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Abstract Background: Immunomodulatory agents, such as tocilizumab (TCZ), exert prom-
ising effects against SARS-CoV-2 infection. However, growing evidence indicates that using
TCZ may carry higher risks of secondary bloodstream infection (sBSI). This study determined
whether TCZ is associated with an increased risk of sBSI.
Methods: We retrospectively collected the demographic and clinical data of hospitalized pa-
tients with SARS-CoV-2 infection from two Taiwanese hospitals. The time-to-incident sBSI in
the TCZ users and nonusers was compared using the log-rank test. A multivariate Cox propor-
tional hazards model was performed to identify independent risk factors for sBSI.
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Results: Between May 1 and August 31, 2021, among 453 patients enrolled, 12 (2.65 %) devel-
oped sBSI. These patients were in hospital for longer duration (44.2 � 31.4 vs. 17.6 � 14.3
days, p Z 0.014). Despite sBSI being more prevalent among the TCZ users (7.1 % vs. 1.6 %,
p Z 0.005), KaplaneMeier survival analysis and multivariate Cox proportional hazards model
both revealed no significant difference in risks of sBSI between the TCZ users and nonusers
[adjusted HR (aHR) Z 1.32 (95 % confidence interval (CI) Z 0.29e6.05), p Z 0.724]. Female
sex [aHR Z 7.00 (95 % CI Z 1.45e33.92), p Z 0.016], heavy drinking [aHR Z 5.39 (95 %
CI Z 1.01e28.89), p Z 0.049], and mechanical ventilation [aHR Z 5.65 (95 % CI Z 1.67
e19.30), p Z 0.006] were independently associated with a higher sBSI risk.
Conclusion: This real-world evidence indicates that in hospitalized patients with SARS-CoV-2
infection, TCZ does not significantly increase the risk of sBSI.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The coronavirus disease of 2019 (COVID-19), caused by
zoonotic severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), remains an international health crisis and
continues to have a devastating effect. Until September
2023, 770 million COVID-19 cases had been detected, and
the World Health Organization reported 6.95 million
confirmed deaths.1 Most patients with SARS-CoV-2 infection
have only mild symptoms. However, 14 % and 5 % of patients
develop severe symptoms and critical disease, respec-
tively.2 Vaccines against SARS-CoV-2 effectively reduce the
risks of hospitalization and critical illness, but the protec-
tion they afford declines over time.3,4 Although the risk of
severe disease is lower for Omicron infection than for
infection with other variants,5 the overall number of deaths
remains high because the Omicron variant spreads more
extensively than its ancestor variants.

The cytokine storm, also known as cytokine release
syndrome (CRS), is associated with a high disease severity
of SARS-CoV-2 infection.6 Because spike proteins on the
surface of the virion bind to cellular angiotensin-converting
enzyme 2 receptors, the immediate immune response
involving proinflammatory cytokines, such as endogenous
interleukin 1 (IL-1), IL-4, IL-6, and interferon-gamma (IFN-
R),7,8 causes extensive collateral damage in the lung pa-
renchyma (Fig. 1). Xing et al. demonstrated that IL-6 plays
a crucial role in controlling the extent of tissue inflamma-
tory response.9 An increased IL-6 level was associated with
poor clinical outcomes in patients with SARS-CoV-2 infec-
tion.10 Severe acute respiratory distress syndrome is the
predominant cause of mortality in patients with SARS-CoV-2
infection. The mortality rate of patients with SARS-CoV-2
infection and ARDS has ranged from 12 % to 78 %.11,12

Tocilizumab (TCZ), a monoclonal antibody targeting the
IL-6 receptor to block the downstream signal transduction
pathway of IL-6, was confirmed to be effective and have a
favorable safety profile when used to treat patients with
rheumatoid arthritis.13 To our knowledge, excessive IL-6
production is associated with thrombosis, neutrophil
recruitment, platelet aggregation, and vascular hyper-
permeability, subsequently contributing to alveolar dam-
age.14e17 Because IL-6 receptor antagonists play a pivotal
role in limiting CRS, TCZ has improved the survival of crit-
ically ill patients with SARS-CoV-2 infection receiving organ
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support therapy.18 Current guidelines endorse the addition
of TCZ to standard care for hospitalized patients with SARS-
CoV-2 infection and elevated markers of systemic
inflammation.19

Secondary bloodstream infection (sBSI) is a dangerous
complication in hospitalized patients with SARS-CoV-2
infection and leads to longer hospitalization and a higher
in-hospital mortality risk.20 For hospitalized patients with
SARS-CoV-2 infection, the prevalence of sBSI has been re-
ported to vary from 3.7 % to 34.1 %.20,21 IL-6 is a crucial
mediator of neutrophil trafficking, hematopoiesis activa-
tion, and lymphocyte differentiation in response to
offending pathogens. IL-6 protects neutrophils from
apoptosis in individuals with bacterial infection and plays a
fundamental role in competent host defense.22,23 However,
IL-6 blocker raises a concern of vulnerability to secondary
infection,24 although such risk was not discovered in several
randomized trials.25,26 Patients with active infection other
than SARS-CoV-2 infection have typically been excluded
from participating in trials investigating IL-6. Guaraldi et al.
and Khatri et al. have indicated that TCZ use is associated
with higher risks of new infection and sBSI.21,24 Herein, we
report our real-world experience of using TCZ in a cohort of
hospitalized patients with SARS-CoV-2 infection to provide
evidence regarding the possibility of an association be-
tween TCZ use and sBSI incidence.

Methods

TCZ use in Taiwan

The Guidelines for Clinical Management of SARS-CoV-2
Infection published by the Taiwan Centers for Disease
Control27 suggest the use of immunomodulators, including
TCZ and corticosteroids, to ameliorate systemic inflam-
mation in patients with moderate to severe stage infec-
tion, defined as the presence of pneumonia patches on
chest radiographs or oxyhemoglobin desaturation
(SpO2 � 94 %) requiring supplemental oxygen or mechan-
ical ventilation. In addition, TCZ could be used when C-
reactive protein of patients are more than 7.5 mg/dL.27

The recommended dose of TCZ is a single intravenous
infusion of 8 mg/kg body weight (not exceeding 800 mg).
The dose of dexamethasone suggested by the guideline
was 6 mg daily for 10 days.
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Figure 1. Therapeutic efficacy of tocilizumab in SARS-CoV-2 infection and its possible immunopathogenesis of secondary
infection. A. SARS-CoV-2 triggers an uncontrolled release of proinflammatory cytokines. IL-6, in particular, delays apoptosis of
neutrophils and promotes leukocyte recruitment to induce overactivation of immune cells. B. Impaired clearance of activated
neutrophils results in damage to alveolar units. Blockage of IL-6 prevents the aggregation of neutrophils in the pulmonary capillary
endothelium, modulating the self-magnifying inflammatory response. C. Treatment of CRS with TCZ, a monoclonal antibody that
inhibits IL-6 receptors, accelerates the apoptosis of neutrophils and inhibits macrophage phagocytosis, hematopoiesis, and
lymphocyte differentiation. D. The long-lasting immunosuppressive effect of TCZ may predispose patients to opportunistic in-
fections. (Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor; IL-6, interleukin-6; SARS CoV-2, severe acute
respiratory syndrome coronavirus 2).
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Study design

This multicenter cohort study investigated the association
between TCZ use and bacterial or fungal sBSI in hospital-
ized patients with SARS-CoV-2 infection. The investigation
period was from May 1, 2021, to August 31, 2021. All pa-
tients were followed until the incident sBSI, discharge, or
death. Eligible patients were those aged 20 years or older,
hospitalized, and with SARS-CoV-2 infection that was
confirmed by a positive SARS-CoV-2 polymerase chain re-
action test via a nasopharyngeal swab sampled before
admission.

The TCZ group consisted of patients with SARS-CoV-2
infection who were administered TCZ, whereas the non-TCZ
group consisted of patients with SARS-CoV-2 infection who
were not administered TCZ. The Institutional Review Boards
of New Taipei City Hospital (Protocol No: 111004-E) and
40
Taipei Medical University (Protocol No: N202109021)
approved this study and a waiver of informed consent. We
reviewed the electronic medical records (EMRs) of patients
admitted with SARS-CoV-2 infection at these two hospitals.
Using a standardized data collection tool, we extracted
demographic, clinical, laboratory, microbiological, and
outcome data from the EMRs during the time of admission.
Heavy drinking was defined as the consumption of more than
4 alcoholic drinks on any day or more than 14 per week for
men and more than 3 alcoholic drinks on any day or more
than 7 per week for women.28 Central venous catheter
placement was recorded. For patients with sBSIs, only the
central venous catheters being placed prior to the occur-
rence of sBSIs were recorded. Comorbiditiesdhypertension,
type 2 diabetes mellitus, hyperlipidemia, coronary artery
disease, chronic kidney disease, chronic viral hepatitis
infection, respiratory diseases, and malignancydwere
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recorded. The respiratory diseases considered were chronic
obstructive pulmonary disease, asthma, and diffuse paren-
chymal lung diseases.

Definition of the outcome

The outcome of interest was the time to incident sBSI,
defined as bacterial or fungal infection identified on blood
cultures after TCZ administration and at least 48 h after
hospital admission. The half-life of TCZ in adults was 11e13
days.29 We only consider the sBSI that occurred within 8
weeks after TCZ use as a valid event. If the patients have no
incident sBSI, the days of follow-up would be until
discharge or mortality. The microorganisms were identified
using matrix-assisted laser desorption ionization time-of-
flight mass spectrometry. The antimicrobial susceptibility
test was performed using commercial Phoenix automated
machine kits (Becton, Dickinson and Company, Franklin
Lakes, New Jersey, United states) in accordance with per-
formance standards recommended by the Clinical and
Laboratory Standards Institute. For blood cultures, multiple
blood samples were collected from different veins. Blood
cultures were considered to be contaminated if a
coagulase-negative Staphylococcus species was present in
only one out of two blood cultures. The microbiology lab-
oratories of Wan Fang Hospital and New Taipei City Hospital
have both been accredited by the Taiwan Accreditation
Foundation.

Statistical analysis

The following descriptive statistics were used to describe
the clinical characteristics of patients with SARS-CoV-2
infection: the mean and standard deviation, median and
interquartile range (IQR) for continuous variables, and
proportions for categorical variables. Group comparisons
were performed using the Student t test for normally
distributed continuous variables and the ManneWhitney U
test for nonnormally distributed continuous variables. Dif-
ferences in proportions were compared using the chi-
squared or Fisher’s exact test. KaplaneMeier curves plot-
ting the time to incident sBSI in the TCZ and non-TCZ groups
were compared using the log-rank test. A Cox proportional
hazards model in a backward stepwise algorithm incorpo-
rating demographic characteristics, comorbidities, respi-
ratory support, use of a central venous catheter, and
medication use was employed to calculate adjusted hazard
ratios (aHRs) and 95 % confidence intervals (CIs) for
describing associations with sBSI risk. We also performed
two different discrete survival models, i.e., the conditional
logistic regression and the exact logistic regression.
Considering the outcome events were relatively rare in this
cohort, discrete survival model was conducted. The medi-
cation use included dexamethasone, remdesivir, tocilizu-
mab, monoclonal antibody, colchicine, NRICM101, and
fluvoxamine. Subgroup analysis stratified by the dexa-
methasone use was performed. We used p-values � 0.2 as
the removal criterion in our automatic selection of vari-
ables. We removed variables with p-values > 0.1 in deter-
mining the final model. All tests of significance were two-
tailed. The a level was set at 0.05. Analyses were
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performed using the R program Version 4.1. (The R Foun-
dation, Indianapolis, Indiana, United States).
Results

Between May 1 and August 31, 2021, a total of 464 patients
with SARS-CoV-2 infection were hospitalized at two hospi-
tals: 184 (39.7 %) in Wang Fang Hospital and 280 (60.3 %) in
New Taipei City Hospital. After excluding 11 patients who
were younger than 20 years, we analyzed the data of 453
patients (Fig. 2). Eighty-five patients (18.8 %) were
administered TCZ. The baseline characteristics of the TCZ
users and nonusers are listed in Table 1. The incidence of
sBSI was higher among the TCZ users than the nonusers
(7.1 % vs. 1.6 %, p Z 0.005). The mean and median follow-
up durations were 17.7 versus 14.4 days (p Z 0.054) and 15
versus 11 days (p Z 0.002) for the TCZ users and non-users,
respectively. Compared the TCZ nonusers, the TCZ users
were significantly older (age �65 years old; p < 0.001) and
a greater proportion of them were men (65.9 % vs. 51.4 %,
p Z 0.015). The patients receiving TCZ were more likely to
be active smokers (21.2 % vs. 11.7 %, p Z 0.021). The
prevalence of the following comorbidities was higher in the
TCZ group: hypertension (67.1 % vs. 42.7 %, p < 0.001),
diabetes mellitus (55.3 % vs. 23.1 %, p < 0.001), hyperlip-
idemia (28.2 % vs. 15.2 %, p Z 0.005), coronary artery
disease (25.9 % vs. 15.8 %, p Z 0.027), chronic kidney dis-
ease (24.7 % vs. 10.6 %, p Z 0.001) and chronic viral hep-
atitis (27.1 % vs. 8.4 %, p < 0.001).

The patients with SARS-CoV-2 infection frequently re-
ported cough, dyspnea, fever, and anorexia as presenting
symptoms. The rates of dyspnea (52.9 % vs. 33.2 %,
pZ 0.001), fever (76.5 % vs. 51.9 %, p < 0.001), and muscle
weakness (43.5 % vs. 28.3 %, p Z 0.006) were higher in the
TCZ group. The white blood cell count (8.0 � 5.1 vs.
6.2 � 2.7 � 103/mL, p Z 0.002), C-reactive protein level
(9.2 � 10.1 vs. 5.9 � 6.6 mg/dL, p Z 0.04), D-dimer level
(3.5 � 5.7 vs. 1.7 � 4.0 mg/mL, pZ 0.043), and erythrocyte
sedimentation rate (38.3 � 26.3 vs. 27.2 � 24.3 mm/h,
p < 0.001) were higher in the TCZ group than in the non-
TCZ group, whereas the albumin level was lower in the
TCZ group. The TCZ users were more likely to require
invasive mechanical ventilator support (38.8 % vs. 5.4 %,
p < 0.001) and a central venous catheter (36.5 % vs. 5.4 %,
p < 0.001). Higher proportions of the TCZ users were
treated with dexamethasone (97.6 % vs. 41.3 %, p < 0.001)
and remdesivir (75.3 % vs. 24.2 %, p < 0.001).

Twelve patients (2.65 %) developed sBSI at a median of
14 (IQR Z 11.3e20.0) days after admission, i.e., 19
(IQR Z 12.0e27.0) days after SARS-CoV-2 PCR sampling.
Among the 12 patients with sBSI, 6 (50 %) required me-
chanical ventilation and central venous catheterization.
The patients with sBSI were hospitalized for longer duration
(44.2 � 31.4 vs. 17.6 � 14.3 days, p Z 0.014). Six patients
had multiple episodes of positive blood cultures, and
several strains were isolated simultaneously in six sBSI ep-
isodes. Among the 28 isolates, 14 (50.0 %), 7 (25.0 %), and 7
(25.0 %) were gram-negative bacteria (GNB), gram-positive
cocci (GPC), and Candida species, respectively (Fig. 3). The
most prevalent pathogens were Elizabethkingia meningo-
septicum (five isolates), Enterococcus faecium (three



Figure 2. Flowchart for selection of patients with SARS-CoV-2 infection. (Abbreviations: sBSI, secondary bloodstream infection).
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isolates), and Klebsiella pneumoniae (three isolates). Of
the seven patients with isolates containing GPC, four
(57.1 %) required a central venous catheter.

The KaplaneMeier analysis revealed a nonsignificant
difference in the risk of sBSI between the TCZ users and
nonusers (p Z 0.052 by log-rank test; Fig. 4). Both univar-
iate and multivariate Cox proportional hazards models
showed a nonsignificant association between TCZ use and
sBSI risk (Table 2), with the HR (95 % CI) being 2.93
(0.94e9.14, p Z 0.064) and the aHR (95 % CI) being 1.32
(0.29e6.05, p Z 0.724). In the univariate Cox proportional
hazards model, hyperlipidemia [HR Z 3.29 (95 %
CI Z 1.04e10.40), p Z 0.042], chronic kidney disease
[HR Z 3.24 (95 % CI Z 1.02e10.30), p Z 0.046], mechan-
ical ventilation [HR Z 4.96 (95 % CI Z 1.56e15.76),
p Z 0.007] and central venous catheter use [HR Z 3.68
(95 % CI Z 1.13e11.97), p Z 0.030] were associated with a
higher risk of sBSI. In the multivariate Cox proportional
hazards model, female sex [aHR Z 7.00 (95 %
CI Z 1.45e33.92), p Z 0.016], heavy drinking [aHR Z 5.39
(95 % CI Z 1.01e28.89), p Z 0.049], and mechanical
ventilation [aHRZ 5.65 (95 % CIZ 1.67e19.30), pZ 0.006]
were independently associated with a higher risk of sBSI.
When TCZ use was retained in the multivariate model along
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with female sex, heavy drinking, and mechanical ventila-
tion, we found that TCZ use and heavy drinking were both
non-significant variables. The results of discrete survival
models were similar and shown in the supplemental file
(Table S1). In addition, among dexamethasone users, fe-
male sex [aHR Z 14.63 (95 % CI Z 1.58e135.63),
p Z 0.018], heavy drinking [aHR Z 13.96 (95 %
CI Z 1.45e134.48), p Z 0.023] were independently asso-
ciated with a higher risk of sBSI in the multivariate Cox
proportional hazards model.
Discussion

Although only 2.65 % of the patients analyzed in the present
study developed sBSI, this complication was associated with
prolonged hospitalization. Despite the higher prevalence of
sBSI during hospitalization in the TCZ group, the survival
analysis demonstrated that TCZ use was not related to the
risk of sBSI. The independent predictors of sBSI were fe-
male sex, heavy drinking, and mechanical ventilation. The
prevalence of sBSI among the TCZ users was higher than
that among the non-TCZ users because TCZ tended to be
prescribed to older patients with more severe initial clinical



Table 1 Clinical characteristics of hospitalized patients with SARS-CoV-2 infection, with stratification by tocilizumab use.

Tocilizumab p-value

Users (N Z 85) Non-users (N Z 368)

Age, years <0.001
< 65, n (%) 34 (40.0) 234 (63.6)
� 65, n (%) 51 (60.0) 134 (36.4)

Male sex, n (%) 56 (65.9) 189 (51.4) 0.015
Body mass index kg/m2 0.098
< 18.5, n (%) 1 (1.2) 14 (3.8)
18.5e24, n (%) 27 (31.8) 151 (41.0)
� 24, n (%) 57 (67.1) 203 (55.2)

Smoking status, n (%) 18 (21.2) 43 (11.7) 0.021
Heavy drinking, n (%) 12 (14.1) 28 (7.6) 0.057
Comorbidities
Hypertension, n (%) 57 (67.1) 157 (42.7) <0.001
Diabetes mellitus, n (%) 47 (55.3) 85 (23.1) <0.001
Hyperlipidemia, n (%) 24 (28.2) 56 (15.2) 0.005
Coronary artery disease, n (%) 22 (25.9) 58 (15.8) 0.027
Chronic kidney disease, n (%) 21 (24.7) 39 (10.6) 0.001
Chronic viral hepatitis, n (%) 23 (27.1) 31 (8.4) <0.001
Respiratory diseases, n (%) 7 (8.2) 17 (4.6) 0.180
Malignancy, n (%) 7 (8.2) 22 (6.0) 0.444
Maintenance hemodialysis, n (%) 4 (4.7) 6 (1.6) 0.098

Hospitalization course
Length of hospitalization

Mean � SD, days 17.7 � 13.1 14.4 � 14.4 0.054
Median (IQR), days 15 (2) 11 (8) 0.002

Intensive care unit admission, n (%) 26 (30.6) 31 (8.4) <0.001
Central line, n (%) 31 (36.5) 20 (5.4) <0.001
Respiratory support, n (%) 79 (92.9) 199 (54.1) <0.001

Nasal cannula, n (%) 63 (74.1) 182 (49.5) <0.001
Simple mask, n (%) 51 (60.0) 51 (13.9) <0.001
Nonrebreathing mask, n (%) 34 (40.0) 45 (12.2) <0.001
HFNC, n (%) 16 (18.8) 21 (5.7) <0.001
Mechanical ventilation, n (%) 33 (38.8) 20 (5.4) <0.001

Medication use
Dexamethasone, n (%) 83 (97.6) 152 (41.3) <0.001
Remdesivir, n (%) 64 (75.3) 89 (24.2) <0.001
Monoclonal antibody, n (%) 2 (2.4) 24 (6.5) 0.195

Casirivimab þ Imdevimab 0 (0) 9 (2.4 %) 0.219
Bamlanivimab þ Etesevimab 2 (2.4) 15 (4.1 %) 0.751

Colchicine, n (%) 13 (15.3) 31 (8.4) 0.054
NRICM101, n (%) 11 (12.9) 22 (6.0) >0.999
Fluvoxamine, n (%) 6 (7.1) 12 (3.3) 0.106

Laboratory data
Albumin, mean � SD, g/L 3.3 � 0.5 3.7 � 0.7 <0.001
WBC count, mean � SD, x 103/mL 8.0 � 5.1 6.2 � 2.7 0.002
Platelet, mean � SD, 103/mL 200.6 � 89.8 208.8 � 87.5 0.496
D-dimer, mean � SD, mg/mL 3.5 � 5.7 1.7 � 4.0 0.043
CRP, mean � SD, mg/dL 9.2 � 10.1 5.9 � 6.6 0.011
Ferritin, mean � SD, mg/L 1600 � 1779 902 � 2742 0.062
LDH, mean � SD, U/L 372 � 170 287 � 833 0.361
CPK, mean � SD, U/L 234.9 � 336.5 180.8 � 380.9 0.238
Fibrinogen, mean � SD, mg/dL 454.8 � 203.3 449.0 � 181.0 0.867
Procalcitonin, mean � SD, ng/mL 1.7 � 6.3 1.6 � 14.9 0.929
ESR, mean � SD, mm/h 38.3 � 26.3 27.2 � 24.3 <0.001

Symptoms
Cough, n (%) 64 (75.3) 243 (66.0) 0.1
Fever, n (%) 65 (76.5) 191 (51.9) <0.001

(continued on next page)
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Table 1 (continued )

Tocilizumab p-value

Users (N Z 85) Non-users (N Z 368)

Dyspnea, n (%) 45 (52.9) 122 (33.2) 0.001
Muscle weakness, n (%) 37 (43.5) 104 (28.3) 0.006
Anorexia, n (%) 29 (34.1) 102 (27.7) 0.241

sBSI, n (%) 6 (7.1) 6 (1.6) 0.005
Days from SARS-CoV-2 test to the outcome, mean � SD 23.7 � 12.9 19.9 � 12.2 0.01
Days from after admission to the outcome, mean � SD 17.7 � 13.1 14.4 � 14.42 0.054
Mortality, n (%) 28 (32.9) 31 (8.4) <0.001

Abbreviations: CPK, creatinine phosphokinase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HFNC, high-flow nasal
cannula; LDH, lactate dehydrogenase; sBSI, secondary bloodstream infections; SD, standard deviation; WBC, white blood cell.

Figure 3. Identification of organisms from all blood cultures in hospitalized patients with SARS-CoV-2 infection and sBSI.
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manifestations and who were more vulnerable to secondary
bacterial infection.

TCZ, a humanized monoclonal antibody, competitively
blocks the interaction of IL-6 with its receptor. IL-6 regu-
lates the immune response, specifically the proliferation
and differentiation of T cells and terminal differentiation of
B cells. Selective inhibition of the host immune system may
be a double-edged sword in the treatment of COVID-19-
associated CRS. CRS depletes the host immune reserve,
causes mucociliary dysfunction, and breaks the mucosal
integrity of the lower respiratory and gastrointestinal
tracts, predisposing patients to secondary bacterial and
fungal infections.30,31 By contrast, IL-6 is crucial to the
protection of neutrophils from apoptosis in bacterial
infection. Blockade of the downstream IL-6 pathway may
render the host immune system prone to secondary bac-
terial infection22,23; Inconsistent results were obtained in
one meta-analysis study.32 Similar to the present study, in
44
an observational study, Guaraldi et al. determined a higher
rate of new infection among 179 patients with SARS-CoV-2
infection who were treated with TCZ compared with that
among 365 patients treated with standard care only: 13 %
and 4 %, respectively (p < 0.0001).24 Such a difference was
not observed in two randomized trials.25,26 Several studies
have also reported no association between TCZ use and
secondary infection in patients with SARS-CoV-2
infection.20,33e37 In a cohort study including 144 patients
with SARS-CoV-2 infection who were admitted to an
emergency intensive care unit, Kuwahara et al. demon-
strated an association of TCZ treatment with bacteremia
[odds ratio Z 1.01 (95 % CI Z 0.37e3.02), p Z 0.99] by
performing multivariate logistic regression.37 Moore et al.
indicated that TCZ use was not associated with health-care-
associated infection [aHR Z 0.85 (95 % CI Z 0.29e2.52),
p Z 0.780) compared with nonuse.36 Those results are
consistent with our findings.



Figure 4. KaplaneMeier curves depicting time to sBSI in the
TCZ and non-TCZ groups.
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The development of secondary infection in patients
with severe SARS-CoV-2 infection can be attributed to
several factors. CRS can induce immune anergy and
epithelial disruption of the lower respiratory and gastro-
intestinal tracts, which facilitate the entry of bacteria and
Candida into the bloodstream. Endothelial cell damage
leads to vasculature leakage, causing bacterial
Table 2 Predictors of sBSI in the univariate and multivariate C

Analysis Univariate analysis

HR (95 % CIs) p Adj

Tocilizumab use 2.93 (0.94e9.14) 0.064
Age, years 0.430
< 65 Reference
� 65 3.60 (0.43e29.90)

Female sex 2.82 (0.83e9.60) 0.096 7.00
Smoking status 1.24 (0.27e5.69) 0.778
Heavy drinking 3.24 (0.88e11.98) 0.078 5.39
Hypertension 2.52 (0.68e9.34) 0.168
Diabetes mellitus 2.36 (0.76e7.35) 0.138
Hyperlipidemia 3.29 (1.04e10.40) 0.042
Coronary artery disease 0.99 (0.27e3.68) 0.984
Chronic kidney disease 3.24 (1.02e10.30) 0.046
Chronic viral hepatitis 1.58 (0.42e5.91) 0.494
Mechanical ventilation 4.96 (1.56e15.76) 0.007 5.65
Intensive care unit admission 2.10 (0.62e7.11) 0.232
Central line 3.68 (1.13e11.97) 0.030
Remdesivir 1.34 (0.43e4.18) 0.612
NRICM101 1.90 (0.42e8.72) 0.408
Dexamethasone 3.82 (0.84e17.45) 0.084
Colchicine 0.93 (0.12e7.19) 0.941
Fluvoxamine 3.37 (0.43e26.65) 0.250
Monoclonal antibody 0.97 (0.12e7.62) 0.977

Abbreviations: CI, confidence interval; HR, hazard ratio.
Multivariate analysis 1 was the final result after backward stepwise a
Multivariate analysis 2 included only tocilizumab use, female sex, he
The sample size of patients who had underlying respiratory disease an
accurate estimate of the odds ratios are not practical.
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translocation and failure of the intestinal barrier.38

Administration of broad-spectrum antibiotics in a patient
with clinical presentation of severe sepsis results in less
diversity among microorganisms. It shifts the equilibrium
of microbial flora, causing the expansion of multi-drug-
resistant strains and Candida species.39 Thus, in second-
ary infection, glucose fermentative enteric GNB or
Candida species, commonly found as normal flora in the
gastrointestinal tract, were cultured as pathogens of
secondary bacterial infections in our study. Mechanical
ventilation for the supportive care of critically ill patients
also breaches the natural anatomical barrier between the
oropharyngeal cavity and sterile lower respiratory tract,
predisposing the patients to secondary bacterial infection.
In our report, 11 out of 14 GNB identified were glucose-
nonfermenting bacteria that are commonly present in
the medical care environment and causative pathogens for
nosocomial infection in health-care-associated or
ventilator-associated pneumonia. Bhatt et al. reported an
association between sBSI and invasive mechanical venti-
lation, which is consistent with our findings.20 Regarding
SARS-CoV-2 infection, a newly emerging and highly trans-
missible viral pulmonary disease, infections must be
controlled by utilizing personal protective equipment to
protect health-care workers. However, this protective
equipment may interfere with the convenience, fluency,
and integrity of medical care, increasing the risk of
contamination during procedures that require aseptic
ox proportional hazards model.

Multivariate analysis 1 Multivariate analysis 2

usted HR (95 % CIs) p Adjusted HR (95 % CIs) p

1.32 (0.29e6.05) 0.724

(1.45e33.92) 0.016 7.06 (1.45e34.44) 0.016

(1.01e28.89) 0.049 5.09 (0.92e28.29) 0.063

(1.67e19.30) 0.006 4.82 (1.06e22.02) 0.042

nalysis.
avy drinking, and mechanical ventilation.
d malignancy, and were undergoing hemodialysis was so small that
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manipulation. A high proportion of cases of commensal
skin flora, such as Candida species and GPC belonging to
the Micrococcaceae family, could be due to the use of a
central venous catheter.

This study found that the female patients with SARS-
CoV-2 infection were more likely to develop sBSI than
were the male patients. The sexual dimorphism in bacte-
rial infection has been described as a susceptibility to
gastrointestinal and respiratory bacterial infections in
men and vulnerability to genitourinary tract bacterial in-
fections in women.40 Limited evidence has been obtained
to support sex differences in the risk of bacterial infection
among patients with SARS-CoV-2 infection. Cohen et al.
reported that female patients had a lower risk of health-
care-associated bloodstream infection [odds ratio Z 0.82
(95 % Cl Z 0.74e0.91)] in a large academic medical center
in New York.41 Studies have previously indicated no sig-
nificant difference in the risk of sBSI between men and
women.20,21 Our results can provide a new direction for
research concerning the complex interactions of genetic
and hormonal differences with the host immune system
and the subsequent risk of bacterial infection in hospi-
talized patients with SARS-CoV-2 infection. Heavy drinking
could contribute to a patient being immunocompromised
and having increased susceptibility to infection.42 Our
results confirm the association between heavy drinking
and sBSI in hospitalized patients with SARS-CoV-2
infection.

This study has some limitations. First, confounding fac-
tors are unavoidable in a retrospective cohort study. How-
ever, adjustment was performed by performing a
multivariable Cox proportional hazards model. Second,
variables that were unbalanced between the two groups
could have resulted in confounding by indications; howev-
er, a multivariable Cox proportional hazards model was
performed. Third, the study enrolled an Asian cohort,
which could limit its extrapolation. Finally, larger studies
are needed to confirm this result due to a small sample size
and a limited number of patients developing sBSI in the
present study.

Conclusion

The hospital stay of patients with SARS-CoV-2 infection is
significantly increased if they develop sBSI. The risk of
secondary infection is complex and multifactorial. In
practice, TCZ is prescribed to older patients with multiple
comorbidities and severe clinical conditions. TCZ treatment
does not increase the risk of sBSI in this vulnerable popu-
lation. The causative microbes identified in this study were
mainly healthcare-associated pathogens, especially those
found in the airway, on the skin, in the intestines, and in
intensive care unit environments. The present microbiology
data provide clinicians with a direction for antibiotic se-
lection. Additional studies are warranted to optimize
infection control and environmental cleaning strategies
during the SARS-CoV-2 infection pandemic era.
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