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An internet questionnaire survey for investigating empirical antibiotic usage and bacterial

superinfections in patients with coronavirus disease-2019 (COVID-19) in Japan was con-

ducted among the chief physicians of respiratory disease departments of 715 Japanese

Respiratory Society-certified hospitals using Google Forms between January 28, 2021 and

February 28, 2021. Responses to the questionnaire survey were obtained from 198 of 715

hospitals (27.6%). The survey revealed that the complication incidences of community-

acquired pneumonia; hospital-acquired pneumonia, including ventilator-associated pneu-

monia; and sepsis were 2.86, 5.59, and 0.99%, respectively, among patients with moderate/

severe and critical COVID-19. Bacterial co-infection and secondary infection rarely affected

patients with COVID-19 in Japan, and the isolated pathogens were not specific to these pa-

tients. Moreover, the anti-inflammatory effects of macrolides for COVID-19 were not

observed in several studies. These results might be useful in clinical practice for COVID-19.
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1. Introduction

The worldwide spread of the coronavirus disease-2019

(COVID-19), caused by the severe acute respiratory syn-

drome coronavirus 2, has resulted in more than four million

deaths as of July 2021 [1]. Bacterial infections complicate viral

airway infections, and those secondary to severe influenza

virus infections are fatal. Therefore, it is crucial to focus on

addressing secondary infection or co-infection in patients

with COVID-19. Moreover, it is essential to investigate their

epidemiology in patients with COVID-19 to practice antibiotic

stewardship and reduce unnecessary antibiotic prescriptions.

Several studies have reported low incidence rates [2,3]. How-

ever, nationwide large-scale data are limited. Therefore, we

conducted a nationwide internet questionnaire surveillance

study in Japan to clarify empiric antibiotic usage and in-

cidences of bacterial pneumonia and sepsis, complicating

COVID-19.
2. Materials and methods

An internet questionnaire survey was conducted among the

chief physicians of the respiratory disease departments of 715

Japanese Respiratory Society-certified hospitals using Google

Forms between January 28, 2021 and February 28, 2021. The

questionnaire included the total number of COVID-19 cases

diagnosed, based on reverse transcription-polymerase chain

reaction testing in each hospital from the beginning of the

COVID-19 pandemic to January 27, 2021. The questionnaire

included COVID-19 severity according to the National Institute

of Health treatment guidelines [4], use of empirical antibiotic

treatment, type and duration of empirical antibiotic treat-

ment, and complications of community-acquired pneumonia

(CAP), hospital-acquired pneumonia (HAP) excluding

ventilator-associated pneumonia (VAP), and sepsis. The con-

tents of the questionnaires related to this study are summa-

rized in supporting information. Informed written consent

was not required because the study utilized anonymized pa-

tient data and was approved by the Japanese Respiratory

Society.
Fig. 1 e Number of facilities that participated in this survey

in each region of Japan.
3. Results

Responses to the questionnaire survey were obtained from

198 of 715 hospitals (27.6%). Of these facilities, approximately

half were tertiary medical centers and 40 (20.2%) were uni-

versity hospitals. The hospitals were distributed throughout

Japan, with 2 in Hokkaido; 8 in Tohoku; 60 in Kanto, including

Tokyo; 43 in Chubu-Hokuriku-Koshinetsu; 25 in Kinki; 14 in

Chugoku; 5 in Shikoku; and 41 in Kyusyu (Fig. 1). A total of

10,047 patients with moderate/severe COVID-19 and 1664 pa-

tients with critical COVID-19 in all facilities participated in the

survey.

Answers to the question “Do you use empirical antibiotics

treatment when patients with COVID-19 are admitted to your

hospital?”were as follows: “Yes” (13%, n¼ 26), “Yes, if patients
have severe pneumonia” (38%, n ¼ 75), and “No” (49%, n ¼ 97).

The mean duration (±standard deviation) of empirical anti-

biotic treatment was 6.39 days (±2.92). The most frequently

administered antibiotic was penicillin, followed by cephalo-

sporins, macrolides, quinolones, and carbapenems (Fig. 2). In

terms of complications, there were 336 cases of CAP, 403 cases

of HAP excluding VAP, 252 cases of VAP, and 116 cases of

sepsis (bacteremia and candidemia cases). The isolated or

detected pathogens in pneumonia and sepsis in patients with

COVID-19 are summarized in Tables 1 and 2.
4. Discussion

This report investigated empirical antibiotic usage and fre-

quency of bacterial superinfections in patients with COVID-19

in Japan. Empirical usage rate was as high as 51% of the fa-

cilities, including for the answer option “if patients were in a

severe condition due to COVID-19.” Antibiotic usage rate was

not as high as those in previous studies by Rawson et al. [2]

and Kabara et al. [3], in which the rates of antibiotic usage

were 72% and 69%, respectively. Since the present study was

conducted a couple months after these previous studies, the

physiciansmay have already been aware that the co-infection

rate was not as high as expected in the early phase of the

COVID-19 pandemic. Macrolides were the third most

frequently used antibiotic in our survey, and their anti-

inflammatory effects have been utilized for COVID-19 treat-

ment worldwide. However, azithromycin failed to improve

survival rate or clinical outcomes in hospitalized patientswith

COVID-19 [5] and did not alleviate symptoms in outpatients

with COVID-19 [6]. Therefore, empirical macrolide adminis-

trations should be avoided unless pneumonia due to atypical
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Table 2 e Isolated pathogens in sepsis complicating
COVID-19.

Isolated pathogens Number of cases

Staphylococcus aureus 28

Candida species 9

Pseudomonas aeruginosa 7

Escherichia coli 7

Staphylococcus epidermidis 4

Klebsiella pneumoniae 2

Others 15

Total 720 10 20 30 40

Glycopeptide

Carbapenems

Quinolones

Macrolides

Cephoropsorins

Penicillins

Facilities (%)

33.8

26.2

24.2

22.7

13.1

0.5

Fig. 2 e Types of antibiotics used for empirical therapy for

patients with COVID-19 who were admitted in the facilities

that participated in this survey. Multiple answers were

allowed in this question.
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pathogens, such asMycoplasma pneumoniae and Legionella spp.,

is highly suspected. Moreover, Petit et al. reported that

reducing empiric antibiotic therapy including administration

period did not affect the outcome of COVID-19 in a single-

center study [7].

The complication rate of CAP was only 2.86% in patients

with moderate/severe and critical COVID-19 (336/11,714). This

did not differ from the result of a previous meta-analysis,

which reported a complication rate of 3.5% (95% confidence

interval [CI] 0.4e6.7%) [8]. Nosocomial pneumonia, including

HAP and VAP, was observed in 5.59% (655/11,711), and sepsis

was observed in 0.99% (116/11,711). The isolated bacterial

pathogens in our survey were identical to those of previous

studies on patients with COVID-19, which were common

pathogens in CAP and HAP [9,10]. The secondary infection rate

of these two complications was 6.58% (771/11,711), but over-

lapping cases were possibly included. Our data indicated a

lower complication rate compared to 14.3% (95% CI,

9.6e18.9%), obtained from a previous meta-analysis [8]. The

pathogens isolated from patients with sepsis in our survey

were the typical pathogens of catheter-related bloodstream

infections.

Our study had several limitations. First, the available data

were limited to the nature of the questionnaire-based study,

and the accuracy of data is lower compared to observational

studies. Second, since the response rate from the survey was

relatively low (27.6%) and biased toward referral centers, the
Table 1 e Causative pathogens in bacterial pneumonia
complicating COVID-19.

Causative pathogens Number of cases

Staphylococcus aureus 33

Streptococcus pneumoniae 29

Pseudomonas aeruginosa 25

Klebsiella pneumoniae 23

Haemophilus influenzae 17

Escherichia coli 5

Legionella spp. 2

Stenotrophomonas maltophilia 3

Others 11

Total 148
results of this study might not be generalized. Third, the

diagnosis of pneumonia was based on the judgment of each

physician, rather than the defined diagnostic criteria. Fourth,

our survey data were obtained from an internet questionnaire

survey. Therefore, direct comparisons with previous obser-

vational studies are not applicable.

In conclusion, bacterial co-infection and secondary infec-

tion were rarely observed in patients with COVID-19 in this

survey, and the isolated pathogenswere not specific to patients

with COVID-19. The results obtained from this survey might be

useful in clinical practice for COVID-19. Further large-scale

observational studies are required to confirm our result.
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