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Summary

The aim of the study was to determine the etiology and frequency of nosocomial infections in patients
with severe and critical COVID-19.

Material and methods. A retrospective, single-center study included 168 patients with COVID-19 admitted
to the intensive care unit (ICU). All episodes of infection, clinical and laboratory characteristics, and outcome
were documented in patients.

Results. Hospital-acquired infections were detected in 82 (48.8%) of 168 patients, more frequently in
men (P=0.028). A total of 232 episodes of nosocomial infections were observed including ventilator-as-
sociated pneumonia (48.2%), bloodstream infection (39.2%), nosocomial pneumonia/tracheobronchitis
(13.4%), and urinary tract infection (5.2%). The main causative agents of nosocomial infections were re-
sistant strains of Acinetobacter baumannii and Klebsiella pneumoniae. Infections developed on the av-
erage on day 6 [3; 9] of ICU stay and were associated with the initial severity of the patients assessed by
SOFA (P=0.016), SpO, (P=0.005), lymphopenia severity (P=0.003), Neutrophil-Lymphocyte Ratio
(P=0.004), C-reactive protein (P=0.01), aspartate aminotransferase (AST) level (P=0.022), or vitamin D
(P=0.035) levels. Patients diagnosed with infection were more likely than those without infections to re-
quire mechanical ventilation (67.6% vs 32.4%, P<0.001), high-flow oxygen therapy (50.0% vs 31.0%,
P=0.020), renal replacement therapy (36.8% vs 9.3%, P=0.003), and had longer ICU length of stay (13 [9;
18] vs 4 [2; 8], P<0.001), hospital length of stay (19 [14; 29] vs 15 [11; 20], P=0.001) and mortality (47
(57.3%) vs 25 (29.0%), P<0.001).

Conclusion. In patients with severe and critical COVID-19 a high incidence of nosocomial infections was
found, which negatively affected the outcome. In more than half of the cases, the infection was caused by re-
sistant strains of Gram-negative bacilli. Procalcitonin is a useful biomarker for identifying bacterial infection
in patients with COVID-19.
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Introduction

The pandemic caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) remains
a major social and financial burden. It posed mul-
tiple challenging questions to the medical commu-
nity in general and intensive care unit (ICU) spe-
cialists in particular. One of the major issues
associated with SARS-CoV-2 infection is that a sig-
nificant proportion of coronavirus disease 2019
(COVID-19) patients suffer from respiratory failure
requiring intensive care [1, 2].

The development of immune hyperinflam-
matory response associated with COVID-19 has
prompted the widespread use of immunomodula-
tory drugs [3], which began long before the evi-
dence of their efficacy has been unequivocally
established in large clinical trials due to the emer-
gency of the pandemic situation. These drugs
included glucocorticosteroids and numerous
monoclonal antibodies including tocilizumab and
olokizumab.

Despite the improved outcome with the use of
above-mentioned drugs, COVID-19 patients have
an increased risk of developing a secondary bacte-
rial infection [4, 5]. In patients with moderate dis-
ease, superinfection frequency was reported to
range from 3.6% to 24% [6, 7], whereas very limited
data are currently available for COVID-19 patients
admitted to ICU.

This study aimed to determine the etiology
and frequency of nosocomial infections in patients
with severe and critical COVID-19.

Materials and Methods

This retrospective single-center study included
168 patients with severe and critical COVID-19, who
were hospitalized in the ICU of Federal Scientific and
Clinical Center of Specialized Types of Medical Care and
Medical Technologies of the Federal Medical and Bio-
logical Agency of Russia from April 6 to July 1, 2020. Dur-
ing this period, the clinical center served as an infec-
tious disease hospital for patients with COVID-19. The
diagnosis of COVID-19, assessment of disease severity,
and patient therapy were done according to the tempo-
rary guidelines of the Ministry of Health of the Russian
Federation on prevention, diagnosis and treatment of
novel coronavirus infection (COVID-19) [8]. The study
was carried out in accordance with the Code of Ethics of
the World Medical Association (Declaration of Helsinki).
The study protocol was approved by the local ethical
committee of the Federal Scientific and Clinical Center
(Protocol No. 5, June 3, 2020).

The following information was collected from the
study participants: demographics, comorbidities, routine
laboratory tests (complete blood count, common urine
analysis, blood clinical chemistry, coagulation test), Se-
quential Organ Failure Assessment (SOFA) score, local-
ization and causative agent of infection, as well as clinical
outcome. Only laboratory-confirmed nosocomial infec-

tion cases with a positive culture with a titer above the di-
agnostic cut-off were included in the study. These pa-
tients were also required to have a clinical presentation
of the infection and/or worsening organ function [9]. Mi-
croorganisms were considered multidrug-resistant if they
were resistant to more than one antibiotic drug from at
least 3 groups of antibacterial drugs [10].

Statistical analysis.

Quantitative data are presented as the median (Me)
and interquartile range [25%; 75%], category parameters
are shown as absolute numbers (n) and percentage (%).
Given that most of the quantitative data were not nor-
mally distributed, a non-parametric significance test,
such as the Mann-Whitney test, was used for the analysis.
For categorical parameters, chi-square statistics with
Yates correction, and Fisher's exact test were used. The
proportion of missing data did not exceed 10% for each
parameter. The differences were considered significant if
P-value was below 0.05. The SPSS 28.0.0.0 (IBM SPSS Sta-
tistics, Chicago, IL, USA) software package was used for
data processing and statistics.

Results

Nosocomial infection was detected in 82
(48.8%) out of 168 patients. Clinical characteristics
of the patients are shown in Table 1 which com-
pares patients who developed a superinfection
with those who did not. Groups of COVID-19
patients with or without superinfection were very
similar in their age, however, inter-group differ-
ences in terms of gender and disease severity
(SOFA scores and SpO,) were notable (Table 1).
Respiratory failure was the most common cause of
admission to the ICU.

Hypertension, coronary heart disease, and
diabetes mellitus were the most frequent comor-
bidities in the patients of both groups. No signifi-
cant differences in the incidence of these diseases
between the groups were observed. Patients in the
superinfection group, in contrast to the control
group, needed norepinephrine (76.8% u 31.3%,
P<0.001), mechanical ventilation (67.6% vs 32.4%,
P<0.001), high-flow oxygen therapy (50% vs 31%,
P=0.033) more often. Also, superinfection group
patients were more likely to receive renal replace-
ment therapy (36.8% vs 9.3%, P=0.001) even though
fewer patients had chronic kidney disease in this
group (11.6% vs 3.7%, P=0.053). Data on antibiotic
administration prior to admission to the ICU was
available for 128 out of 168 patients. In both groups
of patients, frequent prescription of antibacterial
drugs was noted (94.5% and 90%).

We found significant intergroup differences in
the results of routine laboratory tests such as lym-
phocyte count (P=0003), neutrophil-lymphocyte
ratio (P=0.004), C-reactive protein (P=0.01), aspar-
tate aminotransferase (P=0.022), and vitamin D lev-
els (P=0.035) (Table 2). Significant differences were
revealed between procalcitonin levels on day 5
(P=0.031) and day 10 (P=0.001).
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Nosocomial infections were first detected on
the average on day 6 [3-9] after ICU admission. In
total, 232 episodes of nosocomial infections were
recorded in 82 patients during their stay in the ICU
(35 patient had 2 episodes, 12 patients had 3
episodes, 9 subjects had 4 episodes, 9 patients had
5 episodes, and 1 patient had 6 episodes). Sixty-
seven cases of positive cultures were excluded from
the analysis (12 blood cultures, 33 lower airway spu-
tum cultures), as these were considered contami-
nation. The most frequent complications included
ventilator-associated pneumonia (VAP) (98 [48%]
episodes) and bloodstream infection (91 [39%]
episodes) (Table 3).

Leading causative agents of bloodstream
infection included A. baumannii (34%) and K.
pneumoniae (25%). Gram-positive bacteria were
detected less frequently (Coagulase-negative
staphylococci 15%, E. faecium 8%, E. faecalis 3%),
Candida albicans was found in 1% of episodes.

Gram-negative bacteria were also among the most
frequent causes of infections of the respiratory
tract, such as VAP and nosocomial pneumonia/tra-
cheobronchitis (A. baumannii — 51%, K. pneumo-
niae — 27%, Pseudomonas aeruginosa — 12%).
Aspergillus spp. was found in a single case of VAP,
Urinary tract infections were predominantly caused
by E. faecium (25%) and E. faecalis (25%) (Table 3).

All Acinetobacter baumannii, Klebsiella pneu-
moniae, and Stenotrophomonas maltophilia strains
were multidrug-resistant.

Compared to COVID-19 patients without
nosocomial infection, those with a diagnosed
superinfection had an overall longer stay in the ICU
(13 [9-18] vs 4 [2-8]; P<0.001), longer hospital stay
(19 [14-29] vs 15 [11-20]; P=0.001) and higher mor-
tality (47 (57.3%) vs 25 (29%); P<0.001). Septic shock
developed in 52 (63%) patients with infection and
was the leading cause of death in these patients.

Table 1. Baseline characteristics and clinical outcomes in COVID-19 patients with/without nosocomial infection.

Parameters Value in groups Pvalue
Patients with Patients without
nosocomial infection, nosocomial infection,
n=82 n=86
Clinical parameters
Age, years 64 [57-76] 67 [57-74] 0.763
Male, n (%) 46 (56.1%) 35 (39.3%) 0.066
SOFA, score 211;3] 21[1;2] 0.160
SOFA, score (day 5) 5(3;7] 31(2;4] 0.060
SOFA, score (day 10) 6 [4;9] 4(3;7] 0.136
SpO,, % 85 [80; 88] 88 [80; 93] 0.005
APACHE II 14 [11; 18] 13 [10; 13] 0.179
Comorbidities
Coronary heart disease, n (%) 37 (45) 42 (48,8) 0.569
Hypertension, n (%) 59 (72) 60 (70) 0.846
Use of ACE inhibitors, n (%) 32 (39.5) 36 (40.9) 0.853
Chronic kidney disease, n (%) 3(3.7) 10 (11.6) 0.053
Liver disease, n (%) 3(3,75) 3(3,5) 0.953
Diabetes mellitus, n (%) 30 (36.6) 26 (30.2) 0.383
Lung disease, n (%) 11 (13.4) 6 (7) 0.167
Cerebrovascular disease, n (%) 12 (15.0) 20 (23.5) 0.224
Cancer, n (%) 5(6.1) 11 (12.8) 0.140
Organ support and therapy
Mechanical ventilation, 7 (%) 75 (67.6) 36 (32.4) <0.001
Mechanical ventilation, days 11 [8; 16] 21[0; 9] <0.001
Prone position 70 (85.9) 45 (52) <0.001
High-flow oxygen therapy, n (%) 40 (50) 27 (31) 0.033
High-flow oxygen therapy, days 1[1;3] 4[1; 6] 0.020
Renal replacement therapy, n (%) 30 (36.8) 8(9.3) 0.001
Norepinephrine, n (%) 63 (76.8) 27 (31.3) <0.001
Glucocorticosteroids, n (%) 25 (30) 19 (22) 0.139
Antibiotic therapy before ICU (n=128) 74170 (94.5) 54/49 (90.7) 0.450
Outcomes
LOS in ICU, days 13 [9; 18] 4 [2; 8] <0.001
Hospital stay, days 19 [14; 29] 15 [11; 20] 0.001
Mortality in ICU, n (%) 47 (57.3) 25 (29) <0.001

Note. Data are presented as the median and percentiles [0.25; 0.75], absolute (n) and relative (%) values. ACE, angiotensin-con-
verting enzyme; ICU, intensive care unit; LOS, length of stay; SOFA, sequential organ failure assessment. The Mann-Whitney

test and chi-square test were used.
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Table 2. Laboratory data of COVID-19 patients with/without nosocomial infection

Parameters Value in groups Pvalue

Patients with Patients without
nosocomial infection, nosocomial infection,
n=82 n=86

White blood cell count, 10%/1 8.0 [6.4; 10.9] 8.0[6.8; 11.8] 0.53
Lymphocytes, 10°/1 0,69 [0.5; 0.9] 0,88 [0.6; 1.3] 0.003
NLR 10.4 [7.2; 14.8] 7.6 [4.3; 13.1] 0.004
Platelets, 109/1 203 [170; 272] 214 [155; 300] 0.856
Ferritin, pg/1 911 [540; 1700] 628 [402; 1159] 0.070
Interleukin 6, pg/ml 183 [66; 321] 139 [50; 636] 0.901
D-dimer, ng/ml 0.9 [0.56; 2.06] 0.8[0.4; 1.8] 0.318
Fibrinogen, g/1 4.0 [3.2; 4.9] 4.2 [3.3;5.0] 0.588
Procalcitonin, ng/ml 0.4 [0.18; 0.97] 0.26 [0.13; 0.65] 0.157
Procalcitonin, ng/ml, day 5 1.52 [0.70; 5.59] 0.41 [0.30; 1.83] 0.031
Procalcitonin, ng/ml, day 10 1.32[0.42; 8.99] 0.54 [0.50; 2.2] 0.001
CRP, mg/1 152 [98.9; 237.2] 102.3 [46.9; 159.3] 0.010
Vitamin D, ng/ml 9.0 [5.3;11.9] 12.7 [9.1; 19.7] 0.035
AST, U/1 48 [33; 64] 39 [28; 52] 0.022
ALT, U/1 35 [26; 54] 30 [22; 47] 0.069
Creatinine, pmol/l 71 [63; 91] 76 [61; 106] 0.376
Bilirubin, pmol/1 12 [8; 16] 11 [8; 15] 0.702
Glucose, mmol/1 81(7;11] 8[6;11] 0.222

Note. Data are presented as the median and percentiles [0.25;0.75]. ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio. The Mann-Whitney test was used.

Discussion

We analyzed all the documented episodes of
nosocomial infections in severe and critical COVID-19
patients. To the best of our knowledge, this is one of
the first studies in the Russia where the incidence
and etiology of superinfection in COVID-19
patients admitted to the ICU is explored in the con-
text of the patient’s clinical presentation, results of
routine laboratory tests, and outcome.

The incidence of nosocomial infections in the
study participants was 48.8%, which is slightly high-
er than reported elsewhere [5, 7, 11, 12]. This may
be due to the differences in the cohort selection, as
only severe and critical COVID-19 patients were
included.

Nosocomial infections included VAP, tracheo-
bronchitis/nosocomial pneumonia, bloodstream
infection, and urinary infections, all of which are
typical for ICU-admitted patients. The proportion
of patients with bloodstream infections was unusu-
ally high (39%) of all the infection episodes. This
may have been caused by the ICU staff overload
during the peak of the COVID-19 pandemic, as the
ICU capacity was increased by 250% to accommo-
date all the patients requiring intensive care. Special
attention was given at that time to counteracting
the infections transmitted via respiratory droplets,
whereas other methods of infection control (central
venous catheter /tracheostoma care) were not suffi-
ciently addressed [13].

The most frequent causative agents of noso-
comial infections among patients were multidrug-
resistant A. baumannii and K. pneumoniae. Gram-

negative bacteria have been previously reported as
the most frequent causes of late nosocomial infec-
tions in COVID-19 patients in other countries [14,
15], whereas early superinfection was largely repre-
sented by gram-positive microorganisms [16].
Acinetobacter spp. and Klebsiella spp. are known to
be widely spread in Russian Federation [17], and
inappropriate use of antibacterial drugs, albeit in
line with the guidelines, may have contributed to
the development of their multiple resistance [8, 18].
In line with the first version of Russian guidelines
on diagnosis and treatment of COVID-19 [8], more
than 90% of the patients in our study received
empirical antibacterial therapy with the generation
IIT cephalosporins and macrolides. However, the
co-infection was quite rare among COVID-19
patients in the ICU, which is consistent with other
studies [5, 6]. Also, severe COVID-19 may mimic
bacterial sepsis [19], which undoubtedly prompted
many doctors to administer antibiotics and was
later deemed inappropriate.

Unlike Bartolleti et al [20], we did not observe
a significant rate of infections caused by Aspergillus
spp. This discrepancy may have been caused by the
lack of systematic screening for this infection in our
clinic.

Progression of the nosocomial superinfection
associated with COVID-19 severity. Specifically, we
noted significant differences in the SOFA score,
SpO,, lymphocyte counts, neutrophil-lymphocyte
ratio, aspartate aminotransferase and C-reactive
protein levels between the patients with or without
superinfection. All of these parameters were previ-
ously associated with disease severity and recog-
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nized as negative prognostic factors of COVID-19
outcome [7, 12]. Significant differences between
groups in the level of procalcitonin were detected
on days 5 and 10. The increase in procalcitonin lev-
els in COVID-19 patients reflects the organism's
response to bacterial infection and is independent
of the hyperimmune inflammatory response. In our
opinion, serial measurement of procalcitonin level
helps identify patients with secondary bacterial
infection and should be used routinely in patients
with COVID-19 both for initiation of antibiotic ther-
apy and assessment of its effectiveness.

Secondary bacterial infection was more fre-
quent in male COVID-19 patients. The risks of
severe COVID-19 and unfavorable outcomes are
known to be higher for men [5]. Dananche et
al [21] reported male sex as a risk factor for VAP
which could be attributed to the differences in
immune response in men due to genetic factors
and hormonal status [22]. Significant differences
in vitamin D levels in patients with and without
superinfection were found, which is consistent
with the protective role of vitamin D in bacterial
infections and sepsis [23]. Accordingly, vitamin D
level below 10 ng/ml is known to be an independ-
ent predictor of unfavorable outcome in patients
with severe COVID-19 [24].

Of all the immune-modulating drugs, gluco-
corticosteroids were used most frequently in our
patients. According to the RECOVERY trial [25], the
use of dexamethasone has led to a reduction of
mortality rate (on day 28) among COVID-19
patients who required mechanical ventilation or
oxygen support. Unfortunately, no data on the rate
of infections associated with the use of dexametha-
sone are available. Our groups of patients
with/without nosocomial superinfections were bal-
anced in terms of the steroid use. According to
Bardi et al [26], steroids were the only medications
associated with the risk of nosocomial infections
(which was below the level of statistical significance
in a multifactorial analysis), yet it did not influence
the mortality rate.

In our study, nosocomial infection was associ-
ated with higher mortality, longer ICU and hospital
stay, and longer duration of mechanical ventilation.
In the group of patients with infection, 63% devel-
oped septic shock. Complications of infections in
ICU-admitted patients are well-known and their
effects on the patient outcomes have been
described [27, 28]. In a recent study [26], nosocomi-
al infection in COVID-19 patients was reported as
an independent negative outcome predictor and
was one of the causes of death in 1/3 of patients.
Another recent study [29] showed that the develop-
ment of septic shock in patients with COVID-19

Table 3. Microbiological data by type of infection, n (%).

Bacterial/fungal superinfection n=232
Bloodstream infection n=91 (39.2%)
Acinetobacter baumannii 31 (34.0%)
Klebsiella pneumoniae 23 (25.0%)
Coagulase-negative staphylococci 14 (15.0%)
(methicillin-resistant)

Stenotrophomonas maltophilia 8 (9.0%)
Enterococcus faecium 8 (9.0%)
Pseudomonas aeruginosa 3 (3.0%)
Enterococcus faecalis 3 (3.0%)
Staphylococcus aureus 1 (1.0%)
Candida albicans 1 (1.0%)
Ventilator-associated pneumonia n=98 (42.2%)
Acinetobacter baumannii 52 (53.0%)
Klebsiella pneumoniae 25 (26.0%)
Pseudomonas aeruginosa 10 (10.0%)
Stenotrophomonas maltophilia 4 (4.0%)
Staphylococcus aureus (methicillin-resistant) 4 (4.0%)
Proteus mirabilis 2 (2.0%)
Aspergillus fumigatus 1 (1.0%)
Nosocomial pneumonia / tracheobronchitis  7=31 (13.4%)
Acinetobacter baumannii 14 (45.0%)
Klebsiella pneumoniae 10 (32.0%)
Pseudomonas aeruginosa 5(16.0%)
Stenotrophomonas maltophilia 2 (6.0%)
Staphylococcus aureus (methicillin-resistant) 1 (3.0%)
Urinary infection n=12 (5.2%)
Enterococcus faecium 3 (25.0%)
Enterococcus faecalis 3 (25.0%)
Klebsiella pneumoniae 2 (16.7%)
Acinetobacter baumannii 2 (16.7%)
Pseudomonas aeruginosa 1(8.2%)
Candida non-albicans (C.glabrata. C.tropicalis) 2 (16.7%)
Candida albicans 2 (16.7%)

increases the chances of death by 58 times (OR
(95% CI): 58.1 (5.97-7812.8), P<0.001).

Our study has several limitations. Only infec-
tions documented by culture were included and,
therefore, some episodes could be missing. This
study was limited to a single center, with its local
pattern of antimicrobial resistance, which may limit
the generalizability of the findings. The retrospec-
tive design reduces control over multiple con-
founders and data collection.

Conclusion

In patients with severe and critical COVID-19,
a high incidence of nosocomial infections was
observed. Nosocomial infection was associated
with the initial severity of the disease at presenta-
tion as well as with the unfavorable outcome. Most
frequently, antibiotic-resistant strains of gram-neg-
ative bacteria were the causative infectious agents.
Procalcitonin is a useful biomarker for identifying
bacterial infection in patients with COVID-19.
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