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The aim of the study is to analyze the literature data on modern views concerning extrapulmonary manifestations of coronavirus
disease (COVID-19).

Based on the analysis of current publications, the article analyzes the clinical manifestations of coronavirus disease (COVID-19)
as a multisystem disorder with two main types of clinical manifestations, namely pulmonary and extrapulmonary. Determining
pathogenetic mechanisms of extrapulmonary symptoms are, on the one hand, the tropism of SARS-CoV-2 to ACE2 receptors,
expressed not only by alveolar epithelial type Il cells, but also by cells of the heart, nervous system, vascular endothelium, small
and large intestine, basal layer cells of the epidermis, cells of endocrine organs, etc., and on the other hand, immune-dependent
mechanisms, in particular the development of “cytokine storm”.

It is shown that the spectrum of extrapulmonary manifestations of COVID-19 is very wide, and clinical manifestations are charac-
terized by significant polymorphism. Extrapulmonary symptoms of COVID-19 were analyzed considering the organs of the gas-
trointestinal tract, nervous, cardiovascular and endocrine systems, skin and others. Attention is drawn to a certain association
between definite extrapulmonary manifestations and the severity of COVID-19 course.

Thus, particular extrapulmonary manifestations are associated with a milder course of COVID-19 (anosmia, dysgeusia, etc.),
others, vice versa, occur in severe disease (damage to liver, kidney, heart, pancreas). In addition, some extrapulmonary manifes-
tations, especially of the nervous system, may remain in patients even after an acute period of the disease. Some extrapulmonary
manifestations, which are currently described in a small number of patients, are also reviewed.

Conclusions. COVID-19 is characterized by a wide range and high frequency of extrapulmonary manifestations, which is ex-
plained by both the direct action of SARS-CoV-2 and immune-dependent mechanisms. Some extrapulmonary manifestations are
associated with a milder course of COVID-19, others, on the contrary, occur in severe disease.

Mo3anereHeBi NposAiBM KOpPOHaBipycHoOi xBopobu (COVID-19):
CYYaCHMM CTaH NUTaHHA (OTASIA AiTepaTypu)

0. B. PabokoHb, K. A. Mak, 1. 0. PabokoHb, 0. 0. ®ypuk, B. B. Uepkacbkum

MeTa po60oTm — npoaHaniayeatyt BigoMOCTi (haxoBoi NiTepaTypu LWOAO Cy4acHUX YsIBEHb NPo No3anereHeBi NposiBy KOPOHaBi-
pycHoi xBopobu (COVID-19).

Ha nigcTasi aHanisy cy4acHoi HaykoBoi niTepaTypu npoaHaniayBanu KniHiyHi nposisu kopoHasipycHoi xsopobu (COVID-19) sk
MYMETUCUCTEMHOIO 3aXBOPHOBAHHS 3 IBOMA OCHOBHVMM TUNaMW KITIHIYHUX NPOSIBIB: NereHeBMM Ta nosarereHeBuMm. BusHayanbHi
MaTOreHETNYHI MEXaHI3MM BUHUKHEHHS no3anereHeBoi cumnTomaryiki, — tponiaM SARS-CoV-2 o peuentopis ACE2 (e He nuwe
Ha anbBeonsapHUX KnituHax Il Tuny, ane 1 Ha KniTMHax cepusi, HePBOBOI CUCTEMM, EHAOTENIKO CYAWH, TOHKOTO | TOBCTOTO KuLLIEY-
HWKa, KNiTMH Ba3anbHOro Lapy eniaepmicy, KniTMHax opraHiB eHAOKPUHHOI CUCTEMM TOLLO), @ TakoX IMyHO3amnexHi MexaHiamu,
30KpeMa PO3BUTOK «LIMTOKIHOBOTO LUTOPMY».

[MokasaHo, Lo cnekTp nosanereHesnx nposieis COVID-19 ayxe WMpokWiA, a KNiHiYHi NPOsSIBA BUPI3HSOTLCA ICTOTHUM NONiMOp-
ismom. MpoaHanisyBanu nosanereHesy cumntomatuky COVID-19 3 60Ky opraHiB LLMYHKOBO-KULLKOBOTO TPaKTY, HEPBOBOI,
CepLeBO-CYANHHOI Ta EHAOKPUHHOT CUCTEM, LLIKIpW TOLLO. 3BEPHYNM yBary Ha neBHY acoLiaLlito OKpeMMx no3anereHeBnx nposisie
i3 TspKkicTio nepebiry COVID-19.

Tak, okpeMi nosanereHeBi NposiBK acoLitolTbes 3 eriumm nepebirom COVID-19 (aHocmist, AucreBsis TOLLO), @ iHLLUi BUHWKAIOTb Y
pagsi Tshkkoro nepebiry XBopobu (YpaKeHHs NediHKW, HUPOK, cepus, MigLwnyHKoBOi 3anoan). ba BinbLue, Aeski no3anereHesi Npo-
5181, 0c0BnmBo 3 6OKy HEPBOBOI CUCTEMM, MOXYTb 3anMLLIATCS B MALEHTIB HABiTb MICIS FOCTPOro nepiody XBopoou. Po3rnsiHynm
rnosarereHeBi NposiBu, L0 HWHI ONKUCaHI B HEBEMNWKOI KiNbKOCTI NaLieHTIB, 3yMOBIIOKYM HEOOXIAHICTb NMPOAOBKEHHS BUBYEHHS!
LIbOrO MUTaHHS.

BucHoBku. COVID-19 xapakTepu3yeTbCs LUMPOKMM CMEKTPOM i BUCOKOK YaCTOTOK PO3BUTKY NO3arereHeBnx nposiBiB, Lo Nosic-
HioeTbCs Npsimoto Aaieto SARS-CoV-2 Ta iMyHo3anexHUMu MexaHiamamu. Okpemi no3anereHesi NposiBu acoLlilotoTbes 3 Nermm
nepebirom COVID-19, iHLi BUHMKAIOTL Ny TsHKKOMY Nepebiry XxBopobu.

3anopisbkuint MeguuHnii xypHan. Tom 24, Ne 5(134), BepeceHb — xoBTeHb 2022 p.

Key words:
coronavirus
disease COVID-19,
viral infection,
extrapulmonary
manifestations.

Zaporozhye
medical journal
2022; 24 (5), 607-612

*E-mail:
ryabokonzsmu@ukr.net

Katouosi croBa:
KOPOHaBipycHa
xBopoba COVID-19,
BipyCHa iHdeKLin,
nosanereHesi
NposiBU.

3anopisbkui
MeAUYHUN XXypHaA.
2022. T. 24, Ne 5(134).
C. 607-612

ISSN 2306-4145  http://zmj.zsmu.edu.ua 607


https://orcid.org/0000-0002-7394-4649
https://orcid.org/0000-0002-2286-6919
https://orcid.org/0000-0002-2273-8511
https://orcid.org/0000-0002-5196-7698
https://orcid.org/0000-0003-2959-8803
mailto:ryabokonzsmu%40ukr.net?subject=

Review

ISSN 2306-4145  http://zmj.zsmu.edu.ua

Coronavirus disease (COVID-19) is currently considered
a multisystem disorder with two main types of clinical ma-
nifestations, namely pulmonary and extrapulmonary [1-4].
Pulmonary manifestations are the most pronounced, as
their severity is evidently associated with the severity of
COVID-19. Extrapulmonary manifestations of the disease
sometimes dominate, especially in the mild course of
COVID-19, but can be combined with pulmonary ones in
moderate and severe course, which requires individual
treatment of patients [1,3,5-7]. To date, much less attention
has been paid to the analysis of extrapulmonary manifesta-
tions than to pulmonary lesions. In the ongoing COVID-19
pandemic, understanding the spectrum and frequency of
extrapulmonary symptoms, pathogenetic mechanisms of
their development, associations with the disease severity,
will help to increase the effectiveness of early diagnosis and
allow timely individualization of comprehensive treatment.

Aim

The aim of the work is to analyze the literature data on
modern views concerning extrapulmontary manifestations
of coronavirus disease (COVID-19).

It is important to understand the pathophysiological
mechanisms of the disease development to recognize
the spectrum and features of the extrapulmonary clinical
manifestations. The determining factor of extrapulmonary
symptoms is the tropism of SARS-CoV-2 to angioten-
sin-converting enzyme 2 (ACE2) receptors, expressed not
only by alveolar epithelial type Il cells, but also by cells of
the heart, nervous system, vascular endothelium, small and
large intestine, basal layer cells of the epidermis, endocrine
cells, etc. [8—11]. Itis believed that cells on the membrane of
which ACE2 expression exceeds 1 % are a target for SARS
CoV-2 virus [12]. In addition to the tropism of the pathogen
to ACE2 receptors, an important pathogenetic component
of the extrapulmonary symptom development is a significant
viral load and immune-dependent mechanisms, namely
the induction of “cytokine storm” [1].

Gastrointestinal symptoms in a significant number
of patients are due to the presence of ACE2 on the cells
of the gastric and intestinal mucosa [12]. Confirmation of
the role of SARS-CoV-2 in the gastrointestinal tract damage
is not only its excretion via the feces [13], but also the pres-
ence of viral inclusions in the cytoplasm of intestinal cells
[14]. A Chinese retrospective study has shown diarrhea in
75 % of COVID-19 patients and abdominal pain [15]. It is
believed that diarrhea at the disease onset is more often
associated with mild to moderate disease and is not asso-
ciated with the risk of severe and fatal one [4]. However, in
severe cases, the incidence of anorexia (66.7 % vs. 30.4 %),
diarrhea (16.7 % vs. 7.8 %), nausea (11.1 % vs. 9.8 %) and
abdominal pain 8.3 % vs. 0.0 %) is higher in patients needing
intensive care [16]. In this category of patients, clinical mani-
festations of the gastrointestinal tract are associated not only
with the direct viral action, but also with immune-dependent
mechanisms of damage via “cytokine storm”, as evidenced
by histological data, namely the presence of numerous
lymphocytic infiltrates and interstitial edema of the gastric
and intestinal lamina propria layer [14].

Liver injury in COVID-19 patients are due to the pre-
sence of ACE2 on liver cells, however the expression

of ACE2 by cholangiocytes is 20 times higher than on
the membrane of hepatocytes [17], which supports the ret-
rograde type of liver damage due to SARS-CoV-2 infection
[18]. Liver injury in patients with COVID-19 is confirmed
by changes in functional tests due to the development
of hyperenzymemia with increased levels of alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase [2]. According to the results of a meta-analysis,
the cumulative prevalence of acute liver injury in patients
with COVID-19 is estimated at 23.7 % [19]. Risk factors
for liver involvement in the pathological process include
young age, high levels of interleukin-6 and ferritin [20].
This study also reports that in COVID-19 patients with
gastrointestinal manifestations such as diarrhea, nausea,
vomiting, anorexia and abdominal pain, the risk of the liver
involvement in the pathological process is higher than in
patients without these symptoms [2]. The appearance
of liver symptoms is associated with a worse prognosis
and increased risk of mortality [2]. Liver injury was most
commonly reported in patients with severe COVID-19
as well as lethal outcomes: 58 % and 78 %, respectively
[17]. In severe and critical course of COVID-19, immune
mechanisms are also important, namely the induction of
“cytokine storm”, in the development of which there is a
damage to many organs, including the liver [17]. This con-
firms the detection of focal centro-lobular necrosis (90.2 %)
and foci of lymphocytic-leukocyte infiltration of liver lobes
(7.3 %) in the pathomorphological examination of the liver
from patients who died from COVID-19 [20]. In the clinical
interpretation of liver injury signs, it should also be borne
in mind that some medications, including antivirals, are
hepatotoxic and can lead to drug-induced hepatitis. In
addition, the presence of concomitant chronic liver disease
in a patient should be excluded [21].

In studying the features of the COVID-19 clinical ma-
nifestations, attention was immediately drawn to the early
neurological symptoms, which were more characteristic of
the mild disease course. These manifestations included
anosmia and dysgeusia (18.2 %) [5], headache (13.1 %)
and dizziness (16.8 %), insomnia [6]. It is believed that
the appearance of early neurological manifestations can
be explained by the direct effect of SARS-CoV-2 on extra-
cellular domain of ACE2 receptors in the neuroepithelium
and the subsequent ability of the virus to access the brain
and thalamus via the axons of olfactory neurons [22]. It is
reported that these neurological manifestations in some
cases may persist even after negative results of polymerase
chain reaction [6].

Data on the neurotropic nature of SARS-CoV-2 explain
the development of acute and long-term psychoneuro-
logical effects in COVID-19 [23]. The development of
neuropsychiatric symptoms is explained by the ability of
SARS-CoV-2 to cause demyelinating processes in brain
cells, which affects the cognitive and behavioral spheres
[24]. Concomitant cardiovascular diseases, diabetes and
other diseases accompanied by microvascular lesions
may further contribute to the neuroinvasion of SARS-CoV-2
and, accordingly, increase the risk of virus-associated
psychoneurological symptoms [25]. Therefore, most often
in people with concomitant vascular pathology, especially
the elderly, as well as in patients with severe COVID-19,
neuropsychiatric symptoms, including delirium, depression,
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anxiety, memory impairment develop in the acute period of
the disease. And in some convalescents, these symptoms
may persist for a long time [26]. A British study has showed
a change in mental status in 31 % of patients with ence-
phalopathy or mental disorders, which were more common
in young people [27]. According to a US multicenter study,
13.5 % of hospitalized patients with COVID-19 developed
psycho-neurological disorders, including encephalopathy,
stroke, which led to higher mortality rates [28]. The deve-
lopment of psychosis in individual patients associated with
direct action of SARS-CoV-2 on brain cells also has been
described [29]. To date, there are descriptions of individual
clinical cases of peripheral nervous system lesions in pa-
tients with COVID-19, such as Guillain—Barre syndrome
[30]. In patients with severe and critical COVID-19, late-
stage neurological disorders develop as a consequence of
thromboembolic complications, leading to ischemic stroke
in 2.5 % of patients [7].

The appearance of dermatological manifestations in
patients with COVID-19 is associated with the presence
of ACE2 receptors in the cell membrane of the basal
layer of the skin [1]. The role of SARS-CoV-2 in the signs
of COVID-19 skin manifestation has been proven by
the detection of the virus by polymerase chain reaction
in skin samples [31]. The incidence of cutaneous
extrapulmonary manifestations of COVID-19 according
to various researchers varies widely. So, according to
the authors [32], one in five patients (20.4 %) had skin
manifestations of COVID-19, while other researchers
reported that only 1.5 % of patients had these symptoms
[33], and the authors [34] report only isolated cases from their
practice. In addition, it should be noted that the spectrum
of clinical signs of extrapulmonary manifestations of
COVID-19 described in the literature is characterized by
significant polymorphism. Namely, the researchers have
found elements of maculopapular rash, different variants of
erythema, pernio like changes and different combinations
of such manifestations, and so on. Attention was drawn to
the fact that skin changes had a clinical manifestation both
concomitantly with respiratory symptoms and before signs
of the respiratory system damage in some patients [32-34].
Today it is believed that the appearance of cutaneous
extrapulmonary manifestations of COVID-19 is more
characteristic of mild and moderate infection [1,32-34]. For
the correct interpretation of skin changes as extrapulmonary
signs of COVID-19, it is necessary to exclude side effects
when using drugs for treatment of these patients [1].

Cutaneous extrapulmonary manifestations of COVID-19
are characterized by significant clinical polymorphism with
special attention paid to the development of various types
of alopecia in these patients, namely telogen, focal and
androgenic, etc. [28,35]. There are even special changes
in the nails of patients with COVID-19, which are cha-
racterized as polydactyl erythronychia or symptom “COVID
red crescent” with the appearance of red crescent-shaped
stripes surrounding the distal part of the nail hole, indicating
microvascular damage [36].

In severe and critical COVID-19, kidney injury deserves
special attention due to the direct action of SARS-CoV-2,
as ACEZ2 receptors are expressed by cells of both the glo-
merular and tubular apparatus, and on the other hand,
the development of “cytokine storm” [37]. Renal injury in
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patients with severe disease is accompanied by proteinuria
(65.8 %) and hematuria (41.7 %), and acute kidney disease
with elevated blood creatinine increases the risk of hospita-
lization in intensive care units and the risk of death [38]. In
those who died from COVID-19, renal pathomorphological
changes are characterized by focal necrosis of the renal
tubular epithelium (73.2 %), focal lymphocytic-leukocyte
infiltration (12.2 %) and renal microvascular thrombosis
(17.1 %) [20]. Patients with comorbid chronic kidney di-
sease have a significantly higher risk of acute kidney injury,
leading to higher mortality rates among such patients [39].

The cardiovascular system is naturally involved in
the pathological process in the severe and critical course of
COVID-19 with the development of such manifestations as
arrhythmia, most often paroxysmal atrial fibrillation, hyper-
tension, cardiomyopathy, myocarditis, myocardial infarction
[40-42]. Today, it is believed that myocardial damage in
patients with COVID-19 is secondary to systemic causes
and is not the result of direct action of the virus [43]. The
combination of “cytokine storm” with respiratory dysfunction
and hypoxemia results in damage to myocardial cells [41].
In this case, myocardial damage, which may be clinically
manifested by arrhythmia or acute coronary syndrome, is
clearly linked to severe COVID-19 and worsening prognosis
[41,44,45]. Confirmation of the dependence of heart disease
on the severity of COVID-19 is the results of meta-analysis,
which showed significantly higher levels of troponin | in
patients with severe disease treated in intensive care units
compared with milder disease, as well as cases of myocardi-
al infarction among patients with severe and critical disease
[46]. Heart damage is also confirmed by the detection of
elevated natriuretic propeptide hormone in patients with
COVID-19 who are treated in intensive care units [47].

There are numerous reports in the literature demon-
strating the endocrine system involvement in the patho-
logical process of COVID-19 due to both the expression
of ACE2 receptors on the target cell membranes and
the immune-mediated mechanism of “cytokine storm”
damage. Of particular note is the pancreatic injury, which
is occurred in 22.9 % of patients with newly diagnosed
signs of hyperglycemia [48] and 6.4 % of patients with
previous decompensation of diabetes mellitus [49]. The
high risk of these violations is associated only with direct
action SARS-CoV-2 on beta-cells of the pancreas, but
also with the development of “cytokine storm” caused by
a high release of pro-inflammatory cytokines, which leads
to beta-cell dysfunction and apoptosis, and consequently
insulin production is decreased [3]. Patients with diabetes
are at risk for more severe COVID-19 [3].

Some studies have shown the development of thyroid
dysfunction [1,50], including those with a high frequency
of these violation detection (64 %) [50]. In the study [51],
the authors have described the clinical case of acute ad-
renal insufficiency that developed in a patient with severe
COVID-19. The authors explained the development of this
condition within the “cytokine storm”, namely the influence
of interleukin-1, interleukin-6, tumor necrosis factor-a in high
concentrations on the axis of the hypothalamic-pituitary-ad-
renal system [51,52].

Studies focusing on the dysfunction of the reproductive
endocrine glands have drawn attention to the significantly
higher incidence of lesions in men than in women [53], due
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to the expression of ACE2 by spermatogonia cells (1.4 %)
as well as Leydig and Sertoli cells (4.24 %) [54]. Testicular
dysfunction was manifested by a decrease in plasma
testosterone levels in 37.5 % of patients, a decrease in
luteinizing hormone in 29 % of patients, and a decrease in
the testosterone-to-luteinizing hormone ratio [55], and in
the study [56] testicular dysfunction was recorded in 91 %
(11 of 12) of patients.

Of particular interest are studies examining the issue of
placental abruption and, accordingly, the risk of COVID-19
vertical transmission [57]. Detection of SARS-CoV-2 virions
in syncytiotrophoblasts of placental villi has been reported
using electron microscopy [58] and polymerase chain
reaction [59]. In placental cells, the expression of ACE2,
necessary for the viral S-protein binding to the target cell
[60,61], however, an extremely low level of transmembrane
serine protease 2 expression was found, needed for virus
penetration into the cell and subsequent replication [61,62].
This explains the low risk of SARS-CoV-2 infection vertical
transmission. For example, in a study involving 435 new-
borns from women with COVID-19, no vertical transmission
of SARS-CoV-2 infection was recorded [63]. According to
another study including 201 newborns from mothers with
COVID-19, polymerase chain reaction showed a positive
test of nasopharyngeal mucus in the first 48 hours of life
in 2.4 % of cases, but they had no signs of pneumonia
according to visualization methods, and a negative PCR
test result was recorded a week later [64].

ACE2 receptors may even be present in some tissues
of the eye, which explains the appearance of conjunctivitis
in some patients [65,66]. It is believed that clinical signs of
conjunctivitis may appear at the disease onset due to direct
exposure to SARS-CoV-2 through airborne droplets, and at
the later stage of the disease, due to virus damage to eye
cells via the systemic circulation [67,68].

Some studies have noted the presence of generalized
bone and muscle pain in patients with COVID-19 due to
the direct action of SARS-CoV-2 on ACE2 in the skeletal
muscle and cortical bone cells [69,70].

Conclusions

1. Coronavirus disease (COVID-19) in addition to lung
injury, is characterized by a wide range and high frequency
of extrapulmonary manifestations involving various organs
and systems. The appearance of these signs is explained
by both the direct action of SARS-CoV-2 and immune-de-
pendent mechanisms.

2. Certain extrapulmonary manifestations are associat-
ed with a milder course of COVID-19 (anosmia, dysgeusia,
etc.), others, on the contrary, occur in severe disease (liver,
kidney, heart, pancreas), and some ones can persist even
after the acute period of the disease (neuropsychiatric
disorders).

3. Summarizing current data on extrapulmonary mani-
festations of COVID-19 will allow general practitioners to
improve early diagnosis of the disease and timely indivi-
dualize complex treatment.
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