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ABSTRACT

Introduction: The novel coronavirus (2019-nCoV) is a contagious
virus that causes respiratory infection and has shown evidence
of human-to-human transmission. In this infection, the immunity
of the patient is decreased; making them susceptible to various
secondary infections. This leads to increased morbidity and
mortality in these patients.

Aim: To estimate the profile of secondary infections in hospitalised
Coronavirus Disease-2019 (COVID-19) patients and analyse their
antimicrobial susceptibility pattern.

Materials and Methods: A cross-sectional study was conducted
for a period of five months from June to October 2021, which
included COVID-19 positive patients with secondary infection
admitted in the dedicated COVID hospital, Maharaja Krishna
Chandra Gajapati Medical College and Hospital (MKCG MCH),
Berhampur, Odisha, India. Clinical samples like blood, urine,
sputum, tissue biopsy and Bronchoalveolar Lavage (BAL) were
collected aseptically from patients with COVID-19 and were
processed in microbiology laboratory as per standard operating
procedures. All the necessary information like demographic
features (age, gender), associated co-morbidities and oxygen
saturation levels of COVID-19 positive patients at the time of
admission were collected and entered in a Microsoft Excel

sheet for further analysis. Results of continuous variables were
described by mean and range while categorical variables were
described by frequency. All the generated data was analysed by
Statistical Package for the Social Sciences (SPSS) 16.0.

Results: A total of 438 patients suspected of COVID-19 were
admitted during the study period, out of which 138 patients were
positive for COVID-19 by Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR). Out of 138 COVID-19 positive patients,
105 patients were willing to give samples and their samples were
processed for bacterial and fungal culture and sensitivity. Total
18/105 (17.1%) samples were positive for bacterial and fungal
growth. Blood Stream Infection (BSI) were seen in 14/18 (77.8%)
and was predominantly associated with Staphylococcus aureus
5/14 (35.7%), followed by Enterococcus spp. 3/14 (21.4%). Out
of total culture positive cases, 2/18 (11.1%) showed Urinary Tract
Infection (UTI). Of the UTI cases, Escherichia coli was isolated from
1/2 (60%) of cases. Out of total culture positive cases, 2/18 (11.1%)
were identified having mucormycosis. All gram positive bacteria had
shown maximum resistant to ampicillin and gram negative bacteria
were resistant to ampicillin-sulbactam, levofloxacin, cotrimoxazole.
Conclusion: In COVID-19 positive patients with secondary
infection, early diagnosis and prompt treatment will lead to
improved patient care and better outcome.

Keywords: Co-infection, Community acquired infection, Coronavirus disease 2019,

resistance, Hospital acquired infection, Superinfection

INTRODUCTION

Secondary infections are commonly identified in viral respiratory tract
infections e.g. influenza and are important cause of mortality and
morbidity which require prompt diagnosis and antimicrobial therapy
[1-3]. These infections can have worse outcomes if not treated on
time. Secondary infection in patients with severe influenza has been
published as high as 20-30% [3,4]. It has been shown that most
of the deaths reported in 1918-19 during influenza pandemic were
due to secondary bacterial infections [5].

Coronaviruses have been known to the human kind as important
pathogens causing respiratory tract infections in both children
and adults. Severe pneumonia has been reported due to Severe
Acute Respiratory Syndrome (SARS) and Middle East Respiratory
Syndrome (MERS) and more recently the novel coronavirus (2019-
nCoV) or SARS-CoV-2. Compared to the SARS and MERS the
virulence of SARS-CoV-2 is relatively low, only few infected people
developed severe manifestation [6]. It is a highly infectious virus that
causes respiratory infection and human-to-human transmission. It
spreads through inhalation or ingestion of viral droplets.
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Its target receptor Angiotensin Converting Enzyme 2 (ACE2) is
mainly expressed in the cells of cardiopulmonary system and the
final outcome can be lung injury, myocarditis, inflamed and leaking
vessels, rise or fall in blood pressure and organ damage [7-10]. India
has reported 3.71 Cr cases of COVID-19 till 15" Jan 2022.

In COVID-19, secondary infection have been detected, including
bacterial and fungal infections, especially in severe or critical cases
[11-13]. The overall secondary infection rate in patients infected
with COVID-19 is about 5-30% [14-20]. Early diagnosis, prompt
identification and judicious use of antibiotics and antifungals will
lead to improved patient care and better outcome. This would
also justify the need for initial empiric antibiotic treatment and will
decrease routine use and (overuse) of antibiotics and antimicrobial
resistance. Present study aimed to estimate the profile of secondary
infections in hospitalised COVID-19 patients and to determine the
antimicrobial susceptibility pattern.

MATERIALS AND METHODS

A cross-sectional study was conducted for a period of five
months in Department of Microbiology (June to October 2021) in



Gouri Sankar Sabat et al., Secondary Infections in Hospitalised COVID-19 Patients

MKCG Medical College, Berhampur, a tertiary care 1190 bedded,
teaching, and referral hospital in Odisha, India. With the onset of the
CQVID-19 pandemic, a dedicated COVID Hospital (DCH) with 150
beds capacity was established. The study was approved by the
Institutional Ethical Committee (IEC), MKCG Medical College (IEC-
870) and informed consent was taken from the participants. All the
CQOVID-19 positive patients admitted in the DCH of MKCG Medical
College during the above study period were included.

According to Centers for Disease Control and Prevention (CDC),
infections that are identified after 48 hours of hospital admission
should be referred as hospital-acquired infection and infections that
are identified within 48 hours of admission as community-acquired
infection [21,22]. According to CDC, co-infection is one occurring
concurrently with the initial infection and super infection/secondary
infection is an infection following a previous infection especially
when caused by microorganisms that are resistant to the earlier
used antibiotics, the difference being purely temporal [23,24].

Inclusion criteria: COVID-19 patients of all age group, with or
without symptoms of Severe Acute Respiratory Infection (SARI),
who were admitted for the above study period, within 48 hours of
hospitalisation were included in the study.

Exclusion criteria: Unwilling patients were excluded from the study.

Study Procedure

Relevant clinical samples like blood, urine, sputum, tissue biopsy
and BAL were collected aseptically [25] from the COVID-19 positive
patients admitted in the DCH for the above study period were
received in the microbiology laboratory and processed for the same
as below [Table/Fig-1].

MacConkey agar, Blood
Agar, CLED, Nutrient
agar (1)

{ Gram stain, catalase, J

coagulase, oxidase [ Yeast (2a)

[Gnm stain, Indian inh]

ioaier: germ tube
bacteria, gram
positive (n=8), gram
negative (n=7) and
AST

1f germ tube
positive (n=1)

Non-albicans species,
Albicans species (n=1), AFST
CHROME agar, AFST

[Table/Fig-1]: Flow chart of sample processing.

1f germ tube
negative (n=0)

LPCB (Lactophenol
cotton blue)

species identified
to be

mucor/rhizopus/r
hizomucor

CLED: Cystine lactose electrolyte deficient; BAL: Bronchoalveolar lavage; AST: Antimicrobial
susceptibility testing; AFST: Antifungal susceptibility testing; SDA: Sabouraud’s dextrose agar

Blood, sputum and BAL samples were inoculated on MacConkey
agar, blood agar, nutrient agar and Sabouraud’s Dextrose Agar (SDA).
Urine was inoculated on Cystine Lactose Electrolyte Deficient agar
(CLED) and processed as (1) in above flow chart and Antimicrobial
Susceptibility Test (AST) was done according to the Clinical and
Laboratory Standards Institute (CLSI) 2021 guidelines [26]. Growth
on SDA (2) was identified as yeast or mould and processed under
(2a) and (2b) respectively, as in the above flowchart. Antifungal
Susceptibility Test (AFST) was done according to CLSI-2021
guidelines [26]. BAL fluid and tissue biopsy samples were subjected
to gram stain and 40% Potassium Hydroxide (KOH) test to see for
fungal elements and processed as (3) in the above flowchart. All
the clinical samples were processed in the biosafety cabinet (BSL-2)
[Table/Fig-2-6]. Personal protective equipments were used while
processing the samples. All the clinical samples were disposed as
per the biomedical waste management guidelines in India [27].
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[Table/Fig-2]: Gram stain showing gram positive cocci in pairs 100X oil immersion.
[Table/Fig-3]: Gram stain showing gram negative bacilli 100X oil immersion. (mages
from left to right)

[Table/Fig-4]: Gram stain showing buddying yeast cells 100X oil immersion.
[Table/Fig-5]: KOH mount showing fungal elements 40X high power. (Images from
left to right)

[Table/Fig-6]: Lactophenol cotton blue (LPCB) mount showing mucor 40X high power.

STATISTICAL ANALYSIS

All the necessary information like demographic features (age, gender),
associated co-morbidities and oxygen saturation levels of COVID-
19 positive patients at the time of admission were collected and
entered in a Microsoft Excel sheet for further analysis. Results of
continuous variables were described by mean and range while
categorical variables were described by n (%). Here (n) is total
number of COVID-19 positive patients, total samples collected for
microbiological culture, microbiological culture positive for bacterial
and fungal growth and organisms isolated from culture positive
samples. All the generated data was analysed by Statistical Package
for the Social Sciences (SPSS) version 16.0.

RESULTS

Atotal of 438 patients suspected of COVID-19 were admitted during
the study period, out of which 138 (31.5%) patients were positive
for COVID-19 by RT-PCR. Out of 138 COVID-19 positive patients,
71 (51.5%) were females and 19/138 (13.8%) had pregnancy. The
mean age of the COVID-19 positive patients was 43 years with a
range of 6 to 84 years. Mean saturation level of the COVID-19 positive
patient’s was 90%, with a range of 54%-94%. Out of 138 COVID-
19 positive cases, 58/138 (42%) had co-morbidities. Diabetes with
hypertension was seen in 23/138 (16.7%), hypertension alone in
8/138 (5.8%), asthma in 2/138 (1.4%).

Demographic features of COVID-19 positive patients and COVID-19
positive patients with secondary infection were compared in [Table/
Fig-7]. Out of 138 COVID-19 positive patients, 105 patients were
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willing to give samples and were processed for bacterial and fungal
culture and sensitivity. Out of total samples tested, 58/105 (55.2%)
were blood, 36/105 (34.3%) were urine, 6/105 (5.7 %) were sputum,
1/105 (1.0%) was BAL fluid and 4/105 (3.8%) were tissue. Out of
105 samples collected for microbiological culture, 18/105 (17.1%)
samples were positive for bacterial and fungal growth. Out of total
culture positive cases, BSI was seen in 14/18 (77.8%) samples
and was predominantly associated with Staphylococcus aureus
5/14 (35.7%). Out of 18 samples, 2/18 (11.1%) showed UTI in
which Escherichia coli was isolated from 1/2 (50%) of cases, [Table/
Fig-8]. Out of total culture positive cases, 2/18 (11.1%) were identified
as having mucormycosis based on the growth on SDA.
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The antibiotic susceptibility pattern of the isolated organisms is
tabulated in [Table/Fig-9] and [Table/Fig-10]. All gram positive bacteria
had shown maximum resistant to ampicillin and gram negative bacteria
were resistant to ampicillin-sulbactam, levofloxacin, cotrimoxazole.
Staphylococcus aureus was isolated in five cases, of which 3/5 (60%)
were methicilin resistant Staphylococcus aureus (MRSA). Of the
pathogens isolated gram negative bacteria isolated were seven, of
which 7/7 (100%) were Extended Spectrum Beta-Lactamases (ESBL)
producers and carbapenem resistance was seen in 2/7 (28.6%).
Among gram positive isolates 8/8 (100%) were sensitive to linezolid.
Among the gram negative pathogens 4/7 (57.1%) were sensitive to
Piperacilin/Tazobactam, and 5/7 (72%) were sensitive to meropenem.

Demographics

COVID-19 patients n=138, n (%)

COVID-19 patients with secondary infection, n=18, n (%)

Mean age in year 43 (Range-6 to 84)

49 (Range-20 to 65)

Age distribution (years)

01-20 15 (10.9) 01(5.5)
21-40 52 (37.7) 05 (27.8)
41-60 41 (29.7) 09 (50)
61-80 28 (20.3) 03 (16.7)
81-100 02 (1.4) 0
Gender M/F (M:F) 67/71 (1:1.05) 09/09 (1:1)

Mean saturation level (%) 90 (Range-54%-94%)

91 (Range-65%-93%)

Co-morbidities

[Table/Fig-7]: Demographic and clinical characteristics of COVID-19 positive patients.

Diabetes mellitus with hypertension 23 (16.7) 07 (38.9)
Hypertension 08 (5.8) 01 (5.5)
Pregnancy 19 (13.8) 00
Asthma 02 (1.4) 00
Tuberculosis 01 (0.7) 00
Ischaemic heart disease 01 (0.7) 00
Death 28 (20.3) 02 (11.1)
Discharged 110 (79.7) 16 (88.9)

Samples collected Total sample collected (n=105) Culture positive (n=18)
Blood 58 14 (77.8)

Urine 36 2(11.1)
Sputum 06 0
Broncoalveolar lavage (BAL) fluid-+tissue 05 2(11.1)

Total 105 18

Bacterial profile of secondary infections (two samples excluded as two patients were dead)

Staphylococcus aureus (n=5) Enterococcus spp. (n=3)
Antibiotic Sensitive (%) | Resistant (%) | Sensitive (%) | Resistant (%)
Clindamycin 2 (40) 3 (60) - -
Linezolid 5 (100) 0 3 (100) 0
Ampicillin 0 5 (100) 0 3 (100)
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Blood n=14
Staphylococcus aureus 05 (35.7)
Enterococcus spp. 03 (21.4)
Klebsiella spp. 02 (14.3)
Acinetobacter spp. 02 (14.3)
Escherichia coli 01(7.1)
Pseudomonas aeruginosa 01(7.1)
Urine n=02
Escherichia coli 1(50)
Candida tropicalis 1(50)

Levofloxacin 4 (80) 1(20) 0 3 (100)
Cefoxitin 2 (40) 3 (60) - -
Gentamicin 4 (80) 1(20) - -
Cotrimoxazole 3 (60) 2 (40) - -
Vancomycin - 3 (100) 0

[Table/Fig-9]: Antibiotic susceptibility pattern of gram positive isolates.
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Escherichia coli (n=2) Klebsiella spp. (n=2) Acinetobacter spp. (n=2) Pseudomonas aeruginosa (n=1)
Antibiotic Sensitive (%) | Resistant (%) | Sensitive (%) | Resistant (%) | Sensitive (%) | Resistant (%) | Sensitive (%) Resistant (%)
Amikacin 2 (100) 0 0 2 (100) 1 (50) 1(50) 1(100) 0
Meropenem 2 (100) 0 1(50) 1(50) 1(50) 1(50) 1(100) 0
Piperacillin/Tazobactam 2 (100) 0 0 2 (100) 1 (50) 1(50) 1(100) 0
Cotrimoxazole 0 2 (100) 0 2 (100) 0 2 (100) - -
Cefotaxime 0 2 (100) 0 2 (100) 0 2 (100) - -
Ampicilin/Sulbactam 0 2 (100) 0 2 (100) 0 2 (100) - -
Levofloxacin 0 2 (100) 0 2 (100) 0 2 (100) 1(100) 0
Cefepime - - - - - 0 1 (100)
Ceftazidime - - - - - 0 1(100)
Aztreonam - - - - - 0 1(100)

[Table/Fig-10]: Antibiotic susceptibility pattern of gram negative isolates.

Antifungal susceptibility pattern of Candida albicans tabulated in [Table/
Fig-11]. Out of 138 patients, 28/138 (20.3%) patients succumbed to
death and rest were discharged.

Candida albicans (n=1)
Antifungal Sensitive Resistant
Fluconazole 1(100) 0
Voriconazole 1(100) 0
Nystatin 1 (100) 0
Amphotericin B 1(100) 0

[Table/Fig-11]: Antifungal susceptibility pattern of fungal isolates.
DISCUSSION

The present study identified the profile and incidence of secondary
infections in COVID-19 infected hospitalised patients over a period
of five months. Among 138 COVID-19 positive patients, 105 patients
were willing to give samples and 105 samples were sent to the
microbiology department for the processing. Out of these, culture
positive were seen in 18 (17.1%) samples. This results were similar
with reports from other studies where the secondary infection rate
ranged from 5-30% [14-20,28,29]. Majority of patients were females
and constituted around 51.5%. In contrast to this, other studies
showed male predominance [7,28,30]. The mean age of the COVID-
19 positive patients was 43 year with a range of 6-84 years. Other
study showed almost similar results with age range of 1 to 97 years
with a mean of 53.3 year [29]. When co-morbidity was compared,
diabetes with hypertension was seenin 16.7 % patients, hypertension
in 5.8%, and 13.8% positive cases were seen in pregnant women.
Report from other study showed associated co-morbidities were
diabetes mellitus 18%, hypertension 46.8%, asthma 6.5%, heart
disease 24% [28]. BSI constitute majority of secondary infections
with 14/18 culture positive samples. Staphylococcus aureus was
the most common bacteria isolated followed by Enterococcus spp.
which were gram positive organisms. Few previously documented
studies were in line with this result, showed BSI was predominantly
due to gram positive pathogens [28,31]. In contrast to this other
previously reported studies showed BSI was predominantly due
to gram negative pathogens [29,32,33]. Present study showed
gram negative septicaemia was predominantly associated with
Klebsiella spp. and Acinetobacter spp. This result was similar to the
previously reported studies which showed among gram negative
organisms Kilebsiella spp. was the commonest organism followed
by Acinetobacter spp. or vice versa [29,32].

After BSI, UTI constitute 2/18 (11.1%) culture positive samples.
Previous study showed total urine culture positive cases in the first
wave of COVID-19 pandemic were 9.3% and 18.8% in the second
wave [33]. UTI was mainly due to Escherichia coli and Candida
tropicalis. These results were in line with the previously reported studies,
which showed among COVID-19 positives predominant urinary
pathogens were Escherichia coli, Klebsiella spp., Candida spp. [29,34].

All gram positive bacteria have shown maximum resistant to
ampicillin and gram negative bacteria were resistant to ampicillin-
sulbactam, levofloxacin, cotrimoxazole. This was in contrast with
previously documented studies, which showed gram negative
pathogens pathogens isolated from blood and urine of COVID-19
positive patients showed highly resistant to ampicillin, levofloxacin,
piperacillin/tazobactam [29,34]. MRSA strain was seen in 60% of
the Staphylococcus isolates. In contrast to this result, previously
reported study showed methicillin resistance was observed in
100% of Staphylococcus aureus isolates [32]. Among the gram
negative isolates in the study, 100% were ESBL strains and
28.6% were carbapenem resistance strains. Most of the previously
documented studies showed high level of meropenem resistance
(carbapenem resistance) among Klebsiella spp. and Acinetobacter
spp., which was about 60-90% [29,34,35] in contrast to the present
study. Present study showed the incidence of secondary infection
in COVID-19 positive patients was maximum due to gram positive
organisms followed by multiple drug resistance gram negative bacilli.
BSI was predominant among COVID-19 positive patients followed
by UTI and mucormycosis. As most of secondary infections in
the present study were community origin, as they occurred within
48 hours of admission.

Limitation(s)

Present study was done as a single centre study done in a tertiary
care hospital so the results cannot be generalised. Our hospital is
a referral centre from PHCs (Primary Health Centres) and CHCs
(Community Health Centres), they might acquire these pathogens
at the previous hospital where they admitted.

CONCLUSION(S)
Secondary infections are more commonly seen in COVID-19
patients with co-morbidities and BSI are more commonly reported
due to gram positive bacteria and multi-drug resistant gram negative
bacteria. It may be difficult to differentiate which patient have co-
infection/hospital acquired infection and which do not; however,
proper history taking and examination should be made to determine
if a bacterial co-infection is present on admission of a patient
with COVID-19. Strict hospital infection control programs should
be followed at all healthcare set-ups without non compliance.
Antimicrobial stewardship programmes should be administered to
treat patients and to decrease multiple drug resistant infections.
Although secondary infections appear to be prevalent among
COVID-19 patients, it is still an understudied phenomenon.
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