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Viral infections, particularly severe acute respiratory syndrome

oronavirus-2 (SARS-CoV-2) infection, may predispose to secondary in-

ections (SIs) ( Bengoechea and Bamford, 2020 ; Manna et al., 2020 ).

arious explanations given for this phenomenon include direct damage

o the respiratory epithelium caused by the virus, the effect on innate

nd adaptive immunity, and SARS-CoV-2-associated perturbation of gut

omeostasis ( Bengoechea and Bamford, 2020 ; Manna et al., 2020 ). 

SIs have been noted to be a significant contributor to increased mor-

idity and mortality in influenza pandemics, during seasonal influenza

nd in other respiratory diseases ( Morens et al., 2008 ; Morris et al.,

017 ) Shafran et al. (2021) . found that patients with coronavirus disease

019 (COVID-19) had a higher rate of SIs compared with patients with
 c

45 
 into the extent of secondary bacterial and fungal infections in hospitalized

w these alter the course of coronavirus disease 2019 (COVID-19) so that control

ulticentre study, the data of all patients who tested positive for severe acute

-2 (SARS-CoV-2) on reverse transcriptase polymerase chain reaction (RT-PCR),

rch 2020 and July 2021, were accessed from the electronic health records of a

e states in North India. 

 positive for SARS-CoV-2 on RT-PCR and admitted to the study hospitals during

tients developed secondary infections (SIs). Patients with SIs were, on average,

t SIs (median age 62.6 vs 54.3 years; P < 0.001). The risk of SIs was significantly

everity of disease at admission, diabetes, admission to the intensive care unit

st common site of infection was urine (41.7%), followed by blood (30.8%) and

ndotracheal fluid (24.8%); the least common was pus/wound discharge (2.6%).

 the most common organisms (63.2%), followed by Gram-positive cocci (GPC)

patients with SIs were on multiple antimicrobials. The most commonly used an-

ctam/beta-lactamase inhibitors (76.9%), carbapenems (57.7%), cephalosporins

carbapenem-resistant Enterobacteriaceae (47.1%). Empirical use of antibiotics

f patients with SIs, and empirical use of antifungals was observed in 56.9% of

gth of hospital stay for patients with SIs was almost twice as long as that of pa-

 days). Overall mortality among patients with SIs (40.3%) was more than eight

ients without SIs (4.6%). Only 1.2% of patients with SIs with mild COVID-19 at

7.5% of those with moderate COVID-19 at admission and 58.5% of those with

 0.001). The mortality rate was highest in patients with bloodstream infections

ospital-acquired pneumonia (47.9%), urinary tract infections (29.4%), and skin

). The mortality rate in patients with diabetes with SIs was 45.2%, compared

etes ( P < 0.001). 

course of patients hospitalized with COVID-19. These patients tend to have a

er requirement for oxygen and ICU care, and a significantly higher mortality

 SIs. The groups most vulnerable to SIs are patients with more severe COVID-19,

 diabetes. Judicious empirical use of combination antimicrobials in these groups

es. It is desirable to have region- or country-specific guidelines for appropriate

 to prevent their overuse. 

nfluenza (12.6% vs 8.7%; P = 0.006). Other studies have suggested that

uperinfections, especially in the later stage of illness, were encountered

n 8% of patients with COVID-19, usually those with more severe disease

nd those who died ( Huang et al., 2020 ; Chen et al., 2020 ; Zhou et al.,

020 ; Shafran et al., 2021 ). 

Due to concerns regarding increased mortality in patients with bac-

erial superinfections during influenza pandemics, several guidelines ad-

ocate the use of empirical antibiotics for patients with severe COVID-19

 Alhazzani et al., 2020 ; World Health Organization, 2020 ). This, how-

ver, has the potential for antibiotic overuse and increasing antimicro-

ial resistance ( Huttner et al., 2020 ). As the prevalence of secondary

acterial and fungal infections in patients with COVID-19 in India is not

nown, a better understanding is crucial to treat COVID-19 and to help

nsure the responsible use of antimicrobials to minimize the negative

onsequences of overuse. 



S. Budhiraja, B. Tarai, D. Jain et al. IJID Regions 3 (2022) 44–53 

 

s  

C  

e  

m  

a

M

 

t  

c  

J  

o  

t  

c  

H  

p  

r  

p  

p  

(  

c  

m

 

f  

b  

c  

t  

s  

(

 

r  

s  

w  

t  

n  

d  

s  

a

 

i  

S  

w  

p  

c  

e  

r  

w

 

o  

o  

t  

h

 

n  

w  

(  

2  

d  

2

 

t  

i  

(

S

 

c  

a  

L  

r  

h  

c  

S  

q  

d  

d  

c  

2

R

D

 

P  

r  

t  

o  

t  

T  

y  

o  

w  

n  

r  

o  

p  

l  

s  

p  

t

C

 

t  

c  

t  

t

 

w  

i  

 

n  

l  

U  

(  

a

 

o  

c  

t  

i  

a  

i  

c  

F  

g  

G  
This study was undertaken to gain better insight into the extent of

econdary bacterial and fungal infections in hospitalized patients with

OVID-19 in India, and to assess how these alter the course of the dis-

ase. Evaluating the treatment strategies used in this group of patients

ay help in the design of appropriate guidelines for empirical use of

ntimicrobials in patients with COVID-19 in India. 

ethods 

In this retrospective, multicentre study, the data of all patients who

ested positive for SARS-CoV-2 on reverse transcriptase polymerase

hain reaction (RT-PCR), admitted to hospital between March 2020 and

uly 2021, were accessed from the electronic health records (EHRs)

f a network of 10 hospitals across five states in North India. Pa-

ients were categorized as mild, moderate or severe COVID-19, in ac-

ordance with the criteria of the Government of India ( Ministry of

ealth and Family Welfare, 2021 ). The data included the demographic

rofile of patients, presence of diabetes, various investigations [e.g. C-

eactive protein (CRP), D-dimer, interleukin-6 (IL-6), ferritin, creatine

hosphokinase (CPK), lactate dehydrogenase (LDH), Trop-I and lym-

hocyte counts, high-resolution computed tomography chest severity

CTSS) score], various treatment modalities (e.g. steroids, remdesivir,

onvalescent plasma), average length of hospital stay and in-hospital

ortality. 

Detailed data were available for SIs. Microbiological data, in the

orm of culture results from blood, urine, pus/wound discharge, sputum,

ronchoalveolar lavage (BAL) fluid culture, and endotracheal (ET) se-

retion cultures, were analysed and patients were categorized into four

ypes of SIs: bloodstream infection (BSI), urinary tract infection (UTI),

kin and soft tissue infection (SSTI), and hospital-acquired pneumonia

HAP). 

Patients with SIs were compared with those without SIs for the pa-

ameters listed above. Use of antibiotics, antifungals and antivirals was

tudied in patients who developed SIs. A substantial number of patients

ere on multiple antimicrobials, and many had multiple sites of infec-

ion. For statistical analysis, these were included under one predomi-

ant or primary site of infection if the same organism was isolated from

ifferent sites. Patients who had more than two sites infected with the

ame micro-organism were categorized as the primary site of infection,

s clinically evident or supported by radiological evidence. 

The following definitions were used in this study. Hospital-acquired

nfection was defined as SI occurring > 48 h after hospitalization for

ARS-CoV-2. Ventilator-associated pneumonia (VAP), a subset of HAP,

as defined as pneumonia occurring after > 48 h of ET intubation. For

ossible HAP/VAP diagnosis, indicators of worsening oxygenation (in-

rease in fraction of inspired oxygen by ≥ 0.20 or increase in positive

nd-expiratory pressure by ≥ 3 cm H 2 O) over 48 h and purulent respi-

atory secretions and/or a positive culture for a respiratory pathogen

ere required ( Søgaard et al., 2021 ). 

BSI was defined as the presence of viable bacterial or fungal micro-

rganisms in the bloodstream (later demonstrated by the positivity of

ne or more blood cultures) that elicit or have elicited an inflamma-

ory response, characterized by the alteration of clinical, laboratory and

aemodynamic parameters ( Viscoli, 2016 ). 

UTI was defined as microbial infiltration of the otherwise sterile uri-

ary tract, and is one of the most common bacterial infections world-

ide. UTIs encompass infections of the urethra (urethritis), bladder

cystitis), ureters (ureteritis) and kidney (pyelonephritis) ( Barber et al.,

013 ). Cases of isolated candiduria, defined as the presence of Can-

ida spp. > 10 4 colony-forming units/mL and pyuria ( Gharaghani et al.,

018 ), were segregated from the urine-culture-positive cases. 

SSTIs encompass a variety of pathological conditions that involve

he skin and underlying subcutaneous tissue, fascia or muscle, rang-

ng from simple superficial infections to severe necrotizing infections

 Sartelli et al., 2018 ). 
46 
tatistical analysis 

Data have been presented as counts and percentages for qualitative

haracteristics (e.g. sex, place of admission, use of oxygen), and as mean

nd standard deviation (SD) for quantitative characteristics (e.g. age).

ength of hospital stay and laboratory parameters have been summa-

ized in terms of median and interquartile range (IQR) because of their

ighly skewed distribution. The significance of the difference between

ases with SIs and cases without SIs was assessed by Chi-squared test or

tudent’s t -test. Fisher’s exact test was used to compare small ( < 5) fre-

uencies. The Wilcoxon–Mann–Whitney test was used for highly skewed

istributions (e.g. inflammatory markers). P < 0.05 was considered to in-

icate significance, although the number of cases was so large for some

ategories that P -values must be interpreted with caution. SPSS Version

1 (IBM Corp., Armonk, NY, USA) was used for calculations. 

esults 

emographics 

In total, 19,852 patients who tested positive for SARS-CoV-2 on RT-

CR were admitted to the study hospitals during the study period. Their

ecords were retrieved from the EHR system. Of these, 1940 (9.8%) pa-

ients developed SIs. No significant ( P = 0.100) gender difference was

bserved, but the patients with SIs were, on average, 8 years older than

hose without SIs (median age 62.6 vs 54.3 years; P < 0.001) ( Table 1 ).

he incidence of SIs increased with age, from 4.0% in patients aged < 45

ears to 18.4% in patients aged ≥ 75 years. More than one-fifth (22.6%)

f patients in ICUs had SIs, compared with 3.0% of patients on hospital

ards ( P < 0.001). Patients requiring oxygen supplementation were sig-

ificantly ( P < 0.0010) more likely to have SIs compared with those not

equiring oxygen supplementation (12.1% vs 4.9%), and the incidence

f SIs increased with increasing need for oxygen, from oxygen via nasal

rongs/face mask to non-invasive ventilation (NIV) to mechanical venti-

ation (MV). Details for patients receiving convalescent plasma therapy,

teroids and remdesivir are given in Table 1 . The median length of hos-

ital stay was almost two-fold higher in patients with SIs compared with

hose without SIs (13 vs 7 days; P < 0.001) ( Table 1 ). 

haracteristics of SIs 

Of the 1940 patients with SIs, 598 (30.8%) had positive blood cul-

ures, 809 (41.7%) had positive urine cultures, 51 (2.6%) had positive

ultures from pus/wound discharge, and 482 (24.8%) had positive cul-

ures from sputum/BAL fluid/ET secretions ( Table 2 ). Thus, urine was

he most common site of infection, followed by blood. 

Of 482 cases of HAP, 50 (10.4%) were receiving MV and 181 (37.6%)

ere receiving NIV. Of 598 cases of BSI, 341 (57.0%) had a central line

nserted. Of 809 cases of UTI, 197 (24.4%) had a Foley catheter inserted.

The mean age of patients with SIs at different sites was not sig-

ificantly different ( P = 0.315). Of all infections, HAP was significantly

ess common in females compared with males (18.5% vs 28.3%), and

TIs were significantly more common in females compared with males

48.9% vs. 37.8%; P < 0.0010). There were more cases of BSI and UTI

mong in patients with diabetes, and fewer cases of SSTI and HAP. 

A significant number of patients were infected by more than one

rganism (261/1940, 13.4%), and 662 patients (34.1%) had positive

ultures from more than one site. Overall, there were 685 positive cul-

ures in blood (80.4% bacterial and 19.6% fungal), 893 positive cultures

n urine (72.4% bacterial and 27.6% fungal), 607 positive cultures from

ny of the respiratory secretions (99.7% bacterial and two samples pos-

tive for Candida auris ), and 63 positive cultures from pus/wound dis-

harge (93.7% bacterial and 6.3% fungal). Species details are given in

igure 1 . Overall, there were 2248 positive isolates (bacterial and fun-

al) from samples of 1940 patients with SIs. Of these, 1420 (63.2%) were

ram-negative bacilli (GNB), 440 (19.6%) were Gram-positive cocci
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Table 1 

Comparison of characteristics of cases with and without secondary infections (SIs) 

Parameters Total cases Cases with SIs Cases without SIs P -value 

n % of total n % infected n % not infected 

Total 19,852 100.0 1940 9.8 17,912 90.2 X 

Sex Male 13,175 66.4 1255 9.5 11,920 90.5 0.100 

Female 6677 33.6 685 10.3 5992 89.7 

Age (years) < 45 5547 27.9 222 4.0 5325 96.0 < 0.001 

45–59 6369 32.1 523 8.2 5846 91.8 

60–74 6112 30.8 860 14.1 5252 85.9 

≥ 75 1824 9.2 335 18.4 1489 81.6 

Mean age (years) (SD) 55.0 (15.9) 62.6 (13.9) 54.4 (15.9) < 0.001 

Admission ICU 6845 34.5 1548 22.6 5297 77.4 < 0.001 

Ward 13,007 65.5 392 3.0 12,615 97.0 

Oxygen No 6402 32.2 312 4.9 6090 95.1 < 0.001 

Yes 13,450 67.8 1628 12.1 11,822 87.9 

Type of oxygen (percentage 

out of those who received 

oxygen) 

Oxygen (NP/FM/NRBM) 9842 49.6 822 8.4 9020 91.6 < 0.001 

NIV 1800 9.1 390 21.7 1410 78.3 

MV 1808 9.1 416 23.0 1392 77.0 

CPT Given 2542 12.8 685 26.9 1857 73.1 < 0.001 

Not given 17,310 87.2 1255 7.3 16,055 92.7 

Steroids (drugs) Given 18,344 92.4 1893 10.3 16,451 89.7 < 0.001 

Not given 1508 7.6 47 3.1 1461 96.9 

Remdesivir Given 12,017 60.5 1273 10.6 10,744 89.4 < 0.001 

Not given 7835 39.5 667 8.5 7168 91.5 

Length of hospital stay (days) Median (IQR) 7 (5.12–10.14) 13 (7.87–20.05) 7 (5.05–9.86) < 0.001 

SD, standard deviation; ICU, intensive care unit; NP, nasal prongs; FM, face mask; NRBM, non-rebreather mask; NIV, non-invasive ventilation; MV, mechanical 

ventilation; CPT, convalescent plasma therapy; IQR, interquartile range. 

Table 2 

Comparison of characteristics of cases with secondary infections (SIs) at different sites ( n = 1940) 

Parameters BSI UTI SSTI HAP P -value 

n % n % n % n % 

Total – % of total COVID-19 cases 598 3.0 809 4.1 51 0.3 482 2.4 

Total – % of cases with SIs 598 30.8 809 41.7 51 2.6 482 24.8 

Sex Male 395 31.5 474 37.8 31 2.5 355 28.3 < 0.001 

Female 203 29.6 335 48.9 20 2.9 127 18.5 

Age (years) Mean (SD) 62.6 (13.8) 62.9 (14.1) 61.3 (15.0) 62.4 (13.5) 0.315 

Diabetes Yes 350 32.8 463 43.4 14 1.3 239 22.4 < 0.001 

No 248 28.4 346 39.6 37 4.2 243 27.8 

BSI, bloodstream infection; UTI, urinary tract infection; SSTI, skin and soft tissue infection; HAP, hospital-acquired pneumonia; COVID-19, coronavirus disease 2019; 

SD, standard deviation. 

Figure 1. Microbiological flora causing secondary infections. BSI, bloodstream infection; UTI, urinary tract infection; SSI, skin and soft tissue infection; HAP, 

hospital-acquired pneumonia. 

47 
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Table 3 

Candida species in bloodstream infections (BSIs), urinary tract infections (UTIs) 

with BSIs, and Candiduria alone 

Candida spp. BSI UTI + BSI Candiduria alone 

n % n % n % 

Candida albicans 23 16.9 21 17.8 50 39.1 

Candida auris 35 25.7 33 28.0 0 0 

Candida catenulate 1 0.7 0 0 0 0 

Candida ciferrii 1 0.7 0 0 0 0 

Candida famata 3 2.2 0 0 0 0 

Candida duobushaemulonii 0 0 0 0 5 3.9 

Candida glabrata 15 11.0 15 12.7 2 1.6 

Candida guilliermondii 1 0.7 1 0.8 0 0 

Candida kefyr 1 0.7 0 0 0 0 

Candida krusei 2 1.5 1 0.8 0 0 

Candida parapsilosis 13 9.6 7 5.9 0 0 

Candida tropicalis 41 30.1 40 33.9 71 55.5 

Total 136 100.0 118 100.0 128 100.0 
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GPC) and 388 (17.3%) were fungi ( Candida spp.). Candida spp. in blood

nd urine are shown in Table 3 . Candida albicans and Candida tropicalis

ere more common in urine, and C. auris was more common in blood. 

ntimicrobial resistance pattern 

Antibiotic sensitivity testing was conducted among the samples

ested for SIs. Carbapenem resistance was observed in 68% of Acine-

obacter baumanii , 48% of Klebsiella pneumoniae , 39% of Escherichia coli

nd 43% of Pseudomonas aeruginosa isolates. Fluconazole resistance was

tudied in cultures positive for fungal infection, and was found in 54%

f C. auris , 10% of C. albicans and 19% of non- albicans Candida isolates.

ntimicrobial treatment 

The use of various antimicrobial agents (antibiotics, antifungals and

ntivirals) as initial empirical therapy in those patients who developed
able 4 

se of various antimicrobial agents in patients with secondary infections (SIs) 

Antimicrobial agent Subagents 

Antibiotics for GNB CRE Polymyxin B (589, 64.4%), colistin (166, 18.2%), fosfomyc

3.6%) 

Carbapenems for GNB Meropenem (949, 84.7%), doripenem (42, 3.8%), imipenem

BL/BLI for GNB Piperacillin-tazobactum (846, 56.7%), ceftriaxone-sulbactu

others (133, 8.9%) 

Cephalosporins for GNB Ceftriaxone (468, 44.8%), cefepime (326, 31.2%), cefuroxim

Antibiotics for GPC Amoxicillin clavulanate (83, 7.4%), vancomycin (38, 3.4%)

levonadifloxacin (22, 1.9%) daptomycin (4, 0.3%) 

Antibiotics for anaerobes Clindamycin (138, 45.1%), metronidazole (168, 54.9%) 

Aminoglycosides for GNB Amikacin (108, 75%), gentamycin (22, 15.3%), tobramycin

1.4%) 

Quinolones for GNB Ciprofloxacin (14, 31.1%), ofloxacin (10, 22.2%), moxiflox

(1, 2.2%) 

Other antibiotics for GNB Trimethoprim-sulfamethoxazole (50, 55.6%), nitrofurantoin

Other antimicrobials for 

presumed activity against 

COVID-19 (many on multiple 

drugs) 

Azithromycin (569, 29.3%), doxycyline (973, 50.2%), iverm

Antifungals Azoles, echinocandins, amphotericin B 

Azoles: fluconazole (410, 61.4%), itraconazole (4, 0.6%), v

isavuconazole (1, 0.1%) 

Echinocandins: caspofungin (58, 29.1%), anadulafungin (46

Amphotericin B (238, 100%) 

Antivirals Remdesivir (1273, 74.8%), favipiravir (360, 21.2%), oselta

aciclovir (20, 1.1%) 

NB, gram-negative bacilli; CRE, carbapenem-resistant Enterobacteriaceae; BL-BLI,

oronavirus disease 2019. 

ote: Most patients with SIs were on multiple antibiotics and/or antifungals. 

48 
Is was also studied. Almost all of these patients were receiving mul-

iple antibiotics and/or antifungals. In terms of use of antimicrobials

or COVID-19, the most commonly used medications were remdesivir

74.8%), favipiravir (21.2%), doxycycline (50.2%), ivermectin (43.5%)

nd azithromycin (29.3%). For empirical treatment of SIs, the most com-

only used antibiotics were those directed against GNB. The most com-

only used antibiotics against GNB were beta-lactam/beta-lactamase

nhibitors (76.9%), carbapenems (57.7%), cephalosporins (53.9%), and

ntibiotics against carbapenem-resistant Enterobacteriaceae (47.1%).

mpirical use of antibiotics against GPC was seen in 58.9% of patients

ith SIs. Interestingly, empirical use of antifungals was observed in

6.9% of patients with SIs ( Table 4 ). 

ortality and its correlates 

As shown in Table 5 , mortality (40.3%) was more than eight times

igher in patients with SIs compared with those without SIs (40.3% vs

.6%). The proportion of patients with SIs increased with the severity of

OVID-19 and mortality. Only 166 (2.6%) patients with mild COVID-19

ad SIs, compared with 628 (9.5%) patients with moderate COVID-19

nd 1146 (16.7%) patients with severe COVID-19. Only 1.2% of patients

ith SIs with mild COVID-19 at admission died, compared with 17.5%

f those with moderate COVID-19 at admission and 58.5% of those with

evere COVID-19 at admission. 

The mortality rate was highest (49.8%) in patients with BSIs, fol-

owed by HAP (47.9%), UTIs (29.4%) and SSTIs (29.4%) ( Table 6 ). 

There were 241 (82.6%) deaths among the 341 patients with BSI

ho had a central line inserted; in comparison, the mortality rate was

7.4% among patients with BSI without a central line. 

The mortality rate in patients with only one organism identified was

7.8%, compared with 56.3% in patients with more than one organism

dentified; this was significantly associated with the site of infection in

oth cases ( P < 0.001). The proportionate pattern of mortality in cases

ith single and multiple organisms identified was similar for all sites of

nfection, although the differences were significant ( P < 0.001) due to the

arge sample size in this study ( Table 6 ). Similarly, mortality in patients
n of cases 

% of total SI 

cases 

in (83, 9.1%), minocycline (43, 4.7%), tigicycline (33, 914 47.1 

 (20, 1.8%), ertapenem (109, 9.7%) 1120 57.7 

m (373, 25%), ticarcillin-clavulanate (139, 9.3%), 1491 76.9 

e (170, 16.3%), others (81, 7.8%) 1045 53.9 

, linezolid (344, 30.0%), teicoplanin (651, 56.9%), 1144 58.9 

306 15.8 

 (10, 6.9%), netilmycin (2, 1.4%), streptomycin (2, 144 7.4 

acin (6, 13.3%), levofloxacin (2, 4.4%), prulifloxacin 45 2.3 

 (38, 42.2%), chloramphenicol (2, 2.2%) 90 4.6 

ectin (843, 43.5%) 1940 100.0 

oriconazole (228, 34.1%), posaconazole (25, 3.7%), 

, 23.1%), micafungin (95, 47.7%) 

1105668 56.9 

34.4 

199 10.3 

238 12.3 

mivir (40, 2.3%), lopinavir-ritonavir (11, 0.6%), 1704 87.8 

 beta-lactam/beta-lactamase inhibitors; GPC, Gram-positive cocci; COVID-19, 
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Table 5 

Correlation of mortality with secondary infections (SIs) and severity of coronavirus disease 2019 

Disease severity Total cases With SIs Without SIs P -value 

Cases Survived Died Cases Survived Died 

n % n % n % n % n % 

Mild 6402 32.2 166 2.6 164 2 1.2 6236 97.4 6211 25 0.4 0.154 

Moderate 6598 33.2 628 9.5 518 110 17.5 5970 90.5 5808 162 2.7 < 0.001 

Severe 6852 34.5 1146 16.7 476 670 58.5 5706 83.3 5066 640 11.2 < 0.001 

Total 19,852 100.0 1940 9.8 1158 782 40.3 17912 90.2 17,085 827 4.6 < 0.001 

Table 6 

Cases with different sites of infection and mortality 

Site of infection Total with infection P -value 

n of cases % of cases n of deaths % mortality 

BSI 598 30.8 298 49.8 < 0.001 

UTI 809 41.7 238 29.4 

SSTI 51 2.6 15 29.4 

HAP 482 24.8 231 47.9 

Total 1940 100 782 40.3 

With one organism 

Site of infection n of cases % of cases n of deaths % mortality 

BSI 523 31.1 245 46.8 < 0.001 

UTI 734 43.7 212 28.9 

SSTI 39 2.3 9 23.1 

HAP 383 22.8 169 44.1 

Total 1679 100 635 37.8 

With multiple organisms 

Site of infection n of cases % of cases n of deaths % mortality 

BSI 75 28.7 53 70.7 < 0.001 

UTI 75 28.7 26 34.7 

SSTI 12 4.6 6 50 

HAP 99 37.9 62 62.6 

Total 261 100 147 56.3 

Number of sites 

n of sites n of cases % of cases n of deaths % mortality 

1 1278 65.9 368 28.8 < 0.001 

2 428 22.1 266 62.1 

3 231 11.9 147 63.6 

4 3 0.2 1 33.3 

Total 1940 100 782 40.3 

BSI, bloodstream infection; UTI, urinary tract infection; SSTI, skin and soft tissue 

infection; HAP, hospital-acquired pneumonia. 

Table 7 

Association of mortality with diabetes 

Diabetes n of cases with SIs % of cases n of deaths % mortality P -value 

No 874 45.1 300 34.3 < 0.001 

Yes 1066 54.9 482 45.2 

Total 1940 100 782 40.3 

SI, secondary infection. 
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ith one site of infection was 28.8%, compared with 62.5% in patients

ith multiple sites of infection ( P < 0.001). 

More than half (1066, 54.9%) of the 1940 patients with SIs had dia-

etes. The mortality rate in patients with diabetes was 45.2%, compared

ith 34.3% in those without diabetes ( Table 7 ); this difference was sig-

ificant ( P < 0.001). 

Various inflammatory markers commonly used for monitoring pa-

ients admitted to hospital with COVID-19 were higher in patients with

Is compared with those without SIs. The median values ( Table 8 ) for

RP, D-dimer, ferritin, IL-6, LDH and CPK were higher in patients with

Is, and the median absolute lymphocyte count was lower in patients

ith SIs. This difference was even greater when comparing the values

or patients who died with those for patients who survived, across both

roups. However, the difference in the median levels of inflammatory

arkers in patients who died was not very different between patients

ith and without SIs, and the median values of some markers (i.e. CRP,
 t  

49 
L-6, LDH and CPK) were actually higher in patients without SIs who

ied. The median CTSS score for the overall group of patients with SIs

as 15 (IQR 10-19), compared with 10 (IQR 7–14) for those without

Is. Again, the CTSS score was similar (median 17) for patients with SIs

ho died and patients without SIs who died ( Table 8 ). 

iscussion 

Patients with COVID-19 are at higher risk of secondary bacterial and

ungal infections, and these are associated with increased morbidity and

ortality ( Morens et al., 2008 ; Morris et al., 2017 ; Bengoechea and Bam-

ord, 2020 ; Manna et al., 2020 ). Several factors are known to contribute

o the higher risk of SIs in these patients. The damage to the respiratory

pithelium caused by the virus, as well as the effects on innate and adap-

ive immunity, and antagonizing interferon responses that enhance bac-

erial adherence, colonization, growth and invasion into healthy sites in
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50 
he respiratory tract are important mechanisms ( Bengoechea and Bam-

ord, 2020 ; Manna et al., 2020 ). Downregulation and differential reg-

lation of immune genes are mechanisms that may create a conducive

nvironment for the occurrence of SIs, favouring bacterial attachment to

ost structural cells and a pro-inflammatory environment conducive to

uppression of antibacterial host defences. In addition, Bengoechea and

amford (2020) suggested SARS-CoV-2-associated perturbation of gut

omeostasis as a mechanism that may potentially affect the disease out-

omes in patients with severe COVID-19, including predisposing to sec-

ndary lung infections. 

verall incidence of SIs 

Overall, 9.8% of all hospitalized patients with COVID-19 in the

ospital network were diagnosed with SIs. A retrospective study by

ijay et al. (2021) on 17,534 patients with COVID-19 admitted to 10

ospitals in the Indian Council of Medical Research Antimicrobial Resis-

ance Surveillance Network in India reported SIs in only 3.6% of cases.

 meta-analysis of 24 studies, including 3338 patients with COVID-19,

y Langford et al. (2020) reported overall bacterial infection in 6.9%

f patients and in 8.1% of critically ill patients Shafran et al. (2021) .

tudied 1384 cases (642 cases of COVID-19 and 742 cases of influenza)

or blood and sputum culture results, clinical parameters and outcomes,

nd compared these parameters between the cases with COVID-19 and

he cases with influenza. A higher rate of bacterial infection was found

n patients with COVID-19 compared with those with influenza (12.6%

s 8.7%). A review of secondary pulmonary infections in patients with

OVID-19 pneumonia by Chong et al. (2021) from the USA reported

hat the incidence of secondary pulmonary infections was 16% for bac-

erial infections and 6.3% for fungal infections. Secondary pulmonary

nfections were predominantly found in critically ill hospitalized cases.

hus, the incidence of SIs in patients with COVID-19 could be in the

ange of 5–15%, and increased with the severity of disease. 

orrelates of SIs 

Several factors that increased the risk of developing SIs in patients

ith COVID-19 were identified. On average, patients with SIs were 8

ears older than patients without SIs (median age 62.6 vs 54.3 years;

 < 0.001). As age increased, the risk of developing SIs also increased.

nly 4% of patients aged < 45 years had SIs compared with 18.4% of pa-

ients aged > 75 years. In the previous Indian study by Vijay et al. (2021) ,

he mean age of patients with COVID-19 diagnosed with SIs was 53.3

SD 9.36) years. They found that patients with SIs were older than those

ithout SIs, with a clear upward gradient for the incidence of SIs with

ncreasing age. 

In the present study, 54.9% of patients with SIs had diabetes,

hereas the overall prevalence of diabetes in this study was 43.8%

 Budhiraja et al., 2021 ). This difference was significant ( P < 0.001). A US

tudy by Adelman et al. (2021) of 774 patients with COVID-19 found

ypertension in 75.5% of cases and diabetes in 45.7% of cases. A case–

ontrol study conducted in Pakistan by Nasir et al. (2021) found that

iabetes and hypertension were the most common comorbidities in pa-

ients with SIs. In the present study, there were more cases of BSI and

TI among patients with diabetes, and fewer cases of SSTI and HAP. 

Clear correlation was found between the severity of COVID-19 at the

ime of admission and the risk of developing SIs. Only 2.6% of patients

ith mild COVID-19 at admission developed SIs, compared with 9.5%

nd 16.7% of patients with moderate and severe COVID-19 at admis-

ion, respectively. This may be due, in part, to the need for hospitaliza-

ion and ICU stay among patients with moderate and severe COVID-19

asir et al. (2021) . reported that patients who were critically ill at ad-

ission were 4.42 times more likely to develop SIs Chong et al. (2021) .

lso found secondary pulmonary infections predominantly in critically

ll hospitalized cases. A clear relationship was found between higher

ncidence of SIs and the severity of COVID-19 at admission. 
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In the present study, 22.6% of patients admitted to ICUs developed

Is, compared with 3% of patients admitted to hospital wards ( P < 0.001)

ijay et al. (2021) . reported that among the cases with confirmed SIs,

1.7% were in ICUs and 28.3% were on hospital wards at the time of SI

iagnosis. ICU admission seems to have a definite association with SIs. 

It may be difficult to draw a cause–effect relationship between the

eed for oxygen and the risk of developing SIs, but this study found

hat SIs developed in 12.1% of patients receiving oxygen supplementa-

ion compared with 4.9% of those not receiving oxygen supplementa-

ion ( P < 0.001). Similarly, the risk of developing SIs increased with in-

reasing need for oxygen and ventilator support. The risk of developing

Is for patients receiving oxygen by nasal prongs/face mask was 8.4%,

ompared with 21.7% and 23% for patients receiving oxygen by NIV

nd MV, respectively. This could also reflect more severe disease in the

atients with COVID-19 who developed serious SIs and hence needed

reater oxygen support. 

eatures of SIs 

The most common site of SI in this study was urine (41.7%), fol-

owed by blood (41.7%) and pneumonia (24.8%). SSTI was the least

ommon infection (2.6%). This differs from the results reported by

ijay et al. (2021) , who found that blood and respiratory secretions

ere the most common sites of SI. 

Almost 13.4% of patients with SIs were infected by more than

ne micro-organism, and 34.1% had multiple sites of infection

hafran et al. (2021) . reported the presence of more than one co-

nfection in only 4.5% of patients with COVID-19. 

Adelman et al. (2021) reported that 30.7% of cases required MV;

f these, 27.3% had positive respiratory cultures, with Staphylococcus

ureus (34.5%) being the most common bacteria followed by P. aerugi-

osa (19.0%) and Klebsiella spp. (16.7%). Out of 774 cases, blood sam-

le cultures were positive in 76% of cases and 4.7% (36) had BSIs; the

ajority of the patients had been admitted to an ICU (66.7%, 24/36

ases) Shafran et al. (2021) . reported that blood sample cultures were

ositive in 85% of cases, compared with 14.2% of respiratory sample

ultures Vijay et al. (2021) ., from India, found that GNB (78.03%) were

he main pathogens isolated, and the most common isolates were K.

neumoniae (29.3%), A. baumanii (21.07%), P. aeruginosa (9.6%) and E.

oli (8.2%). Candida spp. were isolated from 6% of admitted cases, of

hich 1.2% were C. auris. K. pneumoniae was the most common isolate

n blood (29.7%) and respiratory specimens (35%), and the most com-

on isolates in urine were E. coli (27.17%), K. pneumoniae (18.4%) and

andida spp. (18.4%). Such varying findings indicate that the spectrum

f SIs may be population specific. 

reatment 

The number of patients who developed SIs was examined in relation

o various treatment modalities used for the treatment of patients with

OVID-19. This may not necessarily mean that these drugs increased

he risk of SIs, but may simply reflect high use of these medicines,

articularly in more seriously ill patients. Among the patients who re-

eived steroids, 10.3% had SIs, compared with 3.1% of patients who

id not receive steroids. More than one-quarter (26.9%) of patients who

eceived convalescent plasma developed SIs, compared with 7.3% of

hose who did not receive convalescent plasma. In the patients who re-

eived remdesivir, 10.6% developed SIs, compared with 8.5% of those

ho did not receive remdesivir Nasir et al. (2021) . noted that the use of

ystemic steroids was significantly higher among cases with SIs than in

hose without SIs (92% vs 62%). 

Most of the patients with SIs in the present study received multiple

ntimicrobials. The most commonly used antibiotics were against GNB.

eta-lactam/beta-lactamase inhibitor combination therapy was found

o be the most common treatment (76.9%), followed by carbapenems
51 
57.7%) and cephalosporins (53.9%). Antibiotics directed against GNB-

RE organisms, such as polymyxin B, colistin, fosfomycin, minocycline

nd tigecycline, were used in 47.1% of patients. This matched with the

icrobiological flora, as GNB were found to be the cause of SIs in 63.2%

f cases. The high prevalence of CRE in GNB (68% in A. baumanii , 48% in

. pneumoniae , 39% in E. coli and 43% in P. aeruginosa ) justified the em-

irical use of antibiotics against CRE. The use of antibiotics against GPC

 Staphylococcus spp., coagulase-negative staphylococci (CoNS), Entero-

occus spp.] in this study was high (58.9%), whereas the actual microbi-

logical culture data revealed that these organisms could only be iden-

ified in 19.6% of samples. Similarly, antifungals were used in 56.9% of

ases in this study, whereas fungi ( Candida spp.) were only isolated in

7.3% of cases. A high degree of azole resistance in various Candida spp.

54% fluconazole resistance in C. auris , 19% resistance in non- albicans

andida and 10% in C. albicans ), and a high level of isolation of C. auris

25.7% of Candida spp. isolates in BSIs and 13.4% in UTIs) and C. trop-

calis (30.1% in BSIs and 45.1% in UTIs) justifies the empirical use of

chinocandins (10.3%) and amphotericin B (12.3%). However, there is

cope for significant improvement in terms of rationalizing the use of an-

imicrobials, especially empirical coverage against GPC and fungi. Each

ountry needs to develop empiric antibiotic guidelines for hospitalized

atients with COVID-19 to optimize the therapy and reduce potential

arm caused by future development of antimicrobial resistance. 

The drug resistance profiles of isolated pathogens were studied

y Vijay et al. (2021) , and 47.1% of patients were found to be in-

ected with multi-drug resistant organisms . Three-quarters (74.2%) of

NB isolates were resistant to carbapenems alone Vijay et al. (2021) .

eported the use of third-generation cephalosporins (16.6%), beta-

actam/beta-lactamase inhibitor combination therapy (57.3%) and car-

apenems (43.7%) in the management of patients with COVID-19 with

Is. Vancomycin or teicoplanin was prescribed to 24.9% of patients

ijay et al. (2021) . also reported that the empirical cover for Gram-

ositive pathogens may not be warranted as the SIs were predomi-

antly caused by GNB (78.3%) in their cohort. They also found that

0% of patients received antifungals without any evidence of fungal in-

ection Shafran et al. (2021) . found that culture reports in cases with

ither influenza or COVID-19 showed that P. aeruginosa and S. aureus

ere the most common causes of SIs. GNB represented 75% of cases

n both groups. Interestingly, Enterococcus spp. infection was found to

e more prevalent in patients with COVID-19 than in patients with in-

uenza (8.6% vs 0%), and late infection with GPC was also more com-

on in patients with COVID-19 Langford et al. (2020) . analysed the

se of antibiotics in patients with COVID-19 and found that > 70% of

ases received antibiotics, with the majority being broad-spectrum an-

ibiotics such as third-generation cephalosporins and fluoroquinolones

delman et al. (2021) . reported that the most common organisms iso-

ated were GNB (28.6%), S. aureus (16.7%), Candida spp. (16.7%) and

oNS (11.9%). Nearly 50% of infections were central-line-associated

SIs Nasir et al. (2021) . found that among the SIs, GNB (85%) were

ore common than GPC. The most common isolate from blood was

ulti-drug-resistant Acinetobacter spp., followed by E. coli, Enterococ-

us spp. and K. pneumoniae . Among cases with secondary bacterial HAP,

he most common isolate was multi-drug-resistant Acinetobacter spp.,

ollowed by multi-drug-resistant P. aeruginosa . Chong et al. reported the

se of antibiotics in 60–100% of cases in the studies they reviewed, and

he most common bacterial micro-organism was P. aeruginosa (21%), fol-

owed by Klebsiella spp. (17.2%), S. aureus (13.5%), E. coli (10%), and

tenotrophomonas maltophilia (3%). Aspergillus fumigatus was the most

ommon fungus in patients with COVID-19. Most studies showed that

ulti-drug-resistant GNB were the most common organisms causing SIs

n patients with COVID-19. 

utcome 

The average length of hospital stay in the patients with SIs in this

tudy was twice as long as that for those without SIs (13 vs 7 days;



S. Budhiraja, B. Tarai, D. Jain et al. IJID Regions 3 (2022) 44–53 

P  

i  

o  

o  

i  

N  

g  

1  

T

 

t  

T  

1  

t  

b  

t  

w  

h  

(  

a  

w  

H  

b  

w

 

h  

p  

S  

C  

w  

t  

w  

a  

p  

w  

fi  

s  

r

L

 

d  

l  

g  

f  

i  

b  

C  

w  

fl  

s  

m  

i  

v  

t  

1  

A  

w

C

 

T  

q  

r  

a  

w  

t  

r  

a

A

 

s

A

 

p  

t  

d  

t  

t  

M  

p

C

F

 

i

E

 

S  

B  

s  

p  

a

R

A  

 

A  

 

B  

B  

B  

 

 

 

C  

C  

G  

H  

H  

L  

 

M  

 

 < 0.001). Several risk factors were identified which increased mortal-

ty more than eight-fold in patients with SIs compared with those with-

ut SIs (40.3% vs 4.6%) Vijay et al. (2021) . noted that among cases

f COVID-19 with SIs, the mortality rate was higher among critically

ll patients (68%) compared with patients on hospital wards (27.6%)

asir et al. (2021) . found that cases with COVID-19 with SIs had a

reater proportion of deaths compared with the control patients (42% vs

8%). SIs are a significant factor for mortality, and many are treatable.

hus, at least some of these deaths can be avoided. 

Among the patients who developed SIs, correlation was found be-

ween the severity of COVID-19 at the time of admission and mortality.

he mortality rates in patients with mild, moderate and severe COVID-

9 at admission were 1.2%, 17.5% and 58.5%, respectively. The mor-

ality rate would be expected to increase with the severity of COVID-19,

ut SIs may have contributed to the steep rise in the gradient. The mor-

ality rate in patients with SIs who had diabetes was 45.2%, compared

ith 34.3% in those without diabetes ( P < 0.001). The mortality rate was

ighest in patients with BSIs (49.8%), followed by patients with HAP

47.9%), UTIs (29.4%) and SSTIs (29.4%) Adelman et al. (2021) . found

 significantly higher overall mortality rate in patients with COVID-19

ho developed BSIs compared with those without BSIs (50% vs 13.8%).

owever, they did not find any significant difference in mortality rates

etween intubated cases with bacterial respiratory pathogens and those

ithout bacterial respiratory pathogens. 

The mortality rate in the study group of patients with SIs who only

ad one micro-organism identified was 37.8%, compared with 56.3% in

atients who had more than one micro-organism identified ( P < 0.001)

hafran et al. (2021) . reported an overall mortality rate (in patients with

OVID-19 and influenza combined) of 13.2% in cases without infection,

hile the mortality rates were 33% and 61% in patients with one infec-

ion and patients with two infections, respectively. However, in patients

ith COVID-19, the mortality rate was 48.1% in cases with one infection

nd 75.9% in cases with more than one infection. In the present study,

atients with SIs at a single site had a mortality rate of 28.8%, compared

ith 62.5% in patients with multiple sites of infection ( P < 0.001). These

ndings suggest that SIs are a significant contributing factor for disease

everity among patients with COVID-19, leading to a higher mortality

ate. 

aboratory parameters 

In comparison with patients without SIs, median values for CRP, D-

imer, ferritin, IL-6, LDH and CPK were higher, and the median absolute

ymphocyte count was lower, in patients with SIs. This difference was

reater when comparing the values for patients who died with those

or patients who survived, across both groups. However, the difference

n the median levels of inflammatory markers in patients who died in

oth groups was small, and for some markers (i.e. CRP, IL-6, LDH and

PK), the median values were actually higher in patients without SIs

ho died. A cytokine storm causing significant elevation of these in-

ammatory markers, independent of SIs, would be the most likely rea-

on for this Nasir et al. (2021) . found that median CRP (169 vs 81) and

edian neutrophil:lymphocyte ratio (8 vs 4) were significantly higher

n patients with SIs, but no significant difference in procalcitonin (0.36

s 0.14) was noted in patients with COVID-19 with SIs compared with

hose without SIs. The median CTSS for the overall group with SIs was

5 (IQR 10–19), and that for the group without SIs was 10 (IQR 7–14).

gain, when comparing those who died in both groups, the CTSS score

as almost similar (median 17). 

onclusions 

SIs complicate the course of patients hospitalized with COVID-19.

hese patients tend to have a much longer hospital stay, a higher re-

uirement for oxygen and ICU care, and a significantly higher mortality

ate compared with those without SIs. The groups most vulnerable to SIs
52 
re patients with more severe COVID-19, elderly patients and patients

ith diabetes. Judicious empirical use of combination antimicrobials in

hese groups of vulnerable patients can save lives. It is desirable to have

egion- or country-specific guidelines for appropriate use of antibiotics

nd antifungals to prevent their overuse. 
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