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Abstract

Tocilizumab an anti-inflammatory medication previously approved for the treatment of rheuma-
toid arthritis, was widely used during the COVID-19 pandemic. Secondary infections following the use
of tocilizumab were expected knowing its inhibitory effect on the cascade of inflammation by blocking
IL6. Patterns of microorganism growth in positive culture reports after tocilizumab use have not been
widely assessed in the literature. In this retrospective study, we included all patients diagnosed with severe
COVID-19 admitted to the intensive care unit (ICU). Patients were divided into two groups; tocilizumab
receivers and non-receivers. Patient records were evaluated for the presence of positive culture results.
Patterns of microorganism growth and their sensitivity to antibiotics were assessed and compared between
the two groups. Seventy-seven patients (74.8%) in the tocilizumab group developed secondary infection,
irrespective of the culture origin. The rate of positive culture result was significantly higher in the group
treated with tocilizumab (P-value 0.022). Candida and Acinetobacter species were the most common mi-
croorganisms detected in sputum cultures, Candida and Escherichia coli (E. coli) species were dominant
in urine cultures, and methicillin-resistant Staphylococcus Aureus (MRSA), Acinetobacter and Candida
species were the leading microorganisms of positive blood cultures. No significant difference was observed
in the culture growth patterns in both groups. The presence of multi-drug resistant nosocomial microorgan-
isms in ICU-admitted COVID-19 patients may be associated with causes other than tocilizumab use and
may lead to poor patient outcomes.
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shortness of breath, and dyspnea along with fe-
ver as an accompanying presentation (1). With
the worldwide distribution of the infection and its
further evolution, soon other clinical presentations
including gastrointestinal, cardiac, neurological,

1. Introduction

At the beginning of COVID-19 viral in-
fection in China, symptoms detected were mostly
non-specific respiratory symptoms such as cough,
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and many other organ involvements were de-
tected. However, its main features remained fever
and pneumonia ultimately leading to the patient’s
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hospital admission (2-5). Although the majority of
COVID-19 cases exhibited a mild and uncompli-
cated course, approximately 10-15% of patients
experienced moderate to severe disease, neces-
sitating hospitalization and oxygen supplementa-
tion. Furthermore, 3-5% of individuals were likely
to require admission to the intensive care unit
(ICU) (6). Severe complications were frequently
observed in COVID-19 patients, with acute respi-
ratory distress syndrome (ARDS) being one of the
most prominent ones. (7). Approximately 29% of
patients developed ARDS, and a significant pro-
portion (32%) required admission to the ICU spe-
cifically during the Delta variant peak (8).
Pathogenesis of the virus includes a dys-
regulated cytokine release with IL-6 and TNF-a
being prominently expressed contributing to the
cytokine storm, known as the main mechanism
involved in ARDS leading to a patient’s critical
respiratory conditions (5). As IL-6 plays a pivotal
role in the propagation of subsequent signaling
pathways of inflammation, (9) it was aimed as a
viable target for drug therapy of the viral infec-
tion. The deadly outbreak of COVID-19 viral in-
fection led to the discovery of many new medi-
cations for the intention of COVID-19 treatment
or alleviation of its symptoms. Some other drugs
already present in the pharmaceutical market were
also repurposed based on their mechanisms of ac-
tion during the pandemic and their effectiveness
was evaluated in different studies. Tocilizumab
was one of the repurposed medications introduced
and widely used worldwide during the deadly
Delta variant peak of COVID-19 infection after
the prominent role of IL-6 in the severity of the
disease was discovered (10-12). This medication
had previously been approved for the treatment of
rheumatoid arthritis (RA) as a disease-modifying
agent (13). One major problem with tocilizumab
is its risk of developing secondary infections as
observed in both RA and COVID-19 patients (14,
15). The increased rate and clinical significance of
secondary infections in COVID-19 patients treat-
ed with tocilizumab have not been unanimously
supported in the literature but many studies have
confirmed tocilizumab’s role in increasing rates
of secondary infection (14, 16). However, data
regarding the types of microorganisms grown in
positive cultures has not been much investigated.
In this retrospective study, we evaluated the rate
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of secondary infections and the growth pattern of
different microorganisms in the positive culture
reports of ICU-admitted COVID-19 patients in
whom tocilizumab was administered compared to
ICU-admitted patients in whom tocilizumab was
not used as a COVID-19 treatment option.

2. Material and methods

In this retrospective study, all patients
with PCR-confirmed COVID-19 infection, admit-
ted to the intensive care unit (ICU) due to their
critical respiratory condition, were included. The
study population was gathered from the largest re-
ferral COVID-19 hospital in Shiraz, Shahid Faghi-
hi Hospital, affiliated to the Shiraz University of
Medical Sciences, during the period of the deadly
emergence of the Delta variant of the virus (March
to December 2021). The study was carried out ac-
cording to the Declaration of Helsinki principles
for research in human subjects and was approved
by the university’s ethics committee (ethics code:
IR.SUMS.MED.REC.1402.124). Inclusion crite-
ria for this study were as follows: patients older
than 18 years of age, with PCR-confirmed diagno-
sis of COVID-19 infection with severity of disease
having been admitted to the ICU that were admit-
ted for longer than 5 days in the ICU for which cul-
ture samples were referred to the laboratory. Also,
the use of tocilizumab was considered an inclusion
criterion for the patients in the case group. Patients
with severe COVID-19 infection with no culture
samples obtained during their ICU stay were ex-
cluded from the total study population and patients
with contraindications to receiving tocilizumab
were also excluded from the case group.

Patients were divided into two groups
including those who received tocilizumab dur-
ing their COVID-19 infection and ICU admitted
subjects without a positive history of tocilizumab
use. Patients’ admission documents and electronic
records were evaluated for the presence of culture
results during their ICU stay and after the use of
tocilizumab in the group with a history of tocili-
zumab use. Types of positive cultures and a de-
tailed description of the microorganisms detected
in the cultures were documented for both groups
and compared between the two. Each sample de-
pending on its site of collection and its prelimi-
nary gram staining result, was cultured on a set of
specific culture media plates, and depending on its
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growth pattern, color, shape, and size of colonies,
the specific species responsible for the positive
culture result is suggested by the laboratory expert.
Subsequently, media with positive microorganism
growth were subcultured onto specific plates for
susceptibility testing with disk diffusion method
according to Clinical and Laboratory Standards
Institute (CLSI) protocols. The isolated bacteria
were reported to be resistant, intermediately resis-
tant, or sensitive according to the size of the inhibi-
tion zone resulting from the disk diffusion method
(17, 18).

Statistical analysis was performed by us-
ing the IBM SPSS version 26.0. Qualitative vari-
ables were reported as frequency and percentage.
The association between qualitative variables and
tocilizumab use was evaluated using the Chi-
squared test or Fisher’s exact test. P values less
than 0.05 were considered statistically significant.

3. Results and discussion

In this retrospective study, 216 patients
with a mean age of 54.86+15.77 years were in-
cluded. A total of 118 patients received tocilizum-
ab during their ICU stay and 98 individuals did
not receive this agent. The mean ages of the two
groups were comparable, being 53.96+14.66 and
55.91£17.08 years, respectively.

A total of 131 patients (67.2%) showed a
positive culture result in the whole study popula-
tion, irrespective of the culture origin. The rate
of positive culture result was significantly higher
in tocilizumab receivers (P=0.022). In the total
study population, positive results were reported
from blood, urine, and sputum cultures in 25.3%,
51.7%, and 71.5% of patients, respectively. Ac-
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cording to the results, the total rate of secondary
infection in tocilizumab receivers was 74.8%.

The most common microorganism detect-
ed in sputum cultures among recipients and non-
recipients of tocilizumab was Acinetobacter spe-
cies (31.3% and 48.7%, respectively). Of note, the
rate of aspergillosis, methicillin-resistant Staphy-
lococcus aureus (MRSA), and S. aureus isolates
were higher in the tocilizumab group. Urine cul-
ture results indicate dominancy of Candida species
in both groups (64% and 56.7% in tocilizumab re-
cipients and non-recipients, respectively). Blood
culture results indicate high rates of MRSA (30%)
and Acinetobacter (20%) infection in the tocili-
zumab recipients and dominancy of Acinetobacter
species (40%) in patients in the control group with
positive blood culture results.

The most common microorganisms de-
tected in sputum cultures amongst tocilizumab
recipients were Acinetobacter (31.3%), Candida
species (28.1%) and Klebsiella (15.6%). The
same pattern was observed for the control group,
but with slightly different frequencies of 48.7%,
30.8%, and 15.6%, respectively. Of note, rates of
aspergillosis, MRSA, and S. aureus were higher in
subjects who received tocilizumab (Figure 1).

Available antibiogram data of positive
sputum cultures reveal that all cultures with reports
of Acinetobacter species except for one were sen-
sitive to colistin. The only one resistant to colistin
was also not sensitive to imipenem, ceftriaxone,
gentamycin, and amikacin. All Klebsiella species
were sensitive to imipenem, ciprofloxacin, amika-
cin and gentamycin. All MRSA-positive cultures
were sensitive to vancomycin and rifampin. Some
S. aureus-positive cultures were sensitive to ce-
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Figure 1. Microorganisms detected in sputum cultures in patients with severe COVID-19 who received

and did not receive tocilizumab.
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Figure 2. Microorganisms detected in urine cultures in patients with severe COVID-19 who received
(case group) and did not receive (control group) tocilizumab.

fazolin and vancomycin, but resistant to clindamy-
cin. Pseudomonas cultures were resistant to car-
bapenems, amikacin, and cefixime but sensitive to
colistin.

The most common microorganisms de-
tected in urine cultures amongst cases were Can-
dida species (64%), and E. coli (12%). The most
common microorganisms detected in urine cultures
amongst controls were Candida species (56.7%)
and gram-negative rods (13.5%) (Figure 2). Since
Germ tube test used for defining Candida albicans
from the non-albicans spp. was not performed for
all samples, results of Candida spp. growth were
reported non-specifically and the number C. al-
bicans spp. vs C. non-albicans spp. could not be
defined in this study. Amongst the gram-negative
rods reported, three were extended broad spectrum
beta-lactamase producing (ESBL) species show-
ing resistance to ceftriaxone, cefepime, imipenem
and ampicillin-sulbactam and one showed multi-
drug resistance patterns (MDR) with resistance to

Streptococcus
Pseudomonas
Aspergillosis
VRE g

Candida spp
Acinetobacter

MRSA

Tocilizumab receiver

amikacin, gentamycin, ciprofloxacin, imipenem,
ceftriaxone, cefepime, and ampicillin-sulbactam.

Available antibiogram data of positive
urine cultures reveal E. coli species growth that
was sensitive to amikacin and resistant to imipe-
nem. All of the vancomycin-resistant enterococcus
(VRE) positive cultures were sensitive to amika-
cin, gentamicin, and imipenem.

The most common microorganisms de-
tected in blood cultures amongst tocilizumab users
were MRSA (30%) and Acinetobacter (20%). The
most common microorganism detected in blood
cultures amongst controls was Acinetobacter
(40%) (Figure 3).

Available antibiogram data of positive
blood cultures reveal the following sensitivity
patterns: Acinetobacter species were sensitive to
colistin, MRSA positive cultures showed sensi-
tivity patterns to vancomycin and rifampin. Pseu-
domonas species found in blood cultures were
sensitive to colistin and resistant to ciprofloxacin,

M Tocilizumab non-receiver

Figure 3. Microorganisms detected in blood cultures in patients with severe COVID-19 who received
(case group) and did not receive (control group) tocilizumab.
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gentamycin, amikacin, and imipenem. Streptococ-
cus species were sensitive to vancomycin. Details
of resistance and sensitivity patterns of available
positive cultures of patients with a history of tocili-
zumab use has been brought in Table 1.

To be able to perform a statistical analysis
to compare the distribution of microorganisms de-
tected in each type of culture between tocilizumab

Secondary Infections with Tocilizumab

receivers and non-receivers, sputum cultures were
categorized into Acinetobacter, Klebsiella, fungal,
and other bacterial species, urine and blood cul-
tures were categorized into bacterial and fungal
microorganism growth. Reports of mixed urine
cultures were omitted from the analysis. In this re-
spect, no significant differences between recipients
and non-recipients of tocilizumab were observed

Table 1. Sensitivity and resistance patterns of microorganisms detected in positive cultures of ICU-

admitted COVID-19 patients receiving tocilizumab.

Microorganism Antimicrobial agent
"""" Escherichiacoli  Ciprofloxacin
Gentamicin
(N=4) Amikacin

Sulfamethoxazole/Trim-
ethoprim
Cefixime
Cefepime
Ceftriaxone
Cephalothin
Nitrofurantoin
Ampicillin/Sulbactam
Imipenem
Colistin
Klebsiella spp. (N=5) Ciprofloxacin
Gentamicin
Amikacin
Sulfamethoxazole/Trim-
ethoprim
Cefixime
Cefepime
Ceftriaxone
Ampicillin/Sulbactam
Imipenem
Colistin
P, aeruginosa
(N=2)

Ciprofloxacin
Gentamicin
Amikacin
Sulfamethoxazole/Trim-
ethoprim
Cefixime
Ceftriaxone
Ampicillin/Sulbactam

Imipenem

Colistin

Trends in Pharmaceutical Sciences 2024: 10(3): 241-250.

Sensitive Intermediate Resistant
o0 o 41000
1 (25) 0 3(75)
3(75) 1 (25) 0
3(75) 0 1 (25)
1 0 3(75)
0 4 (100)
1(25) 0 3(75)
0 2 (50) 2 (50)
0 1 (25) 3(75)
4 (100) 0 0
2 (40) 2 (40) 1(10)
5 (100) 0 0
5 (100) 0 0
4 (80) 0 0
2 (40) 0 3 (60)
2 (40) 0 2 (40)
4 (100) 0 1 (20)
4 (80) 0 0
1 (50) 0 1 (50)
1 (50) 0 1 (50)
0 1 (50) 1 (50)
0 0 2 (100)
0 0 2 (100)
0 0 2 (100)
0 1 (50) 1 (50)
2 (100) 0 0
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Continued Table 1.

Acinetobacter spp. Ciprofloxacin 0 2 (16.7) 10 (83.3)
(N=12) Gentamicin 2(16.7) 4(33.3) 6 (50)
Amikacin 2 (16.7) 3(25) 7 (58.3)
Sulfamethoxazole/Trim- - - -
ethoprim
Cefixime - - -
Cefepime 6 (50) 2 (16.7) 2 (16.7)
Ceftriaxone 1(8.3) 0 8 (66.7)
Ampicillin/Sulbactam 0 1(8.3) 5(41.7)
Imipenem 4(33.3) 0 8 (66.7)
Colistin 10 (83.3) 1(8.3) 1(8.3)
Streptococcus spp. Ciprofloxacin 1 (100) 0 0
(N=1) Gentamicin 0 0 1 (100)
Amikacin 0 0 1 (100)
Sulfamethoxazole/Trim- 1 (100) 0 0
ethoprim
Cephalexin 0 0 1 (100)
Ceftriaxone 1 (100) 0 0
Imipenem - - -
Nitrofurantoin - - -
Erythromycin 1 (100) 0 0
Clindamycin - - -
Vancomycin 1 (100) 0 0
Staphylococcus aureus Ciprofloxacin 1 (10) - 5 (50)
(N=10) Gentamicin 4 (40) 0 0
Amikacin 3 (30) 0 2 (20)
Sulfamethoxazole/Trim- 1(10) 0 3 (30)
ethoprim
Cephalexin = - _
Cephalothin 1 (10) 1 (10) 1 (10)
Cefazoline 3 (30) 0 5 (50)
Ceftriaxone 2 (20) 0 0
Imipenem 1(10) 0 0
Nitrofurantoin 0 2 (20) 0
Erythromycin - - -
Clindamycin 5(50) 1 (10) 4 (40)
Rifampin 6 (60) 1 (10) 0
Vancomycin 7 (70) 1 (10) 2 (20)
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Continued Table 1.
VRE (N=1) Ciprofloxacin
Gentamicin

Amikacin

Sulfamethoxazole/Trim-
ethoprim

Cephalexin
Cephalothin
Cefazoline
Ceftriaxone
Imipenem
Nitrofurantoin
Erythromycin
Clindamycin
Rifampin
Vancomycin

Ampicillin

Secondary Infections with Tocilizumab

0 0 1 (100)
1 (100) 0 0
1 (100) 0 0
0 0 1 (100)
1 (100) 0 0
0 1 (100) 0
0 1 (100) 0
0 0 1 (100)
0 0 1 (100)

©00000000000000000000000000000000000000000000 ©00000000000000000000000000000000000000000000000000000000000000000000000

regarding the microorganisms responsible for
positive sputum culture results (P=0.353), urine
culture results (P=0.990), and blood culture results
(P=1.000) (Table 2).

4. Discussion

This study was designed with a retrospec-
tive methodology to report the patterns of micro-
organism growth in culture-positive secondary

infections following the use of tocilizumab in pa-
tients with severe COVID-19 infection admitted to
the ICU of a teaching hospital in Shiraz, Iran. Al-
though studies on the rate of secondary infection
following treatment with tocilizumab are plenty,
few studies have reported details regarding patterns
of microorganism growth. Notably, conflicting re-
sults have been reported regarding the increased
risk of secondary infections following the use of

Table 2. Comparison of microorganisms detected in cultures amongst patients with severe COVID-19
who received (case group) and did not receive (control group) tocilizumab.

Variable Total P value 2
""""""""""" Sputum culture microorganism
Acinetobacter 29 (40.3) 10 (31.3) 19 (47.5) 0.353
Klebsiella 19 (12.5) 5(15.6) 4 (10.0)
Fungal 23 (31.9) 10 (31.3) 13 (32.5)
Other bacteria 11 (15.3) 7 (21.9) 4 (10.0)
Urine culture microorganism
Bacterial 15 (24.2) 6(24.0) 9(24.3) 0.990
Fungal 40 (64.5) 16 (64.0) 24 (63.9)
Blood culture microorganism
Bacterial 10 (66.7) 7 (70.0) 3 (60.0) 1.000
Fungal 5(33.3) 3(30.0) 2 (40.0)
cownt(e)
PO ChUSIUAISISSt | e erereere st e e sresareeaneear st aearesnrenns
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tocilizumab in COVID-19 patients. Retrospective
studies have predominantly suggested an associa-
tion between tocilizumab and the occurrence of
new infections, while most randomized controlled
trials (RCTs) have provided insignificant or incon-
clusive results in this matter (19, 20). Minihan et
al. reported that 63.4% of patients who received
tocilizumab had a significant bacterial or fungal
infection compared to 39.3% of those who did not,
which was statistically higher among tocilizumab
receivers (21). Moreover, Moreno-Torres et al.
found that the occurrence of bacterial infections
in hospitalized COVID-19 patients was positively
correlated with receiving steroids and tocilizumab
(OR =3.29[95% CI: 2.27, 4.76]) (22). The rate of
secondary infection was high in this study com-
pared to similar retrospective reports (14, 23, 24).
This may have been due to the ICU setting of the
study, more complicated health state of this study’s
patients that were admitted to the ICU, their longer
ICU-stay, the dose of tocilizumab administered,
co-administration of high dose glucocorticoids,
poor practice of preventive measures for infection
control that must be maintained in an ICU such
as hand hygiene and many other issues that none
were the aim of this study and unfortunately can-
not be specifically discussed. Other reports have
also confirmed the role of critical illness and ICU
admission in increasing the risk of infection after
tocilizumab therapy compared to non-ICU admit-
ted patients (23).

We found that Acinetobacter, Candida
species, and Klebsiella were the most common
microorganisms detected in sputum cultures; Can-
dida species and E. coli were the most frequent
pathogens detected in urine cultures; and MRSA
and Acinetobacter were the most prevalent micro-
organisms detected in blood cultures among to-
cilizumab recipients. Parallel to our study results,
gram-negative bacteria and fungal infections have
been shown to be the most common microorgan-
isms detected as the causes of secondary infection
among hospitalized COVID-19 patients treated
with tocilizumab in another report that focuses
on details of microorganism growth (14). In ad-
dition, Rana et al. showed that the gram-negative
bacteria were the most common (75.5%) second-
ary infections detected in the culture of 90 (22.5%,
out 0of 400) ICU-admitted COVID-19 patients who
received tocilizumab, with Pseudomonas and Aci-
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netobacter being the predominant strains. Contrary
to the high rate of Gram-positive blood culture re-
sults in our study, Gram-positive infections were
less common in the mentioned study, with Entero-
coccus and MRSA being the major strains (25).
Serious infections such as infective endocarditis
caused by MRSA following tocilizumab and cor-
ticosteroid use in COVID-19 patients have been
reported in the literature (26). The setting of this
study may play an important role in the MRSA-
positive cultures reported. Placement of intrave-
nous catheters, mechanical ventilation of patients,
length of ICU admission and patient-specific risk
factors including their past medical history of dia-
betes or even high blood glucose levels following
administration of long-term glucocorticoids may
be responsible for the gram-positive blood cul-
ture results (27). Less common cases of second-
ary infection among tocilizumab recipients has
also been reported, including Serratia marcescens,
and Enterococcus faecalis (28). Top five microor-
ganisms reported in a similar study were also the
same as results of our study, indicating E. coli,
Pseudomonas, Acinetobacter, Klebsiella, and S.
aureus as the most common organisms reported in
the tocilizumab receivers’ positive cultures (23).
The study taking place in Africa and considering
the probable poor facilities in the pandemic out-
break, similar to our setting, may be a comparable
feature playing its part in the development of the
harmful and resistant microorganisms reported. It
must be mentioned that although the development
of hazardous microorganisms is being associated
to tocilizumab use, it was evident that no differ-
ence was observed in terms of positive culture
results between receivers and non-receivers of to-
cilizumab. As results indicate, patterns of micro-
organism growth were comparable between the
two groups of the study and this may be due to the
critical status of both groups of patients and also
their already immunosuppressed condition follow-
ing the administration of glucocorticoids in both
groups. Therefore, although the higher growth
rates of microorganisms can be related to tocili-
zumab use, growth patterns may be independent
of tocilizumab therapy. It should be noted that a
noticeable portion of bacterial causes of secondary
infection in our study, were only sensitive to the
last available antibiotic choices, including colistin,
vancomycin and imipenem, which raises safety
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concerns against the management of patients who
receive tocilizumab and other immunosuppressant
agents putting patients at risk of infection. This is-
sue may once again be attributed to the high loads
of patient turnover in the ICU at the time of the
study, poor application of preventive measures for
reducing rate of infection in such settings, and the
uncontrolled misuse of antibiotics in the commu-
nity that leads to resistance patterns.

This study has its limitations. Although
the number of patients included in the study was
sufficient, missed data and poor documentation
lead to patient loss in studies with a retrospective
nature as was encountered in the data collection
of this study. Also, the number of positive culture
reports may be less than the actual positive cul-
tures expected which may be due to false nega-
tive reports following a prior history of antibiotic
use before sample collection. Similarly, some of
the positive cultures may be due to colonization
of bacteria rather than true infections and unfortu-

Secondary Infections with Tocilizumab

nately, the means for discriminating the two was
not available in this study. Regrettably, the clinical
outcome of patients according to their culture re-
sults has not been reported since it was not primar-
ily considered as the aim of the study and relevant
data was not collected during data gathering.

5. Conclusion

A high rate of secondary infection was ob-
served in severely infected COVID-19 patients ad-
mitted to the ICU following the use of tocilizum-
ab. Patterns of infection indicate the presence of
nosocomial microorganisms with multi-drug resis-
tant potentials that may propose poor outcomes for
hospitalized ICU-admitted patients with extents of
immunosuppression following the use of anti-in-
flammatory medications regardless of tocilizumab
use.
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