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patients were processed. Samples from 66 patients (5.52%) were determined to be microbiologically signifi-
cant by a semi-quantitative culture. All patients received broad spectrum antibiotherapy as an empirical
treatment. The isolated bacteria were mainly Enterobacterales followed by Staphylococcus aureus and Pseudo-
monas aeruginosa. Bacterial co-infections in ICU stay could seem not dependent on the virus that has pro-
duced the viral pneumonia similarly as with other respiratory viruses such as Influenza virus.

© 2021 Published by Elsevier Inc.

1. Introduction

The pandemic yield by SARS-CoV-2 has been ongoing for more than
one year. Around 178 million cases and 3.8 million deaths have been
reported up to June 2021 by the World Health Organization (WHO)
(World Health Organization, 2021). This virus can cause community-
acquired pneumonia and hospital-acquired pneumonia with an impor-
tant rate of Intensive Care Unit (ICU) admissions (Koehler et al., 2020;
Zhou et al., 2020). Due to the long-term intubation, bacterial and fungal
infections (Koehler et al., 2020; Zhou et al.,, 2020; Schawvlieghe et al.,
2018) are a frequent complication of viral pneumonias as reported in
Influenza virus infections (Olli et al., 2011; Abelenda-Alonso et al.,
2020) and also in SARS-CoV-2 infections (Olli et al., 2011; Falces-
Romero et al., 2020; David et al., 2020). There are no guidelines for man-
aging viral, bacterial or fungal co-infections with SARS-CoV-2, but
200 million viral community-acquired pneumonias occur every year
(Olli et al., 2011) and many studies have addressed the issue of viral
pneumonia and bacterial co-infections (Koehler et al., 2020; Zhou et al.,
2020; Schawvlieghe et al., 2018; Olli et al., 2011; Falces-Romero et al.,
2020; David et al., 2020; Wu et al,, 2020). The aim of this study is to
review bacterial isolates from respiratory samples of patients with
severe COVID-19 during the first two months of the first wave of maxi-
mum incidence in our hospital. During this period the population
attended in our hospital was only COVID patients as described by Boro-
bia et al. (Borobia et al., 2020).
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2. Material and methods

Single-center retrospective observational study of patients with
positive RT-PCR for SARS-CoV-2 and significative semi-quantitative
bacterial culture in respiratory samples during the first wave of the
pandemic in our hospital (March-April 2020), a 1268 bed third level
hospital in Madrid covering urban and rural areas. Demographic data
(gender, age), risk factors and clinical characteristics (malignancies,
antibiotherapy and anti-COVID-19 therapy, ICU stay and outcome)
and microbiological data (respiratory sample cultures and isolated
microorganisms) were recovered from clinical records of the
patients.

This study was performed at the Clinical Microbiology and Parasi-
tology Department at the University Hospital La Paz. Two commercial
real-time PCR were used indistinctly for the detection of SARS-CoV-2
in respiratory samples (TagMan® 2019 nCoV assay Kit V1, Thermo-
Fisher Scientific Inc, Franklin, MA, USA and SARS-CoV-2 RT-PCR Kit,
Vircell S.L., Granada, Spain). Bronchial aspirates (BAS), bronchoalveo-
lar lavages (BAL) and tracheal aspirates were cultured in standard
general media according to the Spanish Society of Infectious Diseases
and Clinical Microbiology (SEIMC) (Cacho-Calvo et al,, 2007). All
included samples met > 100,000 CFU/mL criteria. Bacterial species
were identified by matrix-assisted laser desorption ionization-time
of flight mass spectrometry (MALDI-TOF MS — Bruker Daltonics, Bre-
men, Germany) with Bruker’s MBT Compass Explorer 4.1 and suscep-
tibility testing was done using an automated broth microdilution
assay system (Microscan Walkaway®, Beckman Coulter, Brea, USA)
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according to the manufacturer specifications. Results were inter-
preted according to the criteria of the European Committee on Anti-
microbial Susceptibility Testing (EUCAST) (EUCAST, 2021).
Multidrug-resistant isolates were defined when presenting resistance
to more than one antibiotic. Gram stains were also reported to give a
better interpretation of the samples.

The study was approved by the Clinical Research Ethics Commit-
tee of Hospital Universitario La Paz with the code HULP: PI-4193.

3. Results

During the period of the study 1251 respiratory samples from
1195 patients were processed. All patients admitted to our center
had diagnostic of COVID-19 by a positive RT-PCR. Respiratory sam-
ples in ICU patients were obtained and cultured for bacteria at least
48 hours after admission. Samples from 66 patients (5.52%) were
determined to be microbiologically significant. Among them there
were 62 BAS (93.9%), 1 BAL (1.5%) and 3 tracheal aspirates (4.5%). Fifty
three patients were male (80.3%), 13 were female (19.7%). The age
ranges were detailed in Table 1. All of them were subjected to
mechanical ventilation during the ICU stay. Eighteen patients (27.3%)
had diabetes as an underlying risk factor and hypertension was pres-
ent in 28 (42.4%). No underlying malignancies were present; how-
ever, there were 3 patients with immunosuppressive diseases (HIV,
Crohn’s disease and HLA B27 ankylosing spondylitis). Following the
national guidelines from the Spanish Agency for Medicine and Medi-
cal Devices (AEMPS) in use at that time, patients were treated with
corticosteroids, tocilizumab and azithromycin (for its immunomodu-
lant properties) (World Health Organization, 2021). All demographic,
clinical and microbiological data are detailed in Table 1.

B-lactams were administered as an empirical treatment for infec-
tions to all of our patients being ceftriaxone the most prescribed one.
Linezolid was the second antibiotic more prescribed in these patients
(16, 24.2%). Fifty seven patients had monomicrobial cultures and nine
had 2 significant bacterial isolates. Among them, there were thirty
one (42%) Enterobacterales (Escherichia coli, Klebsiella spp., and others,
fourteen ESBL-producers), eighteen S. aureus (eight of them methicil-
lin-resistant), and seventeen P. aeruginosa (two of them carbapenem-
resistant, though no carbapenemase was detected). Other multidrug-
resistant species isolated were detailed in Table 1. Nineteen patients
had bacteremia related to their respiratory infections, with the same
isolated microorganism in blood culture and in respiratory sample.
The median length of stay in the ICU before the first positive signifi-
cant respiratory isolate was 15 days and the mortality rate during
this period was 54.5%. The first respiratory sample of the patients
collected and cultured for bacteria was at least 48 hours after ICU
admission.

4. Discussion

Comparing the number of bacterial co-infections in the study
period were much lower than the approximately 40% of bacterial co-
infections described by Falsey et al. (Falsey et al., 2013), even though
the demographic and clinical features of our patients were similar.
This might be due to the fact that during the first COVID-19 wave
empirical treatment with broad spectrum antibiotics were prescribed
in all patients.

Broad spectrum antibiotic were prescribed as an empirical treat-
ment and when clinically significant microorganisms were isolated
in a respiratory sample. ICUs are a hotspot for isolating multidrug-
resistant microorganisms as they have a high antimicrobial pressure.
Antibiotic therapy should not be started until bacterial co-infection is
suspected and it should be based on up-to-date antibiotic guidelines,
host risk factors, prior microbiological and epidemiology resistant
data and taking into account recommendations from the stewardship
team. One of the factors for the selection of multidrug-resistant

Table 1

Demographic, clinical and microbiological characteristics of the patients included in

the study (N = 66).

Demographic characteristics
Gender

Age range (years)

RISK factors and clinical
characteristics

Arterial hypertension

Diabetes

Mechanical ventilation

Malignancies/immunosuppressive
diseases

Anti-COVID-19 therapy

Male: 53 (80.3%)
Female: 13 (19.7%)

<50: 8 (12.1%)
50-60: 19 (28.8%)
61-70: 23 (34.9%)
71-80: 16 (24.2%)

28 (42.4%)
18(27.3%)
66 (100%)
3(4.5%)

Tocilizumab: 31 (47%)

Corticosteroids: 37 (56.1%)
Azithromycin (immunomodulant
properties): 48 (72.7%)
B-lactams: 66 (100%)
Linezolid: 16 (24.2%)
15 (range 3—44)

Most prescribed antibiotherapy

Median of ICU stay until positive
respiratory sample (days)

Related bacteremia (same isolated 19(28.8%)
microorganism in
blood culture and in respiratory
sample)

Died 36 (54.5%)

Microbiological characteristics
(isolates, N = 74)
Respiratory sample culture Monomicrobial: 61 (92.5%).
Polimicrobial: 5 (7.5%)
18 (24.3%): 8 MRSA
17 (23%): 2 carbapenem-resistant isolates®
31 (42%): 14 ESBL producing isolates
- Kebsiella pneumoniae/Klebsiella
aerogenes: 15 (20.3%)
- Escherichia coli: 9 (12.2%)
- Other: 7 (9.5%)
8(10.8%)

Staphylococcus aureus
Pseudomonas aeruginosa
Enterobacterales

Multidrug-resistant bacteria®
(Achromobacter spp., Burkholderia spp.,
Stenotrophomonas spp., Chryseobacte-
rium spp., Corynebacterium spp.)

ESBL = extended spectrum beta-lactamase; ICU = intensive care unit;
MRSA = methicillin-resistant Staphylococcus aureus.

2 No carbapenemase-producing isolate.

b Resistance to more than one antibiotic.

bacteria in our study (Chryseobacterium spp., Burkholderia spp., Steno-
trophomonas spp. ..) could be the use of broad spectrum antibiotics.

Few studies have approached bacterial co-infection based on
quantitative culture of respiratory samples. Some have addressed
this topic by PCR on throat swab samples (David et al., 2020;
Zhu et al., 2020) with the limitation of not being able to distinguish
colonization from actual infection and the possibility of not detecting
pathogens not included in the PCR design. In our study, the clinically
significant bacterial isolates associated to COVID-19 were very similar
to those isolates found in other viral pneumonia co-infections such as
Influenza virus (S. aureus and P. aeruginosa followed by pathogens of
the Enterobacterales order (Parte et al., 2020). Streptococcus peumo-
niae and other pathogens involved in community-acquired pneumo-
nia such as Haemophilus spp. and Moraxella spp. were not isolated
during our study (Abelenda-Alonso et al., 2020). This could have
been due to the fact that we did not recover samples at admission, so
our isolates were mainly nosocomial microorganisms.

The main limitations of our study are that it is a single-center
study with small numbers, short time period of the study, sampling
only reflects extended ICU stay, and the samples not obtained during
admission reflecting more community acquired pathogens. Also
impact of giving azithromycin on bacterial microbiome affecting cul-
ture results. Further multicentric studies addressing larger cohorts in
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other regions will clarify more the matter of bacterial co-infection in
COVID-19 patients.

In conclusion, we have observed that bacterial co-infections in ICU
stay could seem not dependent on the virus that has produced the
viral pneumonia in the first place such as with Influenza virus. It
would seem that SARS-CoV-2 is no exception to this issue.

Members of the SARS-CoV-2 Working Group

Maria Dolores Montero-Vega, Maria Pilar Romero, Silvia Garcia-
Bujalance, Emilio Cendejas-Bueno, Carlos Toro-Rueda, Guillermo Ruiz-
Carrascoso, MI Quiles-Melero, Fernando Lizaro Perona, ] Mingorance,
Iker Falces-Romero, Almudena Gutierrez-Arroyo, I Bloise, B Gomez-
Arroyo, Patricia Gonzalez-Donapetry, Gladys Virginia Guedez-Lopez,
Paloma Garcia-Clemente, Maria Gracia Liras Hernandez, Consuelo Gar-
cia-Sanchez, Miguel Sanchez-Castellano, Sol San José-Villar, Cancelliere-
Fernandez, Rosario Maria Torres Santos-Olmo, ] Garcia-Rodriguez.

Authors’ contribution

M.R.B has contributed in conceptualization, data curation, formal
analysis, investigation, methodology, project administrations, resour-
ces, software, writing, supervision and validation, visualization.

L.LE.R has contributed in data curation, formal analysis, methodol-
ogy, supervision and visualization.

J.CR.R and M.D.P has contributed in supervision and visualization.
J.G.R has contributed in supervision, visualization and validation.

Funding
The authors declare no financial support.
Declaration of competing interest

None.

References

Abelenda-Alonso G, Rombauts A, Gudiol C. Bacterial coinfection in adults with commu-
nity-acquired pneumonia admitted to conventional wards: risk factors, clinical
features, and outcomes. Open Forum Infect Dis 2020;7: ofaa066.

Borobia AM, Carcas AJ, Arnalich F, Alvarez-Sala R, Montserrat-Villatoro R, Quintana M,
et al. A cohort of patients with COVID-19 in a major teaching hospital in Europe. ]
Clin Med 2020;9:1733.

Cacho-Calvo |B, Mesenguer-Peinado MA, Oliver-Palomo A, Puig de la Bellacasa J. Diag-
ndstico microbiolégico de las infecciones bacterianas del tracto respiratorio infe-
rior. In: Procedimientos en Microbiologia clinica. Sociedad Espanola de
Enfermedades Infecciosas y Microbiologia Clinica.

David K, James Q, Ian B. Rates of co-infection between SARS-CoV-2 and other respira-
tory pathogens. JAMA 2020;323:2085-6.

Falces-Romero I, Ruiz-Bastidn M, Diaz-Pollan B. Isolation of Aspergillus spp. in respira-
tory samples of patients with COVID-19 in a Spanish Tertiary Care Hospital. Myco-
ses 2020;63:1144-8.

Falsey AR, Becker KL, Andrew J. Bacterial complications of respiratory tract viral illness:
a comprehensive evaluation. ] Infect Dis 2013;208:432-41.

Koehler P, Cornely OA, Bottiger BW. COVID-19 associated pulmonary aspergillosis.
Mycoses 2020;63:528-34.

Olli R, Elina L, David M. Viral pneumonia. Lancet 2011;377:1264-75 9773.

Parte AC, Sarda-Carbasse ], Meier-Kolthoff JP, et al. List of Prokaryotic names with
Standing in Nomenclature (LPSN) moves to the DSMZ. Int J Syst Evol Microbiol
2020;70:5607-12.

Schawvlieghe AFAD, Rijnders BJA, Philips N. Invasive aspergillosis in patients admitted
to the intensive care unit with severe influenza: a retrospective cohort study. Lan-
cet Respir Med 2018;6:782-92.

Spanish Agency of Medicines and Medical Devices recommendation guidelines [23rd
January 2021]. Available at: https://www.aemps.gob.es/laAEMPS/docs/medicamen
tos-disponibles-SARS-CoV-2-19-3-2020.pdf?x34225.

The European Committee on antimicrobial susceptibility testing. Breakpoint tables for
interpretation of MICs and zone diameters. Version 11.0, 2021.

Wu C-P, Fatima A, Kristin H. Recognition and management of respiratory coinfection
and secondary bacterial pneumonia in patients with COVID-19. Cleveland Clinic ]
Med 2020;87:659-63.

World Health Organization. Coronavirus disease (COVID-19) weekly epidemiological
update and weekly operational update 2021 [21st June 2021]. Available at: https://
www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19.
Accessed July 13, 2021.

Zhou P, Liu Z, Chen Y, Xiao Y. Bacterial and fungal infections in COVID-19 patients: a
matter of concern. Infect Control Hosp Epidemiol 2020;22:1-2.

Zhu X, Ge Y, Wu T. Co-infection with respiratory pathogens among COVID-2019 cases.
Virus Res 2020;285: 198005.


http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0006
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0006
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0006
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0012
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0008
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0008
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0007
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0007
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0007
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0007
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0007
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0015
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0015
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0002
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0002
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0002
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0005
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0016
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0016
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0016
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0016
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0004
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0004
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0004
https://www.aemps.gob.es/laAEMPS/docs/medicamentos-disponibles-SARS-CoV-2-19-3-2020.pdf?x34225
https://www.aemps.gob.es/laAEMPS/docs/medicamentos-disponibles-SARS-CoV-2-19-3-2020.pdf?x34225
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0010
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0010
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0010
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0003
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0003
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0009
http://refhub.elsevier.com/S0732-8893(21)00170-X/sbref0009

