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Introduction and methodology

General introduction

The 2019 Coronavirus (COVID-19) pandemic due to the novel SARS Coronavirus (SARS-CoV-2) has
resulted in a sudden, large and prolonged increase in hospitalizations of patients fulfilling the criteria
for community-acquired pneumonia (CAP). SARS-CoV-2 can lead to a wide spectrum of disease, ranging
from very mild symptoms of upper respiratory tract infection to life-threatening pneumonia. Severe
disease is frequently associated with high inflammation marker levels. It is therefore challenging to
define if a patient fulfilling criteria for CAP who is positive for SARS-CoV-2 has a bacterial co-infection.
An even more challenging question is how to treat patient with CAP and suspected, but not yet proven
COVID-19, when bacterial CAP is still part of the differential diagnosis. This difficult differential
diagnosis may be of less importance in the midst of the epidemic, but when incidence rates are slowing,
differentiating COVID-19 from “regular” bacterial pneumonia will prove more challenging.

In available reports from China, the majority of hospitalized patients with COVID-19 have thus far been
treated with broad-spectrum antibiotics with unknown efficacy.>*®* As COVID-19 patients frequently
need prolonged hospitalization and respiratory support, unnecessary antibiotics upon hospitalization
canincrease the individual risk of subsequent hospital-acquired pneumonia (HAP) by resistant bacteria
or lead to other adverse events.*'> On a population level, universal antibiotic prescriptions for all
hospitalized COVID-19 patients can lead to a steep increase in antibiotic use during a pandemic and as
a result, a likely increase in antimicrobial resistance rates.!®

The Dutch Working Party on Antibiotic Policy (SWAB; Stichting Werkgroep AntibioticaBeleid)
coordinates activities in the Netherlands with the aim to optimize antibiotic use, to contain the
development of antimicrobial resistance, and to limit the costs of antibiotic use. For this purpose,
SWAB develops evidence-based guidelines on antibiotic treatment, intended for the Dutch situation.
In 2017 the SWAB, in collaboration with the Dutch Association of Chest Physicians (NVALT), the Dutch
Society of Intensive Care (NVIC), and the Dutch College of General Practitioners (NHG), published a
joined guideline on the management of hospitalized patients with CAP.%2 For the current COVID-19
pandemic, the SWAB has prepared an addendum of the CAP guideline aimed at optimizing
antibacterial therapy in patients hospitalized with respiratory infection and proven or high likelihood
of COVID-19. A high likelihood of COVID-19 is concluded by the treating clinician based on signs,
symptoms, background prevalence of SARS-CoV-2, results of laboratory tests, imaging and available
diagnostic guidelines.

Our objective was to provide an overview of the quality of available evidence and provide
recommendations the empirical antibacterial treatment of adults (218 years old) who present to the
hospital with a respiratory infection and proven or high likelihood of COVID-19. This guideline does
not include recommendations on the diagnosis or antiviral treatment of COVID-19 nor on the
antifungal treatment of patients with suspected of COVID-19 Associated Pulmonary Aspergillosis
(CAPA). For recommendations on antiviral and antifungal treatment, we refer to the SWAB guidance
document on treatment options for patients with COVID-19,* and the advice on COVID-19 associated
pulmonary aspergillosis (CAPA), available at https://www.radboudumc.nl/centrum-voor-

infectieziekten/onze-aandachtsgebieden/covid19/beleid-rond-covid19-geassocieerde-

pulmonale-aspergillose-capa. For recommendations on the treatment of patients with COVID-19

who present to the general practitioner and patients hospitalized with CAP in whom there is a low
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likelihood of COVID-19, we refer to Dutch general practitioners’ (NHG) guidelines available at
www.corona.nhg.org and the 2017 SWAB guideline on CAP.%?

Methodology

The current addendum was based on four key questions considering population, intervention,
comparison, and outcomes (PICO) relevant for the Dutch clinical setting (Table 1). For each key
question we developed short evidence summaries after searching PubMed, which were subsequently
assessed using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
system as described in the draft SWAB sepsis guideline.’®!® The PubMed search strategy included
((coronavirus and 2020) or COVID-19 or SARS-CoV-2) and (bacteria* or antibiotic* or antibacterial),
and was supplemented by a screening of Twitter messages and the contents of Nederlands Tijdschrift
voor Geneeskunde. Case-reports and case-series with less than ten patients were not included. Quality
of evidence for clinically relevant outcomes was graded from high to very low. A multidisciplinary
committee formulated recommendations after structured discussions as strong or weak. The
committee anticipated on limited high quality evidence due to the recent emergence of SARS-CoV-2.
When evidence could not be obtained, recommendations were provided on the basis of opinions and
experiences with other viral pneumonias (good practice statements, GPS). Based on this process, we
formulated ten recommendations on the antibacterial management of adults with proven or high
likelihood of COVID-19 (see recommendations below).

Table 1. Key questions

1. What is the risk of bacterial pneumonia in patients with proven or high likelihood of COVID-19?

2. What are the causative bacterial species in patients with proven or high likelihood of COVID-19
and bacterial pneumonia?

3. What is the optimal approach in diagnosing or refuting bacterial pneumonia in patients with
proven or high likelihood of COVID-19?

4. What is the optimal empirical antibiotic choice for patients with proven or high likelihood of
COVID-19 and suspected bacterial pneumonia?
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Key questions

1. What is the risk of bacterial pneumonia in patients with proven or high
likelihood of COVID-19?

Evidence summary

At the time of writing, three reports of three single-centre Dutch cohort studies were available (Table
2).2022 Al three studies reported on bacterial co-infections in COVID-19 patients, but details were
limited. Overall, the percentage of patients with a potential bacterial respiratory co-infection upon
admission was 8% or less. The percentage of potential bacterial co-infection was even lower in patients
presenting at the emergency department cohort (less than 3%) compared to the two hospitalized
COVID-19 populations (7-8%).

International studies reporting on potential bacterial co-infection early in the course of disease also
reported low numbers of bacterial co-infection, although limited details were provided. A study from
China reported 1% of patient with signs of bacterial co-infection upon admission.?®* Another study from
China reported no bacterial co-infections in 201 hospitalized patients with COVID-19, of whom 74%
had sputum culture results available.?* One study from the US reported 0% atypical pathogens in
patients with community-acquired COVID-19.2° We found no studies reporting prevalences of bacterial
CAP in patients with suspected COVID-19, i.e. in whom the diagnosis of COVID-19 was not yet
confirmed.

Two studies from Wuhan in China reported on hospital-acquired bacterial infections in COVID-19
patients.*?® One small prospective cohort study of confirmed COVID-19 patients reported 10%
nosocomial, microbiologically-confirmed bacterial pneumonia and bacteraemia.?® The authors did not
separate data for pneumonia from bacteraemia. A larger retrospective multicentre study reported
secondary infections (HAP; or bacteraemia) and ventilator-associated pneumonia (VAP) in 191 COVID-
19 patients who had been discharged or had died at the end of the study.? The authors reported an
overall incidence of 15% secondary bacterial infections; this number was lower in those who survived
(<1%) compared to non-survivors (50%). In the overall cohort, 5% developed VAP during
hospitalization. In this series, among those who received mechanical ventilation VAP was diagnosed in
31%. In contrast, a small cohort study of ICU-admitted COVID-19 patients in the US reported not a
single bacterial co-infection found in respiratory and blood cultures during first 14 days of
hospitalization.?’

In accordance with these previous reports, a systematic review on bacterial and fungal co-infections in
coronaviruses similarly reported an overall percentage of 8% co-infections in COVID-19 patients at any
time during hospitalization.* The authors did not make a distinction between co-infections upon
admission and co-infections that occurred during hospitalization (HAP, VAP and other infections).
Many of the reported infections were bacteraemia, suggesting the presence of bacterial infections
other than pneumonia.
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Conclusions

e Observational studies on community-acquired bacterial co-infection in patients with proven
COVID-19 reported percentages up to ~8% in hospitalized and ~3% in emergency department
patients (very low quality evidence)

e There are currently no data available on the percentage of bacterial infections at the moment of
hospital presentation in patients with suspected but not yet proven COVID-19

e Observational studies on hospital-acquired bacterial co-infection (including other infections than
HAP and VAP) in patients with proven COVID-19 reported overall percentages of ~15% or less, but
31 to 50% for ventilated patients and patients who did not survive (very low quality evidence)

2. What are the causative bacterial species in patients with proven or high
likelihood of COVID-19 and bacterial pneumonia?

Evidence summary

Reported bacterial pathogens in available studies of patients with COVID-19 are shown in Table 2. In
eight studies, three of which Dutch, results of microbiological tests were reported.?>2 Three studies
reported no pathogens. The pathogens reported in COVID-19 patients with possible bacterial co-
infection were mainly Staphylococcus aureus, Haemophilus influenzae and Streptococcus pneumoniae.
Only three gram-negative bacteria were reported in two patients. In one patient in the Netherlands,
Pseudomonas aeruginosa was cultured from blood, but it was not described if the bacteraemia was
related to a suspected respiratory or other infection.?? In one patient in China, both Klebsiella
pneumoniae and Acinetobacter baumannii were isolated from respiratory material.?® One positive PCR
for Mycoplasma pneumoniae and no positive Legionella tests were reported.?! The clinical severity of
pneumonia was not reported in the available studies. As a consequence, it is unknown whether the
cultured S. aureus in respiratory material was associated with severe pneumonia, as can be seen after
an influenza virus infection, or with colonization of the respiratory tract.

In two studies on hospital-acquired infections, pathogens were not reported.*?® In one small study
from China in which the timing (i.e. community-acquired or hospital-acquired) of sputum cultures was
not reported, three gram-negative bacteria were reported: 2/29 (7%) Enterobacter cloacae and 1/29
(3%) A. baumannii.*?

Conclusions

e The most common bacterial pathogens associated with community-acquired bacterial co-infection
in patients hospitalized with COVID-19 seem to be S. aureus, S. pneumoniae and H. influenzae (very
low quality evidence)

e There are currently no data available on the spectrum of causative pathogens involved in hospital-
acquired bacterial co-infection in patients with COVID-19
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3. What is the optimal approach in diagnosing or refuting bacterial pneumonia
in patients with proven or high likelihood of COVID-19?

Evidence summary

We found one meta-analysis summarizing 18 studies on prediction models for the diagnosis of COVID-
19.%2 Within five general prediction models, most common predictors were clinical predictors such as
age, fever and other signs and symptoms. The other 13 studies assessed CT scan-based prediction
models for the diagnosis of COVID-19. All studies were at high risk of bias and almost all were not
externally validated. The studies did not report on alternative diagnoses such as bacterial pneumonia
or co-infections.

Conclusion

e There is currently not enough evidence to draw any definite conclusion on the optimal approach
in diagnosing or refuting bacterial pulmonary infection in patients with proven or high likelihood
of COVID-19

4. What is the optimal empirical antibiotic choice for patients with proven or
high likelihood of COVID-19 and suspected bacterial pneumonia?

Evidence summary

There were no reports evaluating the efficacy and safety of specific antibiotic regimens in patients with
proven or high likelihood of COVID-19.

Conclusion

e There is currently not enough evidence to draw any definite conclusion on the optimal empirical
antibiotic treatment strategy for patients with proven or high likelihood of COVID-19 and
suspected bacterial co-infection

Final considerations
The committee concluded that based on the limited evidence available, the vast majority of patients

with proven COVID-19 respiratory illness presenting at the hospital will not have a bacterial co-
infection (key question 1). Reported percentages of potential bacterial co-infections upon admission
were 0 to 8% in eight cohorts reporting on cultured bacterial co-infections, but the quality of evidence
and therefore the accuracy of these percentages is very low. Several studies did not report details on
the total number of patients in which cultures were done. In patients with a positive bacterial culture
or PCR from respiratory material it was not reported how this result related to a clinically or otherwise
confirmed diagnosis of bacterial co-infection. A substantial part of patients was already treated with
antibiotics before hospitalization, decreasing the yield of bacterial cultures. Importantly, there were
only data available for patients with (subsequently) proven COVID-19.

Based on the currently available evidence and antibiotic stewardship principles,”® the committee

consented on restrictive use of antibacterial drugs in patients with community-acquired respiratory
infection and proven or high likelihood of COVID-19. This especially applies to patients with clinically
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mild and moderately-severe respiratory disease according to the severity categories used in the SWAB
CAP guideline.*?

The committee agreed that clinicians should always assess the risk of a bacterial co-infection in
patients with suspected COVID-19. However, in daily practice it is difficult to distinguish viral from
bacterial pneumonia, as previously discussed in the SWAB CAP guideline.? Of note, the Infectious
Disease Society of America (IDSA) guideline on CAP concluded that procalcitonin cannot be used in the
decision to start or withhold antibiotics in patients with CAP.3° The IDSA guideline on HAP and VAP
performed extensive evidence summaries evaluating the additional value of using procalcitonin, CRP,
or the Modified Clinical Pulmonary Infection Score plus clinical criteria for the diagnosis of HAP or
VAP.* None of these diagnostic modalities were of additional value compared to clinical criteria alone.
In current clinical practice, some hospitals do make use of procalcitonin to direct the initiation of
antibiotic therapy in patients with suspected or proven COVID-19. This might be a valid strategy,
however the evidence base for such a strategy is currently lacking. In daily practice, a combination of
the clinical course of disease and results obtained from laboratory tests and imaging are leading in the
assessment of the likelihood of bacterial co-infection in patients with COVID-19.

Therefore, as a good practice statement, the committee suggests that antibiotic therapy can be
considered if the clinician has a high suspicion of bacterial co-infection in a patient with radiological
findings and/or inflammatory markers compatible with bacterial co-infection. Other patients with
proven or high likelihood of COVID-19 in whom it is reasonable to start empirical antibiotic therapy
while awaiting diagnostic test results include those who are severely immunocompromised. These
patients have a higher likelihood of deteriorating rapidly in the event of an untreated bacterial co-
infection. We defined immunocompromised as use of chemotherapy for cancer bone marrow or organ
transplantation, immune deficiencies, poorly controlled HIV or AIDS, or prolonged use of
corticosteroids or other immunosuppressive medications. In addition, the guideline committee
endorses the recommendation of the 2020 Surviving Sepsis Campaign guideline on COVID-19 to treat
critically ill patients admitted to the ICU for COVID-19 with empiric antibiotic therapy while awaiting
test results.?!

As the evidence base for our recommendations is currently very limited, we recommend maximum
efforts of to obtain sputum and blood cultures before start of empirical therapy in patients fulfilling
criteria of CAP and proven or high likelihood of COVID-19 in order to support or refute the diagnosis of
bacterial infection. In contrast to the SWAB CAP guideline, we recommend urinary pneumococcal
antigen testing in all patients, as for COVID-19 patients we recommend to withhold antibiotic therapy
in the group who do fulfil the formal criteria of mild or moderately-severe CAP.'? A positive urinary
pneumococcal antigen testing might support the diagnosis of bacterial co-infection, and thus lead to
empiric antibiotic therapy. We recommend Legionella antigen testing in concordance with the SWAB
CAP guideline.

The reported bacterial pathogens in patients with community-acquired respiratory infection and
COVID-19 seemed similar to those in regular bacterial CAP, as reported in the SWAB CAP guideline (key
question 2).22 As there is no evidence for a specific superior empirical treatment strategy in patients
with COVID-19 and bacterial pneumonia, we recommend to follow the SWAB CAP guideline
recommendations on antibacterial treatment in the Dutch setting.? In this guideline, preferred

8
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regimens depend on the severity of disease: for mild and moderately-severe CAP amoxicillin is
recommended, for patients with severe CAP at the general ward a second or third generation
cephalosporin. Pneumonia due to atypical pathogens in addition COVID-19 are rarely reported form
the literature. As a result, the committee suggest that routine empirical treatment of atypical
pathogens such as Legionella and Mycoplasma spp. is not necessary in patients with proven or high
likelihood of COVID-19 hospitalized at the general ward, and to perform Legionella urinary antigen
testing according to the criteria mentioned in the SWAB CAP guideline.’®!* For patients admitted to
the ICU, we suggest to start empirical therapy also directed at atypical pathogens, but to stop atypical
pathogen coverage as soon as COVID-19 is proven and the Legionella urinary antigen test has returned
negative.

The currently available evidence suggests a risk of bacterial HAP and VAP in COVID-19 patients,
especially in severely ill patients. There is no available evidence on the additional risk of HAP and VAP
in COVID-19 patients compared to other severely ill patients, and neither on causative pathogens. The
committee thought it currently reasonable to assume that the risk HAP and VAP in COVID-19 patients
as well as the causative pathogens are similar to those in hospitalized patients without COVID-19. It
should be noted that in the Netherlands the prevalence of VAP is thought to be lower compared to
other countries due to the frequent use of selective digestive tract decontamination (SDD) in ICU
patients.3? In addition, in most patients with VAP the most likely pathogen and its resistance pattern
are known because of the frequent surveillance cultures of the respiratory tract in patients on SDD in
the Netherlands. The number of patients that need empirical therapy due to VAP will therefore be low.
As a result we recommend to start empirical treatment, after obtaining cultures, in COVID-19 patients
with suspected severe HAP or VAP in accordance with current practice and the recommendations in
the draft SWAB sepsis guideline.’® For patients without recent surveillance cultures, the SWAB sepsis
guideline committee concluded that in these cases the antibacterial spectrum should include S. aureus,
Enterobacterales, P. geruginosa and H. influenzae.*®

Invasive Aspergillosis in patients admitted for COVID-19 has also been described.3*3* This topic is
outside the scope of this guideline addendum and we refer to the advice on COVID-19 associated
pulmonary aspergillosis (CAPA), available at https://www.radboudumc.nl/centrum-voor-

infectieziekten/onze-aandachtsgebieden/covid19/beleid-rond-covid19-geassocieerde-

pulmonale-aspergillose-capa.

The committee emphasizes the need for appropriate de-escalation in COVID-19 patients, in order to
reduce unnecessary antibiotic use as much as possible.?®°> As a good practice statement, we therefore
suggest that, if antibiotics have been started, to stop those when adequate sputum and blood culture
and urinary antigen tests taken before start of empirical therapy in patients with proven or high
likelihood of COVID-19 show no pathogens after 48 hours of incubation. In line with the SWAB CAP
and draft SWAB sepsis guidelines, we suggest that an antibiotic treatment duration of five days is likely
sufficient in patients with COVID-19 and suspected bacterial co-infection upon improvement of signs,
symptoms and inflammatory markers.?° Procalcitonin levels could be used to support shortening the
duration of antibacterial therapy in patients with sepsis if the optimal duration of antibiotic therapy is

unclear, as suggested by the SWAB antibiotic stewardship and draft sepsis guidelines.!>%
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Recommendations

Recommendation

Strength

Quality of
evidence

For patients hospitalized with CAP in whom there is a low likelihood of
COVID-19 we refer to the SWAB guideline for CAP*2

n/a

n/a

We generally suggest restrictive use of antibacterial drugs in patients
with proven or a high likelihood of COVID-19. This especially applies
for patients who are mildly to moderately ill

Weak

Very low

We suggest that exceptions for the restrictive use of antibacterial
drugs can be made for patients with proven or a high likelihood of
COVID-19 who present with radiological findings and/or inflammatory
markers compatible with bacterial co-infection. Other potential
exceptions are patients who are severely ill or immunocompromised*

Weak

GPS

We recommend maximum efforts to obtain sputum and blood for
culture as well as pneumococcal urinary antigen testing before start of
empirical antibiotic therapy in patients with proven or high likelihood
of COVID-19

Strong

GPS

In patients hospitalized at the general ward with proven or high
likelihood of COVID-19 and suspected bacterial co-infection, we
suggest against empirical antibiotic treatment covering atypical
pathogens. Legionella urinary antigen testing should be performed
according to the criteria mentioned in the SWAB CAP guideline®?

Weak

Very low

We recommend that the empirical antibiotic regimens in case of
suspected bacterial co-infection depends on the severity of disease:
for those fulfilling criteria of mild and moderate-severe CAP we suggest
amoxicillin, for severe CAP (non-ICU) a second or third generation
cephalosporin and for severe CAP (ICU) moxifloxacin or a second or
third generation cephalosporin plus ciprofloxacin, with the same
considerations for specific antibiotic choices as mentioned in the CAP
guideline

Weak

Very low

We recommend to follow the draft SWAB sepsis guideline
recommendations on antibacterial treatment for patients with COVID-
19 and suspected bacterial HAP or VAP

Strong

GPS

We suggest to stop antibiotics when adequate sputum and blood
culture as well as urinary antigen tests taken before start of empirical
antibiotic therapy in patients with proven or high likelihood of COVID-
19 show no bacterial pathogens after 48 hours of incubation

Weak

GPS

We suggest to stop antibiotic coverage of atypical pathogens in ICU
patients with proven COVID-19 when the Legionella urinary antigen
test is negative

Weak

GPS

10.

We suggest an antibiotic treatment duration of five days in patients
with COVID-19 and suspected bacterial co-infection upon

Weak

GPS
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improvement of signs, symptoms and inflammatory markers, unless
recommended otherwise for specific pathogens in the CAP
guidelines

*immunocompromised is defined as the use of chemotherapy for cancer bone marrow or organ transplantation, immune
deficiencies, poorly controlled HIV or AIDS, or prolonged use of corticosteroids or other immunosuppressive medications
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Evidence summary of studies reporting on bacterial co-infections in patients with proven or high likelihood

of COVID-19
Table 2.

Netherlands

Study Study design Population Diagnostic modality Results Quality Comments

Van der Retrospective | N=29 Bacterial culture respiratory | 2/29 (7%): S. aureus in Very low | Percentage

Moeren et cohort study tract materials respiratory tract potential

al.® Culture results in first community-
29 hospitalized COVID- | Total number of patients acquired bacterial
19 patients, Amphia with bacterial culture of respiratory co-
hospital Breda respiratory tract not infection: 7%

described
Murk et al.?! Retrospective | N=100 Standard bacterial culture, 4/100 (4%): positive Very low | Percentage
cohort study PCR for respiratory viruses, pneumococcal antigen potential
Retrospective PCR for M. pneumoniae on test community-
description of co- respiratory tract materials; 1/100 (1%): S. acquired bacterial
infections in the first pneumococcal antigen pneumoniae in sputum respiratory co-
100 newly hospitalized testing on urine. 2/100 (2%): H. influenzae infection: 8%
COVID-19 patients in in sputum
ETZ hospital Tilburg Total number of patients in 1/100 (1%): M.
whom mentioned diagnostic | pneumoniae PCR positive

31% patients pre- tests were done was not in respiratory tract
treated with antibiotics | described

Buenen et al.?2 | Prospective N=107 Co-infections were 2/107 (1,9%) bacteraemia | Very low | Percentage

cohort study registered if microbiological | (P. aeruginosa, S. potential

Prospective registration | test (culture, PCR) was pneumoniae) community-

of co-infections in
COVID-19 patients
presenting between 4
and 16 March at the
emergency department

positive, if there was clear
bacteriuria or if there was a
clinical diagnosis of a co-
infection.

1/107 (0,9%) H.
influenzae in sputum

acquired bacterial
respiratory co-
infection: 2.8%
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of Bernhoven hospital
Uden

Total number of patients in
whom mentioned diagnostic
tests were done was not
described

China
Chen et al.? Retrospective, | N=99 Sputum or endotracheal 1/99 (1%) A. baumannii, Very low | Percentage
single-centre aspirates were obtained at K. pneumoniae in culture potential
cohort study Hospitalized admission for identification of respiratory material community-
adolescents (>14 years) | of possible causative acquired bacterial
and adults between Jan | bacteria or fungi. respiratory co-
1 to Jan 20, 2020 infection: 1%
diagnosed with COVID- | Total number of patients
19 according to WHO with bacterial culture of
guidance and confirmed | respiratory tract not
in the laboratory described
Wu et al.?* Retrospective | N=201 Bacterial co-infection was 0/148 bacterial co- Very low | Percentage
cohort study based on sputum culture at infection community-
Patients with confirmed | admission in N=148 (74%) acquired bacterial
COVID-19, hospitalized respiratory co-
in a single center in infection: 0%
Wuhan, China between
December 25, 2019, and
January 26, 2020
Follow-up until
February 13, 2020
Huang et al.?® | Prospective N=41 Secondary infection: clinical | 4/41 (10%) secondary Very low | Percentage

cohort study
of hospitalized
patients

Prospective registration
of secondary infections
in first 41 hospitalized,
laboratory confirmed
COVID-19 patientsin a

symptoms or signs of
nosocomial pneumonia or
bacteraemia, combined with
a positive culture of a new
pathogen from a lower
respiratory tract specimen

infection.

Pathogens were not
reported

potential hospital-
acquired bacterial
respiratory co-
infection during
hospitalization:
10% or less
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designated hospital in
Wuhan

(including the sputum,
transtracheal aspirates, or
bronchoalveolar lavage fluid,
or from blood samples taken
248 h after admission)

Zhou et al.* Retrospective | N=191 Secondary infection: clinical | Secondary infections: Very low | Percentage
multicenter symptoms or signs of e 28/191 (15%) in the potential hospital-
study of All adult inpatients (218 | pneumonia or bacteraemia overall cohort acquired bacterial
hospitalized years old) with and a positive culture of a e 27/54 (50%) in non- respiratory co-
patients laboratory-confirmed new pathogen in lower survivors infection during

COVID-19 hospitalized respiratory tract specimens e 1/137 (<1%) in hospitalization:
in a single center in or blood samples after survivors e 10%orlessin
Wuhan, China and who | admission e Pathogens not general
had been discharged or reported e upto50%in
had died by Jan 31, Ventilator-associated severely sick
2020 pneumonia (VAP) was VAP patients
diagnosed according to the ._10/191 (5%) in the
IDSA guidelines for overall cohort Percentage VAP
treatment of e 10/32(31%)in during admission
hospital-acquired and patients on for COVID:
ventilator-associated mechanical e 5% in general
pneumonia® ventilation e 31%in
e Pathogens not ventilated
reported patients
e Most patients with
VAP received
corticosteroids
Wang et al.22 Retrospective | N=69 Sputum cultures. Cultures 2/29 (7%) E. cloacae, in Very low | Percentage

cohort study

Patients with confirmed
COVID-19, hospitalized
in a single center in

were taken from N=29 (43%)

Timing of sputum cultures
not reported

sputum culture
1/29 (3%) A. baumannii,
in sputum culture

potential bacterial
co-infection during
hospitalization:
10,3%
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Wuhan, China between
January 16 and January
292020

United States

Kim et al.®

Retrospective
cohort study

N=115 patients positive
for SARS-CoV-2

Analysis on respiratory
samples of 1092
patients submitted to
CDC for SARS-CoV-2
testing and in which the
analysis included broad
PCR testing for
respiratory pathogens

The majority of patients
was tested in an
outpatient clinic or at
the emergency
department. None of
the SARS-CoV-2 positive
patients were admitted

Nasopharyngeal swabs
tested on C. pneumoniae
and M. pneumoniae (PCR)

0/115 (0%)

Very low

Percentage
community-
acquired
respiratory co-
infection due to

atypical bacteria:

0%

Bhatraju et
al.?’

Retrospective
cohort study

N=24 laboratory
confirmed COVID-19
patients admitted to
ICU in 9 hospitals in
Seattle-area. Patients
had at least 14 days of
follow-up until March
232020

Chart review of
microbiological diagnostics:
bacterial culture of sputum
(N=15), bronchial secretions
(N=2) and blood (N=20)

Timing of microbiological
diagnostics not reported

Growth in bacterial
culture:

0/15 (0%) from sputum
0/2 (0%) from bronchial
secretions

0/20 (0%) from blood

Very low

Percentage of
bacterial co-
infections during
first 14 days of
hospitalization in
ICU: 0%
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