih MaHHa-YiTHI.
[Ona nopiBHAHHA AaHUX MiXK AOCNIAXKYBAHOM |
KOHTPONIbHOW rpynamu 6ynun BMKOPUCTaHI Me-
TOAW: aHani3 BapiauiiHUX paaiB — po3paxyHoK
cepefHbOro apudMeTuyHoro Ta Koro cepeg-
HbOi NoxmMbkn (M £ m), p — 3HAYYLLICTb pi3HULI
pe3ynbTaTiB OTpMMaHuX y rpynax (MMOBIpHICTb
NOXW6KW MpU BiAXWMEHHI HY/1bOBOI rinoTesn 3a
pe3ynbTatamu Tecty CTbloaeHTa).

Pe3synbTatn

I3 287 nauieHTiB, aKi 6ynn ckepoBaHi Ha KOH-
CYNbTaTUBHUWA NPUAOM, Y Tpyny AOCAIAXEHHS
yBinwnu 79 (27,5 %) oci6, 9knM 3a gaHumu
onuTyBanbHuka BepudikoBaHo MTCP, 3 Hux
46 (58,2 %) xiHok i 33 (41,8 %) 4onoB.iKi.,
cepefHin Bik 38,7%7,2 pokiB, iHOeKC Macu
Tina (IMT) Bia 22,0 i o 29,0. Cepepn nauieH-
TiB rpynun pocnigxeHHsa 6ynun cnyxb6osui — 29
(36,7%), pobiTHMKK (y TiM 4mucni npauiBHKU-
KW cinbCcbkoro rocnogapcrtea) — 26 (32,9%),
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aomorocnogapkm — 9 (11,4%), BilicbkoBi — 8
(10,1%), meaukn — 7 (8,90%). 3ayBaxumo,
Wo 3 HMX — 19 nauieHTiB Mann crtaTtyc TMM4a-
COBO nepeceneHunx ocib.

3a pe3ynbTaTaMun aHasnizy aHaMHeCTUYHUX aa-
HUX - Ao xBopobu COVID-19 i/abo nepeHe-
CEeHOro CTpecy BHacC/iAOK BiMCbKOBMX MNOAIN
nauieHTV BBaxanu cebe nNpakTUYHO 340pOBU-
MU (WO BiANOBIAANO KPUTEPISIM BKIIIOUYEHHS).
PerynspHuin npuinoMm mMeamMKaMeHTO3HWUX npe-
napaTiB 3anepedyBanu, nuwe y pasi notpebu
nepiognyHo npunmann obesbontoBanbHi (He-
CTepoigHi npoTu3ananbHi npenapaTtu), BiTa-
MiHM, POC/MHHI 3acnokinumei 3acobu, Micuesi
aHTUCENTUYHI Ta Ae3iHdiKkylodi npenapaTtu.

AHanis gaHmx onuTyBasbHWKA 306paxeHo Ha
Puc. 1. dk BuAHO, cepen CUMMTOMIB, WO TpU-
Banm noHag 1 micaub, 6ynun:

1) cMMATOMUW NOBTOPHOIO MepeXnBaHHSA TpaB-
MaTuU4HOI noAaii MOBTOpPIOBAHI cnoraauv
abo cHu, nos’a3aHi 3 nogieto - y 42 (53,2
%) nauieHTiB, NPUCKOpPEHe cepuebuTTa — vy
40 (50,6 %), nitnueictb — y 49 (62,0 %),
TPUBOXHI AyMkn - y 65 (82,3 %) ocib. 3a-
yBax1MMoO, WO NiABULWEHHSA apTepiasbHO-
ro Tucky (AT) Bneplle nicns nNepeHeceHHs
TpaBMaTW4YHOI noaii Biag3Hauunm B cebe 24
(30,4 %) ocib;

2) CUMNTOMW YHUKaHHA — YHUKHEHHS MiClb,
noain abo o6’ekTiB, sSKi HaraaytTb Npo ne-
pexute -y 56 (70,9 %) nauieHTiB;

3) cumnToMun 36yAKEHHS Ta peaKTUBHOCTI — ner-
KO MOXYTb 3nskatuncs — 42 (53,2 %) oci6, no-
YyTTS HANpPyru, NiABULLEHA «HACTOPOXKEHICTb»
-y 56 (70,9 %), TpyAHOLLi 3 KOHUEHTpaLi€o
-y 67 (84,8 %), TpyAHOLL 3 3aCMHAHHAM — Y
57 (72,1 %), no4yTTa ApaTiBAMBOCTI, crnana-
XM rHiBy —y 53 (67,1 %) ocib;

4) CUMNTOMM MOPYLUEHHS KOMHITUBHUX (DYHKLIMN
i HacTpoto — nNpobnemu i3 3anam’aToByBaHHSAM
K/II0UOBMX 0COBMBOCTEN TpaBMaTUYHOI MO-
Aii 'y 19 (24,1 %) oci6, HeraTMBHi AyMKUX Npo
cebe um cBiT - y 47 (59,5 %), NOCTilHI He-
ratmeHi emouii - y 54 (68,4 %) oci6, BTpaTa
iHTepecy A0 nornepeaHbol AidNbHOCTI — y 48
(60,6 %), BiguyTTS BigYy>XeHOCTi Bi4 Apys3is/
poanHu —y 26 (32,9 %), nouyTTs couianbHoi
izonauii — y 25 (31,6 %), TpyaHoLLi 3 Big4yT-
TSM NO3UTUMBHMX eMoLin y 68 (86,1 %) ocib.

AHanis aHaMHEeCTUYHUX AaHUX BUABMB, LLO Ce-
pea nauieHTiB 3 NTCP y 67 (84,8 %) oci6 6yB
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dren, pregnant women, patients with AIDS,
and patients with autoimmune, oncological,
acute infectious, and chronic cardiovascular,
pulmonary, neurological, and other concomi-
tant decompensated diseases, as well as pa-
tients who abuse alcohol, narcotic substances
or have been exposed to toxic or chemical
substances.

The control group consisted of 20 apparent-
ly healthy people of the appropriate age and
sex, who scored 0 to 5 points according to the
questionnaire.

A general examination of patients and basic
paraclinical laboratory tests were carried out:
complete blood count (CBC), urinalysis, ala-
nine aminotransferase (ALT), aspartate ami-
notransferase (AST), creatinine, and C-reac-
tive protein (CRP) levels. All examination and
test data of patients were entered into the au-
thor’s “"Questionnaire of Clinical and laborato-
ry data of PTSD,” developed by us.

A descriptive statistical method was used to
process empirical data of patients from the
study group, their systematization and quan-
titative description, and visual representation
in the form of charts. In the case of normal
data distribution or Gaussian distribution, the
Shapiro-Wilk test was used; in the case of
non-normal data distribution, the non-para-
metric Mann-Whitney U-test was used. In
addition, the following methods were used to
compare data between the study and control
groups: analysis of variation series - calcula-
tion of the arithmetic mean and its mean error
(M+m), p - the significance of the difference
in the results obtained in the groups (proba-
bility of error when rejecting the null hypoth-
esis according to the results of the Student’s
t-test).

Results

Two hundred eighty-seven patients were re-
ferred for consultation; the study group in-
cluded 79 (27.5%) subjects who were veri-
fied with PTSD according to the questionnaire,
of which 46 (58.2%) were female, and 33
(41.8%) were male patients, the average age
was 38.7x7.2 years, and body mass index
(BMI) was 22.0 to 29.0. Patients of the study
group included employees - 29 (36.7%),
workers (including agricultural workers) - 26

Original research: Clinical sciences

(32.9%), homemakers - 9 (11.4%), mili-
tary - 8 (10.1 %), and doctors - 7 (8.90 %).
In addition, 19 of them had the status of tem-
porarily displaced persons.

Based on the results of anamnestic data anal-
ysis, patients considered themselves practi-
cally healthy before COVID-19 and/or experi-
enced stress due to military hostilities (which
met the inclusion criteria). Therefore, the
regular intake of medicinal drugs was denied;
only when needed, painkillers (non-steroidal
anti-inflammatory drugs), vitamins, herbal
sedatives, local antiseptics, and disinfectants
were taken occasionally.

The analysis of the questionnaire data is pre-
sented in Figure 1. As it is shown, the symp-
toms that lasted more than one month were
as follows:

1. Symptoms of the repeated traumatic event
experience - recurring memories or dreams
related to the event - 42 (53.2%) patients,
palpitations - 40 (50.6%), sweating - 49
(62.0%), anxiety - 65 (82.3%) patients.
Note that 24 (30.4%) people stated elevat-
ed blood pressure (BP) for the first time af-
ter experiencing a traumatic event.

2. Symptoms of avoidance - avoidance of
places, events, or objects that remind of the
experience - 56 (70.9%) patients.

3. Symptoms of agitation and reactivity -
easily frightened - 42 (53.2%) people,
feeling of tension, increased “alertness”
- 56 (70.9%), difficulty concentrating -
67 (84.8%), difficulty falling asleep - 57
(72.1%), feelings of irritability, outbursts of
anger — 53 (67.1%) patients.

4. Symptoms of impaired cognitive functions
and mood - problems with remembering
critical features of the traumatic event
- 19 (24.1%), negative thoughts about
themselves or the world - 47 (59.5%),
constant negative emotions - 54 (68.4%),
loss of interest in previous activities — 48
(60.6%), feeling alienated from friends/
family - 26 (32.9%), feeling of social iso-
lation - 25 (31.6%), difficulties with feel-
ing positive emotions - 68 (86.1%) pa-
tients.

The analysis of anamnestic data showed
that among patients with PTSD, 67 (84.8%)
subjects were infected with COVID-19 in
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PucyHok 1. AHani3 gaHux onuTyBasibHWKa NALUiEHTIB rpynn AocnifxeHHs, n=79 (%)

nepeHecenmnit COVID-19 y 2020-2022 pokax, 3
Hux B 11 (16,4 %) oci6 — 6e3cMMmnTOMHa dhop-
Ma, NiATBEPAXXEHA CEepOosIOriYHUMU AaHUMU, Y
36 (53,8 %) oci6 - nerka dopma, y 12 (17,9
%) oci6 - cepeaHbOI TAXKOCTI 3 NiKyBaHHAM
B ambynaTtopHux ymoBax i y BocbMu (11,9 %)
0Ci6 — TAXKMIA 3 NOTPE6O KNUCHEBOI NiATPUM-
KW Yy BigAiNeHHAX iHTEHCUMBHOI Tepanii. 3ara-
nom y 18 (22,8 %) naui€eHTiB 3 NnepeHeceHnM
COVID-19 cumnTOoMU, NOB’s3aHi 3i CTpecoBnMHU
po3nafamMn (3a3Ha4yeHUMU B ONUTYBANbHUKY),
Bnepwe 3’9BUANCb Ha Thi iHdikyBaHHA SARS
CoV2 Ta yTpuMytoTbCs NoHaa 6 Micsauis.

3a JaHMMKW aHaMHEe3y HaM TaKkoX CTaJso BiAoMO,
wo 28 (35,4 %) nauieHTiB rpynu AOCNIoXKEHHS
BiABiAYBaNM KOHCYNbTauii y NCMxXosoris i ncu-
xoTepanesTiB, 25 (31,6 %) - npuiMann aHTU-
aenpecanTtn, 11 (13,9 %) oci6 BigmoBUAUCH 3
Pi3HMX NPUYUH Big NPUIAOMY aHTUAENPECAHTIB,
36 (45,6 %) — npuiManu CHOAiMHI Npenapa-
™ i 47 (59,5 %) oci6 perynsipHO npuinmanu
pi3Hi 3acnokinnmei npenapaTu, aki nigbupanu
CaMOCTINHO.

AHani3 pesynbTaTiB N1abopaTopHUX AOCAIAXKEHDb
3acBiguMB, WO 3MiHW 3aranbHUX i 6ioXiMiuHMX
NMOKa3HUKIB BUSABMEHI cepef YCiX MNauieHTIB 3
MNTCP, a came: nimdoneHito BusaBneHo — y 15
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(18,9 %) oci6, nimdoumtos - y 26 (32,9 %),
MOHoUMTO3 — vy 31 (39,2 %), HenTponeHito - y
18 (22,8 %), a B 27 (34,1 %) nauieHTiB - nia-
BULLIEHHS KiNbKOCTi  HenTpodinie. LLUOE y 19
(24,1 %) nauieHTiB 6yna He3Ha4YHO NiaBuULLEHA,
a niasuvweHi pisHi CPIN BuseneHi y 24 (30,4 %)
oci6. Y pges’atn (11,4 %) oci6 6ynu He3HayHO
niaBuLLEHI piBHI nedviHkoBMx depmeHTiB AJT,
ACT, HaTOMICTb, KpeaTUHIH y BCiX AOCNIIKEHNX
6yB y Mexax dizionoriyHnx 3HavyeHb. Mu npoBse-
N NOPIBHSANbHUIA aHani3 nabopaTtopHMX Mokas-
HUKiB y nauieHTtiB 3 MTCP i KOHTpoONbHIA rpyni,
Lo nogaHo B Tabn. 1.

OnpauboBaHO abCoOMKOTHI Ta BIAHOCHI 3Ha-
yeHHs nokasHukiB 3AK. Ak BuaHo 3 Tabn.l,
abcontoTHa KiNbKiCTb 3arasbHUX HeUTpodinis
(p=0,001), MOHOHYKNEapHUX KAiTUH (NnimMdo-
uuTiB (p=0,010), moHouuTiB (p=0,002)) y na-
uientie 3 MTCP 6yna BiporiaHo 6inbwoto no-
PiBHAHO 3 rpynoto KoOHTposito. LLoao BiAHOCHNX
MOKA3HMUKIB, TO IX 3HAaYEHHS Y MOHOHYKJ/eap-
HUX NiMMOUNTIB TaKoX 6ynn BiporiaHO BULLM-
MW MOPIBHSAHO 3 KOHTPOJIbHOI rpynoto: nimdo-
umtn (p=0,0461), moHounTn (p=0,0375).

Ak ckasaHO BuULUe, XO4a cepepn NauieHTIB 3
NTCP mMn Manu ocié 3 He3Ha4yHO NiABULLEHMN-
MW NoKasHuMkamu 6inkiB roctpoi ¢asu Ta ne-
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Figure 1. Analysis of data from the patient questionnaire of the study group, n=79 (%)

2020-2022, of which 11 (16.4%) had an as-
ymptomatic form, confirmed by serological
data, 36 (53.8%) patients had a mild form,
12 (17.9%) people have a moderate form
with treatment in outpatient conditions, and
eight (11.9%) people had a severe form
with the need for oxygen support in inten-
sive care units. In total, symptoms related
to stress disorders (specified in the ques-
tionnaire) first appeared in the settings of
SARS-CoV2 infection in 18 (22.8%) patients
with COVID-19 and persisted for more than
six months.

According to the anamnestic data, we also
learned that 28 (35.4%) patients of the
study group attended consultations with
psychologists and psychotherapists, 25
(31.6%) took antidepressants, 11 (13.9%)
subjects refused to take antidepressants for
various reasons, 36 (45.6%) took sleeping
pills, and 47 (59.5%) patients regularly took
various sedatives, which they selected inde-
pendently.

Analysis of the laboratory test results showed
that changes in general and biochemical in-
dicators were found among all patients with
PTSD, namely: lymphopenia was found in 15
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(18.9%) people; lymphocytosis - 26 (32.9%),
monocytosis - 31 (39.2%), neutropenia - 18
(22.8%), and an increase in the neutrophil
count - 27 (34.1%) patients. ESR was slightly
elevated in 19 (24.1%) patients, and elevat-
ed CRP was found in 24 (30.4%) individuals.
Nine (11.4%) people had slightly increased
ALT and AST liver enzyme levels. On the other
hand, all subjects’ creatinine was within phys-
iological values. We conducted a comparative
analysis of laboratory parameters in patients
with PTSD and the control group, presented
in Table 1.

Total and relative values of CBC indicators
were analyzed. As can be seen from Table,
the total neutrophil count (p=0.001), mono-
nuclear cells (lymphocytes (p=0.010), and
monocytes (p=0.002)) in patients with PTSD
were significantly higher compared to the
control group. As for relative indicators, their
values in mononuclear lymphocytes were also
considerably higher compared to the control
group: lymphocytes (p=0.0461) and mono-
cytes (p=0.038).

As described above, we did not obtain a sta-
tistically significant difference compared with
the control group. However, there were indi-
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Tabnnys 1
MopiBHANbHA oUiHKa NabopaTOpPHUX NOKAa3HUKIB
y nauieHTiB 3 MTCP i KOHTpPOJbHIN rpyni, M:tm
MokasHuku KoHTponb, n=20 XBopi, n=79 P
NenkouunTtn r/n 6,21+0,61 6,71+0,59 0,557
3aranbHi HeiTpodbiny % 61,72+7,9 43,00+5,71 0,058
r/n 3,82+0,22 2,88+0,11% 0,001
Nimcboumy % 27,91+5,31 45,81+7,10% 0,046
r/n 1,73+0,12 3,07£0,51%* 0,010
MoHoLMTH % 5,51+0,42 7,20+0,70% 0,038
r/n 0,34+0,02 0,48+0,04* 0,002
EosnHoin % 3,62+0,71 2,60+0,32 0,192
r/n 0,22+0,04 0,17+0,02 0,266
LLIOE MM/rog 8,32+1,22 10,5+2,01 0,352
CPIN Mr/n 5,51+1,01 8,11 £2,13 0,283
ANT oa/n 22,71+1,01 27,41+3,09 0,152
ACT oa/n 22,91+1,38 26,53+2,05 0,148
KpeaTuHiH MKMOJb/N 73,42+8,06 70,41+7,19 0,782

MpumMiTka: p — BipOrigHICTb Pi3HMUI NOMIX rpynamu AOCNIAXEHHS.

YiHKOBWUX TpaHCaMiHa3, oAHAK MpW MOPIBHAHHI
3 FPyrnol KOHTPOJII0 MU HEe OTpuUManu crtaTuc-
TUYHO BipOrigHoI pi3HMUI.

O6roBopeHHA

Y HanpsaMi BuB4eHHA npupoamn NTCP ynpoaosx
6araTboXx poOKiB HayKOBLi AOCNiAXYyBanu Hen-
po@i3ionoriyHi MexaHi3Mu TpaBMykuoi noaii i
BM/IMB Ha HUX Takmx dakTopiB K BiK, cTaTb,
HasfABHICTb CYNyTHbOI COMaTU4YHOI NaTonorii, re-
HeTMYHi ocobnunBOCTI BignoBiai Ha cTpec Towo
[10]. 3okpema, BM3Ha4yeHO, WO daKTopamu
pusnky cdopmysaHHa MTCP € yonoeiva craThb,
MOJIOALWMM BiK | MEHLA KiNbKiCTb pPOKiB odiLin-
Hoi ocBiTK [11]. Y HawomMy pocnigxeHHi MTCP
6yB 6inbLlIOD MipoO BUSBNEHWUIN cepen ocCib
XKiHO4YOi cTaTi i 34ebinbworo MoONOAOro BiKY.
OpHak ui gaHi 6ynn O4ikyBaHWMM, OCKiNbKU
cepen ocib, sKi 3BEpHY/IMCb Ha KOHCy/NbTa-
TUBHUIN NpuUNOM, BiNblly KiNbKiCTb CTAHOBWUAYU
caMme XiHKM. 3 aHaMHe3y cTano BigoMO, WO Y
22,8 % nauieHTiB cMMNTOMaTUKa 3'9BMNach nia
yac/nicna COVID-19 i yTpuMyeTbCcs noHaa 6
Mmicauis. Lle ga€e 3Mory npunycTtutn HasiBHICTb
Y UMX NaUi€EHTIB MNOCTKOBIAHMX NnopyweHb (abo
dopmyBaHHs long COVID-19), o acouitolTb-
cs y HawomMmy Bunaagky 3 NTCP [29, 30].

Ha niactaBi 6araTbOX AaHUX BM3HA4YEHO, WO
HeMpOeHAOKPUHHA peakuis Ha CTpec peanisy-
€TbCA Yepe3 B3AEMOAI0 ABOX MPOBIAHUX CUC-
TeM — BereTaTmBHOi HepBoBOi cuctemun (BHC)
i rinoTanamo-rinodizapHo-HagHupkosoi (MHC)
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cucTeMu, K NepefaroTb CUrHanu Ao nepude-
PUYHMX OpraHiB Ta iMyHHOI cuctemun [15]. Mpu
rOCTpPOMY CTpeci rinotasamyc BWUAISIAE KOPTU-
KOTPOMHUM-pUNi3nHr-ropmoH (KPIM), wo aktu-
Bye THC. KOpTUKOTPOMHWIA-PUMI3UHI-FOPMOH
yepes3 B3aEMOAI0 3 BiAMOBIAHMMMK peLlenTopa-
MW rinodiza BUK/IMKAE BUBINIbHEHHS Y KPOBOTIK
aAPEHOKOPTMKOTPOMNHOro ropmoHy (AKTI) ne-
peaHboi aoni rinogisza. Takox AKTI cTumynioe
CUHTE3 [JIIOKOKOPTUKOIAIB (KOPTU30MY) KOpU
HagHupHUKIB [9]. [MapanenbHO aKTUBYETbLCH
cuMmnaTmyHa HepeoBa cuctema (CHC) i cucresy-
I0TbCS KaTexonamiHu (agpeHaniH, HopaapeHa-
niH). BigoMo, Wo aia Takmx ropMoHis gisiosno-
rYHO BMKIMKAE 36iNbLUIEHHS YAacTOTU CepueBmnx
CcKopoueHb i nigpuweHHs AT [23]. 3adikcoBaHi
B OMUTYBA/IbHUKY i BUSIBMEHI NMpu 06’€KTUBHO-
My OOCTeXeHHi NposBuM Taxikapaii i nigBuieH-
HAa AT nigTBepaXXyBanwn aaHi npo y4dactb CHC
y npoueci dopmyBaHHs MTCP. MNpuyoMy Taki
CUMNTOMW 3’'ABUMINCHL Y MAUIEHTIB Breplle Bxe
nicna nepeHeceHoi CTpecoBoil Noail.

CuHTe30BaHi 6i0N10riYHO  aKTUBHI  pe4yoBU-
HW BMJIMBAOTb Ha IMYHOKOMMETEHTHI KNITUHU
(IKK). 3rigHO 3 cy4YacHUMW A0CAIOAXEHHAMU,
y nauieHTiB 3 MTCP cnocTepirannucs nigBu-
WweHi piBHi MoHouwuTiB, CD4+-nimdouunTis,
CD8+-nimpouunTtie, HaTypanbHux kinepis (NK)
i B-nimdounTtie nepmudepunyHoi Kposi Ta Npo3a-
nanbHUX UWTOKIHIB (iHTepnenkiny 17 (IL-17),
IL-12) [2, 28]. 3a gaHumn 20 gocnigxeHb (Me-
Ta-aHanis 2015 poky) B 0cCib 3 AiarHOCTOBaHUM
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Table 1
Comparative assessment of laboratory indicators
in patients with PTSD and the control group, M:tm
Indicators Control, n=20 Patients, n=79 p

WBC g/L 6.21+0.61 6.71£0.59 0.557
Total neutrophils % 61.72+7.91 43.00+5.71 0.058
g/L 3.82+0.22 2.88+0.11%* 0.001
Lymphocytes % 27.91+5.31 45.81+7.10* 0.046
g/L 1.73+0.12 3.07+0.51%* 0.010
Monocytes % 5.51+0.42 7.20+0.70% 0.038
g/L 0.34+0.02 0.48+0.04* 0.002
Eosinophils % 3.62+0.71 2.60+0.32 0.192
g/L 0.22+0.04 0.17+0.02 0.266
ESR mm/h 8.32+1.22 10.50+2.01 0.352
CRP mg/L 5.51+1.01 8.11 £2.13 0.283
ALT units/L 22.71£1.01 27.41+3.09 0.152
AST units/L 22.91+1.38 26.53+2.05 0.148
Creatinine umol/L 73.42+8.06 70.41+7.19 0.782

Note: p is the probability of a difference between study groups

viduals with slightly increased indicators of
acute phase proteins and liver transaminases
among patients with PTSD.

Discussion

In the process of studying the nature of PTSD,
for many years, scientists have studied the
neurophysiological mechanisms of a traumat-
ic event and the effect of such factors as age,
gender, the presence of concomitant somatic
pathology, genetic features of the response to
stress, etc. on them [10]. In particular, it was
determined that risk factors for developing
PTSD are male gender, younger age, and few-
er years of formal education [11]. In our study,
PTSD was found, to a greater extent, among
women and mostly young people. However,
these data were predictable since most peo-
ple who applied for consultation were women.
Furthermore, from the anamnesis, we learned
that the symptoms appeared during/after
COVID-19 in 22.8% of patients and persist-
ed for more than six months. This allows us
to assume the presence of post-COVID disor-
ders (or the development of long COVID-19)
in these patients, which are associated with
PTSD in this case [29,30].

Based on many data, it has been determined
that the neuroendocrine stress response is
realized through the interaction of two lead-
ing systems - the autonomic nervous system
(ANS) and the hypothalamic-pituitary-adrenal
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(HPA) axis, which transmit signals to periph-
eral organs and the immune system [15]. Un-
der acute stress, the hypothalamus secretes
corticotropin-releasing hormone (CRH), which
activates the HPA axis. Corticotropin-releasing
hormone, through interaction with the corre-
sponding receptors of the pituitary gland,
causes the release of adrenocorticotropic
hormone (ACTH) from the anterior pituitary
into the bloodstream. In turn, ACTH stimu-
lates the synthesis of glucocorticoids (cor-
tisol) in the adrenal cortex [9]. At the same
time, the sympathetic nervous system (SNS)
is activated, and catecholamines (adrenaline,
noradrenaline) are synthesized. Physiological-
ly the effect of these hormones is known to
cause increased heart rate and elevated blood
pressure [22]. Manifestations of tachycardia
and increased blood pressure, recorded in the
questionnaire and revealed during an objec-
tive examination, confirmed the data on the
involvement of SNS in the process of PTSD
development. Moreover, these symptoms ap-
peared in patients for the first time after a
stressful event.

Synthesized biologically active substances af-
fect immunocompetent cells (ICC). According
to modern studies, increased levels of periph-
eral blood monocytes, CD4+ lymphocytes,
CD8+ lymphocytes, natural killer (NK) and
B-cells, and pro-inflammatory cytokines (in-
terleukin 17 (IL-17), IL-12) were observed in
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MNTCP 6yno TakoX BM3HA4YeHO MiABULLEHHS
piBHIB Npo3anasnbHuUX UMTOKIHIB: IL-6, IL-1, IL-
1B, iHTepdepoHy ramma (IFN-y) i dpakTopa He-
Kpo3y nyxnuH anbda (TNF-a), 6inkie roctpoi
das3mn (CPM) Ha TNi 3HMXEHHSA PIBHIB aHTM3a-
nanbHMX Mapkepis (IL-10 Ta iHWMX).

Biaomo, wo IKK Mo6ini3ytoTbcs 3 KiCTKOBOrO
MO3KY Ha nepudepito, Ae KOHTaKTyTb 3 MO-
NeKyNnspHUMKU CTPYKTypaMmu, §Ki MoB’a3aHi 3
Hebe3nekot — anspMmiHamm — DAMP (Damage
associated molecular patterns, DAMP). Ansp-
MiHW (Hanpukniag, MiTOXOHApianbHi aKTUBHI
dOpMU KUCHIO) € ETIONOriYHMMKU Ta NiATUMY-
toumMMn dakTopamm MicueBmx abo CUCTEMHUX
3ananbHMUX peakuin 6e3 BNAMBY NaToreHis
abo pectpykuii TkaHuH [7]. DAMP 3B’aA3y-
toTb PRR (Pattern recognition receptors),
RAGE (Receptor for advanced glycation
end products), aktmsytoTb TLRs (Toll-like
receptors) Ha KNiTMHaX BPOAXKEHOro iMyHiTe-
Ty, CTUMYIOKOTb aKTUBHICTb SAepHOro dak-
Topa kanna-B (NF-kB) no npoaykuii npo3sa-
nanbHUX UUTOKIHIB [8]. € dakT dopMyBaHHS
«MOPOYHOro Koslia» — BMJIMBY MNpo3anasbHuX
umTokiHiB (IL-6, IL-1B i TNF-a) Ha cuHTe3 6in-
KiB rocTtpoi da3u i, BignoBigHO, — HaAMipHOi
aKTuBaUii CMCTEMU KOMMNEMEHTY Ta NIATPUMKU
3ananeHHs [10]. Ponb IKK y natoreHesi MTCP
6yna nigTBepa)xeHa B npausx Wohleb ES, Ta
iHWWX, 30KpeMa NpoAeMOHCTPOBAHO iHiliaLito
CUMHTE3y MOHOUMTaMu npo3anajbHUX LUTOKI-
HiB yepe3 akTMBHiICTb NF-kB [26]. A B npausx
Tan KS, Elkhatib noBegeHo BnnmB HopaapeHa-
NiHYy Ha niMpoumnTH, 30KpeMa aKTMBaLit0 HUMU
CUHTEe3y npo3anajibHUX UUTOKIHIB Yyepe3 CTu-
mynsauito wnaxis NF-kB, B-raf- ERK1/2 i p38
[5, 25]. Y pocnigxeHHax Kuan PF, O’'Donovan
A - y nauieHTiB 3 NTCP BUABMEHO NigBULLEHY
nepudepunyHy akTneHictb NF-kB i TpaHckpun-
LiiHi 3MiHW B MoOHOUMTax, SKi nigTpuMyBanu
3ananbHuin npouec [12, 18]. 3pocTaHHsa piB-
HA npo3analbHUX LUUTOKIHIB NpuM3BOAWIIO [0
rineppeakTusHoCTi oci MHC [15]. ®isionoriy-
HO, B3AEMOAiA KOPTU30/y 3 BiAMOBIAHWUM pe-
LenTOpOM MPUrHIYYE 3anajieHHa 4epe3 CTu-
MYSAUIl0 TPAHCKPUNLUIT NpoTM3anasbHUX FeHiB
y a4api, abo wnaxom iHribyBaHHS ekcnpecii
nposananbHux 6inkiB y uymto3oni [10]. Y npa-
ui Michopoulos V Ta iHWKWX BUABMEHO, WO 3a
YMOB XPOHIYHOIMo CTpecy KOpTU30/1 HE MOXe
iHribyBsatn NF-kB-onocepeakoBaHe BUBIfb-
HEeHHA npo3anajbHUX LUTOKIHIB, i OTXe, Xpo-
Hi3ye 3ananbHui npouec [15].
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Haykosui YHiBepcuteTy Emopi (CLUA) nosenn,
WO Helpo3anasbHi 3MiHU MOXYTb MOSACHUTU
KNiHiYyHi cumnTomn MTCP. BuyeHi Bnainunn me-
XaHi3Mn pOpMyBaHHA Henpo3ananeHHs yepes
NigBULLEHHSA nepudepnyHoro 3anasneHHsa: 1)
TpaHcnopTyBaHHsa IL-1a, IL-1B, IL-6, TNF-a
LMTOKiH-CneumdiyHMMn TpaHcnopTepamu uye-
pe3 remaTto-eHuedaniyHmn 6ap’ep; 2) akTu-
BOBaHi LMTOKIHOBI peLenTopu Ha adepeHTHUX
HEpBOBMX BOJIOKHax (Hanpuknaa, bnykatwouni
HepB) NepeaarTb LUMTOKIHOBI CUrHanun Ao Bia-
NoBiAHWX JAINSAHOK MO3Ky; 3) MikporfianbHi
KMITUHW, aKTMBOBAHI UUTOKIHAMW, CUHTE3Yy-
I0Tb 6iIoK XxemoaTpakTaHT MoHouwuTiB (MCP-
1), AKMA CTUMYNIIOE XEMOTAKCUC aKTUBOBAHUX
MOHOUWTIB, Makpodaris i nimpouunTis 40 MO3-
Ky. [loBeaeHo 34aTHICTb npo3anasbHUX UKUTO-
KiHiB 3MiHOBaTU @yHKLUii (CMHTE3, 3BOpPOTHEe
3aXOMNJIEHHS, BUBINIbHEHHS) HeWpoMmeaiaTopis,
BMJIMBATW HA CUHTE3 CEPOTOHIHY yepe3 KiHy-
peHiHoBuin wnax [19, 3]. Bigomo, wo cepo-
TOHIH HaNeXuTb A0 PEryaaToOpHUX FOPMOHIB i
MNiABULLYE CUHTE3 MpOTU3analbHUX LIUTOKIHIB.
MpoTe npo3anasnbHi LMTOKIHM 36iNbLIYOTb aK-
TuBHictb IDO (Indolamin-2,3-dioxygenase),
siKa nepeTBOPIOE TpunTodaH (OCHOBHY aMiHO-
KWUCNOTY CEPOTOHIHY) Ha KiHypeHiH. Ak gokas,
B eKCnepuMeHTi 6ys10 BU3HAUEHO, WO iHTepde-
poHoTepanisa (IFN-a) y nauieHTis 3 NTCP nocu-
NtoBasia 3poCTaHHA KiHYpeHiHY Ta 3MeHLUEeHHSA
piBHA TpunTodaHy, WO CNpUsaIo po3BUTKY Ae-
npecii, TpMBOrM, MOPYLUEHHIO KOTrHiUilA, po3-
nagv nam’ati Towo. OTXe, npo3ananbHi UK-
TOKIHM MOXYTb 3HWXYBaTW KOHLEHTpaLito
CEpPOTOHIHY, BMAMBAKOYM Ha KiHYpPEHIHOBUM
LWNFx, Wo npm3BoANTb A0 KOFHITUBHUX i coOMa-
TU4HKX nposasis MNTCP. KpiM Toro, aktTmuBoBaHa
MiKpornis Ta acTpoumTu BUPOGASATb LMUTOKI-
HM, WO CNpusaoTb HenposananeHHto [10]. VY
[OCNIAXEHHAX Ha TBapUHHMX MoAenax, BU-
cBiTneHmnx y npausx Deslauriers J, Levkovitz
Y, NiaTBEPAXEHO TaKnii MexaHiamM (opMyBaHHS
3anasibHoro npouecy. AKLeHTOBaHo, LWo 3ana-
NIeHHS MOXXe BM/JMBATU Ha KNITUHW HEpBOBOI
CUCTEMU, CUHTE3 HeMnpoMeaiaTopiB i Nnepegavy
HMMW CUTHANIB NOB'A3aHMX 3i CTPaxoM, TPUBO-
rot Ta perynsuieto emouin [4,14].

Seyma Katrinli Ta iHwi nigTBepannu ponb 3a-
naneHHsa y po3sutky MNTCP i gouinbHICTb BU-
KOPUCTAHHA IMYHOMOAY/IIOKOYOT TaKTUKW Nli-
KyBaHHS 3 METOK MNpO@iNiakTUKN MOXIUBUX
iHPEKUINHMX, aYTOIMyHHUX Ta asnepriyHmnx
ycknagHeHb [13].
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patients with PTSD [2, 28]. Furthermore, ac-
cording to the data of 20 studies (meta-analy-
sis of 2015), an increase in the levels of pro-in-
flammatory cytokines was also determined in
patients diagnosed with PTSD: IL-6, IL-1, IL-
1B, interferon-gamma (IFN-y) and tumor ne-
crosis factor-alpha (TNF-a), acute phase pro-
teins (CRP) in the settings of decreased levels
of anti-inflammatory markers (IL-10, etc.).

ICC is known to be mobilized from the bone
marrow to the periphery, where they come into
contact with molecular structures associated
with danger-alarmins - DAMP (Damage asso-
ciated molecular patterns). Alarmins (for ex-
ample, mitochondrial reactive oxygen species)
are etiological and stimulating factors of local
or systemic inflammatory reactions without
the influence of pathogens or tissue destruc-
tion [7]. DAMPs bind PRR (Pattern recognition
receptors) and RAGE (Receptor for advanced
glycation end products), activate TLRs (Toll-
like receptors) on cells of innate immunity and
stimulate the activity of nuclear factor kappa-B
(NF-kB) for the production of pro-inflammatory
cytokines [8]. There is a case of “vicious cycle”
development - the influence of pro-inflamma-
tory cytokines (IL-6, IL-1B, and TNF-a) on the
synthesis of acute phase proteins and, accord-
ingly, excessive activation of the complement
system and maintenance of inflammation [10].
The ICC role in PTSD pathogenesis was con-
firmed in the studies of Wohleb ES et al., in
particular, the initiation of the pro-inflamma-
tory cytokine synthesis by monocytes through
the activity of NF-kB was revealed [26].

Furthermore, the studies of Tan KS and Elkhat-
ib proved the norepinephrine effect on lym-
phocytes, in particular, their activation of the
pro-inflammatory cytokine synthesis through
the stimulation of the NF-kB, B-Raf-ERK1/2,
and p38 pathways [5, 25]. The studies of Kuan
PF and O’Donovan A found the increased pe-
ripheral activity of NF-kB and transcriptional
changes in monocytes, which maintained the
inflammatory process in patients with PTSD [12,
18]. Increased pro-inflammatory cytokines led
to hyperreactivity of the HPA axis [15]. Phys-
iologically, the interaction of cortisol with the
corresponding receptor inhibits inflammation
by stimulating the transcription of anti-inflam-
matory genes in the nucleus or inhibiting the
expression of pro-inflammatory proteins in the
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cytosol [10]. Michopoulos V et al.'s work showed
that under chronic stress conditions, cortisol
could not inhibit the NF-kB-mediated release of
pro-inflammatory cytokines and, thus, makes
the inflammatory process chronic [15].

Scientists from Emory University (USA) proved
that neuroinflammatory changes could ex-
plain clinical symptoms of PTSD. Scientists
identified the mechanisms of neuroinflamma-
tion due to increased peripheral inflammation:
1) transport of IL-1a, IL-1B, IL-6, and TNF-a
by cytokine-specific transporters through the
blood-brain barrier; 2) activated cytokine re-
ceptors on afferent nerve fibers (for example,
the vagus nerve) transmit cytokine signals to
the corresponding areas of the brain; 3) mi-
croglial cells activated by cytokines synthesize
monocyte chemoattractant protein (MCP-1),
which stimulates the chemotaxis of activat-
ed monocytes, macrophages, and lympho-
cytes to the brain. Furthermore, the ability
of pro-inflammatory cytokines to change the
functions (synthesis, reuptake, release) of
neurotransmitters to influence the synthesis
of serotonin through the kynurenine pathway
has been proven [3,19]. Serotonin is known
to belong to the regulatory hormones and in-
crease the synthesis of anti-inflammatory cy-
tokines. However, pro-inflammatory cytokines
increase the activity of IDO (Indoleamine-pyr-
role 2,3-dioxygenase), which converts tryp-
tophan (the main amino acid of serotonin) to
kynurenine. As evidence, it was determined in
the experiment that interferon therapy (IFN-a)
in patients with PTSD increased the increase of
kynurenine and decreased tryptophan levels,
which contributed to the development of de-
pression, anxiety, impaired cognition, memory
disorders, etc. Therefore, pro-inflammatory cy-
tokines can reduce the concentration of sero-
tonin, affecting the kynurenine pathway, which
leads to the cognitive and somatic manifesta-
tions of PTSD. In addition, activated microglia
and astrocytes produce cytokines contributing
to neuroinflammation [10]. Such mechanism
of the development of the inflammatory pro-
cess was confirmed in the studies on animal
models, highlighted in the works of Deslauriers
J and Levkovitz Y. It has been emphasized that
inflammation can affect the nervous system
cells, the neurotransmitter synthesis and their
signal transmission related to fear, anxiety, and
regulation of emotions [4, 14].
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YueHi kadeapu ncuxonorii KanidopHiicbkoro
YHIiBEPCUTETY A0CNiIAXKYBaAMU eMNipuyHy rino-
Te3y ABOHanpaBnaeHocTi 38'a3ky MNTCP i3 dop-
MYBaHHAM XPOHIYHOro 3anasibHOro npoLecy.
Onsa obrpyHTyBaHHSA 3a3Ha4yeHOi rinotesn Ha-
YKOBLI BUCYHYNW KinbKa NocTynaTis: 1) nepu-
depuyHe 3ananeHHs, BNAMBaK4YM Ha MO3OK,
nigBuLLYE WMMOBIpHICTb po3BuTKy [MTCP; 2)
nepudepuyHi LMTOKIHM MOXYTb AONaTu rema-
ToeHuedaniyHni 6ap’ep Ta iHiuitoBaTK CUHTE3
nposananbHux uuToKiHiB Yy LUHC, Bnineatwuu
Ha KOrHiTMBHI npouecun; 3) MTCP Moxe aKTu-
ByBaTW MNOBEAIHKOBI 3MiHM (Hanpuknag, cu-
AS4nA Ccnocib XUTTA, KYpiHHSA) i disionorivHi
npouecu, ki NOCUITbL 3ananeHHs; 4) NMTCP
(isionoriyHo) po3BUBAETHCSA BHACIAOK NOpPY-
LWEeHHAM perynauii afanTUBHOI  BignoBiai Ha
cTpec (AucTpec), BKJOYal4un rineppeakTuB-
HicTb CHC i 3HMXEHHSA aKTUBHOCTI MTFOKOKOP-
TUKOIZIB, Wo BupobnawTbca NMHC. BUCHOBKOM
6yno niaTBepAXeHHS poni HEMPO-iMyHO-eHA0-
KPUHHUX MeXaHi3MiB y ¢gopmyBaHHi MTPC. Ha
KOPWUCTb BULLE3raAaHoI rinoTe3n npo 3anydeH-
HH, B TiM 4MCni IMYHHMX MeXaHi3MiB y naTo-
reHesi NTCP, ceigyaTb pe3ynbTaTn Ccy4dacHUX
reHeTUYHMX gocnigxeHb [16, 24]. 3okpema, y
6araTboXx AOCMIAXEHHAX AOBEAEHO iMyHO-re-
HETUYHY CXW/IbHICTb A0 PO3BUTKY 3arnasieHHSA
npu NTCP [13,21,22,27,28].

Y HawoMy AOCNIAXEHHI TaKoX BUABNEHO KIli-
HiYHI 3MiHM Ta NOpYLWEHHs 3aranbHux i 6io-
XiMIYHMUX MOKa3HUKIB KPOBi Yy MNauieHTIiB 3 Ai-
arHoctoBaHuM [TCP, wWo € nigrpyHTaM LWoA0
3aLUikaB/IeHOCTi iIMYHHOI CMCTEMM Yy MOro po3-
BUTKY. [poBeAeHuIit HaMu peTpOCNeKTUBHUI
aHaniz ambynaTtopHux KapT AaHMX MaLui€HTIB
CBiAYMB MpPO acouiaTMBHI 3B'A3KM MiX KNiHiY-
HMMKM, 3aranbHONAbOPATOPHMMKM Ta IMYHHU-
MW MOKa3HMKaMn: NiABULLEHHS YN 3HUXEHHS
KinbKoCTi nimgoumnTie, HenTpodinis, HapoCTaH-
HS KiNbKOCTI MOHOUMTIB, piBHiB CPI1, LLUOE, ne-
YiHKOBUX (hepMeHTiB. BiaTak TakuMx nauieHTIB
MW OXapaxkTepusyBanun SK iMyYHOKOMMNpPOMETO-
BaHUX 0cCib.

Pe3ynbTatv HaWoOro AOCAigXEHHA BaX/uBi,
OCKiNlbKM BMBYEHHSA NOpPYyLWeEeHb Yy CTaHi 340-
poB’s, MOB'AA3aHUX 3i CTPECOBUMK po3nadamu
nicna COVID-19 uu Ha Tni noBHOMacwwTabHOi
BiMHW, BMBYaANMCA HeAoCTaTHbO. 3a AaHUMU
HU3KWN AOCNIAXEHb BUCYBAETLCA MPUMNYLLEHHS,
WO Ui 3MiHM NOB’A3aHi 3 aKTMBALLEO Tak 3Ba-
HUX MNABUX IMYHOTPOMHUX iHEKUIN, aKi MU
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TakoX njaHyeMo AOCNIAUTU Ha ApPYyroMy eTa-
ni po6otn. ¥ mMaibyTHbOMY pe3ynbTaTu HaLoi
po60TM AOMOMOXYTb CKOperyBaTu CTpaTerito
NiKyBaHHSA iIMYHOKOMMNPOMETOBAHUX MaLEHTIB
i3 MNTCP.

Y BucHoBkax: dopmyBaHHSA MNTCP cepen na-
LUieHTIB, Yy TIM u4ucni nicna nepeHeceHoro
COVID-19, - ue cepio3sHa npobnema ncuxiy-
HOro Ta COMaTMYHOro 340pPOB’HA, O CBIAYUTb
Npo HaA3BMYAWHY aKTyanbHICTb NMUTAHHSA CbO-
rogHi, HeobxiAHICTb MOro paHHbLOI AiarHOCTM-
Kn, Tepanii, npodinakTuku. NMpoBeaeHuin aHa-
Ni3 faHWX HayKoBOI NiTepaTypu Ta BJIACHUX
[OCNiAXEeHb BUSHAUYMUB POJib IMYHHUX MeXaHi3-
MiB y popmMyBaHHi MTCP i AnkTye HEOOXIiAHICTb
pO3WMPEHHA AiarHOCTUYHUX 3axoAiB cepej
rnauienTiB, AKi NocTpa)xaanu Big Hacnigkis ne-
peHeceHoro COVID-19 i BOEHHUX Ailh B YKpaiHi
3 MnoAanblUO MaToreHeTUYHOK TaKTUKOM 1X
BeAEeHHS.

O6Me)xxeHHSA AOoCiAXKEeHHSNA

Lle pocnigxeHHa Mano paeski obMeXeHHs i
cnabki CTOpOHW — HU3bKUI pO3Mip BUbipKK Ta
HernoBHa BiANOBIAHICTb WOA0 (POHOBOrO CTaHy
300pOB’Sl, OCKIiIbKM YacTMHA NaLli€HTIB CTaHO-
BWN@ TUMYACOBO MepeceneHmx o0cib. Takox
rnpu 3arnoBHEHHI aHKEeT nauieHTaMW MU BKJIHO-
yannm nUTaHH4a WoAO0 NpoBeLeHHA BaKuuHa-
uii npotn SARS-CoV-2 i AMOBIpHY HasIBHICTb
MocTBaKUMHaNbHMX noAin. OgHak ui AaHi Mu
nvue niaHyeEMo npoaHanisyesaTu. Y nepcnek-
TUBI MM 3annaHyBanu TakoX JOCMIAUTU LUTO-
KiHOBMI Npodinb, akTUBI3aLUiliHi Ta iMyHopery-
NATOPHI MapKepu, MOKa3HUKM anonTUYHOI Ta
aHTuanonTunyHol akTnBHOCTI IKK Ta ix kopens-
Uil 3 KNIHIYHMMUK Ta napakniHiYyHUMKW 3MiHaMK Y
nauieHTis 3 MTCP.

Jocnig)xeHHa npoBoAMNOCA 3 AOTPUMAHHAM
npuHUuniB 7-ro neperngany lenbcCiHCbKOI Ae-
knapauii npas nwanHu (2013), KoHBeHLUii
Pagn €sponu npo npasa noanHu i biomegmnum-
HYy Ta BiANOBIAHWX 3aKOHIB YKpaiHn. OTpMMaHo
3roay Komicil 3 eTuku J1bBiBCbKOro HauioHanb-
HOro MeAu4YHOro yHisepcuteTy iMeHi [aHuna
Manunubkoro (npotokon N2 1/22 Big 27.02.22).

3asBa npo iHdbopmoBaHy 3ropy:
iHpOpMOBaHy 3roay OTPUMAHO BiA YCiX y4ac-
HUKIB OOCHIAXEHHS.
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Seyma Katrinli et al. confirmed the role of in-
flammation in developing PTSD and the fea-
sibility of using an immunomodulatory treat-
ment approach to prevent possible infectious,
autoimmune, and allergic complications [13].

Scientists from the Department of Psycholo-
gy at the University of California investigated
the empirical hypothesis of a bidirectional rela-
tionship between PTSD and the formation of a
chronic inflammatory process. To substantiate
this hypothesis, scientists put forward sever-
al postulates: 1) affecting the brain, periph-
eral inflammation increases the likelihood of
developing PTSD; 2) peripheral cytokines can
overcome the blood-brain barrier and initiate
the pro-inflammatory cytokine synthesis in the
CNS, affecting cognitive processes; 3) PTSD
can activate behavioral changes (e.g., seden-
tary lifestyle, smoking) and physiological pro-
cesses that increase inflammation; 4) PTSD
(physiologically) develops as a result of dysreg-
ulation of the adaptive response to stress (dis-
tress), including the SNS hyperreactivity and a
decreased activity of glucocorticoids produced
by the HPA axis. The conclusion confirmed the
role of neuro-immuno-endocrine mechanisms
in the development of PTSD. Furthermore, in
favor of the hypothesis mentioned above, the
results of modern genetic studies evidence the
involvement of immune mechanisms in the
pathogenesis of PTSD [16, 24]. In particular,
many studies have proven an immune-genet-
ic predisposition to developing inflammation in
PTSD [13,21,22,27,28].

Our study also revealed clinical changes and
disturbances of general and biochemical blood
parameters in patients diagnosed with PTSD,
which is the basis for the immune system’s in-
volvement in its development. Moreover, our
retrospective analysis of outpatient medical re-
cords showed associative relationships between
the clinical, general laboratory, and immune in-
dicators: increase or decrease in the number of
lymphocytes, and neutrophils, increase in the
monocyte count, and levels of CRP, ESR, and
liver enzymes. Therefore, we characterized
these patients as immunocompromised.

The findings of our study are significant be-
cause the health impairments associated with
stress disorders following COVID-19 or in the
context of full-scale war have been understud-
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ied. Furthermore, according to the data of sev-
eral studies, it is suggested that these chang-
es are associated with activating the so-called
“sluggish” immunotropic infections, which we
also plan to investigate in the second stage of
work. In the future, the results of our work will
allow us to adjust the treatment strategy of im-
munocompromised patients with PTSD.

In conclusions: The development of PTSD
among patients, including the past medical his-
tory of COVID-19, is a topical issue of mental
and somatic health. It indicates the extreme
significance of the case today and the require-
ment for its early diagnosis, therapy, and pre-
vention. Furthermore, the data analysis from
the scientific literature and our research indi-
cates the role of immune mechanisms in devel-
oping PTSD. It necessitates expanding diagnos-
tic measures among patients who suffered from
the consequences of the previous COVID-19
and hostilities in Ukraine with different patho-
genetic approaches to their management.

Study limitations

This study had some limitations and weak-
nesses — small sample size and incomplete
compliance in terms of background health,
as some patients were temporarily displaced
patients. Also, when patients filled out ques-
tionnaires, we included questions about vacci-
nation against SARS-CoV-2 and the probable
presence of post-vaccination events. However,
we only plan to analyze these data.

In the future, we also plan to study the cytokine
profile, activation, and immunoregulatory mark-
ers, indicators of apoptotic and antiapoptotic ac-
tivity of ICC, and their correlation with clinical
and paraclinical changes in PTSD patients.

Institutional Review Board Statement:
The study was conducted following the 7th
revision of the Declaration of Helsinki Human
Rights (2013) principles, the Council of Europe
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tocol No. 1/22 dated Feb 27, 2022).
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