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Abstract
Prior to the Severe Acute Respiratory Syndrome Coronavirus Disease 2 (SARS-CoV-2) pandemic, the
rise in antimicrobial resistance was a major source of concern in public health. However, due to the
novelty of SARS-CoV-2 infection during the pandemic, antibiotics were administered prior to laboratory
testing for secondary gram-negative bacteria (SGNB) in order to avoid or reduce the occurrence of
SGNB infection. The purpose of this study was to investigate the etiology, prevalence, and antimicrobial
susceptibility pattern of gram-negative bacteria (GNB) isolated from SARS-CoV-2 positive patients.
Respiratory and blood samples were collected from confirmed SARS-CoV-2 positive patients. They
were subsequently cultured and bacterial isolates identified according to standard microbiological
protocols. Antimicrobial susceptibility testing (AST) was performed and interpreted according to Clinical
& Laboratory Standards Institute (CLSI) 2021 guidelines. A total of sixty-four non-repetitive GNB were
isolated from respiratory samples and twenty-two GNB from blood samples. K. pneumoniae was the
major cause of SGNB, followed by Acinetobacter species. K. pneumoniae had over 60% resistance to
β-Lactam combination agents, cephalosporin, and the carbapenem group of antibiotics. In the current
study, we observed that K. pneumoniae was the major cause of SGNB and had high resistance to
the antimicrobial agents. Hence, it is important that the epidemiology and susceptibility patterns of
circulating organisms causing SGNB infection are always monitored to inform clinical treatment and
decrease the occurrence of antibiotic-resistant bacteria.
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Introduction

pathogens on the WHO list were all GNB (i.e.,
carbapenem-resistant Acinetobacter baumannii,
carbapenem-resistant Pseudomonas aeruginosa,
and 3 rd generation cephalosporin-resistant
Enterobacteriaceae).13 As a result, they require
close regional monitoring and the development of
practical guidelines to limit access to unprescribed
antibiotics and their overuse. This could help
to reduce resistance among GNB.14-16 This study
focuses on identifying the prevalence of SGNB
and their antimicrobial susceptibility patterns. To
the best of our knowledge, limited studies have
focused on the prevalence and susceptibility
pattern of SGNB infections in our region. Regional
knowledge is important because it will play a
significant role in predicting clinical outcomes
and potentially aiding in the creation of strategies
that could assist in lowering the severity and
complications associated with the presence of
secondary bacteria in the case of a future viral
pandemic.

The past two decades have recorded the
emergence of severe viral infections, with SARSCoV-2 being the most recent. SARS-CoV-2 started
in Wuhan, China, and has since then quickly spread
over the rest of the world.1 As of August 15, 2022,
the global incidence of SARS-CoV-2 was over
587 million cases with over 6.4 million deaths.2
Its clinical presentation varies from the patient
being asymptomatic to having severe pneumonia,
causing respiratory failure and eventually death.3
The SARS-CoV-2 often affects ciliated cells in
the alveolar epithelium and its barrier function
due to viral-induced immune-mediated damage
and dysregulated host-immune response, thus
facilitating bacterial attachment and colonization.4
Secondary infections, which are caused either by
bacteria, fungi, or viruses, are a major consequence
of viral infection progression.5 They appear during
or after viral infection and are associated with
prolonged hospital stays, increased respiratory
failure, and mortality, especially in critically ill
patients.6,7 Generally, the overall incidence rate
of secondary bacterial infection (SBI) in patients
infected with SARS-CoV-2 varies substantially.
Researchers reported an incidence rate of 14%–
44% for SBI and 0.8%–19.8% for co-infection,
respectively.7,8 The variation could be due to
differences in geographical locations, sample sizes,
and populations, among others. Zhou et al. report
in their study that the ratio of secondary infections
in SARS COV-2 is 1:7, with over 50% of the fatality
rate caused by untreated or untreatable SGNB.9
The rapid rise in antimicrobial resistance,
which was a major cause of public health concern
before SARS-CoV-2, became much more of a
worry earlier during the pandemic because of
uncertainty regarding the new infectious disease,
the surge in critically ill patients, and the lack of
effective therapies for SARS-CoV-2, resulting in
the excessive and unnecessary use of antibiotics,
which were commonly administered before or at
the time of hospital admission.10-12 As described
by the World Health Organization (WHO) in 2017,
GNB accounts for the vast majority of antibioticresistant organisms because of their ability to
alter their outer membrane, thus making them
more resistant to antibiotics than gram-positive
bacteria (GPB). In addition, the critical priority
Journal of Pure and Applied Microbiology

Materials and Methods
A one-year retrospective study was
carried out between October 2020 and October
2021 at a 1500-bed tertiary care hospital in Tamil
Nadu, India. SARS-CoV-2 positive patients were
identified using Real Time RT-PCR, and blood as
well as respiratory samples were collected by the
clinician from all SARS-CoV-2 positive patients
and sent to the microbiology laboratory to be
tested for the presence of SBI. All collected blood
samples were aseptically inoculated into the BacT/
ALERT®3D microbial detection culture media
bottles and incubated in the BacT/ALERT®3D
microbial detection system until there was a
positive signal, while respiratory samples were
directly cultured on three culture media. They
include blood, MacConkey, and chocolate agar,
and were identified using biochemical tests at
37°C for 18-24 hours. Blood-positive samples were
also cultured using the same media and incubated
at 37°C for 18-24 hours. Inclusion criteria were
SARS-CoV-2 positive patients of all age groups
confirmed with SGNB, while exclusion criteria
were SARS-CoV-2 positive patients with either
GPB, contaminates, or colonizers. Demographic
data such as the age and gender of patients was
collected from the laboratory register.
2515
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Statistical Analysis
Data was entered into Microsoft Excel and
statistical analysis was performed using IBM SPSS
V25.

SBI was defined as the presence of a true
pathogen in either the blood or respiratory sample
of a patient confirmed with SARS-CoV-2 using RTPCR. Hence, results were corrected clinically in the
laboratory and the presence of likely contaminants
or colonizers was screened out. Only data from
confirmed true pathogens was included in this
study.

Ethics

Ethical permission was not required as
the study was retrospective and data was collected
from the microbiology register.

Antimicrobial Susceptibility Test (AST)
AST was performed by the disk diffusion
method (using the Kirby-Bauer method) and the
results were interpreted in accordance with the
CLSI 2021 guidelines.17 Antibiotics tested for were
amoxicillin-clavulanate, ceftazidime clavulanic
acid, piperacillin-tazobactam, cefazolin, cefepime,
cefotaxime, ceftriaxone, cefoxitin, cefuroxime,
ceftazidime, ertapenem, meropenem, imipenem,
gentamycin, tobramycin, amikacin, ciprofloxacin,
and tetracycline.

Results
After excluding contaminants, the total
number of SARS-CoV-2 positive patients diagnosed
with SBI during the study period was 145. There
were 86 (59.31%) GNB isolates and 59 (40.69%)
GPB isolates. Table 1 shows the sample type
distribution and prevalence of GNB organisms
identified. Males had a higher prevalence of
SGNB (67.44%) than females (32.55%). Figure 1.
48 (55.81%) of SGNB patients recovered and were
discharged, while 38 (44.18%) died. Figure 2.

Table 1. Prevalence of SGNB Isolates among SARSCoV-2 positive patients from different sample types
Isolates		

Antimicrobial Susceptibility Testing (AST)
Table 2 shows the antimicrobial
susceptibility patterns of four predominant
GNB organisms identified during our study. The
organisms were K pneumoniae, followed by P.
aeruginosa, Acinetobacter spp., and E. coli. A high
rate of resistance was noticed in K. pneumoniae
isolates, while P. aeruginosa was the most

Sample Types

Blood Sputum Tracheal Others
			
Aspirate
K. pneumoniae
Acinetobacter
P. aeruginosa
E. coli

11
8
1
2

15
1
6
-

15
7
9
2

5
2
2

Figure 2. Outcomes of SARS-CoV-2 positive patients
with SGNB

Figure 1. Shows the gender wise distribution of SGNB
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Table 2. Antimicrobial susceptibilities of SGNBI Isolated from SARS-CoV-2 positive patients
			 Organism names and numbers (%)
Antibiotics

Interpretation K. pneumoniae Acinetobacter spp.
(S, I, R)
(n=46)
(n=16)

E. coli
(n=6)

P. aeruginosa
(n=18)

Penicillin 					
Ampicillin
S
0 (0)
1 (17)
I
0 (0)
0 (0)
R
46 (100)
5 (83)
Beta-lactam combination agents
Amoxicillin- clavulanate
S
0 (0)
1 (17)
I
2 (4)
0 (0)
R
44 (96)
5 (83)
Ceftazidime clavulanic acid
S
16 (35)
5 (83)
I
0 (0)
0 (0)
R
30 (65)
1 (17)
Piperacillin-tazobactam
S
17 (37)
12 (75)
4 (67)
18 (100)
I
0 (0)
0 (0)
0 (0)
0 (0)
R
29 (63)
4 (25)
2 (33)
0 (0)
Cephalosporins					
Cefazolin
S
7 (15)
1 (17)
I
0 (0)
0 (0)
R
39 (85)
5 (83)
Cefepime
S
10 (22)
11 (69)
2 (33)
18 (100)
I
2 (4)
1 (11)
1 (17)
0 (0)
R
34 (74)
4 (25)
3 (50)
0 (0)
Cefotaxime
S
8 (17)
7 (44)
1 (17)
I
0 (0)
3 (19)
0 (0)
R
38 (83)
6 (38)
5 (83)
Ceftriaxone
S
9 (20)
9 (56)
2 (33)
I
0 (0)
0 (0)
0 (0)
R
37 (80)
7 (44)
4 (67)
Cefoxitin
S
11 (24)
4 (67)
I
2 (4)
0 (0)
R
33 (72)
2 (33)
Cefuroxime

S
8 (17)
1 (17)
I
0 (0)
0 (0)
R
38 (83)
1 (17)
Ceftazidime
S
8(15)
11 (61)
2 (33)
17 (94)
I
2 (4)
0 (0)
0 (0)
R
37 (81)
5 (39)
4 (67)
1 (6)
Carbapenems					
Ertapenem
S
15 (33)
4 (67)
I
2 (4)
1 (17)
R
29 (63)
1 (17)
Meropenem
S
17 (37)
11 (69)		
16 (89)
I
0 (0)
0 (0)		
0 (0)
R
29 (63)
5 (31)		
2 (11)
Imipenem
S
17 (37)
9 (56)
4 (67)
16 (89)
I
1 (2)
0 (0)
1 (17)
0 (0)
R
28 (61)
7 (44)
1 (17)
2 (11)
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Table 2. Cont...
			 Organism names and numbers (%)
Antibiotics

Interpretation K. pneumoniae Acinetobacter spp.
(S, I, R)
(n=46)
(n=16)

E. coli
(n=6)

P. aeruginosa
(n=18)

Aminoglycosides					
Gentamycin
S
17 (37)
-		
I
0 (0)
-		
R
29 (63)
-		
Tobramycin
S
-		
16 (89)
I		
-		
0 (0)
R		
-		
2 (11)
Amikacin
S
20 (43)
11 (69)
4 (67)
I
0 (0)
0 (0)
0 (0)
R
26 (57)
5 (31)
2 (33)
Tetracyclines 					
Tetracycline
S
19(41)
10 (63)
2 (33)
I
0 (0)
1 (6)
0 (0)
R
27 (59)
5 (31)
4 (67)
Quinolones					
Ciprofloxacin
S
2 (4)
12 (75)
0 (0)
14 (78)
I
11 (24)
0 (0)
3 (50)
0 (0)
R
33 (72)
4 (25)
3 (50)
4 (22)
S-sensitive, I-Intermediate, R-Resistance

sensitive organism. Over 50% of Acinetobacter
spp. were carbapenem-resistant, with over 80%
of K. pneumoniae 3rd generation cephalosporinresistant.

K. pneumoniae (53.48%), P. aeruginosa
(20.93%), Acinetobacter (18.60%), and Escherichia
coli (6.97%) were the most commonly isolated
SGNB in SARS-CoV-2 positive patients. A similar
study by Vijay et al. also identified K. pneumoniae
as the most common SGNB recovered from SARSCoV-2 positive patients. In contrast, Sharifipour et
al. found Acinetobacter to be the most common
SGNB in their studies.19,20 SGNB was higher in
males than females. This could be due to the fact
that men express angiotensin-converting enzyme
2(ACE 2) at a higher level than females and that,
in terms of immunity, reproductive-age women
are more prone to autoimmune disorders than
infectious diseases. Men's lifestyles, such as
heavy smoking and drinking, render them more
susceptible to infection.21 studies by Ramiez et al.
and Bwire correlate with our findings.21,22
Among the 86 patients studied, 48
(55.81%) were discharged, while 38 (44.18%)
expired. An overall higher death rate was
observed among elderly, critically ill patients with
comorbidities admitted to the intensive care unit.
Our findings are in agreement with the studies

Discussion
Infection pathogenesis is a multifaceted
process that involves several components, such
as the state of the host immune system, the
bacterial isolates, and antimicrobial susceptibility
pattern, among other factors.18 Studies on viral
infections over the past decades have shown that
the presence of SBI during or after a viral infection
further deteriorates patients’ health, especially
when a patient is critically ill.4,5 Hence, this study
was done to study the major GNB organisms
causing SBI and their susceptibility patterns to
antibiotics.
The current study recovered 145 GNB
from SARS-CoV-2 positive patients. Among them,
86 (59.31%) were GNB isolates and 59 (40.69%)
were GPB isolates. Of the 86 GNB isolates, 64 were
from respiratory samples and 22 were from blood
samples.
Journal of Pure and Applied Microbiology
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of Boorgula et al., who also observed a higher
mortality rate in critically ill patients.12
In terms of antibiotic susceptibility
pattern, we found K. pneumoniae to be the most
resistant strain, while P. aeruginosa was the most
sensitive strain. K. pneumoniae was resistant to
more than one antibiotic agent, which makes
them multi-drug resistant organisms.23 Studies
by Jyoti et al.24 show that MDR impedes disease
control by increasing the likelihood of resistance
organisms spreading, resulting in lower efficacy
of therapy and prolonging the patient's infection.
Antimicrobial resistance is linked to an increase
in the mortality rate and high medical expenses,
as well as a reduction in antimicrobial agent
effectiveness.24 Acinetobacter was identified as
the most prevalent SGNB in SARS-CoV-2 positive
patients by Sharifipour et al.20 and Moradi et
al.5 with high resistance to all antibiotics used in
treatment except colistin. Multiple other studies
also show unique variation in susceptibility
patterns that could be caused by a variety of
factors, such as differences in geographical location
and sample size.5,20 The WHO and the US Centers
for Disease Control (US-CDC) have identified
MDR K. pneumoniae as a major threat to human
health.13 Infections caused by K. pneumoniae are
more threatening in neonates, the elderly, and
those who are immunocompromised.5,20
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