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Drug Safety Issues
in Therapy COVID-19

Abstract

One of the serious problems of modern Health care is a new coronavirus infection — COVID-19, which has been declared
a global pandemic by the World Health Organization and has covered more than 190 countries. Despite the measures
has been taken to limit contacts between people and isolate patients with suspected coronavirus infection, the number

of cases grows exponentially every day. Leading laboratories are working on a vaccine, but according to some optimistic
forecasts, it may be available no earlier than 11-12 months. According to published data on attempts using various drug
regimens in clinical trials, methodological manuals and clinical guidelines for patient management are constantly being
developed and updated depending on the severity of the condition. The appointment of a number of drug combinations
should be carried out taking into account the definition of an individual assessment of the benefits and risks, because
there is ample evidence of serious side effects.

More serious lung tissue lesions are characteristic of patients of an older age group (over 60 years old) with the
presence of concomitant diseases, such as cardiovascular, cerebrovascular, diabetes mellitus and obesity, diseases of
the bronchopulmonary system and kidneys, which implies taking basic therapy in a constant mode. The appointment
of a number of drug combinations should be carried out taking into account the definition of an individual assessment
of the benefits and risks, because there is enough evidence of serious side effects, such as the QT interval prolongation,
hepatotoxicity, adverse events from the central nervous system. It is necessary to evaluate the interaction of drugs used
to treat infections caused by the COVID-19 virus with drugs used in outpatient practice.

Key words: COVID-19, treatment, safety, drug interaction, contraindications
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ACEI — angiotensin converting enzyme inhibitors, AKI — acute kidney injury, ALT — alanine aminotransferase, ARBs —
angiotensin II receptor blockers, BMI — body mass index, CTs — clinical trials, GCSs — glucocorticosteroids, CKD —
chronic kidney disease, COVID-19 — coronavirus disease 2019, ECG — electrocardiogram, GIT — gastrointestinal tract,
HIT — heparin-induced thrombocytopenia, HIV — human immunodeficiency virus, IL-6 — interleukin-6, LMWH —
low-molecular-weight heparin, NSAIDs — nonsteroidal anti-inflammatory drugs, RNA — ribonucleic acid, TdP —
torsade de pointes, UNL — upper normal limit
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The most pressing challenge facing medicine in
the world today is combating coronavirus disease
(COVID-19). This disease is caused by the novel
coronavirus strain — SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2).

The biggest challenge in managing COVID-
19 patients is the lack of drugs with proven effi-
cacy and established treatment regimens based on
clinical trials (CTs). Everywhere, there are ongoing
attempts to use drugs with expected effectiveness.
CTs are being conducted. Data on the first CT
results and experience of using different drugs are
being analyzed on the fly; clinical guidelines are
being developed and continuously updated.

The following drugs are the most frequently used
for managing COVID-19 patients, taking into
account, among other things, the experience of
previous outbreaks of coronavirus infections (severe
acute respiratory syndrome, Middle East respira-
tory syndrome): aminoquinoline derivatives (chlo-
roquine, hydroxychloroquine) [1], antiviral drugs,
in particular, with effects against human immuno-
deficiency virus (lopinavir/ritonavir [2], darunavir
[3]), anti-influenza antiviral drugs (oseltamivir [4],
favipiravir [5]), other antiviral drugs (ribavirin [6],
remdesivir [7]), macrolide antibiotics [8] (azithro-
mycin), interferons (recombinant interferon beta-
1b [9] and others), and monoclonal antibodies [10].
There are data on the use of other drugs: nafamo-
stat [11], camostat [12], niclosamide [13], barici-
tinib [14], danoprevir [15], nitazoxanide [16], and
teicoplanin [17].

There is extensive debate over the use of remdesivir
as an antiviral drug for treating SARS-CoV-2 infec-
tion. This drug provides the most effective and
highly selective inhibition of viral RNA synthesis
in low micromolar concentrations. However, this
drug is still at the clinical trial stage and is not avail-
able for real-life clinical use [18].

The following medications are recommended in
the Russian Federation: mefloquine, chloroquine,
hydroxychloroquine, lopinavir/ritonavir, daruna-
vir, azithromycin, recombinant interferon beta-1b,
tocilizumab, sarilumab, baricitinib [19-21]. At the
moment, all of the above drugs are “off-label”.
They can be prescribed only by a medical board
provided that their potential benefit outweighs pos-
sible risks for the patient. It should be remembered
that all drugs have side effects that can develop or

intensify when used together or in combinations
that were previously not widely used, for example,
in intensive care. This particularly applies to elderly
patients who are at higher risk of contracting coro-
navirus disease.

We analyzed possible side effects mentioned in lit-
erature, as well as interactions between drugs used
to treat COVID-19 and possible concomitant treat-
ment; this can help in choosing a personalized and
safest treatment regimen for each patient, taking
into account concomitant pathologies and treat-
ment. Results of the analysis of interactions are
presented in Tables 1-4. Most side effects of drugs
used against COVID-19 appear during their long-
term use for main indications. The clinical signifi-
cance of their short-term use is hard to assess at
the moment. However, these side effects should
be considered when choosing treatment regimens
(Table 1).

COVID-19 Treatment
and Risk of Heart
Rhythm Disorders

One of the serious side effects that are typical of
some groups of drugs (Table 2) used in COVID-
19 patients is QT prolongation and the risk of tor-
sade de pointes (TdP), which requires attention
and mandatory monitoring of electrocardiography
(ECG) results.

Risk factors for TdP caused by drug toxicity
include: elderly age, the female sex, acute myo-
cardial infarction, heart failure with reduced ejec-
tion fraction, hypokalemia, hypomagnesemia,
hypocalcemia, bradycardia, loop diuretics, sepsis,
and genetic predispositions [22]. The QT prolon-
gation risk assessment scale can help to assess risks
(Table 3) [23, 24].

One of the most frequently prescribed anti-
COVID-19 treatment regimens that stands out
is the combination of hydroxychloroquine and
azithromycin, as well as other possible combina-
tions of aminoquinoline derivatives and mac-
rolides, since both groups of drugs can prolong
the QT interval. Besides the QT interval, lopina-
vir/ritonavir can prolong the PQ interval. More-
over, patients may already take drugs that prolong
QT, for example, amiodarone, alfuzosin, amitripty-
line, fluoroquinolones and others. When choosing
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Table 1. Features of the use of drugs against COVID-19 in patients with risk factors *

The risk of
Dose adjustment for renal Dose adjustment for liver |lengthening
failure failure the QT
interval
Mefloquine Not required No data — use with caution Yes
% d ducti ith . .
Chloroquine 50% dose reduc aeabb ce No data — use with caution Yes
<10 ml/min
Hydroxychloroquine No data — use with caution No data — use with caution Yes
Lopinavir/ritonavir No data — use with caution No data — use with caution Yes
Not required, for severe violations
Darunavir Not required of liver function no data — use No
with caution
. .. With CC <50 ml/min is Contraindicated in severe liver
Ribavirin S . No
contraindicated failure
Interferon-p 1b Not re‘quired, wi‘th severe renal Not requ.ired, use upder control No
failure — with caution of hepatic transaminase levels
Not required for mild renal
e impairment; patients with moderate . .
Tocilizumab . . No data — use with caution No
to severe renal impairment no
data — use with caution
Baricitinib Required for CC <60 ml / min, with Not required, for severe violations No
CC <30 ml/min is contraindicated  of liver function use with caution
Sarilumab No data — use with caution No data — use with caution No

Note: CC — creatinine clearance

* Risk factors: a medical history of heart thythm disturbance, a presence of renal and / or liver failure, taking nephro-, hepato-, cardiotoxic drugs

a treatment regimen, especially if no ECG or lab-
oratory control can be performed, for example,
when providing medical care at home or at a dis-
tance, possible risks of life-threatening arrhyth-
mias should be carefully assessed before choosing
the treatment regimen.

Aminoquinoline Derivatives

Neurological and psychiatric side effects of ami-
noquinoline derivatives require the special atten-
tion of medical staff; they can appear as headaches,
anxiety, confusion, insomnia, dizziness, personal-
ity disorders, memory impairment, hallucinations,
speech impairment, visual impairment, depression,
suicidal thoughts, hearing loss, psychoses, convul-
sions, polyneuropathy, and paresthesias. There are
various mechanisms of neurotoxicity [25]. It should
be noted that the half-life of drugs is quite long
(from 2 to 8 weeks); hence, side effects can appear
after drug withdrawal. Attention should also be
paid to the risk of interaction of aminoquinoline
derivatives and drugs used in neurology and psy-
chiatry (Tables 4).

Eye lesions when using aminoquinoline deriva-
tives are a serious side effect as they can lead to irre-
versible loss of vision, especially in elderly patients
and in patients with known retinal lesions. This
phenomenon arises from the binding of the drugs
to retinal melanin, which leads to the dystrophy
of the pigmented layer. Symptoms of retinopathy
can appear in the form of diminished clarity and
partial loss of central or peripheral vision, flash-
ing and halos, impaired color perception, difficulty
in reading, gross pigmentation changes with so-
called “bull’s eye” effect. However, the initial stages
are asymptomatic [26]. Symptoms usually appear
when treatment lasts for more than five years
[27]. However, there are clinical observations that
show the appearance of typical retinal injuries two
months after the beginning of hydroxychloroquine
therapy. This can be explained by a genetic pre-
disposition [28, 29] or by excessive concentration
in the blood caused by doses higher than recom-
mended ones, impaired renal or hepatic function,
co-administration with drugs that affect hydroxy-
chloroquine metabolism at the level of cytochrome

P450 (CYP2D6) [30, 31].
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Another rare but typical aminoquinoline side
effect is methemoglobinemia, and as a result,
impaired oxygen delivery to tissues, which can
lead to deterioration in patients with viral pneu-
monia. Risk factors for this serious complication
include: age below 3 months, elderly age, con-
genital enzymopathies (cytochrome b5 reduc-
tase deficiency), congenital hemoglobinopathies,
combination of drugs that can trigger methemo-
globinemia (benzocaine, prilocaine, paracetamol,
fentanyl, etc.), severe concomitant pathologies
(cardiovascular, renal, respiratory failure, hema-
tological diseases) [32].

There are clinical observations that describe the
risk of hypoglycemia when taking chloroquine
and hydroxychloroquine. This can be explained
not only by the manifestation of an underlying
disease (malaria) but also other factors (decreased
insulin clearance, increased sensitivity of periph-
eral tissues to insulin and stimulation of insulin
secretion by pancreatic beta cells) [33, 34].

Azithromycin

A rare but serious side effect of azithromycin is
drug-induced liver injury that is characterized
by a sharp increase of alanine aminotransferase
(ALT) with short courses of treatment (3-4 days)
[35, 36].

Although it is generally accepted that azithromy-
cin has the lowest cardiotoxicity among macro-
lides [37], there is still a small risk of sudden death
related to a five-day course in patients at high car-
diovascular risk [38].

Lopinavir/Ritonavir

It was reported that the administration of lopi-
navir/ritonavir can be an independent risk factor
for kidney damage that can present as acute
kidney injury (AKI), chronic kidney disease, acute
and chronic interstitial nephritis, nephrolithiasis,
asymptomatic crystalluria, papillary necrosis in
HIV-positive patients, with long-term use, both
with the history of impaired renal function, and
with a normal baseline function [39-42]. A case
of AKI was reported in a patient without con-
firmed HIV infection who took lopinavir/rito—
navir for post-exposure prophylaxis for less than

Table 3. Risk assessment of QT interval
prolongation

Risk factor | Points
Age >68 years 1
Female 1
Receiving loop diuretics 1
Blood potassium level <3.5 mmol / L 2
Original QTc 2450 ms 2
Acute myocardial infarction 2
Heart failure 3
Sepsis 3
Taking one QT extension drug 3
Co-administration of 2 or more drugs 3
that prolong QT *
Maximum points 21

Risk assessment:

Low risk (15%) <7
Medium risk (37%) 710
High risk (73%) >11

Note: * — when taking 2 or more drugs, it is worth summing up
the points for taking one drug and the combined intake of 2 or more
drugs that extend QT

seven days, with regression of symptoms after
drug withdrawal [43]. One of the causes of AKI
related to lopinavir/ritonavir may be interaction
with drugs of other groups at the level of cyto-
chrome P450 since ritonavir is a CYP3A4 inhibi-
tor. Their interaction with statins raises blood
concentration and the risk of rhabdomyolysis
and AKI [44]. Interaction with nifedipine also
increases its blood concentration. There was a
report on the development of severe hypotension
and AKI related to its combined use with lopina-
vir/ritonavir [45].

A small study including HIV-negative healthy vol-
unteers demonstrated that five days after taking
lopinavir/ritonavir, levels of triglycerides and free
fatty acids increase, and signs of insulin resistance
appear [46].

Tocilizumab and Sarilumab

The development of infections is a serious side
effect of using tocilizumab and sarilumab; it is
caused by the primary pharmacological effect
of these drugs, i.e., inhibition of interleukin-6
(IL-6) that is involved in the immune response
to bacterial, viral and fungal pathogens [47-50].
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Risk factors for infections related to tocilizumab
include: age (over 50 years), obesity (body mass
index (BMI) more than 30 kg/m?), history of
immunosuppressive  treatment, concomitant
immunosuppressive treatment (including gluco-
corticosteroids — GCSs), administration of high
doses of the drug, chronic lung diseases and dia-
betes mellitus [51]. For tocilizumab and sarilumab,
transient dose-dependent neutropenia is a typical
side effect that does not increase the risk of severe
infections [52, 53]. Studies involving patients with
rheumatoid arthritis demonstrated that the risk of
the following infections usually increases: infec-
tions of the upper and lower respiratory tract, uri-
nary tract, skin and soft tissues [54, 55]. A higher
risk of fungal, viral infections, and tuberculosis
should also be noted [56-58]. The risk of severe
infections related to the short-term use of tocili-
zumab and sarilumab is not fully understood.
However, it should be considered as a possible risk
factor for bacterial and fungal complications in
patients with severe viral pneumonia in combina-
tion with other factors.

Hepatotoxicity is a typical side effect of tocilizumab
and sarilumab, which manifests as an increase in
hepatic transaminases. The mechanism is not clear;
it may be the result of inhibition of IL-6, which
plays an important role in liver regeneration. There
have been reports of acute liver failure related to
tocilizumab, which required liver transplantation.
There are no major hepatic complications related
to sarilumab [59]. Drugs should be prescribed while
monitoring hepatic enzymes. Co-administration
with other hepatotoxic drugs should be avoided;
they should be used with caution in patients with
impaired liver function. There have been reports of
acute pancreatitis related to tocilizumab. This fact
should be considered when starting treatment [60].
The risk of perforation and bleeding from the gas-
trointestinal tract (GIT) related to IL-6 inhibitors
[61] should be noted since their use can be indi-
cated for patients in intensive care units who are
already at a high risk of stress ulcers [62]. Risk fac-
tors for GIT complications include elderly age,
oral administration of GCSs, nonsteroidal anti-
inflammatory drugs (NSAIDs) and a history of
diverticulitis [63]. There is an observation describ-
ing the development of inflammatory foci in GIT
after the first administration of tocilizumab and the

development of multiple perforations and bleed-
ing eight days after its repeated administration
in a 15-year-old patient [64]. The mechanism of
damage is not fully understood, but it may be asso-
ciated with the suppression of immune response
and the effect on the vascular endothelial growth
factor [65].

Interferon Beta-1b

A common side effect of interferon beta-1b is an
influenza-like syndrome that manifests as fever,
chills, and headache and can be mistakenly inter-
preted as deterioration during treatment of acute
viral infection [66].

Possible side effects of interferon beta-1b may
be mental disorders (onset or exacerbation of
depression, suicidal thoughts, psychosis), but they
typically appear when treatment lasts at least two
months [67].

Liver injury that manifests as a transient increase in
hepatic transaminases to 3—5 upper normal limits
(UNL) is quite common, unlike severe injuries that
are less common [68].

Baricitinib

Taking into account the primary mechanism of
action of baricitinib — selective inhibition of type
1 and 2 Janus kinases — that results in immuno-
suppressive action, its administration can raise the
risk of infectious complications. Studies conducted
in a group of patients with rheumatoid arthritis
showed a high risk of upper respiratory tract and
urinary tract infections, and Herpes Zoster reac-
tivation. Among the risk factors were the admin-
istration of corticosteroids, a history of biological
drug treatment, insufficient or excessive BMI, and
elderly age [69].

There was a slight increase in the blood creatinine
level two weeks after starting barcitinib therapy,
which may be associated with the inhibition of
tubular creatinine secretion by the drug. There was
also a transient — without clinical signs — increase
in phosphocreatine kinase to 5 UNL and hepatic
transaminases to 3-5 UNL [70].
Anti-inflammatory drug ketorolac and antihy-
pertensive drug valsartan (angiotensin II recep-
tor antagonist) increase baricitinib concentration,
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which increases the risk of adverse reactions.
Therefore, their combined use should be avoided.
The combined use of baricitinib and tocilizumab
may increase the risk of infectious complications by
intensifying the immunosuppressive effect.

Low-Molecular-Weight
Heparin

Anticoagulant treatment or prevention with
low-molecular-weight heparin (LMWH) is rec-
ommended for all hospitalized patients without
contraindications since it was noted that hyper-
coagulation syndrome is typical for COVID-
19 patients [19, 71].

The main side effect of LMWH, as well as of other
anticoagulants, is bleeding of various severity,
which requires the monitoring of anti-Xa activity
and renal function. The combined use of enoxapa-
rin and dalteparin with antibacterial drugs such as
macrolides (azithromycin, erythromycin), certain
cephalosporins (cefazolin, cefoxitin, cefuroxime,
ceftriaxone), piperacillin, and sulfamethoxazole
can increase the risk of bleeding.

Decreased platelet count related to heparin and less
commonly LMWH may be a sign heparin-induced
thrombocytopenia (HIT), which is a contraindica-
tion for the use of heparin drugs. There are two
types of HIT: type 1 is due to the direct effect of
the drug on platelets, it usually manifests in the first
three days of use, disappears spontaneously, does
not increase the risk of thrombosis; type 2 is due to
immune response, usually manifests up to 14 days
from the beginning of treatment, increases the risk
of thrombosis [72, 73]. Type 2 HIT is of high clini-
cal significance: platelet level decreases by more
than 50% from the baseline; manifests in arterial
and venous thromboses of different localization.
Risk factors for HIT include high (therapeutic)
doses of unfractionated heparin, use after surgery
or injury, female sex [74, 75]. If HIT is suspected
or confirmed, it is required to switch to alternative
drugs, for example, fondaparinux sodium.

Oral Anticoagulants

Oral anticoagulants are not recommended for
the prevention of thromboembolic complications
in COVID-19 patients, but their continued use is

allowed for patients who take these drugs accord-
ing to other indications if the disease is mild [19].
However, it is worth remembering possible interac-
tions with other drugs that are recommended for
the treatment of coronavirus infection since they
can significantly increase the blood concentration
of anticoagulants and cause bleeding [76].

Angiotensin-Converting
Enzyme Inhibitors and
Angiotensin II Receptor
Blockers

There is an intense debate over the role of angio-
tensin-converting enzyme inhibitors (ACE inhibi-
tors) and angiotensin II receptor blockers (ARBs)
in the development and evaluation of the sever-
ity of novel coronavirus infection. This is due to
the ability of the virus to bind to the extracellular
domain of type 2 transmembrane angiotensin-
converting enzyme receptor (ACE2), which leads
to the infection of target cells. It was established
that the ACE2 expression level is highest in the
small intestines, kidneys, heart, thyroid gland,
and adipose tissue; average — in the lungs, large
intestines, liver, bladder, and adrenal glands; and
lowest — in the spleen, bone marrow, brain, blood
vessels, and muscles [77]. In animal models, there
was an increase in ACE2 expression during the
administration of ACEI and ARB. There are cur-
rently no reliable data on changes in this expres-
sion in humans [78].

Due to fears of a more severe course of novel
coronavirus disease when taking ACE inhibi-
tors and ARBs, several authors recommended
to stop taking these drugs, which are crucial in
the complex treatment of many chronic diseases.
In response, professional associations such as
the American Heart Association, American Col-
lege of Cardiology, the Heart Failure Society of
America, European Society of Cardiology, and
the Russian Society of Cardiology recommend
continuing treatment with the above drugs due
to the lack of convincing clinical and experi-
mental data on the deterioration of the course of
COVID-19. In addition, the refusal of treatment
significantly increases the risk of cardiovascular
events, which complicates the course of coronavi-
rus disease. Hence, it is also not recommended to
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start treatment with ACEI/ARB in patients with-
out clinical indications (hypertension, heart fail-
ure, and diabetes mellitus) [79].

A pilot study using recombinant human ACE2
(APNO1) in patients with COVID-19 is underway.
The administration of APNO1 rapidly lowers the
levels of angiotensin II and IL-6 in blood plasma,
and can also potentially reduce viral load [80].
Therefore, the side effects of drugs that are cur-
rently used against COVID-19 infection vary and
are potentially significant. However, they can be
significantly minimized by taking into account
the risks of their development and possible adverse
interactions.
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COVID-19 and Liver Damage

Abstract

An outbreak of unknown pneumonia, caused by the novel severe acute respiratory syndrome coronavirus (SARS-CoV-2),
was reported in China at the end of December 2019. On February 11, 2020, the World Health Organization officially
named SARS-CoV-2 infection COVID-19 (Coronavirus Disease 2019). The most common clinical manifestation of
COVID-19 is pneumonia. However, with the spread of the COVID-19 pandemic and analysis of clinical data, symptoms

that are not characteristic of “atypical” pneumonia have been identified in patients. Neurological symptoms, skin and
eye damage, etc., are described. The extrapulmonary presence of SARS-CoV-2 was also detected in cholangiocytes.
Virus-induced effects, systemic inflammation (“cytokine storm"), hypoxia, hypovolemia, hypotension in shock, drug-
induced hepatotoxicity, etc., are considered possible factors of liver damage. In 14-53 % of COVID-19 patients,
changes in biochemical parameters, which usually do not require drug therapy, can be recorded. Acute hepatitis is very
rare. However, special attention should be given to COVID-19 patients at risk: after liver transplantation; receiving
immunosuppressants and antiviral drugs; and in cases of decompensated cirrhosis, acute-on-chronic liver failure, and
hepatocellular carcinoma. Constant data sharing and open access to research data, new technologies, and up-to-date
guidelines are required.

Key words: Coronaviruses that cause respiratory syndrome; novel coronavirus disease; liver damage

ALT — alanine aminotransferase, ACE2 — angiotensin-converting enzyme type 2, AST — aspartate aminotransferase,
WHO — World Health Organization, GGTP — gamma-glutamyltransferase, IL — interleukin, ARDS — acute respiratory
distress syndrome, LDH — lactate dehydrogenase, RNA — ribonucleic acid, CRP — C-reactive protein, CLD — chronic
liver disease, ALP — alkaline phosphatase; COVID-2019 — Coronavirus Disease 2019, MERS-CoV — Middle East
respiratory syndrome coronavirus, RBD — receptor-binding domain, SARS-CoV — severe acute respiratory syndrome
coronavirus, SARS-CoV-2 — novel coronavirus COVID-19; TMPRSS2 — Transmembrane protease, serine 2
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Introduction Many species qf bats are natural-hosts of coronavi-
ruses. By evolving due to mutations and preadap-

Coronaviruses are widespread and usually cause
the common cold (up to 25%). Most of them cause
mild viral infection, but some, such as SARS-CoV
(severe acute respiratory syndrome coronavirus)
and MERS-CoV (Middle East respiratory syndrome
coronavirus), lead to severe respiratory syndrome
with high mortality rate [1, 2].

tation processes, they sometimes cause epidemics
in human populations. The outbreak of unknown
pneumonia reported in China at the end of
December 2019 led to a public health emergency,
which subsequently led to the pandemic caused
by the severe acute respiratory syndrome corona-
virus (SARS-CoV-2) (2, 3]. On February 11, 2020,
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the World Health Organization (WHO) officially
named the SARS-CoV-2-infection COVID-19
(“Coronavirus Disease 2019”). SARS-CoV-2 has a
mortality rate of 0.5-3% [4].

SARS-CoV-2 and Possible
COVID-19 Pathogenesis
Factors

Novel coronavirus is a single-stranded RNA virus
of the family Coronaviridae, genus Betacoronavirus.
SARS-CoV-2 is a zoonotic virus: phylogenetic anal-
ysis showed its closest connection with the SARS-
like bat coronavirus BM48-31/BGR/2008 isolate
(96% identity). Bats appear to be a reservoir of
SARS-CoV-2, while other small mammals (in par-
ticular, pangolins) are intermediate hosts, which
possibly infected the “patient zero” [1]. Also, the
phylogenetic analysis of SARS-CoV-2 yielded data
indicating 88% sequence identity with SARS-CoV
and about 50% with MERS-CoV [1, 5]. The struc-
ture of respiratory syndrome coronaviruses is very
similar (Fig. 1).

Among structural proteins, SARS-CoV-2 secrete
S-proteins or “spike proteins”, membrane protein,
coat protein and nucleocapsid. S-protein plays an
important role in the attachment, fusion and pene-
tration of the virus into cells, which means it can be
considered as a possible target for antibodies and
the vaccine.

The pathogenesis of novel coronavirus infec-
tion has not been sufficiently studied [6, 7). The
key factor of virulence is the interaction of the

receptor-binding domain (RBD) of the S-protein,
located on the outer membrane of SARS-CoV-2,
with the angiotensin-converting enzyme 2 recep-
tor (ACE2), which is activated by human transmem-
brane serine proteases (TMPRSS2 — Transmem-
brane protease, serine 2) [8]. ACE2 is expressed in
surfactant, which is secreted in type 2 alveolocytes
from plasma components. Surfactant is a surface-
active monomolecular film, which is located at
the air-water interface of alveoli, alveolar ducts
and respiratory bronchioles of the 1st-3rd order.
It prevents the collapse of the alveolar walls when
breathing. ACE2 expression protects the lungs
from damage but decreases due to its binding to
the SARS-CoV S-protein, which increases the risk of
infection. At the same time, the experiment showed
that increased ACE2 expression does not prevent
increased binding to SARS-CoV. Up to three viruses
can attach to one target. ACE2 and TMPRSS2 are
unevenly distributed among patients of Furopean
and Asian descent, which can also affect the inten-
sity of infection.

It has been suggested that non-structural proteins
of SARS-CoV can modify the structure of hemo-
globin in the red blood cell, which disrupts oxygen
transport, causes iron dissociation, the formation
of porphyrin, and increase in the ferritin level. This
effect can intensify inflammation in the lungs and
cause oxidative stress, hypoxemia, hypoxia, with
the development of symptoms of acute respiratory
distress syndrome (ARDS) and multiple organ fail-
ure due to hypoxia [9]. However, this hypothesis
was based on a biotransformational model built
without experimental and clinical studies.

B SARS-CoV (27.9 kb)
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Figure 1. Structure of SARS-CoV, MERS-CoV, and SARS-CoV (Adapted from Li X., et al., 2020)

189



190

REVIEW ARTICLES

The Russian Archives of Internal Medicine @ Ne 3 e 2020

SARS-CoV-2 has an affinity to goblet cells con-
tained in the mucous membrane of the respiratory
tract, intestines, eye conjunctiva, pancreatic and
parotid gland ducts. Active replication of the virus
significantly reduces the protective functions of
goblet cells (mucus formation), which also aids the
penetration of the virus into the human body.

In response to the coronavirus replication, hyper-
— the so-called
storm” — is triggered, which characterized by the

immune response “cytokine
synthesis of a significant (abnormal) amount of
pro-inflammatory cytokines (IL-1p, IL-6, tumor
necrosis factor, etc.) and chemokines, while reduc-
ing the content of T-lymphocytes in the blood [10].
Furthermore, while infecting the blood vessel
endothelium, SARS-CoV-2 interacts with ACE2 in
the endothelium, causing endothelial dysfunction,
hyperpermeability, impairment of microcircula-
tion, thrombophilia, and thrombosis [11].

The progression of COVID-19 is determined by
diffuse alveolar damage, with the formation of
hyaline membranes and the development of pul-
monary edema. The post-mortem histopathologi-
cal pattern of the lung tissue is characterized by
the organization of alveolar exudates and intersti-
tial fibrosis, the formation of hyaline membranes,
interstitial mononuclear inflammatory infiltrates,
numerous fibrin microthrombi, severe edema,
hyperplasia and focal desquamation of type 2 alve-
olocytes, and significant content of macrophages
with viral inclusions in the alveolar exudate. Hem-
orrthage, necrosis, and hemorrhagic infarct are
detected in the most severely affected areas [12, 13].

Clinical Presentation and
Diagnosis of COVID-19

Human SARS-CoV-2 infection occurs in the last
days of the incubation period and peaks in the first
three days of the disease. The overwhelming major-
ity of infections occur due to contact with a COVID-
19 patient in cases of clinical manifestation of the
disease (in up to 75-85% of cases, the contact is
with infected relatives within the family). It should
be emphasized that viral shedding usually lasts up
to 12 days in mild/moderate cases and more than
14 days in severe cases. However, in patients who
have recovered from COVID-19, novel coronavirus
RNA may be positive even after the disappearance

of clinical symptoms. A patient with COVID-19 can
infect 3-5 people around him/her, while a person
with flu can only infect 1-2 people [14-16)].
Epidemiological data indicate that patients with car-
diovascular diseases, hypertension, diabetes mellitus,
and cancer are the most susceptible to SARS-CoV-2.
The incubation period is 2-14 days (5-6 days
on average). SARS-CoV-2 is transmitted via air-
borne droplets (coughing, sneezing, conversation),
air-dust (with dust particles in the air), contact
(through handshakes, household items) and fecal-
oral routes [17].

Clinical Course of COVID-19 [18]:
* Mild (with damage to only the upper respiratory
tract)

* Moderate (pneumonia without respiratory failure)

* Severe (pneumonia with signs of respiratory fail-
ure, or the appearance of “ground-glass opacity”
pattern in the lungs, occupying more than 50%
of the lungs within 24-48 hours)

* Very severe/critical (pneumonia, ARDS, sepsis,
septic shock, multiple organ failure)

The proportion of asymptomatic (latent) course
of COVID-19 is not clear. However, even with an
asymptomatic course, in the absence of complaints
and clinical signs, the “ground-glass opacity” pat-
tern can be observed on CT scans, which is more
clearly recorded at the peak of inspiration, which
enables to diagnose pneumonia.

The report of the WHO-China joint mission on the
novel coronavirus disease identified typical signs
and symptoms of the disease (Table 1).

However, with the spread of the COVID-19 pan-
demic and analysis of clinical data, symptoms that
are not characteristic of “atypical” pneumonia have
been found [19]. In the absence of respiratory dis-
order, doctors of various specialties have been diag-
nosing COVID-19 based on the identification of
“atypical” signs and the subsequent use of molecu-
lar genetic methods.

Clinical observations of patients with a positive
SARS-CoV-2 RNA test and the presence of neu-
rological signs in the form of anosmia (loss of
the sense of smell), dysgeusia (loss of the sense of
taste), which is apparently associated with intrana-
sal infection and damage to neurovasal structures,
have been described [20, 21]. In cases of severe
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Table 1. The main symptoms of COVID-19 [18]

| Symptoms | % Symptoms %
Fever 87.9% Myalgia or arthralgia 14.8%
Cough 67.1% Chills 11.4%
Fatigue 38.1% Nausea and/or vomiting 5.0%
Sputum production 33.4% Nasal congestion 4.8%
Dyspnea 18.6% Diarrhea 3.1%
Sore throat 13.9% Hemoptysis 0.9%
Headache 13.6% Subconjunctival hemorrhage 0.8%

course, the infection was complicated by the devel-
opment of transient ischemic attack, epilepsy, and
cerebral infarction [22, 23].

In the Russian population, there have been cases of
patients seeking medical attention for hemorrhages
and pain in the eyes, and lacrimation, followed by
dryness. A positive test for SARS-CoV-2 confirmed
the viral nature of the disease in several observa-
tions. In the absence of other clinical signs, the
latent course of COVID-19 was diagnosed, which
manifested only as conjunctivitis (Fig. 2, authors’
personal clinical experience). Foreign colleagues
[24] described similar observations.

Other possible causes of conjunctivitis should also
be considered. In this regard, it seems important to
identify viral and bacterial antigens in SARS-CoV-
2-positive patients.

A Stanford University (Stanford University, USA)
study conducted in 2020 confirmed the presence
of co-infection in case of COVID-19. In 20.7% of
cases, various combinations of markers of influenza
and type 1-4 parainfluenza viruses, respiratory
syncytial virus, adenovirus, rhinovirus, enterovirus,
Chlamydia pneumoniae and Mycoplasma pneu-
moniae were detected [25].

Atypical signs of COVID-19 were also recorded in
dermatological practice. S. Recalcati, 2000 [26],
described various skin changes (erythematous or
vesicular rash, common urticaria) in 18 (20.4%) of
88 patients; and in 4 cases, the changes were noted
at the onset of the disease and were accompanied
by mild itching [26].

The nature of skin manifestations differed in various
age groups. In a Spanish study conducted among
375 COVID-19 patients, 6% of elderly patients
developed livedo reticularis and necrosis [27].

The dermatology community is also discussing
another COVID-19 symptom never observed

before [28]. The symptom is associated with
damage to the fingers and toes with a character-
istic purple color, hence its name “coronavirus
fingers” (Fig. 3). Burning sensation and pain in
the fingers are apparently due to microcirculation
disorder and/or the development of microthrom-
bosis, which is possibly a local manifestation of
SARS-CoV-2 exposure.

According to the authors, the analysis of atypical
signs of COVID-19 generally points to endothelial
dysfunction and, to a certain extent, the possibility

of local or systemic vasculitis.

Figure 2. COVID-19. Conjunctivitis

(personal clinical experience of the authors)

Figure 3. «Red fingers»
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Diagnosis of COVID-19

The most common clinical manifestation of
COVID-19 is pneumonia. The diagnosis of pneu-
monia in COVID-19 is based on epidemiological
history and clinical examination, laboratory test
results, and other investigations. Chest X-ray and
computed tomography reveal changes in the form
of «ground-glass opacity», infiltrates in different
lobes, and interstitial changes [29]. Positive SARS-
CoV-2 RNA and the appearance of antibodies con-
firm the diagnosis of COVID-19.

Leukopenia, lymphopenia, thrombocytopenia,
increased C-reactive protein (CRP), ferritin, lactate
dehydrogenase (LDH) activity, as well as D-dimer,
are usually detected with this infection. The
increase in the D-dimer level may indicate deep
vein thrombosis, pulmonary embolism, and is an
unfavorable prognostic factor [30].
Extrapulmonary presence of ACE2 and TMPRSS2
is found in glandular cells of the gastric epithe-
lium, entero- and colonocytes, podocytes, proxi-
mal tubule cells of the kidneys, and cholangiocytes.
These cells should be considered as probable tar-

gets of SARS-CoV-2 [8].

COVID-19-Related Liver
Damage

Previous studies have shown that SARS-CoV and
MERS-CoV cause liver damage in infected patients
[31]. With COVID-19, abnormalities in the func-
tional state of the liver were also detected. These
abnormalities were associated with the progression
and severity of the infection process [32, 33].
Mechanisms of COVID-2019-related liver damage
are poorly understood. Virus-induced effects, sys-
temic inflammation («cytokine stormn), hypoxia,
hypovolemia, hypotension in shock, drug-induced
hepatotoxicity, etc., are considered possible factors
of liver damage.
It was shown that ACE2 expression in cholangio-
cytes is much higher than in hepatocytes and is
comparable with ACE2 expression in type 2 alve-
olocytes [33]. With COVID-19, liver damage may
be determined primarily by damage to cholangio-
cytes. In this regard, there are a number of issues
that need to be addressed.
1. Does SARS-CoV-2 have a direct cytopathic effect
on hepatocytes?

2. Does SARS-CoV-2 affect the course and out-
come of chronic liver disease (CLD)?

3. What is the role of drug hepatotoxicity and drug
interactions in COVID-19?

Articles analyzing the state of the liver in COVID-
19 patients in Wuhan (People’s Republic of China)
described biochemical changes in 14-53% of said
patients [31, 33, 34], and showed that in 2-11%
cases, the infection developed in the presence of
CLD [31]. The increase in ALT/AST (alanine and
aspartate aminotransferases) activity, as a rule, did
not exceed 1.5-2 times the normal from the upper
limit of normal and was accompanied by a slight
increase in the total bilirubin content.

Similar data were obtained in the study conducted
by Cholankeril G. et al. (2020) in California. The
analyzed group consisted of 116 patients with
COVID-19; men (53.4%) of middle age (50 years)
predominated, and half of them were Caucasian
(50.9%). In two cases, CLD was previously diag-
nosed. The most common signs of infection were
cough (94.8%), fever (76.7%), dyspnea (58%), and
myalgia (52.2%). The average duration of symp-
toms was 5 days. In 31.9% of patients, gastroin-
testinal symptoms atypical for COVID-19 were
observed at the onset of the disease: loss of appe-
tite (22.3%), nausea/vomiting (12%), and diarrhea
(12.0%). In 26/65 cases, changes in biochemical
parameters that did not require drug therapy were
revealed (Table 2).

The proportion of liver damage in patients with
severe COVID-19 was significantly higher than
in patients with a mild course. However, fatal liver
failure was not observed even in critical conditions
and fatal outcomes [32, 33, 35]. However, in sev-
eral cases, protein synthesis impairment was noted:
the albumin level decreased to 30.9-26.3 g/1[36].
In the post-mortem examination of COVID-
19 patients, the liver is dark red, enlarged; the
gallbladder is enlarged. Microscopic examination
reveals microvesicular steatosis, focal necrosis of
hepatocytes, the predominance of neutrophils in
lobular and portal infiltrates, and microthrombi
in sinusoids [13]. To a greater extent, the described
histopathological changes may be due to drug-
induced damage, rather than SARS-CoV-2 [31].
Molecular genetic methods detected the SARS-
CoV gene not only in lung tissue, but also in
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Table 2. Biochemical parameters of liver function in patients infected with SARS-CoV-2 [35]

Patients tested for

Patients with altered

Parameters biochemical parameters biochemical parameters
(n=65) (n=26)
AST, U/ 35 (22-58) 64 (24-76)
ALT, U/l 32 (22-48) 59 (22-76)
ALP, U/1 67 (53-85) 75 (53-89)
Total bilirubin, mg/dl 0.4 (0.3-0.7) 0.5 (0.3-0.7)

Note: AST — aspartate aminotransferase; ALT — alanine aminotransferase; ALP — alkaline phosphatase. Mean values are presented as

median and interquartile range (25-75% percentiles)

parenchymal cells, and vascular endothelium of
other organs, including hepatocytes [33]. SARS-
CoV RNA was detected in feces, which explains the
appearance of gastrointestinal symptoms during
virus transmission via the fecal-oral route [37].
However, its long-term detection in feces after clin-
ical recovery (up to 11 days) [38] does not exclude
a possible recurrence of the disease [39, 40]. The
reasons, as well as the possible role of virulence and
variability of the virus in cases of ongoing SARS-
CoV replication, remain unclear.

Acute Hepatitis in
COVID-19 Patients

Rare cases of acute hepatitis are described. Wander
P. et al. (2020) observed a 59-year-old female
patient with HIV infection and metabolic syn-
drome, for which she received etiopathogenetic
therapy with a good effect. No deviations were
detected shortly before the study of biochemical
parameters. Epidemiological history was unremark-
able. The patient was hospitalized for examination
as an HIV-infected patient with a single complaint
of dark urine. No changes were detected during
physical examination. A laboratory study revealed
significant hyperenzymemia (ALT — 697 1U/J
AST-1230 IU/1) with normal bilirubin level, hyper-
ferritinemia (6606 ng/ml), and a decrease in albu-
min (up to 31 g/1). No markers of hepatitis A, B, C,
Epstein—Barr viruses, cytomegalovirus, and respi-
ratory viruses were detected. On the second day of
hospitalization, the patient developed fever (39 °C),
decreased saturation (94%), and bilateral intersti-
tial pneumonia was diagnosed via X-ray examina-
tion. Oxygen therapy was started, and from the 4th
day of hospitalization, a 5-day course of hydroxy-
chloroquine at a dose of 200 mg was prescribed
without stopping the use of previously taken drugs.

Nasopharyngeal swabs revealed SARS-CoV RNA.
On the 8th day, the patient was discharged in a
satisfactory condition (AST — 114 1U/l, ALT —
227 TU/1l, ALP — 259 TU/], albumin — 28 g/1).
Since all other causes of acute anicteric hepati-

tis were excluded, it seems very likely that it was
caused by SARS-CoV (Fig. 4).
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Figure 4. Biochemical parameters pattern in acute
anicteric hepatitis in a patient with COVID-19

AST — aspartate aminotransferase; ALT — alanine
aminotransferase; ALP — alkaline phosphatase

Chronic Liver Disease

and COVID-19

Analysis of the clinical pattern of COVID-
19 showed no significant effect of SARS-CoV on
CLD. Patients with viral etiology of CLD were more
likely to develop liver damage, which is probably
associated with increased replication of hepatitis B
and C viruses in the presence of SARS-CoV infec-
tion [42].

Immunosuppressive drugs used in autoimmune
liver diseases can apparently have some protec-
tive effect and prevent immunopathological pro-
cesses that cause lung damage in cases of severe
COVID-19 [43].

Patients with non-alcoholic steatohepatitis (NASH)
associated with concomitant diseases (diabe-
tes, hypertension, cardiovascular disorders) are
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at high risk of SARS-CoV infection and severe
COVID-19 [44].

Also, patients that have undergone liver transplan-
tation, patients receiving immunosuppressants
and antiviral drugs, and patients with liver cirrho-
sis, acute-on-chronic liver failure, and hepatocellu-
lar carcinoma are at risk [42, 45, 46].

International and Russian scientific communities
are developing and constantly updating guidelines
for the treatment of COVID-19 [15, 16, 47]. The
fight against the global pandemic should include
sharing and open access to research data and new
technologies. Recently, the European Associa-
tion for the Study of the Liver actively supported
the COVID-Hep project, which was launched by
Oxford University and is intended to create a reg-
istry to collect data on patients with liver disease at
any stage or liver transplants who develop COVID-
19 (information on the registry can be found at:
http://covid-hep.net).

Drug Hepatotoxicity and Drug
Interactions in COVID-19

One of the important functions of the liver is detox-
ification. The treatment methods used, includ-
ing hydroxychloroquine, antibiotics, and antiviral
drugs can increase liver damage due to potential
hepatotoxicity.

Areport from Brazil, prepared by Falcao M. B. et al.
(2020), describes a patient with pneumonia caused
by SARS-CoV. After two doses (800 mg) of hydroxy-
chloroquine, a 10-fold increase in the activity of
aminotransferases and their decrease to normal
levels after discontinuation of the drug were noted.
The authors suggested that in COVID-19, the use
of higher doses of hydroxychloroquine can lead to
drug-induced liver damage.
Hydroxychloroquine-induced hepatotoxicity is
rare. Cases of liver damage have been described
when therapeutic doses of hydroxychloroquine
are administered to patients with systemic lupus
erythematosus, porphyria cutanea tarda, and Still
disease [49, 50].

The mechanisms of hydroxychloroquine-related
liver damage are not well understood. Hepatotox-
icity may be due to the action of metabolites, oxi-
dative stress, toxic or synergistic effects associated
with inflammatory processes [51].

Furthermore, under the influence of hydroxychlo-
roquine, the QT interval in COVID-19 patients
may be prolonged due to the blocking of potas-
sium channels, which is aggravated when com-
bined with antibiotics (in particular, azithromycin)
[52]. The identified unfavorable signs require the
monitoring of liver function and electrocardio-
gram, especially among risk groups: patients with
CLD and cardiac repolarization disorders.

The scale of the use of experimental treatment
methods for COVID-19 is unprecedented. How-
ever, there is still no evidence of their effectiveness.
In light of this, drug-drug interaction remains a
critical issue for clinical practice. The website of
the University of Liverpool (UK) (www.covid19-
druginteractions.org) lists the main experi-
mental drugs that are currently used in COVID-
19 therapy, with a description of their mechanisms
of action; an assessment of their combined use with
other drugs is also given, taking into account the
risks and benefits, duration of use, the patient’s
condition, and drugs indicated for previously diag-
nosed diseases [53].

Conclusion

At the time of this writing, more than 3.5 million
cases of COVID-19 with more than 250,000 deaths
had been reported worldwide [54].

Unfortunately, there are currently no effective spe-
cific methods of treating COVID-19 [55]. Numer-
ous clinical randomized trials of various drugs are
being carried out.

So far, there is no evidence that patients who recov-
ered from COVID-19 are safe from reinfection
[56]. Individuals with anti-SARS-CoV-2 antibodies
require follow-up in comparison with individuals
without said antibodies, with an assessment of the
incidence of SARS-CoV-2 infection and the devel-
opment of COVID-19 over a long period (at least
one year).

However, the first experimental use of IgG-con-
taining plasma of patients who had recovered from
COVID-19 showed encouraging results [57].
Patients who have recovered from COVID-19 and
asymptomatic individuals, who secrete the virus
with feces, can be considered as a possible source of
infection. Also, since SARS-CoV-2 RNA has been
detected in wastewater samples, the issue of virus
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viability in ambient conditions, through which
the fecal-oral route can also be realized, remains
unresolved [58]. The question of a possible second
outbreak, reactivation, or a new wave of SARS-
CoV-2 infection remains open.

Vaccine development has begun in earnest since
the declaration of the pandemic. There have been
reports of 115 potential vaccines, 78 of which are at
different stages of clinical trials [59].

Restrictive measures are still required to contain
the spread of SARS-CoV-2 and COVID-19. The
pandemic has far-reaching medical, social, and
economic consequences («coronacrisis») for all
countries worldwide. Today, professional and per-
sonal actions of each of us should be aimed at com-
bating this threat.
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Abstract

This review provides current information on etiological factors and pathogenetic mechanisms of development,
morphological changes, clinical and laboratory manifestations of acute glomerulonephritis, as well as possible therapeutic
management thereof. Epidemiological issues concerning acute post-streptococcal glomerulonephritis are discussed,
including characteristics of the effect of nephritogenic strains of streptococci. Immunopathological reactions of the body
with acute glomerulonephritis to the causative agent of the disease and its antigens are shown, with the development of
an imbalance of T cell subpopulations, nephritogenic potential of streptococcal proteins, the marker of active proliferation
of mesangiocytes, C3 and C4 fractions of complement, as well as the renin-angiotensin-aldosterone system. This article
emphasizes the fact that the value of serological test results with underlying acute glomerulonephritis increases with the
simultaneous estimation of complement C3 and C4 fractions. The article presents pathological effects of angiotensin Il and
aldosterone on renal tissue with the transition of acute glomerulonephritis into chronic form, the development of nephrotic
proteinuria and rapid decrease of renal function. Information on the direct correlation between the severity of histological
changes and clinical signs of acute glomerulonephritis and, possibly, the prognosis is presented. Up-to-date information
on the assessment of the primary clinical signs of acute glomerulonephritis (urinary syndrome, edema syndrome and
hypertension) is provided. When discussing the management of acute glomerulonephritis, controversial issues concerning
antibiotic treatment and prophylactic tonsillectomy were noted. Literature data on management options for edema
syndrome and hypertension with the use of thiazide and loop diuretics, calcium antagonists, beta blockers, angiotensin-
converting enzyme inhibitors, and angiotensin Il receptor blockers are provided. Issues concerning immunosuppressive
treatment with glucocorticoids, as well as prognostic criteria for acute glomerulonephritis, are discussed.
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Introduction

The term «glomerulonephritis» is a general one
and is associated with immune inflammation and
the development of morphological changes with
the proliferation of cell elements in glomeruli.
The adjective «acute» (acute glomerulonephritis
(AGN), acute post-streptococcal glomerulonephri-
tis (APSGN)) indicates the time frame of disease
that is often used in clinical practice, and in most
cases has definite clinical and pathological corre-
lations. These terms also imply the presence of a
number of typical features related to the etiology,
pathogenesis, course and prognosis of this disease.
AGN is primarily an immune complex-mediated
lesion of the glomerular apparatus that is caused by
infectious or non-infectious agents [1-3]. AGN is
one of the forms of glomerulopathy, which is char-
acterized by the sudden development of hematuria,
proteinuria, arterial hypertension (AH), and edema,
in some cases with transient renal dysfunction, in
combination with the morphological picture of
acute diffuse proliferative glomerulonephritis. The
immune-inflammatory process with underlying
AGN develops in glomeruli and results in charac-
teristic structural and clinical manifestations.

Etiopathogenesis and
Morphological Changes

Streptococci play a leading role in the development
of AGN, a fact which is reflected in the other name
for this disease — APSGN. Acute immune complex-
mediated diffuse proliferative glomerulonephritis,
which is often associated with infectious diseases, is
referred to as acute postinfectious glomerulonephri-
tis (APIGN). Besides streptococci, AGN may result
from other infections (bacterial, viral, parasitic).
Although any viral infection can lead to the devel-
opment of immune complex-mediated proliferative
glomerulonephritis, several groups of pathogens
deserve discussion due to the special pathogenetic

mechanism that results in kidney damage. In addi-
tion to the well-known pathogens of influenza,
measles, rubella, hepatitis A and B, recent years have
seen the extensive study of the role of dengue virus,
hantavirus, parvovirus-B19, Epstein—Barr virus,
cytomegalovirus and many others in the origin of
AGN [4, 5]. AGN is reported during influenza and
hepatitis A epidemics. In Africa and Asia, AGN can
be caused by parasitic infections (tropical malaria,
schistosomiasis) [6-8].

The most common clinical picture of AGN is
observed when the disease is caused by group A
beta-hemolytic streptococcus. AGN is an urgent
issue due to diagnostic difficulties, imperfect ther-
apy, and poor prognosis for some variants of its
clinical course [2]. AGN is usually characterized
by various clinical manifestations in conjunction
with the morphological picture of proliferative
glomerulonephritis. It should be noted that young
people under the age of 40 years are more likely
to suffer AGN [1-3], with the peak incidence of
the disease occurring at a very young age — from
5 to 12 years. However, the risk of developing this
disease, its complications, as well as poor prognosis
also persists among elderly patients [9-11].

By the World Health Organization’s estimates,
AGN is widespread in developing countries, where
the prevalence of streptococcal infection is rela-
tively high [12]. Every year, 470 thousand cases of
AGN caused by streptococcal infection are regis-
tered all over the world; 400 thousand of said cases
are reported among the pediatric population [13].
The results of a recent study showed a high inci-
dence of AGN among disadvantaged children [14].
The study conducted by M. Sharmin et al. (2020)
analyzed socio-demographic features of the clini-
cal profile and outcomes of AGN in hospitalized
children living in rural areas [15]. Skin streptococ-
cal infection was the most common cause of AGN
[15]. Currently, recovery is a relatively rare out-
come of AGN [1]. According to N. A. Mukhina et
al. (2015), a relatively new attribute of AGN today
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1s its possible development as a «second» renal dis-
ease with underlying chronic kidney disease (CKD)
with the development of nephrotic proteinuria [1].
There are reports of post-streptococcal AGN in a
45-year-old man with a kidney transplant [16].
In some cases, AGN morphs into subacute glomer-
ulonephritis and progresses to terminal renal fail-
ure [9]. Implementation of intravital renal biopsy
revealed the nature of several morphological types
of glomerular apparatus lesions related to glomer-
ulonephritis [3, 9]. Results of current clinical and
morphological studies formed the basis of interna-
tional recommendations on AGN [17, 18].

The list of infectious agents that can cause AGN
is now longer [1]. A case of AGN in a three-year-
old girl with respiratory symptoms after chlamydial
pneumonia was reported [19]. In 2013, K. V. Kano-
dia et al. described a rare case of malaria Plasmo-
dium vivax in a 28-year-old woman, which was
complicated by AGN [20]. Histological findings
revealed increased mesangium, segmental endo-
capillary proliferation, as well as severe infiltration
with neutrophils and lymphocytes [20]. AGN can
occur as epidemic outbreaks caused by nephrito-
genic strains of group A streptococci [21, 22]. This
is confirmed in the description by S. Baiter et al.
(2000) of 253 cases of AGN reported from Decem-
ber 1997 to July 1998 in the state of Nova Serrana,
Brazil [23], when the incidence of this pathology was
18 cases per 1,000 of population. During this out-
break, seven patients required hemodialysis (HD),
and three patients died [23]. It is worth noting that
said AGN epidemic was caused by Streptococcus
zooepidemicus (Lancefield group C streptococci),
which was isolated for the first time in 1934 by P. R.
Edwards and was named Animal pyogens A [24].
This conventionally pathogenic microorganism of
mucous membranes affects animals and humans
[24]. AGN problems associated with streptococcal
infection were detailed in an analytical study by
B. Rodriguez-Iturbe et al. (2007) [25]. It should be
noted that in susceptible individuals, type 1, 4, and
12 streptococcal strains cause AGN after inflam-
matory lesions of pharyngeal mucous membrane
and lymphoid tissue [18]. In primary and second-
ary streptococcal pyoderma, where the incubation
period is 7-10 days, the disease may result from the
action of nephritogenic type 2,49, 55, and 57 strep-
tococcal strains [18]. It is believed that when the dis-
ease is caused by type 49 streptococci strain, the risk
of developing AGN due to skin infection is several

times higher than with pharyngitis [26, 27]. Accord-
ing to some studies, the 12th streptococcal strain is
found in 60-80% of patients with AGN [3].

In some cases, AGN develops as a result of vaccina-
tion, chemical poisoning, or consumption of food
containing preservatives [1, 3, 28, 29]. Cases of
AGN in children after vaccination were described,
renal biopsy revealed deposits consisting mainly of
immunoglobulin (Ig) A and C3 complement that
were located in the capillary wall of glomeruli and
the mesangium [11, 30]. Post-vaccination AGN
based on complex mutations of C2 complement in
70-75% of cases develops after the second or third
vaccine injection [3, 30, 31].

When examining the etiopathogenetic aspects of
AGN using the example of streptococci, it is essen-
tial to highlight several mechanisms mediated by
immunological processes. For APSGN, the damag-
ing role of immune complexes, which include spe-
cific antibodies against streptococcal antigens, was
proven [18]. These immune complexes are localized
in the wall of glomerular capillaries and are acti-
vated by the complement system [6, 7]. The immune
system can also be triggered by streptococcal anti-
gens that bind to different glomerular structures and
act as «embedded antigens» or by transformation
into endogenous antigens. Upon activation of the
complement cascade, chemotactic plasma-activated
Cba protein and inflammation mediators of platelet
origin are formed [8]. Different types of cytokines
and other immune factors trigger an inflammatory
response, which manifests as cell proliferation and
swelling of the glomerular vascular bundle [6].
Taking into account the fact that a high incidence
of AGN is registered in cases of infectious dis-
eases, clinicians should keep in mind the primary
stages of the epidemic process addressed in the
writings of academician Lev Vasilievich Groma-
shevsky, the author of the systematic epidemiologic
theory, who introduced the concept of infection
source and driving force of epidemic [32]. The
most common serotype of group A beta-hemolytic
streptococci associated with nephritis due to naso-
pharyngeal infections is type 12. Type 49 is more
often detected during outbreaks of APSGN associ-
ated with pyoderma with underlying streptococcal
impetigo (the foci are mostly on the body, upper
and lower extremities, and the face), streptococcal
intertrigo (inguinal region, intergluteal cleft, axil-
lary folds and retroaural folds), bullous impetigo
(inflammation mainly on the hands, feet and legs),
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streptococcal ecthyma (mainly on the extremities
and buttocks) [33, 34]. The scratching of infected
areas and contact with water and other objects
contribute to the spread of streptococcal pyoderma
[33, 34]. Furthermore, streptococci can be trans-
mitted through household items. They enter the
human body through damaged skin or with food
[33, 34]. For instance, cheese made from low-qual-
ity milk caused an outbreak of AGN in the state of
Nova Serrana (Brazil), and a ban on sales of this
low-quality cheese helped stop the epidemic [23].
The risk of AGN transitioning into chronic form
is very high in adults infected with atypical strains
of streptococci [35]. Epidemic outbreaks of tropi-
cal malaria also contributed to the development of
AGN [36]. AGN caused by streptococci more often
develops during winter, 10-12 days after infection
(pharyngitis, tonsillitis, scarlet fever) or acute viral
contamination of the respiratory tract [1-3].
Predisposing factors, such as a family history of infec-
tious and allergic diseases, high family susceptibility
to streptococcal infection, chronic foci of infection,
hypovitaminosis, helminthoses, etc., are of impor-
tance in the development of AGN. [7]. Genetic anal-
ysis of streptococci obtained during epidemic out-
breaks of AGN indicates a rapid and unpredictable
variability of this microorganism thanks to which its
new strains acquire nephritogenic properties [1, 18].
During the analysis of typing of 68 isolates of group
A streptococcus associated with AGN outbreaks in
patients aged 4 to 17 years in two neighboring prov-
inces of China, Chinese scientists identified 11 dif-
ferent emm types of group A streptococcus [37].
Analysis of the distribution of emm types revealed
that AGN outbreaks in these two provinces were
caused by emm 60.1- and emm 63.0-type group A
streptococcus. Among 68 isolates of group A strep-
tococcus, 88.2% and 97.1% were resistant to eryth-
romycin and tetracycline, respectively [37]. In fact,
this study is the first report about the nephritogenic
strain M-63 of group A streptococcus [37].

In a study conducted by T. Abraham et al. (2018),
206 isolates of group A streptococcus obtained
from different clinical samples (streptoderma, phar-
yngitis, osteomyelitis, etc.) from November 2013 to
October 2017 were analyzed [38]. Men (62%)
dominated this study population, in comparison
with women (38%). It was found that most of the
erythromycin-resistant isolates (63%) belonged to
the iMLS phenotype, followed by the M phenotype
(37%) [38]. The study by A. Muhtarova et al. (2019)

of 102 macrolide-resistant group A streptococcus
strains obtained in 2014-2018 showed emm 28
(22.55%), emm 12 (17.65%) and emm 4 (16.66%)
as the most common types [39]. In the transition of
AGN into chronic forms, the imbalance in T cells
subpopulations plays a leading role.

According to S.I. Ryabov et al. (2013), the mecha-
nism of glomerular pathology should primarily
be associated with the genetic inferiority of T cell
immunity, which ultimately results in the break-
down of the repair processes of certain parts of the
nephron with further changes in the antigenic struc-
ture thereof and the formation of immune com-
plexes [40]. Currently, the deposition of antigens of
nephritogenic strains of streptococci in the glomer-
uli and their binding to antibodies with the forma-
tion of immune complexes in situ and the activation
of the complement system is considered the primary
pathogenetic mechanism of AGN [1, 18].

Current data show no direct damage to kidneys by
an infectious agent in case of AGN. The disease is
caused by the pathological immune response to
the pathogen and its antigens. That is why the first
signs of the disease with the “classical” course of
AGN appear 1-3 weeks after streptococcal or viral
infection when the body becomes susceptible to the
antigens of the microorganism [1, 3]. After penetrat-
ing the mucous membrane of the upper respiratory
tract, streptococcus triggers an infectious process in
the nasopharynx. Streptococcus isozymes with toxic
and antigenic properties, in particular streptolysins
O and §, as well as streptokinase, proteins, deoxyri-
bonuclease B (DNase B), etc. also play an important
role in the development of inflammation and tissue
damage [3]. The streptococcal cell membrane con-
tains M-protein, which possesses antigenic proper-
ties. This factor increases streptococcal resistance
to phagocytosis. Group A streptococci and cardio-
myocytes have a similar antigenic structure, which
leads to immunological response against streptococ-
cal components as well as myocardial sarcolemma
and cardiac valvular glycoproteins [3, 6, 18]. Strep-
tolysins O and S lyse tissue cells, which causes the
fixation of immune complexes in organs. In cases of
AGN resulting from nephritogenic strains of group
A streptococci, endostreptolysins, that have a signifi-
cant affinity for glomerular structures, are produced
[2, 3]. When endostreptolysins appear in the blood-
stream, they bind to glomerular sites, which results
in complement activation and the formation of
immune complexes with subsequent damage to the
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glomerular capillary endothelium [17, 18]. At the
same time, in cases of AGN, the hemostasis system is
activated, and local intravascular coagulation devel-
ops with the formation of microthrombosis in glo-
merular capillaries [41]. The number of mesangio-
cytes that produce a-smooth muscle actin steadily
increases as the duration of the disease increases
[42]. Mesangium is infiltrated with neutrophils and
monocytes, while neutrophils contribute to the pro-
duction of cytokines, which increases the flow of
other cell elements into the mesangial region [25].
Glomerular damage in case of AGN is also due to
neuraminidase of streptococci that are deposited in
intact glomeruli and bind to anti-IgG antigens, fol-
lowed by the formation of immune complexes that
damage renal tissue [42]. The role of M-type mem-
brane antigens, endotoxin D, erythrogenic exotoxin
B and toxins of B-hemolytic streptococci was estab-
lished in the pathogenesis of AGN when prolifera-
tion mechanisms are triggered in glomeruli and the
complement C3 fraction is activated [4, 6, 42, 43).

The renin-angiotensin-aldosterone system (RAAS)
is simultaneously activated, which results in sodium
and water retention and vasoconstriction of renal
arterioles [1, 17, 18]. Angiotensin (AT) II, with its
strong vasoconstrictor and antinatriuretic effect,
contributes to the active apoptosis of glomerular
cells, primarily, mesangiocytes and endotheliocytes
[6,8]. T.Odaetal. (2007), having analyzed the results
of renal biopsy obtained 1-31 days after the onset of
the disease caused by streptococcal infection, found,
in 15 patients with AGN, active apoptosis of glo-
merular cells, primarily, mesangiocytes and endo-
theliocytes [42]. On the other hand, in cases of AGN,
apoptosis of podocytes is also triggered as a result of
AT II intrarenal hyperproduction [1, 17, 18], which,
in turn, results in the loss of podocytes with subse-
quent activation of epithelial-mesenchymal trans-
differentiation mechanisms [44]. Podocytes lose the
normal cytoskeleton structure, cell polarity, and cell
junctions. Podocytes become mobile, which results
in their increased desquamation from the basement
membrane and podocyturia [43, 44]. Transdifferen-
tiated podocytes, like fibroblasts, acquire the ability
to produce matrix proteins (fibronectin, collagen,
etc.), accelerating AGN transition into chronic form
and glomerulosclerosis [45]. In addition, podocytes
express mineralocorticoid receptors required for
interaction with another RAAS component — aldo-
sterone, which raises the risk of AGN transitioning
into chronic form [46, 47]. When exposed to AT 11,

podocytes also produce proinflammatory cytokines
with subsequent formation of nephrosclerosis [46)].
This information can well explain proteinuria rising
to the nephrotic level and the rapid decrease in renal
function in some variants of the course of AGN [1,
3,19, 20].

Thus, the above-mentioned pathogenetic mecha-
nisms result in progressive failure of renal func-
tion with a decrease in glomerular filtration and a
decrease in salt and water excretion, which leads to
edemas, AH, anemia and symptoms of encepha-
lopathy [8-10]. According to clinical and practical
recommendations of the Scientific Society of Rus-
sian Nephrologists (SSRN), morphological diagno-
sis of AGN is based on the results of light and elec-
tron microscopy, as well as on immunofluorescence
assay of kidney biopsy [17, 18, 48]. Light microscopy
shows the enlargement of glomeruli, narrowing of
their lumen due to proliferation of mesangial cells,
increased thickness of mesangial matrix, a large
number of neutrophilic leukocytes, and the narrow-
ing of the lumen of glomerular capillaries [48, 49].
The pattern of endocapillary proliferative glomeru-
lonephritis characterizes APSGN [47, 50]. Electron
microscopy reveals hump-type subepithelial deposits
(immune complexes). Crescent formation in AGN
1s considered to indicate an unfavorable prognosis
(49, 50]. A typical sign in immunofluorescence assay
is finding granular deposits of immunoglobulin G
and C3 complement in the mesangium and glo-
merular capillary walls [49, 50]. A direct correlation
was established between the severity of histological
changes and clinical signs of AGN and, possibly, the
prognosis. [49, 50]. The morphological pattern of an
acute process is generally considered as endocapil-
lary diffuse proliferative glomerulonephritis that can
have several stages — exudative, exudative-prolifer-
ative, proliferative and the stage of residual effects
that can persist for several years [51].

Clinical Picture

Urinary syndrome, edemas and AH usually accom-
pany AGN [1, 3]. The development of edemas with
underlying AGN can be explained by decreased fil-
tration rate due to glomerular damage and sodium
retention [52, 53]. Furthermore, edemas in case of
AGN are associated with changes in RAAS activity (6,
7, 48] and a high level of atrial natriuretic peptide [1].
It is believed that in cases of AGN, there is increased
tubular reabsorption of water and sodium in the
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distal nephron due to a number of endothelial and
mesangial factors [2]. Interestingly, these changes
develop regardless of the antidiuretic hormone and
aldosterone [9]. Severe AGN is often accompanied
by transient oliguria [1]. Generalized edema devel-
ops more often in children than in adults [13]. Due to
the swelling of the renal parenchyma, lumbar pain is
reported in 10-50% of AGN cases.

One of the most common signs of AGN is high
blood pressure (BP). The main reasons for AH in
case of AGN are increased circulating blood volume
associated with sodium and fluid retention, as well
as increased cardiac output and peripheral vascular
resistance [1, 2, 18]. Significant increase in BP occurs
in more than 75% of patients. AH is usually most sig-
nificant at the height of the disease, and BP gradu-
ally normalizes when urine output increases (1, 54].
Clinical signs of AGN may vary; subclinical forms
with isolated changes in urine test results are
reported [11, 55]. According to current data, the
detection of three or more RBC, i.e., hematuria, in
the field of vision is considered a mandatory sign of
AGN; about 30-50% of patients have gross hema-
turia, while others have microhematuria [13]. Cru-
cially, the detection of more than 70% of abnormal
RBC wusually indicates the glomerular origin of
hematuria 3, 48]. It is believed that if an outbreak
of streptococcal A infection is caused by nephri-
togenic strains, then 3-15% of infected individu-
als contract AGN, although around 50% of those
close to a patient with AGN have signs of urinary
syndrome, i.e., they are likely to have low-symp-
tomatic (monosymptomatic) variants of AGN [1,
3]. The abovementioned M. Sharmin et al. study
(2020) demonstrated that hematuria and AH are
common clinical signs in patients with AGN [15].
In the case of AGN, proteinuria may have varying
degrees of severity. Nephrotic-level proteinuria may
be found in adults [1]. At the early stage of AGN, a
high level of immune complexes and low level of
C3 are detected in blood serum along with normal
ranges of complement C1, C2, and C4 fractions
[18]. This confirms the predominant effect of alter-
native ways of triggering the complement system.
Therefore, a decrease in complement C3 occurs
with an underlying normal level of C4 and is con-
sidered typical for streptococcal AGN. The decrease
in C3 in AGN is registered in more than 90% of
cases [56, 57], although the decreased level itself is
not pathognomonic for APIGN [57]. A low level
of complement C3 occurs even several days before

AGN develops and persists for 4-8 weeks [13].
Notably, in some patients, C4 and C2 fractions are
also decreased, which indicates complement acti-
vation in both the classical and alternative ways
[57]. Therefore, it is the simultaneous assessment
of complement C3 and C4 fractions that increases
their diagnostic value [13]. The course of AGN
depends on the peculiarities of systemic pathologi-
cal immune responses. It was established that the
presence of autoantibodies against the complement
C1q fraction, coupled with a decrease in C1q and
C3 fractions in serum, is associated with significantly
higher proteinuria, azotemia, as well as a higher inci-
dence of oliguria, AH and protracted disease [58].
The role of serological changes and the activity of
streptococcal membrane antigens in cases of strep-
tococcal pyoderma is described in detail in the pub-
lished work of T. Parks et al. (2015) [59]. In particu-
lar, an increase in serum titers of antistreptococcal
antibodies in the case of AGN is one of the criteria
indicating recent infection [60]. In cases of strepto-
coccal skin infection, there is often no increase of
antistreptolysin O titer because skin lipids prevent
streptolysin from entering systemic circulation [61].
An increase in the concentration of anti-DNase is
recorded with underlying AGN caused by strepto-
coccal pharyngitis and pyoderma [58]. It is worth
noting that the development of AGN may depend
on different streptococcal antigens in different geo-
graphical areas and patients [25]. Consequently, the
value of serological tests in cases of AGN caused by
streptococci varies depending on the region and the
degree of urbanization [3, 6].

In clinical practice, in cases with no positive trends,
the persistence of hematuria and/or AH for more
than four weeks, and the absence of documented
evidence of previous streptococcal infection,
AGN should be differentiated with IgA-associated
nephropathy, proliferative membrane glomerulo-
nephritis, secondary glomerulonephritis, hemor-
rhagic vasculitis, etc. [1, 3, 17, 18]. With typical clini-
cal and laboratory manifestations and confirmation
of previous streptococcal infection, AGN diagnosis is
unmistakable in most cases.

Treatment

When discussing the treatment of AGN patients,
N.A. Mukhin et al. (2015) note that the adminis-
tration of antibacterial drugs in the absence of foci
of active infection, and the use of pentoxifylline, as

203



204

REVIEW ARTICLES

The Russian Archives of Internal Medicine @ Ne 3 e 2020

well as preventive tonsillectomy, with no evidence
of their effectiveness, are often accompanied by
numerous adverse effects [1]. Therefore, the choice
of the treatment method for AGN should be based
on the consideration of the peculiarities of the dis-
ease course and symptoms that prevail in the clinical
findings [1]. The beginning of antibiotic therapy for
APSGN improves the primary consequences of this
disease (i.e., edema syndrome, AH, hyperkalemia
and renal clearance disorders). As mentioned earlier,
these consequences are at the early stages of the dis-
ease and tend to be short-term, although with vary-
ing intensity. Therefore, patients may need frequent
(daily or every other day) repeated assessments of
clinical and laboratory data for their monitoring.
An immediate nephrology consultation is justified
for patients with a creatinine level 50% higher than
the norm or continuing to increase, with blood pres-
sure (BP) higher than the 99th percentile by age and
height, or with concomitant cerebrovascular pathol-
ogy. Patients in the acute phase of the disease require
bed regime and rest. As edema disappears and BP
normalizes, regime may be changed. [60]. Timely
antibacterial treatment for streptococcal infection
can help ease nephritis and prevent the spread of the
infection. In developing countries, where APSGN
is common, prophylactic antibiotic treatment of
people at risk effectively curbed the spread of neph-
ritogenic strains of streptococci during endemic and
epidemic periods [60]. There are reports of successful
treatment of APIGN with antibacterial drugs only
[62, 63]. Although early treatment with antibiotics
theoretically reduces the total time of exposure to
the streptococcal antigen, and subsequently, immu-
nological response, it was not proven to prevent the
development of APSGN. A Cochrane review cover-
ing 17 studies on the effectiveness of the treatment
of streptococcal tonsillopharyngitis and the preven-
tion of complications, including APSGN, showed
the beneficial effect of antibiotic therapy. However,
the number of cases was too small to consider this
relationship as statistically significant [64]. Likewise,
studies comparing the efficacy of different cephalo-
sporins (results of a 5-day course) with the conven-
tional 10-day course of penicillin showed no differ-
ences in the incidence of APSGN. Therefore, there
is no obvious evidence indicating that timely antibi-
otic treatment of streptococcal infection is crucial for
preventing APSGN [60].

Since edemas and AH in cases of APIGN have
a common origin, their initial treatment should

include, to some extent, limited fluid and sodium
intake along with increasing urine output. Thiazide
diuretics can be effective first-line drugs while loop
diuretics should be considered for patients with more
significant edema or, to some extent, with decreased
renal function to ensure efficacy, since thiazides are
not so effective with glomerular filtration less than
30 mL/min. However, the use of potassium-sparing
diuretics should be avoided due to the existing risk
of hyperkalemia in cases of APSGN. Loop diuret-
ics reduce BP more effectively than other antihy-
pertensive agents [17, 48]. If tighter control of BP
is required, calcium channel blockers or B-blockers
may be considered. Calcium channel blockers can
cause fluid retention and edemas. Therefore, these
agents should not be the only drugs used for treat-
ment; they are likely to be effective in combination
with diuretics. Angiotensin-converting enzyme
inhibitors (ACE inhibitors) and AT II receptor block-
ers are often considered with caution in patients with
APSGN. Theoretically, they may not be that effec-
tive in fluid overload cases because these patients
have low serum renin and aldosterone levels. How-
ever, intrarenal renin levels are likely to be high in
patients with reduced glomerular capillary perfu-
sion. Studies demonstrated that patients treated with
ACE inhibitors allowed better BP control and pre-
vention of cardiac complications than when other
antihypertensive agents, including loop diuretics,
were used [48]. However, concerns over the pos-
sible deterioration of glomerular filtration and the
development of hyperkalemia during the use of
these agents require careful monitoring of clinical
evidence and laboratory findings. Therefore, thia-
zide and/or loop diuretics remain the basic agents
for controlling BP in patients with APSGN. Hyper-
kalemia is usually managed by temporarily limiting
food intake, along with diuretics. Potassium-binding
resins, such as sodium polystyrene, can also be con-
sidered, but they are a source of high sodium load for
patients. Uncontrolled hyperkalemia, the volumet-
ric overload of the left ventricle, and rapid increase
in blood creatinine — are all indications for HD.

According to SSRN recommendations, oral gluco-
corticosteroids (GCS) are indicated for nephrotic
syndrome (NS) that persists for more than two
weeks, steadily rising creatinine level (with no ten-
dency for further increase and normalization),
and in cases when a renal biopsy cannot be per-
formed [48]. There are several reports of success-
ful treatment in cases of resistant APSGN with
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GCS without any infection recurrence [59, 61].
For patients with sufficiently pronounced symp-
toms and indications for renal biopsy, intravenous
administration of high doses of corticosteroids can
be considered, especially if there is histological evi-
dence of severe acute inflammation. Treatment
with ultrahigh GCS doses is indicated if crescent
formation is present in 30% of glomeruli in a renal
biopsy sample and/or rapidly progressing glomer-
ulonephritis [48]. However, there is no evidence
that immunosuppression with GCS is useful for
the treatment of AGN even in more severe cases.
There are several reports of successful treatment in
cases of resistant APSGN with GCS without any
infection recurrence [59, 61]. The role of steroids
in these patients can be attributed to the pathoge-
netic features of APSGN;, including the interaction
of the host immune system with the bacterial anti-
gen. The advantages of GCS in terms of the quality
of life and reducing the risk of HD treatment can
be considered significant if the patient had NS and
a tendency to decreasing renal function [48].

Prognosis

With respect to the prognosis in cases of APSGN,
it should be noted that despite the limited treat-
ment capabilities, the general prognosis for the
disease is quite favorable. Volume overload and
development of edemas are resolved quickly, usu-
ally within 10 days, and serum creatinine level
returns to the baseline within 3-4 weeks. Any asso-
ciated proteinuria often tends to decrease until it
disappears completely, while microscopic hema-
turia can persist from several months to several
years. Recurrences of APSGN are extremely rare,
although there have been such cases, primarily in
individuals with streptococcal skin infection due
to different nephritogenic strains. Mortality rates
associated with APSGN vary from 0.02 to 0.4 cases
per 100 thousand, according to reports from devel-
oping countries, while deaths in developed coun-
tries are extremely rare. Mortality in these patients
is usually caused by complications associated with
volume overload and heart failure [64].

Long-term results of the prognosis for APSGN were
initially considered to be satisfactory with a very
small portion of patients with any persistent con-
sequences during 5-10 years. Nevertheless, over
the past decade, the results of a ten-year prognos-
tic observation with slightly different results were

analyzed. Persistent hematuria or proteinuria were
found in 5-20% of patients with APSGN. AH was
observed in 3% of patients, azotemia — in less than
1% of cases. The absence of changes in the level of
complement C3 and C4 fractions, signs of NS and
a predominance of crescent formation according
to renal biopsy are believed to be the predictors of
an unfavorable long-term prognosis [64].

Conclusion

Today, a lot remains unclear in the pathogenesis of
AGN,; since the number of infectious pathogens is
steadily increasing, the range of human sensitiza-
tion is widening, and the frequency of administra-
tion of vaccines and sera is increasing, which can
lead to the development of this disease. The latent
period between contracting streptococcal infec-
tion and the development of AGN is a characteris-
tic feature of APSGN; this period ranges from 1 to
2 weeks with nasopharyngeal or from 2 to 6 weeks
with skin localization of nephritogenic strains of
streptococci. The study of the level of complement
C3 and C4 fractions may be useful in the diagno-
sis of the streptococcal etiology of AGN. The most
effective treatment for AH and edemas in patients
with APSGN is loop or thiazide diuretics, which
can also help reduce hyperkalemia. ACE inhibi-
tors or AT II receptor blockers are considered effec-
tive agents for controlling BP, but they can result
in hyperkalemia and temporarily affect the res-
toration of renal function. Despite the favorable
prognosis of AGN, deterioration is observed with
a decrease in complement C3, signs of NS and the
prevalence of crescent formation in a renal biopsy
sample.
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Abstract

The aim of the study was to evaluate the features of the course of peptic ulcer disease with concomitant duodenal
stasis according to clinical, electrophysiological and morphological studies. Materials and methods. The study enrolled
169 patients with duodenal ulcer disease, from whom two groups were formed: the observation group consisted of
107 patients with duodenal ulcer disease with concomitant duodenal stasis; the comparison group included 62 patients with
duodenal ulcer disease without concomitant duodenal stasis. The control group consisted of 30 healthy individuals who
did not have gastrointestinal complaints. The results of physical examination, laboratory and diagnostic tests were used
to verify peptic ulcer disease and duodenal stasis. To study the closing function of the pylorus, the ratio of intraduodenal
to intragastric pressure was used. The «Gastroskan-5M» device was used to assess gastric acid production, and the GEM-
01 «Gastroskan-GEM» device (Istok-Sistema, Fryazino) was used to study the motor function of the stomach. The
mucus-producing function was evaluated using the «Sialo-Test» (Scientific and Production Center (SPC) Eco-Service,
St. Petersburg). Results. Patients with peptic ulcer disease with concomitant duodenal stasis had more long-term ulcer
history —10.2 + 1.2 years, compared to patients with ulcer disease without concomitant duodenal stasis — 9.6 + 1.3 years
(p=0.041). Complications were found in 33 (30.8%) patients with peptic ulcer disease with concomitant duodenal stasis,
andin 4 (6.4%) patients with peptic ulcer disease without concomitant duodenal stasis (x?=20.9, p=0.017). Patients of the
observation group were more likely to have erosive-ulcerative lesions of the mucosa than patients in the comparison group
were (86 (81.2%) and 23 (37.8%) patients, respectively (x>= 33.4, p < 0.001)). The ratio of intraduodenal to intragastric
pressure in patients of the observation group was significantly lower compared to the control group (p = 0.0025). In case
of peptic ulcer disease with duodenal stasis, according to «Gastroscan-GEM» data, the Pi/Ps (Pi — electrical activity of
each organ of the gastrointestinal tract, Ps — summary level of electrical activity of gastrointestinal tract) coefficient in
the stomach increased postprandially by 3.5 times compared with the control group. The total level of sialic acids was
significantly higher in patients of the observation group than in the control group (p < 0.001) and the comparison group
(p < 0.001). Conclusion. By acting on the main etiopathogenetic aspects of ulcerogenesis, concomitant duodenal stasis
exacerbates peptic ulcer disease and increases the frequency of its complications.

Key words: Peptic ulcer disease, gastric and duodenal motor function, duodenal stasis

PUD — peptic ulcer disease, DS — duodenal stasis, FGDS — fiberoptic gastroduodenoscopy
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The incidence of peptic ulcer disease (PUD) is  peptic ulcer disease, noted by Russian and foreign
still high and is one of the leading causes of tem-  authors, there has been no decrease in the inci-
porary incapacity for work and disability among  dence of complications [1, 2]. This is probably due
people suffering from gastrointestinal disorders.  to a lack of adequate attention to factors contrib-
Despite the downward trend in the incidence of  uting to PUD when examining patients, as well as
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the fact that not all pathogenetic mechanisms are
taken into account when implementing therapeu-
tic and preventive measures.

The functional state of the duodenum is of great
importance in the pathogenesis of the pathology
of the gastric and choledochopancreatic zones [3].
In addition to the vital endocrine function, the duo-
denum coordinates the functions of external and
internal secretion of the pancreas and biliary system
and regulates the secretory and motor functions of
the stomach [4]. At present, the motor function of
the gastroduodenal zone is not studied when exam-
ining patients with PUD in everyday clinical prac-
tice due to the limitation of the methodological
approaches. At the early stages, functional disorders
of the duodenum are difficult to diagnose due to the
absence of pathognomonic clinical symptoms.

The aim of the study was to investigate the fea-
tures of the course of peptic ulcer disease in combi-
nation with duodenal stasis based on clinical, elec-
trophysiological and morphological investigations.

Materials and Methods

One hundred and sixty-nine patients with duo-
denal ulcer disease (DUD) were monitored. All
patients were divided into 2 groups: the observa-
tion group consisted of 107 patients with DUD with
concomitant duodenal stasis (DS), the comparison
group included 62 patients with DUD without con-
comitant DS. The control group (c) consisted of
30 healthy individuals (mean age 40.5 + 13.47 years,
10 (33.3%) women, 20 (66.7%) men).

In the observation group (1), the mean age of the
patients was 37.1 + 13.8 years (52 (48.2%) women,
55 (51.8%) men), and in the comparison group
(2) — 40.3 £ 14.5 years (24 (38.4%) women and
38 (61.6%) men). All patients in the three groups
were comparable by age (p, , =0.104,p , =0.198,
p, .= 0.889) and by gender (x*= 3.34, p, , = 0,067,
X=2.59,p, =0.114,x*=0.16,p, .= 0.687).

The results of clinical, laboratory and diagnostic tests
were used for the verification of DUD with DS. The
main diagnostic endoscopic criteria for DS were the
presence of bile in the stomach in the fasted state,
constant duodenogastric reflux (DGR), dilated and
bile-filled duodenum, pyloric incompetence, yellow-
green color of the mucous lake, yellow staining of

gastric mucus with thickening of the stomach walls,
petechiae, erythema and increased volume of gastric
contents [5]. Diagnoses were made in accordance
with the recommendations of the Russian Gastro-
enterological Association of the Ministry of Health
of the Russian Federation [6)].

The “Gastroskan-5M” (Istok-Sistema, Fryazino)
device was used to study the secretory function of
the stomach and duodenum. This device enables to
assess the basal level of acidity in the antrum, cardia
and body of the stomach [7].

The level of sialic acids in the submucous layer of the
stomach was determined using the “Sialo-Test” (SPC
Eco-Service, St. Petersburg) to assess the mucus-
producing function [8]. The following were used to
diagnose Helicobacter pylori (HP) infection: histo-
logical examination (Romanovsky staining), urease
test (“HELPIL test”, Association of Medicine and
Analytics, St. Petersburg), enzyme-linked immuno-
assay (ELISA, “HelicoBest — antibodies”, ZAO VEC-
TOR-BEST, Novosibirsk) and polymerase chain
reaction (PCR, “HELICOPOL", Lytech, Moscow) [9].
The Waldman apparatus (venous tonometer) was
used to determine the intragastric and intraduode-
nal pressure [10]. The closing function of the pylo-
rus was evaluated using the ratio of intraduodenal to
intragastric pressure [11].

The motor function of the stomach and duo-
denum was evaluated using the GEM-01 “Gas-
troscan-HEM” device (Istok-Sistema, Fryazino). The
obtained electrogastroenterograms determined the
type of electrical activity curve: normokinetic, hyper-
kinetic, or hypokinetic. The following parameters
were evaluated: Pi, Pi/Ps(%), Pi/P(i+1), and rhythm
factor, where Piis the electrical activity of each organ
of the gastrointestinal tract (GIT), Pi/Ps is the per-
centage contribution of each frequency spectrum to
the total spectrum, Pi/P(i+1) is the ratio of the elec-
trical activity of the overlying organ to the underly-
ing organ, Kritm is the rhythm factor, which is the
ratio of the length of the spectral envelope of the
examined section to the width of its spectral section.
All parameters were investigated in the fasted state
and postprandially. Normally, there is a postprandial
increase in the electrical activity of the stomach by
1.5 times, lasting at least 5-7 minutes from minutes
10-14 to minutes 16-22 of the study. The duode-
num responds to food stimulation from minutes

14-16 [12).
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Statistical processing of the obtained data was car-
ried out using Excel®2016, IBM SPSS v. 17.0. The
sample size was determined with the statistical signif-
icance level of the study p = 0.80, using IBM SPSS.
The normality of the distribution of characteristics
was determined by the Kolmogorov—Smirnov test.
If the distribution differs from normal, the data are
presented as median (Me) and interquartile range
(IQR). In a normal distribution, the data are pre-
sented as arithmetic mean (M), standard deviation
(0). The statistical significance of differences (p) was
evaluated using the Mann—Whitney test (U) for
quantitative characteristics; for qualitative character-
istics — nonparametric Pearson’s Chi-squared (x?)
test; with the number of expected observations of
up to 5, Yates correction for Chi-squared was used.
Differences were considered reliable at significance
level p < 0.05.

The patients were examined after signing a Patient
Informed Consent per the order No. 3909n of the
Ministry of Health and Social Development of the
Russian Federation of April 23, 2012, (approved by
the Ministry of Justice of the Russian Federation on
May 5, 2012 under No. 240821), in compliance
with ethical principles.

Results

Patients with DUD and concomitant DShad alonger
ulcerative history (10.2 + 1.2 years) than patients
with DUD without concomitant DS (9.6 + 1.3 years)
(p =0.041). In 104 (97.2%) patients of the observa-
tion group, exacerbations of the ulcer were not sea-
sonal, but 61 (98.3%) patients in the comparison
group reported spring-autumn exacerbations (x* =
27.9, p = 0.008). More patients with DUD and DS
had substance abuse (smoking, alcohol abuse) and

Table 1. General characteristics of patients

a hereditary burden compared with patients with
DUD without DS (Table 1).

When compiling the social portrait, it was found
that the majority of patients in the observation
group — 81 (73.9%) — were office workers with
a sedentary lifestyle, and only 26 (26.1%) patients
were manual workers. In the comparison group, 44
(70.7%) patients were manual workers (x* = 28.5,
p =0.0021). DUD complications (bleeding, perfo-
ration) over a ten-year period were revealed in 33
(30.8%) patients with DUD and concomitant DS,
and in 4 (6.4%) patients with DUD without con-
comitant DS (x* = 20.9, p = 0.017).

The pain was constant in 40 (37.2%) patients of the
observation group in contrast to 8 (12.9%) patients
in the comparison group (x*= 5.15, p = 0.023).
Most often the pain was localized in the epigas-
tric region — in 48 (44.9%) patients (x* = 20.63,
p <0.001) (Tab. 2).

Inthe observation group, 61 (57%) patientsreported
bitter belching, and in the comparison group — 1
(2%), x*= 51.8, p = 0.001 (Tab. 3). Bitter taste in
the mouth was reported by 83 (77.6%) patients in
the observation group versus 8 (12.9%) patients
in the comparison group (x*= 66.53, p < 0.001).
Heartburn was observed in 86 (80.4%) patients
with DUD with concomitant DS, which was signifi-
cantly more frequent than in patients with DUD
without DS (23; 37.0%), x*= 20.2, p < 0.001.
Asthenic syndrome, which manifests as fatigue,
irritability, apathy, and insomnia, was observed
in 44 (40.8%) patients in the observation group.
Asthenic syndrome was observed less often in the
comparison group — in 17 (27.1%) patients; x*=
34.2, p < 0.001.

According to fiberoptic  gastroduodenoscopy
(FGDS) results, the ulcers in 95 (88.7%) patients in

Patients with DUD Patients with DUD
and DS without DS
Parameter (observation group) | (comparison group) x> p
(n=107) (n=62)
n (%) n (%)

Spring-autumn exacerbation 3 (2.8%) 61 (98.3%) 279 0.008
Smoking 85 (79.6%) 37 (60.6%) 16.8 0.034
Alcohol 61 (57.3%) 8 (12.2%), 18.3 <0.001
Hereditary burden 4 (69.4%) 12 (19.2%). 2041 <0.001

Note to Table 1: DUD — duodenal ulcer disease, DS — duodenal stasis, x* — Pearson’s Chi-squared test, p — reliability, n — number of patients
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Table 2. Pain syndrome in patients with DUD

Patients with Patients with
DUD and DS DUD without DS
Parameter Characteristic (observation (comparison X2 s}
group) group)
(n=107) (n=62)
n (%) n (%)
Localization epigastric region 48 (44.9) 50 (80.6) 20.63 <0.001
paraumbilical 15 (14.0) 7 (11.3) 0.258 0.611
right/left hypochondrium 31 (29.0) 10 (16.1) 3.52 0.060
Time of in the fasted state 18 (16.0) 35 (65.5) 28.63 <0.001
occurrence postprandial 49 (45.7) 19 (30.6) 2.52 0.112
permanent 40 (37.2) 8 (12.9) 515 0.023
Acuity acute 39 (37.2) 23 (374) 0.206 0.650
Intensity intense 38 (35.1) 24 (38.7) 0173 0.678
Painless ulcer 13 (12.1) 0(0) 2.37 0.139

Note to Table 2: DUD — duodenal ulcer disease, DS — duodenal stasis, x> — Pearson’s Chi-squared test, p — reliability, n — number of patients

Table 3. Dyspepsia in patients with DUD

Patients with Patients with DUD
DUD and DS without DS
Parameter | Characteristic | (observation group) | (comparison group) x> p
(n=107) (n=62)
n (%) n (%)

Belching air 12 (11.2) 20 (32.3) 11.32 0.001
eaten food 1(0.9) 20 (32.3) 35.39 <0.001
bitterness 61 (57.0) 1(1.6) 51.86 <0.001

Heartburn 86 (80.4) 23 (371) 32107 <0.001

Bitterness in

the mouth 83 (77.6) 8 (12.9) 66.53 <0.001

Note to Table 3: DUD — duodenal ulcer disease, DS — duodenal stasis, x> — Pearson’s Chi-squared test, p — significance, n- number of patients

the observation group were localized in the duo-

denal bulb, without significant difference with the 90
comparison group. The average size of the ulcer- 80
ous lesion in the observation group was smaller 70

than in the comparison group (0.56 + 0.23 and 00
0.81 £ 0.31 cm, respectively, p = 0.001). In 73 o0
(68.2%) patients with DUD with DS, “kissing” ulcers Y
were observed in the duodenal bulb. In 15 (24.2%)
patients of the comparison group, the ulcers were
round, in 30 (47.6%) — “crateriform”, and in 17
(28.2%) — had an irregular shape. Erosive-ulcer-
ative lesions of the mucosa were more often in the
observation group than in the comparison group
(86 (81.2%) and 23 (37.8%) patients, respectively,
x* = 33.4, p <0.001) (Fig. 1). In DUD with concomi-

SIB JUIK ¢ JIC / UD with DS
(n=107)

tant DS, the ulcers had a small diameter, but a deep (0 <0.05)

base compared with the comparison group, which
usually had larger isolated, ulcers.

1 =33,4, p <0,001

9,7

s1b AIK 6e3 IC / UD without DS
(n=62)

Figure 1. The combination of ulcer with erosions.
p — significance of difference between groups
according to Pearson’s Chi-squared test (x)

DUD — duodenal ulcer disease, DS — duodenal stasis.
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Accordingto the histological analysis, in patients with
DUD and DS, atrophy was detected in 45 (42.0%)
patients, gastric metaplasia — in 6 (5.6%) patients.
In the comparison group, atrophy was observed in
12 (19.3%) patients (x* = 35.5, p < 0.001), and meta-
plasia was not detected.

Abdominal
increase in intragastric pressure in the observation
group — up to 119 (IQR: 114-126) mm of water
and intraduodenal pressure to 168 (IQR: 165-172)
mm of water, respectively, compared with the con-
trol group (70 (IQR: 57-74.8) and 116 (IQR: 111.9—-
124), p = 0.001). The ratio of intraduodenal to intra-
gastric pressure, which is indicative of the closing

manometry showed a significant

function of the pylorus, was significantly lower in
the DUD with DS group compared with the control
group: 1.26 (IQR: 1.19-1.32) and 1.7 (IQR: 1.0-2.4),
respectively, p = 0.0025. There were no changes in
the group of patients with DUD without DS in com-
parison with the control group (p = 0.9).

In the observation group, the Pi/Ps coefficient in
the stomach postprandially increased by 3.5 times
(Table 4). The rhythm coefficient of the duodenum
after food stimulation decreased significantly —
by 2.9 times compared with the control group
(0.3 £ 0.01 and 0.87 + 0.05, respectively, p < 0.001),
which indicates a hypokinetic type of curve of duo-
denal electric activity. In the comparison group,

Table 4. Gastric and duodenal electrical activity in patients with DUD and DS

In the fasting state Postprandially
Patients with Patients with
Para- Gastro- DUD and DS Control DUD and DS Control
meter duod'enal (observation group p (observation group P
region group) (n=30) group) (n=30)
(n=107) (M +0) (n=107) (M £ o)
(M +o0) (M *o0)
Pi/Ps (%) Stomach 13.6 £ 0.58 23.6+9.5 <0.001 46.5£5.8 241£18 <0.001
Duodenum 4.4+1.02 21 +0.68 <0.001 1.7+ 0.07 248 + 017 <0.001
Pi/p Thestomach/ 67, 54 104+57 <0001 1743+246  102+42  <0.001
(i+1) duodenum ratio
Kritm Stomach 47+£2.42 4.85+21 0.883 39011 471 £048 0.001
Duodenum 0.72+042 09+0.5 0.013 0.3 £0.01 0.87 +0.05 <0.001

Note to Table 4: the parameters obey normal distribution (according to the Kolmogorov—Smirnov test); they are presented as M —
arithmetic mean, o0 — standard deviation), p — significance of differences between the corresponding and control groups of patients

(according to Student’s t-test)
DUD — duodenal ulcer disease, DS — duodenal stasis, n — number of patients

Table 5. Gastric and duodenal electrical activity in patients with DUD without DS

In the fasting state Postprandially
Patients Patients
Gastro- with DUD Control with DUD Control
Para- duodenal without DS without DS
meters . (comparison group P (comparison group P
region grf(’) p) (n=30) grf(’) ap) (n=30)
(n = 62) (M +0) (n = 62) (M +0)
(M +o0) (M +o0)
Pi/Ps (%) Stomach 43.6 + 7.8 235.6+9.5 <0.001  48.05+49 244 +1.8 <0.001
Duodenum 2.23+04 21 +0.68 0.087 14.32 £ 2.3 248 £ 047 <0.001
PP Thestomach/ 596,048 40457 <0001 11209 10242 0051
(i+1) duodenum ratio
Kritm Stomach 5.7+1.03 4.85+21 0.53 547+ 211 47M1+2.11 0171
Duodenum 0.86 +0.11 09+0.5 0.723 0.94 +£0.28 0.87 +£0.05 0.252

Note to Table 5: the parameters obey normal distribution (according to the Kolmogorov—Smirnov test); they are presented as M —
arithmetic mean, o — standard deviation, p — significance of differences between the corresponding and control groups of patients

(according to Student’s t-test)
DUD — duodenum ulcer disease, DS — duodenal stasis, n — number of patients
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pH

AHTPAJIbHBIN 0TI KETyaKa

6,00 5,55

p<0,001
5,00
4,00

3,00

1,1

p<0,001 . p<0,001

1,00

0,00

Sb K ¢ AC/ s1b JAIIK 6e3  koHTposbHAs
UD with DS JIC/UD rpymnma

(n=107) without DS control group
(n=62) (n=30)

pH

ayxosuna JIIK

p<0 001

I B I - I

b AIK ¢ AC / Ab AIIK 6e3 IC  koHTposbHAS
UD with DS UD without DS rpymma / control
(n=107) (n=62) group (n=30)

Figure 2. pH levels in the antrum and duodenal bulb. p — significance of differences between groups according

to Student’s t-test (p < 0.05)

DUD — duodenal ulcer disease, DS — duodenal stasis, n — number of patients

the coordination of the stomach and duodenum
operation was preserved (Pi/P(i+1) — 11.2 + 0.9)
and postprandially corresponded to the normoki-
netic type (Table. 5).

During endoscopic pH-metry, intragastric pH was
significantly higher in the DUD with DS group than
in healthy individuals (5.55 + 1.31 and 4.7 + 04,
respectively, p < 0.001), and pH in the duodenum
was lower than in the control group (4.5 + 0.99 and
6.5 + 0.28, respectively, p < 0.001), which is appar-
ently associated with the violation of the closing
function of the pylorus (Fig. 2). Compared to the
control group, the comparison group showed a sig-
nificant decrease in gastric pH (4.7 + 0.4 and 1.1 £
0.23, respectively, p < 0.001), which was caused by
an increase in the acid-producing function of the
stomach and acidification of the duodenum (6.5 +
0.28 and 4.39 + 0.43, respectively, p < 0.001).

There were fewer patients infected with HP in the
observation group than in the comparison group:
17 (71.9%) and 57 (91.9%) patients, respectively, x*=
10.0, p < 0.001. The observation group had a signifi-
cantly higher level of sialic acids than the compari-
son group (4.1 (IQR: 3.9-4.3) and 3.1 (IQR: 2.9-3.3)
mmol/l, respectively, p < 0.001) and the control
group (4.1 (IQR: 3.9-4.3) and 2.3 (IQR: 1.6-2.7)
mmol/], respectively, p < 0.001).

Discussion

In DUD with concomitant DS, the most typical
clinical symptoms and signs of DUD are observed.

However, some features of the clinical course of the
disease have been identified. Comorbid patients
noted the predominance of dyspeptic symptoms over
a less intense epigastric pain syndrome compared to
the comparison group. DS can be asymptomatic for
along time [13, 14], but in combination with DUD,
changes in the motor function of the stomach and
duodenum largely manifest as dyspepsia. Gastropa-
resis, which is observed in a varying degree with DS,
manifests as “stomach pains”.

The prevalence of asthenic syndrome, which mani-
fests as apathy, increased irritability and rapid fatigue
in patients with DUD, is explained by chronic intox-
ication with stagnation of the duodenum content
and duodenal hormone insufficiency [15].

Studies in patients with DUD and concomitant DS
showed significant impairment of the motor func-
tion of the stomach and duodenum. An increase in
the Pi/P(i+1) ratio in patients with DUD and con-
comitant DS indicates the discoordination of the
motor function of the gastroduodenal zone due to a
decrease in the ratio of electrical activity between the
stomach and the duodenum, which does not create
the necessary pressure gradient [16]. The multidirec-
tional activity of the stomach and duodenum is also
indicated by a change in the rhythm factors.

The prolonged stasis of the infected contents in the
duodenum is a predictor of chronic atrophic duode-
nitis [17]. In patients with DS, duodenogastric reflux
causes damage to the gastric mucosa by bile acids
and lysolecithin, which, according to our data, leads
to the development of intestinal metaplasia [18].
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The progression of DUD is the final point of the
vicious circle of excessive acidification of the duode-
num due to a decrease in the closing function of the
pylorus (hypersecretory, biliary, pancreatic, enteric,
or mixed).

DS in case of DUD has an adverse effect on the
protective properties of the mucous barrier of the
gastroduodenal zone [19], which was confirmed in
our study by an increase in the content of total sialic
acids in mucus, which are indicators of the proteoly-
sis process.

The etiological role of HP decreases in case of DUD
in combination with DS. Our work showed the new
pathogenetic factors of DS that contribute to the
formation of duodenal ulcers, accompanied by fre-
quent exacerbations and complications.

Conclusions

1. Duodenal stasis significantly exacerbates peptic
ulcer disease by affecting the main etiopathoge-
netic aspects of ulcerogenesis.

2. Peptic ulcer disease concomitant with duode-
nal stasis is characterized by erosive and ulcerative
lesions of the stomach and the duodenum, which is
the equivalent of a deep pathological process in the
gastroduodenal zone.

3. Concomitant duodenal stasis is an important
factor that increases the incidence of peptic ulcer
disease complications.
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Abstract

The aim is to study the frequency of peripheral joint damage and the incidence of osteophytes in patients with
ankylosing spondylitis. Materials and methods. A total of 124 patients with ankylosing spondylitis meeting the
1984 New York criteria were examined; 84 (67.7%) were men. The patients were divided into two groups: patients
below the age of 40 (n = 61, men — 44 (72.1%)) and aged over 40 (n = 63, men - 40 (63.5%)). In the first group, the
median age was 34 [29; 38] years, in men - 34.5 [30; 37.5] years, in women — 31 [27; 38| years; in the second group -
50 [45; 56] years, in men — 51.5 [46; 54] years, in women — 48 [44; 59] years. The disease activity was determined, and
X-ray examination results of the affected joints were evaluated. Results. Of the 124 ankylosing spondylitis patients,
82 (66.1%) had clinical and radiographic signs of arthritis at the time of the study or in their history. Among all of the
examined patients, 111 (89.5%) had osteophytes in the peripheral joints, of whom 72 (64.9%) had signs of arthritis.
In patients with ankylosing spondylitis, X-ray examination revealed the presence of both bone resorption and bone
proliferation. Conclusion. Peripheral arthritis was found in more than half of patients with ankylosing spondylitis and
was associated with higher disease activity. Asymmetric arthritis was more frequent in patients below the age of 40.
Most patients showed signs of bone proliferation in the peripheral joints, with a predominant lesion of large joints of the
lower extremities. In patients aged over 40, osteophytes are detected more often, more groups of joints are involved in
the process, and joints of the hands and feet are affected.
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Introduction

Ankylosing spondylitis (AS) (M45.0) is a chronic
inflammatory disease from the spondyloarthritis
group, which is characterized by inevitable damage
to the sacroiliac joints and/or spine and potentially
leading to ankylosis, with frequent involvement of
enthesis and peripheral joints [1]. Arthritis is a fre-
quent manifestation of AS. In particular, coxitis
develops in a third of patients [2]. In patients with
arthritis, periarticular osteoporosis, the narrowing
of the joint space, and erosion are detected radio-
logically. Along with these changes or separately,
osteophytes, which in routine clinical practice are
usually interpreted as manifestations of secondary
osteoarthritis (OA), are identified. The literature
contains data on the incidence and pathogenesis of
secondary OA in some autoimmune and immuno-
inflammatory diseases, especially rheumatoid
arthritis (RA). OA in RA is believed to develop
1-5 years after the disease onset, with an incidence
of up to 70.1% [3]. At the same time, there is prac-
tically no data on the features and time frame of
the development of OA in patients with AS. RA
incidence peaks at the age of 40-55 years, AS — at
the age of 25-35 years, and OA — at an older age.
Of interest are the presence, nature, and incidence
of joint damage in patients with AS especially at a
young age, and the features and severity of bone
resorption and bone proliferation processes.

The aim is to study the frequency of peripheral
joint damage and the incidence of osteophytes in
patients with ankylosing spondylitis.

Materials and Methods

We examined 124 patients with AS that met the
1984 New York criteria; 84 (67.7%) patients were
men. The patients were divided into two groups:
patients below the age of 40 (n = 61, men —
44 (721%)) and aged over 40 (n = 63, men —
40 (63.5%)). In the first group, the median age
was 34 [29; 38] years, in men — 34.5 [30; 37.5]
years, in women — 31 [27; 38] years; in the second
group — 50 [45; 56] years, in men — 51.5 [46; 54]
years, in women — 48 [44; 59] years. Patients of
the two groups were comparable by sex and dis-
ease activity.

Human leukocyte antigen-B27 (HLA-B27) was
determined in all patients. The BASDAI (the Bath
Ankylosing Spondylitis Disease Activity Index)
and ASDAS (Ankylosing Spondylitis Disease Activ-
ity Score) were used to assess disease activity. All
patients underwent radiography of the affected
joints. The stage of sacroiliitis (SI) was evaluated
according to Kellgren (1966). Peripheral arthritis
was considered at present or in history (inflamma-
tory pain and swelling of the joints with impaired
function, X-ray findings of periarticular osteoporo-
sis, narrowing of the joint space and erosion, and
synovitis according to ultrasound examination of
the involved joints).

Statistical analysis was performed using STATIS-
TICA 8 software. The data distribution was evalu-
ated using the Shapiro—Wilk test; distribution at
p > 0.05 was considered normal. The description
of quantitative features with non-normal distribu-
tion was carried out with indication of the median,
lower and upper quartiles. The Mann—Whit-
ney test was used to determine the statistical sig-
nificance of differences in the studied parameters.
Pearson’s chi-squared test was used to assess differ-
ences in the frequency of the features in two inde-
pendent groups, with an indication of the number
of degrees of freedom (df). Differences were consid-
ered significant at p < 0.05.

The study was carried out in accordance with the
standards of good clinical practice (Good Clini-
cal Practice) and the principles of the Helsinki
Declaration. The study protocol was approved by
the Ethics Committee. Prior to inclusion in the
study, all participants received written informed
consent.

Results

High disease activity was observed in 87 (70.2%)
patients. Of the 82 patients examined, HLA-B27
was detected in 59 (72%). There were no significant
differences in the frequency of HLA-B27 detection
in patients of different gender. The age the disease
onset and AS activity did not depend on the pres-
ence of HLA-B27. The incidence of signs of bone
proliferation and peripheral arthritis was indepen-
dent of HLA-B27 carriage.

Table 1 presents clinical features of patients
with AS.
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Table 1. Age-sex structure, symptom duration and disease activity

Feature Total Women Men p-value
(n=124) (n=40) (n=284)
Age at the time of the study, years 41 [34; 50] 42.5[34.5; 53] 40 [34; 50] 0.43
Age of onset, years 25[19; 32] 29 (22.5; 39.5] 23 [18.5; 30] 0.006 *
Duration of AS, years 15 [11; 20] 13.5[9.5; 17] 16 [11; 22] 0.04 *
BASDAI 5.35[3.72; 6.6] 5.65[4.65; 7.0] 4.85[3.35; 6.25] 0.02 *
ASDAS 3.41[2.8; 4.0] 3.33 (2.7, 4.07] 3.46 [2.86; 3.93] 0.95

Note: AS — ankylosing spondylitis, ASDAS — Ankylosing Spondylitis Disease Activity Score, BASDAI — the Bath Ankylosing Spondylitis
Disease Activity Index. The exact significance of the p-value is given. * p < 0.05

Table 2. The structure of the disease of the musculoskeletal system peripheral structures in patients with AS

Group 1 Group 2 Pearson’s
Sian Total <40 years old >40 years old chi- df _value
9 (n=124) patients patients squared p-vaiu
(n=61) (n=63) test
Arthritis 82 (66.1%) 43 (70.5%) 39 (61.9%) 1.02 1 0.3
Synovitis 7 (5.6%) 5 (8.2%) 2 (3.2%) - -
Dactylitis 10 (8.1%) 7 (11.5%) 3 (4.8%) - -
Bursitis 8 (6.5%) 5 (8.2%) 3 (4.8%) - - -
Symphysitis 5 (4%) 4 (6.6%) 1(1.6%) - - -
Tendonitis 12 (9.7%) 4 (6.6%) 8 (12.1%) -
Enthesitis / o o o
enthesopathy 25(20.2%) 14 (23%) 11 (17.5%) 0.6 1 0.4

Note: the exact significance of the p-value is given. Pearson’s chi-squared test was not used if the expected frequency was less than 5

Compared to men, AS in women was diagnosed
significantly more often at an older age (p = 0.006),
and BASDAI activity was higher (p = 0.02). All
patients had various stages of sacroiliitis (SI): stage 3
(on the right — in 41 (41.1%), on the left — in 44
(35.5%) patients) and stage 4 (on the right — in
54 (43.5%), on the left — in 51 (40%) patients) were
detected more often. The structure of the disease of
the musculoskeletal system peripheral structures in
patients with AS is presented in Table 2.

Clinical and/or radiographic signs of peripheral
arthritis and coxitis were found in 82 (66.1%)
patients; their median BASDAI was 5.7 [4.2; 6.8].
The median BASDAI in patients without arthritis
was 4.3 [2.6; 5.8]. AS activity in patients with arthritis
was significantly higher (p = 0.005). The incidence
of arthritis in different groups of joints is presented
in Table 3. Bone proliferation in the joints was more
often determined in patients with a longer duration
of AS (p = 0.02); no connection with the activity of
the process was detected (p = 0.8).

The duration of the disease in patients below the age
of 40 was 12 [8; 16] years; BASDAI — 4.9 [3.4; 6.2],
and ASDAS — 3.4[2.5; 4.0]. Stage 3 SI was detected

in 22 (36.1%) patients, and stage 4 SI'in 23 (37.7%)
patients. Signs of peripheral arthritis were observed
in 43 (70.5%) patients. In this group, asymmetric
joint damage was observed more often compared
with patients aged over 40 (x*= 7.8, p = 0.005).
The duration of the disease in patients aged over
40 was 18 [13; 24] years; BASDAI — 5.4 [3.9; 6.7],
ASDAS — 3.42 [2.9; 4.0]. The most common was
ST of the 3rd (22; 35% of patients) and 4th (31;
49.2% of patients) radiographic stages. Peripheral
arthritis was detected in 39 (61.9%) patients. It was
statistically significant that in patients of this group,
osteophytes were more often detected on radio-
graphs of peripheral joints, more groups of joints
were affected, and lesions of the hip joints, hands
and feet were observed more often compared with
patients below the age of 40 (Table 4).

Based on X-ray imaging, bone proliferation in
peripheral joints was detected in 111 (89.5%) of the
examined patients, of whom 72 (64.9%) showed
signs of bone resorption on the radiographs. Hip
(92; 714.2% of patients) and knee (72; 58.1% of
patients) joints were mainly affected in patients of
both age groups.
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Table 3. Peripheral arthritis and coxitis in patients with AS

Group 1 Group 2 Pearson’s
Group.s (.)f affected Total <40 years old | >40 years old chi- df p-value
joints (n=124) patients patients squared

(n=61) (n=63) test
Asymmetric arthritis 31 (25.0%) 22 (36.1%) 9 (14.3%) .8 1 0.005*
Hip joints 32 (25.8%) 15 (24.6%) 17 (27.0%) 0.09 1 0.7
Knee joints 50 (40.3%) 25 (41.0%) 25 (39.71%) 0.02 1 0.9
Ankle joints 35 (28.2%) 18 (29.5%) 17 (27.0%) 01 1 0.8
Joints of the feet 34 (27.4%) 16 (26.2%) 18 (28.6%) 0.09 1 0.8
Hand and wrist joints 41 (33.1%) 19 (31.1%) 22 (34.9%) 0.2 1 0.7
Elbow joints 12 (9.7%) 6 (9.8%) 6 (9.5%) 0.003 1 0.95
Shoulder joints 10 (8.1%) 4 (6.6%) 6 (9.5%) - - -
Temporomandibular 1(3.2%) 2 (5.3%) 2 (5.2%) i i i

joints

Note: the exact significance of the p-value is given. * p < 0.05 Pearson’s chi-squared test was not used if the expected frequency was less than 5

Table 4. Signs of bone proliferation, aseptic necrosis and total arthroplasty in patients with AS

Group 1 Group 2 Pearson’s
Groups of affected Total <40 years old | >40 years old chi- df _val
joints (n=124) patients (n = patients squared p-vatue
61) (n=63) test

Osteophytes in at least 111 (89.5%) 49 (80.3%) 62 (98.4%) 10.8 1 0001*
1 group of joints
Hip joints 92 (74.2%) 40 (65.6%) 52 (82.5%) 47 1 0.03*
Knee joints 72 (58.1%) 32 (52.5%) 40 (63.5%) 1.5 1 0.21
Ankle joints 9 (7.3%) 2 (3.3%) 7 (11.1%) - - -
Joints of the feet 16 (12.9%) 3 (4.9%) 13 (20.6%) 6.8 1 0.01*
Joints of the hands 20 (16.1%) 5 (8.2%) 15 (23.8%) 5.6 1 0.02*
Elbow joints 7 (5.6%) 2 (3.3%) 5 (7.9%) - - -
Shoulder joints 16 (12.9%) 6 (9.8%) 10 (15.9%) 1.0 1 0.3
Scapulohumeral o o o
periarthritis 9 (71.3%) 4 (6.6%) 5 (7.9%) - - -
Tf?mporomandlbular 2 (1.6%) 0 2 (5.2%) i i i
jomnts
Total arthroplasty 11 (8.9%) 6 (9.8%) 5 (7.9%) 1.4 1 0.7
Aseptic necrosis 17 (13.7%) 8 (13.1%) 9 (14.3%) 0.04 1 0.9

Note: the exact significance of the p-value is given. * p < 0.05 Pearson’s chi-squared test was not used if the expected frequency was less than 5

In 17 (13.7%) patients, aseptic necrosis of various
bone structures (acetabular roof, the head of the
femur or humerus, tibia, and talus) was detected.
Eleven (8.9%) patients underwent total joint
replacement (TJR): 3 of them underwent total
replacement of both joints, in 7 — one hip joint;
in 1 patient, TJR of the hip, shoulder and both knee
joints was performed. In the majority of cases (8;
72.7%), the reason for surgery was osteoarthritis, in
2 (18.2%) cases — fractures, in 1 (9.1%) — aseptic

NECTOSIS.

Discussion

AS in all its forms of clinical manifestations and
complications can lead to early disability of patients
(often at a young age), reduced quality of life and
the need for surgical intervention, including due to
the development of secondary OA [4-8]. Our data
are consistent with the results of a cohort popula-
tion study conducted by M.C. Lu et al. (2017), who
demonstrated early development of OA in patients
below the age of 40, which required TJR [9].
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In patients with AS aged over 40, the increase in the
incidence of bone proliferation may be associated
with the development of OA with existing periph-
eral joint damage. Radiography of peripheral joints
in patients with AS, often detects osteophytes along
with erosion. Signs of bone proliferation in the
joints are often interpreted as osteoarthritis, rather
than the manifestation of an underlying disease
[8]. The obtained data indicate that bone resorp-
tion and bone proliferation are likely a manifesta-
tion of an underlying disease, as well as its activity.
This assumption is supported by the high AS activ-
ity in patients of this group and the development of
large joint arthritis in young patients. Early OA in
people below the age of 45 is extremely rare, and,
in contrast, AS makes its debut at a young age [10].
It is known that AS is characterized by both resorp-
tion and excessive proliferation of bone tissue under
the influence of proinflammatory cytokines, primar-
ily interleukin-17 (IL17) [11-13]. It has been proven
that this cytokine leads to the development of osteo-
phytes between the vertebrae. The high incidence of
osteophytes in patients with AS may be associated
with the level of IL17, not only in the systemic circu-
lation but primarily locally — at the sites of tendon
attachment. Koo B. S. et al. (2020) showed a compa-
rable level of IL17, IL23 and a lower level of tumor
necrosis factor-a in the synovial membrane of the
joints of patients with AS compared with RA [14].

Therefore, it cannot be ruled out that osteophytes
in the peripheral joints and spine are a single mani-
festation of the underlying disease. To confirm this
hypothesis, special prospective studies are required.

Conclusion

Most of the patients included in the study had a
high activity of the disease, and the 3rd and 4th
radiographic stages of sacroiliitis. Peripheral arthri-
tis was found in more than half of the patients
with AS and was associated with higher disease
activity. Asymmetric arthritis with a predominant
lesion of large joints of the lower extremities was
detected more often in patients below the age of
40. In patients with AS in peripheral joints, signs of
bone proliferation are often found along with signs
of bone resorption. The obtained data demonstrate
the need for further study of the features of periph-
eral joint damage in AS.
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Abstract

Currently, information about the epidemiology, clinical features, prevention and treatment of coronavirus infection
affected by SARS-CoV-2 (COVID-19) is constantly updated and updated. The most common clinical manifestations of
COVID-19 are fever, symptoms of intoxication, cough, shortness of breath, fatigue, chest congestion, decreased sense of
smell and taste, less often — abdominal pain, vomiting, diarrhea, and others. For the current period, there are data from
clinical observations describing skin lesions in the new COVID-19 coronavirus infection. One of the first descriptions of
skin manifestations in COVID-19 was published by the Italian dermatologist Recalcati S. (2020), who provided data on
possible types of skin lesions as a variant of the manifestation of a new COVID-19 coronavirus infection.

This paper presents the confirmed cases COVID-19 infection with skin lesions, from the practice of specialists of
mobile teams of emergency medical care state budgetary institution «Station of emergency medical care to them.
A.S. Puchkov» in Moscow, at survey of the patients at disease onset. In the initial period of the disease, when examining
patients, various morphological elements were observed: papulo-vesicular, papulo-squamous, erythematous, urticary,
and others, their localization was also different. Whether the described changes on the skin are associated with direct
exposure to the pathogen COVID-19 or are a manifestation of secondary pathogenetic factors (infectious-allergic,
allergic, toxic, etc.) is not currently known. Further accumulation of clinical observations of skin manifestations in this
disease is necessary in order to analyze and evaluate their diagnostic and prognostic value.
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Introduction of various diseases; they can either b(? inevitable, in
the case of measles, rubella, and chickenpox, or a
The skin is an indicator of the general state of health.  concomitant component [1, 2].

It reflects many physiological and pathological pro- ~ The first cases of novel coronavirus disease
cesses in different organs and systems of the human ~ (COVID-19), caused by a new virus from the group

body. Skin lesions are a common clinical symptom  of coronaviruses — SARS-CoV-2, were reported
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in December 2019. In the following months, this
infection spread throughout the globe and became
a pandemic [3].
The clinical presentation was initially described
as an acute febrile disease with a primary lesion
of the lower parts of lungs, cough, chest tightness
and shortness of breath, severe weakness, and an
impaired sense of smell and taste. Myalgia, nausea,
vomiting, diarrhea, headaches, confusion, hemop-
tysis, and palpitations were registered somewhat
less frequently. Double polysegmental pneumonia
with characteristic changes in pulmonary CT is
currently considered to be the most typical clinical
manifestation of COVID-19. Acute respiratory dis-
tress syndrome develops in 3-4% of patients 3, 4].
Information on the epidemiological and clinical
features of COVID-19 is constantly updated and
analyzed. As the infection spreads and the volume
of clinical observations increases, there have been
increasingly more reports of new symptoms in the
clinical picture of this disease, including skin mani-
festations and changes in mucous membranes in
COVID-19 patients [5]. According to different
authors, their incidence varies from 0.2% (China)
to 20.4% (Italy) of all cases [6].
Skin rash can appear at different stages of the disease:
from the first hours to the middle of the second week.
The cause and pathogenesis of skin manifestations
in cases of COVID-19 infection have not been estab-
lished yet. However, skin manifestations are most
likely caused by infectious-allergic vascular damage,
as well as by a high level of pro-inflammatory cyto-
kines. In addition, the risk of drug allergy increases
in connection with combined drug treatment.
Based on conventional concepts of the pathogen-
esis of exanthema and enanthema, rash is a focal
reaction of the skin to the action of the pathogen
or its toxins or metabolites, that occurs under the
influence of histamine-like substances and occurs
through several mechanisms, including:
* dilation of capillaries;
* blood stasis and increased vascular permeability
with edema and hemorrhages;
* necrosis of epidermis and the deeper layers of the
skin;
* dystrophic changes in cells (ballooning degen-
eration);
* inflammation (serous, purulent, serous-hemor-
rhagic) [7].

At the moment, there are data from clinical stud-
ies that describe skin lesions related to COVID-
19. According to Spanish researchers, seven types
of skin lesions can be distinguished in cases of
COVID-19 (8].

This article presents different types of skin lesions
observed by medical staff at the State Budgetary
Institution “A. S. Puchkov Emergency Medical
Care Station”, Moscow City Health Department
(Station), in COVID-19 patients in the course of
emergency treatment during the pandemic.

Case 1
(ACRODERMATITIS)

A 59-year-old patient who received treatment for
confirmed COVID-19, including a drug of the qui-
nolone group (hydroxychloroquine) per os, and
interferon alpha-2b intranasally, on the 9th day of
disease, developed a large bright pink spot in the
region of the first toe of the left foot; the spot devel-
oped into an erythematous lesion and resembled a
bedsore; painful on palpation (Fig. 1).

CASE 2
(PAPULOVESICULAR ERUPTIONS
RESEMBLING CHICKEN Pox)

A 64-year-old patient with confirmed COVID-19,
with symptoms of the disease (cough, body tempera-
ture 37.4 °C) and receiving combined antibacterial

Figure 1. Erythematous focus
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Figure 2. Papular rash

treatment (azithromycin, levofloxacin), developed
rash on the 6th day of disease without any subjec-
tive sensations. On examination, significant papu-
lar rash was observed in the neck and chest area
(Fig. 2). Later, as the disease progressed, the vesicles
opened; small erosions and scabs formed; there was
refractivity to antihistamine treatment.

CASE 3
(PAPULOVESICULAR ERUPTIONS)

A 35-year-old patient under observation, who had
febrile fever with excessive sweating, intense myal-
gia of back muscles, severe weakness and received
antiviral treatment (ingavirin per os and interferon
alpha-2b intranasally), on the 5th day of disease
noticed rash on the chest, abdomen, back, and
limbs, accompanied by itching. Examination of the
skin of the back revealed rash in the form of large
papules and occasional opened vesicles with scabs
and traces of scratching (Fig. 3).

Case 4
(PAPULOVESICULAR ERUPTIONS)

A 43-year-old patient with confirmed COVID-19
and bilateral pneumonia and received paracetamol
combined with ceftriaxone i/m, developed rash in
the chest area, accompanied by itching two days
before the first symptoms of the disease. Examina-
tion revealed few papulovesicular elements in the
chest area (Fig. 4).

Figure 3. Papulo-vesicular rash

Figure 4. Papulo-vesicular rash

CASE 5
(PapuLosQuamous ERUPTIONS
RESEMBLING P1TYRIASIS ROSEA)

A 50-year-old patient with hypertension on the
10th day of coronavirus infection with febrile fever
for a week and had taken drugs (hydroxychlo-
roquine and azithromycin) and had repeatedly
wiped the skin with an alcohol solution, noticed
some itchy elements in the form of large red spots.
The skin of the lateral surface of the chest and the
back had erythematous plaques of different size,
from 0.5 to 1.5 cm in diameter, with collarette scale
eccentrically along the peripheral contour of the
elements (Fig. 5).
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Figure 5. Papulo-squamous rash

CASE 6
(MEeAsLES-LIKE RAsH)

An obese 44-year-old patient without asthenia,
anosmia, myalgia, and fever for one week, on the
(th day of the disease, developed maculopapular
rash on her torso, upper and lower extremities,
without itching (measles-like). The patient took
antiviral and antipyretic drugs per os for a week
(Fig. 6).

Figure 6. Maculo-papular rash

Measles-like rash is in the form of relatively large
maculopapular elements with a pronounced ten-
dency to merging, with no itching, and is localized
on the torso and limbs. Unlike measles, there is no
phasing of rashes; the elements can also be located
on the palms, soles and scalp [2].

CAse 7
(Toxic SkiNn ERUPTION)

A 26-year-old patient with high febrile fever for
a week experienced a headache, myalgia of glu-
teal and posterior thigh muscles. He took met-
amizole, paracetamol, hydroxychloroquine and
oseltamivir in therapeutic doses. Examination
revealed confluent maculopapular rash, some-
times ring-shaped, in the abdomen region —
with the formation of a continuous erythema-
tous area (Fig. 7).

Many confluent maculopapular eruptions; some
of the elements are ring-shaped, resembling poly-
morphic exudative erythema, and occur in the
cases of toxicoderma [2].

Case 8
(A TypE oF Toxic SKIN ERUPTION)

A 68-year-old patient with confirmed COVID-19
infection and pneumonia with an underlying

Figure 7. Polymorphic erythematous rash
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subfebrile condition, rare dry cough, severe asthe-
nia and received azithromycin in combination with
hydroxychloroquine, on the 12th day of the disease
suddenly developed rash in the axillary regions,
with pain and a burning sensation. Examination
revealed rash in the form of extensive erythema-
tous lesions with formation of follicular papules
protruding above the skin surface and painful on
palpation (Fig. 8).

A type of toxic skin eruption in the form of axillary
purpuric rash was described in observations of skin
manifestations of confirmed COVID-19 by other
authors [4].

Case 9
(LARGE MAcCULAR RasH
oF THE URTICARIA TYPE)

A 30-year-old patient with confirmed COVID-19
and normal body temperature, on the 3rd day of
the disease, noticed a sudden itchy rash on her
body; no drug treatment was performed. Objec-
tive examination of the face, torso, upper and
lower extremities revealed multiple large-spotted
rash merging in the forearms and lower legs with
underlying general skin pallor (Fig. 9).

Case 10
(PApUuLAR RAsH wWITH MACERATION)

A 56-year-old patient with no history of allergic
diseases and no clinical symptoms of COVID-19
developed an itchy rash on the back of her hands.
There was a history of known local use of antisep-
tics. Two days later, due to contact with a patient
infected with coronavirus, the patient underwent
laboratory tests, and COVID-19 was confirmed.
On the 4th day of the disease, there were foci of
maceration on the skin of the back of her hands,
combined with the elements of papular rash with
underlying dry skin (Fig. 10).

Observed changes in the skin are possible with
atopic dermatitis, eczema, and rosacea as a result
of frequent use of antiseptic agents to prevent
infection transmission, as well as prolonged use
of masks, gloves, and respirators. Exacerbation
of chronic skin processes can occur due to a sys-
temic inflammatory response caused by SARS-

CoV-2.

Figure 8. Purple rash

Figure 9. Large spotted rash

Figure 10. Papular rash with maceration
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Discussion

This paper describes clinical cases of confirmed
COVID-19 encountered by emergency care teams.
Novel coronavirus SARS-CoV-2 belongs to the
family of RNA viruses. The site of entry of this
pathogen is the epithelium of the upper respiratory
tract and epithelial cells of the stomach and intes-
tines. At the beginning of infection, SARS-CoV-2
damages cells with receptors of type II angiotensin
converting enzyme (ACE2). These receptors are
located on the cells of the respiratory tract, kid-
neys, esophagus, bladder, ileum, heart, and central
nervous system. Damage to these organs causes
clinical signs at the onset of the disease, such as dry
cough or cough with a small amount of sputum,
hemoptysis, dyspnea, chest tightness, diminished
sense of smell, taste, fatigue, headaches, diarrhea,
vomiting, palpitations. The pathogenesis of novel
coronavirus disease has not been sufficiently stud-
ied; information on the epidemiology, clinical fea-
tures, prevention, and treatment of COVID-19 is
constantly being updated. As the volume of clini-
cal observations increases, there have been more
reports of skin rashes in COVID-19 patients [6, 11].
There are data from clinical studies describing skin
lesions in COVID-19 cases. Italian dermatologist
Recalcati S. (2020) was one of the first to publish
clinical data on skin lesions as a form of mani-
festation of COVID-19 [6]. Eighteen (20.4%) of
88 patients hospitalized with confirmed COVID-19
had skin manifestations: 8 — at the onset of dis-
ease, 10 — after hospitalization. Erythematous rash
was observed in 14 patients, generalized urticaria
in 3 patients, variceliform vesicles in 1 patient. The
torso was the most affected area; itching was absent
or mild; rash disappeared within a few days; it did
not correlate with disease severity. In Thailand,
petechial rash was reported in one patient; it was
initially considered as a manifestation of Dengue
fever (widespread in this region); the patient subse-
quently had problems with breathing, and COVID-
19 was finally confirmed [10]. Similar information
concerning exanthema in COVID-19 patients was
published by specialists from the USA, China, Hol-
land and other countries [5, 9, 11, 12].

Typical skin rashes with viral exanthema are known
to characterize measles, rubella, and Dengue fever.
Without comprehensive studies, skin rashes cannot

be ruled out as one of the first manifestations of
COVID-19. On the other hand, the immunosup-
pressive state of the patient contributes to oppor-
tunistic bacterial and mycotic infections with skin
lesions.

Conclusion

The described clinical cases of skin manifestations
of COVID-19 in emergency care indicate the rel-
evance of studying this disease at the present stage.
In conclusion, it should be noted that although
skin rash may be one of the first manifestations
of COVID-19;, it has a very diverse morphological
and pathogenetic origin. Therefore, it cannot fully
serve as the evidence base for clinical diagnosis. Fur-
ther monitoring of changes in skin manifestations
related to COVID-19, the accumulation of clinical
cases, and experience in order to analyze their diag-
nostic and prognostic significance are essential.
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Takotsubo Syndrome in a Young Man

Abstract

Takotsubo syndrome is a transient left ventricular myocardial dysfunction, which is a ballooning of the cardiac
apex and the middle part, accompanied by simultaneous hyperkinesia of the basal segments of the left ventricle
with no hemodynamically significant coronary artery stenosis. It is believed that catecholamines that cause the
spasm of coronary arteries, myocardial stunning, and have an additional cardiotoxic effect, play a central role in the
development of takotsubo syndrome. The first description of takotsubo syndrome was published 30 years ago by
Japanese cardiologist H. Sato et al. and was called stress-induced cardiomyopathy. Subsequently, it turned out that
not only psychoemotional but also physical factors lead to takotsubo syndrome; this fact increases the significance
of this disease. Clinical signs of this syndrome are similar to acute coronary syndrome, but coronary angiography
reveals no changes, and there are rapid positive echocardiographic changes. It is known that up to 90% of patients
with takotsubo syndrome are postmenopausal women. This case study demonstrates development of this disease in
a young man. The patient, 40 years, after psychoemotional stress, has typical clinical signs of acute coronary syndrome
with ST elevation complicated by acute left ventricular failure. Examination showed no angiographic signs of coronary
artery disease, normal troponins, a significant increase of N-terminal propeptide of the natriuretic hormone. It was
noted that the extension of local contractility disorders, according to echocardiography, exceeds the areas of blood
supply of one coronary artery, as well as the presence of a circular lesion of apical and middle LV segments. Follow-
up echocardiography performed on the 3rd day from the onset of the disease revealed no hypokinesia areas, and LV
ejection fraction was normalized. The discussion of this case includes the evaluation of the conformity of the signs of
the disease with diagnostic criteria for takotsubo syndrome established by the European Society of Cardiology experts
in 2018. Analysis of the ECG of the patient is presented, which allows early differentiation of takotsubo syndrome from
anterior myocardial infarction.

Key words: takotsubo syndrome, clinical case
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Introduction

Takotsubo syndrome (TTS) is a transient left ven-
tricular myocardial dysfunction, which is a bal-
looning of the cardiac apex and the middle part,
accompanied by simultaneous hyperkinesia of the
basal segments of the left ventricle with no hemo-
dynamically significant coronary artery stenosis.
Translated from Japanese, “takotsubo” is an octo-
pus trap, which is a ceramic pot with a round base
and a narrow neck (“taco” is an octopus, and “tsubo”
is a pot). The left ventricle acquires such a shape in
systole due to the transient spherical ballooning of
the apical and middle segments and hyperkinesis
of the basal segments (Fig. 1).

It is believed that catecholamines that cause the
spasm of coronary arteries, myocardial stunning,
and have an additional cardiotoxic effect play
a central role in the development of TTS. [1, 2].
The first description of T'TS was published 30 years
ago by Japanese cardiologist H. Sato et al. and was
called stress-induced cardiomyopathy. Subsequent
descriptions of this syndrome usually emphasize
its association with negative psychoemotional fac-
tors, which was reflected in the description of TTS
as “broken heart syndrome”. Events that contribute
to TTS include the death or severe illness of close
ones, disasters (earthquake), financial losses, law-
suits, relocation, disputes, public speaking, suicidal

A

attempts. The disease is much less often caused
by a happy event (the so-called “happy heart syn-
drome”). Recent results of studying this disease
show that physical factors contribute to TTS even
more often than psychoemotional ones. Physical
triggers include: gastrointestinal bleeding, cocaine
use, electropulse therapy, overdose of insulin and
beta-adrenergic agonists, surgical intervention,
general anesthesia, subarachnoid hemorrhage,
thyrotoxicosis, chronic obstructive pulmonary dis-
ease, acute cholecystitis, severe pain (pneumotho-
rax or hepatic colic), stress test (dobutamine stress
test), withdrawal symptoms (alcohol, opiates). Due
to the large number of physical factors that can
lead to acute myocardial ballooning, it was pro-
posed to define all variants of TTS due to physical
factors as secondary T'TS, while the classic develop-
ment of this disease due to psychoemotional stress
was described as primary TTS [3].

The prevalence of T'TS in the Russian Federation
is unknown. The International Expert Consen-
sus Document on TTS published in 2018 noted
that the prevalence of this syndrome is 1-3% of
all hospitalizations with suspected acute myocar-
dial infarction with ST elevation; among female
patients, cases of T'TS can reach 5-6%. Postmeno-
pausal women account for 90% of cases of TTS [2].
Clinical signs of TTS are similar to the symptoms
of acute coronary syndrome (ACS), but coronary

b

Figure 1. A — a pot for catching octopuses (takotsubo); B — left ventriculography: apical and middle ballooning

of the left ventricle in systole (adapted from [2]).

231



232

ANALYSIS OF CLINICAL CASES

The Russian Archives of Internal Medicine @ Ne 3 e 2020

angiography reveals no hemodynamically signifi-
cant coronary artery stenosis, and rapid positive
echocardiographic changes are noted. Symptoms
of acute heart failure may prevail in clinical evi-
dence, syncopal conditions and life-threatening
cardiac arrhythmias are less common. The idea of
favorable prognosis for TTS is not as unequivocal
as it was before. It turned out that the mortality rate
for T'TS can reach 4-5% in the acute phase, which
is comparable to the mortality rate for acute myo-
cardial infarction with ST elevation in the case of
successful revascularization 2, 3].

Clinical Case

Here we describe a case study of T'TS in a young
man. Patient G. 40 years, became seriously
ill early morning on 01.10.2019 when he felt
sudden intense tearing retrosternal pain (feeling
of “a stake driven into the chest”) irradiating in the
right shoulder and accompanied by a feeling of
death anxiety, panic, trembling, and cold sweat.
Along with the pain, he felt suffocation, which
intensified in the supine position. He had suf-
fered psychoemotional stress (quarreled with his
wife) the night before. Due to persisting pain syn-
drome and shortness of breath at rest 5 hours from

the onset of symptoms, the patient sought medi-
cal attention. Electrocardiogram (ECG) revealed
ST elevation was in leads I, II, AVL, V2-V6 with
maximum elevation in V2-V3, and high, pointed
T waves in V2-V3 (Fig. 2).

Physical examination: skin of normal color and
moisture, orthopnea position, respiratory rate
25 per minute, blood pressure 150 and 90 mm
Hg, heart rate 80 per minute. Taking into account
the typical attack of angina and ECG data, the
emergency physician diagnosed him with “ACS
with ST elevation”; the patient was hospitalized
at the central regional hospital. Repeated sublin-
gual administration of nitroglycerin had no effect.
Pain and dyspnea were managed by intravenous
administration of narcotic analgesics. Thrombo-
lytic treatment with alteplase was performed at a
dose of 100 mg (15 mg IV push, then 50 mg drip
for 30 minutes, and 35 mg during the following
hour). Anticoagulant treatment with enoxaparin
(intravenous bolus injection 30 mg), double anti-
platelet therapy (loading doses of acetylsalicylic
acid (250 mg) and ticagrelor (180 mg), p blockers
(metoprolol succinate 25 mg per day), statins (ator-
vastatin 80 mg per day), inhibitors angiotensin
converting enzyme (ACE) (zofenopril 15 mg per
day). Despite positive clinical changes, ECG after

Figure 2. On ECG: ST elevation in leads 1, 11, AVL, V2-V6 with maximum elevation in V2-V3, ST depression
in AVR, high, pointed T waves in V2-V3, incomplete right bundle branch block (QRS 010 s), QTc 0.42 s
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thrombolysis showed persistent ST elevation and a
high T wave; no ECG changes typical for effective
thrombolysis were observed within two hours. Thir-
teen hours after the onset of the disease, the patient
was transported in the Regional Clinical Hospital
(Saratov) for coronary angiography and percuta-
neous coronary intervention.

The patient complained of general weakness on
admission. Medical history showed that the patient
had previously handled physical activity satisfac-
torily; he had never complained of retrosternal
pain and shortness of breath. Cardiovascular risk
factors for this patient included a long history of
smoking: he had been smoking 10 cigarettes per
day for 20 years (smoking index is 10 pack-years).
Blood pressure did not exceed 120 and 80 mm Hg.
No family history of early development of cardiovas-
cular diseases. Serum glucose and cholesterol were
not controlled before. On admission, the patient’s
condition was assessed as moderately severe. Skin
was of normal color and moisture. Body mass index
23 kg/m? waist 70 cm. Blood pressure 105 and
70 mm Hg, heart rate 75 per minute. During aus-
cultation, heart rhythm was regular, weak S1 at
the apex is noted (S1/S2 ratio 1:1), no pathologi-
cal murmurs detected. Respiratory rate was 18 per
minute, harsh breathing in lungs, no rales. Oxygen

saturation 98%. No abnormalities were found in
other organs and systems.

ECG recorded 13 hours after the onset of the dis-
ease revealed that the abovementioned changes
persisted with the same intensity. Echocardiogra-
phy (Echo-CG) revealed an extensive abnormal
local contractility, which significantly exceeded
the area of blood supply of one coronary artery.
Apical hypokinesia, circular lesion of apical (ante-
rior, septal, lower, lateral) and middle (anterior,
anterior septal, lower septal, lower, lower lateral,
anterolateral) segments, of three basal (anterior,
anterior septal, lower septal) segments of left ven-
tricle were found. Therefore, local contractility
disorders were identified in 14 LV segments out
of 17; only 3 basal segments had no hypokine-
sia: lower, lower lateral and anterolateral. There
was also decreased global contractility of the
left ventricle (ejection fraction 39% (according
to Simpson method)), slightly increased systolic
pressure in the pulmonary artery (35 mm Hg),
increased final systolic dimension of the left ven-
tricle (4.0 mm, normal up to 3.7 mm). Emergency
selective right and left coronary angiography
(01.10.2019) performed 14 hours after the onset
of the disease revealed coronary arteries with no
angiographical changes (Fig. 3).

Figure 3. Selective right (A) and left (B) coronary angiography: coronary arteries with no angiographical
changes
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Triplicate test for biochemical markers of myo-
cardial necrosis showed no abnormalities: cre-
atine phosphokinase (CPK) 57.1-58.7-57.2 U/L
(N 26-174 U/1); CPK MB 11.7-10.7-11.2 U/1 (N
up to 24 U/1); troponin 1 0.004-0.003-0.004 ng/ml
(N up to 0.05 ng/ml). Blood biochemistry revealed
a significant increase of C-reactive protein to
99 mg/ml (N up to 5 mg/ml) and N-terminal pro-
peptide of the natriuretic hormone to 536 pg/ml (N
up to 125 pg/ml). No abnormal lipid or carbohy-
drate metabolism was detected: total cholesterol was
4.5 mmol/l, low density lipoproteins 2.8 mmol/l,
high density lipoproteins 1.5 mmol/l, atherogenic
index 2.2, blood glucose 5.2 mmol/l.

Treatment was continued at the hospital: double
antiplatelet therapy (acetylsalicylic acid and
ticagrelor), anticoagulant therapy (enoxaparin
subcutaneously), p blockers (metoprolol succinate),
ACE inhibitors, statins.

Therefore, after psychoemotional stress, the patient
developed typical clinical signs of ACS accompa-
nied by acute left ventricular failure and severe
vegetative manifestations. However, the absence
of increased myocardial necrosis markers, coronary
arteries without angiographical changes in com-
bination with normal lipid profile, and no family
history of the early development of cardiovascular
diseases raised doubts over the presence of acute
coronary syndrome.
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Extended local contractility disorders according
to Echo-CG data, exceeding the blood supply
areas of one coronary artery, a circular lesion of
the apical and middle segments of the left ven-
tricle, coronary arteries without angiographical
changes, and the association of symptoms with
psychoemotional stress suggested the patient had
TTS. This assumption corresponded with the rapid
positive changes in Echo-CG parameters: on the
3rd day there were no areas of local myocardial
contractility disorders, the left ventricular ejection
fraction (Simpson’s method) increased to 58%,
normal sizes of cardiac cavities were restored, sys-
tolic pressure in the pulmonary artery normalized
(25 mm Hg). ECG results on the 7th day revealed
a decrease in the ST segment to the baseline and
normalization of the shape and height of the T
wave (Fig. 4).

Based on the obtained information, the patient
was diagnosed with primary takotsubo syndrome
complicated by acute left ventricular failure.
Therapy was adjusted: antiplatelet agents, anti-
coagulants, statins were discontinued, treatment
with ACE inhibitors (zofenopril 15 mg per day)
and P blockers (metoprolol succinate 25 mg per
day) was continued. Patient was discharged on the
(th day in satisfactory condition with recommen-
dations to continue taking the abovementioned
drugs in the same doses. During subsequent
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Figure 4. ECG on day 7. ST segment at baseline, amplitude of T wave within normal range, incomplete right

bundle branch block (QRS 0.10 sec), QTc 0.40 sec
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examinations a month and three months after
discharge, the patient had no complaints, no
retrosternal pain, and no dyspnea; he returned to
his usual physical activity.

Discussion

Since the publication of the first diagnostic cri-
teria in 2003, more than ten different diagnostic
criteria for T'TS based on local registers have been
proposed. The best known and most common
were the modified Mayo clinic criteria (USA),
2011 Approaches to the diagnosis of T'TS changed
as more information about the syndrome accumu-
lated. In 2018, experts from the Furopean Society of
Cardiology developed and published a Consensus
Document on TTS, which proposed international
diagnostic criteria for T'TS based on the most cur-
rent understanding of this disease [2]. The follow-
ing criteria were found in the patient described in
this case study: transient disorder of LV local myo-
cardial contractility that corresponds to the myo-
cardial areas supplied by more than one coronary
artery and often results in circular dysfunction of
LV segments; previous stress factor (emotional or
physical); first-time and reversible abnormalities
on the ECG (elevation or depression of ST, inver-
sion of T waves and/or increased duration of QTc);
clinically significant increase in the concentration
of natriuretic peptides during the acute phase of
this disease. The coronary arteries were without
abnormalities according to angiography. However,
according to the European Consensus Document,
at present, it is not a mandatory criterion for the
diagnosis of T'TS.

Changes in the ECG registered at the onset of the
disease in this patient resemble those in cases of
anterior myocardial infarction caused by occlu-
sion of the left anterior descending artery: ST ele-
vation in leads [, IT, AVL, V2-V6 and high, pointed
T waves in V2-V3. However, some characteristic
features that are not typical for myocardial infarc-
tion of this localization were revealed: the biggest
changes in V2-V3 with no ST elevation in V1,
ST depression in AVR, no reciprocal changes in
I, III, AVF. These changes in the ECG are con-
sidered to be the criteria that allow differentiating
anterior myocardial infarction with ST elevation

from TTS [4]. Existing differences in the ECG
pattern in cases of T'TS and anterior myocardial
infarction suggest TTS at the onset with charac-
teristic clinical signs and characteristic Echo-CG
findings. However, reliable differential diagnosis
of these conditions requires emergency coronary
angiography [2].

The development of TTS in the young man in
this case study is not typical for this disease since
older women are more susceptible to it [2]. There
is evidence in literature that the development of
TTS in men is more often preceded by physical
stress; higher levels of myocardial damage mark-
ers are detected, QT prolongation and ventricular
arrhythmias are more frequent and are associated
with higher mortality [5]. However, our patient had
none of these signs: the disease was preceded by
emotional stress, no increased myocardial necrosis
markers were found, no heart thythm disorders or
QTc prolongation were registered.

Conclusion

In conclusion, it should be noted that if the inter-
est of clinicians in TTS was previously primarily
due to the need for differential diagnosis with
ACS, today there is an understanding that T'TS is
an independent disease and has specific features
confirmed by magnetic resonance imaging of
the myocardium in T2 mode (myocardial hiber-
nation, signs of inflammation and myocardial
edema) [3]. The increasing accessibility of coro-
nary angiography for ACS, the wide range of ideas
about the variety of factors that contribute to TTS,
and the ambiguity of data on the outcome prog-
nosis require practitioners to be more informed
about this disease.
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Pulmonary Alveolar Proteinosis:
Case Report

Abstract

Pulmonary alveolar proteinosis is a rare disease caused by impaired surfactant clearance, and as a result, accumulation
of protein-lipid substance in alveoli. The presented case study demonstrates the characteristics of this disease — a
vague clinical pattern that does not correspond to the extensive changes in lung tissue detected via X-ray and computed
tomography, which resulted in the late diagnosis of this disease. Pulmonary alveolar proteinosis was confirmed
morphologically.

Key words: pulmonary alveolar proteinosis; diagnosis

BALF — bronchoalveolar lavage fluid, CT — computed tomography, DLCO — diffusing capacity of the lungs for carbon
monoxide (II), ERF — external respiration function, GM-CSF — granulocyte-macrophage colony-stimulating factor,
PaO, — oxygen partial pressure, PAP — pulmonary alveolar proteinosis, SaO, — oxygen saturation, TBAL — total

bronchoalveolar lavage, TO — thoracic organs, VTS — videothoracoscopy
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Pulmonary alveolar proteinosis (PAP) is a disease
caused by impaired surfactant clearance, and as
a result, the accumulation of protein-lipid sub-
stances in alveoli, which leads to impaired gas dif-
fusion and progressive respiratory failure [1].
Rosen S.H. et al. (1958) first described this disease.
The prevalence of PAP is 1-4 per 1 million popu-
lation. The typical age at the onset of the disease
is 30-50 years; the disease is less common in chil-
dren and elderly patients; the men-to-women ratio
is 2-3:1 [1].

There are three forms of PAP: congenital (genetic),
autoimmune (idiopathic) and secondary. The
genetic form results from mutations in genes that
encode the structure of surfactant proteins B and
C or B chain of granulocyte-macrophage colony-
stimulating factor (GM-CSF) receptor. The sec-
ondary form develops with underlying tumor
processes of various localization, severe immu-
nodeficiencies or due to inhalation damage to

L4

pulmonary parenchyma by inorganic dust or toxic
gas. In most cases (90%), PAP is autoimmune and
is characterized by the formation of antibodies
against GM-CSE.

The pathogenesis of alveolar proteinosis is based
on impaired surfactant metabolism, which is a
key component in alveoli, which prevents their
collapse at the end of exhalation by reduc-
ing surface tension. The process of surfactant
inactivation by its transition to surface inactive
substances is carried out by type II alveolocytes
and alveolar macrophages, and is controlled by
GM-CSF, which is a polypeptide cytokine. Anti-
bodies against GM-CSF bind and block the bio-
logical potential of the surfactant, which impairs
the interaction of GM-CSF with cell receptors.
As a result, target cells receive no signal for sur-
factant cleavage, which leads to its excess produc-
tion and accumulation in alveoli, which reduces
the gas exchange surface [1].
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This disease develops slowly. Its course can be
asymptomatic for a long time; X-ray of thoracic
organs can accidentally reveal the disease. The
principal clinical sign of PAP is slowly progress-
ing dyspnea accompanied by low-productive
cough, chest pain, rapid fatigue, sweating, and
weight loss. Most patients with PAP (53-85%)
smoke; many of them report occupational haz-
ards [2].

During pulmonary function (PF) test, most cases
showed ventilation disorders of the restrictive
type; 30% of patients showed no PF disorder. All
patients had impaired diffusion capacity of the
lungs, decrease in DLCO (diffusion capacity of the
lung for carbon monoxide) reached 40-50% [2].
X-ray scans of thoracic organs (TO) in patients
with PAP show symmetrical bilateral shadowing
primarily in perihilar and basal lung fields. There
is no correlation between X-ray data and clinical
signs — significant radiological changes may be
accompanied by vague clinical symptoms [3].
Computed tomography (CT) is the main method
for PAP diagnosis. It shows areas of GGO in both
lungs with distinct boundaries from unchanged
parenchyma; diffuse shadows are map-like, with
alternation of healthy and abnormal areas. The
thickening of interlobular septa in areas of GGO
results in a “crazy paving” pattern, which is typical
for PAP but does not have high specificity and sen-
sitivity [4].

Bronchoalveolar swabs are milky-opaque; cytology
results show amorphous masses with macrophages
having multiple PAS-positive vacuoles in their
cytoplasm [5].

Transbronchial and open lung biopsy reveal alveo-
lar cavities filled with PAS-positive granular mate-
rial; there were needle-shaped cholesterol struc-
tures, foamy macrophages, more intensely colored
oval bodies; interalveolar septa are usually thin, of
normal structure, and in some cases, their moder-
ate fibrosis is described [5].

The following is a case study of pulmonary alveolar
proteinosis.

Case Report

Patient M., 37 years old. In October 2019, he vis-
ited a local clinic with complaints of low-produc-
tive cough, feeling of chest congestion, tightness,

shortness of breath with moderate physical exer-
tion, and fatigue.

According to the patient, from 2016, he occasion-
ally complained of cough with mucous sputum,
chest congestion, weakness, and low-grade fever.
He sought medical attention with these complaints
in September 2016 for the first time; X-ray of TO
revealed community-acquired bilateral lower lobe
pneumonia. The patient was hospitalized; antibac-
terial therapy was carried out with a positive clini-
cal and radiological effect (according to the patient
and medical records).

In February—March 2017, complaints appeared
again: cough, a feeling of chest congestion. Accord-
ing to X-ray of TO, bilateral infiltration in the lower
parts of lungs was detected again. The patient was
hospitalized in the therapeutic department; anti-
bacterial therapy was performed. According to the
patient, he was discharged with clinical and radio-
logical improvement.

In 2017, the patient felt well; he noted an occa-
sional cough with mucous expectoration.

In May 2018, the patient visited a pulmonolo-
gist at a private clinic with complaints of dyspnea
when climbing to the 3th—4th floor and a feeling
of chest congestion and tightness. The patient was
provisionally diagnosed with asthma; combination
inhalation drugs were prescribed, but the patient
noticed no effect of their use and stopped treat-
ment on his own accord.

In February 2019, cough with sputum, dyspnea
and chest congestion increased, and weakness and
malaise appeared. X-ray again revealed infiltrative-
type bilateral changes in lung tissue. The patient
was treated for community-acquired pneumonia at
a private clinic. Due to the lack of significant clini-
cal and radiological changes, the patient under-
went CT of TO for the first time, which revealed the
thickening of interlobular septa of both lungs, as
well as multiple areas of lung tissue consolidation
with ground-glass appearance. At discharge, the
patient was recommended to consult a pulmonolo-
gist, but he did not follow these recommendations.
From anamnesis morbi: the patient smokes
15-18 cigarettes per day for 15 years, smoking
index is 12 pack/years, he has been working at a
bearing factory for 18 years, there are occupational
hazards in the form of contact with hydrocarbons.
No history of allergies.
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Physical examination results: General condition
is satisfactory. Skin is pale pink, no rash. Chest is
hypersthenic, symmetrical, both halves equally par-
ticipate in breathing. Respiratory rate — 18 breaths
per minute. Chest is painless on palpation, resis-
tant, vocal fremitus is equal in all lung fields. Per-
cussion sound over lungs without changes, aus-
cultatory decreased vesicular breath sounds, no
rales. Heart rhythm is correct, tones are clear. Pulse
78 beats per min. Blood pressure 130/80 mm Hg.
on both arms. Endocrine, digestive and urinary
systems within normal. No pathological findings
in CBC, common urinalysis, blood biochemistry.
No data for HIV, tuberculosis, autoimmune dis-
eases, neoplastic processes were obtained during
examination.

X-ray scan of TO (Fig. 1) revealed areas of bilat-
eral lung tissue infiltration with an underlying
increased pulmonary vascularity. CT of TO per-
formed in November 2019 (Fig. 2) revealed inter-
stitial changes in the form of map-like diffuse GGO,
thickened interlobular septa. Mediastinal and hilar
lymph nodes were not enlarged; the negative trend
was revealed compared to the images taken in
March 2019.

Changes in PF, oxygen saturation (SaO,) are
shown in Table 1. Fibrobronchoscopy revealed no
abnormality.

After examination together with a thoracic surgeon,
it was decided to perform videothoracoscopy (VTS).
In November 2019, VTS was performed with atyp-
ical resection of the upper lobe of the left lung and
biopsy of the mediastinal lymph node. Histological

Fig. 1. X-ray scan of TO reveals symmetrical
bilateral shadowing primarily in perihilar and basal
lung fields.

results: “an area of the lung with focal collection of
eosinophil granule substance in the lumen of alve-
oli”; cytological test result — “in scrape — masses of
structureless substance, macrophages.”

Samples were re-examined at the Federal State
Budgetary Institution “Pulmonology Research
Institute of the Federal Medical and Biological
Agency” (FSBI “Pulmonology Research Institute”,
FMBA of Russia) by A.L. Chernyaev, Dr. Med.
Sci., Prof. and M. V. Samsonova, Dr. Med. Sci. The
description was as follows: granular, eosinophilic
substance in the lumens of alveoli, interalveolar
septa are thin, of normal structure, starch gran-
ules are found; conclusion: pulmonary alveolar
proteinosis.

In January 2020, the patient was admitted to the
Pulmonary Department for further examination:
cardiac echocardiography revealed no pathology;
PF parameters decreased (Table 1). A 6-minute
walk test was performed: pulse before physical exer-
tion was 72 beats per minute, SaO, 95%; after phys-
ical exertion — 82 beats per minute, SaO, 92%, dis-
tance covered was 356 meters. Taking into account
significant dyspnea and limitation of physical
activity, therapeutic total bronchoalveolar lavage
(TBAL) was indicated; for this purpose the patient
was referred to the FSBI “Pulmonology Research
Institute”, FMBA of Russia.

Discussion

Alveolar proteinosis is a rare interstitial lung dis-
ease. According to loachimescu O. C. et al. (2006),
about 500 cases of this disease are described in lit-
erature. This disease is mainly found in men aged
30-50 years (this clinical case presents a man, aged
37 years). Clinical evidence varies greatly: from
asymptomatic to a rapidly progressing course.

The disease is often described as a separate noso-
logical form; in some cases, it is caused by a genetic
mutation in surfactant proteins, which results in
impaired surfactant production by type II alveolo-
cytes. Secondary PAP results from exposure to sev-
eral damaging factors that lead to dysfunction and
decrease the number of alveolar macrophages. Eti-
ological factors of secondary PAP include viral and
bacterial infections (mycobacteria, fungi, pneumo-
cysts), leukemia, lymphomas, immunosuppressive
conditions, including drug-induced conditions, etc.
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Fig. 2. Computed tomography of TO, March, February 2019 (A), October 2019 (B). There are interstitial
changes in the form of map-like ground-glass opacity across all lung fields.
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Table 1. Changes in clinical signs and instrumental findings

September March May/ February/ October/ January/
2016 2017 2018 2019 2019 2020
Body
temperature, 373 375 36.8 372 371 36.7
C
RR, min 18 20
Sa0,, % 95 93
PF % FVC 96% FVC 89% FVC 79%
0 FEV, 98% FEV, 88% FEV,, 83%
Community-  Community- Community-
acquired acquired acquired . Pulmonary
Diagnosis: bilateral bilateral Asthma bilateral Integsjcsl‘;fslelung alveolar
polysegmental  polysegmental polysegmental ! proteinosis
pneumonia pneumonia pneumonia

Note: RR — respiratory rate, SaO, — oxygen saturation, PF — pulmonary function, FVC — forced vital capacity, FEV, — forced expiratory

volume per 1 sec.

According to the literature, 39-48% of patients
with PAP face occupational hazards; there were
reports of cases of secondary PAP in workers of
plants for the extraction and processing of indium,
coal dust, and harmful gases [4]. The patient in the
clinical case also faced occupational hazards (con-
tact with hydrocarbons). In 70% of cases, alveolar
proteinosis is found in smokers (said patient is an
active smoker).

This case study was characterized by a wave-like
disease course with vague clinical signs in the form
of cough, malaise, fatigue, shortness of breath, and
a feeling of chest congestion. Bilateral infiltra-
tions that were repeatedly found on X-ray of TO,
together with the abovementioned complaints,
were considered as bilateral pneumonia; therefore,
the patient was hospitalized three times, and anti-
biotic treatment was performed. The first CT of
TO was performed 3 years after the first respiratory
symptoms in February 2019. The results described
bilateral interstitial changes, but the patient was
not examined further and was allowed to work with
occupational hazards.

The CT of TO in November 2019 revealed changes
that are typical for PAP: reticular changes, ground-
glass opacity, map-like distribution of shadowed
and healthy areas; however, given the vague clini-
cal evidence and no possibility of bronchoalveolar
lavage fluid (BALF) test, the patient underwent VTS
with biopsy. According to the literature, histological
results lead to a false conclusion in 20-30% of cases
[4]. In our study, the pathologist suspected alveolar
proteinosis, and this diagnosis was confirmed after

re-examining samples at the FSBI “Pulmonology
Research Institute”, FMBA of Russia.

Currently, the conventional method of managing
PAP is total bronchoalveolar lavage; this method
is indicated for patients with dyspnea at rest, with
partial oxygen pressure (PaO,) less than 65 mm
Hg, oxygen desaturation during a 6-minute walk-
ing test [1]. Symptoms improve in 85% of cases fol-
lowing TBAL. Results of retrospective data analysis
show an improvement in patient prognosis: 5-year
survival rate is 94% in the TBAL group compared
to 85% in the group without TBAL [1]. Prognosis
for PAP is unpredictable; spontaneous remission
is reported in less than 10% of patients. Accord-
ing to the study, which included 39 asymptomatic
patients with PAP, the condition remained stable
in 64% of patients, while the disease progressed
in 7% of cases [5]. Early diagnosis of the disease
and timely referral for TBAL are important for the
improvement of prognosis.

Conclusion

PAP is rare in medical practice and poses signifi-
cant challenges in diagnosis due to the absence
of pathognomonic clinical signs. In the course
of differential diagnosis, many etiological factors
and nonspecific symptoms with no significant
pathognomonic signs of the disease should be
considered. Under these circumstances, a detailed
study of patient history, laboratory, instrumen-
tal, morphological, and X-ray methods of investi-
gation is important, including timely computed
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tomography of thoracic organs for the purpose of
differential diagnosis with pneumocystic pneu-
monia, pulmonary tuberculosis, fibrosing alveoli-
tis, malignant neoplasms, etc. In the present case
study, about 3 years elapsed from the onset of the
disease to the diagnosis; bilateral polysegmental
pneumonia was repeatedly diagnosed, followed by
antibiotic treatment. Clinical signs of this disease
were nonspecific. However, the wave-like course
of the disease and the mismatch between mini-
mal clinical signs and the significant radiological
changes in lung tissue caught the attention of clini-
cians and helped avoid diagnostic errors.-
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