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ABSTRACT
The COVID- 19 pandemic burdens hospitals, but 
consequences for quality of care outcomes such as 
healthcare- associated infections are largely unknown. 
This cohort included all adult hospital episodes 
(n=186 945) at an academic centre between January 
2018 and January 2021. Data were collected from 
the hospitals’ electronic health record data repository. 
Hospital- onset bloodstream infection (HOB) was defined 
as any positive blood culture obtained ≥48 hours after 
admission classified based on microbiological and 
hospital administrative data. Subgroup analyses were 
performed with exclusion of potential contaminant 
bacteria. The cohort was divided into three groups: 
controls (prepandemic period), non- COVID- 19 (pandemic 
period) and COVID- 19 (pandemic period) based on either 
PCR- confirmed SARS- CoV- 2 infections from respiratory 
samples or International Classification of Diseases 10th 
Revision diagnoses U071 and U72 at discharge. Adjusted 
incidence rate ratios (aIRR) and risk of death in patients 
with HOB were compared between the prepandemic and 
pandemic periods using Poisson and logistic regression. 
The incidence of HOB was increased for the COVID- 19 
group compared with the prepandemic period (aIRR 
3.34, 95% CI 2.97 to 3.75). In the non- COVID- 19 
group, the incidence was slightly increased compared 
with prepandemic levels (aIRR 1.20, 95% CI 1.08 to 
1.32), but the difference decreased when excluding 
potential contaminant bacteria (aIRR 1.15, 95% CI 1.00 
to 1.31, p=0.04). The risk of dying increased for both 
the COVID- 19 group (adjusted odds ratio (aOR) 2.44, 
95% CI 1.75 to 3.38) and the non- COVID- 19 group 
(aOR 1.63, 95% CI 1.22 to 2.16) compared with the 
prepandemic controls. These findings were consistent also 
when excluding potential contaminants. In summary, we 
observed a higher incidence of HOB during the COVID- 19 
pandemic, and the mortality risk associated with HOB 
was greater, compared with the prepandemic period. 
Results call for specific attention to quality of care during 
the pandemic.

INTRODUCTION
The COVID- 19 pandemic has put stress 
on the healthcare system and health-
care workers, but the consequences for 
quality of care outcomes in entire hospital 

populations are not well studied.1 One 
such outcome measure is hospital- 
onset bloodstream infection (HOB), 
which is closely related to central line- 
associated bloodstream infections, but 
also reflects bacteraemia secondary to 
other healthcare- associated infections.2 3 
HOB rate is an objective measure and has 
been suggested as an indicator of changes 
in healthcare delivery.4–7 We aimed to 
compare the incidence and mortality of 
HOB before and after the emergence of 
COVID- 19.

METHODS
The cohort included all patients >18 
years admitted to an academic centre 
in a large metropolitan area in Sweden 
between January 2018 and January 2021. 
Data were collected from the hospitals’ 
electronic health record data repository, 
which includes complete microbiological, 
hospital administrative and mortality data 
for all patients.

Exposure to COVID- 19 was defined as 
PCR- confirmed SARS- CoV- 2 infections 
from respiratory samples or International 
Classification of Diseases 10th Revision 
diagnoses U071 (COVID- 19, virus iden-
tified) and U72 (COVID- 19, virus not 
identified) at discharge. In accordance 
with previously published criteria, HOB 
was defined as any positive blood culture 
obtained ≥48 hours after admission.2 
To account for therapeutic failure of 
community- onset infections, pathogens 
cultured in blood before 48 hours were 
not classified as HOB if recurring again 
after 48 hours. HOB was collected for 
all wards and only the first episode per 
admission was counted. Subgroup anal-
yses were performed with exclusion of 
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potential contaminant bacteria to identify HOB caused 
by predominantly primary bacteraemia or bacteraemia 
due to other underlying healthcare- associated infec-
tions. Contaminants were identified using the full list 
of common commensals from the Centers for Disease 
Control and Prevention/National Healthcare Safety 
Network Patient Safety Component Manual (version 
2021).8

Based on the local emergence of COVID- 19 
admissions around 1 March 2020, the cohort was 
divided into groups: controls (prepandemic period), 
non- COVID- 19 (pandemic period) and COVID- 19 
(pandemic period). Monthly incidence rates of 
HOB were calculated. Adjusted incidence rate ratios 
(aIRR) were compared between the before- and- after 
periods using Poisson regression controlling for age, 
sex, Charlson Comorbidity Index and urgent versus 
planned admission. Person- time was defined as length 
of stay until either discharge, death or HOB, excluding 
the first 48 hours of admission when outcome criteria 
could not be fulfilled to avoid immortal time bias.9 Risk 
of 30- day mortality of HOB was compared between 
the before- and- after periods using logistic regression, 
presented as odds ratioadjusted (aOR) for the variables 
described above. In addition to controlling for seasonal 
factors using historical controls, aIRR and aOR were 
compared between the non- COVID- 19 group and the 
COVID- 19 group to account for unmeasured factors 
unique to the pandemic period. Statistical analyses 
were done in R V.4.1.0.

RESULTS
The study included 133 193 episodes in the prepan-
demic control group, 48 791 episodes in the pandemic 
non- COVID- 19 group and 4961 episodes in the 
COVID- 19 group (online supplemental figure 1). 

Patient characteristics are presented in online supple-
mental table 1. Patients with COVID- 19 had more 
intensive care unit (ICU) admissions (15%, 95% 
CI 14% to 16% vs 3%, 95% CI 3% to 4%), longer 
hospital stay (median 6 days, 95% CI 3 to 13 vs 3 days, 
95% CI 1 to 5) and higher 30- day mortality (12%, 
95% CI 11% to 13% vs 4%, 95% CI 3% to 4%) than 
the remaining hospital population.

Increased monthly incidence of HOB correlated 
with the first and second COVID- 19 waves (online 
supplemental figure 2). The incidence of HOB was 
increased for the COVID- 19 group compared with 
the prepandemic period (aIRR 3.34, 95% CI 2.97 
to 3.75) (table 1). In the non- COVID- 19 group, 
HOB incidence was slightly increased compared 
with prepandemic levels (aIRR 1.20, 95% CI 1.08 to 
1.32), but the difference decreased when excluding 
potential contaminants (aIRR 1.15, 95% CI 1.00 to 
1.31, p=0.04). The risk of dying increased for both 
the COVID- 19 group (aOR 2.44, 95% CI 1.75 to 
3.38) and the non- COVID- 19 group (aOR 1.63, 95% 
CI 1.22 to 2.16) compared with the prepandemic 
controls (table 1). These findings were consistent also 
when excluding potential contaminants. The aIRR for 
HOB was 2.69 (95% CI 2.34 to 3.08) and the aOR 
for mortality of HOB was 1.53 (95% CI 1.05 to 2.22) 
when comparing the COVID- 19 group to the non- 
COVID- 19 group during the pandemic period.

DISCUSSION
In this analysis of 186 945 hospital episodes before 
and after the emergence of COVID- 19, incidence 
of HOB increased in the after period. The surge in 
incidence tailed the waves of the epidemic and was 
mainly driven by patients with COVID- 19, which had 
more than doubled incidence. These findings indicate 

Table 1 Differences in incidence and mortality of hospital- onset bloodstream infection after emergence of COVID- 19

Variable HOB all pathogens HOB excluding all possible contaminants*

Group Controls Non- COVID- 19 COVID- 19 Controls Non- COVID- 19 COVID- 19

Time period January 2018 to 
February 2020

March 2020 to 
January 2021

March 2020 to 
January 2021

January 2018 to 
February 2020

March 2020 to 
January 2021

March 2020 to 
January 2021

Person- time at risk (days) 393 503 130 578 33 805 404 245 134 644 38 972

HOB (n) 1370 552 369 757 292 181

Incidence rate
Number of outcomes/1000 
days at risk (95% CI)

3.48 (3.30 to 3.67) 4.23 (3.88 to 4.60) 10.92 (9.83 to 12.09) 1.87 (1.74 to 2.01) 2.17 (1.93 to 2.43) 4.64 (3.99 to 5.37)

Crude IRR (95% CI) Ref 1.21 (1.10 to 1.34) 3.14 (2.79 to 3.51) Ref 1.16 (1.01 to 1.32) 2.48 (2.10 to 2.91)

Adjusted IRR† (95% CI) Ref 1.20 (1.08 to 1.32) 3.34 (2.97 to 3.75) Ref 1.15 (1.00 to 1.31)‡ 2.66 (2.25 to 3.13)

30- day mortality, n (%) 161 (12) 96 (17) 74 (20) 101 (13) 60 (21) 42 (23)

Crude OR (95% CI) Ref 1.59 (1.20 to 2.08) 1.89 (1.39 to 2.55) Ref 1.68 (1.18 to 2.39) 1.97 (1.31 to 2.93)

Adjusted OR§ (95% CI) Ref 1.63 (1.22 to 2.16) 2.44 (1.75 to 3.38) Ref 1.73 (1.19 to 2.49) 2.51 (1.61 to 3.90)

*Contaminants were identified using the organism list from National Healthcare Safety Network (NHSN) Patient Safety Component Manual (version 2021) provided by 
the Centers for Disease Control and Prevention.
†Poisson regression adjusted for age, sex, Charlson Comorbidity Index and urgent versus planned admission.
‡Statistically significant (p=0.04).
§Logistic regression adjusted for age, sex, Charlson Comorbidity Index and urgent versus planned admission.
HOB, hospital- onset bloodstream infection; IRR, incidence rate ratio.
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that the COVID- 19 pandemic exacerbates the rates 
of healthcare- associated infections, and its associated 
mortality, which may signal a need for quality of care 
improvements.

Bacterial coinfections in COVID- 19 are fairly 
uncommon.10 11 Despite this, we noted that the 
pandemic substantially impacted the incidence of HOB 
on a hospital level, but patients without COVID- 19 
only represented a minor portion of the increase. Our 
results are in agreement with a prior study showing an 
increased risk of HOB in ICU patients with COVID- 19 
compared with controls.12 The reasons for these find-
ings are unclear, but factors such as inexperienced 
healthcare workers, high workload, material shortage 
and use of protective clothing may contribute. Expla-
nations could also be intrinsic to the COVID- 19 illness 
itself, or its treatment, and the degree of preventability 
of HOB in this new setting needs to be further assessed.

Patients with COVID- 19 and HOB were recently 
shown to have worse clinical outcome compared with 
controls.13 In this study, HOB mortality increased 
for all patients during the pandemic, irrespective of 
COVID- 19 status. Indeed, the increased mortality risk 
in the COVID- 19 group is expected given the higher 
baseline mortality, but effects related to delayed anti-
biotic treatment are also plausible. Explaining the 
greater HOB mortality for the non- COVID- 19 group 
during the pandemic is more difficult and several 
factors may contribute. Even though patients’ char-
acteristics and incidence rates among controls and 
patients without COVID- 19 were similar, unmeasured 
population differences may be present. Moreover, the 
pandemic may affect quality of care factors associated 
with increased mortality such as inappropriate antimi-
crobial treatment, inadequate source control or fewer 
infectious disease consultations.14–16

Our study has limitations. First, the findings should 
be confirmed in other settings. Second, restricting 
analyses to the first HOB episode per admission likely 
underestimated the incidence of HOB. Third, there 
may be unmeasured confounders, such as socioeco-
nomic factors, which were not controlled for due to 
lack of data.

CONCLUSIONS
We observed a higher incidence of HOB during the 
COVID- 19 pandemic, and the mortality risk asso-
ciated with HOB was greater, compared with the 
prepandemic period. Results call for specific attention 
to quality of care during the pandemic.
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Supplementary Table 1. Patient characteristics and outcomes 
 
 

Variable Control  

(n = 133 193) 

COVID-19 

(n = 4961) 

Non-COVID-19 

(n = 48 791) 

Baseline characteristics    

Age at admission, median (IQR), years 60 (38-73) 62 (49-74) 59 (37-73) 

18-39 36 331 (27) 729 (15) 13 810 (28) 

40-49 12 409 (9) 563 (11) 4640 (10) 

50-59 16 622 (13) 927 (19) 6204 (13) 

60-69 22 732 (17) 1039 (21) 8083 (17) 

70-79 27 389 (21) 916 (19) 10 071 (21) 

>80 17 710 (13) 787 (16) 5983 (12) 

Male sex, No. (%) 58 818 (44) 2961 (60) 21 306 (44) 

CCI, median (IQR), points 1 (0-3) 1 (0-2) 1 (0-3) 

0-1 76 556 (58) 3141 (63) 27 512 (56) 

2-4 37 496 (28) 1317 (27) 13 662 (28) 

>5 19 141 (14) 503 (10) 7617 (16) 

Diabetes, No. (%) 18 595 (14) 1189 (24) 7123 (15) 

Hypertension, No. (%) 41 056 (31) 2171 (44) 16 456 (34) 

Chronic cardiac disease, No. (%) 38 582 (29) 1656 (33) 14 242 (29) 

Chronic respiratory disease, No. (%) 12 422 (9) 790 (16) 4811 (10) 

Chronic kidney disease, n (%) 9968 (8) 450 (9) 3642 (9) 

Malignancy, No. (%) 34 168 (26) 651 (13) 12 988 (27) 

Immunosuppression, No. (%) 43 385 (33) 1064 (21) 16 285 (33) 

Outcomes    

Length of stay, median (IQR), days 3 (1-6) 6 (3-13) 3 (1-5) 

ICU-admitted, No. (%) 4801 (4) 729 (15) 1503 (3) 

ICU-stay, median (IQR), days 2 (1-5) 9 (4-18) 2 (1-5) 

7-day mortality, No. (%) 1624 (1) 254 (5) 626 (1) 

30-day mortality, No. (%) 4562 (3) 587 (12) 1816 (4) 

Community-onset infections    

CO-blood culture, No. (%) 22 250 (17) 2459 (50) 7417 (15) 

CO-BSI (all organisms), No. (%) 3754 (3) 290 (6) 1339 (3) 

CO-BSI (contaminats excluded), No. (%) 2423 (2) 88 (2) 806 (2) 

Hospital-onset infections a    

HO-blood culture, No. (%) 8863 (11) 1214 (29) 3203 (11) 

HOB (all organisms), No. (%) 1370 (2) 369 (9) 552 (2) 

HOB (contaminats excluded), No. (%) 757 (1) 181 (4) 292 (1) 

 
aAnalysis restricted to episodes with length of stay >48 hours [Control = 80 335, COVID-19 = 4179, Non-COVID-
19 = 29 090]. 
 
Abbreviations: Coronavirus disease 2019 (COVID-19), Interquartile range (IQR), Numbers (No.), Charlson 
comorbidity index (CCI), Intensive care unit (ICU), Community-onset (CO), Hospital-onset (HO), Hospital-onset 
sepsis (HOS), Hospital-onset bloodstream infection (HOB),  
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Supplementary Figure 2. Monthly incidence of hospital bloodstream infections 
 

 

 
Year 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2021 

Month Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 
COVID-19            

  HOB 37 103 38 16 4 2 5 12 51 59 41 

  Risk-days 3220 9214 4097 2267 598 215 312 1378 4694 5054 2617 
Non-COVID-19            

  HOB 34 31 36 39 45 53 70 67 51 61 65 

  Risk-days 10899 8477 10223 11463 11456 13137 15103 14222 11735 11824 12037 

 
 
Monthly incidence rate per 1000 patient days at risk (left y-axes) of hospital-onset bloodstream infection (all 
pathogens) from January 2018 to January 2021. Panel A shows the entire population. Panel B shows the 
pandemic period stratified by COVID-19 status. Number of COVID-19 related hospital admissions (right y-axis) 
are presented as green bars in panel A. The table shows the absolute numbers of HOB and risk-days during the 
pandemic period stratified by COVID-19 status. Please note that since the number of HOB and risk-time was very 
low in the COVID-19 group between the first and second waves of the pandemic, the monthly incidence rate 
changes dramatically in this period. The figure was created by the authors. Abbreviations: Hospital-onset 
bloodstream infection (HOB), Number of (No.), Coronavirus Disease 2019 (COVID-19) 
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