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Objectives: The aim of our study was to outline the burden, risk factors, and outcomes for critical COVID-19 

patients with coinfections or superinfections. 

Methods: This was a retrospective descriptive study of adults who were admitted with critical COVID-19 for ≥ 24 

hours. Data collected included demographic profiles and other baseline characteristics, laboratory and radiolog- 

ical investigations, medical interventions, and clinical outcomes. Outcomes of interest included the presence or 

absence of coinfections or superinfections, and in-hospital mortality. Differences between those with and without 

coinfections or superinfections were compared for statistical significance. 

Results: In total, 321 patient records were reviewed. Baseline characteristics included a median age (IQR) of 61.4 

(51.4–72.9) years, and a predominance of male (71.3%) and African/black (66.4%) patients. Death occurred in 

132 (44.1%) patients, with a significant difference noted between those with added infections (58.2%) and those 

with none (36.6%) ( p = 0.002, odds ratio (OR) = 2.41). One patient was coinfected with pulmonary tuberculosis. 

Approximately two-thirds of patients received broad-spectrum antimicrobial therapy. 

Conclusion: Added infections in critically ill COVID-19 patients were relatively uncommon but, where present, 

were associated with higher mortality. Empiric use of broad-spectrum antimicrobials was common, and may 

have led to the selection of multidrug-resistant organisms. More robust local data on antimicrobial susceptibility 

patterns may help in appropriate antibiotic selection, in order to improve outcomes without driving up rates of 

drug-resistant pathogens. 
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NTRODUCTION 

The COVID-19 pandemic has resulted in more than 220 million in-

ections and 4.5 million deaths, posing unique challenges to health-

are systems globally ( Ouma et al., 2020 ; Vaillancourt and Jorth, 2020 ;

oynihan et al., 2021 ). Determining the optimal therapeutic approach

or COVID-19, including the role of antibiotics, continues to be an area of

ctive research. Use of antibiotics, such as azithromycin, as therapy for

evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-

ion, or as empiric treatment for suspected coinfections and superinfec-

ions, has been extensive ( Cavalcanti et al., 2020 ; Furtado et al., 2020 ).

owever, there are limited data to support this practice ( Ginsburg and

lugman, 2020 ; Hsu, 2020 ). A recent review of COVID-19 management

n 10 African countries, including Kenya, was undertaken by Adebisi

t al. They found that empiric or prophylactic use of antibiotics was gen-

rally recommended by local guidelines, contrary to World Health Orga-

ization (WHO) guidelines ( Adebisi et al., 2021 ). In another review, up
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o 75% of patients with COVID-19 had received empiric antimicrobial

edication ( Langford et al., 2021 ). This widespread empiric antimicro-

ial use has raised concerns regarding increased antibiotic resistance

nd an upsurge in the prevalence of multidrug-resistant organisms. 

Antimicrobial use has partly been driven up by the concern that

oinfections and superinfections in patients with COVID-19 lead to

oor outcomes ( Musuuza et al., 2021 ). A recent study by Lansbury

t al. demonstrated that the rate of coinfection in patients hospitalized

ith COVID-19 pneumonia was low (7%), except for those admitted

o the intensive care unit (ICU) (51%). Superinfection was associated

ith a higher mortality (75%) in comparison with non-infected patients

44%) ( Lansbury et al., 2020 ). This is comparable to the higher mor-

ality rates seen with viral-bacterial coinfections found in community-

cquired pneumonia ( Voiriot et al., 2016 ). Other studies also point to

he low incidence of coinfections in patients admitted with COVID-19

 Garcia-Vidal et al. 2020 ; Hughes et al., 2020 ). This is in contrast with

bservations made during outbreaks of influenza, where rates of bacte-
4, Third Avenue Parklands, P.O. Box 30270 — 00100, Nairobi, Kenya, 

September 2021 

al Society for Infectious Diseases. This is an open access article under the CC 

https://doi.org/10.1016/j.ijregi.2021.09.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijregi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijregi.2021.09.008&domain=pdf
mailto:joe.rakiro@aku.edu
https://doi.org/10.1016/j.ijregi.2021.09.008
http://creativecommons.org/licenses/by-nc-nd/4.0/


J. Rakiro, J. Shah, W. Waweru-Siika et al. IJID Regions 1 (2021) 41–46 

r  

c  

a  

l  

a

 

b  

b  

C  

l  

t  

o  

c  

e  

i  

s  

i  

s  

f  

c

M

S

 

w  

q  

K  

p  

1  

p

 

d  

b  

r  

s  

o  

m  

s  

t  

a

D

 

w  

t  

c  

2  

d  

r  

c  

w  

n

 

a  

a  

e  

s

 

t  

a  

r  

b

 

g  

w  

p  

M  

b  

o  

r  

c  

v  

2

D

 

t  

t  

a

 

r  

l  

s  

w  

s  

c  

r  

m  

t  

c  

e  

p  

n  

o  

s  

d  

a  

S

 

r  

e  

a  

a  

a  

f  

t  

W  

f  

f

R

C

 

D  

i  

1  

A  

T  

t  

d  

(  

t  
ial coinfection of up to 65% have been reported ( Klein et al., 2016 ). The

ombined effects of reported higher rates of added microbial infections

nd increased risk of death in patients with critical COVID-19 warrants

ocal characterization of the rates, risk factors, and likely pathogens

mong these patients. 

In Kenya, 246 643 confirmed COVID-19 cases and 4995 deaths have

een reported since March 2020 (WHO dashboard, accessed Septem-

er 22, 2021: https://covid19.who.int/ ). Our experience in managing

OVID-19 points to widespread empiric use of antibiotics, often with

ittle evidence of coinfections or superinfections. This has the potential

o worsen antibiotic resistance patterns and facilitate the emergence

f multidrug-resistant organisms, which is already a major healthcare

hallenge in our region ( Tadesse et al., 2017 ). To the best of our knowl-

dge, no studies thus far have examined coinfections and superinfections

n those hospitalized with critical COVID-19 in Kenya or in the wider

ub-Saharan Africa. Our study therefore examined the demographics,

ncidence, risk factors, and outcomes associated with coinfections and

uperinfections in critically ill COVID-19 patients in a tertiary health

acility in Nairobi, which has been the epicentre of the outbreak in our

ountry. 

ETHODS 

tudy design and participants 

This was a retrospective cohort study involving patients admitted

ith critical COVID-19 for a period of at least 24 hours, and who subse-

uently died or were discharged. The study was carried out at the Aga

han University Hospital, Nairobi (AKUHN), a 258-bed, private, not-for-

rofit, tertiary-level teaching and referral hospital. The institution has

5 critical-care beds available for the management of critical COVID-19

atients. 

All critical COVID-19 patients aged ≥ 18 years with a confirmed

iagnosis of COVID-19 pneumonia were enrolled. Confirmation was

ased on a positive real-time reverse-transcription polymerase chain

eaction (RT-PCR) assay for SARS-CoV-2 in nasopharyngeal swabs or

amples from the lower respiratory tract obtained via tracheal aspirate

r broncho-alveolar lavage. In addition, radiological evidence of pneu-

onia based on chest radiographs or chest computed tomography (CT)

cans was required. Patients with a clinical presentation that was sugges-

ive of COVID-19, but who had a negative RT-PCR test, and those with

ny re-admissions for post-COVID-19 complications were excluded. 

efinitions 

COVID-19 pneumonia: Clinical and radiological features consistent

ith pneumonia and a positive SARS-CoV-2 PCR test from a respira-

ory specimen. The extent of lung parenchymal involvement on baseline

hest CT scans was determined using the CT severity score ( Saeed et al.,

021 ). Critical COVID-19 was defined according to the WHO COVID-19

isease severity classification ( WHO, 2021 ), to include those with acute

espiratory distress syndrome (ARDS), sepsis, or septic shock. ARDS was

haracterized using the 2012 Berlin definition ( Ferguson et al., 2012 ),

hereas sepsis or septic shock was defined according to the third inter-

ational consensus definitions ( Singer et al., 2016 ). 

Bloodstream infection (BSI): Isolation of a pathogenic microbe from

t least one blood culture, or isolation of an organism considered to be

 skin commensal from at least two sets of blood cultures, in the pres-

nce of a compatible syndrome, as ascertained by an infectious disease

pecialist in the study team (JR or FR). 

Bacterial/viral/mycobacterial/fungal pneumonia: Growth of a bac-

erial or fungal isolate from a respiratory sample (sputum/tracheal

spirate/broncho-alveolar lavage fluid), or a positive PCR result from a

espiratory sample with a compatible clinical syndrome, as ascertained

y an infectious disease specialist in the study team. 
42 
All of these clinically significant added infections were cate-

orized either as coinfections (diagnosis made at the time of, or

ithin the first 48 hours of, COVID-19 hospital admission) or su-

erinfections (diagnosis made after 48 hours of hospitalization).

ultidrug-resistant organisms (MDROs), including extended spectrum

eta-lactamase producing enterobacterales, carbapenem-resistant enter-

bacterales, carbapenem-resistant Acinetobacter baumannii , multidrug-

esistant Pseudomonas aeruginosa , and methicillin-resistant Staphylococ-

us aureus were classified using the Centers for Disease Control and Pre-

ention (CDC) definitions for nosocomial infections ( Garner et al., 1988 ,

019). 

ata collection 

The manual and electronic health records for all the patients admit-

ed to the critical care units with a diagnosis of critical COVID-19 prior

o the study period were reviewed, and data of interest were extracted

nd entered into a REDCap© database. 

Data obtained included: clinical demographic profiles (age, sex,

ace); comorbid conditions (hypertension, diabetes, cancer, rheumato-

ogical diseases, HIV, chronic heart/lung/kidney disease); days since on-

et of symptoms; source of admission to critical care (direct, medical

ard, interhospital transfer); baseline inflammatory markers on admis-

ion to critical care ward (c-reactive protein, lymphocyte counts, procal-

itonin, ferritin, d-dimer); microbiological data on record (blood, urine,

espiratory tract cultures; viral multiplex PCRs from respiratory speci-

ens; mycobacterial nucleic acid amplification tests; mycobacterial cul-

ures); radiological tests (CT scans of the chest, chest radiographs); spe-

ific therapies offered to the patients for COVID-19 (remdesivir, dexam-

thasone, tocilizumab); antimicrobial therapy given before/during hos-

italization; presence and duration of indwelling catheters (central ve-

ous catheters, urethral catheters); duration of hospitalisation; duration

f critical care stay; duration of mechanical ventilation; and discharge

tatus (alive at discharge/transfer to another hospital or dead). After

ata collection and coding, the data collected were exported to SPSS for

nalysis (IBM Statistical Package for the Social Sciences, version 22.00).

tatistical analysis 

Continuous variables, such as baseline inflammatory markers, du-

ation of hospital stay, and duration of mechanical ventilation, were

xpressed as medians with interquartile ranges (IQRs). Categorical vari-

bles, such as the outcome variable, sex, and comorbidities, as well

s the interventions used, were expressed as frequencies and percent-

ges. Normality of the data was analyzed using the Shapiro–Wilk test

or continuous data. Differences between groups with no infections and

hose with added infections were compared using Student’s t -test or the

ilcoxon–Mann–Whitney test (depending on the normality of the data)

or continuous variables, and using chi square ( 𝜒2 ) or Fisher’s exact test

or categorical variables. A p -value < 0.05 was considered significant. 

ESULTS 

linical demographics 

Data collected between March 2020 and May 2021 were reviewed.

uring this period, 321 patients were admitted to the AKUHN crit-

cal care units with respiratory failure secondary to critical COVID-

9 pneumonia. Of these, 229 (71.3%) were male, 213 (66.4%) were

frican/black, and 257 (80.1%) had at least one comorbid condition.

he median (IQR) age of this cohort was 61.4 (51.4–72.9) years. Sys-

emic arterial hypertension, diabetes mellitus, and pre-existing renal

isease were the most frequently reported comorbidities, at 184/321

57.3%), 154/321 (48%), and 41/321 (12.8%), respectively. 13 (4%) of

he patients had a coexisting malignancy, while eight (2.5%) had HIV
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Table 1 

Baseline clinical characteristics of patients with critical COVID-19 

Variables 

Total No infections Infections p - 

value ( N = 321) ∗ ( N = 254) ( N = 67) 

Age, years 61.4 (51.4–72.9) 61.6 (52.3–73.7) 59.1 (48.7–72.5) 0.451 

Male sex 229, 71.3% 180, 70.9% 49, 73.1% 0.763 

African/Black 213, 66.4% 164, 64.6% 49, 73.1% 0.669 

Comorbid conditions 

Diabetes mellitus 154, 48.0% 128, 50.4% 26, 38.8% 1.000 

Hypertension 184, 57.3% 149, 58.7% 35, 52.2% 0.405 

CKD 41, 12.8% 32, 12.6% 9, 13.4% 1.000 

Cancer 13, 4.0% 8, 3.1% 5, 7.5% 0.155 

Baseline inflammatory markers on admission to critical care 

Lymphocytes, 10 9 /L 1.0 (0.7–1.3) 1.0 (0.7–1.3) 0.9 (0.7–1.4) 0.908 

CRP, mg/L 108.0 (56.5–181.5) 106.0 (53.0–180.0) 124.0 (78.5–220.0) 0.046 

Ferritin, ng/ml ( n = 253) 932.0 (353.7–1531.0) 910.0 (349.0–1483.0) 1019.5 (386.0–1663.0) 0.585 

Lactate, mmol/L ( n = 88) 1.6 (1.2–2.1) 1.6 (1.2–2.1) 1.7 (1.5, 2.1) 0.527 

PCT, ng/ml 0.2 (0.1–0.4) 0.2 (0.1–0.4) 0.2 (0.1–0.5) 0.806 

∗ Continuous variables are expressed as median (interquartile range); categorical variables are expressed 

as n , %.Abbreviations: CKD, chronic kidney disease; CRP, C-reactive protein; PCT, procalcitonin 
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oinfection. Oral antibiotic use prior to admission was reported in 40 pa-

ients (12.5%). These were predominantly penicillins, cephalosporins,

nd macrolides, at 16/40 (40%), 14/40 (35%), and 14/40 (35%), re-

pectively. The median (IQR) time to presentation to hospital from on-

et of symptoms was 6 (3–7) days, and 287 (90%) of the patients had

repitations on chest examination at arrival. Baseline chest radiographs

howed severe ( ˃ 50%) lung parenchymal involvement in 199/293

67.9%) patients. Table 1 provides a summary of these clinical demo-

raphics by different categories. 

nterventions and outcomes 

The patients were admitted to critical care units from the medi-

al isolation wards (51.4%), directly through the accidents and emer-

ency (A&E) department (44.2%), or as transfers from other facilities

4.4%). 143 patients (44.5%) eventually required invasive mechani-

al ventilation. Other interventions offered included dexamethasone

87.5%), tocilizumab (62%), and methylprednisone (14%). Antimicro-

ial drugs were prescribed to 224 (69.8%) patients, including 57.1%

ho had no microbiologically confirmed concomitant infections. The

ntibiotics prescribed in the 224 patients included: penicillins (52.2%),

arbapenems (46.8%), cephalosporins (31.7%), macrolides (31.2%),

ancomycin (21.5%), echinocandins (10.2%), voriconazole (3.9%),

olymyxins (2.9%), and trimethoprim/sulfamethoxazole (2.9%). 99 pa-

ients received more than one antimicrobial agent. 

The overall mortality in our study population was 41.1% (132/321).

ll except five were intubated and mechanically ventilated. The five

atients were on non-invasive ventilation with advance directives or

hange-of-goals-of-care orders in place, prohibiting intubation and me-

hanical ventilation. The mortality rate for mechanically ventilated pa-

ients was 88% (127 of 143 patients). The presence of added micro-

ial infections was significantly associated with higher mortality (un-

djusted OR = 2.41, translating into 141% higher odds for infections

eading to death compared with no infections), as well as prolonged

ime to discharge from critical care or discharge from hospital for sur-

ivors. Factors that significantly increased the risk for added infections

ncluded duration of hospital stay, the need for and duration of invasive

echanical ventilation, the presence and duration of indwelling ure-

hral or central venous catheters, and receipt of tocilizumab ( Table 2 ).

rior use of outpatient antibiotics did not significantly reduce the rates

f added infections in this study population. 

icrobiological profiles 

In total, 1033 clinical samples submitted for culture by attending

hysicians from 231 of the 321 patients as part of their regular care
43 
ere reviewed. These comprised 594 blood cultures, 242 urine cultures,

nd 169 tracheal aspirate or pleural fluid cultures, as well as 28 my-

obacterium tuberculosis cultures. Pathogenic microbes were found in

7 patients, representing 29% of those who had a microbiological sam-

le submitted. Of these, five patients had documented coinfections, with

he rest being superinfections. Blood cultures yielded 84 isolates from

8 of the samples. Pathogens isolated included: Klebsiella pneumoniae

17 (20%) , Pseudomonas aeruginosa (16; 19%), Acinetobacter bauman-

ii (seven; 8%), and Enterococcus faecalis (seven; 8%). Candidemia was

ocumented from seven (8%) samples. There were 23 uropathogens iso-

ated from 23 of the cultured samples. Escherichia coli accounted for

he majority, comprising 10 (43%) of the 23 isolates. Respiratory fluid

ultures yielded 104 pathogens from 87 of the cultured samples. with

lebsiella pneumoniae (26; 25%), Pseudomonas aeruginosa (17; 16%), and

scherichia coli (17; 16%) being the most common isolates. Only two pa-

ients had Aspergillus isolated from respiratory samples, with possible in-

asive fungal pneumonia. Table 3 provides a summary of the pathogenic

solates identified. The isolated multidrug-resistant organisms included

7 of the 32 E. coli isolates, 25 of the 46 K. pneumoniae isolates, 21 of

he 22 A. baumannii isolates, five of the 36 P. aeruginosa isolates, and six

f the eight S. aureus isolates ( Table 4 ). 

Twelve patients had samples submitted for a polymerase chain reac-

ion (PCR) BIOFIRE® Respiratory 2.1 panel, from which one coinfection

ith respiratory syncytial virus (RSV) was detected. Pulmonary tuber-

ulosis (PTB) coinfection was documented in only one patient, based on

ene-Xpert® nucleic-acid amplification test analysis. 

ISCUSSION 

Presence of coinfections and superinfections in COVID-19 have been

 source of concern and uncertainty in the management of COVID-19

nfection. This led us our aim of investigating their frequency and im-

act in critically ill patients in our institution. Low rates of coinfections

nd superinfections in COVID-19 patients have been reported in previ-

us studies ( Hughes et al., 2020 ). However, rates are disproportionately

igher (up to 56%) in critically ill COVID-19 patients ( Fattorini et al.,

020 ; Kim et al., 2020 ; Lv et al., 2020 ), and have been associated with

ncreased mortality ( Shafran et al., 2021 ; Silva et al., 2021 ). 

Most guidelines currently discourage empiric use of antibiotics in

OVID-19, except for those with clinical suspicion of coinfections or

hose requiring direct ICU admission due to critical illness ( Adebisi et al.,

021 ). In our study of critically ill COVID-19 patients, coinfections and

uperinfections were documented in 29% of the patients with microbi-

logical samples, which was substantially lower than the rates reported

n other studies. Previous authors have suggested that use of prophy-

actic antibiotics may be a factor in the low rates of added infections
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Table 2 

Interventions received and outcomes for the study population 

Variables Total( N = 321) ∗ No infections( N = 254) Infections( N = 67) p -value 

Invasive mechanical ventilation 143, 44.5% 86, 33.9% 57, 85.1% < 0.001 

Days on IMV ( n = 140) 6.0 (2.0–13.0) 4.0 (1.0–7.0) 13.0 (7.0–22.5) < 0.001 

Died 132, 41.1% 93, 36.6% 39, 58.2% 0.002 

TTO from ICU admission, days 8.0 (4.0–14.0) 6.0 (3.0–11.0) 18.0 (11.0–33.0) < 0.001 

Therapeutics administered 

Remdesivir 38, 11.8% 33, 13.0% 5, 7.5% 0.288 

Tocilizumab 199, 62.0% 147, 57.9% 52, 77.6% 0.003 

Dexamethasone 281, 87.5% 220, 86.6% 61, 91.0% 0.409 

Indwelling catheters 

UC 152, 47.4% 92, 36.2% 60, 89.6% < 0.001 

CVC 151, 47.0% 92, 36.2% 59, 88.1% < 0.001 

Duration of UC, days ( n = 152) 6.0 (3.0–13.0) 4.0 (2.0–9.0) 14.0 (7.0–20.5) < 0.001 

Duration of CVC, days ( n = 151) 7.0 (3.0–13.0) 4.0 (2.0–9.0) 14.0 (7.0–21.0) < 0.001 

∗ Continuous variables are expressed as median (interquartile range); categorical variables are expressed 

as n , %.IMV = invasive mechanical ventilator; TTO = time to outcome (i.e. discharge/transfer out or death); 

ICU = intensive care unit; UC = urethral catheter; CVC = central venous catheter 

Table 3 

Summary of clinically significant microbial isolates obtained from cultured 

samples 

Pathogens isolated t Source 

Bloodstream Respiratory tract Urine 

Bacteria N = 77 N = 102 N = 18 

Acinetobacter baumannii 7 13 2 

Burkholderia cepacia 2 

Citrobacter koseri 1 

Citrobacter freundii 2 

Coagulase negative staphylococcus 8 

Enterobacter aerogenes 2 

Enterobacter asburiae 1 

Enterobacter cloacae 1 5 

Enterococcus faecalis 7 

Enterococcus faecium 6 

Escherichia coli 5 17 10 

Granulicatella adiacens 1 

Klebsiella pneumoniae 17 26 3 

Leuconostoc pseudomesenteroides 1 

Pseudomonas aeruginosa 16 17 3 

Salmonella group D 1 

Serratia marcescens 1 

Staphylococcus aureus 8 

Stenotrophomonas maltophilia 10 

Streptococcus parasanguinis 1 

Streptococcus pneumoniae 1 

Fungi N = 7 N = 2 N = 5 
Aspergillus flavus 2 

Candida albicans 1 5 

Candida auris 5 

Candida parapsilosis 1 

t Eight patients had pathogens isolated from bloodstream, respiratory tract, 

and urine; 24 patients had blood and tracheal aspirate isolates; 11 patients 

had blood and urine isolates; 11 patients had urine and tracheal aspirate 

isolates.10 patients had similar pathogens isolated from blood and tracheal 

aspirate cultures, two patients had similar pathogens isolated from blood and 

urine cultures, and five patients had similar pathogens isolated from urine 

and tracheal aspirate cultures. 
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Table 4 

Commonly identified pathogens and their resistance profiles 

Pathogens isolated ( N ) Multidrug-resistant organisms º

ESBL-E CRE 

Escherichia coli (32) 25/32 (78.1%) 2/32 (6.3%) 

Klebsiella pneumoniae (46) 15/46 (32.6%) 10/46 (22.7%) 

CRAB 

Acinetobacter baumannii (22) 21/22 (95.5%) 

MDR 

Pseudomonas aeruginosa (36) 5/36 (13.9%) 

MRSA 

Staphylococcus aureus (8) 6/8 (75.0%) ∗ 

º Number of isolates expressed as n / N (%). 
∗ Five of the six MRSA isolates were from one pa- 

tient.Abbreviations: ESBL-E, extended-spectrum beta- 

lactamase-producing Enterobacterales; CRE, carbapenem- 

resistant Enterobacterales; CRAB, carbapenem-resistant 

Acinetobacter baumannii ; MDR, multidrug resistant; MRSA, 

methicillin-resistant Staphylococcus aureus 
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 Garcia-Vidal et al., 2020 ). However, our study did not demonstrate a

tatistically significant difference in the rates of added infections be-

ween those with or without prior exposure to outpatient antibiotics. 

Almost two-thirds of the patients in this study received in-patient

ntimicrobials (antibiotics and/or antifungals), which was consistent

ith rates reported in a review by Rawson et al. ( Rawson et al., 2020 ).

he discrepancy between the frequency of antimicrobial use and ac-

ual confirmed infections, as demonstrated by our study and others

 Chedid et al., 2021 ) is concerning in terms of the potential to select

or multidrug-resistant organisms (MDROs) ( Clancy and Nguyen, 2020 ).
44 
road-spectrum antibiotics were administered in a large proportion of

ur study population, with 46.8% of those given antibiotics receiving

arbapenems. Use of broad-spectrum antibiotics is a documented risk

or driving up antimicrobial resistance rates ( Sonmezer et al., 2016 ),

nd discretion is necessary in ensuring that their utilization is appropri-

te. Our study found a high percentage of MDROs among the commonly

solated pathogens: 21 of 22 (95.5%) A. baumannii, 10 of 46 (22.7%) K.

neumoniae, two of 32 (6.3%) E. coli , and five of 36 (13.9%) P. aerugi-

osa isolates were carbapenem resistant. This was a higher percentage

f MDROs compared with our institution’s 2020 antibiotic susceptibility

eport, in which carbapenem resistance was documented in 65% of A.

aumannii, 7% of K. pneumoniae, 1% of E. coli , and 15% of P. aeruginosa

loodstream isolates (report in the supplementary appendix). A recent

tudy on Acinetobacter infections in our institution also revealed that

6% of the isolates were multidrug-resistant ( Patel et al., 2019 ), which

s still a lower frequency than that noted in our study. This aberration in

he rates of MDROs between our study findings and the institutional an-

ibiotic susceptibility report may be in part related to increased empiric

se of broad-spectrum antimicrobial agents. 

Factors significantly associated with high rates of added infections

ere: need for and duration of mechanical ventilation; presence and

uration of invasive urethral or central venous catheters; tocilizumab

dministration, and duration of ICU stay; these findings were consis-

ent with those of other authors ( Garcia-Vidal et al., 2020 ; Zhang et al.,

020 ). The necessity for these interventions should be carefully consid-

red daily, and discontinued whenever indicated in order to mitigate
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gainst the risk of infection that they pose. The presence of added bac-

erial or fungal infections was associated with higher mortality in our

tudy population (58% compared with 36% for those with no added

nfections). Due to the association of added microbial infections with

ncreased mortality, especially in critically ill patients, we would advo-

ate for characterization of the local patterns of susceptibility for these

oncomitant infections. This would facilitate appropriate utilization of

ntimicrobial agents, thus improving outcomes without unnecessarily

riving up the rates of drug-resistant pathogens. 

PTB-COVID-19 coinfection was only demonstrated in one of our pa-

ients, who was HIV negative. This patient had an excellent response to

oncurrent therapy for both infections, did not require invasive mechan-

cal ventilation, and was discharged after a brief stay in the ICU. Given

hat our country is in a TB-endemic zone, this was a reassuringly low rate

f coinfection given the risk of increased COVID-19 mortality in the pres-

nce of TB coinfection ( Sarkar et al., 2021 ). Despite the low incidence

n our study, vigilance is still required because therapies like steroids

nd tocilizumab may exacerbate or unmask undiagnosed TB infection

 Bandyopadhyay et al., 2020 ; Tadolini et al., 2020 ). HIV in COVID-19

neumonia has also been cited as a risk factor for increased mortality.

hough our numbers were limited, this pattern was not demonstrated in

ur study. Out of eight HIV-positive patients, six survived to discharge.

ll eight patients had been on antiretroviral drugs, with documented

iral suppression at admission. 

There were some important limitations to our study. As this was a

ingle-centre study, our findings may not be generalizable given that

here may exist variation among the different institutions in our region

n terms of frequently isolated nosocomial pathogens, availability of ad-

unctive laboratory tests, or interventions such as invasive mechanical

entilation and vasopressors. Second, the absence of a microbiological

solate does not rule out the possibility of an intercurrent infection, while

he reliability of microbiology test results can vary between laborato-

ies. In addition, antibiotics may have been prescribed to some of the

atients before microbiological samples were obtained. Lastly, as this

as a retrospective cohort analysis, it is conceivable that the attending

hysicians might not have requested microbiological samples in patients

ho could have had coinfections and superinfections. 

ONCLUSION 

Our study reported relatively low rates of microbial infections in

ur cohort of critically ill COVID-19 patients. However, where present,

hese were associated with higher death rates, greater need for me-

hanical ventilation, and prolonged hospitalization. Multidrug-resistant

athogens were frequent among the commonly isolated bacteria, such

s K. pneumoniae, P. aeruginosa, E. coli , and A. baumannii . Given the

igh rates of empiric broad-spectrum antimicrobial use in our study co-

ort, broader regional epidemiology, microbiology, and susceptibility

atterns of likely additional infections in critical COVID-19 patients is

ecoming necessary in order to develop local guidance on approaches

o rational empiric antimicrobial usage. 

isclosures 

The authors of this paper report no conflicts of interest with regards

o this study. 

unding 

This research did not receive any specific grant from funding agen-

ies in the public, commercial, or not-for-profit sectors. 

thical approval 

Ethical approval for this study was obtained from the Institutional

thics Review Committee (IERC) of the Aga Khan University, East Africa
45 
edical College (reference number: 2021/IERC-16 (v1)). A waiver of

onsent was granted by the IERC, since this was a retrospective analysis

f data obtained as part of routine care, with no collection of patient

dentifiers such as name or hospital number. A research license was also

ecured from the National Commission for Science, Technology and In-

ovation (NACOSTI) (license number: NACOSTI/P/21/9035). 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi:10.1016/j.ijregi.2021.09.008 . 

EFERENCES 

debisi YA , Jimoh ND , Ogunkola IO , Uwizeyimana T , Olayemi AH , Ukor NA ,

Lucero-Prisno 3rd DE . The use of antibiotics in COVID-19 management: a rapid

review of national treatment guidelines in 10 African countries. Trop Med Health

2021;49(1):51 . 

andyopadhyay A , Palepu S , Bandyopadhyay K , Handu S . COVID-19 and tuberculosis

co-infection: a neglected paradigm. Monaldi Arch Chest Dis 2020;90(3) . 

avalcanti AB , Zampieri FG , Rosa RG , Azevedo LCP , Veiga VC , Avezum A , Damiani LP ,

Marcadenti A , Kawano-Dourado L , Lisboa T , Junqueira DLM , de Barros e Silva PGM ,

Tramujas L , Abreu-Silva EO , Laranjeira LN , Soares AT , Echenique LS , Pereira AJ , Fre-

itas FGR , Gebara OCE , Dantas VCS , Furtado RHM , Milan EP , Golin NA , Cardoso FF ,

Maia IS , Hoffmann Filho CR , Kormann APM , Amazonas RB , Bocchi de Oliveira MF ,

Serpa-Neto A , Falavigna M , Lopes RD , Machado FR , Berwanger O . Hydroxychloro-

quine with or without azithromycin in mild-to-moderate COVID-19. New England

Journal of Medicine 2020;383(21):2041–52 . 

hedid M , Waked R , Haddad E , Chetata N , Saliba G , Choucair J . Antibiotics in treatment

of COVID-19 complications: a review of frequency, indications, and efficacy. Journal

of Infection and Public Health 2021;14(5):570–6 . 

lancy CJ , Nguyen MH . Coronavirus disease 2019, superinfections, and antimicrobial de-

velopment: what can we expect? Clinical Infectious Diseases 2020;71(10):2736–43 . 

attorini L , Creti R , Palma C , Pantosti A . Bacterial coinfections in COVID-19: an underes-

timated adversary. Ann Ist Super Sanita 2020;56(3):359–64 . 

erguson ND , Fan E , Camporota L , Antonelli M , Anzueto A , Beale R , Brochard L , Brower R ,

Esteban A , Gattinoni L . The Berlin definition of ARDS: an expanded rationale, justifi-

cation, and supplementary material. Intensive Care Medicine 2012;38(10):1573–82 . 

urtado RHM , Berwanger O , Fonseca HA , Corrêa TD , Ferraz LR , Lapa MG , Zampieri FG ,

Veiga VC , Azevedo LCP , Rosa RG , Lopes RD , Avezum A , Manoel ALO , Piza FMT ,

Martins PA , Lisboa TC , Pereira AJ , Olivato GB , Dantas VCS , Milan EP , Gebara OCE ,

Amazonas RB , Oliveira MB , Soares RVP , Moia DDF , Piano LPA , Castilho K , Mo-

messo RGRAP , Schettino GPP , Rizzo LV , Neto AS , Machado FR , Cavalcanti AB .

Azithromycin in addition to standard of care versus standard of care alone in the treat-

ment of patients admitted to the hospital with severe COVID-19 in Brazil (COALITION

II): a randomised clinical trial. The Lancet 2020;396(10256):959–67 . 

arcia-Vidal C , Sanjuan G , Moreno-García E , Puerta-Alcalde P , Garcia-Pouton N ,

Chumbita M , Fernandez-Pittol M , Pitart C , Inciarte A , Bodro M , Morata L , Ambro-

sioni J , Grafia I , Meira F , Macaya I , Cardozo C , Casals C , Tellez A , Castro P , Marco F ,

García F , Mensa J , Martínez JA , Soriano A . Incidence of co-infections and superin-

fections in hospitalized patients with COVID-19: a retrospective cohort study. Clin

Microbiol Infect 2020;27(1):83–8 . 

arner JS , Jarvis WR , Emori TG , Horan TC , Hughes JM . CDC definitions for nosocomial

infections, 1988. Am J Infect Control 1988;16(3):128–40 . 

insburg AS , Klugman KP . COVID-19 pneumonia and the appropriate use of antibiotics.

The Lancet Global Health 2020;8(12):e1453–4 . 

su J . How COVID-19 is accelerating the threat of antimicrobial resistance. BMJ

2020;369:m1983 . 

ughes S , Troise O , Donaldson H , Mughal N , Moore LSP . Bacterial and fungal coinfection

among hospitalized patients with COVID-19: a retrospective cohort study in a UK

secondary-care setting. Clin Microbiol Infect 2020;26(10):1395–9 . 

im D , Quinn J , Pinsky B , Shah NH , Brown I . Rates of co-infection between SARS-CoV-2

and other respiratory pathogens. JAMA 2020;323(20):2085–6 . 

lein EY , Monteforte B , Gupta A , Jiang W , May L , Hsieh YH , Dugas A . The frequency of

influenza and bacterial coinfection: a systematic review and meta-analysis. Influenza

Other Respir Viruses 2016;10(5):394–403 . 

angford BJ , So M , Raybardhan S , Leung V , Soucy JR , Westwood D , Daneman N , MacFad-

den DR . Antibiotic prescribing in patients with COVID-19: rapid review and meta–

analysis. Clin Microbiol Infect 2021;27(4):520–31 . 

ansbury L , Lim B , Baskaran V , Lim WS . Co-infections in people with COVID-19: a sys-

tematic review and meta-analysis. Journal of Infection 2020;81(2):266–75 . 

v Z , Cheng S , Le J , Huang J , Feng L , Zhang B , Li Y . Clinical characteristics and co-infec-

tions of 354 hospitalized patients with COVID-19 in Wuhan, China: a retrospective

cohort study. Microbes Infect 2020;22(4–5):195–9 . 

oynihan R , Sanders S , Michaleff ZA , Scott AM , Clark J , To EJ , Jones M , Kitchener E ,

Fox M , Johansson M , Lang E , Duggan A , Scott I , Albarqouni L . Impact of COVID-19

pandemic on utilisation of healthcare services: a systematic review. BMJ Open

2021;11(3) . 

usuuza JS , Watson L , Parmasad V , Putman-Buehler N , Christensen L , Safdar N . Preva-

lence and outcomes of co-infection and superinfection with SARS-CoV-2 and other

pathogens: a systematic review and meta-analysis. PLoS One 2021;16(5) . 

uma PN , Masai AN , Nyadera IN . Health coverage and what Kenya can learn from the

COVID-19 pandemic. J Glob Health 2020;10(2) . 

https://doi.org/10.1016/j.ijregi.2021.09.008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0002
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0003
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0003
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0003
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0003
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0003
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0004
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0005
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0006
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0006
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0006
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0007
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0007
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0007
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0007
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0007
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0008
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0009
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0010
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0011
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0011
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0011
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0011
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0011
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0011
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0012
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0012
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0012
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0013
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0013
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0014
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0014
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0014
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0014
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0014
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0014
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0015
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0015
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0015
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0015
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0015
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0015
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0016
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0017
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0018
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0018
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0018
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0018
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0018
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0019
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0020
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0021
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0022
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0022
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0022
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0022


J. Rakiro, J. Shah, W. Waweru-Siika et al. IJID Regions 1 (2021) 41–46 

P  

 

R  

 

 

S  

 

 

S  

S  

 

S  

 

 

S  

 

 

 

S  

 

 

T  

 

T  

 

V  

V  

 

 

 

W  

Z  

 

atel R , Shah J , Revathi G , Siika W , Shah R . Acinetobacter infections: a retrospective

study to determine in-hospital mortality rate and the clinical factors associated with

mortality. Infection Prevention in Practice 2019;1 . 

awson TM , Moore LSP , Zhu N , Ranganathan N , Skolimowska K , Gilchrist M , Satta G ,

Cooke G , Holmes A . Bacterial and fungal coinfection in individuals with coron-

avirus: a rapid review to support COVID-19 antimicrobial prescribing. Clin Infect Dis

2020;71(9):2459–68 . 

aeed GA , Gaba W , Shah A , Al Helali AA , Raidullah E , Al Ali AB , Elghazali M , Ahmed DY ,

Al Kaabi SG , Almazrouei S . Correlation between chest CT severity scores and the

clinical parameters of adult patients with COVID-19 pneumonia. Radiol Res Pract

2021;2021 . 

arkar S , Khanna P , Singh AK . Impact of COVID-19 in patients with concurrent co-infec-

tions: a systematic review and meta-analyses. J Med Virol 2021;93(4):2385–95 . 

hafran N , Shafran I , Ben-Zvi H , Sofer S , Sheena L , Krause I , Shlomai A , Goldberg E ,

Sklan EH . Secondary bacterial infection in COVID-19 patients is a stronger predictor

for death compared to influenza patients. Sci Rep 2021;11(1):12703 . 

ilva DL , Lima CM , Magalhães VCR , Baltazar LM , Peres NTA , Caligiorne RB , Moura AS ,

Fereguetti T , Martins JC , Rabelo LF , Abrahão JS , Lyon AC , Johann S , Santos DA .

Fungal and bacterial coinfections increase mortality of severely ill COVID-19 patients.

Journal of Hospital Infection 2021;113:145–54 . 

inger M , Deutschman CS , Seymour CW , Shankar-Hari M , Annane D , Bauer M , Bellomo R ,

Bernard GR , Chiche J-D , Coopersmith CM , Hotchkiss RS , Levy MM , Marshall JC ,

Martin GS , Opal SM , Rubenfeld GD , van der Poll T , Vincent J-L , Angus DC . The

third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA

2016;315(8):801–10 . 
46 
onmezer MC , Ertem G , Erdinc FS , Kaya Kilic E , Tulek N , Adiloglu A , Hatipoglu C . Eval-

uation of risk factors for antibiotic resistance in patients with nosocomial infections

caused by Pseudomonas aeruginosa. Canadian Journal of Infectious Diseases and Med-

ical Microbiology 2016;2016 . 

adesse BT , Ashley EA , Ongarello S , Havumaki J , Wijegoonewardena M , González IJ ,

Dittrich S . Antimicrobial resistance in Africa: a systematic review. BMC Infectious

Diseases 2017;17(1):616 . 

adolini M , García-García JM , Blanc FX , Borisov S , Goletti D , Motta I , Codecasa LR ,

Tiberi S , Sotgiu G , Migliori GB . On tuberculosis and COVID-19 co-infection. Eur Respir

J 2020;56(2) . 

aillancourt M , Jorth P . The unrecognized threat of secondary bacterial infections with

COVID-19. mBio 2020;11(4) . 

oiriot G , Visseaux B , Cohen J , Nguyen LBL , Neuville M , Morbieu C , Burdet C , Rad-

jou A , Lescure F-X , Smonig R , Armand-Lefèvre L , Mourvillier B , Yazdanpanah Y ,

Soubirou J-F , Ruckly S , Houhou-Fidouh N , Timsit J-F . Viral-bacterial coinfection af-

fects the presentation and alters the prognosis of severe community-acquired pneu-

monia. Critical Care 2016;20(1):375 . 

HO. COVID-19 clinical management: living guidance, 25 January 2021. World Health

Organization; 2021 . 

hang H , Zhang Y , Wu J , Li Y , Zhou X , Li X , Chen H , Guo M , Chen S , Sun F , Mao R , Qiu C ,

Zhu Z , Ai J , Zhang W . Risks and features of secondary infections in severe and critical

ill COVID-19 patients. Emerg Microbes Infect 2020;9(1):1958–64 . 

http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0023
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0023
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0023
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0023
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0023
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0023
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0024
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0025
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0026
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0026
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0026
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0026
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0027
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0028
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0029
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0030
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0031
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0032
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0033
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0033
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0033
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0034
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0035
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036
http://refhub.elsevier.com/S2772-7076(21)00011-4/sbref0036

	Microbial coinfections and superinfections in critical COVID-19: a Kenyan retrospective cohort analysis
	INTRODUCTION
	METHODS
	Study design and participants
	Definitions
	Data collection
	Statistical analysis

	RESULTS
	Clinical demographics
	Interventions and outcomes
	Microbiological profiles

	DISCUSSION
	CONCLUSION
	Disclosures
	Funding
	Ethical approval
	Supplementary materials
	REFERENCES


