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Abstract 

Surveillance of nosocomial infections, like catheter-associated urinary tract infection (CAUTI), central line-associated 
bloodstream infection, possible ventilator-associated pneumonia and secondary bloodstream infections were 
observed to study the impact of COVID-19 outbreak in ICUs from Tan Tock Seng Hospital and National Centre for 
Infectious Diseases, Singapore between February and June 2020. Higher nosocomial infection rates were observed in 
COVID-19 patients, although it was not statistically significant. Moreover, COVID-19 patients seem to be more pre-
disposed to CAUTI despite a higher proportion of non-COVID-19 patients having urinary catheters. Thus, continued 
vigilance to ensure adherence to IPC measures is needed.
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Introduction
With the COVID-19 pandemic continuing globally, the 
prevention of nosocomial infections is more crucial than 
ever as secondary nosocomial infections may increase 
the morbidity and mortality of COVID-19 patients and 
have been recommended as part of the clinical outcomes 
to measure for COVID-19 [1–4]. While low levels of T 
cells were reported among COVID-19 patients [5], sug-
gesting that there is some suppression of the immune 
system [6], the impact of secondary infections studied is 
limited. During the pandemic, most healthcare infection 
and prevention control (IPC) resources are preferentially 
diverted for outbreak response which may increase the 

incidence of nosocomial infections among all hospital-
ized patients [7].

Hence, there is a need to obtain robust data based on 
established surveillance methods to compare the inci-
dence of nosocomial infections between COVID-19 
and non-COVID-19 patients. As part of the outbreak 
response, we conducted a prospective surveillance for 
device-associated infections (DAI) and secondary noso-
comial bacteraemia in intensive care unit (ICU) using 
National Healthcare Safety Network (NHSN) criteria. We 
report the findings from the surveillance in this report.

Methods
Study design and setting
We conducted prospective surveillance at the National 
Centre for Infectious Diseases (NCID), a 330-bed-
ded purpose-built outbreak response facility with 38 
ICU beds, and at Tan Tock Seng Hospital (TTSH), a 
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1700-bedded acute hospital with 72 ICU beds. Out-
break ICUs (n = 2) and medical ICUs wards (n = 2) 
were included in this surveillance. The surveillance was 
conducted from 1st February to 30th June 2020 during 
COVID-19 epidemic in Singapore. Data were extracted 
from electronic medical records using Research Elec-
tronic Data Capture (REDCap) software hosted at 
National Healthcare Group, Singapore [8]. The Domain 
Specific Review Board (DSRB) of National Healthcare 
Group (NHG) provided ethical approval for the study 
(DSRB: 2020/01242).

Patient selection and follow up
All patients admitted to the four ICUs were included in 
the surveillance. Patients who were confirmed to have 
COVID-19 were managed in the outbreak ICUs and non-
COVID-19 patients in medical ICUs.

Patients were reviewed daily by five trained surveil-
lance coordinators from the day of admission to ICU 
up until two days after they were transferred to the gen-
eral ward or discharged. For patients with multiple ICU 
admissions during a single hospitalization episode, only 
the first ICU episode was included in this analysis. The 
outcomes of interest were nosocomial infections, includ-
ing catheter-associated urinary tract infection (CAUTI), 
central line-associated bloodstream infection (CLABSI), 
possible ventilator-associated pneumonia (PVAP) and 
secondary bloodstream infections.

Data collection and definitions
At baseline, we recorded the age, gender, comorbidi-
ties (based on Charlson’s comorbidity index), immu-
nosuppression status (i.e. recent chemotherapy in the 
last six  months, TNF-alpha blocker in the last month, 
or taking prednisolone 10  mg/day or equivalent ster-
oid on admission), and date of transfer to ICU. Patients 
were reviewed daily to collect data for presence of inva-
sive devices (i.e. indwelling urinary catheter, central line 
or endotracheal intubation), microbiological cultures, 
histopathological tests, radiological investigations and 
symptoms of nosocomial infections. Data collection form 
is provided in the Additional file  1. The definitions of 
device-associated infections, including CAUTI, CLABSI, 
PVAP and BSI, were standardized according to the crite-
ria provided by the CDC-NHSN [9].

Statistical methods
We compared the baseline characteristics of COVID-19 
and non-COVID-19 patients with Chi-squared tests for 
categorical variables, and Wilcoxon rank sum test for 
continuous variables. We calculated the incidence rates 
(Number of nosocomial infections per 1000 ICU-days 
or per 1000 device-days) for secondary bacteraemia, 

CAUTI, CLABSI, and PVAP, and all nosocomial infec-
tions (combination of all nosocomial infections under 
surveillance). We described the monthly trend of noso-
comial infections comparing COVID-19 and non-
COVID-19 patients in ICUs. Hazard ratios comparing 
COVID-19 and non-COVID-19 patients were calculated 
using the Mantel–Haenszel method. A poisson regres-
sion model was used to adjust the hazard ratio for the 
overall nosocomial infections among COVID-19 patients 
for age, gender, comorbidities, length of stay in ICU, and 
the presence of invasive devices. The number of events 
were too small to calculate the adjusted hazard ratio for 
individual nosocomial infection. All statistical analy-
sis was performed using STATA version 15.0 statistical 
software.

Results
A total of 650 patients underwent surveillance for noso-
comial infections. Ninety-two patients with incomplete 
data were excluded (Additional file  1: Figure  S1). Of 
the 558 patients included in the final analysis, 71 were 
COVID-19 patients and 487 non-COVID-19 patients. 
Of these, 64.2% were male patients, and the median age 
of the cohort was 65  years [Interquartile range (IQR): 
53–74]. COVID-19 patients were younger, had fewer 
comorbidities, and stayed longer in ICU (Table  1). 
COVID-19 patients had indwelling urinary catheters, 
invasive mechanical ventilation, and central venous 
lines for a longer duration compared to non-COVID-19 
patients (Table 2).

Incidence of nosocomial infections
During the study period, 14.8% (10/71) developed 
nosocomial infections in COVID-19 patients and 2.7% 
(13/487) of non-COVID-19 patients developed noso-
comial infections (Table  2). Out of the 10 nosocomial 
infections detected in COVID-19 patients, five are 
CAUTI-related, five with secondary bloodstream infec-
tion, one PVAP-related, and none had CLABSI-related 
infection. Whereas non-COVID-19 patients had one 
CAUTI-related, eight with secondary bloodstream infec-
tion, two PVAP-related, and two had CLABSI-related 
infection. A total of 11 organisms were detected in 
COVID-19 nosocomial infections and all enterobacte-
riaceae and non-fermenters organisms were carbape-
nem-sensitive. Moreover, of the 17 organisms detected in 
non-COVID-19 patients, only one out of four was Methi-
cillin-Resistant S. aureus while all enterobacteriaceae and 
non-fermenters organisms were carbapenem-sensitive 
(Table 2).

The incidence rates of all nosocomial infections 
among COVID-19 and non-COVID-19 patients were 
13.76 per 1000 ICU-days [95% confidence interval (CI), 
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7.40–25.56] and 7.04 per 1000 ICU-days (95% CI 4.09–
12.12) (P = 0.11) respectively (Table  2). After adjusting 
for age, gender, comorbidities, length of stay in ICU, and 
the presence of devices, there was no significant differ-
ence in the hazard ratio for nosocomial infections among 
COVID-19 patients [adjusted hazard ratio (HR), 1.59; 
95% CI 0.60–4.21; P = 0.35]. There was a higher incidence 
of CAUTI among COVID-19 patients and a significant 
difference in the unadjusted hazard ratio for CAUTI 
among COVID-19 patients (unadjusted HR, 10.40; 95% 
CI 1.16–93.50; P = 0.01), as the number of events were 
too small to calculate the adjusted hazard ratio for indi-
vidual nosocomial infection. However, no difference was 
observed for CLABSI, PVAP, and secondary bacteraemia.

The monthly rate of nosocomial infection among 
COVID-19 patients peaked in May 2020 at 22.99 per 
1000 ICU-days in COVID-19 patients (Additional file 1: 
Figure  S2). The nosocomial infection rate for non-
COVID-19 patients remained relatively stable during the 
study period. During the study period, the risk of noso-
comial infections remained higher among COVID-19 
patients compared to non-COVID-19 patients (Addi-
tional file 1: Figure S3).

Discussion
In our study, the nosocomial infection rate in the ICU 
was noted to be higher among COVID-19 patients com-
pared to non-COVID-19 patients; however, it was not 
statistically significant. COVID-19 patients seem to be 
more predisposed to catheter-associated urinary tract 
infection (CAUTI) potentially due to longer duration of 

indwelling urinary catheter-days despite a higher propor-
tion of non-COVID-19 patients having urinary catheters. 
Moreover, our study also reflected a relatively low ICU 
nosocomial infection (8.5%) compared to other studies 
[2, 3, 10, 11], which ranges from 7.2 to 46% co-infection 
in critically ill COVID-19 patients. Nosocomial infec-
tions in critically ill COVID-19 patients are also known 
to have poorer mortality, often requiring intensive care 
[2, 3, 10, 11]. However, our study was unable to show 
the rate of mortality amongst patients with secondary 
infection.

Additionally, on top of having invasive devices, criti-
cally ill COVID-19 patients may have increased suscep-
tibility to nosocomial infections due to lymphopenia and 
reduced immune functions [6]. Studies have observed 
lymphopenia present in COVID-19 patients, which was 
also reflected in our preliminary observations in our 
first few COVID-19 cases in Singapore [5, 12]. Addi-
tionally, steroids was not part of standard treatment for 
acute respiratory distress syndrome in our COVID-19 
patients. Furthermore, the COVID-19 virus evades the 
immune system through the inhibition of interferon 
type I recognition and signalling, prevents recognition 
of antigen-presenting plasma and myeloid dendritic cells 
[6], and undermines lymphocytic activation [13], possibly 
increasing the hazard for COVID-19 patients to acquire 
nosocomial infections. However, further studies are war-
ranted to determine if lymphopenia and paresis of other 
components of the immune response plays a part in 
nosocomial infections in COVID-19.

Table 1  Distribution of baseline characteristics among COVID-19 patients and non-COVID-19 patients in the ICU

a Rank sum test

Baseline characteristics COVID-19 patients 
(n = 71)

Non-COVID-19 
patients (n = 487)

All patients (n = 558) Chi-squared test

Age, median (IQR)a 52 (39–66) 66 (55–75) 65 (53–74) < 0.001

Male 59 (83.10) 299 (61.40) 358 (64.16) < 0.001

Length of stay in ICU, Median days (IQR)a 6 (2–9) 2 (1–4) 2 (2–4) < 0.001

Underlying diseases

Overall comorbidities 25 (35.21) 342 (70.23) 367 (65.77) < 0.001

Chronic pulmonary diseases 2 (2.82) 60 (12.32) 62 (11.11) 0.017

Cardiovascular diseases 4 (5.63) 100 (20.53) 104 (18.64) 0.003

Connective tissue disease 0 (0.00) 11 (2.26) 11 (1.97) 0.201

Peptic ulcer disease 0 (0.00) 13 (2.67) 13 (2.33) 0.164

Chronic neurological diseases 2 (2.82) 79 (16.22) 81 (14.52) 0.003

Chronic kidney disease 5 (7.04) 125 (25.67) 130 (23.30) 0.001

Diabetes Mellitus 19 (26.76) 197 (40.45) 216 (38.71) 0.027

Malignant diseases 1 (1.41) 82 (16.84) 83 (14.87) 0.001

Chronic liver diseases 1 (1.41) 24 (4.93) 25 (4.48) 0.180

Immunosuppression 2 (2.82) 30 (6.16) 32 (5.73) 0.258
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Furthermore, the relatively stable nosocomial infection 
rate in non-COVID-19 patients during the study could 
also be attributed to heightened infection prevention 
and control practices during the COVID-19 outbreak. 
Enhanced precautions, such as improved hand hygiene 
practices decreases the transmission of nosocomial infec-
tions between patients in the ICU. However, changes in 
care practices such as minimizing contact with suspected 

or confirmed COVID-19 patients and rostering of availa-
ble manpower could possibly affect nosocomial infection 
rates, such as CAUTI in COVID-19 patients as opposed 
to non-COVID-19 patients. All ICUs in TTSH and NCID 
are also protocolled to nurse patients in the semirecum-
bent position unless contraindicated, which reduces the 
risks of PVAP infection in both patients’ group. Addition-
ally, COVID-19 patients were placed in prone position 

Table 2  Incidence rate, hazard ratios, 95% CI and significance tests for various types of nosocomial infections by COVID-19 status

a From the 10 nosocomial infections, a total of 11 organisms were detected. There were 2 (18.2%) Klebsiella pneumoniae, 2 (18.2%) Escherichia coli, 1 (9.1%) 
Enterobacter cloacae, 2 (18.2%) Pseudomonas aeruginosa, 1 (9.1%) Pseudomonas species, 1 (9.1%) Enterococcus faecium, 1 (9.1%) coagulase-negative Staphylococcus, 
and 1 (9.1%) Candida species detected. All enterobacteriaceae and non-fermenters organisms were sensitive to carbapenem
b From the 13 nosocomial infections, a total of 17 organisms were detected. There were 4 (23.5%) Staphylococcus aureus, 3 (17.7%) Klebsiella pneumoniae, 1 (5.9%) 
Escherichia coli, 1 (5.9%) Enterobacter aerogenes, 1 (5.9%) Pseudomonas aeruginosa, 1 (5.9%) Enterococcus faecium, and 6 (35.3%) Candida species detected. All 
enterobacteriaceae and non-fermenters organisms were sensitive to carbapenem. Of the 4 Staphylococcus Aureus, 1 was methicillin-resistant
c Adjusted for age, gender, comorbidity as a whole, length of stay in ICU, presence of IDC, presence of invasive ventilation, and presence of central line
d Rank sum test and only patients with invasive procedures done were included

COVID-19 patients (n = 71) Non-COVID-19 patients 
(n = 487)

P value

Nosocomial infection

Total ICU-days 727 1847 –

Episodes of nosocomial infection 10a 13b –

Incidence of nosocomial infection per 1000 ICU-days (95% CI) 13.76 (7.40–25.56) 7.04 (4.09–12.12) –

Hazard ratio 1.95 (0.86–4.46) 1 0.105

Adjusted hazard ratioc 1.59 (0.60–4.21) – 0.353

CAUTI

Indwelling urinary catheter 42 (59.15) 354 (72.69) 0.019

Duration of indwelling catheter, Median days (IQR)d 6.5 (4–14) 2 (2–4) < 0.001

Total Catheter-days 555 1443 –

Episodes of CAUTI 4 1 –

Incidence of CAUTI per 1000 catheter-days (95% CI) 7.21 (2.70–19.20) 0.69 (0.10–4.92) –

Hazard ratio (95% CI) 10.40 (1.16–93.05) 1 0.009

CLABSI

Number of patients on central line 27 (38.03) 191 (39.22) 0.848

Duration of central line, Median Days (IQR)d 9 (6–23) 3 (2–7) < 0.001

Total Central line-days 418 1050 –

Episodes of CLABSI 0 2 –

Incidence of CLABSI per 1000 central line-days (95% CI) 0 1.90 (0.48–7.62) –

Hazard ratio (95% CI) – – –

PVAP

Invasive mechanical ventilation 27 (38.03) 222 (45.59) 0.231

Duration of mechanical ventilation, median days (IQR)d 8 (5–26) 3 (1–5) < 0.001

Total Ventilator-days 471 1150 –

Episodes of PVAP 1 2 –

Incidence of PVAP per 1000 ventilator-days (95% CI) 2.12 (0.30–15.07) 1.74 (0.43–6.95) –

Hazard Ratio (95% CI) 1.22 (0.11–13.46) 1 0.87

Secondary bloodstream infection (BSI)

ICU-days 727 1847 –

Episodes of BSI 5 8 –

Incidence of BSI per 1000 ICU-days (95% CI) 6.88 (2.86–16.52) 4.33 (2.17–8.66) –

Hazard Ratio (95% CI) 1.59 (0.52–4.85) 1 0.413
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when medically required. Thus, longer length of stay, use 
of invasive devices, and reduced immune functions could 
be potential reasons which resulted in a higher nosoco-
mial infection rate in COVID-19 patients compared to 
non-COVID-19 patients [7, 14].

Our study has several limitations. First, the small num-
ber of nosocomial infections makes it difficult to analyse 
the risk factors for nosocomial infections and include 
device-days into our model. Second, we did not audit 
the adherence to process measures that were in place to 
prevent nosocomial infections. Hence, we were unable to 
identify the reasons for CAUTI being the main device-
associated infection in COVID-19 patients.

In conclusion, although the incidence of nosocomial 
infection was not significantly affected by COVID-19 in 
our centre, continued vigilance to ensure adherence to 
IPC measures is needed.
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