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ABSTRACT

Introduction: This study aimed to determine if
tocilizumab treatment for coronavirus disease
2019 (COVID-19) increases bacteremia and
suppresses fever and inflammatory reactants.
Methods: In this single-center, retrospective,
observational study, all patients with COVID-19
admitted to our emergency intensive care unit
from March 2020 to August 2021 were catego-
rized into tocilizumab-treated and tocilizumab-
naı̈ve groups, and the incidence of bacteremia
and other factors between the two groups were
compared. Patients with bacteremia were fur-
ther classified into tocilizumab-treated and
tocilizumab-naı̈ve groups to determine if fever
and inflammatory reactants were suppressed.
Results: Overall, 144 patients were included in
the study, 51 of whom received tocilizumab,
which was administered on the day of admis-
sion. Further, of the 24 (16.7%) patients with

bacteremia, 13 were in the tocilizumab-treated
group. Results revealed a significant difference
in the C-reactive protein level (p\0.001) at the
onset of bacteremia between the tocilizumab-
treated group [median 0.42 mg/dL
(0.27–0.44 mg/dL)] and the tocilizumab-naı̈ve
group [7.48 mg/dL (4.56–13.9 mg/dL)]. The
median number of days from admission to
onset of bacteremia was not significantly dif-
ferent between the tocilizumab-treated group
[10 days (9–12 days)] and the tocilizumab-naı̈ve
group [9 days (7.5–11 days)] (p = 0.48). There
was no significant difference in fever between
the groups. Multivariate logistic analysis
showed that tocilizumab treatment did not
affect the probability of bacteremia.
Conclusion: Treatment of patients with
COVID-19 with tocilizumab does not increase
the risk of bacteremia. Tocilizumab suppresses
C-reactive protein levels but not fever. There-
fore, careful monitoring of fever can reduce the
risk of missed bacteremia.
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Key Summary Points

Why carry out this study?

Tocilizumab has been reported to reduce
COVID-19 mortality.

However, some studies have indicated
tocilizumab, an IL-6 inhibitor, to increase
susceptibility to bacteremia through
inhibition of inflammatory responses.

Thus, this study aimed to investigate the
incidence of bacteremia between patients
with COVID-19 treated and untreated
with tocilizumab.

What was learned from the study?

We found that treatment with
tocilizumab did not increase the risk of
bacteremia in patients with COVID-19.

As tocilizumab reduces C-reactive protein
levels through anti-inflammatory effects,
but not fever, monitoring for fever would
aid in early detection of bacteremia.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) broke
out in late 2019 in China, causing a global
pandemic. Pro-inflammatory cytokines, includ-
ing interleukin-6 (IL-6), have been linked to
severe and high mortality cases of COVID-19.
Blocking inflammatory pathways may prevent
disease progression [1]. IL-6 plays an important
role in systemic and local inflammation and is
often associated with acute-phase reactions
such as fever and changes in the level of the
acute-phase protein, C-reactive protein (CRP).
Tocilizumab is a humanized monoclonal anti-
body against the IL-6 receptor (IL-6R). Tocili-
zumab interferes with the action of cytokines by
binding to both membrane-bound and soluble
forms of human IL-6R, thereby inhibiting the
binding of the native cytokine to its receptor.
Tocilizumab was found to reduce COVID-19

mortality in previous studies [2–5]. Prior studies
have shown that administration of IL-6 inhibi-
tors may be associated with an increased risk of
secondary infections [6, 7], while others have
found no such association [8]. A meta-analysis
of 10 observational studies in patients with
COVID-19 showed no association between
tocilizumab and increased frequency of sec-
ondary infections [9].

Moreover, IL-6 inhibitors have anti-inflam-
matory effects, and suppress fever and the level
of acute-phase proteins, such as CRP. This may
delay the diagnosis of infection by masking the
signs and symptoms of acute inflammation
[10, 11].

Therefore, we conducted a retrospective
observational study to determine whether toci-
lizumab increases the frequency of bacteremia
as a secondary infection in patients with
COVID-19 and whether its anti-inflammatory
action suppresses fever and CRP levels at the
onset of bacteremia.

METHODS

This retrospective case–control study was con-
ducted at the Hyogo College of Medicine, a
tertiary university hospital in Japan.

Patients

All patients with COVID-19 admitted to the
emergency intensive care unit (ICU) of our
hospital from March 2020 to August 2021 were
included in the study. The preferred treatment
of COVID-19 has changed in a short period of
time. Almost all patients have been treated with
steroids; patients treated with high-flow nasal
cannulas and ventilators were not treated with
tocilizumab prior to 2021 but have been treated
with tocilizumab since early 2021. Tocilizumab
was administered at 8 mg/kg for 2 days. All
patients with COVID-19 included in the study
were grouped into the tocilizumab-treated
group or the tocilizumab-naı̈ve group.
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Data Collection

The following information was extracted from
the electronic medical records: age, sex, body
mass index (BMI), use of steroids, tocilizumab,
and venovenous extracorporeal membrane
oxygenation (VV-ECMO), rates of tra-
cheostomy, intubation, and bacteremia, num-
ber of days from admission to bacteremia, type
of causative organism, indication for obtaining
blood culture, CRP levels, white blood cell
count, temperature at the onset of bacteremia,
and death.

Outcomes

The primary outcome is tocilizumab increases
the risk of bacteremia. The secondary outcomes
are tocilizumab (1) suppresses fever and (2)
suppresses CRP levels.

Statistical Analysis

Statistical analysis was performed using EZR [12]
(Saitama Medical Center, Jichi Medical School).
The Mann–Whitney U test was performed on
continuous variables, which were expressed as
medians (interquartile range). v2 tests and
Fisher’s exact test were performed on the nom-
inal variables, which were expressed as N (%).
Multivariate logistic analysis was performed
with tocilizumab administration, tracheostomy
status, ECMO status, and intubation status as
independent variables, and bacteremia and
death as dependent variables.

Next, we compared tocilizumab-treated and
tocilizumab-naı̈ve patients who presented with
bacteremia. In any one of the several sets of
blood samples collected on the same day,
detection of any of the following organisms was
defined as contamination: coagulase-negative
Staphylococcus, Propionibacterium acnes, Micro-
coccus, viridans group streptococci, Corynebac-
terium, Bacillus, or Clostridium perfringens [13]. In
all analyses, the significance level was defined as
a p value of less than 0.05. No missing data were
found.

Ethical Considerations

The study was conducted in accordance with
the Helsinki Declaration of 1964 and its later
amendments. The collection of anonymized
data for this study was approved by the Ethics
Committee of Hyogo Medical College (registra-
tion number 202111-060). Because of the ret-
rospective nature of this study, informed
consent was not required. The reporting of this
study complies with the STROBE statement.

RESULTS

All Patients with COVID-19
and Tocilizumab Treatment

We analyzed 144 patients with COVID-19
admitted to our emergency ICU between March
2020 and August 2021 (Table 1). The median
age of the patients with COVID-19 was 66.5,
and 103 patients were male. The mean BMI was
24.2 [interquartile range (IQR), 21.6–27.3].
Steroids were used in 129 patients (89.6%); VV-
ECMO was performed in 9 patients (6.3%).
Tracheostomy was performed in 24 patients
(16.7%). Intubation was performed in 62
patients (43.1%). There were 51 patients
(35.4%) in the tocilizumab-treated group. There
were no significant differences in the age, sex,
BMI, steroid administration, diabetes mellitus,
asthma, chronic obstructive pulmonary disease,
or smoking history between the tocilizumab-
treated and tocilizumab-naı̈ve groups. There
were significant differences in the use of VV-
ECMO (p = 0.01) and the rates of tracheostomy
(p = 0.02) and intubation (p\0.001).

Bacteremia was observed in 13 patients
(25.5%) in the tocilizumab-treated group and 11
patients (11.8%) in the tocilizumab-naı̈ve
group. Univariate logistic analysis [odds ratio
(OR) 2.55, 95% confidence interval (CI)
1.05–6.21, p = 0.04] showed that tocilizumab
was associated with an increased probability of
bacteremia. Multivariate analysis was per-
formed because of the selection of unbalanced
variables as independent variables. However,
multivariate logistic analysis with VV-ECMO,
tracheostomy, and intubation as confounders
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showed that tocilizumab treatment was not an
independent factor associated with bacteremia
(OR 1.01, 95% CI 0.37–3.02, p = 0.99). There
were no significant differences in mortality
between the two groups.

Tocilizumab Treatment in Patients
with COVID-19 and Bacteremia

There were 24 cases of bacteremia (16.7%).
Table 2 shows the comparison of tocilizumab-
treated and tocilizumab-naı̈ve groups who had
bacteremia, of which 13 (54.2%) were in the
tocilizumab group. There were no significant
differences in BMI, tracheostomy, intubation,
chronic obstructive pulmonary disease, diabetes
mellitus, smoking history, or steroid adminis-
tration between the tocilizumab-treated and
tocilizumab-naı̈ve groups. There was a signifi-
cant difference in age (p\0.01) and VV-ECMO
placement (p = 0.04) in the tocilizumab-treated
group. The most common indication for

performing blood culture was fever in 15 cases
(62.5%), followed by hypotension in three cases
(12.5%), increased inflammatory response in
two cases (8.3%), and reticulocytosis in two
cases (8.3%). There was no significant difference
in indications for performing blood cultures
between the tocilizumab-treated and tocilizu-
mab-naı̈ve groups (Table 3).

There was a significant difference (p\ 0.001)
in CRP at the onset of bacteremia between the
tocilizumab-treated group [median 0.42 mg/dL
(interquartile range 0.27–0.44 mg/dL)] and the
tocilizumab-naı̈ve group [7.48 mg/dL
(4.56–13.9 mg/dL)]. There were no significant
differences in white blood cell count, fever, or
mortality rates between the groups. The median
number of days from admission to onset of
bacteremia was not significantly different
between the tocilizumab-treated group [10 days
(9–12 days)] and the tocilizumab-naı̈ve group
[9 days (7.5–11 days)] (p = 0.48).

Table 1 Characteristics and outcomes of all patients with COVID-19 untreated or treated with tocilizumab

Demographics Total Tocilizumab
N = 51

No tocilizumab
N = 93

OR (95% CI) p value

Age in years, median

(IQR)

66.5 (55–73) 62 (55–68.5) 67 (55–76) 0.08

Male sex 103 (71.5) 39 (76.5) 64 (68.8) 0.44

BMI, median (IQR) 24.2

(21.6–27.3)

24.6 (21.7–27.5) 24.0 (21.7–27.2) 0.81

Clinical characteristics

Steroid treatment 129 (89.6) 49 (96.1) 80 (86.0) 0.11

VV-ECMO 9 (6.3) 7 (13.7) 2 (2.2) 0.02

Tracheostomy 24 (16.7) 14 (27.5) 10 (10.8) 0.019

Intubation 62 (43.1) 33 (64.7) 29 (31.2) \ 0.001

Outcome

Bacteremia 24 (16.7) 13 (25.5) 11 (11.8) 2.55 (1.05–6.21) 0.04

Mortality 31 (21.5) 12 (23.5) 19 (20.4) 1.2

(0.528–2.720)

0.67

Data are presented as n (%) unless otherwise stated
COVID-19 coronavirus disease 2019, OR odds ratio, CI confidence interval, IQR interquartile range, BMI body mass index,
VV-ECMO venovenous extracorporeal membrane oxygenation

536 Infect Dis Ther (2022) 11:533–541



Table 3 Indication for performing blood culture

Indication Total N = 24 Tocilizumab-treated N = 13 Tocilizumab-naı̈ve N = 11 p value

Fever ([ 38 �C) 15 (62.5) 9 (69.2) 6 (54.5) 0.68

Hypotension 3 (12.5) 1 (7.7) 2 (18.2) 1

Increased inflammatory response 2 (8.3) 1 (7.7) 1 (9.1) 1

Reticulocytosis 2 (8.3) 2 (15.4) 0 (0) 0.48

Bleeding tendency 1 (4.2) 0 (0) 1 (9.1) 0.46

Screening on admission 1 (4.2) 0 (0) 1 (9.1) 0.46

Data are presented as n (%)

Table 2 Characteristics of patients with COVID-19 and bacteremia treated with and without tocilizumab

Demographics Tocilizumab N = 13 No tocilizumab
N = 11

OR (95% CI) p value

Age in years, median (IQR) 64 (54–70) 74 (70.5–76.5) 0.006

Male sex 11 (84.6) 6 (54.5) 0.18

BMI, median (IQR) 24.6 (21.8–28.3) 27.1 (22.7–29.5) 0.42

Clinical characteristics

Steroid treatment 12 (32.3) 11 (100) 1

VV-ECMO 5 (38.5) 0 (0) 0.04

Tracheostomy 10 (76.9) 4 (36.4) 0.1

Intubation 12 (92.3) 10 (90.9) 0.95

Outcome

Mortality 1 (7.7) 5 (45.5) 0.1

(0.00944–1.06)

0.06

Laboratory parameters at infection, median (IQR)

CRP (mg/dL) 0.42 (0.27–0.42) 7.48 (4.56–13.9) \ 0.001

WBC (/lL) 15,380

(13,530–19,900)

15,780

(11,665–23,900)

0.91

Temperature (�C) 38.3 (37.7–38.6) 39.0 (37.9–39.4) 0.35

Time between ICU admission and

bacteremia

10 (9–12) 9 (7.5–11) 0.48

Data are presented as n (%) unless otherwise stated
COVID-19 coronavirus disease 2019, OR odds ratio, CI confidence interval, IQR interquartile range, BMI body mass index,
VV-ECMO venovenous extracorporeal membrane oxygenation, CRP C-reactive protein, WBC white blood cells, ICU
intensive care unit
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The most common bacteria detected were
methicillin-resistant Staphylococcus aureus in five
cases (20.8%), followed by Enterobacter cloacae
in four cases (16.7%) and methicillin-sensitive
S. aureus in three cases (12.5%). E. cloacae was
significantly more common in the tocilizumab-
naı̈ve group (p = 0.03) than in the tocilizumab-
treated group. There were no significant differ-
ences in the detection of other organisms
(Table 4).

DISCUSSION

Several studies have reported on bacteremia in
patients with COVID-19 [14–16]; however, this
is the first study to compare the incidence of
bacteremia between patients with COVID-19
who were treated with tocilizumab and those
who were not. According to the results, tocili-
zumab is not an independent factor related to
bacteremia in patients with COVID-19. This was
similar to the results of a study of tocilizumab
for rheumatoid arthritis in Japan [17].

Moreover, we found that tocilizumab
administration may significantly reduce the
CRP levels in patients with COVID-19 and bac-
teremia. This result was similar to the results
reported so far [10, 11, 18, 19, 20]. Interestingly,
however, fever was not suppressed, which could
be due to the involvement of neurotransmitters
since cytokines are not the only triggers of
inflammation [21]. This was a different result
than previously reported [10, 11].

There was no significant difference in the
time from hospitalization to the onset of bac-
teremia between the tocilizumab-treated and
tocilizumab-naı̈ve groups, suggesting no delay
in the diagnosis of bacteremia.

There are several limitations in this study.
This was a retrospective observational study,
and the difference in the severity of illness
between the tocilizumab-treated and tocilizu-
mab-naı̈ve groups may have resulted in a dif-
ferential risk of bacteremia. In addition, the
study did not include the measurement of IL-6
levels and could not prove a correlation
between IL-6 and tocilizumab. Finally, the data
were limited to a single center and may not

Table 4 Bacteremia-causing bacteria

Bacteria Total N = 24 Tocilizumab N = 13 No tocilizumab N = 11

Methicillin-resistant Staphylococcus aureus 5 (20.8) 2 (15.4) 3 (27.3)

Enterobacter cloacae 4 (16.7) 0 (0) 4 (36.4)

Methicillin-sensitive Staphylococcus aureus 3 (12.5) 2 (15.4) 1 (9.1)

Pseudomonas aeruginosa 2 (8.3) 1 (7.7) 1 (9.1)

Staphylococcus epidermidis 1 (4.2) 1 (7.7) 0 (0)

Hemophilus influenzae 1 (4.2) 0 (0) 1 (9.1)

Propionibacterium acnes 1 (4.2) 1 (7.7) 0 (0)

Escherichia coli (ESBL) 1 (4.2) 0 (0) 1 (9.1)

Enterococcus faecalis 1 (4.2) 1 (7.7) 0 (0)

Klebsiella pneumoniae 1 (4.2) 1 (7.7) 0 (0)

Klebsiella pneumoniae (ESBL) 1 (4.2) 1 (7.7) 0 (0)

Staphylococcus hominis 1 (4.2) 1 (7.7) 0 (0)

Coagulase(-) Staphylococcus spp. 1 (4.2) 1 (7.7) 0 (0)

Data are presented as n (%)
ESBL extended-spectrum beta-lactamase

538 Infect Dis Ther (2022) 11:533–541



generally reflect the same observation across all
patients of COVID-19 who developed bac-
teremia. Therefore, these limitations should be
considered when interpreting the results.

Nevertheless, the results of this study
allowed us to make the following inferences. IL-
6 inhibitors have anti-inflammatory effects and
suppress acute-phase reactants such as fever and
CRP. This may delay the diagnosis of infection
by masking the signs and symptoms of acute
inflammation. Thus, tocilizumab administra-
tion in patients with COVID-19 would delay the
diagnosis of infection. However, the results of
this study showed no significant difference in
the time from hospitalization to the onset of
bacteremia between the tocilizumab-treated
and tocilizumab-naı̈ve groups. This may be
because tocilizumab suppresses the CRP levels
only and not fever, as demonstrated in this
study. At our hospital, blood culture is per-
formed if body temperature exceeds 38 �C. In
other words, if fever is not suppressed, blood
cultures would be taken in both tocilizumab-
treated and tocilizumab-naı̈ve groups, and the
diagnosis of infection would have not been
delayed.

In addition to monitoring for fever, physical
examination, such as for the presence of retic-
ulocutaneous plaques, is necessary to avoid
delays in the diagnosis of bacteremia. The fact
that our staff conducted thorough physical
examinations of patients may have contributed
to the prompt diagnosis.

On the basis of the results of this study, we
should be alert to the physical findings, such as
fever and reticulocutaneous plaques, and rec-
ommend blood cultures to be taken regularly.

CONCLUSION

Administration of tocilizumab to patients with
COVID-19 does not increase the risk of bac-
teremia. Tocilizumab suppresses CRP levels but
not fever. A thorough evaluation of fever and
physical examination can eliminate delays in
diagnosis.
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