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Abstract

COVID-19 represents high morbidity and mortality, its complications and lethality have

increased due to bacterial superinfections. We aimed to determine the prevalence of bacte-

rial superinfection in adults with COVID-19, hospitalized in two clinics in Medellı́n-Colombia

during 2020, and its distribution according to sociodemographic and clinical conditions. A

cross sectional study was made with 399 patients diagnosed with COVID-19 by RT-PCR.

We determined the prevalence of bacterial superinfection and its factors associated with

crude and adjusted prevalence ratios by a generalized linear model. The prevalence of

superinfection was 49.6%, with 16 agents identified, the most frequent were Klebsiella

(pneumoniae and oxytoca) and Staphylococcus aureus. In the multivariate adjustment, the

variables with the strongest association with bacterial superinfection were lung disease,

encephalopathy, mechanical ventilation, hospital stay, and steroid treatment. A high preva-

lence of bacterial superinfections, a high number of agents, and multiple associated factors

were found. Among these stood out comorbidities, complications, days of hospitalization,

mechanical ventilation, and steroid treatment. These results are vital to identifying priority

clinical groups, improving the care of simultaneous infections with COVID-19 in people with

the risk factors exposed in the population studied, and identifying bacteria of public health

interest.

Introduction

In December 2019, several cases of severe pneumonia of unknown origin appeared in Wuhan-

China [1], later diagnosed as coronavirus 2019 (COVID-19) disease, whose etiological agent is

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) [2,3] genus β within the fam-

ily Coronaviridae. The World Health Organization (WHO) declared this disease as a pandemic

on March 11, 2020 [4]. In Colombia, the first case was reported on March 6, 2020, in a patient
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from Milan-Italy [5], with an increase of cases and the highest incidence in July 2020 and Janu-

ary 2021 [6].

The bacterial superinfection rate and mortality rate of SARS-CoV-2 have far exceeded any

other common respiratory viral syndrome [7]. The superinfection of SARS-CoV-2 with other

microorganisms, especially bacteria and fungi, is a determining factor in the evolution of

COVID-19, increasing the difficulties in diagnosis, treatment, and prognosis [8]. Bacterial

superinfection in inpatients with COVID-19 relates to disease progression and prognosis. This

situation increases the admission to intensive care units, treatment with antibiotics, and the

mortality [9].

Superinfection mechanisms include respiratory system damage induced by the virus, a

decrease in mucociliary clearance, and damage to the immune system [10]. In this last mecha-

nism, the virus is capable of damaging lymphocytes, especially B cells, T cells, and NK cells,

which will lead to the deterioration of the immune system during the disease. The decrease in

lymphocytes and the host’s immune function is the main reason that facilitates superinfection

[11]. Unfortunately, at present, it is difficult to determine the kinetics of bacterial superinfec-

tion throughout COVID-19 because there is still very little information on this interaction

[12].

Different studies have analyzed the prevalence of bacterial superinfections in patients with

COVID-19, finding highly heterogeneous proportions (with differences greater than 50%)

attributable to clinical and epidemiological characteristics of each place as well as to the diag-

nostic methods and criteria used. Despite this heterogeneity in the magnitude of superinfec-

tion, previous studies describe several common risk factors, highlighting being over 60 years

old are, admission to the intensive care unit, mechanical ventilation, kidney failure requiring

hemodialysis, pharmacological immunosuppression (steroids or biological therapy) and pro-

longed hospitalization [13–15]. However, this background cannot be extrapolated to other

populations, given the heterogeneity of the bacterial agents involved and the diversity in super-

infection prevalence.

It is necessary to identify and to characterize the bacterial superinfections that occur during

SARS-CoV-2 infection. Therefore, an analysis of hospitalized cases could improve the knowl-

edge about the interaction of viruses and bacteria throughout the disease, and consequently,

provide specific information about COVID-19 in our environment—a geographical area with

climatic, social, and genetic characteristics that make it unique -. Likewise, it is important to

identify the main sociodemographic and clinical factors associated with bacterial superinfec-

tion in patients with COVID-19 to improve the prioritization of potential risk groups and

institutional programs for clinical and epidemiological surveillance that guide subsequent etio-

logical studies.

The objective of this research was to determine the prevalence of bacterial superinfection in

adults with COVID-19, in two clinics in Medellı́n-Colombia during 2020, and its distribution

according to sociodemographic and clinical conditions

Materials and methods

The study was approved by the research committee of CES and Vegas clinics (Act 022 and Act

11–2020), applying the guidelines of the Declaration of Helsinki, Resolution 8430 of the Minis-

try of Health of Colombia for health research, and Resolution number 1995 of 1999 that estab-

lishes the standards for the management of the clinical history. Upon admission to the

hospital, the patients signed an informed consent that endorsed the use of their clinical infor-

mation for research purposes.
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Type and location of the study

Cross sectional study in two tertiary care clinics in the city of Medellı́n, with 316 hospital beds

in the general ward, 15 in the intermediate respiratory care unit (IRCU), and 45 in the ICU for

COVID patients.

Study subjects

A total of 399 adults patients admitted with a diagnosis of COVID-19 between March and

August 2020, who met the following eligibility criteria: patients older than 18 years old, with a

positive molecular RT-PCR SARS-CoV-2 test (Amplification Kit Ref 09N77-090 according to

the Berlin protocol) from nasopharyngeal aspirate or swab, with an evaluation by two liaison

physicians of the infectious diseases group and an infectious disease specialist, and the pres-

ence of at least one of the following risk factor that justified hospitalization: patients over 60

years of age, diabetes mellitus, cardiovascular disease (coronary artery disease or chronic heart

failure), lung disease (chronic obstructive pulmonary disease, emphysema, asthma), immuno-

suppression (prednisone > 20 mg/day for more than 14 days, methotrexate > 0.4 mg/kg/

week, or biologic therapy); or poor prognostic factors as lymphopenia <800/mm3, LDH (lac-

tate dehydrogenase) >350 IU/l, desaturation <90%, hypoxemia with PAFI (partial arterial

oxygen pressure and fraction of inspired oxygen index PaO2/FIO2) <300 mm Hg, D-dimer

>1 mg/ml, elevated troponin I, EKG (electrocardiogram) altered by prolonged QTc, CRP

(C-Reactive protein) >10mg/L, abnormal chest X-ray or computed tomography (basal consol-

idation, nodules, cavitation or pleural effusion).

Determination of bacterial superinfection

The diagnosis of bacterial superinfection in patients admitted with COVID-19 was based on

the simultaneous presence of the following three diagnostic criteria which had to be presented

48 hours or more after admission (represent as new-onset, not beginning or before of admis-

sion), to ensure that it was a superinfection (means the emerging infection during the course

of illness):

1. Clinical criteria: purulent sputum, persistent fever (> 38.3 C), hemodynamic instability

requiring vasopressor support, and deterioration of ventilatory parameters.

2. Paraclinical criteria: worsening of leukocytosis or leukopenia and increased procalcitonin

or C-reactive protein.

3. Radiological criteria: worsening of the chest radiological pattern, or a pattern not character-

istic of COVID-19 (basal consolidation, nodules, cavitation, or pleural effusion).

When these three diagnostic criteria were met, a tracheal aspirate was performed to identify

the etiological agent responsible for the possible superinfection. In the cultures, the isolation of

a single or predominant bacterium was considered positive, with a count equal to or greater

than 106 colony-forming units/mL. Once the microbiological isolation was identified, auto-

mated sensitivity tests were performed using the VITEK-21 system (bioMerieux 8.01), follow-

ing the rules of the Clinical and Laboratory Standards Institute (CLSI) version M100-S25,

update 2020.

The microbiological isolation was not part of the diagnostic criteria; it was possible to have

a diagnosis of superinfection with a negative tracheal aspirate culture since the performance of

the microbiological isolation from aspirate tracheal culture ranges from about 40% to 70%

[16]. In both clinics, the protocol established that if there was a suspicion of bacterial superin-

fection, microbiological samples were taken by tracheal aspirate, and immediately after,

PLOS ONE Bacterial superinfection in COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0254671 July 13, 2021 3 / 12

https://doi.org/10.1371/journal.pone.0254671


empirical antibiotic treatment was started according to local epidemiological data and the

infectology group’s evaluation. Afterward, based on the results of the culture, the definitive

antibiotic scheme was adjusted. The treatment strategy for COVID-19 in our city varied

throughout the months of the study. It changed according to the findings of different pub-

lished protocols, which demonstrated the uselessness of drugs such as lopinavir/ritonavir, azi-

thromycin, hydroxychloroquine, and ivermectin, leaving only the use of dexamethasone given

that in our country remdesivir or tocilizumab is not available.

Tracheal aspirates, and no bronchoalveolar lavages, were performed to protect the health

personnel in charge of performing this type of procedure, instead a high sensitivity technique

with low specificity [17] was chosen. This technique was also selected because in the clinics

where the study was carried out, the bronchoalveolar lavages were not available at night or on

weekends.

Information gathering

Once the endorsement of the research committees of both clinics was obtained, the appearance

and content of the information extraction form were validated according to the criteria of 2

medical doctors, an infectious disease specialist, an epidemiologist, and the research commit-

tee members of each clinic (10 health professionals). This form consisted of the following mod-

ules: sociodemographic data, comorbidities, complications, hospital stay, and intensive care

unit (ICU) stay, mechanical ventilation, bacterial superinfections, and antibiotic treatment.

One physician from each clinic was trained in the standardized way to extract patient informa-

tion in an anonymized Excel file (without the name, identification number, or other data that

would reveal the identification of each patient). The file was delivered to the researchers with

an alphanumeric code assigned to each subject included in the study.

Control of bias

Selection and information biases were controlled through the application of the case definition

criteria by the medical team, and application of diagnostic tests for bacterial superinfection

with high validity (risk of false results tend to zero) applied according to the manufacturer cri-

teria in reference laboratories endorsed by the National Institute of Health—Ministry of

Health of Colombia. Additionally, forms validated by experts were used, the process of extract-

ing patient information from clinical histories was standardized, and double independent typ-

ing by two doctors, with logical verification, was used (no values outside the measurement

ranges of the variables analyzed, or clinically incoherent values).

Statistical analysis

The variables were described with absolute (n) and relative (%) frequencies. The general preva-

lence of bacterial and agent-specific superinfection was determined. The association of socio-

demographic and clinical variables with bacterial superinfection was determined using

Pearson Chi-square test (for nominal variables) or Chi-square test for trend (for ordinal vari-

ables). For the associated sociodemographic and clinical factors, prevalence ratios were esti-

mated with a 95-confidence interval. Confounding variables were controlled using a

multivariate generalized linear model with the logarithm transformation and binomial family

(log-binomial) [18,19], in which sociodemographic and clinical factors with bivariate associa-

tion with bacterial superinfection were included as independent variables. The analyzes were

carried out in SPSS 25.0, taking p values less than 0.05 as significant.
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Ethical aspects

The study was approved by the Research committee of both clinics. It is classified as a no-risk

study from an ethical point of view.

Result

Of all patients, 41.9% were adults over 59 years of age and 58.9% were men; the main comor-

bidities were hypertension (41.6%), diabetes mellitus (23.8%), obesity (15.0%), and hypothy-

roidism (13%); the main complication was renal failure (20.8%). In addition, 28.8% of patients

required ICU, and 26.6% invasive mechanical ventilation, with a mortality of 10.5% (Table 1).

The prevalence of bacterial superinfection in patients hospitalized for COVID-19 was

49.6% (n = 198), identifying 16 different species of bacteria, with Klebsiella (pneumoniae and

oxytoca) and Staphylococcus aureus being the most frequent (Table 2).

Most of the patients (62.7%) received antibiotics for one week, 60.3% as monotherapy, with

Ampicillin/sulbactam being the most prescribed antibiotic (56.4%), followed by Piperacillin/

tazobactam (29.9%), Meropenem (18.6%), Ciprofloxacin (16.7%) and Ceftriaxone (15.2%)

(Table 3).

Among the sociodemographic and clinical factors associated with bacterial superinfections

in inpatients with COVID-19, it was found that bacterial superinfection was 36% higher in

subjects older than 59 years old (compared to those under the age of 60), 42% higher for people

with chronic lung disease, 58% higher in immunosuppressed patients, and 38% higher in

patients with acute renal failure. The clinical conditions with the strongest association with

Table 1. Description of the sociodemographic and clinical characteristics of the study group.

Sociodemographic and clinical Levels n %

Sociodemographic Age group: 60 or more years 167 41.9

Male 235 58.9

Comorbidities Hypertension 166 41.6

Diabetes 95 23.8

Obesity 60 15.0

Hypothyroidism 52 13.0

Dyslipidemia 44 11.0

Chronic lung disease 43 10.8

Asthma 26 6.5

Chronic kidney disease 20 5.0

Heart failure 23 5.8

Immunosuppression 17 4.3

Complications Renal failure without renal replacement 57 14.3

Renal failure with renal replacement 26 6.5

Encephalopathy 38 9.5

Polyneuropathy in critically ill patient 33 8.3

Myocardial dysfunction and arrhythmias 30 7.5

Ogilvie syndrome and intestinal ischemia 9 2.3

Other clinical conditions Hospital stay�8 days 188 47.2

Required intensive care unit (ICU stay) 115 28.8

Required mechanical ventilation (MV) 106 26.6

Use of steroids 303 75.9

Death 42 10.5

https://doi.org/10.1371/journal.pone.0254671.t001
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Table 2. The general prevalence of bacterial superinfection in patients with COVID-19 and specified by causative

agent.

n %

General prevalence 198 49,6

Klebsiella (pneumoniae/oxytoca) 24 32

Staphylococcus aureus 18 24

Enterobacter (cloacae / aerogenes) 9 12

Pseudomonas aeruginosa 8 10,7

Serratia marcescens 6 8

Haemophilus influenzae 5 6,7

Escherichia coli 3 4

Acinetobacter baumannii 3 4

Streptococcus pneumoniae 2 2,7

Streptococcus viridans 2 2,7

Mycobacterium tuberculosis 1 1,3

Burkholderia cepacia 1 1,3

Enterococcus faecalis 1 1,3

Hafnia alvei 1 1,3

https://doi.org/10.1371/journal.pone.0254671.t002

Table 3. Profile of antibiotic use in patients hospitalized for COVID-19 with bacterial superinfection.

Variable Levels n %

Days of antibiotic treatment 1–7 days 128 62.7

8–14 days 51 25.0

15 or more days 25 12.3

Number of antibiotics One 123 60.3

Two 35 17.2

Three or more 46 22.5

Type of antibiotic treatment Only one 123 60.3

Multiple (2 or more) 81 39.7

Antibiotic used Ampicillin/sulbactam 115 56.4

Piperacillin/tazobactam 61 29.9

Meropenem 38 18.6

Ciprofloxacin 34 16.7

Ceftriaxone 31 15.2

Cefepime 17 8.3

Ceftaroline 14 6.9

Cefazolin 12 5.9

Linezolid 12 5.9

Vancomycin 9 4.4

Clindamycin 9 4.4

Aztreonam 6 2.9

Gentamicin 3 1.5

Daptomycin 2 1.0

Amikacin 2 1.0

Anti-tuberculosis (HRZE) 2 1.0

Moxifloxacin 1 0.5

Trimethoprim-sulfamethoxazole 1 0.5

Ceftazidime/avibactam 1 0.5

https://doi.org/10.1371/journal.pone.0254671.t003
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bacterial superinfection were acute renal failure requiring renal replacement therapy, hospital

stay�8 days, ICU stay, use of steroids, and mechanical ventilation (Table 4).

In the multivariate adjustment, the associated variables with bacterial superinfection were

comorbidity due to lung disease, complications due to encephalopathy, mechanical ventila-

tion, hospital stay, and steroid treatment (Table 5).

Table 4. Factors associated with the general prevalence of bacterial superinfections in hospitalized patients for COVID-19.

Variable Levels n Negative % Positive (n) Prevalence ratio (IC95%)

Age group (in years) <60 132 43.1(100)

�60 69 58.7(98) 1.36 (1.12–1.65)��

Chronic lung disease No 187 47.5(169)

Yes 14 67.4(29) 1.42 (1.12–1.80)�

Immunosuppression No 197 48.4(185)

Yes 4 76.5(13) 1.58 (1.19–2.09)�

Renal failure without renal replacement therapy No 181 47.1(161)

Yes 20 64.9(37) 1.38 (1.10–1.72)�

Renal failure with renal replacement therapy No 200 46.4(173)

Yes 1 96.2(25) 2.07 (1.81–2.37)��

Encephalopathy No 196 45.7(165)

Yes 5 86.8 (33) 1.90 (1.61–2.25)��

Polyneuropathy in critically ill patient No 194 47.0(172)

Yes 7 78.8(26) 1.67 (1.36–2.06)��

Myocardial dysfunction and arrhythmias No 192 48.0(177)

Yes 9 70.0(21) 1.46 (1.13–1.89)�

Hospital stay (days) 1–7 138 34.6(73)

�8 63 66.5(125) 1.92 (1.56–2.37)��

ICU stay No 175 38.4(109)

Yes 26 77.4(89) 2.01 (1.69–2.41)��

Mechanical ventilation No 182 37.9(111)

Yes 19 82.1(87) 2.17 (1.82–2.57)��

Use of steroids No 72 25.0(24)

Yes 129 57.4(174) 2.30 (1.66–3.29)��

Patient’s discharge condition Alive 193 45.9(164)

Dead 8 81.0(34) 1.76 (1.46–2.12)��

�p<0.05.

��p<0.01. IC95%: 95% confidence interval.

https://doi.org/10.1371/journal.pone.0254671.t004

Table 5. Adjusted prevalence ratios in a generalized linear model.

Variables of the model Prevalence ratio (IC95%) Wald Chi-square

Chronic lung disease (Yes/No) 2.28 (1.10–4.79)� 4.76�

Encephalopathy (Yes/No) 3.72 (1.24–11.17)� 5.51�

Mechanical ventilation (Yes/No) 3.46(1.87–3.39)�� 15.65��

Hospital stay (�8 days/1-7 days) 2.37(1.48–3.81)�� 12.89��

Steroid treatment (Yes/No) 2.85(1.61–5.02)�� 13.08��

�p<0.05.

��p<0.01. IC95%: 95% confidence interval.

https://doi.org/10.1371/journal.pone.0254671.t005
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Discussion

Viral and bacterial superinfection, concerning seasonal influenza and Staphylococcus aureus
cases, where the bacteria contributes significantly to worsen the prognosis in terms of morbid-

ity and mortality, is a well described fact [20,21]. More recently, with the increase in COVID-

19 cases worldwide, it has been possible to demonstrate how SARS-CoV-2 can facilitate the

colonization and attachment of bacteria to the host respiratory tissue, leading to mixed infec-

tions in connection with tissue destruction caused by this virus. Similarly, bacterial superinfec-

tion can facilitate the virus systemic spread, increasing the risk of systemic infections and

sepsis [22,23].

Different studies carried out in the United States and several Asian and European countries

have found a highly variable prevalence of bacterial superinfection in patients diagnosed with

COVID-19, ranging between 1% and 50% [24–28], which is explained by the differences in cri-

teria and diagnostic tests used. In the present study, it was found that 49.6% had bacterial

superinfection, a remarkably high percentage compared with other studies [29,30]. However,

this also explains the high percentage of antibiotic prescriptions in this group of patients, an

aspect that does not coincide with other studies, where the percentage of superinfection

reported is much lower than the percentage of prescribed antibiotics [31,32].

In this study, a tracheal aspirate was carried out to identify the etiological agent responsible

for the superinfection, identifying 16 different bacteria species, which is like the data published

in other studies [33,34]. However, it is noteworthy that no fungal superinfection cases have

been found, as reported in other latitudes [35,36]. Broncho alveolar lavages were not per-

formed due to the contagion risk to the healthcare professionals who performed this proce-

dure. After collecting the tracheal aspirate samples for culture, empirical antibiotic treatment

was started according to the epidemiology of each institution and current local guidelines [37].

Among the sociodemographic and clinical factors associated with bacterial superinfection,

a significant relationship was found with people older than 59 years of age (compared to those

younger than 60 years old), suffering from chronic lung disease, being immunosuppressed,

and having acute renal failure, which is very similar to that reported in other studies [38,39].

This relationship highlights the importance of stratifying this type of patient, considering the

number and severity of risk factors related to the probability of superinfection.

The clinical conditions associated with bacterial superinfection were comorbidity due to

lung disease, complications due to encephalopathy, mechanical ventilation, hospital stay, and

steroid treatment, which is similar to that reported in other publications [40,41]. Based on this,

a series of clinical conditions can be established to early identify the patients with the highest

probability of developing superinfections throughout their hospital stay, which would reduce

fatal outcomes, complications, and different sequelae of the superinfection.

With regards to antibiotic treatment, many of the treatment guidelines were extrapolated

from the recommendations made by international guidelines for cases of bacterial superinfec-

tion in influenza pneumonia [17,42]. Nevertheless, this study found that 62.7% of the patients

received antibiotics, mainly monotherapy with Ampicillin/sulbactam (56.4%), Piperacillin/

tazobactam (29.9%), Meropenem (18.6%), Ciprofloxacin (16.7%), and Ceftriaxone (15.2%),

which is like those documented in other similar studies. However, the rates of superinfection

in others studies were lower than the one found in this study, but despite this, they used a large

number of antibiotics directed at bacterial infections that they finally failed to demonstrate

[32,43–45]. This fact should make us reflect on how the syndromic approach of this type of

infections is being carried out; therefore, it is urgent to implement programs to rationalize the

use of antibiotics in patients with COVID-19, to prevent the increase in the use of this type of

resources, and the consequent impact on the resistance of the nosocomial microbiota [46,47].
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Conclusion

There is a high prevalence of bacterial superinfections in patients with COVID-19 who require

hospitalization, mainly in those with specific comorbidities, complications, prolonged stay,

mechanical ventilation, and steroid treatment, which is crucial to identify priority clinical

groups, and to improve the care for these types of infections, which significantly modify the

evolution of patients with COVID-19 with the risk factors exposed in the population studied.
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