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Abstract 
Introduction: Urethral catheterization is commonly required in coronavirus disease 2019 (COVID-19) patients hospitalized in intensive care 
units (ICUs). However, this increases their vulnerability to nosocomial infections such as catheter-associated urinary tract infections (CAUTIs). 
Existing studies on nosocomial infections in COVID-19 patients usually report CAUTI prevalence but neglect the clinical differences between 
CAUTI and non-CAUTI patients. This study aimed to assess clinical features, microbiological characteristics, and outcomes of COVID-19 
patients with CAUTI vs non-CAUTI patients in an ICU. 
Methodology: We analyzed the clinical data from a retrospective cohort study of 527 critically ill COVID-19 patients who required urethral 
catheterization at the ICU of Bach Mai hospital in Ho Chi Minh City, Vietnam, from August to October 2021. A total of 69 patients (n = 37 
CAUTI vs n = 32 non-CAUTI) were selected for urine culture, and their clinical features, microbiological characteristics, and outcomes were 
recorded for analysis. 
Results: COVID-19 patients with CAUTI had a higher mortality rate compared to those without CAUTI (p = 0.02). The length of stay in the 
ICU was 1.4 times longer for CAUTI patients compared to the non-CAUTI group (p = 0.03). Fungi was the most common microbiological 
cause of UTI in COVID-19 ICU (91.4%), and Pseudomonas aeruginosa was a significant risk factor of CAUTI. P. aeruginosa, number of 
antibiotics used, and duration of catheterization had a strong association with the patients’ survival time in ICU.  
Conclusions: This study provides a better understanding of CAUTI in COVID-19 patients, thus facilitating their future treatment. 
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Introduction 

Coronavirus disease 2019 (COVID-19) is an 
infectious respiratory illness caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
virus. While the majority of individuals with COVID-
19 experienced mild symptoms, approximately 14% 
developed severe symptoms that necessitated 
hospitalization, and about 5% became critically ill, 
requiring intensive care unit (ICU) support [1]. The 
severe condition has been associated with acute 
respiratory distress, prolonged mechanical ventilation, 
and multiple associated infections, including urinary 
tract infection (UTI) [1].  

Superinfection and co-infection were common in 
severe COVID-19 patients treated in ICUs [2]; these 

patients had a mortality rate ranging from 50 to 100% 
[3,4]. As the COVID-19 pandemic has spread 
worldwide, the prevention of hospital-acquired 
infections has become increasingly important. There 
was evidence that a higher risk of co-infection in 
patients with severe and critically ill COVID-19 was 
associated with low T-cell levels, suggesting the 
potential capacity of this virus in suppressing the 
immune system [3].  

Prior to the COVID-19 pandemic, catheter-
associated urinary tract infections (CAUTIs) were 
already recognized as one of the most common 
nosocomial infections [6]. Urinary catheterization has 
been a major risk factor for UTI in hospitalized patients, 
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accounting for 67% of UTIs in patients in the hospital, 
and up to 97% in ICUs [7].  

Several studies have investigated the prevalence of 
CAUTI in individuals with COVID-19 in ICUs. For 
example, Bardi et al. recently reported an 8% 
prevalence of UTI in a cohort of 140 ICU-admitted 
patients; most of them were with CAUTI [8]. Chong 
Hui Ong et al. showed a CAUTI rate of 7% in a cohort 
of n = 71 COVID-19 patients admitted to ICUs [3]. 
Another study by Soriano et al., which included n = 83 
cases, reported a CAUTI rate of up to 38.55% [1]. In a 
retrospective observational study including 87 COVID-
19 patients with UTIs admitted at a tertiary hospital in 
Madrid, Spain, 56 cases (64.4%) were identified with 
CAUTI [9]. These studies primarily focused on 
analyzing the clinical characteristics and prevalence of 
CAUTI in COVID-19, while the comparison between 
CAUTI and non-CAUTI cases with COVID-19 patients 
in ICU is still not widely investigated. Therefore, this 
study aimed to explore the differences between CAUTI 
vs non-CAUTI groups through characterizing the 
clinical features, microbiological characteristics, and 
outcomes of the COVID-19 patients in an ICU in 
Vietnam. 

 
Methodology 
Study design and setting 

We conducted a cross-sectional study at the Bach 
Mai Hospital 16th Facility, which has a total of 2,300 
beds, including 500 beds for the ICU, from August 1, 
2021, to October 30, 2021. The hospital was urgently 
established in District 7, Ho Chi Minh City, Vietnam, 
in order to serve COVID-19 patients during the fourth 
outbreak in the south of Vietnam. The study was 
approved by the Bach Mai Hospital ethics committee 
(Ref. 3413). 

The cohort consisted of 1,314 COVID-19 patients, 
as shown in Figure 1. Among 527 patients who required 
urinary catheters, 69 subjects were selected for urine 
culture following the Centers for Disease Control and 
Prevention (CDC) 2009 guidelines [10]. Among these, 
half were diagnosed with CAUTI (n = 37 cases). 
Subsequently, we collected the clinical information, 
microbiological characteristics, mortality, and 
outcomes of those 69 patients for this study. 

 
Patient selection 

The selected patients were aged ≥ 18 years with a 
confirmed diagnosis of COVID-19, admitted to the ICU 
of Bach Mai Hospital 16th Facility due to severe acute 
lung injury/acute respiratory distress syndrome 
(ARDS), and met the indication for bladder 

catheterization (Supplementary Table 1). We used two 
criteria for catheterization and urine culture in 
accordance with the CDC 2009 guidelines [10], which 
were selected to be appropriate for the ICU area 
(Supplementary Table 1). SARS-CoV-2 was confirmed 
using reverse transcriptase-polymerase chain reaction 
(RT-PCR) from a nasopharyngeal swab specimen of the 
respiratory tract, performed at standard testing facilities 
which were validated by the Vietnam Ministry of 
Health. Exclusion criteria included COVID-19 patients 
who died within the first 48 hours of admission to the 
ICU. 

 
Data collection and definition 

For all participants, we recorded demographic data 
including age, gender, and co-morbidities. We also 
recorded the time of catheterization, identified 
antibiotic resistance, information about the ICU 
admission including length of stay, results of 
paraclinical tests including serum and urine laboratory 
tests, antibiotics received, and microbiology tests 
results. Furthermore, the data on mortality and 
outcomes of patients were collected during their stay in 
the ICU. CAUTIs were diagnosed based on clinical 
practice recommendations of the European Urological 
Association (EUA) 2021 [11]; which includes UTIs that 
occur in a person whose urinary tract is currently 

Figure 1. Overview of the patients in the COVID-19 cohort at 
the ICU of Bach Mai hospital. 

CAUTI: catheter-associated urinary tract infection; COVID-19: 
coronavirus disease 2019; ICU: intensive care unit. 
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catheterized or has had a catheter in place within the last 
48 hours. UTIs were diagnosed according to the 
guidelines provided by the CDC [10]. Nosocomial 
CAUTI is defined as new bacteriuria or funguria and is 
identified with a count of more than 103 CFUs/mL [12]. 
In this study, CAUTI was not checked at the time of 
ICU admission since all 69 cases did not undergo 
endotracheal intubation and urinary catheterization 
before they were admitted to the ICU. 

Foley bladder catheters were used for all patients 
for whom catheterization was indicated. Patients 
requiring cystectomy were excluded from the study. 
The patients included in this study were the ones being 
treated in the ICU and had an indication for urinary 
catheterization. They were performed by ICU nurses 
and treated according to a unified procedure. The 
treatment procedure included fixing the catheter in the 
inner thigh for female patient, fixing urinary catheter in 
the pubic region for male patients, connecting to a 
standard collection bag, cleaning daily, and changing 
catheter after seven days. In this study, co-infections 
included pneumonia (following the 2016 Clinical 
Practice Guidelines of the Infectious Diseases Society 
of America and the American Thoracic Society [13]), 
blood infection (following the Third International 
Consensus Definitions for Sepsis and Septic Shock in 
2016 [16]), and dengue fever. 

 
Sample collection and identification of microbial 
strains 

The urine specimens were collected, stored, and 
cultured according to the procedures of the 
Microbiology Department at Bach Mai Hospital. 
Particularly, urine samples were collected prior to 
administering antibiotic therapy. The drainage catheter 
was disinfected using 70% alcohol. Subsequently, 
approximately 10 mL of urine was aspirated using a 
needle, transferred to a sterile bottle, and the lid was 
tightly secured. The collected sample was promptly 
transported to the Microbiology Department. If 
immediate transfer to the laboratory was not possible, 
the samples were stored at temperatures between 2-8 ºC 
for up to 24 hours. 

The urine specimens were then inoculated on 
Oxoid™ blood agar and Oxoid™ UTI agar. A loop 
filled with 10 µL of the urine sample was streaked onto 
both Blood agar and UTI agar plates. The plates were 
subsequently incubated at 37 ºC for a period of 24-48 
hours. 

On the following day, individual colonies with a 
quantity of at least ≥ 103 CFU (for fungi) or ≥ 104 CFU 
(for bacteria) were selected for identification [12]. 

Then, the isolates were identified using the VITEK 2 
Compact system (BioMerieux, Marcy-l'Étoile, France).  

 
Statistical analysis 

The collected data were analyzed using SPSS 
version 16.0 [17]. Demographics and disease 
characteristics were described through appropriate 
descriptive statistics for (i) those with CAUTI, and (ii) 
those without CAUTI. Quanlitative variables were 
represented as a count (n) and a ratio (%). Quantitative 
variables were expressed as mean ± standard deviation. 
The comparison between CAUTI and non-CAUTI 
groups was conducted using Mann Whitney’s non-
parametric test for quantitative variables and Chi square 
or Fisher’s test for qualitative variables. For qualitative 
variables, the Fisher’s test was used if the number of 
cases less than five accounted for more than 20% of the 
cells; otherwise, the Chi square test was used. The 
results were statistically significant with p < 0.05. 
CAUTI rates (%) were defined at three levels: per 100 
COVID-19 patients in the ICU with urinary catheters, 
per 100 COVID-19 patients in ICU (including both with 
and without urinary catheters), and per 1000 device-
days. Survival analysis and Kaplan-Meier estimate was 
performed using R version 4.1.2 [18]. 

 
Ethics considerations  

This study was approved by the ethics committee of 
Bach Mai Hospital (Ref. 3413). Patient consent was 
waived by the ethics committee for this study due to the 
utilization of retrospective data obtained from the 
hospital, which was established during the peak of the 
COVID-19 outbreak in Vietnam. Given the urgency of 
the situation, it was impractical to collect written 
informed consent from patients. This was because the 
personnel for administrative procedures in the ICU 
supporting this task were very limited due to the 
COVID-19 outbreak. In addition, it was almost 
impossible to get access to the patients for obtaining the 
consent because they were admitted in emergency 
situations. Furthermore, due to the very strict isolation 
policy in Vietnam at that time, no relatives were 
allowed to accompany the patients, and thus, the 
document could not be requested on their behalf. The 
identities of all patients were anonymized before any 
analysis to protect their personal information. 

 
Results 
Clinical characteristics of CAUTI in COVID-19 ICU 

The clinical characteristics of 69 subjects who 
underwent urine culture, out of 527 catheterized 
COVID-19 patients in the ICU, are shown in Table 1.  
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 Table 1. Distribution of characteristics among CAUTI patients and non-CAUTI patients in the ICU for urine- cultured COVID-19 patients. 
p values with (*) indicates statistical significance (p < 0.05). 

Variables All (n = 69) CAUTI (n = 37) Non-CAUTI (n = 32) p N (%) N (%) N (%) 
Clinical characteristics 
Age (Mean ± SD) 61.3 ± 15.6 63.1 ± 15.4 59.2 ± 15.7 0.28 
Gender 
Female 41 (59.4) 22 (59.5) 19 (59.4) 0.99 Male 28 (40.6) 15 (40.5) 13 (40.6) 
Underlying diseases 
Diabetes Mellitus 46 (66.7) 28 (75.7) 18 (56.2) 0.09 
Hypertension 44 (63.8) 26 (70.3) 18 (56.2) 0.23 
Cardiovascular disease 1 (1.4) 1 (2.7) 0 (0.0) 1.00 
Chronic lung disease 4 (5.8) 1 (2.7) 3 (9.4) 0.33 
Chronic liver disease 1 (1.4) 1 (2.7) 0 (0.0) 1.00 
Chronic kidney disease 2 (2.9) 1 (2.7) 1 (3.1) 1.00 
Malignant disease Immunodeficiency 0 (0.0) 0 (0.0) 0 (0.0) X 
Long-term corticosteroids 0 (0.0) 0 (0.0) 0 (0.0) X 
Others 29 (42.0) 17 (45.9) 12 (37.5) 0.45 
Time of catheterization (Mean days ± SD) 11.7 ± 10.4 13.2 ± 11.7 9.8 ± 8.4 0.21 
Laboratory values on the first day of ICU 
Serum laboratory test 
WBC, G/l 13.3 ± 6.9 11.7 ± 5.3 15.2 ± 8.1 0.07 
NEU, % 88.6 ± 7.2 86.9 ± 8.2 89.4 ± 5.8 0.25 
LYM, % 6.6 ± 5.3 7.3 ± 6.2 5.7 ± 4.1 0.37 
PLT, G/l 262.9 ± 148.9 246.5 ± 123.6 282.5 ± 174.6 0.51 
CRP, mg/dL 9.4 ± 5.8 8.5 ± 5.4 10.3 ± 6.1 0.20 
PCT, ng/ml 5.9 ± 17.2 7.7 ± 20.6 3.9 ± 12.4 0.18 
Urine laboratory test 
uLEU, cell/ml 32.8 ± 118.5 25.8 ± 99.9 39.6 ± 135.6 0.33 
Positive NIT 2 (3.9) 0 (0.0) 2 (7.7) 0.49 
uERY, cell/ml 68.5 ± 82.8 69.9 ± 86.7 67.5 ± 80.5 0.96 
Intervention in the ICU 
Hemodialysis 32 (46.4) 20 (54.1) 12 (37.5) 0.17 
Corticosteroids 66 (95.7) 36 (97.3) 30 (93.8) 0.59 
Mononuclear antibody 1 (1.4) 1 (2.7) 0 (0.0) 1.00 
Number of used antibiotics (Means ± SD) 3.9 ± 1.5 3.9 ± 1.4 3.9 ± 1.6 0.89 
Combined anti-fungal 15 (21.7) 10 (27.0) 5 (15.6) 0.25 
Combined anti-virus 25 (36.2) 17 (45.9) 8 (25.0) 0.07 
Co-infection 
Co-infection disease 57 (82.6) 32 (86.5) 25 (78.1) 0.36 
Superinfections pneumonia 43 (62.3) 27 (73.0) 16 (50.0) 0.05 
Pseudomonas aeruginosa 18 (26.1) 14 (37.8) 4 (12.5) 0.03 (*) 
Acinetobacter baumannii 18 (26.1) 12 (32.4) 6 (18.8) 0.20 
Klebsiella pneumoniae 16 (23.2) 8 (21.6) 8 (25.0) 0.74 
Staphylococcus aureus 1 (1.4) 0 (0.0) 1 (3.1) 0.46 
Stenotrophomonas maltophilia 1 (1.4) 0 (0.0) 1 (3.1) 0.46 
Escherichia coli (E. coli) 1 (1.4) 1 (2.7) 0 (0.0) 1.00 
Sepsis 32 (46.4) 17 (45.9) 15 (46.9) 0.94 
Klebsiella pneumoniae 12 (17.4) 7 (18.9) 3 (15.6) 0.72 
Acinetobacter baumannii 8 (11.6) 6 (16.2) 2 (6.2) 0.27 
Stenotrophomonas maltophilia 4 (5.8) 1 (2.7) 3 (9.4) 0.33 
Acinetobacter ursingii 3 (4.3) 1 (2.7) 2 (6.2) 0.59 
E. coli 2 (2.9) 0 (0.0) 2 (6.2) 0.21 
Enterococcus faecalis 2 (2.9) 1 (2.7) 1 (3.1) 1.00 
Enterococcus casseliflavus 1 (1.4) 1 (2.7) 0 (0.0) 1.00 
Staphylocccus hominis 1 (1.4) 1 (2.7) 0 (0.0) 1.00 
Salmonella sp. 1 (1.4) 0 (0.0) 1 (3.1) 0.46 
Pseudomonas aeruginosa 1 (1.4) 0 (0.0) 1 (3.1) 0.46 
Dengue Fever 14 (20.3) 6 (16.2) 8 (25.0) 0.37 
Outcome 
Non-survival 52 (75.4) 32 (86.5) 20 (62.5) 0.02 
ARDS 44 (63.8) 26 (70.3) 18 (56.2) 0.23 
Septic shock 6 (8.7) 3 (8.1) 3 (9.4) 1.00 
Cardiac arrest 27 (39.1) 16 (43.2) 11 (34.4) 0.45 
Multi-organ failure 0 (0.0) 0 (0.0) 0 (0.0) X 
Others 0 (0.0) 0 (0.0) 0 (0.0) X 
Being treated 17 (24.6) 5 (13.5) 12 (37.5) 0.02 
Length of stay in ICU (Mean days ± SD) 14.6 ± 9.0 16.8 ± 7.2 11.8 ± 9.8 0.02 

ARDS: acute respiratory distress syndrome; CAUTI: catheter-associated urinary tract infection; COVID-19: coronavirus disease 2019; CRP: C-reactive 
protein; ICU: intensive care unit; LYM: lymphocytes; NIT: nitrites; NEU: neutrophils; p: p value of the comparison between CAUTI and non-CAUTI 
groups; PCT: procalcitonin; PLT: platelets; uLEU: urine leukocytes; uERY: urine erythrocytes; WBC: white blood cell counts; X: not surveyed. 
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The CAUTI group had mean age of 63.1 ± 15.4 
years and it was predominantly composed of females 
(59.5%). In the CAUTI group, diabetes was observed in 
75.7% of cases, followed by hypertension with 70.5% 
of patients. In addition, the mean duration of 
catheterization in the CAUTI group was 13.2 ± 11.7 
days, which was higher than that in the non-CAUTI 
group, but the difference was not statistically significant 
(p = 0.21).  

When investigating the laboratory values on the 
first day of ICU admission, we observed that the 
inflammation tests results for all 69 patients in the group 
showed mean values higher than the reference threshold 
used in the laboratory system at Bach Mai Hospital. 
These laboratory values included white blood cell count 
(WBC), C-reactive protein (CRP), procalcitonin (PCT), 
and urinalysis. However, no statistically significant 
differences were observed between CAUTI and non-
CAUTI groups for any of these laboratory values (p > 
0.05). 

The study subjects were treated for COVID-19 with 
a variety of interventions (Table 1). We observed that 
all patients required mechanical ventilation, and most 
of them (95.7%) received corticosteroids. In the CAUTI 
group, 54.1% of subjects required hemodialysis 
support, and only one patient received a monoclonal 
antibody called Tocilizumab (Actemra®, U.S.). The p 
values for all comparisons were greater than 0.05, 
indicating that there were no significant differences 
between the CAUTI and non-CAUTI patients. 

 
Prevalence of CAUTI in COVID-19 ICU 

Overview of the patients included in the COVID-19 
cohort of this study is presented in Figure 1. From 
August 2021 to October 2021, there were a total of 527 
(40.1%) bladder catheterized participants out of 1,314 
COVID-19 patients admitted in the ICU. Among these 
catheterized cases, 69 patients (13.1%) underwent a 
urine culture, which was the main focus of this study. 
Among these cases, CAUTI was detectable in 37 
patients (7.0%), as shown in Table 2. During the 1,000-

day catheterization service, the CAUTI incidence was 
11.6%. Further details can be found in Table 2. 

 
Timing of CAUTI diagnosis 

We categorized the time of detection of CAUTI 
since ICU admission into three groups: < 3 days, 3-7 
days, and > 7 days (Figure 2). The figure shows that the 
majority of CAUTI cases were detected and diagnosed 
after seven days since ICU admission (64.9%, 24 out of 
37 cases). Only two and 11 cases were detected very 
early (< 3 days and 2-7 days), respectively. 
Furthermore, the time of CAUTI diagnosis was also 
associated with the diversity of microorganisms of 
patients (Figure 2). In the group < 3 days, only Candida 
tropicalis was isolated in urine culture. The number of 
microorganisms (fungi and bacteria) increased to three 

Figure 2. Distribution of catheter-associated urinary tract 
infections by time of detection after admission to the ICU. 

The x-axis presents the distributions of microorganisms in three groups 
categorized by the time of detected CAUTI since ICU admission: < 3 
days, 3-7 days, and > 7days. The y-axis of the bar plot presents the 
number of patients in each (group; microorganism) on the x-axis. The 
color of the bar indicates a microorganism in the top-left legend. The 
percentage on top of each bar is the proportion of the microorganism in 
its group. CAUTI: catheter-associated urinary tract infection; ICU: 
intensive care unit. 

Table 2. Distribution of catheter-associated urinary tract infection (CAUTI) in ICU among COVID-19 patients. A total of 527 (40.1%) out of 
1,314 COVID-19 patients required urethral catheterization. 

Patients with COVID-19 in ICU with catheterization Number of patients (n = 527) 
Cases had a urine culture 69 (13.1%) 
Cases had CAUTI 37 (7.0%) 
CAUTI/1000 days of catheterization 11.6‰ 
CAUTI/1000 days of stay 8.7‰ 
Total days of catheterization 603 
Total number of days of treatment 808 
Device utilization ratio 74.6% 

COVID-19: coronavirus disease 2019; ICU: intensive care unit. 
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and seven for the groups of 3-7 days and > 7 days, 
respectively. Across all groups, C. tropicalis remained 
the most dominant microorganism. 

 
Microorganisms causing CAUTI and treatment in 
COVID-19 ICU 

The primary cause of CAUTI was fungi infections, 
(91.4%) (Figure 3). The most prevalent fungal species 
was C. tropicalis, accounting for 64.9% of cases; 
followed by Candida albicans (16.2% cases). 
Trichosporon sp. and Candida sp. were found in only a 
few cases, accounting for 5.4% and 2.7%, respectively. 
Among 37 CAUTI cases, only 27% (n = 10 patients) 
received combined antifungal drugs as a treatment for 
co-infection (Table 1). It is worth noting that these 
combined antifungal drugs were generally applied to 
COVID-19 patients. For this CAUTI group, an extra 
antifungal therapy was utilized for 68.8% of cases with 
fungal urine cultures. Bacterial causes were presented 
in only 11.4% of the culture cases. 

Bacterial infections in CAUTI patients were found 
in only n = 4 culture cases (11.4%); one each of 
Acinetobacter baumannii, Enterococcus sp., 
Enterococcus faecalis, and Escherichia coli. All the 
bacterial CAUTI patients were treated with antibiotics 
(Supplementary Table 2). Among those, only one 
patient infected with A. baumannii showed multi-drug 

resistance. The remaining strains of bacteria were 
resistant to one or two groups of antibiotics but still 
sensitive to other antibiotic types. All four urinary 
isolates were found to be resistant to quinolone classes 
of antibiotics, including ciprofloxacin and levofloxacin. 
On the other hand, two culture cases showed sensitivity 
to colistin, linezolid, and tigecycline (Supplementary 
Table 2). Besides other treatments for COVID-19, each 
CAUTI patient received an average of 3.9 ± 1.4 
antibiotics during their time in the ICU, the same as 
non-CAUTI group (see Table 1). 

 
Co-infection in CAUTI patients in the COVID-19 ICU 

Co-infections, such as superinfections pneumonia 
and sepsis, were observed in the majority of COVID-19 
cases in the ICU, as well as the CAUTI group (Table 1). 
Out of the 37 CAUTI cases, we recorded 32 cases of co-
infection (85.6%), including 27 cases of superinfection 
pneumonia, 17 cases of sepsis, and 6 cases of dengue. 
Among the subtypes of co-infection, only 
Pseudomonas aeruginosa in superinfection pneumonia 
showed a statistically significant difference between the 
groups of CAUTI and non-CAUTI patients (p = 0.03).  

The details of microbiological co-infections are 
described in Table 1. The most frequent bacterium 
among CAUTI patients with superinfection pneumonia 
was P. aeruginosa (37.8% of cases), followed by A. 
baumannii (32.4%), and Klebsiella pneumoniae 
(21.6%). Regarding sepsis, K. pneumonia was the most 
common cause, accounting for 18.9% of cases, 
followed by A. baumannii (16.2%). However, no 
significant differences in microbiological co-infections 
were found between CAUTI and non-CAUTI patients 
(p > 0.05). 

 
Mortality and survival time of CAUTI group in COVID-
19 ICU 

The mortality rate was very high among COVID-19 
patients with catheterization in the ICU, accounting for 
52 patients (75.4%) (Table 1). The mortality in the 
CAUTI group (n = 32, 86.5%) was significantly higher 
than that in the non-CAUTI group (n = 20, 62.5%) (p = 
0.02). In both groups, the main cause of death was 
ARDS, followed by cardiac arrest, and septic shock. 
However, there were no significant differences in the 
causes of death between the two groups (p > 0.05). 
Furthermore, the length of stay in the ICU was 1.4 times 
longer in the CAUTI group (16.8 ± 7.2 days) compared 
to the non-CAUTI group (11.8 ± 9.8 days), with p value 
of 0.02. The survival analysis (Figure 4A) showed a 
trend of longer survival time for the CAUTI group in 
the first 20 days. However, overall, CAUTI was not 

Figure 3. Microbiology of catheter-related urinary tract 
infections. 

The x-axis presents the microorganism, and the y-axis indicates the 
proportion of the microorganism in the CAUTI patients. The number 
on top of each bar is the actual percentage value. CAUTI: catheter-
associated urinary tract infection. 
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strongly associated with survival time in the ICU (p = 
0.4). 

We further investigated survival time in the ICU by 
using individual variables in Table 1. For the 
quantitative variables, we separated patients into two 
groups by the median: high (> median) and low (≤ 
median). p values were used to compute false discovery 
rate (FDR) using the Benjamini-Hochberg procedure. 
As a result, we identified three features with FDR < 
0.05, including number of used antibiotics (FDR = 
0.0018), time of catheterization (FDR = 0.0020), and P. 
aeruginosa (FDR = 0.0219). Figure 4B showed that 
patients using more antibiotics were strongly associated 
with the long survival time in the ICU (p = 5.35e-06). 
A similar result was observed for time of catheterization 
(p = 1.19e-05) (Figure 4C). Finally, patients with P. 

aeruginosa exhibited better survival time in the ICU (p 
= 0.002), especially within the first 20 days (Figure 4D). 

 
Discussion 

We analyzed CAUTI in critically ill COVID-19 
patients in the ICU during the fourth outbreak in South 
Vietnam in the middle of 2021. We described the 
clinical characteristics of CAUTI in COVID-19 ICU 
patients in Vietnam. We also performed a comparative 
analysis between CAUTI and non-CAUTI groups of 
COVID-19 patients which collectively considered 
multiple aspects, including clinical characteristics, 
laboratory test values on the first day of ICU, 
intervention in the ICU, co-infection with 
microbiological characteristics, and outcome. In 
addition, the study explored the association of those 

Figure 4. Kaplan-Meier survival curves for association with the survival time in the ICU.  

A: CAUTI groups; B: Number of used antibiotics; C: Time of catheterization; and D: Pseudomonas aeruginosa. 
In each panel, the x-axis presents the length of stay since ICU admission (days), while y-axis indicates the overall survival. The number in the 
parentheses after each group name refers to the number of patients in the group. CAUTI: catheter-associated urinary tract infection; ICU: intensive 
care unit. 
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characteristics with the survival time of the COVID-19 
patients in ICU. 

In this study, there were 37 CAUTI cases, which 
included 7% of catheterized COVID-19 individuals or 
2.8% of the entire cohort, with a CAUTI rate of 8.7‰ 
per 1,000 days of stay. Different rates of CAUTI have 
been reported in different studies on co-infections in 
COVID-19 ICU. For example, in the single-center 
prospective descriptive study of 83 COVID-19 patients 
in a Spanish ICU, Soriano et al. reported a CAUTI rate 
of 38.55% and a rate of 17.18‰ per 1000 device-days 
[1]. However, in another study [3], Ong et al. recorded 
a lower incidence with 4 out of 71 cases (5.6%) of 
CAUTI-related COVID-19 in the ICU, with 7.24‰ per 
1000 device-days. The differences in the incidence of 
CAUTI between studies may be due to several factors. 
It can be that the catheterization rate and catheterization 
device utilization ratio were different between studies. 
For example, these rates and ratios in the study by Ong 
et al. (59% and 76.3%) [3] were higher compared to the 
values in Table 1 (40.1% and 74.6%). Furthermore, 
regional differences in the incidence of infectious 
diseases were related to the empirical use of antibiotics 
for patients with COVID-19 in each region [4,15]. In 
our study, the rate of combined antibiotic usage was 
100%, but in the study by Ong et al., only 90% reported 
antibiotic use [3]. Soriano et al. also reported similar 
explanations for the differences in their results 
compared to previous studies [1].  

The average age of CAUTI cases in this study was 
similar to the studies on co-morbid infections in ICU 
units, which were reported to be between 60 and 70 
years [3,4]. In contrast to the results from some studies 
in western countries [1,3,4], the CAUTI cases in this 
study were dominated by females. However, this 
observation was consistent with the gender distribution 
of COVID-19 patients from other epidemiological 
reports from Vietnam [16,19].  

The urine-cultured COVID-19 patients in this study 
had most common underlying medical conditions, 
including diabetes and hypertension, which were 
similar to the results of some recent studies [1,3,4]. At 
Bach Mai ICU, the rate of using high-tech interventions 
such as hemodialysis (46.4%), antinuclear antibodies 
like Tocilizumab (1.4%), and antiviral therapy (36.2%) 
was lower compared to the rates reported in Europe. For 
example, in the study of Soriano et al., Tocilizumab and 
antiviral therapy were used up to 60.2% and 85.5%, 
respectively [1]. 

We observed that the most common cause of 
CAUTI in this cohort was fungi, dominated by C. 
tropicalis. We reasoned that the use of corticosteroids 

and mononuclear antibodies for treatment in the 
majority of patients (> 95%) allows suppressing the 
immune system, consequently increasing the risk of 
fungal infection. ICU is the last unit to provide 
treatment for critically ill patients and we recorded 
COVID-19 patients entering the ICU with bacterial 
infections. As a result, most patients with CAUTI who 
had fungal infections were treated with antibiotics and 
corticosteroids. Similar results were found in the report 
of most fungal superinfections in COVID-19 patients in 
the study by Chen et al. [20]. During the pandemic, 
there was evidence of the proliferation of fungal 
superinfections in various organs. Indeed, the use of 
broad-spectrum antibiotics, steroids, prolonged ICU 
stay, and multiple invasive devices, as well as the high 
prevalence of diabetes, played a significant role in the 
development trend of fungal superinfections [20,21]. 
However, the number of cases from which bacteria 
were isolated in this study was only four, and all of them 
were Gram negative. This result was opposite to the 
statistics prior to the COVID-19 pandemic, in which 
several reports demonstrated a higher prevalence of 
bacterial infections compared to fungi infections for 
CAUTIs in the ICU. For example, the study by Dan 
Peng et al. highlighted that Gram-negative bacteria 
accounted for 47.46% of the causes of CAUTI in the 
ICU, which was higher than the prevalence of fungi 
(27.81%) [22].  

The high co-infection rate of CAUTI cases in this 
study was also consistent with the results of a recent 
study [3]. We found that P. aeruginosa was the main 
cause of pneumonia superinfections; which was similar 
to the research conducted by Tommaso et al. on 
hospital-acquired and ventilator-acquired pneumonia in 
Spain [8]. A. baumannii was also commonly found in 
pneumonia superinfections in this cohort; however, it 
was found in less than 5% of cases in the retrospective 
cohort study on pulmonary superinfection by Baskaran 
et al. from a multicenter ICU in UK [4]. The study also 
reported K. pneumonia as the main cause for sepsis, as 
we observed here. 

The overall mortality rate in this cohort of COVID-
19 subjects with ICU catheterization was high at 75.4%, 
which was consistent with the study on co-infection in 
COVID-19 patients by Soriano et al. [1]. When 
investigating the survival time of COVID-19 patients in 
the ICU, we identified a strong association between the 
number of used antibiotics and the survival time in the 
ICU. Similarly, significant results (FDR < 0.05) were 
discovered for lengths of catheterization and P. 
aeruginosa. There was a close association between 
these factors. A longer time in ICU possibly increased 



Do et al. – Critically ill COVID-19 patients with CAUTI     J Infect Dev Ctries 2024; 18(9.1):S153-S162. 

S161 

the risk of co-infections; herein P. aeruginosa was the 
most prevalent in this study. Thus, this in turn led to the 
increased use of antibiotics for treatment. On the other 
hand, using more antibiotics was also able to prolong 
the time in ICU. When considering the duration of 
catheterization, the patients with the longer survival 
time in the ICU would require catheters for a longer 
time. We also did not observe a significant association 
between CAUTI and the patients’ survival time in the 
ICU. 

 
Conclusions 

This study had several limitations. First, the sample 
sizes of both the CAUTI and non-CAUTI groups were 
small, which limited the power of the statistical tests. 
As a result, we only identified a few significant factors 
for differentiating the CAUTI group from the non-
CAUTI group. However, increasing the number of 
patients with indicated urine culture was not practical in 
this ICU. Second, since this study focused on the 
CAUTI and non-CAUTI groups, the analysis did not 
utilize the available data from all 1,314 patients treated 
in the ICU. Extending this study to utilize more data 
from the cohort would be a future work. Third, in 
microbiology diagnostics, we observed one Candida 
isolate for which the VITEK 2 compact system 
suggested three possible species of Candida, but none 
with high confidence. Unfortunately, no additional 
experiments such as next-generation-sequencing were 
performed for further investigation. This was due to the 
limited access of the field hospital during the COVID-
19 outbreak in Vietnam. Therefore, we used genus 
instead of species information for this case. Similar 
observation was made in one isolate each of 
Trichosporon and Enterococcus. However, the overall 
results of this study were not significantly affected by 
the issue. Finally, the study was based on a single ICU, 
which may not be representative for all ICU systems in 
Vietnam. However, this was beyond the scope of this 
study. 
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Annex – Supplementary Items 
 

 
 

Supplementary Table 1. The standards for catheterization and urine culture criteria. 
Standards for catheterization Urine culture criteria 

− Acute urinary retention or bladder outlet obstruction 
− Accurate measurement of urine output is required in critically 

ill patients 
− Preoperative use for selected surgical procedures 
− Urinary incontinence when there is an open wound on the 

perineum or sacrum 
− Patient needs immobilization for any reason 
− Improved comfort for hospice 

− Evaluate new fever 
− Pregnant women 
− Decrease in neutrophils 
− After urological procedure/surgery 
− Kidney transplant patients 
− In patients with known urinary tract obstruction or stents in the 

urinary system 
− Unexplained lower quadrant or lower back pain 
− Spinal cord injury patient with new or worsening spasticity, 

autonomic hyperreflexia, irritability, coma, or malaise. 
 

Supplementary Table 2. Antibiotic resistance of CAUTI microorganism in COVID-19 ICU. 
 Acinetobacter baumannii Enterococcus sp Enterococcus faecalis E. coli 
Multi-drugs resistance  Yes No No No 
Antibiotics 
Amikacin    S 
Amoxicillin + Clavulanic acid     
Ceftazidime R   S 
Ciprofloxacin R R R R 
Gentamycin R   S 
Colistin S   S 
Linezolid  S S  
Vancomycin  S R  
Tigercycline  S S  
Ertapenem     
Cefepime R   S 
Fosfomycin     
Imipenem R   S 
Levofloxaxin R R R I 
Meropenem R   S 
Trimethoprim-sulfamethoxazole R   R 
Piperacillin + Tazobactam R    

R: resistant; S: susceptible; I: intermediate; CAUTI: catheter-associated urinary tract infection; COVID-19: coronavirus disease 2019; ICU: intensive care unit. 


	Introduction
	Methodology
	Study design and setting
	Patient selection
	Data collection and definition
	Sample collection and identification of microbial strains
	Statistical analysis
	Ethics considerations

	Results
	Clinical characteristics of CAUTI in COVID-19 ICU
	Prevalence of CAUTI in COVID-19 ICU
	Timing of CAUTI diagnosis
	Microorganisms causing CAUTI and treatment in COVID-19 ICU
	Co-infection in CAUTI patients in the COVID-19 ICU
	Mortality and survival time of CAUTI group in COVID-19 ICU

	Discussion
	Conclusions
	Acknowledgements
	References
	Corresponding author


