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The aim of the work was to identify the presence and strength of association between the use of anti-inflammatory genetically
engineered biological drugs and the development of secondary bacterial infections in COVID-19 patients.

Materials and methods. We used 1 296 medical records of patients hospitalized in the infectious diseases hospital of the
Volgograd region with a diagnosis of COVID-19 in September 2020, March and September 2021, March, September and
November 2022, have been analyzed. A matched case-control study was performed with 275 pairs identical in gender,
age (*2 years), the severity of the lung damage according to computed tomography / chest X-ray, a COVID-19 outcome,
concomitant carbohydrate metabolism disorders. Patients with the signs of the secondary bacterial infection (leukocytes
>12x109/I, procalcitonin =0.5 ng/ml and/or viral-bacterial pneumonia according to the autopsy data) were presented as
a case. The “control” group included patients without signs of any bacterial infection (leukocytes <11x109/I, procalcitonin
<0.5 ng/ml, no description of clinical signs of the bacterial infection in the medical record during the hospitalization). The
prescription of 6 anti-inflammatory genetically engineered biological drugs (tocilizumab, sarilumab, olokizumab, levilimab,
netakimab, secukinumab) has been studied for these groups.

Results. The use of any anti-inflammatory genetically engineered biological drug was associated with the development
of the secondary bacterial infection signs (OR=2.41; 95% Cl: from 1.54 to 3.77; p <0.001): for levilimab, the OR was
3.44 (95% Cl: from 1.64 to 7.23; p <0.001), for tocilizumab — OR=1.75 (95% ClI: from 0.73 to 4.17; p=0.201), for olokizumab —
OR=1.28 (95% Cl: from 0.81 to 2.03; p=0.292).

Conclusion. Among the three drugs (tocilizumab, olokizumab, levilimab), the Russian biosimilar olokizumab, a monoclonal
antibody to circulating interleukin-6, has shown itself as the safest drug in terms of preventing the secondary bacterial
infection signs. Further studies of developing bacterial complications risk in COVID-19 patients receiving anti-inflammatory
genetically engineered biological drugs are required.

Keywords: genetically engineered biological drugs; interleukin antagonists; COVID-19; tocilizumab; olokizumab; levilimab;
case-control study

Abbreviations: FO — fatal outcome; SBI — secondary bacterial infection; GEBDs — genetically engineered biological drugs;
ARDS - acute respiratory distress syndrome; CRP — C-reactive protein; OR — odds ratio; Cl — confidence interval; CT —
computed tomography; XR — X-ray.
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Lienb. BbiABUTb HanuMumMe W CTeNeHb BbIPAXKEHHOCTM CBA3M MeXAy NPMMEHEHWEeM MPOTUBOBOCMANNTENIbHbBIX FEHHO-
VHXXEHEPHbIX BUOIOrMYECKMX NPENapaToB 1 Pa3BUTMEM BTOPUYHbIX BaKTepuaibHbIX MHEKLMA Yy 6obHbIx COVID-19.
Martepuanbl u metogpbl. [MpoaHannsnpoBaHo 1296 meAMLMHCKUX KapT NaLMeHTOB, rOCNUTaZIM3UPOBAHHbIX C AUMArHO30M
COVID-19 B ceHTabpe 2020 roaa, mapTe, ceHTabpe 2021 roga, mapTe, ceHTAbpe 1 Hoabpe 2022 r. BbiNoAHEHO NUccaeaoBaHMe
«C/Iy4Yal-KOHTPO/IbY» C MCNOJ/b30BaHMEM meToaa nogbopa nap «matched case-control study» (275 nap), MAEHTUYHBIX MO
nony, Bo3pacty (+2 rofa), CTENEHU TAKECTU MOPAKEHUA NETKUX MO AAHHLIM KOMMbIOTEPHOW ToMorpadum / peHTreHorpadum
Nérkmx, wmcxogy COVID-19, conyTCTBYOWMMM HapyLIEHUAMU YIneBogHOro obmeHa. B KayecTBe «ciyyaa» Obiauv
NPeACTaBAeHbl MaLMEHTbI C MPU3HAKaMM BTOPUYHOM BaKkTepuanbHOWM MHdEKLMM (Mo NoKasaTenam: nerkounTbl 212x109/n,
NPOKaNbLUUTOHMH 20,5 HIr/MA 1/van BUpPycHO-6aKTepUanbHaA MHEBMOHMA MO AaHHbIM ayTOMNCKMK). B KauyecTBe «KOHTPONSA»
6blIM MauuMeHTbl 6e3 Mpu3HakoB 6GakTepuasbHOW WHbEKUMM (nerikoumTbl <11x10°/n, npokanbuUTOHWMH <0,5 Hr/mn,
OTCYTCTBME OMUCAHWUA KAMHUYECKUX MPU3HAKOB HaKTepuanbHON MHPEKLMU B MEAULMHCKOM KapTe Ha NPOTAMKEHWWU BCen
rocnutanusaumm). Ona yKasaHHbIX TPynn UCCNefoBasM HasHAYeHUs 6 MPOTMBOBOCMANIUTENIbHBIX TE€HHO-UHMKEHEePHbIX
b6uonormnyeckmx npenapatos (TMBM): Tounnnsymab, capnaymab, onokMsymab, neBunmmab, HeTakMumab, CeKyKMHYmab.
Pe3synbratbl. [pumeHeHune ntoboro npotusocnanutenbHoro MBI 6bl10 acCOUUMMPOBAHO C NOABAEHMEM MPU3HAKOB
BTOPUYHOWN BakTepuanbHou MHobekumn (OLWL=2,41; 95% AW ot 1,54 no 3,77; p <0,001): gna nesunumaba OLU coctaBmno
3,44 (95% AU ot 1,64 po 7,23; p <0,001), ana Toumnmsymaba — OLW=1,75 (95% AU ot 0,73 po 4,17; p=0,201), ana
onokmsymaba — OLL=1,28 (95% M ot 0,81 po 2,03; p=0,292).

3aknoueHune. Cpean Tpéx npenapaTtoB (Touunnsymab, onokusymab, nesunnmab) Hambonblielr 6e30MacHOCTbO B
OTHOLLEHUM NpeaynpexaeHUa MPU3HAKOB BTOPUYHOM bGaKTepuanbHOM MHPeKLMU b6bla npenapat onokusymab. Crout
OTMETUTb, YTO TpebyeTca AasibHelLee U3yYeHNe PUCKa Pa3BUTUA BaKTepUuanbHbIX OCNIOXKHEHUN Y NnaumeHToB ¢ COVID-19 Ha
doHe NpMmeHeHMA NpoTMBOBOCNaNUTENbHbIX TUBIT.

KnioueBble CnoBa: reHHO-UHMKeHepHble 6uonorMyeckme npenapatbl;
TOLMAM3YMab; 0/10KM3yMab; neBuAnmab; nccinesoBaHne «Cay4an-KoOHTPONbY
Cnucok coKpaleHuid: /I — netanbHbI ucxod; BEU — BTopuuyHan baktepmanbHan nHoekuma; TMBIN — reHHO-UHXeHepHble
6uonornyeckne npenapatbl; OPAC — ocTpblii pecnupaTopHblii guctpecc cuHapom; CPB — C-peaktuBHbIi 6enok; OLL —

QHTAroHUCTbl MHTepneliknHoB; COVID-19;

OTHOLEHMe WwaHcoB; U — noBepuTenbHbili MHTepBas; KT — KomnbioTepHas Tomorpadus; Pl — peHTreHorpadms.

INTRODUCTION

A variety of respiratory viruses often infect
people during their lifetime and may lead to bacterial
superinfections. Until recently, the influenza A virus has
been the most dangerous among the causative agents
of acute respiratory viral diseases [1]. A retrospective
analysis of the preserved histological samples from
the 1918 year AH1IN1 influenza pandemic led to the
conclusion that more than 95% of the fatal cases had
been directly associated with secondary bacterial
pneumonia [2]. About 70-80% of fatal cases of
the 1957-1958 influenza pandemic had been also
associated with bacterial pneumonia [3] and 29-55%
of patients who died in healthcare facilities from
influenza A (HIN1) during the 2009 outbreak, had signs
of bacterial infection [4].

At the end of 2019, the first cases of COVID-19
caused by a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), were reported in China.
At the beginning of the pandemic, the role of bacterial
complications of the new infection was raised [5].
B.J. Langford et al. in meta-analysis [6], which covered
3338 COVID-19 patients in 2020, studied the prevalence
of the bacterial infection of the respiratory tract

and/or bloodstream in patients with a confirmed
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COVID-19 diagnosis. Bacterial co-infections (less than
2 days from the admission to hospital) were detected
in 3.5% of COVID-19 patients, and secondary bacterial
infections (SBI; more than 2 days from the admission
to hospital) were detected in 14.3% of patients. More
than 70% of patients hospitalized with COVID-19 in
2020, received antibiotics [6].

W.H. Chong et al, in a meta-analysis of 2021 [7]
examined the prevalence of secondary bacterial and
fungal kinds of infection in hospitalized COVID-19
patients. The incidence of the secondary bacterial
pulmonary infection in the hospitalized was 16% (580
cases out of 3 633 patients). Only 9 of 49 included
studies had microbiology data. The most common
bacterial agents identified in the respiratory tract
sample cultures in the nine observational studies
reporting the type and incidence of the SBI, were

Klebsiella
Escherichia

Pseudomonas aeruginosa, species,

Staphylococcus  aureus, coli, and
Stenotrophomonas maltophilia. According to the studies,
60 to 100% of patients received antibacterial drugs [7].

According to J.M. Farrell et al, the true prevalence of
the bacterial concomitant and SBI in COVID-19 patients
may be higher because of the difficulties that arise in the

differential diagnosis of viral and bacterial pneumonia in
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real clinical practice, as well as the difficulties in collecting
respiratory samples from patients in quarantine [3].

As with influenza, SBIs may affect the prognosis
of COVID-19 patients. In a retrospective cohort study
including patients in Wuhan, China, F. Zhou et al. [8]
found that

pneumonia) were more common in fatal COVID-19

bacterial infections (bacteremia and
cases compared with recovered patients: 28/191 (15%)
patients had a culture-positive bacterial infection, and all
of these patients except one died. Half of the fatal cases
patients (27/54) had a bacterial co-infection, while only 1
case (1/137) of the recovered patients had a bacterial
co-infection [8]. Similar patterns of a high incidence
of bacterial infections among the deceased patients
have been reported in more recent studies [9, 10].

Recent studies have shown that an excessive
interferon production and an uncontrolled inflammation
are the main mechanisms which contribute to the
development of bacterial infections, regardless of the
type of a respiratory virus [1]. Compared to normal
mice, the genetically modified mice deficient in type |
interferon receptors, are more resistant to the
development of an acute respiratory distress syndrome,
bacterial pneumonia, or sepsis [11-13]. Thus, reducing
the risk of development and severity of a cytokine
storm, a characteristic complication of a new infection,
may lead to a reduced risk of not only ARDS but also of
a bacterial superinfection. However, anti-inflammatory
genetically engineered biological drugs (GEBDs) such as
tocilizumab, sarilumab, and others, used to prevent and
treat a cytokine storm in COVID-19, can cause infectious
complications due to the immunosuppression.

In patients with rheumatoid arthritis, the most
common adverse reactions to tocilizumab in preclinincal
and clinical trials

were upper respiratory tract

infections [14-16]. The rate of serious infections
during therapy with another interleukin-6 antagonist,
sarilumab, in one study in patients with rheumatoid
arthritis, was the same as the similar rate during the
therapy with tocilizumab, which makes it possible to
conclude that this adverse reaction is class specific [17].

A.l. Rutherford et al. [18], studied the rate of
serious infections among GEBDs to treat rheumatoid
arthritis based on the data from the British Society
of Rheumatology’s Rheumatoid Arthritis Biologicals
Registry. 19282 patients in  the

were included
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prospective observational cohort study. The incidence of
serious infections was 5.51 cases per 100 patient-years.
Compared with the tumor necrosis factor-alpha inhibitor
etanercept, tocilizumab had a higher risk of developing
serious infections (adds ratio [OR]=1.22; 95% confidence
interval [CI] 1.02-1.47). A 30-day mortality rate due
to serious infections in patients with rheumatoid
arthritis receiving biological therapy was 10.4%
(95% Cl 9.2-11.6%) [18]. In COVID-19 patients,
SBIs may be associated with biologic drug therapy
and affect the prognosis of COVID-19 considering the
mechanism of the drugs action and the data obtained
in patients with rheumatoid arthritis.

THE AIM was to identify the presence and strength
of the association between the use of anti-inflammatory
biological drugs and the development of secondary
bacterial infections in COVID-19 patients to assess the
safety of biological therapy.

MATERIALS AND METHODS

Study design

A single-center retrospective observational matched
case-control study was conducted. Medical records
of the patients hospitalized in the infectious disease
departments of City Clinical Hospital No. 3 in Volzhsky,
the Volgograd Region (Russia), with a confirmed PCR or
a presumptive COVID-19 diagnosis during the periods
of maximum hospitalization rate — in September 2020,
March, September 2021 and March, September and
November 2022 — were selected for the analysis. These
patients were to stay in hospital for at least 5 days
(1 296 patients). The “cases” were patients with the
signs of the bacterial infection (leukocytosis >12x109/I

with a left shift in the white blood cell count,
procalcitonin  20.5 ng/mL, and/or a description
of viral-bacterial pneumonia according to the

autopsy data) appeared more than 48 hours after
The
selected if the white blood cell count was <11x109/I,

the admission to hospital. “controls” were
procalcitonin <0.5 ng/mL throughout the hospitalization,
and there was no description of clinical signs of a bacterial
infection in the medical record. For each patient with
the SBI signs (a “case”), a pair was selected in a 1:1 ratio
among the patients without bacterial infection signs (a
“control”), matching the “case” in terms of gender, age

(+2 years), a degree of the lung damage (none / 1-2 / 34
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degrees according to the computed tomography (CT) or
chest X-ray data), the outcome (recovered / died), and
the presence / absence of carbohydrate metabolism
disorders (Fig. 1). In the presence of several “cases”
and/or “controls” matching in all parameters, the pairs
were selected using a random number generator.

In medical records of 1 296 patients, 77 had data
on possible SBlIs in the first 48 h after the hospital
admission; 73 had no data to confirm or exclude possible
bacterial infections; 245 patients had changes in the
blood count during the systemic corticosteroid therapy
(leukocytosis 11-12x109/1). The data of these patients
were not included in the further analysis (see Fig. 1).
512 patient had SBI signs that appeared 48 h after the
leukocytosis >12x109/I,
procalcitonin 0.5 ng/ml and/or autopsy data (viral-

hospital admission (“case”):

bacterial pneumonia). In 389 patients, the white blood
cell count was <11x109/I, procalcitonin <0.5 ng/ml, and
there was no description of clinical signs of bacterial
infections in the medical record throughout their

IM

hospitalization (“control”). 275 pairs were matched for
gender (male / female), age (a deviation of +2 years
was allowed to achieve the required sample size), a
degree of the lung damage (none / 1-2 / 3-4 degrees
according to the CT or chest X-ray), the outcome
(“healthy” / “lethal”), and the presence / absence of
carbohydrate metabolism disorders from 512 “cases”
and 389 “controls”. The analysis of prescriptions was
performed for all patients in the “case” and “control”
groups. The prescription of 6 anti-inflammatory biological
drugs was identified: tocilizumab (Roche, Switzerland);
(Sanofi,

Russia); levilimab (Biocad, Russia); netakimab (Biocad,

sarilumab France); olokizumab (R-Pharm,
Russia); secukinumab (Novartis, Switzerland). One of
the criteria for the use of anti-inflammatory GEBDs
was the absence of bacterial infection / sepsis signs in
patients before the drug administration, which was
confirmed by analyzing the medical records of patients

with SBI.

Eligibility criteria

The patients met the following inclusion criteria:
the age over 18 years; an informed consent of the
patient for the participation in the study and a
publication of personal medical information signed
on the day of hospitalization; a confirmed COVID-19

212

diagnosis; an inpatient treatment for at least 5 days;
no clinical bacterial infection signs in the first 48 hours
of hospital stay. The patients’ non-inclusion criteria
in the study were clinical signs of a bacterial infection
in the first 48 hours of hospital stay (77 patients), no
blood count or procalcitonin results on the 5" and
subsequent days after the prescribed pharmacotherapy
(73 patients). The exclusion criteria from the study were
as follows: leukocytosis 11-12x109/1 on the 5% and
subsequent days after the prescribed pharmacotherapy
(245 patients).

Conditions and duration of the study

The study was conducted from January 2022 to May
2024 at the Department of Clinical Pharmacology and
Intensive Care of Volgograd State Medical University
(Volgograd, Russia).

Ethical approval

The study was performed in accordance with
the ethical principles of medical research involving
human subjects set out in the WMA Declaration of
Helsinki. The study was approved by the Local Ethics
Committee of Volgograd State Medical University
(Protocol No. 2021/085 dated 24 December 2021).
All patients had an informed consent for the use and
publication of personal medical information for scientific
purposes in their medical records, signed on the day of
hospitalization.

Statistical processing

The minimum sample size for the matched case-
control study was calculated using an online calculator®.
A statistical power of 95% for the expected OR of
2.0, an error probability of less than 5.0%, and an
expected proportion of the “exposed” individuals
among “controls” of 15% (half of the average frequency
of the inpatient GEBDs use) was achieved when
reaching the sample size of 272 pairs matched 1:1
(544 individuals).

Parametric and nonparametric statistics methods
were used using the STATISTICA v10.0 software package
(StatSoft Inc., USA), Microsoft Excel 2010 for Windows,

and a statistical software for epidemiology developed by

1 sampsize.sourceforge.net. Available from:

sourceforge.net/iface/s3.html

http://sampsize.
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the US Centers for Disease Control and Prevention
Epi Info™ Version 7.22. Quantitative characteristics (age,
bed-days, percentage of the lung damage, laboratory test
data) corresponded to the normal distribution according
to the Shapiro-Wilk criterion. They were described as
the arithmetic mean (M) + standard deviation (o), and
the statistical significance between the study groups
according to these characteristics was tested using
the Student’s t-test. Qualitative characteristics were
described using absolute values (n) and proportions (%),
and the statistical significance between the study groups
according to these characteristics was tested using the
Pearson’s x? criterion. The relationship between the
appearance of SBI signs and the use of biological therapy
was determined based on OR and a 95% Cl. In a case-
control study with the use of the matched pair method,
the number of pairs in which the risk factor (use of any
or a specific biological drug) was present in both the case
and the control (case+, control+), the number of pairs in
which the risk factor was present only in the case (case+,
control-), the number of pairs in which the risk factor
was present only in the control (case-, control+), and
the number of pairs in which the risk factor was absent
(case-, control-) were determined [19]. The significance
of the difference between the case and control groups
in the matched case-control study was determined
using the McNemar test. A difference of p <0.05 was
considered statistically significant.

RESULTS

Study participants

Among the patients with SBI signs, the rate of
men and individuals with a concomitant hypertension
who had suffered a myocardial infarction or stroke,
was higher compared to the patients with no signs of
infection (Table 1).

Patients with SBI signs had a longer period of
hospitalization, ahigherrate ofthelungdamageaccording
to CT and/or X-ray data, and a higher mortality rate (OR
for mortality 5.64; 95% Cl from 3.54 to 8.98). In the
structure of the main drugs used to treat COVID-19, the
differences were revealed. Thus, patients with SBI signs
received antiviral drugs less often and were prescribed
systemic corticosteroids and antibiotics upon admission

to hospital more often. No significant differences in the

2 Epi Info™. Available from: https://www.cdc.gov/epiinfo/index.html
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age of patients with and without SBI signs were found
(see Table 1). The use of the pair matching method
eliminated the differences between the case and control
groups in the main matching indicators: gender, a
degree of the lung damage and disease outcome, which
was accompanied by the elimination of the statistical
difference between the groups in comorbidities and the
structure of the main drugs used (Table 2). However, the
average number of hospital days and the rate of the lung
damage were significantly higher in the case group and
after pair matching. In patients with signs of nosocomial
infections, both initially and after pair matching, the
maximum values of leukocyte levels, procalcitonin, and
CRP were higher (Tables 1 and 2).

Assessment of the probability of detecting

the prescription of anti-inflammatory GEBDs

in patients with SBI signs

The prescription of at least one anti-inflammatory
biologic drug was found in 38.2% (196/512) of patients
who subsequently developed SBI signs (case group)
and in 26.2% (102/389) of patients without signs of
infection throughout their hospitalization (control
group). Fourteen patients in the case group and four
patients in the control group received two different anti-
inflammatory biologic drugs one by another. Among the
anti-inflammatory biologic drugs, olokizumab was most
frequently prescribed — 173/316 prescriptions (54.7%),
levilimab — 84/316 (26.6%), and tocilizumab — 49/316
(15.5%). 7 patients received Sarilumab, 2 patients —
netakimab, and 1 patient — secukinumab (Table 3).

It was possible to match “control” identical in gender,
age (2 vyears), severity and outcome of COVID-19,
the presence or absence of carbohydrate metabolism
disorders for 53.7% of “cases” due to the high frequency
of SBI signs in the patients hospitalized with COVID-19.
The largest number of “cases” for which it was not
possible to match a pair were noted among the youngest
or the oldest patients. It was not possible to find a pair
for patients receiving netakimab and secukinumab, and
the frequency of a sarilumab prescription was too low to
calculate the OR (Table 4). The probability of detecting
the prescription of any anti-inflammatory GEBD and
levilimab was significantly higher in patients with SBI
signs both in the classic case-control study (Table 3) and
in the matched case-control study (Table 4).
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Total (n=1296; bed-days >5) Excluded:
Hospitalization periods: 77 (9%) — concomitant bacterial infection
September 2020; March, September 2021; (<48 h); 73 (5.6%) — no data;
March, September and November 2022 245 (18.9%) — leukocytes 11-12x109/I

Vv

Y v

Case group 512 (39.5%) —
secondary bacterial infection (>48 h)
leukocytes 212 x109/I, procalcitonin 20.5 ng/ml,
and/or autopsy data (VBP)

Control group 389 (30.0%) —
leukocytes <11x109/I, procalcitonin <0.5 ng/ml,
no clinical signs of bacterial infection

275 matched pairs
(gender, age (£2 years), degree of lung damage
(no/1-2/3-4 degrees according to CT or XR of the lungs), outcome
(recovered/died), disorders of carbohydrate metabolism

GEBs: tocilizumab, sarilumab,
olokizumab, levilimab, netakimab,
secukinumab

Figure 1 — Study design

Note: VBP — viral-bacterial pneumonia; CT — computed tomography; XR — X-ray; GEBDs — genetically engineered biological drugs.

Table 1 - Initial characteristics of patients

Indicator “case” (n=512) “control” (n=389)

Signs of bacterial infection present absent

Men / Women, n (%) 211/301 (41.2/58.8)  120/269 (30.8/69.2) 0.002
Age, years, Mto 65.5£14.6 64.7+15.9 0.432
Bed-days, Mto 15.3%7.5 12.1+5.6 <0.001
Percentage of lung damage, Mto 44.8423.1 29.5+23.5 <0.001
Lung damage 35/253/224 93/224/72 <0.001

nho / CT(XR)1-2 / CT(XR)3—4, n (%)
Recovered / died, n (%)

(6.8/49.4/43.8) (23.9/57.6/18.5)
378/134 (73.8/26.2) 366/23 (94.1/5.9)  <0.001

Hypertension, n (%) 366 (71.5) 252 (64.8) 0.032
Atrial fibrillation, n (%) 74 (14.5) 43 (11.1) 0.133
History of myocardial infarction, n (%) 55 (10.7) 25 (6.4) 0.025
History of stroke, n (%) 22 (4.3) 20 (5.1) 0.552
Disorders of carbohydrate metabolism, n (%) 166 (32.4) 114 (29.3) 0.317
White blood cells10°/1, Mo 17.046.2 8.3+1.8 <0.001
Procalcitonin, ng/ml 2.1+8.2 0.2+0.2 <0.001
CRP mg/ml, Mzg, 164.2+162.3 76.4+111.8 <0.001
Antiviral drugs, n (%) 201 (39.3) 220 (56.6) <0.001
Systemic corticosteroids, n (%) 478 (93.4) 337 (86.6) <0.001
Anticoagulants, n (%) 501 (97.9) 376 (96.7) 0.271
Antibiotics on admission, n (%) 307 (59.9) 172 (44.2) <0.001

Note: * — maximum value in the medical record during hospitalization, p — Student’s t-test for quantitative characteristics, Pearson’s x2 test for
qualitative characteristics, M — arithmetic mean, o — standard deviation, CT — computed tomography, chest XR — chest X-ray, CRP — C-reactive

protein; p <0.05 are highlighted in bold.
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Table 2 — Initial characteristics of patients’ matched pairs
Indicator “case”(n=275) “control” (n=275)
Signs of bacterial infection present absent o
Men / Women, n (%) 91/184 (33.1/66.9) 91/184 (33.1/66.9) 1.000
Age, years, Mto 66.3+13.9 66.2+13.9 0.898
Bed-days, Mto 16.0+7.1 12.445.5 <0.001
Percentage of lung damage, Mto 39.1+21.6 35.0+£21.9 0.035
Lung damage 19/184/72 19/184/72 1.000
no / CT(XR)1-2 / CT(XR)3—4, n (%) (6.9/66.9/26.2) (6.9/66.9/26.2)
Recovered / died, n (%) 253/22 (92.0/8.0) 253/22 (92.0/8.0) 1.000
Hypertension, n (%) 199 (72.4) 180 (65.5) 0.079
Atrial fibrillation, n (%) 37 (13.5) 32 (11.6) 0.520
History of myocardial infarction, n (%) 23 (8.4) 20(7.3) 0.634
History of stroke, n (%) 9(3.3) 17 (6.2) 0.108
Disorders of carbohydrate metabolism, n (%) 77 (28.0) 77 (28.0) 1.000
White blood cells10°%/I, M+o 16.615.8 8.4+1.8 <0.001
Procalcitonin, ng/ml 1.5+4.9 0.2+0.2 0.006
CRP mg/ml, M+g, 148.3+151.5 82.1+109.6 <0.001
Antiviral drugs, n (%) 117 (42.5) 138 (50.2) 0.073
Systemic corticosteroids, n (%) 257 (93.5) 252 (91.6) 0.417
Anticoagulants, n (%) 272 (98.9) 268 (97.6) 0.202
Antibiotics on admission, n (%) 142 (51.6) 122 (44.4) 0.088

Note: * — maximum value in the medical record during hospitalization, p — Student’s t-test for quantitative characteristics, Pearson’s x2 test for
qualitative characteristics, M — arithmetic mean, o — standard deviation, CT — computed tomography, chest XR — chest X-ray, CRP — C-reactive
protein; p <0.05 are highlighted in bold.

Table 3 - Probability of detecting the prescription of anti-inflammatory genetically engineered
anti-inflammatory drugs in patients with signs of secondary bacterial infection

“case” “control”
Risk factor (n=512) (n=389) OR 95% Cl p

+ - + -
All GEBDs 196 316 102 287 1.75 1.31 2.33 <0.001
Tocilizumab 33 479 16 373 1.61 0.87 2.96 0.126
Sarilumab 6 506 1 388 4.60 0.55 38.37 0.121
Olokizumab 107 406 66 323 1.29 0.92 1.81 0.142
Levilimab 61 451 23 365 2.15 1.30 3.54 0.002
Netakimab 2 510 0 389 - - - -
Secukinumab 1 511 0 389 - - - -

Note: Pearson 2 p-test, GEBDs — genetically engineered biological drugs, OR — odds ratio, Cl — confidence interval, OR and p <0.05 are highlighted
in bold.

Table 4 - Probability of detecting the prescription of anti-inflammatory genetically engineered
anti-inflammatory drugs in patients with signs of secondary bacterial infection in matched pairs

Number of matched pairs exposed (+)

S ) and not exposed (-) to a risk factor

«case» + + - - oL il P
«control» + = + —

All GEBDs 45 65 27 138 241 1.54 3.77 <0.001
Tocilizumab 2 14 8 251 1.75 0.73 4.17 0.201
Sarilumab 0 2 1 272 - - - -
Olokizumab 22 41 32 180 1.28 0.81 2.03 0.292
Levilimab 2 31 9 233 3.44 1.64 7.23 <0.001

Note: McNemar p-test, GEBDs — genetically engineered biological drugs, OR — odds ratio, Cl — confidence interval, OR and p <0.05 are highlighted
in bold.
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DISCUSSION

Despite the fact that COVID-19 is characterized
by a lower incidence of bacterial complications
compared to the influenza virus, the widespread use
of immunosuppressants to treat the cytokine storm
is associated with a higher risk of secondary bacterial
complications, as shown by the present study and some
others [20-22]. In a retrospective single-center cohort
study of 2020 [20] with a group selection in a 2:1 ratio
(74 patients received tocilizumab, 148 — standard
therapy), the use of tocilizumab in patients with a
severe and extremely severe COVID-19 was associated
with a lower mortality, but with a longer duration
of hospitalization. An increase in the duration of
hospitalization was associated by R. Rossotti et al.,
among other things, with the development of infectious
complications, which were observed in 32.4% of
patients receiving tocilizumab [20]. B. Minihan et al. [21]
based on a retrospective analysis of medical records
of patients hospitalized with a severe and extremely
severe COVID-19, concluded that serious bacterial
and fungal infections occurred among 41 patients
who had received tocilizumab compared with 33
patients who had received standard therapy (OR=2.67;
95% Cl 1.04-6.86; p=0.042). V. Moreno-Torres et al. [22]
studied the prevalence and risk factors for bacterial
infections in 1594 hospitalized COVID-19 patients.
Patients with a bacterial infection (135/1594) were
more likely to receive tocilizumab compared with
patients without signs of bacterial infection (40 vs.
16.9%, p <0.001) [21]. Not all the studies devoted to
the investigation of bacterial infections in COVID-19
patients, describe the diagnostic methodology for these
complications. However, in the study by V. Moreno-
Torres et al. [21], as in the present one, it was indicated
that in the individuals for whom bacteriological testing
was not possible, the criteria for confirming a bacterial
infection were neutrophilic leukocytosis and an increase
in procalcitonin levels.

Not all studies have detected a significant
association between the use of tocilizumab and bacterial
complications. Thus, in a retrospective cohort study with
matched groups 1:1 (59 patients received tocilizumab
therapy), no reliable differences in the incidence of
SBI and fungal infections were found out [23]. In the
present study, despite the fact that the rate of the use
of any GEBDs was higher in patients with SBI signs for
tocilizumab, this was not significant (Tables 3 and 4).

Tocilizumab is the first of the interleukin-6 receptor
blocking GEBDs; together with the biosimilar sarilumab,
it is included in the international recommendations for
the management of COVID-19 patients [24]. Most of
the data on the efficacy and safety of anti-inflammatory
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GEBDs were obtained for tocilizumab [20-24]. In
2020, two biosimilars, olokizumab and levilimab, were
approved for use in the Russian Federation and began
to be used as an alternative to tocilizumab. These two
GEBDs were most frequently used in the hospital under
study, but a significant link between the development
of SBI and the use of GEBDs was found out for only
levilimab. The target of olokizumab is interleukin-6
itself, the excess of which circulates in the blood
plasma during the development of a “cytokine storm”,
while levilimab, similar to tocilizumab and sarilumab,
blocks interleukin-6 receptors on immunocompetent
cells. Perhaps the difference in the mechanism of the
olokizumab action compared to other anti-cytokine
drugs — a blockade of a freely circulating interleukin-6
excess, and not its receptor, on immunocompetent cells,
causes a lower incidence of bacterial complications due
to the immunosuppressive therapy. This fact requires
a further study not only in COVID-19 patients, but also
in the patients with rheumatoid arthritis and other
systemic inflammatory diseases of the connective tissue.

Study limitations

The main limitation of the present study is common
to all case-control analyses compared to randomized
controlled trials: although the selection of an appropriate
control group seems effective, the possibility of selection
bias cannot be completely excluded. The retrospective
nature of the study also reduces the reliability of
observations, and the detection of SBI is based primarily
on clinical data rather than bacteriological examination
data. Most patients received empirical antibacterial
therapy upon admission to hospital, as a result of
which a bacteriological examination was not performed
or the results were uninformative, and procalcitonin
levels may have been underestimated due to the
immunosuppressant therapy, as shown in the study by
E.J. Kooistra et al. [25].

CONCLUSION

The use of any anti-inflammatory biological drug
was associated with the development of nosocomial
infection signs (OR=2.41; 95% Cl from 1.54 to 3.77;
p <0.001): for levilimab OR=3.44 (95% CI from 1.64 to
7.23; p <0.001), for tocilizumab — OR=1.75 (95% CI from
0.73 to 4.17; p=0.201), for olokizumab — OR=1.28 (95% ClI
from 0.81 to 2.03; p=0.292). According to the conducted
study, among the three drugs (tocilizumab, olokizumab,
levilimab), the Russian biosimilar olokizumab has
the greatest safety in relation to the development of
nosocomial infection signs. Further studies of the risks of
developing bacterial complications in COVID-19 patients
while using anti-inflammatory GEBDs, are required.
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