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Abstract

Purpose To compare the
secondary infections (SI) between critically ill patients
with viral pneumonia due to COVID-19 and seasonal
influenza and explore the association between SI and
clinical outcomes.

Methods We conducted a historical cohort study of
patients admitted to the intensive care unit (ICU) at two
tertiary care centers during the first wave of the COVID-19
pandemic and patients admitted with influenza during the
2018-2019 season. The primary outcome was the rate of
SI. Secondary outcomes included rates of ICU and in-

incidence and nature of
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hospital mortality, organ-support-dependent disease, and
length of ICU and hospital stay.

Results Secondary infections developed in 55% of 95
COVID-19 patients and 51% of 47 influenza patients
(unadjusted odds ratio [OR], 1.16; 95% confidence
interval [CI], 0.57 to 2.33). After adjusting for baseline
differences between cohorts, there were no significant
differences between the COVID-19 cohort and the
influenza cohort (adjusted OR, 1.00; 95% CI, 0.41 to
2.44). COVID-19 patients with SI had longer ICU and
hospital stays and duration of mechanical ventilation. The
SI incidence was higher in COVID-19 patients treated with
steroids than in those not treated with steroids (15/20, 75%
vs 37/75, 49%).

Conclusion Secondary infections were common among
critically ill patients with viral pneumonia including
COVID-19. We found no difference in the incidence of SI
between COVID-19 and influenza in our cohort study, but
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SI in patients with COVID-19 were associated with worse
clinical outcomes and increased healthcare resource use.
The small cohort size precludes any causal inferences but
may provide a basis for future research.

Résumé

Objectif Comparer 'incidence et la nature des infections
secondaires entre les patients gravement malades atteints
de pneumonie virale due a la COVID-19 et ceux atteints de
la grippe saisonniere et explorer ’association entre les
infections secondaires et les issues cliniques.
Méthode Nous avons realise une etude
historique de patients admis a ['unite’ de soins intensifs
(USI) dans deux centres de soins tertiaires pendant la
premiere vague de la pandemie de COVID-19 et de
patients admis pour la grippe au cours de la saison
2018-2019. Le critere d’évaluation principal etait le taux
d’infections  secondaires. Les criteres d’evaluation
secondaires comprenaient les taux de mortalite’ a I’USI et
a ’hdpital, les maladies necessitant un support d’organes
et la duree du sejour a I’USI et a I’hopital.

Résultats Des infections secondaires se sont développees
chez 55 % des 95 patients atteints de COVID-19 et 51 %
des 47 patients grippaux (rapport des cotes [RC] non
ajuste; 1,16 intervalle de confiance [IC] a 95 %, 0,57 a
2,33). Apres ajustement pour tenir compte des differences
initiales entre les cohortes, aucune difference significative
n’a ete observee entre la cohorte de COVID-19 et la
cohorte de grippe (RC ajuste, 1,00; IC 95 %, 0,41 d 2,44).
Les patients atteints de COVID-19 atteints d’infections
secondaires ont sejourne plus longtemps aux soins intensifs
et d I’hdpital et la durée de la ventilation mecanique etait
plus longue pour ces patients. L’incidence d’infections
secondaires etait plus elevee chez les patients atteints de
COVID-19 traites par steroides que chez ceux non traites
par steroides (15/20, 75 % vs 37/75, 49 %).

Conclusion Les infections secondaires etaient frequentes
chez les patients gravement malades atteints de pneumonie
virale, y compris de COVID-19. Nous n’avons observe
aucune  difference  dans [incidence  d’infections
secondaires entre les patients atteints de COVID-19 et
ceux atteints de grippe dans notre etude de cohorte, mais
les infections secondaires chez les patients atteints de
COVID-19 etaient associees a de moins bonnes issues
cliniques et a une utilisation accrue des ressources de soins
de santé. La petite taille de la cohorte exclut toute
inference causale, mais peut fournir une base pour les
recherches futures.

de cohorte

Keywords bacterial infection - COVID-19 - critically ill -
influenza

SARS-CoV-2 is a novel coronavirus that causes severe
respiratory illness (COVID-19) with high rates of intensive
care unit (ICU) admission and significant morbidity and
mortality."* Complications necessitating ICU admission
include acute respiratory distress syndrome, cardiac
complications,3 thrombotic events,4 and secondary
infections. While early reports found 50% of patients
who died with COVID-19 had secondary infections (SD,?
the actual rate of SI in critically ill COVID-19 patients, and
how this rate compares with that of other respiratory
viruses, remains unclear.

Respiratory viral infections are commonly complicated
by SI, which can worsen disease severity and mortality in
the host.’ These are best described in the context of
influenza, where a recent meta-analysis of 27 studies
showed an overall incidence of bacterial coinfection of
23%, most commonly with S. pneumoniae (35% of
coinfections) and S. aureus (28% of coinfections) with
substantial study-to-study variability.°

Described rates of SI in COVID-19 vary from 5%’ to
100%,® and most are in the 10-50% range.’~'® Respiratory
infections and bloodstream infections were the most
common sites of infection reported in critically ill
patients.”'* Similar to influenza, common pathogens
identified in early (< 48 hr post hospital admission)
respiratory infections were S. aureus, S. pneumoniae, and
H. influenzae®'' with increasing prevalence of gram-
negative bacilli as length of stay in ICU increases.”* '’
Common causal organisms of bloodstream infections were
gram-positive cocci (Enterococcus, coagulase-negative
staphylococci, S. aureus), and gram-negative bacilli
(Klebsiella, Pseudomonas, Acinetobacter).7’12’15 Two
recent meta-analyses have reported higher rates of SI in
critically ill vs ward patients (8% vs 6%'’ and 14% vs
49%'®). A recent review reported that early coinfections are
rare (occurring in < 4% of admitted patients) with SI
occurring one to two weeks post admission being more
common (39% and 48% in two studies).'’

We undertook this historical cohort study to
comprehensively describe SI in critically ill COVID-19
patients and explore if there were any differences between
the two cohorts. Specifically, we sought to characterize the
incidence of SI, risk factors for SI, and the impact of SI on
outcomes. Our hope is that the findings from this work
would help guide future diagnosis and management of SI in
critically ill patients with COVID-19 and stimulate
additional research in this area.

Methods

We conducted a historical cohort study through electronic
chart review. We included two groups: 1) all consecutive
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patients admitted to the ICU at Toronto General Hospital
(TGH) and Toronto Western Hospital (TWH) (both,
Toronto, ON, Canada) between March 1, 2020 and May
31, 2020 with a diagnosis of COVID-19 proven by
polymerase chain reaction (PCR) identification of SARS
CoV-2 virus on a respiratory tract sample; 2) all
consecutive patients admitted to ICU at TGH and TWH
between December 1, 2018 and March 31, 2019 with
diagnoses of influenza A or B proven by PCR on
respiratory tract sample. These time periods were chosen
to reflect the first wave of the COVID-19 pandemic and the
most recent preceding peak influenza season, respectively.
Given the descriptive nature of the study, there was no
predetermined sample size. We did not match the two
cohorts for the purpose of comparison.

The study population is unique: it includes patients at
two distinct tertiary centers. The TGH is the largest
extracorporeal membrane oxygenation (ECMO) referral
center in Canada and one of the largest solid organ
transplant centers in the world. The TWH is a tertiary
academic center with a diverse ICU.

Ethics approval was granted by University Health
Network ethics board (Toronto, ON, Canada; REB
20-5590.1). The need for consent was waived. Data were
collected by two independent clinicians (A. B. and B. J.)
reviewing individual patients’ electronic hospital records.
A standardized data collection form was used (Electronic
Supplementary Material [ESM] eAppendix 1).

We extracted data for both COVID-19 and influenza
cohorts including demographics, outcome data, and SI
specifics (ESM Appendix 1). The primary outcome,
presence of SI, was identified using Centers for Disease
Control and Prevention (CDC) definitions of nosocomial
infections (ESM Appendix 2). In the two cases without
consensus on SI, discussion between A. B. and B. J.
yielded a final unanimous decision. Secondary outcomes
included ICU length of stay, length of mechanical
ventilation, and mortality rate. A very small amount of
data was missing, therefore observations with missing data
were deleted in statistical models.

Patient characteristics and variables describing hospital
course were summarized using means and standard
deviations (SDs) or medians and interquartile ranges
[IQRs] for continuous data, and counts and percentages
for categorical data. Comparisons between cohorts and
between those with and without SI were made using
Fisher’s exact test (when expected counts were low) or the
Chi-square test for binary outcomes, and with the
Wilcoxon rank-sum test for continuous outcomes. We
used univariable and multivariable logistic regression
models to estimate the association of viral infection type
with risk of SI. The multivariable model included baseline
variables that differed between the two cohorts, and which
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could be related to SI risk and two variables specified a
priori: patient age and source of admission (home, long-
term care, another acute healthcare facility). Prior studies
have shown worse outcomes in older patients*” and many
patient transfers to TGH were for ECMO assessment,
indicating a more critically ill group of patients. In the
COVID-19 cohort, unadjusted odds ratios (ORs) relating to
steroid use and SI, and ORs adjusted for age and admission
source were both estimated. All statistical analyses were
performed using R version 4.0.5 (R Foundation for
Statistical Computing, Vienna, Austria).”’

We followed the STROBE checklist® in the writing up
of this manuscript and reporting of statistical methods and
results.

Results
Patient characteristics

Between March 1 and 31 May 2020, we identified 104
COVID-19 patient admissions to TGH and TWH ICUs.
Nine admissions were excluded as they represented
readmissions to the ICU. Therefore, a total of 95 patients
were included in the COVID-19 cohort. We identified 104
patients who were admitted to the TGH and TWH ICUs
between 1 December 2018 and 31 March 2019 (2018-2019
influenza season), and these were labeled as influenza in
the patient database. We excluded 34 patients who had
acute respiratory distress syndrome but not influenza, 23
patients representing same patient readmissions, and one
patient in whom influenza was deemed noncontributory to
routine postoperative admission. The remaining 47 patients
were included in the influenza ICU cohort. Complete data
sets were available for the majority of patients (15 patients
in the COVID-19 group and eight patients in the influenza
group had missing data relating to components of the
sequential organ failure score [SOFA] score).

Baseline characteristics of both cohorts are presented in
Table 1. A majority of the COVID-19 cohort (62%) were
admitted from other acute healthcare facilities for
consideration of ECMO with only 36% admitted directly
from home. Although not all patients received ECMO, this
was the chief reason for transfer to TGH. In comparison,
the majority of influenza patients (57%) were admitted
from home with 40% being admitted from another
institution. Influenza patients were also more likely to

have chronic lung disease and be considered
immunocompromised than COVID-19 patients were
A The STROBE Initiative: Strengthening the Reporting of

Observational Studies in Epidemiology. Available at URL: https:/
www.strobe-statement.org/checklists/ (accessed October 2022)
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Table 1 Baseline characteristics of COVID-19 and influenza cohorts and inter-cohort differences
Overall COVID-19 Influenza P value
N =142 N=95 N =47
Age (yr), mean (SD) 56.4 (14.3) 56.3 (14.1) 56.8 (15.0) 0.84
Age (yr), median [IQR] 55.0 [47.3-66.8] 55.0 [48.5-66.0] 56.0 [45.5-67.5] 0.90
Male sex, n/total N (%) 94/142 (66%) 66/95 (70%) 28/47 (60%) 0.33
Admission source, n/total N (%) 0.05
Home 61/142 (43%) 34/95 (36%) 27147 (57%)
LTC 3/142 (2%) 2/95 (2%) 1/47 (2%)
Other hospital 78/142 (55%) 59/95 (62%) 19/47 (40%)
SOFA score (median [IQR]) 11.0 [9.0-14.0] 11.0 [10.0-14.0] 11.0 [7.5-14.0] 0.67
Medical conditions, n/total N (%)
Chronic lung disease 29/142 (20%) 11/95 (12%) 18/47 (38%) < 0.001
CV disease 30/142 (21%) 17/95 (18%) 13/47 (28%) 0.26
HTN 48/142 (34%) 35/95 (37%) 13/47 (28%) 0.37
DM 33/142 (23%) 26/95 (27%) 7147 (15%) 0.15
BMI > 30 43/142 (33%) 25/95 (26%) 18/47 (49%) 0.02
Immunosuppressed 21/142 (15%) 7/95 (7%) 14/47 (30%) 0.001
CKD 17/142 (12%) 11/95 (12%) 6/47 (13%) 1.00
Liver disease 5/142 (4%) 2/95 (2%) 3/47 (6%) 0.41
No comorbidities 34/142 (24%) 27/95 (29%) 7/47 (15%) 0.12
Admission WBC, median [IQR] 9.4 [7.7-13.2] 9.7 [8.2-13.5] 8.7 [6.2-12.9] 0.10
Admission neutrophils, median [IQR] 7.9 [6.0-10.7] 8.1 [6.6-10.7] 7.1 [5.0-10.7] 0.12
Admission lymphocytes, median [IQR] 0.8 [0.4-1.2] 0.8 [0.5-1.2] 0.7 [0.3-1.30] 0.21

BMI = body mass index; CKD = chronic kidney disease; CV = cardiovascular; DM = diabetes mellitus; HTN = hypertension; IQR = interquartile
range; LTC = long-term care; SD = standard deviation; SOFA score = sequential organ failure score; WBC = white blood cell count

(38% vs 12%; P = 0.001; and 30% vs 7%; P = 0.001).
These differences are likely explained by the subspecialty
care offered at TGH, namely ECMO and organ
transplantation  services. Influenza  patients were
transferred to TGH for either ECMO consideration or
specialized organ transplantation care. The COVID-19
cohort largely consisted of patients being referred for
ECMO consideration, which excluded patients with
significant comorbidities or immunosuppression.

The COVID-19 group had a median [IQR] age of 55
[49-66] years and was predominantly male (70%). The
group that developed SI had higher illness severity scores
than those who did not develop SI (median [IQR] SOFA
score, 12 [11-14] vs 11 [9-12]; P = 0.03) (Table 2). The
median [IQR] age of the influenza group was 56 [46-68]
and was predominantly male (60%). There were no
significant differences in baseline characteristics between
those who did and did not develop SI (Table 3).

Nature of secondary infection

While there was no statistically significant difference in the
risk of SI between the two cohorts, there were wide

confidence intervals (CIs) in our analyses (univariate OR,
1.16; 95% CI, 0.57 to 2.33) and multivariable logistic
regression model (adjusted OR, 1.00; 95% CI, 0.41 to 2.44)
(Table 4).

Secondary infections developed in 55% of COVID-19
patients and 51% of influenza patients at a median of 10.0
and 10.5 days following initial laboratory diagnosis of viral
infection respectively. Sites of SI in the COVID-19 and
influenza groups were predominantly lung (55% and 58%)
and blood (38% and 29%), followed by urinary (4% and
8%) and intra-abdominal infections (2% and 0%).
Clostridioides difficile colitis occurred in one patient in
each group (3% and 4%).

The most common pathogens causing SI were gram-
positive bacteria (43% and 50%) followed by gram-
negative bacteria (36% and 33%), fungi (6% and 4%),
and Clostridioides difficile (2% and 4%) in the COVID-19
and influenza groups, respectively. S. aureus was the most
common pathogen causing SI in the COVID-19 group
(28% of all SI). Although the primary goal was to quantify
bacterial infections, infections due to Candida species were
also quantified in cases where it was thought to be
pathogenic (3/53 SI in the COVID-19 group; 6% of all
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Table 2 COVID-19 cohort baseline characteristics

Overall With secondary infection Without secondary infection P value
N=95 N=52 N=43
Age (yr), mean (SD) 56.3 (14.1) 59.1 (12.4) 52.7 (15.6) 0.06
Age (yr), median [IQR] 55.0 [48.5-66.0] 57.0 [50.8-66.0] 52.5 [44.0-64.5] 0.09
Male sex, n/total N (%) 66/95 (70%) 40/52 (77%) 26/43 (61%) 0.13
Admission source, n/total N (%) 0.16
Home 34/95 (36%) 15/52 (29%) 19/43 (44%)
LTC 2/95 (2%) 2/52 (4%) 0/43 (0%)
Other hospital 59/95 (62%) 35/52 (67%) 24/43 (56%)
SOFA score, median [IQR] 11.0 [10.0-14.0] 12.0 [11.0-14.0] 11.0 [9.0-12.0] 0.03
Medical conditions, n/total N (%)
Chronic lung disease 11/95 (12%) 7/52 (14%) 4/43 (9%) 0.76
CV disease 17/95 (18%) 10/52 (19%) 7/43 (16%) 0.93
HTN 35/95 (37%) 18/52 (35%) 17/43 (40%) 0.78
DM 26/95 (27%) 13/52 (25%) 13/43 (30%) 0.74
High BMI 25/95 (26%) 10/52 (19%) 15/43 (35%) 0.14
Immunosuppressed 7195 (7%) 5/52 (10%) 2/43 (5%) 0.60
CKD =1 11/95 (12%) 7/52 (14%) 4/43 (9%) 0.76
Liver disease 2/95 (2%) 2/52 (4%) 0/43 (0%) 0.56
No comorbidities 27/95 (28%) 17/52 (33%) 10/43 (23%) 0.43
Admission WBC, median [IQR] 9.7 [8.2-13.5] 11.1 [8.5-14.5] 9.4 [7.9-12.5] 0.20
Admission neutrophils, median [IQR] 8.1 [6.6-10.7] 8.4 [6.8-11.7] 7.9 [6.5-10.0] 0.28
Admission lymphocytes, median [IQR] 0.8 [0.5-1.2] 0.8 [0.4-1.1] 0.9 [0.5-1.4] 0.25

BMI = body mass index; CKD = chronic kidney disease; CV = cardiovascular; DM = diabetes mellitus; HTN = hypertension; IQR = interquartile

range; LTC = long-term care; SD = standard deviation; SOFA score = sequential organ failure score; WBC = white blood cell count

infections). There were no infections secondary to
Aspergillus species detected in the COVID-19 cohort and
one in the influenza group (Table 5).

Impact of secondary infection
COVID-19 Group

Among patients who developed SI, there was greater use of
vasopressors (21 vs 14; P = 0.04) and a longer median
[IQR] duration of mechanical ventilation (21.5 [15.0-31.5]
days vs 7 [2.0-13.5] days, P < 0.001). They also had longer
median [IQR] ICU admission (542 [376-910] hr vs 195
[80-369] hr, P < 0.001) and hospital admission (647
[516-1,171] hr vs 315 [180—469] hr, P < 0.001) (Table 6).

Twenty-one percent of patients in the COVID-19 group
received steroids compared with 36.2% in the influenza

group.
INFLUENZA GROUP

Nine patients with SI and two patients without SI were
ventilated in the prone position as part of their care (P =
0.05). The median [IQR] duration of mechanical
ventilation was longer in those who developed SI (15
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[2-31] days vs 5 [0.5-13] days, P = 0.02), and SI were also
associated with longer median [IQR] ICU stays (477
[108—678] hr vs 174 [71-395] hr, P < 0.006) and hospital
admissions (653 [483—-1,300] hr vs 304 [186-510] hr, P <
0.005) (Table 6).

Antimicrobial use

Antibiotic use was higher in the influenza cohort than in the
COVID-19 cohort (30 vs 25 antibiotic days per patient).
Patients with documented SI received antibiotics for more
days than those without in both cohorts (COVID-19, 19 vs
6 days; influenza, 20 vs 10 days).

Discussion
Major findings

Our findings show that development of SI in critically ill
patients with a viral pneumonia was not different between
our COVID-19 and influenza cohorts. In our cohort, the
development of SI in COVID-19 patients was associated
with significant morbidity and healthcare resource use.
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Table 3 Influenza cohort baseline characteristics
Overall With secondary infection Without secondary infection P value
N =47 N=24 N=23
Age (yr), mean (SD) 57 (15.0) 56 (12.2) 58 (17.7) 0.65
Age (yr), median [IQR] 56 [45.5-67.5] 56 [46.5-61.3] 55 [44.0-69.0] 0.87
Male sex, n/total N (%) 28/47 (60%) 15/24 (63%) 13/23 (57%) 0.90
Admission source, n/total N (%) 0.59
Home 27147 (57%) 14/24 (58%) 13/23 (57%)
LTC 1/47 (2%) 0/24 (0%) 1/23 (4%)
Other hospital 19/47 (40%) 10/24 (42%) 9/23 (39%)
SOFA score, median [IQR] 11 [7.5-14.0] 11 [6.3-14.0] 12 [8.0-14.0] 0.89
Medical conditions, n/total N (%)
Chronic lung disease 18/47 (38%) 11/24 (46%) 7123 (30%) 0.43
CV disease 13/47 (28%) 7124 (29%) 6/23 (26%) 1.00
HTN 13/47 (28%) 6/24 (25%) 7/23 (30%) 0.93
DM 7/47 (15%) 4/24 (17%) 3/23 (13%) 1.00
High BMI 18/47 (49%) 10/24 (50%) 8/23 (47%) 1.00
Immunosuppressed 14/47 (30%) 9/24 (38%) 5/23 (22%) 0.39
CKD 6/47 (13%) 2/24 (8%) 4/23 (17%) 0.62
Liver disease 3/47 (6%) 1724 (4%) 2/23 (9%) 0.97
No comorbidities 7147 (15%) 4/24 (17%) 3/23 (13%) 1.00
Admission WBC, median [IQR] 8.7 [6.2-12.9] 8.3 [7.2-11.7] 8.8 [5.6-14.1] 0.88
Admission neutrophils, median [IQR] 7.1 [5.0-10.7] 6.9 [5.2-9.5] 7.5 [4.3-10.7] 0.95
Admission lymphocytes, median [IQR] 0.7 [0.3-1.3] 0.7 [0.3-1.0] 0.8 [0.4-1.3] 0.76

BMI = body mass index; CKD = chronic kidney disease; CV = cardiovascular; DM = diabetes mellitus; HTN = hypertension; IQR = interquartile
range; LTC = long-term care; SD = standard deviation; SOFA score = sequential organ failure score; WBC = white blood cell count

Table 4 Logistic regression models: risk of secondary infection in
COVID-19 vs influenza

Variable OR 95% CI P value
Univariate analysis

COVID-19 vs influenza 1.16 0.57 to 2.33 0.68
Multivariable analysis

COVID-19 vs influenza 1.00 0.41 to 2.44 0.99
Chronic lung disease 2.09 0.74 to 5.90 0.17
Admission source LTC/other hospitals 3.26 1.37 to 7.74 < 0.01
BMI > 30 0.56 0.25to 1.25 0.16
Immunosuppressed 2.82 0.81 to 9.88 0.11
Admission WBC (/10) 0.96 0.47 to 1.97 0.92
CV disease/DM/HTN/CKD 1.03 0.71 to 1.49 0.89

BMI = body mass index; CKD = chronic kidney disease; CV =
cardiovascular; DM = diabetes mellitus; HTN = hypertension; LTC =
long-term care; WBC = white blood cell count

The incidence of SI was greater than 50% in both the
COVID-19 and influenza cohorts. The adjusted OR relating
the risk of SI to viral infection type was 1.0, but the 95% CI
for the OR included values consistent with both a two-fold
increase and a 50% decrease with COVID-19 compared

with influenza. The sites of infection and causative
pathogens were not different between groups. The SI rate
that we describe is higher than that reported in the previous
influenza cohort studies,®?> which may relate to the
critically ill nature of our cohort. In our COVID-19
cohort, the rate of SI (55%) is also higher than previously
reported, even in the critically ill population,'’~' although
admittedly the range previously reported is broad. We
speculate this could be due to the extremely sick nature of
our cohort, including patients who either received or were
assessed for ECMO. The pathogens responsible for SI in
the COVID-19 cohort were typical of organisms commonly
associated with SI in other viral pneumonias or hospital-
acquired infections.

These findings highlight the magnitude of SI among
patients with viral pneumonia and associated significant
implications at both patient and healthcare system levels.
As the global pandemic continues to place enormous strain
on local and national healthcare resources, any modifiable
factors that may reduce the burden of COVID-19 should be
explored. Our study supports the implementation and
continuation of systems of care directed at preventing
nosocomial infection.
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Table 5 Characteristics of secondary infection

COVID-19  Influenza
cohort cohort
N=353 N=24
Time to development of secondary 10.0 10.5
infection (days), median [IQR] [6.0-17.0] [1.5-22.0]

Site of infection, n/total N (%)

Lung 29/53 (55%) 14/24 (58%)
Blood 20/53 (38%) 7/24 (29%)
Urine 2/53 (4%)  2/24 (8%)
Intra-abdominal 1/53 2%)  0/24 (0%)
Organisms 1/53 (3%) 1/24 (4%)
Clostridioides difficile, n/total N (%)
No organisms isolated, n/total N (%) 7153 (13%) 2/24 (8%)

Gram positives, n/total N (%) 23/53 (43%) 12/24 (50%)

MRSA 2
MSSA 13
Enterococcus faecalis 6

Enterococcus faecium

Viridans group streptococci

W W O O W W o

1
1
Streptococcus pneumoniae 0
Coagulase negative Staphylococcus 0

Gram negatives, n/total N (%) 19/53 (36%) 8/24 (33%)

Pseudomonas aeruginosa 3 1

Klebsiella Sp. 5 0
Citrobacter koseri 2 0
Enterobacter aerogenes 3 0
Escherichia coli 3 3
Stenotrophomonas sp. 1 2

Serratia sp. 1 2
Acinetobacter sp. 1 0

Fungal, n/total N (%) 3/53 (6%) 1/24 (4%)
Candida sp. 3 0
Aspergillus sp. 0 1

IQR = interquartile range; MRSA = methicillin-resistant
Staphylococcus aureus; MSSA = methicillin-sensitive

Staphylococcus aureus

Our findings are consistent with the previous reports’
indicating that SI are likely to happen upwards of a week
after hospital admission. These results should be used to
inform  decision-making when initiating empiric
antibiotherapy when SI 1is clinically suspected. The
ability to minimize unnecessary antibiotic exposures is
required to prevent development of antibiotic-resistant
organisms and promote antibiotic stewardship.

In the COVID-19 cohort, patients with SI showed
significantly longer hospital and ICU stays and greater
duration of mechanical ventilation compared with patients
who did not develop SI (Table 6). Increased morbidity and
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mortality in ICU patients with COVID-19 and SI have also
been shown in other studies focused on this population.'*"?
There are two plausible mechanisms explaining the
association of increased length of stay of critically ill
patients with COVID-19 and SI in both the hospital and
ICU: SI extends recovery from COVID-19, but also an
extended hospital and ICU course predisposes to higher
frequency of SI. The observational design of our study
means we cannot differentiate between these mechanisms.
Steroid use was associated with SI in the COVID-19
cohort. Our study occurred before the results of
RECOVERY were published,23 when the use of steroid
therapy in COVID-19 patients was not standard of care.
Steroids were prescribed at the discretion of the treating
clinician and possibly for various indications—viral
pneumonia, shock, and treatment of cryptogenic
organizing pneumonia. Although we have showed an
association of steroids and SI, we cannot infer causality
because of the observational nature of the study. In
addition, the relatively low use of steroids in our study
(21% of all COVID-19 patients; 20 patients total) makes it
challenging to associate steroid use with specific infections.
Nevertheless, a significant strength of our study is the
possibility (because of the timing of data collection) to
compare the incidence of SI in those receiving steroids
with that of a control group who did not receive steroids—
this quickly became impossible with publication of the
RECOVERY trial. Therefore, despite the small sample
size, this is a unique and interesting finding (Table 7).

Limitations and weaknesses

In this historical cohort study, we are unable to
differentiate between association and causation of SI and
increased morbidity among our COVID-19 cohort. It may
be that SI did not cause an increase in morbidity and that
this subset of COVID-19 patients were more critically ill
from the outset and therefore more likely to have longer
hospital and ICU stays and extended mechanical
ventilation. Interestingly, there was a higher prevalence
of chronic lung disease and immunosuppression among the
influenza cohort, which would be expected to predispose to
worse clinical outcomes if they had developed a SI, but this
was not seen. This speaks to COVID-19’s broad
mechanisms in causing severe illness and thus, despite
the rate of SI not being statistically different, clinical
outcomes in this population were worse.

Another limitation of this study is the subjective nature
of diagnosing bacterial infections and potential difficulty
differentiating infection from colonization (in pneumonia
for example). Nevertheless, we used CDC definitions for
bacterial infections and if there was any disagreement
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Table 6 Hospital course of both cohorts
Variable COVID-19 cohort Influenza cohort

With secondary ~ Without secondary P value* With secondary =~ Without secondary P value*

infection infection infection infection

N=52 N=43 N=24 N=23
Supplemental O, nonmech vent, n/total 4/52 (8%) 7143 (16%) 0.22  3/24 (13%) 6/23 (26%) 0.29

N (%)
BiPAP, n/total N (%) 0/52 (0%) 1/43 (2%) 045  3/24 (13%) 1/23 (4%) 0.61
Intubation, n/total N (%) 48/52 (92%) 34/43 (79%) 0.12  20/24 (83%) 15/23 (65%) 0.28
ECMO, nitotal N (%) 18/52 (35%) 8/43 (19%) 0.13  8/24 (33%) 7/23 (30%) 1.00
Vasopressors, n/total N (%) 46/52 (89%) 30/43 (70%) 0.04 21724 (88%) 14/23 (61%) 0.08
CRRT, n/total N (%) 15/52 (29%) 6/43 (14%) 0.14 11724 (46%) 4/23 (17%) 0.08
Steroid, n/total N (%) 15/52 (29%) 5/43 (12%) 0.07 11724 (46%) 6/23 (26%) 0.27
Prone, n/total N (%) 24/52 (46%) 24/43 (56%) 046  9/24 (38%) 2/23 (9%) 0.05
ICU stay (hr), median [IQR] 542 [376-910] 195 [80-369] < 0.001 477 [108-678] 174 [71-395] 0.06
Hospital stay (hr), median [IQR] 647 [516-1,171] 315 [180-469] < 0.001 653 [483-1,300] 304 [186-510] 0.005
Duration of mechanical ventilation 21.5 [15.0-31.5] 7.0 [2.0-13.5] < 0.001 15.0 [2.0-31.3] 5.00 [0.50-13.0] 0.02
(days), median [IQR]

Death in ICU, n/total N (%) 15/52 (29%) 15/43 (35%) 0.68  9/24 (38%) 6/23 (26%) 0.60
Death in hospital, n/total N (%) 18/52 (35%) 17/43 (40%) 0.78  9/24 (38%) 7/23 (30%) 0.84

P values compare those with and without a secondary infection within each cohort using Fisher’s exact test or the Chi square test for binary

outcomes and a Wilcoxon rank-sum test for continuous outcomes.

BiPAP = bilevel positive airway pressure; CRRT = continuous renal replacement therapy; ECMO = extracorporeal membrane oxygenation; ICU

= intensive care unit; nonmech vent = nonmechanically ventilated

Table 7 Association of steroid use and secondary infection in the
COVID-19 cohort

OR  95% CI P value
Univariate
Steroid use 3.08 1.02t09.34 0.05
Multivariable
Steroid use 2.89 090to09.22 0.07
Age (per yr) 1.04 1.00to 1.08 0.03
Admission source 308 1.16to08.19 0.02

(LTC or other hospital vs home)

CI = confidence interval; LTC = long-term care; OR = odds ratio

between the authors a full discussion was had and
consensus reached.

While the relatively smaller size of our comparison
cohort is a drawback, we feel that the 2018-2019 influenza
season was the best control group to use considering the
severity and high level of critical illness locally during this
influenza season. The 47 patients with influenza were all
the patients admitted to the TGH and TWH ICUs that
season, so it was not possible to increase this sample size.
A consequence is that the CI for the OR relating risk of SI
to COVID-19 is wide and cannot rule out what may be

important increases or decreases in risk. A case-matched
retrospective study may have addressed this limitation
although would mean not all available COVID-19 patient
data would be used. We do, however, feel that the
comparison of the COVID-19 with the influenza cohort
in an identical clinical setting is a unique strength of this
study. The diversity of our population is also a unique
strength of this study.

Finally, we recognize that much has changed since the
initial wave of the pandemic in terms of therapeutic
options. In particular, the use of steroids and other
immunomodulators (e.g., IL6 receptor antagonist,
tocilizumab) is now standard of care in critically ill
patients.”>** The impact of these therapies on SI has not
been extensively studied, but mechanistically, they should
increase rates of SI because of their immunomodulatory
role. The multivariate analysis of our COVID-19 cohort
receiving steroids showed significantly higher rates of SI,
although number of patients analyzed was small. It is also
feasible that effective therapeutic treatments may shorten
the course of critical illness making patients less prone to
nosocomial illness.*>> Our study, because of its timing in
early 2020, provides a unique comparison between
critically ill patients who received steroids and those who
did not.
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Research context and contribution to current
knowledge

Many previous studies of SI lacked sufficient detail to
allow application to specific patient groups with major
limitations being failure to differentiate between healthcare
settings (critically ill vs not), lack of granular detail on SI,
and their risk factors.?

We addressed gaps in the literature by focusing on ICU
patients, extracting extensive detail from available data,
and having a control group—a critically ill influenza
cohort—with influenza having a known association with
SIL.

Finally, our study includes a clinically diverse critically
ill population with both patients referred to TGH from
across the province and patients directly admitted via the
emergency department to TWH and TGH.

Conclusion

We found no statistically significant difference in the
incidence of SI among COVID-19 ICU patients compared
with critically ill patients with influenza. Nevertheless, the
development of an SI in this cohort remains an important
clinical issue, since SI was associated with longer ICU and
hospital admission, and with a greater duration of
mechanical ventilation.
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