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RISK FACTORS FOR THE DEVELOPMENT 
OF PNEUMONIA IN PATIENTS
WITH IMMUNO-INFLAMMATORY
RHEUMATIC DISEASES RECEIVING
GIBP DURING COVID-19 PANDEMIC

A retrospective analysis of the database of the register of patients with immuno-inflammatory 
rheumatic diseases receiving treatment with biologic disease-modifying anti-rheumatic drugs in 
the Novosibirsk region was carried out, which included 318 patients, 94 of whom had indications 
of pneumonia during the period from 01.04.2020 to 31.12.2020.

There was a statistically significant increase in the risk of developing pneumonia over the age 
of 60 years and in patients receiving rituximab, while the therapy with TNF-α inhibitors significant-
ly reduced the risk of developing pneumonia.
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One of the severe manifestations of a 
new coronavirus infection is pneumonia. 
Pathological changes in the lungs in pa-
tients with COVID-19 are presented in the 
form of pulmonary edema, diffuse alveo-
lar damage with the formation of hyaline 
membranes, reactive hyperplasia of type 
II alveolocytes, protein aggregates, fibrin-
ous exudate, monocytic and macrophage 
infiltration of the alveolar spaces [19,20]. 
Immunohistochemical study revealed in-
filtration of the alveoli with CD68+ cells, 
CD20+B cells, and CD8+T cells [19]. 
The pathogenesis of the development 
of pneumonia is associated with the 
peculiarities of the virus to bind through 
the ACE2 receptor, about 83% of which 
ACE2 is localized on type 2 alveolocytes. 
After the penetration of the virus into the 
lung tissue, activation of macrophages 
and monocytes, activation of Th1 cells 
that produce GM-CSF and IL-6 occurs. 
GM-CSF, in turn, activates CD14+CD16+ 
monocytes to produce IL-6, TNF-α, etc. 
[18]. The cytokine storm in COVID-19 is 
characterized by overproduction of IL-6 
and TNF-α. SARS-CoV-2 activates NF-
κB and interacts with ACE2 on the cell 
surface, resulting in a decrease in ACE2 
expression followed by an increase in 
AngII. In addition to NF-κB activation, 
the type 1 angiotensin receptor axis can 
also induce the expression of TNF-α and 
the soluble form of IL-6Ra (sIL-6Ra). IL-6 
binds to sIL-6R to form the IL-6-sIL-6R 
complex, which can activate STAT3 [17]. 

Both NF-kB and STAT3 are able to acti-
vate IL-6 production. IL-6 not only binds 
to sIL-6R but can also bind to the mem-
brane-bound IL-6 receptor (mIL-6R), re-
sulting in a pleiotropic effect on adaptive 
and innate immune cells and the devel-
opment of a cytokine storm [16,17].

Interstitial lung disease is often found 
among patients with immuno-inflamma-
tory rheumatic diseases (IIRD), espe-
cially with rheumatoid arthritis, systemic 
sclerosis, polymyositis, etc., which often 
requires correction of antirheumatic ther-
apy, as well as the appointment of anti-
fibrotic drugs [3], while the X-ray picture 
according to computed tomography is 
similar to changes in the lungs with coro-
navirus pneumonia [11]. According to D. 
Galarza-Delgado et al. patients with IIRD 
who are on biological disease-modifying 
antirheumatic drugs (bDMARDs) are not 
susceptible to a more severe course of 
coronavirus infection, apart from patients 
treated with rituximab [7]. J. Loarce-Mar-
tos et al. also described a more severe 
course of coronavirus infection with a 
high risk of bilateral lung injury and mor-
tality among patients treated with ritux-
imab [14]. According to the analysis of 
the course and outcomes of a new coro-
navirus infection pursuant to the register 
of patients receiving bDMARDs, Russian 
colleagues discovered dependence of 
the severity of the course of COVID-19 
on age, comorbidities [5]. Previously, we 
also published the results of an anal-
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ysis of the outcomes of the course of 
COVID-19 among patients receiving bD-
MARDs in the Novosibirsk region, which 
demonstrated the effect of age on the se-
verity of the disease, as well as the use 
of rituximab [1].

Despite the data already available to 
date, the study of the risks of developing 
a severe course of coronavirus infec-
tion in patients on immunosuppression 
requires further study, in particular, the 
identification of risk factors for the devel-
opment of pneumonia in patients with an 
initially high risk of developing interstitial 
lung disease.

The purpose of the study is to exam-
ine the risk factors for the development 
of pneumonia in patients with immunoin-
flammatory rheumatic diseases receiving 
bDMARds

Materials and methods. A retrospec-
tive analysis of the database of the reg-
ister of patients with IIRD who received 
bDMARDs under the Territorial Program 
of State Guarantees of Free Medical As-
sistance to Citizens in the Novosibirsk 
Region was performed.

Patient information included demo-
graphics, medical history, disease activity, 
and therapy received. Data on COVID-19 
included clinical manifestations, laborato-
ry data confirming the diagnosis of a new 
coronavirus infection, and the outcome of 
the disease.

Statistical analysis. Statistical data 
processing was carried out on a person-
al computer using the NumPy, Pandas, 
SciPy, MatPlotLib and Seaborn libraries 
for the Python language. Analysis of the 
joint distribution of binary features was 
carried out using Fisher's exact test, and 
the odds ratio (OR) indicator was used as 
a quantitative assessment of risk change 
between groups. Comparison of quanti-
tative characteristics was performed us-
ing the Mann-Whitney test. The median 
and the values of the first and second 
quartiles were used to describe quan-
titative variables. The description of the 
qualitative features is given with the indi-
cation of the number of patients and their 
percentage in the corresponding group.

Results. The study included 318 pa-
tients with IIRD in the registry of patients 
receiving bDMARDs, 94 of which had 
symptoms of a new coronavirus infection 
(Table 1).

As it can be seen, the majority of the 
patients are women, while the distribution 
of diagnoses corresponded to the prev-
alence of nosologies in the population. 
The groups of patients who had a new 
coronavirus infection and those without 
COVID-19 did not differ in age, duration 
of the disease, or duration bDMARDs 

therapy. Most of them received therapy 
with the anti-B-cell drug rituximab, which 
is due to the predominance of rheumatoid 
arthritis nosology in the patient registry; 
,TNF-α inhibitors were in second place 
in terms of frequency of use, followed by 
IL-17A inhibitors, the smallest number of 
patients received IL-6 inhibitors and IL12 
/ 23 axis inhibitors. 

The diagnosis of a new coronavirus 
infection in the group of patients was es-
tablished according to the then-current 
"Interim Guidelines: Prevention, Diagno-
sis and Treatment of a New Coronavirus 
Infection (COVID-19)" of the Ministry of 
Health of the Russian Federation, ver-
sion 6-1 of 28.04.2020.

An analysis of the distribution of age-
sex and clinical characteristics of patients 
by the presence/absence of pneumonia 
showed that coronavirus pneumonia was 
more common in women (48%) than in 
men (37.5% of cases), while pneumonia 
was more common at an older age (medi-

an age was 53 years against 44). Among 
various nosologies, patients with RA 
were more likely to develop pneumonia 
(69% of cases). In the group of patients 
with proven pneumonia, more than half 
of the patients received glucocorticoids, 
while among bDMARDs, in the group of 
patients treated with rituximab, there was 
a high incidence of pneumonia (81% of 
cases).

To analyze the risk factors for the de-
velopment of pneumonia (Table 2), gen-
der, age of patients, duration of the dis-
ease, the diagnosis with which patients 
were observed, and the therapy received 
were analyzed. It was shown that age 
over 60 significantly increased the risk of 
developing pneumonia (OR = 7.44; p = 
0.006). At the same time, out of the an-
alyzed diagnoses, patients with ankylos-
ing spondylitis and psoriatic arthritis have 
a statistically significantly lower risk of 
developing pneumonia compared to pa-
tients with rheumatoid arthritis (OR=6.05, 

Clinical characteristics of patients with rheumatic diseases receiving bDMARDs

Parameters
Meaning

Without COVID-19 COVID-19
The number of patients, n 224 94
Age, years 49 (39.0; 59.0) 46.5 (38;56)
Sex, n (%)
	 Men
	 Women

78 (34.8)
146 (65.2)

24 (25.5)
70 (74.5)

Diagnosis
	 RA
	 AS
	 PsA
	 Other

133 (59.4)
71 (31.7)
12 (5.4)
8 (3.5)

49 (52.1)
29 (30.9)
12 (12.8)
4 (4.3)

Duration of disease, years 15 (7;21) 13 (7; 20)
DMARDs, n (%)
	 Methotrexate
	 Sulfasalazine
	 Leflunomide
	 Hydroxychloroquine
	 Glucocorticoids

150 (66.9)
50 (22)

30 (13.3)
10 (4.46)
10 (4.46)

68 (72.3)
42 (44.7)
11 (11.7)
9 (9.6)
8 (8.5)

14 (14.9)
Duration of DMARDs treatment, years 4 (1;7) 3 (1.05;5)
Duration of DMARDs treatment
	 Under a year
	 Over a year

49 (21.9)
175 (78.1)

13 (13.8)
81 (86.2)

bDMARDs
	 Rituximab (Acellbia)
	 Certolizumab pegol (Cimzia)
	 Secukinumab (Cosenthix)
	 Adalimumab (Humira)
	 Golimumab (Simponi)	
Etanercept (Enbrel)
	 Abatacept (Orencia)
	 Ixekizumab (Tals)
	 Sarilumab (Kevzara)
	 Olokizumab (Artlegia)
	 Ustekinumab (Stelara)
	 Tocilizumab (Actemra)
	 Netakimab (Efleira)

121 (54.0)
32 (14.3)
26 (11.6)
12 (5.4)
15 (6.7)
7 (3.1)
1 (0.4)
0 (0)
0 (0)

1 (0.4)
0 (0)

3 (1.3)
6 (2.7)

43 (45.7)
13 (13.8)
11 (11.7)
9 (9.6)
6 (6.4)
4 (4.3)
3 (3.2)
2 (2.2)
1 (1.1)
1 (1.1)
1 (1.1)
0 (0)
0 (0)

Table 1
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p<0.001). Despite a higher incidence of 
pneumonia among patients treated with 
glucocorticoids, risk factor analysis did 
not reveal an effect of hormone intake 
on the development of pneumonia. At the 
same time, rituximab therapy significantly 
increased the risk of developing pneumo-
nia (OR = 15.45, p <0.001), while taking a 
TNF-α inhibitor reduced the risk of devel-
oping pneumonia (OR = 0.1; p <0.001).

Discussion. The results presented in 
the work confirm the effect of rituximab 
on the severity of the course of corona-
virus infection and associated pneumo-
nia. A number of authors associate the 
revealed effects with the depletion of 
B-cells. Earlier studies have shown that 
iatrogenic depletion of B-lymphocytes 
increases infectious risks [15]. In the 
review by E.L. Nasonov [4] the current-
ly existing views on the role of B cells in 
the course of coronavirus infection were 
demonstrated. Based on these results, it 
was concluded that there was a need for 
a careful approach to the indications for 
prescribing anti-B-cell drugs during the 
pandemic of a new coronavirus infection, 
the need to temporarily cancel treatment 
if SARS-CoV-2 infection was suspected 
and the disease was developing. 

Another important issue related to the 
use of rituximab in COVID-19 pandemic 
is the vaccination of patients with IIRD. 
According to the current recommenda-
tions, patients with IIRD should be vacci-
nated against COVID-19 in order to min-
imize the high risks of a severe course 
of the disease [2,13]. The question of the 
effectiveness of vaccination in patients 
who have already received rituximab and 
have B-cell depletion is relevant. Michael 
Markus Bonelli et al. showed that in pa-
tients treated with rituximab, there was a 
decrease in the humoral response with 
a preserved T-cell response [22], while 
therapy with TNF-α inhibitors had practi-
cally no effect on antibody production [6]. 
Currently, there are data on the possibility 
of using monoclonal antibodies to SARS-
COV-2 to reduce the risk of severe coro-
navirus infection in immunocompromised 
patients [21].

Age is an undeniable risk factor for 
severe COVID-19 and pneumonia. Fei 
Zhou et al. showed that the mortality of 
patients with severe pneumonia and re-
spiratory distress syndrome occurred in 
an older age group and is a risk factor 
associated with in-hospital mortality [9].

As it is known, therapy with TNF-α in-
hibitors in patients with IIRD is associated 
with infectious risks. However, data from 
various studies show that therapy with 
TNF-α inhibitors in patients with inflam-
matory joint diseases does not increase, 

but reduces the risk of a severe course of 
coronavirus infection [8,10,12], which is 
consistent with our results.

Over the past three years of the pan-
demic, the SARS-CoV-2 virus has mu-
tated, which affected not only the conta-
giousness, but also the severity of clinical 
manifestations. Currently, there is a lower 
incidence of severe cases and a decrease 
in mortality in the population, however, 
whether the susceptibility, as well as the 
severity of the course of COVID-19, has 
changed in patients with IIRD receiving 
bDMARDs, requires further study.

Conclusion. Rituximab therapy during 
the COVID-19 pandemic significantly in-
creases the risk of a severe course of a 
new coronavirus infection, the develop-
ment of pneumonia, and the likelihood 
of death. Treatment with TNF-α inhibitors 
reduces the risk of developing pneumo-
nia associated with SARS-COV-2.

All patients treated with rituximab are 
recommended to be vaccinated, as well 
as to receive virus-neutralizing monoclo-
nal antibodies to SARS-COV-2.

The work was carried out within the 
framework of RICEL Subject No. FWNR-
2023-0009.
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N.V. Zaitseva, O.V. Dolgikh, А.А. Subbotina, A.V. Yaroma
POLYMORPHISM OF THE MICROSOMAL 
EPOXIDE HYDROLASE EPHX1 GENE 
(RS1051740) IN FREQUENTLY ILL
CHILDREN FROM AN INDUSTRIAL AREA
IN SOUTHERN SIBERIA

The aim of the study was to analyze frequency of the EPHX1 gene polymorphism 
(rs1051740) associated with diseases of the upper airways and elevated manganese 
levels in biological media of children from an industrial area located in the Southern 
Siberia. 

Materials and methods. We examined children aged 4-7 years who permanently 
lived in an industrial area in the Southern Siberia. It was a monotown with its economy 
dominated by a large non-ferrous metallurgy plant. The test group was made of 60 
children who were often sick (more than 6 times a year) for a long time. The reference 
group included 39 conditionally healthy children with manganese levels in their blood 
being within the reference range. We identified frequency of polymorphism of the mi-
crosomal epoxide hydrolase EPHX1 gene (rs1051740) and the cytochrome C level 
using PCR and ELISA accordingly. The statistical significance was taken at p<0,05. 

Results and discussion. Average manganese levels were 1,8 times significantly 
higher in blood of the children from the test group than in the reference one. We estab-
lished statistically significant authentic differences in frequencies of the EPHX1 gene 
genotypes and alleles (rs1051740) between the test and reference groups (the C/C 
genotype was 3,2 times more frequent; the С allele, 1,5 times, p<0,05). Cytochrome C 
levels were 2,2 times lower in blood serum in the test group against the reference one. 

Conclusions. The study established several peculiarities in children who often had 
diseases of the upper air ways (the test group).  They had elevated manganese levels 
in their blood, higher than its safe level; the serum cytochrome C level was lower in 
them; they more frequently had the C/C genotype (OR=4,05, 95% CI=1,26-13,05) and 
the С allele (OR=1,98, 95% CI=1,09-3,60) of the EPHX1 gene (rs1051740). Many 
authors believe polymorphism of this gene to be a risk factor able to cause respiratory 
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