
 

Coronavirus Pandemic 
 
Bacterial and fungal secondary infections occurring in COVID-19 patients 
followed in intensive care: a retrospective study 
 
Erhan Ozyurt1, Aylin Erman Daloglu2, Kerem Inanoglu1, Nilgun Kavrut Ozturk1, Sadik Ozmen1 
 
1 Department of Anesthesiology and Reanimation, Antalya Training and Research Hospital, University of Health 
Sciences, Antalya, Turkey 
2 Department of Medical Microbiology, Antalya Training and Research Hospital, University of Health Sciences, 
Antalya, Turkey 
 
Abstract 
Introduction: We aimed to investigate the effects of secondary bacterial and fungal infections on patient outcomes in patients followed up in 
the intensive care unit (ICU) due to coronavirus disease 2019 (COVID-19). 
Methodology: We retrospectively analyzed reverse transcriptase polymerase chain reaction (RT-PCR) positive COVID-19 patients followed 
in the ICU of our hospital between March 2020 and June 2021, using the hospital information system. Demographic data, pathogens causing a 
secondary infection, onset time of secondary infection, and patient outcomes were recorded. 
Results: A total of 251 RT-PCR positive patients who met the inclusion criteria were evaluated. The mean length of stay (LOS) in the ICU was 
13.3 ± 9.6 days. During this period, 165 (65.7%) patients died. When blood, urine, respiratory tract, and catheter cultures were examined, the 
number of patients with growth in at least one culture was 129 (51.4%). There was growth in a total of 227 cultures. The highest culture 
positivity rate was observed in respiratory tract samples (n = 94, 41.4%). Gram-negative bacterial pathogens (n = 130, 58.4%) predominated. 
Candida spp. was more frequent in urine cultures. The median day of the occurrence of secondary infection was 10 (range: 6-15). Patients who 
developed secondary infection had a longer LOS and higher mortality rate than patients who did not (p < 0.001). 
Conclusions: Gram-negative secondary infections, predominantly in respiratory tract cultures, occurred in COVID-19 patients followed in the 
ICU. As a result, the LOS was prolonged and mortality rates increased. 
 
Key words: COVID-19; secondary infection; intensive care. 
 
J Infect Dev Ctries 2024; 18(3):350-354. doi:10.3855/jidc.18480 
 
(Received 04 May 2023 – Accepted 30 November 2023) 
 
Copyright © 2024 Ozyurt et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
Introduction 

The coronavirus disease 2019 (COVID-19) 
pandemic caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) continues its 
impact all over the world due to the emergence of new 
variants. The vast majority of COVID-19 patients 
experience mild to moderate illness. Around 14-26% of 
patients need intensive care unit (ICU) stay due to 
severe respiratory failure occurring during the course of 
the disease [1]. 

As with previous influenza epidemics, all the 
attention is directed primarily to the treatment of the 
viral infection and its complications. However, 
secondary bacterial and fungal infections in these 
patients cause an increase in morbidity and mortality [1-
3]. The length of stay (LOS) in the hospital is prolonged 
as a result of nosocomial infections. Thus, the resulting 
high costs and mortality rates strain healthcare systems 
[4,5]. 

In addition to the damage caused by COVID-19, 
invasive procedures such as mechanical ventilation and 
catheterization applied in immunosuppressed patients 
in the ICU may predispose them to infection [1,6]. The 
frequency of bacterial and fungal infections occurring 
during the ICU follow-up of COVID-19 patients varies 
between 8.1% and 60% [7]. 

There are regional differences in the pathogens that 
cause secondary infections during the pandemic. Since 
these pathogens cannot be fully identified, broad-
spectrum antimicrobial drugs are used [5], which can 
cause antimicrobial resistance [1]. Therefore, 
identifying the pathogens that cause secondary 
infections can guide empirical antibacterial and 
antifungal drug guidelines to be used in COVID-19 
patients [8]. 

Although there are studies examining bacterial and 
fungal infections that occur during ICU follow-up of 
COVID-19 patients, the number of studies examining 
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all respiratory tract, blood, urine, and catheter cultures 
is very limited. Therefore, the primary outcome 
measure of the study was the frequency of bacterial and 
fungal pathogens seen in the respiratory tract, blood, 
urine, and catheter cultures. Additionally, the effect of 
secondary infections on patient outcomes was 
examined. 

 
Methodology 

This study was approved by the local ethics 
committee (date: 5 August 2021, No: 11/5). COVID-19 
patients who were over the age of 18 years and were 
followed up in the ICUs of our hospital between March 
2020 and June 2021 were retrospectively analyzed, 
using the hospital information system. Patients with 
negative reverse transcriptase polymerase chain 
reaction (RT-PCR) or who were followed in the ICU for 
less than 48 hours were excluded from the study. 
Demographic data, co-morbidities, pathogens with 
growth in patient cultures, time of infection, LOS in the 
ICU, and patient outcomes were recorded. In order to 
evaluate the impact of secondary bacterial and/or fungal 
infections on patient outcome, LOS and mortality were 
compared between secondary infection positive (the 
number of patients with growth in at least one culture) 
and negative groups. 

 
SARS-CoV-2 RT-PCR 

All the patients had a diagnosis of COVID-19 
confirmed by SARS-CoV-2 specific real-time reverse 
transcription RT-PCR testing, performed on 
nasopharyngeal throat swab specimens. RT-PCR tests 
of the samples were performed in routine studies with 
the BioSpeedy SARS-CoV-2 reverse-transcription RT-
PCR kit (Bioeksen, Ankara, Turkey).  

The decisions regarding the patients’ management 
and microbiological cultures in the ICU were made by 
the ICU physician. Sputum, endotracheal aspirate, 
bronchoalveolar lavage fluid, blood, urine, and catheter 
samples were collected. 

 
Culture 

Blood culture samples sent from the ICU to the 
medical microbiology laboratory were incubated in a 
fully automatic blood culture device (BacT/ALERT, 
bioMerieux, Lyon, France). After the growth signal was 
obtained, sub-cultures were made on 5% sheep blood 
agar, eosin methylene blue (EMB) agar, chocolate agar, 
and Sabouraud dextrose agar. Urine, sputum/tracheal 
aspirate, and catheter samples were also directly 
inoculated on 5% sheep blood agar, EMB agar, 
chocolate agar, and Sabouraud Dextrose agar. The 

culture plates were incubated at 35 °C for 24-48 hours. 
The growths were evaluated at the end of the incubation 
period. Bacterial identification was performed with an 
automatic microbial identification system (VITEK MS, 
bioMerieux, Lyon, France) using the matrix-assisted 
laser desorption ionization time-of-flight (MALDI-
TOF) technology. 

 
Definitions 

After RT-PCR positive diagnosis of COVID-19, 
positive pathogen detection in at least one of the 
microbiological samples (sputum, endotracheal 
aspirate, bronchoalveolar lavage fluid, blood, urine, or 
catheter) was defined as a secondary infection. 

 
Study outcomes 

The primary outcome measure of the study was the 
frequency of bacterial and fungal pathogens seen in the 
respiratory tract, blood, urine, and catheter cultures. In 
addition, we examined the effect of secondary infection 
on patient outcomes. 

 
Statistical analysis 

SPSS statistical package program (version 15.0; 
SPSS, Chicago, IL) was utilized for statistical analysis. 
The data obtained were evaluated using descriptive 
statistics (arithmetic mean, standard deviation, and 
percentage distribution). The Chi-square test was used 
to compare categorical variables. The Kolmogorov-
Smirnov test was performed to determine normality of 
continuous variables. Mann-Whitney U test for the 
continuous variables with an abnormal distribution and 
independent t test for the continuous variables with a 
normal distribution were used to test the difference in 
means between two groups. In all analyses, the degree 
of statistical significance (p value) was determined as 
0.05. 

 
Results 

During the study period, 265 RT-PCR positive 
patients were followed in the COVID-19 ICUs. 
However, 14 patients were excluded from the study 
because the LOS in the ICU was less than 48 hours. As 
a result, 251 patients who met the inclusion criteria 
were evaluated. The mean age of the patients was 68.2 
± 13.8 years. The majority of the patients were male 
(62.1%). The mean LOS was 13.3 ± 9.6 days. The 
median time between admission to the ICU and culture 
growth was 10 (range: 6-15) days. During the ICU 
follow-up, 165 (65.7%) patients died. Based on the 
culture results, patients with secondary infection had 
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longer LOS (p < 0.001) and higher mortality rates (p < 
0.001) (Table 1).  

Blood, urine, respiratory tract, and catheter cultures 
of the patients were examined. The number of patients 
with growth in at least one culture was 129 (51.4%). 
The highest number of pathogens grew in respiratory 
tract cultures and the least number of pathogens were 
seen in catheter cultures.  

Secondary infection positivity was observed in 
respiratory tract, urine, blood, and catheter samples. In 
blood, respiratory tract, and catheter cultures, the most 
frequently detected pathogens were Gram-negative 
bacteria, while in urine culture the most frequently 
detected pathogens were fungi. The most common 
Gram-negative bacteria were Acinetobacter baumannii, 
Klebsiella pneumonia, and Pseudomonas aeruginosa. 
Candida spp. was cultured in all types of samples 
including urine (64.4%), catheter (38.5%), blood 
(31.3%), and respiratory tract (20.2%). In addition, two 
patients had Aspergillus fumigatus growth in 
respiratory tract cultures (Table 2).  

There were patients in whom two or three 
pathogens could be found simultaneously in cultures, as 
well as patients in whom bacterial and fungal pathogens 
were detected together (Table 3). 

Discussion 
In this study, bacterial and fungal infections in 

COVID-19 patients followed in ICUs were examined. 
Blood, urine, respiratory tract, and catheter cultures 
were evaluated. The highest culture positivity rate was 
observed in respiratory tract samples. In this study, the 
rate of ICU patients infected with at least one pathogen 
was 51.4%. In blood, respiratory tract, and catheter 
cultures, the most common pathogens were Gram-
negative bacteria, especially Acinetobacter baumannii. 
Furthermore, the most common pathogen detected in 
urine cultures was Candida spp. Patients with 
secondary infection had longer LOS and higher 
mortality rates. 

The development of secondary infection in patients 
followed in the ICU is a common problem all over the 
world. As stated in the large EPIC III study, secondary 
infections may occur at a high rate of 65% in ICU 
patients [9]. Secondary infection increases the degree of 
systemic inflammation in the patient, leading to a more 
severe course of the disease, and thus may cause 
adverse effects in the ICU process. The number of pro-
inflammatory cytokines associated with severe lung 
injury, such as IL-6, is significantly increased in 
COVID-19 patients [10]. Also, SARS-CoV-2 infection 

Table 1. Demographic and clinical data of patients. 

 All patients 
n = 251 

Bacterial/fungal infection (+) 
n = 129 (51.4) 

Bacterial/fungal infection (-) 
n = 122 (48.6) p value 

Age (years) 68.2 (13.8) 69.6 (12.8) 66.8 (14.7) 0.100 
Male /Female 156 (62.2) / 95 (37.8) 79 (61.2) / 50 (38.8) 77 (63.1) / 45 (36.9) 0.760 
Comorbidity 189 (75.3) 98 (76) 31 (24) 0.800 
LOS (days) 13.3 (9.6) 16.9 (10.5) 9.4 (6.8) < 0.001 
Mortality 165 (65.7) 106 (82.2) 59 (35.8) < 0.001 
Data expressed as mean ± standard deviation or n (%); LOS: length of stay. 

Table 2. Distribution of pathogens in cultures. 

 Blood 
48 (21.1) 

Urine 
59 (26) 

Respiratory tract 
94 (41.4) 

Catheter 
26 (11.5) 

Total 
227 (100) 

Gram-negative bacteria n (%) 28 (58.3) 17 (28.8) 72 (76.6) 13 (50) 130 (58.4) 
Acinetobacter baumannii 14 4 39 8 65 
Pseudomonas aeruginosa 2 1 13 1 17 
Klebsiella pneumoniae 4 4 8 2 18 
Stenotrophomonas maltophilia 2 0 7 2 11 
Escherichia coli 3 7 3 0 13 
Enterobacter spp. 1 0 1 0 2 
Rhizobium radiobacter 1 0 0 0 1 
Achromobacter xylosoxidans 1 0 0 0 1 
Myroides spp. 0 1 0 0 1 
Haemophilus influenzae 0 0 1 0 1 
Gram-positive bacteria n (%) 5 (10.4) 4 (6.8) 3 (3.2) 3 (11.5) 15 (6.8) 
Enterococcus spp. 3 4 1 3 11 
Staphylococcus aureus 0 0 2 0 2 
Mycobacterium flavescens 2 0 0 0 2 
Fungi n (%) 15 (31.3) 38 (64.4) 19 (20.2) 10 (38.5) 82 (34.8) 
Candida spp 15 38 17 10 80 
Aspergillus fumigatus 0 0 2 0 2 
Data expressed as n or n (%). 
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can damage lymphocytes, particularly B cells, T cells, 
and natural killer cells, resulting in an impaired immune 
system during the disease [11]. Decreased lymphocytes 
and host immune function, and severe inflammation 
with the body's immune response may be the main 
cause of secondary infection [12]. In addition, 
immunosuppressant drugs such as tocilizumab and 
corticosteroids, which are used to prevent the cytokine 
storm that occurs in COVID-19, contribute to the 
development of secondary infections [13]. Moreover, 
long-term and immunosuppressed stay of patients in 
hospital and ICU and invasive procedures applied 
during this time also increase susceptibility to 
secondary infections [1,13,14]. 

In addition to infections developing in the 
respiratory tract, pathogens can also be detected in 
urine, catheter, and blood cultures of COVID-19 
patients during ICU follow-up [15-17]. The pathogens 
responsible for secondary infections in COVID-19 
patients seem to be the commonly encountered 
pathogens in ICUs [4]. Gram negative pathogens 
dominate the studies describing secondary infections in 
ICU [1,9]. Zhang et al. observed secondary infections 
in COVID-19 patients at a rate of 57%. The most 
common growth was in respiratory tract cultures. The 
most common pathogens were determined as 50% 
Gram-negative, 26% Gram-positive, 11% virus, and 
7% fungi [18]. Furthermore, Acinetobacter baumannii, 
Klebsiella pneumonia, and Pseudomonas aeruginosa 
are frequently isolated from COVID-19 patients, most 
commonly in respiratory tract cultures [5,7]. Unlike, 
Escherichia coli which is the most frequently detected 
bacteria in urine cultures [7], in this study, the most 
common pathogens in blood, respiratory tract, and 
catheter cultures were Gram-negative, especially 
Acinetobacter baumanii. At the same time, Candida 
spp. was the most common pathogen in urine cultures 
(Table 2). The high prevalence of opportunistic fungal 
pathogens in all cultures may be due to the suppression 
of the immune system of patients by viral sepsis due to 
COVID-19 [18]. 

The frequency of secondary infections seems to 
increase one week after ICU admission [14,19]. In their 
study, De Santis et al. observed that COVID-19 patients 
most frequently had secondary infection between 7-14 
days after admission to the ICU [7]. In this study, 

growth in cultures occurred frequently from the 10th day 
after admission to the ICU. According to previous 
studies, infections occurring in COVID-19 patients 
followed in ICU increase both the LOS days and 
mortality rates [7,14]. In this study, similar to the 
literature, an increase was found in both LOS and 
mortality in patients with growth in any culture 
compared to patients without growth. 

Studies have reported that age and male gender 
have an effect on mortality in patients with COVID-19 
[20]. However, in their study, Li et al. found that age 
and gender did not affect mortality in the case of 
secondary infection [5]. Similarly, in this study, age and 
gender were found to have no effect on mortality in ICU 
patients with secondary infections (Table 1). 

This study has some limitations. First of all, it is a 
single-center retrospective study. These results cannot 
be generalized because the flora of this hospital's ICU 
may differ from the flora of hospitals in other regions. 
Second, the effect of starting antibiotherapy when 
patients are first hospitalized for COVID-19 on the 
development of secondary infections is unknown. And 
lastly, the colonisation and the infection are not 
differentiated. 

 
Conclusions 

Thus, secondary infections occurring in COVID-19 
patients followed up in ICUs seem to mostly originate 
from the respiratory tract. We detected mainly Gram-
negative bacteria and especially Acinetobacter 
baumannii in cultures studied from body fluids. 
Therefore, we believe that if empirical antimicrobial 
therapy is to be started, it would be more appropriate to 
cover these pathogens. According to our study, 
secondary infections occurring in patients followed in 
the ICU due to COVID-19 seem to increase both LOS 
and mortality. Although more studies are needed to 
confirm these results, it would be a good decision to 
take strict measures to reduce the risk of infection. 
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