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ARTICLE INFO ABSTRACT

Keywords: Coronavirus disease 2019 (COVID-19) pandemic has brought challenges to health and social care systems.
CovID-19 However, the empirical use of antibiotics is still confusing. Presently, a total of 1123 patients with COVID-19
Bacterial infection admitted to Renmin Hospital of Wuhan University was included in this retrospective cohort study. The clin-
Mortality ical f licati d db h d bacterial infection and th

Antibiofics ical features, complications and outcomes were compared between the suspected bacterial infection and the no

evidence of bacterial infection. The risk factors of mortality and the incidence of acute organ injury were
analyzed. As a result, 473 patients were selected to suspected bacterial infection (SI) group based on higher white
blood cell count and procalcitonin or bacterial pneumonia on chest radiography. 650 patients were selected to
the no evidence of bacterial infection (NI) group. The SI group had more severely ill patients (70.2% vs. 39.8%),
more death (20.5% vs. 2.2%), and more acute organ injury (40.2% vs. 11.2%). Antibiotics were found associated
with improved mortality and an increased risk for acute organ injury in hospitalized patients with COVID-19.
Intravenous moxifloxacin and meropenem increased the death rate in patients with suspected bacterial infec-
tion, while oral antibiotics reduced mortality in this group. Moreover, penicillin and meropenem treatments were
associated with increased mortality of the patients with no evidence of bacterial infection. In conclusion, patients
with suspected bacterial infection were more likely to have negative clinical outcomes than those without

bacterial infection. Empirical use of antibiotics may not have the expected benefits.

1. Introduction

Lower respiratory tract infections had a major impact on public
health over the past two decades [1-2]. Severe acute respiratory syn-
drome (SARS) [3], Middle East respiratory syndrome (MERS) [4], and
Coronavirus disease 2019 (COVID-19) [5] have presented an unprece-
dented challenge for the healthcare community worldwide.

In previous influenza pandemics, studies have considered that bac-
terial infection accompanied with viral infection is an important factor
affecting mortality [6]. Bacterial co-infection and secondary bacterial
infection are considered critical risk factors for the severity and mor-
tality rates of COVID-19. The prevalence of bacterial infection was range
from 14% to 100% in intensive care unit (ICU) patients [7,8,9]. A recent
meta-analysis suggested that only 7% of COVID-19 patients were ex-
pected to have bacterial infection [10]. However, it should be noted that

most patients received antibiotics before they were diagnosed with
bacterial infection, which may influence the prevalence of bacterial
infection. A low rate of laboratory-confirmed bacterial coinfection was
observed in patients with COVID-19 in the latest studies [11,12]. Thus,
the widely accepted view was the rate of bacterial infection with COVID-
19 is not high.

Using antibiotics to treat viral diseases may increase drug resistance
and raise the risks of allergic reactions [13]. Herein, determining the
presence of bacterial infection is essential to guide the empirical use of
antibiotics, thereby reducing antibiotic abuse. On the other hand, the
diagnosis of bacterial infection is sometimes challenging because clin-
ical symptoms of infections are similar. Therefore, it may be hard to
differentiate viral from bacterial infection. Raised procalcitonin
observed in COVID-19 could be due either to bacterial infection [14] and
non-elevated procalcitonin, which may be a good predictor of the
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absence of bacterial infection. Studies have reported that patients
infected with other pathogens had higher white blood cell (WBC),
neutrophil counts, D-dimer, C-reactive protein (CRP) and procalcitonin
(PCT) levels than those of infected with SARS- coronavirus 2 (SARS-CoV-
2) homogeneously [15]. The empirically use of the antibiotics was used
for patients with suspected bacterial infection. However, it was un-
known whether this empirically use of the antibiotics had positive
outcomes.

Presently, we analyzed the biomarkers of patients admitted to
Renmin Hospital of Wuhan University with COVID-19 and screened the
patients with the clinical indication of suspected bacterial infection. We
compared the clinical characteristics and outcomes of patients with
suspected bacterial infection and patients with no bacterial infection to
further explore the association between antibiotics usage and death in
COVID-19.

2. Methods

Patients with COVID-19 admitted to Renmin Hospital of Wuhan
University (Hubei, China) from January 26, 2020, to March 18, 2020,
were reflected in the present retrospective analysis. This study was
approved by the Research Ethics Commission of Renmin Hospital of
Wuhan University with a waiver of informed consent (WDRY2020-
K069). Demographic information and clinical records (clinical charac-
teristics, laboratory, radiological results and treatments) of COVID-19
patients on hospital admission were extracted for retrospective anal-
ysis. Exclusion criteria: (1) patients during pregnancy and lactation. (2)
Patients who received treatments less than 3 days. (3) Patients who
transferred to other hospitals.

2.1. Definitions

The diagnosis of COVID-19 was confirmed as a positive result for a
nasopharyngeal swab and respiratory pathogen nucleic acid test with
high-throughput sequencing or real-time reverse transcriptase-
polymerase chain reaction (RT-PCR).

The severity of COVID-19 was categorized as moderate and severe.
The moderate type represents patients with non-pneumonia and mild to
moderate pneumonia. The severe type was characterized by (1) dyspnea
(respiratory rate > 30/min); (2) blood oxygen saturation < 93%; (3)
Pa0,/FiO, ratio < 300 or lung infiltrates > 50% within 24-48 h [16]. If
one of the above items was met, it was classified as severe.

For bacterial infection, the COVID-19 patients were grouped as
suspected bacterial infection (SI) and no evidence of bacterial infection
(NI). The patients were classified as the SI group if the any one of (1)-(4)
and (5) were met: (1) Recent cough, expectoration or aggravation of
original respiratory disease symptoms, and purulent sputum, with or
without chest pain; (2) White blood cell count > 10 x 109/L; (3) PCT >
0.1 ng/ml; (4) Fever (body temperature is over 37 °C), (5) Chest radi-
ography showed bacterial pneumonia. The NI group was characterized
by normal white blood cell count and PCT, and the chest radiography
showed viral pneumonia.

The acute organ injury was described as acute heart injury, acute
kidney injury and acute liver injury newly discovered after admission.
Acute kidney injury was defined on the basis of highest serum level of
creatinine according to the Kidney Disease Improving Global Outcome
(KDIGO) clinical practice guidelines [17]. Cardiac injury was defined as
a serum level of cardiac troponin I above the 99th percentile upper
baseline limit [18]. Acute liver injury was identified as an increase in
alanine aminotransferase of 5 times the upper reference limit or alkaline
phosphatase increase of twice the upper reference limit.

2.2. Statistical analysis

IBM SPSS Statistics (version 23.0) was adopted for statistical anal-
ysis. Categorical variables were expressed as proportions and compared
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between groups using the Chi-square test. Continuous data were
expressed as median (interquartile range) and compared between
groups using the Mann-Whitney U test. Multivariate logistic regression
models were utilized to explore the risk factors associated with in-
hospital death. Forest plots were employed to display logistic regres-
sion analysis results. The incidence of acute organ injury was examined
with the same method of the mortality model. A 2-sided « of less than
0.05 was considered statistically significant.

3. Results
3.1. Presenting characteristics

Of 1500 COVID-19 patients, 1123 patients were included. The sus-
pected bacterial infection (SI) group included 473 patients, and the no
evidence of bacterial infection (NI) group included 650 patients
(Table 1). Male patients accounted for 49.9% of all patients, and 60.0%
of patients were in the SI group. The median age of the SI patients was 65
(IQR, 55-72), which was higher than that of the NI group patients (58,
IQR, 47-67). Patients of the SI group had a higher preexisting rate of
hypertension (35.5% vs. 29.7%), and diabetes disease (16.3% vs.
10.8%) (all P values < 0.05). Cardiovascular disease, cancer and COPD
were not significantly different between groups. Fever and cough were
the most common onset of symptoms in both groups. The SI group had a
significantly higher proportion of fever (75.3% vs. 61.5%) and expira-
tory dyspnea (16.3% vs. 10.9%).

3.2. Severity, treatments and complications

Among 1123 patients with COVID-19, 591 patients (52.6%) were the
severe type. The suspected bacterial infection (SI) group included 332
severe patients, and the no evidence of bacterial infection (NI) group
included 295 severe patients (Table 2). Compared with the SI group, the
NI group had lower rates of antiviral therapy (79.7% vs. 93.0%), anti-
biotic therapy (53.5% vs. 93.9%) and glucocorticoid therapy (20.9% vs.
72.9%).

Clinical outcomes in the SI group were significantly different from
those in the NI group. The mortality rate was higher in the SI group than
in the NI group (20.5% vs. 2.2%). Among the SI group, the period from
admission to discharge or death was 27 (13-40) days, distinctly longer

Table 1
Demographic, past medical history and symptoms findings of patients on
admission.

No./total No. (%)

Total (n = SI(n = NI(n = P Value

1123) 473) 650)
Male 560 (49.9) 284 (60.0) 276 (42.5) <0.001
Median age (IQR) 61 (50-69) 65 (55-72) 58 (47-67) <0.001

year
Past Medical History
Hypertension 361 (32.1) 168 (35.5) 193 (29.7) 0.039
Coronary heart 95 (8.5) 44 (9.3) 51 (7.8) 0.387
disease

Other heart disease 46 (4.1) 26 (5.5) 20 (3.1) 0.048
Diabetes 147 (13.1) 77 (16.3) 70 (10.8) 0.007
Cancer 40 (3.6) 21 (4.4) 19 (2.9) 0.176
COPD 40 (3.6) 17 (3.6) 23 (3.6) 0.963
Symptom
Fever 756 (67.3) 356 (75.3) 400 (61.5) <0.001
Cough 467 (41.6) 200 (42.3) 267 (41.1) 0.685
Expectoration 53 (4.7) 27 (5.7) 26 (4.0) 0.183
Expiratory dyspnea 148 (13.2) 77 (16.3) 71 (10.9) 0.009
Weakness 138 (12.3) 66 (14.0) 72 (11.1) 0.147
Chest tightness 106 (9.4) 45 (9.5) 61 (9.4) 0.942

SI = suspected bacterial infection. NI = no evidence of bacterial infection. IQR =
interquartile range.
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Table 2
Severity, treatments and complications.

No./total No. (%)

Total (n = SI(n= NI(n = P Value

1123) 473) 650)
Clinical severity
General 532 (47.4) 141 (29.8) 391 (60.2) <0.001
Severe 591 (52.6) 332 (70.2) 295 (39.8) <0.001
Treatment
Antiviral 958 (85.3) 440 (93.0) 518 (79.7) <0.001
Antibiotics 792 (70.5) 444 (93.9) 348 (53.5) <0.001
Oral antibiotics 385 (34.3) 198 (41.9) 187 (28.8) <0.001
Intravenous antibiotics 602 (53.6) 390 (82.5) 212 (32.6) <0.001
Azithromycin 63 (5.6) 33 (7.0) 30 (4.6) 0.090
Fluoroquinolones 666 (59.3) 378 (79.9) 288 (44.3) <0.001
Levofloxacin 77 (6.9) 45 (9.5) 32 (4.9 0.003
Oral moxifloxacin 281 (20.5) 147 (31.1) 134 (20.6) <0.001
Intravenous 409 (36.4) 274 (57.9) 135 (20.8) <0.001

moxifloxacin
Cephalosporins 137 (12.2) 91 (19.2) 46 (7.1) <0.001
Ceftazidime 83 (7.4) 62 (13.1) 21(3.2) <0.001
Penicillins 50 (4.5) 35(7.4) 15 (2.3) <0.001
Carbapenems 108 (9.6) 95 (20.1) 13 (2.0) <0.001
Meropenem 77 (6.9) 68 (14.4) 9(1.4) <0.001
Glucocorticoids 481 (42.8) 345 (72.9) 136 (20.9) <0.001
Mechanical ventilation 128 (11.4) 105 (22.2) 23 (3.5) <0.001
Outcome
Death 111(9.9) 97 (20.5) 14 (2.2) <0.001
Median period in 21 (12-35) 27 (13-40) 18 (11-31) <0.001
hospital

Acute organ injury 324 (28.9) 228(48.2) 96 (14.8) <0.001
Myocardial injury 175 (15.6) 139 (29.4) 36 (5.5) <0.001
Renal injury 101 (9.0) 80 (16.9) 21 (3.2) <0.001
Liver dysfunction 187 (16.7) 130 (27.5) 57 (8.8) <0.001
Electrolyte disturbance 657 (58.5) 378 (79.9) 279 (42.9) <0.001
Hypoproteinemia 196 (17.5) 169 (35.7) 27 (4.2) <0.001
Anemia 504 (44.9) 290 (61.3) 214 (32.9) <0.001

than that of the NI group. The incidence of acute organ injury was higher
in the SI group (48.2% vs. 14.8%). Compared to the NI group, compli-
cations were significantly more in the SI group. Electrolyte disturbance
was the most common complication in both groups. The corresponding
incidence of cardiac injury (29.4%), acute renal injury (16.9%), liver
dysfunction (27.5%), electrolyte disturbance (79.9%), hypoproteinemia
(85.7%), and anemia (61.3%) were all significantly higher in SI group
(Table 2).

3.3. Risk factors for the whole

We included 1123 patients in the multivariate logistic regression
model. The clinical parameters, including sex, age, comorbidity,

severity, suspected bacterial infection, and treatments were
A
Variables Adjusted OR[95%CI] P Value
Glucocorticoids  |—e— 2.216(1.278-3.843) 0.005
Antibioti 5.581(1.288-24.173) 0.022
Severe  |ma—t 2.196(1.252-3.850) 0.006
SI —— 3.951(2.103-7.422) <0.001
Age 1.060(1.041-1.081) <0.001
0 5 10 15 20 25 30
Risk factors associated with in-hospital death in the whole population
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incorporated into the regression models. We revealed that older age,
suspected bacterial infection, severe illness, antibiotics, and glucocor-
ticoid treatment promoted in-hospital death (Fig. 1A). In comparison,
older age, male gender, suspected bacterial infection, severe illness,
antibiotic usage and glucocorticoid treatment were associated with an
increased incidence of acute organ injury in patients with COVID-19
(Fig. 1B).

3.4. Risk factors for the suspected bacterial infection

Since different groups had significantly different outcomes, stratified
analysis for the SI group and NI group was made to find the association
between death and antibiotic therapy. The specific types of antibiotics
were incorporated into the statistics. In the SI group, older age, severer
illness, and intravenous moxifloxacin and meropenem were associated
with increased risks of death. In contrast, receiving oral antibiotics
enhanced mortality (Fig. 2A). Meanwhile, older age, male gender,
intravenous antibiotics and receiving meropenem were associated with
the elevated incidence of acute organ injury in the SI group (Fig. 2B). On
the contrary, receiving azithromycin and female gender were related to
decreased acute organ injury incidence in the SI group.

3.5. Risk factors for the no evidence of bacterial infection

For the NI group, receiving penicillin, meropenem, and glucocorti-
coids treatments was associated with an increased death rate (Fig. 3A).
In contrast, older age, male gender, severe illness, receiving antivirals,
glucocorticoids and meropenem were linked to the increased incidence
of acute organ injury (Fig. 3B).

4. Discussion

Our results showed that patients with suspected bacterial infection
were more likely to have negative clinical outcomes than those with no
evidence of bacterial infection. The suspected bacterial infection group
included severely ill patients, and the outcomes showed that the SI
group had more death and complications. Similarly, a recent review
paper suggested that a mortality rate of 10.9% (53 of 482) was observed
in all cases of viral pneumonia due to secondary infections [19]. It is
probably because that increased procalcitonin values are associated
with a nearly 5-fold higher risk of severe SARS-CoV-2 infection [20]> and
bacterial infection is likely to worsen an already poor prognosis [21].
Based on past experience, clinicians often take more drastic treatment
for patients with severe illness. We can also see this trend in our
research. The proportion of patients receiving antibiotics and gluco-
corticoids in the SI group was significantly higher than that of the NI
group.

We identified several risk factors for in-hospital death of the patients

Variables Adjusted OR[95%CI] P Value
Antiblotics I — 1.603 (1.007-2.551) 0.0466
Glucocorticolds —— 1.904 (1.355-2.676) <0.001
Severe —_— 1825 (1.328-2.510) <0.001

s1 —— . 2409(1.715-3.385) <0.001

Age h 1023 (1.012-1.034) <0.001

Female e— 0447 (0.331-0.605) <0.001

0.0 0.5 1.0 15 2.0 2.5 3.0 35

Risk factors associated with acute organ injury in the whole population

Fig. 1. Forest plot of multivariate logistic regression analysis of factors associated with COVID-19.
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Variables Adjusted OR[95%CI] P Value
Meropenem 4.258(2.363-7.675) <0.001
Intravenous moxifloxacin 1.749(1.019--3.001) 0.043

Oral antibiotics et 1.749(1.019-3.001) 0.001
Severe 2.943(1.508-5.743) 0.002

Age s 1.037(1.017-1.058) <0.001

0 2 4 6 8

Risk factors associated with in-hospital death in suspicious bacterial infections

B

Variables Adjusted OR[95%CI] P Value
Female - 0.371(0.246-0.560) <0.001
Meropenem 3.904 (2.027-7.521) <0.001
Azithromycin - 0.439(0.200-0.968) 0.041
Intravenous antibiotics —_— 2.029(1.172-3.513) 0.012
Age b 1.022 (1.008-1.037) 0.002

0 2 6 8

Risk factors associated with acute organ injury in suspicious bacterial infections

Fig. 2. Forest plot of multivariate logistic regression analysis of factors associated with suspected bacterial infection.

with COVID-19. Receiving antibiotics was associated with higher in-
hospital death. Previous studies demonstrated that the administration
of multiple antibiotics did not change the outcomes of the disease
[22-23]. In our center, antibiotic therapy seemed to increase the risk of
death. It’s because clinicians are more likely to use antibiotics for severe
patients, who often die of SARS-CoV-2. The rate of bacterial infection is
not high, but 70.5% of patients received antibiotics in our research,
which means most patients would not benefit from antibiotics. Evidence
suggests that very high proportion of COVID-19 patients were receiving
unnecessary antibiotic treatment [24,25,26]. This increase in antibiotic
administration can cause pressure on bacterial pathogens which lead to
antibiotic resistance [27]. Yet, there is a serious problem that the pres-
ence of antimicrobial elements in the environment can stimulate anti-
microbial resistance [28] and the potential consequence of the COVID-
19 pandemic is the long-term propagation of antimicrobial resistance
[29].

Both guidelines for COVID-19 management suggest prescribing an-
tibiotics therapy for suspected bacterial infection [30,31]. In the present
study, we found that if laboratory tests indicated suspected bacterial
infection, the empirical use of oral antibiotics might reduce mortality of
patients with COVID-19. Previous studies demonstrated that procalci-
tonin and neutrophilic leukocytosis are valuable markers for bacterial
infection. Timothy MU [32] believes that procalcitonin is not specific in
differentiating viral and bacterial pneumonia. We still chose these ways
because when this new virus occurred in China, there is no standard
strategy. As a result, some doctors chose routine empiric antibiotic use in
patients with elevated WBC or PCT. In terms of the value of PCT, there is

a lot of controversies. In Meisner’s research [33], the patients with PCT
value > 0.25 pg/liter were defined bacterial infection and those who had
PCT value < 0.25 pg/liter were defined non-bacterial. In our center, the
PCT value > 0.1 pg/liter indicated the presence of bacterial infection.
Hence, we chose PCT value > 0.1 ug/liter as the indicators of grouping.
From our study, the WBC and procalcitonin may not be the biomarkers
for distinguishing bacteria from SARS-CoV-2. Facing the increased WBC
or procalcitonin, clinicians should not immediately choose antibiotics,
especially intravenous antibiotics. Empiric antibiotic use in patients
with COVID-19 will not offer considerable benefit. The reliable way is to
rely on the microbiological results.

Receiving azithromycin may decrease the incidence of acute organ
injury in suspected bacterial infection. The results were interesting.
Azithromycin has been the focus of intense scholarly debate. The in vitro
evidence suggests that azithromycin has antiviral properties [34],
including against SARS-CoV-2. A retrospective study found that treat-
ment with hydroxychloroquine and azithromycin reduced COVID-19-
related mortality [35]. However, another retrospective cohort study of
1438 patients in New York [36] showed that treatment with hydroxy-
chloroquine and azithromycin was not associated with lower in-hospital
mortality. Kome Gbinigie [37] reported that no evidence supports the
use of azithromycin for the treatment of COVID-19, unless it is used to
treat bacterial super-infection. Collectively, no link was found between
azithromycin and mortality, but azithromycin repressed organ damage
from suspected bacterial infection. Nevertheless, the number of patients
receiving azithromycin in our research is small and more prospective
studies are needed to clarify the association.
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Adjusted OR[95%CI] P Value
Meropenem 55.767(2.141-1452.514)  0.016
Penicillins 20.144(1.353-299.875) 0.029
Glucocorticoids 27.903(4.323-180.088) <0.001
Age B 1.326(1.17-1.504) <0.001

0 10 20 30 40 60 70

Risk factors associated with in-hospital death in no evidence of bacterial infections

Variables Adjusted OR[95%CI] P Value
Meropenem 10.613 (1.982-56.828) 0.006
Glucocorticoids — 2.957(1.793-4.878) <0.001
Antivirals > 2.983(1.125-7.673) 0.028
Severe — 2.214(1.372-3.574) 0.001
Age ® 1.027 (1.009-1.045) 0.003
Female e 0.614(0.381-0.989) 0.045

0 2 4 6 8 10 12

Risk factors associated with acute organ injury in no evidence of bacterial infections

Fig. 3. Forest plot of multivariate logistic regression analysis of factors associated with no evidence of bacterial infection.

For the patients with no evidence of bacterial infection, receiving
penicillin and meropenem increased mortality, and meropenem
elevated the incidence of acute organ injury. It was confirmed that
antibiotic therapy should only be used for patients with a presentation
suggestive of bacterial infection or supportive, positive microbiology
[38]. Hantoushzadeh S and his colleagues [39] reported that the con-
sumption of some antibiotics in the lack of bacterial infection could lead
to undesirable outcomes. We found that meropenem was related to
increased mortality and organ damage in both SI group and NI group. It
means meropenem may not be the first choice for empirical antibiotic
use in patients with COVID-19.

Our study presents several limitations. Firstly, due to the imperfect
clinical records, there was no record of symptom changes, which limited
our analysis of the clinical efficacy. Secondly, our study was retrospec-
tive, and the impact of the treatments on the patients was inferred. In
addition, the number of patients and treatment drugs were limited. In
the future, more rigorous case-control studies will be needed to clarify
the effect of antibiotic treatment, and more work is needed on bio-
markers to help identify bacterial infection.

5. Conclusion

Patients with suspected bacterial infection were more likely to have
negative clinical outcomes than those with no evidence of bacterial
infection. Antibiotic therapy was associated with increased mortality
and most patients would not benefit from antibiotics. Empirical use of
antibiotics may not have the positive outcomes as expected. We are in
the pandemic of COVID-19, understanding the potential for bacterial
infection is important. Detailed antimicrobial policies and guidelines
should be applied and promoted in the times of COVID-19.
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