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ABSTRACT

Aim: It remains unclear whether immunosuppressive treatments such as corticosteroids and IL-6 receptor blockers have an
effect on the development of ventilator-associated pneumonia (VAP). The aim of this study was to investigate the effect of
immunosuppressive therapy on the development of VAP in critically ill patients with COVID-19.

Material and Method: Two hundred thirty five patients with critically ill patients with COVID-19, who were treated in the
intensive care unit (ICU) and received mechanical ventilator support, were evaluated retrospectively. VAP development,
secondary infections, microorganisms isolated, and resistance patterns were compared between the groups that received and
did not receive immunosuppressive therapy, and also the groups that did not receive immunosuppressive therapy, received
only corticosteroid, received only tocilizumab, and received corticosteroid plus tocilizumab were compared in the subgroup
analysis.

Results: In the immunosuppressive treatment group, VAP development (40.2% vs. 21.2%; p=0.001), secondary infection
development (48.4% vs. 29.2%; p=0.003), at least one drug resistant bacteria growth (46.7% vs. 27.4%; p=0.001), extensively-
drug resistant (XDR) microorganism growth (89.8% vs. 72.7%; p=0.033) were higher than the group that did not receive
immunosuppressive treatment. VAP (53.3%; p=0.004), secondary infection (73.3%; p=0.0002), the growth of bacteria resistant
to at least one drug (70%; p=0.0003) were highest in the corticosteroid plus tocilizumab group in the subgroup analysis. In
addition, XDR (95.5% vs. 72.7%; p=0.032) and pan-drug resistant (PDR) microorganism growth (31.8% vs. 9.1% p=0.032) were
higher in the corticosteroid plus tocilizumab group than the no immunosuppressive therapy group. There was no difference
between the groups in terms of mortality (p>0.05).

Conclusion: Immunosuppressive therapy has been found to potentially enhance the risk of VAP and secondary infections
in critically ill patients with COVID-19 pneumonia as well as the growth of bacteria resistant to at least one drug, the length
of stay in hospital and ICUs. In addition, it has been evaluated that there may be an increase in the growth of XDR and PDR
microorganisms when corticosteroid and tocilizumab are used together. Although there was no difference in mortality, using
immunosuppressive therapy may require careful use of targeted antibiotics and longer-term antimicrobial therapy.
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INTRODUCTION

Globally, 525 million people have been affected by
the coronavirus disease 2019 (COVID-19) caused by
SARS-CoV-2, and approximately 6.3 million people
have died since the pandemic began in December
2019 (1). COVID-19 patients may have asymptomatic
or mild symptoms, but they may require invasive
mechanical ventilation in the intensive care unit (ICU)
due to respiratory failure and acute respiratory distress
syndrome (ARDS). Approximately 80% of severe
COVID-19 patients require oxygen support, and 30-40%
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require mechanical ventilation support. This increases
the likelihood of nosocomial infection, particularly
ventilator-associated pneumonia (VAP) (2-4). VAP is
defined as pneumonia that develops 48 hours after being
connected to a mechanical ventilator in ICU patients
with hospital-acquired pneumonia (HAP). According
to international guidelines, the incidence of HAP
ranges from 5 to 20 per thousand. It is most common
in immunocompromised, surgically treated, and elderly
patients (5).
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The World Health Organization (WHO) recommends
corticosteroids and interleukin-6 (IL-6) receptor
blockers for severe or critically ill COVID-19 patients
(6). However, the use of these drugs raises concerns of
secondary infection adverse effects. Secondary bacterial
infection has been reported at varying rates in the
literature when IL-6 receptor blockers are used. In the
REMAP-CAP study, the rate of secondary bacterial
infection in the tocilizumab arm was 0.3% (1/353) (7).
In the COVACTA study, serious infection development
in the tocilizumab arm was 21% (62/294) (8). Studies
on the development of VAP in COVID-19 patients in
the literature have mainly focused on microorganisms
detected (9, 10). It is unclear whether treatments such as
corticosteroids and IL-6 receptor blockers influence the
development of VAP.

The aim of this study was to investigate the effect of
immunosuppressive therapy on the development of VAP
in critically ill patients with COVID-19. Furthermore,
it was determined whether there were differences in
growing microorganisms and resistance patterns between
the groups.

MATERIAL AND METHOD

This study was approved by the Ethics Committee of
Istanbul Umraniye Training and Research Hospital
(Date: 26.05.2022, Decision No: 167). All procedures
performed in studies involving human participants
were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

This retrospective study included 235 COVID-19
patients over the age of 18 who were treated at Istanbul
Sultan 2. Abdiilhamid Han Training and Research
Hospital between April 2020 and November 2021 and
had a positive reverse transcriptase-polymerase chain
reaction (PCR). All patients were followed up and
treated in the ICU, and all required invasive mechanical
ventilation. Patients under the age of 18 who did not
enter the ICU and did not receive invasive mechanical
ventilation were excluded from the study.

International ~ guidelines recommend obtaining a
quantitative culture for the diagnosis of VAP, because
various diseases may mimic lung infection on radiological
imaging (5, 11). In this study, VAP was diagnosed
with clinical and radiological abnormalities, as well
as microbiological growth, at least 48 hours after the
patient was placed on mechanical ventilation support.
As a conclusion, the presence of all of the following was
used to determine VAP diagnostic criteria; a) recently
detected radiological infiltration and; b) clinically at least

one of them (fever >38°C, leukopenia or leukocytosis,
increased sputum production or purulence, impaired gas
exchange); and ¢) microorganism growth in quantitative
endotracheal aspirate or blood culture (9,12). The patients
with a PaO,/FiO, ratio <300 and/or requiring mechanical
ventilation or high flow oxygen support were given
>40mg/day corticosteroid therapy for at least 10 days.
Tocilizumab was given to patients with a PaO,/FiO, ratio
<300 and/or requiring mechanical ventilation or high flow
oxygen support, persistent fever, persistent C-reactive
protein (CRP) and IL-6 elevation, cytokine storm findings
such as increased ferritin and D-dimer, lymphopenia,
thrombocytopenia, and negative procalcitonin at a dose of
800 mg/day once or 400 mg/day for two consecutive days.

Age, gender, immunosuppressive therapy used (no
immunosuppressive therapy, only corticosteroid, only
tocilizumab, corticosteroid and tocilizumab together),
Acute Physiology and Chronic Health Evaluation II
(APACHE 1II) and Sequential Organ Failure Evaluation
Score (SOFA) scores, comorbidities, infection parameters
such as leukocyte, neutrophil, lymphocyte, CRP and
procalcitonin, and length of stay in ICU, the entire length
of hospital stay, the development of VAP, the detection of
microorganisms and antibiotic resistance were all recorded.
The patients were divided into two groups: those who were
given immunosuppressive therapy and those who were
not. Furthermore, a comparison was made as a subgroup
analysis between four groups: those who did not receive
immunosuppressive therapy, those who received only
steroids, those who received only tocilizumab, and those
who utilized both immunosuppressive agents. Klebsiella
pneumonia, Pseudomonas Aeruginosa, Acinetobacter
Baumanii, Staphylococcus Aureus, and Streptococcus
Pneumonia were among the microorganisms observed
in patients. Multi-drug resistant (MDR) microorganisms
were defined as having resistance to at least one drug in
at least three antimicrobial categories. Extensively-drug
resistant (XDR), a subgroup of MDR, was defined as
having resistance to at least one drug in all categories but
no resistance in two or fewer categories (susceptibility in
one or two antimicrobial categories). Pan-drug resistance
(PDR) as a subgroup of MDR and XDR, was defined
as having resistance to all agents in all antimicrobial
categories (13).

Frequency distributions, percentage, mean, standard
deviation, median, minimum and maximum were used
as descriptive analyses in the analysis of data in the study.
Normality of the data was ensured by Kolmogorov-
Smirnov test. ANOVA (Post Hoc. Bonferroni), t test,
chi-square test, Fisher's Exact test, Kruskal Wallis H test,
Mann Whitney U Test were applied. IBM SPSS ver 20
and Microsoft Excel computer programs were used for
data analysis.
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RESULTS

This study comprised 235 critically ill patients with
COVID-19 who were followed in the ICU and on
mechanical ventilation. Eighty-four (35.7%) of the
patients were female, whereas 151 (64.3%) were male.
The mean age of the patients was 70.67+14.01 years.
Sixty (25.5%) of the patients died, and 175 (74.5%)
survived. One hundred and twenty-two (51.9%) patients
were given immunosuppressive therapy. One hundred
and six (45.1%) of the patients received corticosteroids
and 46 (19.6%) received tocilizumab. Thirty (12.7%) of
patients received corticosteroid and tocilizumab both,
whereas 76 (32.3%) received corticosteroid only and 16
(4.3%) received tocilizumab only. The APACHE II score
was 60.61+25.4 and the SOFA score was 6.23+3.32. Two
hundred fourteen (91.1%) of the patients had comorbid
disease, which included pulmonary disease in 70 (29.8%),
coronary artery disease in 66 (28.1%), diabetes mellitus in
89 (37.9%), heart failure in 51 (21.7%), renal failure in 41
(17.4%), malignancy in 35 (14.9%), neurological disease
in 62 (26.4%) and arrhythmia in 28 (11.9%) patients.

Seventy-three (31.1%) patients had VAP diagnosed in
accordance with the protocol, while 162 (68.9%) patients
did not have VAP diagnosed. The total length of hospital
stay was 14.36+12.83 days, and the length of stay in the
ICU was 11.1+9.68 days. Seventy-three (31.1%) patients
with VAP had a total of 92 microorganisms present in
their blood and tracheal aspirate cultures. Because of the
different microorganism growths in a patient, they were
evaluated separately. The majority of microorganisms
were Acinetobacter Baumanii, which was found in 44
(47.8%) of 92 growths. Klebsiella pneumonia was found
in 35 (38.0%) of the isolates, Pseudomonas Aeruginosa
in 8 (8.7%), Staphylococcus Aureus in 4 (4.3%) and
Streptococcus Pneumonia in 1 (1.0%). In addition, MDR
was found in 88 (95.7%) of the 92 growths, XDR in 77
(83.7%) and PDR in 15 (16.3%) (Table 1).

The difference in study variables between the groups
of patients who received immunosuppressive therapy
(corticosteroid only, tocilizumab only, corticosteroid plus
tocilizumab) and those who did not was investigated in
this study. The no-immunosuppressive therapy group had
a higher SOFA score (7.57+3.37 vs. 5+2.75; p =0.001) and
mean age (73.12+12.74 vs. 68.39+14.78 years; p=0.01).

Gender, APACHE II score, and comorbid disease
presence did not vary between groups (p>0.05). The
heart failure (30.1% vs. 13.9%; p=0.001) and arrhythmia
(16.8% vs. 7.4%; p=0.03) were higher in the no-
immunosuppressive treatment group. CRP (97.17+82.29
vs. 42.94+60.88; p=0.001), length of stay in the ICU
(13.66+10.27 vs. 8.34%8.18 days; p=0.001), and overall
hospital stay (17.86+14.34 vs. 10.58+9.7 days; p=0.001)
were all greater in the immunosuppressive therapy group
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than in the no-immunosuppressive treatment group.
Mortality rates in both groups were similar (22.1%
(n=25) vs. 28.7% (n=35); p=0.25). VAP (40.2% (n=49) vs.
21.2% (n=24); p=0.001) and secondary infection (48.4%
(n=59) vs. 29.2% (n=33); p=0.003) were more common
in the immunosuppressive treatment group than in the
no-immunosuppressive treatment group. In addition,
the growth of bacteria resistant to at least one drug
was higher in the group receiving immunosuppressive
therapy compared to the other group (46.7% (n=>57) vs.
27.4% (n=31); p=0.001). When the number of growing
microbiological microorganisms was examined between
the groups, the number of Klebsiella pneumonia (33.3%
vs. 40.7%; p=0.486), Pseudomonas Aeruginosa (15.2%
vs. 5.1%; p=0.100), Acinetobacter Baumanii (45.5% vs.
49.2%; p=0.733), Staphylococcus Aureus (3% vs. 5.1%;
p=0.643) and Streptococcus Pneumonia (3% vs. 0%;
p=0.179) were similar. While there was no difference in
MDR (93.9% vs. 96.6%; p=0.547) or PDR (9.1 vs 20.3%;
p=0.161), the number of XDR microorganisms growing
was higher in the immunosuppressive therapy group
than in the no-immunosuppressive therapy group (89.8%
(n=53) vs. 72.7% (n=24); p=0.033) (Table 1).

The groups that received no immunosuppressive therapy,
corticosteroid only, tocilizumab only, and corticosteroid
plus tocilizumab therapy were compared in the subgroup
analysis. The highest mean age was 73.12+12.74 in the
no-immunosuppressive treatment group, followed by
71.12+15.26 in the corticosteroid only group (p=0.002).
The tocilizumab only group had the least APACHE
II score (p=0.049), while the corticosteroid plus
tocilizumab group had the least SOFA score (p=0.0001).
The corticosteroid plus tocilizumab group had the
longest overall hospital stay and ICU stay (p=0.0001).
VAP was highest in the corticosteroid plus tocilizumab
group (n=16, 53.3%), followed by the corticosteroid only
group (n=28, 36.8%) and the tocilizumab only group
(n=5, 31.3%) (p=0.004).

Secondary infections were most common in the
corticosteroid plus tocilizumab group (n=22, 73.3%),
followed by tocilizumab only (n=7, 43.8%) and
corticosteroid only (n=30, 39.5%) (p=0.0002). Similarly,
resistant bacteria were most prevalentin the corticosteroid
plus tocilizumab group (n=21, 70.0%), followed by only
tocilizumab (n=7, 43.8%) and only corticosteroid (n=29,
38.2%) (p=0.0003). There was no difference in mortality
between the groups (p=0.55). Furthermore, there was
no difference in subgroup analyses between the groups
for growing microorganisms and MDR, XDR and PDR
(p>0.05). However, XDR (95.5% (n=21) vs. 72.7% (n=24);
p=0.032) and PDR (31.8% (n=7) vs. 9.1% (n=3); p=0.032)
were higher in the corticosteroid plus tocilizumab group
than the no-immunosuppressive therapy group (Table
2).
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Table 1. Baseline characteristics of the patients and identified microorganisms

Variables Overall No immunosuppressive Immunosuppressive p
(n=235) therapy (n=113) therapy (n=122)
Age* (years) 70.67+£14.01 73.12+£12.74 68.39+14.78 0.01*
Female® 84 (35.7) 41 (36.3) 43 (35.2) 0.87
APACHE II score? 60.61+£25.4 59.69+27.75 61.46+23.08 0.60
SOFA score? 6.23+3.32 7.57+3.37 5+2.75 0.001*
Comorbidities® 214 (91.1) 105 (92.9) 109 (98.3) 0.34
Pulmonary disease® 70 (29.8) 33 (29.2) 37 (30.3) 0.85
CADP 66 (28.1) 37 (32.7) 29 (23.8) 0.13
DM 89 (37.9) 46 (40.7) 43 (35.2) 0.39
Hearth failure® 51 (21.7) 34 (30.1) 17 (13.9) 0.001*
Kidney disease® 41 (17.4) 21 (18.6) 20 (16.4) 0.66
Malignancy® 35 (14.9) 18 (15.9) 17 (13.9) 0.67
HT® 132 (56.2) 63 (55.8) 69 (56.6) 0.90
Neurological disease® 62 (26.4) 35 (31.0) 27 (22.1) 0.12
Arrhythmia® 28 (11.9) 19 (16.8) 9(7.4) 0.03*
CRP* (mg/L) 72.09+77.88 42.94+60.88 97.17+£82.29 0.001*
Procalcitonin® (ng/mL) 4.57+£11.47 4.93£11.67 4.27+11.33 0.67
Lymphocyte® (10°/mm?) 1.154+3.08 1.06£1.25 1.2344.05 0.68
Neutrophil® (10*/mm?) 10.28+6.62 10.96+7.61 9.71+5.59 0.16
Ferritin® (ng/mL) 1416.67+2327.88 1475.92+3047.16 1369.67+1548.69 0.76
Fever® (°C) 128 (54.5) 58 (51.3) 70 (57.4) 0.35
Total LOS* (days) 14.36+12.83 10.58+9.7 17.86+14.34 0.001*
ICU LOS* (days) 11.149.68 8.34+8.18 13.66+10.27 0.001*
VAP® 73 (31.1) 24 (21.2) 49 (40.2) 0.001*
Death® 60 (25.5) 25 (22.1) 35 (28.7) 0.25
Secondary infection® 92 (39.1) 33 (29.2) 59 (48.4) 0.003*
Resistant bacteria® 88 (37.4) 31 (27.4) 57 (46.7) 0.001*
Causative microbiology Overall MO isolated No Immunosuppressive Immunosuppressive p
(n=92) therapy. MO isolated (n=33) therapy. MO isolated (n=59)
Klebsiella pneumonia® 35 (38.0) 11 (33.3) 24 (40.7) 0.486
Pseudomonas aeruginosa® 8(8.7) 5(15.2) 3(5.1) 0.100
Acinetobacter baumanii® 44 (47.8) 15 (45.5) 29 (49.2) 0.733
Staphylococcus aureus® 4(4.3) 1(3.0) 3(5.1) 0.643
Streptococcus pneumonia® 1(1.0) 1(3.0) 0 (0) 0.179
MDR® 88 (95.7) 31 (93.9) 57 (96.6) 0.547
XDR® 77 (83.7) 24 (72.7) 53 (89.8) 0.033*
PDR® 15 (16.3) 3(9.1) 12 (20.3) 0.161
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Evaluation Score; CAD, coronary artery disease; DM, diabetes
mellitus; HT, hypertension; CRP, C-reactive protein; LOS, length of stay; VAP, ventilator-associated pneumonia; MO, microorganisms; MDR, multi-drug resistant; XDR, extensively
drug resistant; PDR, pun-drug resistant. *Values are mean+SDs. *Values are n (%). *Statistical significance.

DISCUSSION

According to the study’s findings, the development of
VAP, secondary infection, bacterial growth resistant
to at least one drug, length of hospital stay and ICU
stay, and XDR microorganism growth were higher in
the group using immunosuppressive therapy compared
to not using it. There was no difference in mortality
between the groups. Furthermore, the development of
XDR and PDR was higher in the corticosteroid plus
tocilizumab group than in the no-immunosuppressive
therapy group in the subgroup analysis.

Hyperinflammatory syndrome is a disease that
progresses with a severe cytokine storm and is most
commonly caused by viral infections. It is characterized

by fever, elevated ferritin,anincreasein proinflammatory
cytokines such as IL-6, and cytopenia, and can result in
manifestationssuchas ARDS in thelung (14).In cytokine
storm, the IL-6 receptor antagonists (tocilizumab,
sarilumab) or IL-6 antagonists (siltuximab) cause rapid
improvement in lung and hemodynamic parameters
(15). In the RECOVERY study, the corticosteroid
therapy reduced 28-day mortality in patients requiring
oxygen support or invasive mechanical ventilation (16).
In the CHIC study, mortality was 65% lower and the
requirement for invasive mechanical ventilation was
71% lower in the treatment arm, which included high-
dose methylprednisolone and tocilizumab were added
if needed, compared to the control group, which did not
receive immunosuppressive therapy (17). In our study,
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although the SOFA score in the no-immunosuppressive
therapy group was higher, there was no difference in
mortality between the groups that received and did not
receive immunosuppressive therapy.

In the meta-analysis conducted by Ippolito et al. (18),
the risk of VAP was 3.24-fold higher in patients with
COVID-19 than in individuals without COVID-19. In
the COVID-19 group, however, there was no difference
in mortality between patients with and without VAP
(18). There was no difference in the use of tocilizumab
and corticosteroids between groups with and without
VAP in the study of Martinez-Martinez et al. (19).

According to Roumier et al. (20), VAP development
was lower in the tocilizumab arm compared to the
control group (8% vs. 26%). There was no difference
in VAP development between the dexamethasone
group and the non-dexamethasone group (63% vs.
57%) in the study of Gragueb-Chatti et al. (21). Unlike
previous studies, VAP development was higher in the
immunosuppressive therapy group than in the no-
immunosuppressive therapy group in the current study
(40.2% vs. 21.2%). The corticosteroid plus tocilizumab
group had the highest risk of VAP in the subgroup
analysis (53.3%).

Table 2. Baseline characteristics of patients and identified microorganisms based on immunosuppressive therapy group

Variables im&lnunoliﬁ,gressive Syerrieatl Oy Colenmeii
erapy (n=113)
Age* (years) 73.12+12.74 71.12+15.26 64.88+14.32 63.37+12.24 0.002*
Female® 41 (36.3) 32 (42.1) 4 (25.0) 7 (23.33) 0.24
APACHE II score? 59.69+27.75 65.36+£22.8 46.59+22 59.5+21.5 0.049*
SOFA score? 7.57+3.37 5.61+2.9 4.88+2.42 3.53+1.87 0.0001*
Comorbidities® 105 (92.9) 70 (92.1) 12 (75.0) 27 (90.0) 0.13
Pulmonary disease® 33(29.2) 21 (27.6) 5(31.3) 11 (36.7) 0.83
CADP 37 (32.7) 19 (25.0) 3(18.8) 7 (23.3) 0.46
DMP 46 (40.7) 25 (32.9) 4(25.0) 14 (46.7) 0.35
Hearth failure® 34 (30.1) 14 (18.4) 2 (12.5) 1(3.3) 0.008*
Kidney disease® 21 (18.6) 16 (21.1) 1(6.3) 3(10.0) 0.34
Malignancy® 18 (15.9) 16 (21.1) 0 (0) 1(3.3) 0.04*
HT® 50 (44.3) 31 (40.8) 8 (50.0) 14 (46.7) 0.89
Neurological disease! 35 (31.0) 24 (31.6) 1(6.3) 2(6.7) 0.009*
Arrhythmiab 19 (16.8) 8 (10.5) 1(6.3) 0 (0) 0.064
CRP* (mg/L) 42.94+60.88 109.03+£85.95 51.91+69.26 91.29+71.65 0.0001*
Procalcitonin® (ng/mL) 4.93+11.67 6.42+13.92 1.44+2.95 0.39+0.43 0.064
Lymphocyte? (10°/mm?) 1.06+1.25 1.53£5.13 0.71+0.28 0.75£0.45 0.564
Neutrophil® (10*/mm?) 10.96+7.61 9.75%5.69 9.12+4.86 9.91+5.86 0.54
Ferritin® (ng/mL) 1475.92+3047.16 1457.22+1780.64 1289.31+1147.69 1193.66+£1047.46 0.939
Fever®, (°C) 58 (51.3) 42 (55.3) 12 (75.0) 16 (53.3) 0.36
Total hospital LOS® (days) 10.58+9.7 15.17+9.21 20.75+15.65 23.13+21.44 0.0001*
ICU LOS* (days) 8.34+8.18 11.43+7.43 14.25+£9.36 19+14.47 0.0001*
VAP® 24 (21.2) 28 (36.8) 5(31.3) 16 (53.3) 0.004*
Death® 25(22.1) 21 (27.6) 6 (37.5) 8(26.7) 0.55
Secondary infection® 33(29.2) 30 (39.5) 7 (43.8) 22 (73.3) 0.0002*
Resistant bacteria® 31(27.4) 29 (38.2) 7 (43.8) 21 (70.0) 0.0003*
Cawsative microbiology | sive therupy MO, Qulycorticosteroid  Only toclizumab. GRS EG?
isolated (n=33) isolated (n=22)
Klebsiella pneumonia® 11 (33.3) 9 (30.0) 2 (28.6) 13 (59.1) 0.137
Pseudomonas aeruginosa® 5(15.2) 3(10.0) 0(0) 0(0) 0.207
Acinetobacter baumanii® 15 (45.5) 15 (50.0) 5(71.4) 9 (40.9) 0.549
Staphylococcus aureus® 1(3.0) 2 (6.7) 0(0) 1 (4.5) 0.555
Streptococcus pneumonia® 1(3.0) 0 (0) 0 (0) 0 (0) 0.613
MDR® 31 (93.9) 29 (96.7) 7 (100.0) 21 (95.5) 0.890
XDR® 24 (72.7) 25 (83.3) 7 (100.0) 21 (95.5) 0.089"
PDR® 3(9.1) 4(13.3) 1(14.3) 7 (31.8) 0.148"
Abbreviations:APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Evaluation Score; CAD, coronary artery disease; DM, diabetes
mellitus; HT, hypertension; CRP, C-reactive protein; LOS, length of stay; VAP, ventilator-associated pneumonia; MO, microorganisms; MDR, multi-drug resistant; XDR, extensively
drug resistant; PDR, pun-drug resistant. *Values are mean+SDs. "Values are n (%). *Statistical significance. 'XDR and PDR were higher in corticosteroid plus tocilizumab group than
no immunosuppressive therapy group (p=0.032)
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There was no difference in mortality between the
tocilizumab and placebo groups in the randomized
controlled study of Stone et al. (22). However, the
development of serious infections was lower in the
tocilizumab arm compared to placebo (8.1% vs. 17.1%)
(22). On the contrary, superinfection was found more
frequently in the tocilizumab arm compared to the control
group (54% vs. 26%) in the study by Somers et al. (15).
In the CoDEX study, there was no difference in secondary
infection between dexamethasone and standard treatment
groups (21.9% vs. 29.1%) (23). In the study by Naik et al.
(24), secondaryinfection was roughly 5.5-fold greater in the
high-dose dexamethasone group than in the tocilizumab
group. In current study, secondary infection was more
common in the group that got immunosuppressive therapy
than in the group that did not (48.4% vs. 29.2%). In the
subgroup analysis, it was highest in the corticosteroid plus
tocilizumab group (73.3%), followed by tocilizumab only
(43.8%) and corticosteroid only (39.5%).

According to the pre-pandemic statistics, Acinetobacter
Baumanii was responsible for roughly 47% of VAP
development in the ICU (25). Giacebbo et al. (26) reported
77 culture positivities (45%) in 171 VAP and COVID-19
patients. Pseudomonas Aeruginosa (35%) was found to be
the most often isolated microorganism among the growing
microorganisms (26). In their study evaluating MDR
growth, Baiou et al. (27) discovered Stenotrophomonas
maltophilia (24.5%) and Klebsiella pneumonia (23.5%)
most commonly. Karatas etal. (28) identified Acinetobacter
Baumanii as the most prevalent respiratory infection
pathogen among COVID-19 patients, and concluded that
the prevalence of MDR Acinetobacter Baumanii increased
during the pandemic compared to the pre-pandemic
period. In our study, microbiological culture positive was
observed in 92 (39.1%) of the patients, with Acinetobacter
Baumanii (47.8%) being the most common pathogen
found. This was followed by Klebsiella pneumonia in 38%
of the patients and Pseudomonas Aeruginosa in 8.7%.
There was no relationship between immunosuppressive
therapy and microorganisms.

When MDR infections trigger the development of VAP in
the ICU, mortality might reach up to 60% (29). Bentivegna
et al. (30) evaluated MDR infections from 2017 to 2020
and found a decrease in MDR infections during the
pandemic era compared to the pre-pandemic times. This
was assumed to be due to hand washing and the usage
of personal protective equipment. During the pandemic,
however, MDR infections were higher in COVID-19 clinics
than in non-COVID clinics (29% vs 19%) (30). Baiou et
al. (27) investigated the link between the development
of MDR infection and immunosuppressive therapy and
found that corticosteroid and tocilizumab treatments were
not associated with the development of MDR. In current

study, there was no difference in MDR and PDR between
groups that got and did not receive immunosuppressive
therapy, however the development of XDR was higher
in the group that received immunosuppressive therapy
compared to those who did not (89.8% vs. 72.7%). In the
subgroup analysis, the development of XDR and PDR was
higher in the corticosteroid plus tocilizumab group than
in those who did not receive immunosuppressive therapy.

The limitations of the study were that it was single-center
and retrospective. Furthermore, no microorganisms other
than respiratory bacterial pathogens were evaluated in this
study.

CONCLUSIONS

Immunosuppressive  therapy may increase the
development of VAP, the risk of secondary infection,
the growth of bacteria resistant to at least one drug, and
the length of stay in hospital and ICUs in patients with
critically ill COVID-19 pneumonia. Furthermore, when
corticosteroid and tocilizumab were used together, it
was determined that the proliferation of XDR and PDR
microorganisms may be increased. Although there
was no difference in mortality between groups, it was
determined that when immunosuppressive therapy was
used, targeted antibiotics and longer-term antimicrobial
therapy might be required.
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