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In December 2019, a new strain of coronavirus caused a pneu-
monia outbreak in the Wuhan, Hubei province of China. Due 
to its ability to effectively transmit between humans, the novel 
virus, now called severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has rapidly spread throughout China as 
well as other parts of the world. Secondary bacterial infection 
is an important complication of virus infection and is associ-
ated with serious outcomes, especially in influenza [1]. Until 
now, although several studies have investigated the epidemio-
logical and clinical characteristics of coronavirus disease 2019 
(COVID-19), information regarding secondary bacterial in-
fections were limited [2, 3]. In this study, we report 5 cases of 
SARS-CoV-2 pneumonia complicated by secondary bacterial 
coinfection.

METHODS

Zhijiang Medical Center is a newly built campus of The First 
Affiliated Hospital, College of Medicine, Zhejiang University 
in Hangzhou, Zhejiang Province, China. It was completed in 
October 2019, its outpatient clinic opened in November 2019, 
and 3 internal medicine wards opened in January 2020. After 

the outbreak of COVID-19, the campus was exclusively used 
to treat patients with SARS-CoV-2, including 2 newly opened 
medical intensive care units (MICUs) with 29 beds each.

The microbiological and clinical data were retrospectively 
collected from electronic medical records. The definition of 
confirmed human infection with SARS-CoV-2 is in accord-
ance with the World Health Organization interim guidance [4]. 
The diagnosis of COVID-19 was confirmed by positive result 
of real-time reverse-transcription polymerase chain reaction 
for respiratory specimens (rhinopharyngeal swab, sputum, or 
bronchoalveolar lavage fluid).

Secondary bacterial coinfection was defined as positive bac-
terial cultures accompanied by corresponding clinical mani-
festations, such as fever/hypothermia, purulent respiratory 
secretions, new or progressive pulmonary infiltrates in chest ra-
diograph, and elevated peripheral white blood cell/C-reaction 
protein/procalcitonin.

The data was deidentified, hence informed consent was 
waived. This study was approved by the Ethics Committee of 
The First Affiliated Hospital, College of Medicine, Zhejiang 
University.

RESULTS

By February 29, 2020, 101 patients with confirmed COVID-19 
were admitted to the Zhijiang Medical Center including 36 pa-
tients in the ICU. Thirty-nine patients were subjected to mi-
crobial culture according to the doctors’ judgment. In total, 5 
patients in the ICU (5.0%, 5 of 101 for all patients; 13.9%, 5 of 
36 for patients in the ICU) were diagnosed with SARS-CoV-2 
and secondary bacterial infection.

All 5 patients were aged ≥55 years, hospitalized in ICU, and 
received invasive mechanical ventilation (MV) before bacterial 
coinfection onset. Four patients were male with a Charlson’s co-
morbidity index of ≥4. The average time from ICU admission 
and MV to bacterial coinfection onset was 11 days and 8.6 days, 
respectively (Supplementary Table S1). All patients were given 
antibiotics before admission to the ICU (Figure 1).

Patient 1 was the only female patient without any under-
lying disease. Initial culture of tracheal aspirate (TA) yielded 
Escherichia coli displaying good susceptibility to antibiotics. 
Then, the pathogen shifted to Burkholderia cepacia, yielded 
repeatedly from TA and bronchoalveolar lavage fluid (BALF) 
samples 5 days after imipenem usage. Patient 2 was an elderly 
male who had multiple comorbidities (coronary heart disease, 
fatty liver, and chronic kindey disease). For cultures, both of TA 
and BALF yielded extended-spectrum β-lactamase-producing 
Klebsiella pneumoniae. Patient 3 underwent liver transplantation 
for cirrhosis 3 years ago and used tacrolimus for antirejection. 
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Candida albicans and Pseudomonas aeruginosa were initially 
isolated from blood and TA, respectively. Ten days later, both 
bile and TA samples yielded C albicans and P aeruginosa. In ad-
dition, Aspergillus fumigatus was cultured from TA. In patients 
4 and 5, the pathogens responsible for secondary bacterial in-
fection were Stenotrophomonas maltophilia and B cepacia, re-
spectively, isolated from TA samples.

All 5 patients received appropriated definitive therapy. By 
April 8, 2020, patient 3 had died of liver failure, although SARS-
Cov-2 test conversion to negative. Patients 1 and 4 received lung 
transplantation and were hospitalized in the ICU for rehabili-
tation. Patients 2 and 5 were still on MV, implying a poor out-
come. The timelines and clinical characteristics of the 5 cases 
are displayed in Figure 1 and Supplementary Table S1.

DISCUSSION

In the present study, we reported 5 cases of SARS-CoV-2 pneu-
monia complicated with secondary bacterial infection. The 
newly opened campus and ICU provided a special environ-
ment without colonization of common multidrug-resistant 

nosocomial pathogens such as Acinetobacter baumannii, K 
pneumoniae, and Staphylococcus aureus. Thus, the present study 
provided relative true conditions of secondary bacterial infec-
tion in patients with COVID-19, especially for critical ill pa-
tients in the ICU.

The percentage of ICU patients was high in this study (35.6%, 
36 of 101). The main cause was different tasks of hospitals 
during the outbreak of COVID-19 in Zhejiang Province. Our 
institution is located in the regional medical center of Zhejiang 
Province and has advantages in treating infectious diseases and 
providing critical care medicine. It was designated as the spe-
cial hospital for severe and critical ill patients, and thus patients 
with severe illness were transferred from other parts of Zhejiang 
Province to our hospital.

Our results showed that 5.0% (5 of 101)  of all patients de-
veloped to bacterial coinfection, which was slightly higher than 
that reported by Chen et al [2] (1%). It was believed that bac-
terial complications tended to present later in virus infection. 
The study by Chen et al [2] was conducted in the initial stage of 
the outbreak, so that was likely an underestimation of bacterial 
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Figure 1. Timelines of the 5 patients with coronavirus disease 2019 and secondary bacterial coinfection. Vertical bars and colored texts indicate isolated times, sam-
ples, and organisms. A.  fumigatus,  Aspergillus fumigatus; B.  cepacia,  Burkholderia cepacia; BALF, bronchoalveolar lavage fluid; C.  albicans,  Candida albicans; CAZ/
AVI, ceftazidime/avibactam; CRO, ceftriaxone; CXM, cefuroxime; E.  coli,  Escherichia coli; IMP, imipenem; K.  pneumoniae,  Klebsiella pneumoniae; MXF, moxifloxacin; 
P. aeruginosa, Pseudomonas aeruginosa; S. maltophilia, Stenotrophomonas maltophilia; SCF, cefoperazone/sulbactam; TA, tracheal aspirate; TZP, piperacillin/tazobactam; 
VAN, vancomycin. 
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coinfection rate. Moreover, the occurrence of secondary bacte-
rial infections is affected by the severity of COVID-19. In this 
study, all 5 patients were critically ill and in the ICU, and they 
received MV before getting secondary bacterial infections. For 
65 non-ICU patients, only 3 patients were subjected to bacte-
rial culture. The main reason was less likelihood of bacterial in-
fection for these patients according to the doctors’ judgments, 
because of low procalcitonin level, nonproductive cough, or 
nonpurulent sputum. Based on our experience, the incidence of 
secondary bacterial infection in COVID-19 is low, especially for 
patients with mild or moderate symptoms and those hospital-
ized in the general care unit, suggesting usage of antibiotic pro-
phylaxis with caution or prompt discontinuation of antibiotics 
if procalcitonin level is normal.

In this study, the prevalence of secondary bacterial infection 
was 13.9% (5 of 36) in ICU patients. The source of organisms 
may be microbiota of the respiratory tract carried by the pa-
tients before they developed COVID-19, especially for those 
with underlying diseases, eg, chronic kidney disease or solid 
organ transplant recipients. Another definite source is noso-
comial environment. It was believed that the new and clean 
ICU environment in our institution was crucial for the relative 
low coinfection. Almost all intubated patients received anti-
biotics before cultures; however, the influence of previous anti-
biotics usage on secondary bacterial infection remains unclear. 
Gram-negative nonfermenting bacilli, including B cepacia, S 
maltophilia, and P aeruginosa, was the most common cause of 
coinfection. Studies focused on bacterial coinfection in influ-
enza had shown that patients admitted to ICU and requiring 
MV were at high risk of this complication [1, 5]. However, S 
aureus and Streptococcus pneumoniae were the most common 
organisms identified in patients with influenza [5, 6], which 
usually happened in the early stage of the disease. The phe-
nomenon indicated different pathogenic characteristics be-
tween SARS-CoV-19 and influenza. According to this study, 
the secondary bacterial infection in COVID-19 was asso-
ciated with MV, which disrupted airway barriers and facili-
tated the invasion of opportunistic pathogens. In addition, 
previous broad-spectrum antibiotics altered mucosal micro-
biota and selected some naturally resistant bacterial such as 
carbapenem-resistant B cepacia and S maltophilia. It suggests 
that broad spectrum antibiotics prophylaxis should be viewed 
with great caution and culture surveillance is important during 
the course.

It is notable that nosocomial clone dissemination of 
multidrug-resistant organisms, eg, A baumannii and K 
pneumoniae, did not occur in the newly opened ICU in our 
hospital. On the contrary, during the outbreak of avian influ-
enza A (H7N9) in 2003, although the same infection preven-
tion and control policy was implemented in the main campus 
of the hospital, A baumannii and K pneumoniae were found to 
be the most common causes of bacterial infection, accounting 

for 90.7%, and was strongly associated with fatality [7]. It was 
proved that the contaminated environment was a significant 
source of nosocomial infection [8]. Our previous studies also 
reported long-term nosocomial prevalence of carbapenem-
resistant A baumannii and K pneumoniae in the main campus 
of the hospital [9, 10], implying probable environmental coloni-
zation. Hence, strict cleanliness and disinfection of the hospital 
environment are an indispensable part in management of crit-
ical ill patients with COVID-19.

There are limitations of our study. First, the main disadvan-
tage is the small number patients in the cohort, which only 
comprised 5 COVID-19 patients with bacterial coinfection, and 
these patients represented a severe population, so the conclu-
sions here should be viewed with caution. Second, only the cul-
ture method was used to detect pathogen. Culture-independent 
techniques, such as next-generation sequencing, are high sensi-
tive to identify potential pathogens.

CONCLUSIONS

Overall, the incidence of secondary bacterial infections in 
COVID-19 is low. It does not support common antibiotic pro-
phylaxis, especially broad-spectrum drugs. Active disinfec-
tion of environmental surfaces is significant in reducing the 
risk of infection caused by multidrug-resistant nosocomial 
pathogens.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
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