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The coronavirus disease 2019 (COVID-19) pandemic placed an 
unprecedented strain on intensive care units (ICUs) in South 
Africa (SA) and across the globe.[1] Novel ways of expanding 
respiratory support even outside the intensive care environment 
were described, and infection prevention and control (IPC) strategies 
were highlighted, both for protection of healthcare workers from 
infection with severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2), but also protection of patients from contracting 
hospital-acquired infections (HAIs).[2,3] 

Antimicrobial resistance (AMR) is recognised as a major threat to 
human health by the World Health Organization (WHO).[4] Bacterial 
AMR was estimated to be responsible for 4.95 million deaths globally 
in 2019, with the highest deaths attributed to bacterial AMR in 
western sub-Saharan Africa.[5] IPC measures to combat rising AMR 
are highlighted as strategic objectives in the global action plan for 
AMR,[4] and IPC is a key research priority in the global research 
agenda for AMR.[6] Local and international data suggested that the 
overall rate of bacterial co-infection in patients with confirmed 
SARS‑CoV‑2 was low on admission.[7-9] However, published data 

from our institution from the first wave have already suggested the 
occurrence of multidrug-resistant (MDR) HAIs in patients admitted 
to the ICU with COVID-19, with Acinetobacter baumannii being the 
most common isolate.[7] 

During the third wave of COVID-19, our institution adopted 
an extensive shift system to address severe burnout among ICU 
personnel, which led to a large pool of personnel performing limited 
numbers of shifts, some only after hours. This was potentially 
responsible for less stringent IPC measures, as many of the staff did 
not routinely work in an ICU environment. The IPC department 
was also severely short-staffed, with reported staff burnout and 
resignations. IPC staff were also rerouted to assist in COVID-19 
testing and vaccination centres. An upstroke in the occurrence of 
not only nosocomial sepsis, but specifically carbapenem-resistant 
Enterobacterales (CRE) and MDR A. baumannii was noted. 

The aims of this study were to report this outbreak, to compare 
the rate of CRE and A. baumannii infections with published data 
from the first COVID-19 wave and to analyse its impact on patient 
outcomes.
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Background. The coronavirus disease 2019 (COVID-19) pandemic placed an unprecedented strain on intensive care units (ICUs) in South 
Africa. Infection prevention and control (IPC) strategies were highlighted to minimise the risk to healthcare workers and for the protection 
of patients from contracting hospital-acquired infections (HAIs). During the third wave, our institution adopted a shift system to address 
severe burnout among ICU personnel. We noted an upstroke in the occurrence of HAIs, specifically carbapenem-resistant Enterobacterales 
(CRE) and multidrug-resistant (MDR) Acinetobacter baumannii. 
Objectives. To report these outbreaks, compare the rate of CRE and A. baumannii infections with the first COVID-19 wave and to analyse 
its impact on patient outcomes.
Method. We retrospectively analysed data from a prospectively collected registry involving all adult patients with severe COVID-19 
admitted to the dedicated COVID-19 ICU from May 2021 to September 2021. Information from the admission database, including the 
patients’ demographics, comorbidities, laboratory results and length of ICU stay were extracted.
Results. Ninety patients were admitted with severe COVID-19 during the third wave. There was an outbreak of both CRE (the majority 
Klebsiella pneumoniae) and A. baumannii. Furthermore, 18  patients cultured the same CRE organism, and 25 patients cultured the 
environmental organism A. baumannii. The HAI rate was significantly higher compared with the first wave published data: 59/90 (65.6%) 
v. 73/363 (20.1%, p<0.01). Patients with any HAI had a longer mean stay in ICU (10.1 days v. 6.7 days (p<0.01) and a higher mortality of 
48/59 (81%) v. 19/31 (61%) (p=0.05). 
Conclusion. We observed a very significant rise in HAIs in the COVID-19 ICU during the third wave compared with the first, with almost 
three times as many patients developing HAIs. Unsurprisingly, it was associated with a longer mean stay in ICU and a higher mortality. 
The outbreak of both CRE and A. baumannii, and the fact that many patients cultured the same CRE organism and A. baumannii, strongly 
suggests that a critical breakdown in IPC measures had occurred.
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Methods
We retrospectively analysed data from a prospectively collected 
registry involving all adult patients with severe COVID-19 admitted 
to the dedicated COVID-19 ICU at Tygerberg Hospital, Cape Town, 
SA, from May 2021 to September 2021, corresponding to the third 
wave of SARS-CoV-2 infections. Of note is that ‘incidental’ SARS-
CoV-2-positive patients who required ICU admission were admitted 
elsewhere in the hospital and were not included. Ethical approval was 
obtained from the Health Research Ethics Committee of Stellenbosch 
University (ref. no S21/04/005_COVID-19_Sub-study N20/04/002-
14897). Information from the admission database, including the 
patient demographics (age and sex), comorbidities, laboratory results 
and length of ICU stay, was extracted.

All cultures were submitted to the on-site National Health Laboratory 
Services (NHLS) microbiology laboratory and processed using standard 
procedures. Identification and antibiotic susceptibility testing of 
cultured isolates involved use of the automated VITEK 2 system 
(Biomérieux, France) and was supplemented where necessary with E-test 
(Biomérieux, France) to confirm the minimum inhibitory concentration 
(MIC) of ertapenem, imipenem and meropenem. MIC breakpoints 
for Enterobacterales were  <1  mg/L (imipenem and meropenem) 
and <0.5 mg/L (ertapenem) for susceptible isolates, 2 mg/L (imipenem 
and meropenem) and 1 mg/L (ertapenem) for intermediately resistant 
isolates, and  >4  mg/L (imipenem and meropenem) and  >2  mg/L 
(ertapenem) for resistant isolates. MIC breakpoints for A. baumannii 
were <2  mg/L (imipenem and meropenem), 4  mg/L (imipenem 
and meropenem) for intermediately resistant isolates, and >8  mg/L 
(imipenem and meropenem) for resistant isolates.

Positive culture results were deduplicated based on site of sample 
collection, with a positive result showing the same pathogen with the 
same susceptibility profile within a 5-day period being considered a 
single episode. Organisms such as coagulase-negative staphylococci 
(CoNS) and Bacillus cereus were considered contaminants if they 
were only cultured once, or pathogens if they were cultured more 
than once in the same patient in an appropriate setting (e.g. central 
line-associated bloodstream infection) where the attending physician 
deemed these cultures clinically significant. 

Infection with a bacterial isolate was diagnosed once the isolate 
was cultured from a given site, and according to the treating clinician 
the associated clinical manifestations were due to infection. HAI was 
defined as infection detected >48 hours after hospital admission and 
not incubating at the time of admission; cultures prior to that period 
were considered early cultures. Of note is that antibiotics were not 
routinely prescribed on admission, as previous published data from 
the first wave by Moolla et al.[7] from our institution showed a low 
incidence of early bacterial infection. 

Statistical analysis was performed using SPSS version 28 (IBM 
Corp., USA). Statistical significance was set at p<0.05. Pearson’s χ2 test 
was used to identify associations between categorical variables and 
the outcomes of interest. When comparing the means of continuous 
data, t-tests were used to assess normally distributed variables, while 
the non-parametric Wilcoxon rank-sum test was used to assess 
variables that did not follow a normal distribution pattern. 

Results
There were 90 patients admitted with severe COVID-19 pneumonia 
during the third wave. General patient demographics, comorbidities, 
laboratory results and outcome of all admissions are summarised in 
Table 1. Of note is the significant association with female sex and any 
HAI: 55.9% (33/59) v. 29.0% (33/59, p=0.03). There was no association 
between comorbidities and HAI. Laboratory results on admission also 
did not predict HAI during the subsequent admission. 

Patients with any HAI had a longer mean stay in ICU (10.1 days v. 
6.7 days (p<0.01) and a higher mortality of 81.4% (48/59) v. 61.3% 
(19/31, p=0.05). 

The HAI rate was significantly higher compared with the first 
wave published data:[7] 65.6% (59/90) v. 20.1% (73/363, p<0.01). 
The details (sites, isolates and susceptibility profile) of cultures are 
summarised in Table  2. Most organisms cultured were from the 
ESKAPE group of pathogens. ESKAPE organisms were cultured 
in 61  patients of the total 90 (68%), v. 15  patients (17%) who 
cultured the non-ESKAPE organisms. Of these, A. baumannii 
was cultured 35  times in 25 patients, with only one isolate which 
was carbapenem-susceptible. Most Klebsiella pneumoniae were 
carbapenem-resistant. In total, 23 cultures of CRE were grown from 
18 patients, mostly K. pneumoniae, with only one culture of Serratia 
marcescens.

Discussion
We observed a very significant rise in HAIs, specifically due to CRE 
and A. baumannii, in the COVID-19 ICU during the third wave 
compared with the first, with almost three times as many patients 
developing nosocomial sepsis. Unsurprisingly, it was associated with 
a longer mean stay in ICU and a higher mortality. The outbreak 
of both CRE (the majority K. pneumoniae) and A. baumannii was 
alarming. Furthermore, the facts that 18 patients cultured the same 
CRE organism, and 25 patients cultured the environmental organism 
A. baumannii, strongly suggested that a critical breakdown in IPC 
measures had occurred.

Close to the end of the third wave, on 2 September 2021, the 
decision was made to stop all new admissions the COVID-19 ICU as 
all patients (7 of the 10-bed capacity at the time) had cultured either a 
CRE and/or MDR A. baumannii. New ICU admissions were diverted to 
an alternative ICU in the facility, whereafter the dedicated COVID-19 
ICU resumed activities 1 week later, following terminal cleaning of the 
entire unit and IPC training of all involved staff members. There were 
no new cases in the 6-week period thereafter, emphasising the critical 
importance of simple IPC measures to prevent HAI.

The clinical and statistical differences between our findings and 
those reported by Moolla et al.[7] are striking. During the first wave, 
the COVID-19 ICU’s capacity exceeded 40 beds, and 363 patients 
were admitted. Only 73 patients (20.1%) had positive cultures later 
during their stay. The most frequently isolated pathogens at all 
sites were A. baumannii (n=54). As with our study, length of ICU 
stay (p<0.001) was associated with positive cultures. Differences 
between the ICU response between the waves need to be highlighted: 
during the first wave, many patients were supported with high-flow 
nasal oxygen (HFNO) in the ICU (due to greater bed capacity), 
which was shown to be associated with a decreased risk of HAI.[7,10] 
Furthermore, doctors performed a 3-month rotation, all the nursing 
staff were ICU-trained and IPC practices were constantly reinforced. 
However, during the third wave, the ICU’s capacity was much 
lower and was reserved for ventilated patients, as HFNO and other 
forms of respiratory support were administered outside the ICU. 
Doctors performed single shifts (often one per week), and non-ICU 
trained nursing staff were diverted to ICU. Although these measures 
were deemed necessary to reduce strain on the workforce, they 
undoubtedly impacted on IPC processes.

In a meta-analysis that included data from 35  263 patients with 
COVID-19 from China, the middle east, Southeast Asia, Europe 
and North America, Langford et  al.[9] reported bacterial infection 
after presentation in 14.3% of patients. In contrast, the incidence of 
nosocomial CRE and A. baumannii infection was 38.9% (35/90) in 
our cohort. 
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Our study has some unique strengths, particularly the fact that we had 
accurate historical data to compare the incidence of nosocomial infec-
tions. The retrospective design is an inherent limitation. Although the 
data were captured prospectively, not all data points were captured serially 
(e.g. PCT), which limited the value analysis to admission investigations. 

Conclusion 
In conclusion, the incidence of nosocomial sepsis was three times higher 
in the third wave and associated with a longer mean stay in ICU and 
a higher mortality. The outbreak of CRE and A. baumannii infections 
was alarming, suggesting a breakdown in IPC practices. Subsequent 

outbreak resolution after environmental cleaning and IPC training of 
staff emphasises the critical importance of basic IPC measures to prevent 
HAI.
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Table 2. Frequency of cultured pathogen according to source

Isolate  Patients, n 

Culture site

Blood Urine
Central venous 
catheter

Tracheal 
aspirate

ESKAPE          
Staphylococcus aureus        

Methicillin-sensitive 7 4 0 0 6
Klebsiella pneumoniae

CRE 18 13 3 2 4
Non-CRE 7 3 2 0 2

Acinetobacter baumannii
CRAB 24 17 1 1 15
Non-CRAB 1 0 1 0 0

Enterobacterales          
Serratia marcescens CRE 1 1 0 0 0

Escherichia coli 3 1 2 0 0
NON-ESKAPE          

Proteus mirabilis 4 2 2 0 1
Streptococcus agalactiae 1 1 0 0 0
Candida albicans 8 1 2 0 5
Candida auris 2 1 0 1 0

ESKAPE = Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp; CRE = carbapenem-resistant 
Enterobacterales; CRAB = carbapenem-resistant Acinetobacter baumannii.

Table 1. Patient demographics, comorbidities, laboratory results and outcome of all patients (N=90) 

Characteristic All (n=90) No HAI (n=31) All HAI (n=59)

Acinetobacter 
baumannii and 
CRE (n=35)

Other HAI 
(n=24) p* p**

Demographic
Age, years (SD) 45.0 (10.5) 42.5 (9.6) 46.3 (10.7) 45.5 (8.9) 47.4 (13.0) 0.10 0.18
Female sex, n %) 42 (46.7) 9 (29.0) 33 (55.9) 20 (57.1) 13 (54.2) 0.03 0.03

Comorbidities, n %
HIV 4 (4.4) 3 (9.7) 1 (1.7) 1 (2.9) 0 (0.0) 0.12 0.33
DM 44 (48.9) 17 (54.8) 27 (45.8) 15 (42.9) 12 (50.0) 0.51 0.46
Hypertension 31 (34.4) 12 (38.7) 19 (32.2) 10 (28.6) 9 (37.5) 0.64 0.44

Laboratory results 
WCC (SD) 15 (7) 15.6 (8.8) 14.8 (5.9) 14.9 (5.7) 14.8 (6.4) 0.64 0.70
N:L (SD) 22.3 (16.7) 18.6 (13.3) 24.7 (18) 23.3 (16.9) 25.8 (19.8) 0.13 0.22
CRP (SD) 142 (101.4) 161.6 (112.0) 131.7 (94.7) 134.2 (93.7) 127.9 (98.0) 0.18 0.28
PCT (SD) 2.9 (9.7) 1.1 (1.6) 3.8 (11.9) 1.8 (5.3) 6.9 (17.2) 0.20 0.51

Outcome
LOS in days (SD) 8.9 (6.5) 6.7 (5.5) 10.1 (6.7) 11.5 (7.3) 8.0 (5.3) 0.02 <0.01
Mortality, n %) 67 (74.4) 19 (61.3) 48 (81.4) 29 (82.9) 19 (79.2) 0.05 0.06

Continuous data are represented as mean and standard deviation (SD) in brackets.
HAI = hospital-acquired infection; CRE = carbapenem-resistant Enterobacterales; DM = diabetes mellites; WCC = white cell count in cell (in cells/mm3); N:L = neutrophil to lymphocyte ratio; 
CRP = C-reactive protein (in mg/L); PCT = procalcitonin (in mg/L); LOS = length of stay. 
*No HAI v. any HAI.
**No HAI v. A. baumannii and CRE.
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