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ABSTRACT 
Globally, the public and economic well-being are seriously threatened by antimicrobial resistance (AMR). The study 
aimed to identify the outcomes and attributable cost of treatment in patients with resistant bacterial infections. A 
prospective observational study was carried out for 30 months in adult patients admitted to a tertiary care teaching 
hospital. Patients diagnosed with clinical infection were included. Antimicrobial susceptibility testing was performed 
and interpreted according to the Clinical and Laboratory Standard Institute guidelines. Direct costs were collected 
and reported as median and range. Multiple linear regression was performed to identify the association between the 
attributes and costs. A high prevalence of management of multidrug-resistant (MDR) and extensive/pandrug-resistant  
Gram-negative and MDR Gram-positive isolates were identified. Gram-negative isolates were highly resistant 
to β-lactam/β-lactamase inhibitors (62%–90%), fluoroquinolones (72%–91%), and carbapenems (58%–94%). 
Overall mortality was 17%. Median antibiotic costs were higher for patients with polymicrobial infections [$316 
($89–$1,248)], followed by intensive care unit patients [$184 ($70–$417)]. The overall cost for hospital-acquired 
infections [$2,431 ($1,223–$5,191)] was 2.5 times the cost of community-acquired infections [$902 (540–1,520)]. 
Hospital-acquired infections, mortality, length of stay, and resistant strains of Escherichia coli, Klebsiella spp., and 
Acinetobacter spp. were significantly associated with higher treatment costs (p ≤ 0.05). Lowering AMR with the 
judicious use of antibiotics and effectively strengthening the hospital’s infection control program can reduce the 
financial burden.

INTRODUCTION
The cost of therapy is a primary concern among 

patients in lower-and-middle-income countries (LMICs). Lack of 
awareness, resources, low socioeconomic status, poor hygiene, 

and sanitation, contribute to increased transmission of infection 
in countries like India (Atal and Mathur, 2020). Management of 
multidrug-resistant (MDR) infections is associated with a higher 
cost requiring second-line agents, additional investigations, 
and increased length of stay (LoS). The indirect costs include 
productivity losses due to increased morbidity and mortality 
(Prestinaci et al., 2015). Methicillin-resistance Staphylococcus 
aureus (MRSA) has been associated with high mortality rates 
every year globally, and MDR Gram-negative bacteria (GNB) 
have made the treatment challenging (Founou et al., 2017). World 
Health Organization (WHO) reported crude excess mortality as 
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23.6% due to hospital-acquired infections (HAIs) from Asian 
countries, with LoS ranging between 5 and 29.5 days (WHO, 2011). 
Centers for Disease Control and Prevention (CDC) reports that 
surgical site infections  account for 20% of HAIs, thus, extending 
the LoS by 9.7 days, and attributing to 75% of the death with an 
estimated cost of $3.3 billion per year in the United States (US) 
(NHSN, 2022). The total cost burden of antimicrobial resistance 
(AMR) due to MDR pathogens was reported as $0.5 billion and 
$2.8 billion in LMICs and high-income countries, respectively. 
Since the efficacy of the antibiotics is decreased because of the 
increasing trends in AMR, physicians are forced to prescribe 
last-resort antibiotics such as carbapenems, tigecycline, and 
polymyxins, which are not readily available in LMICs, and incur a 
higher cost in addition to their side effects. In India, where there is 
insufficient enforcement of regulatory policies on prescribing, the 
high prevalence of over-the-counter (OTC) and lengthy courses of 
antibiotics in humans, animals, and agriculture use, and accessible 
travel routes have led to the emergence and dissemination of AMR 
(Dadgostar, 2019). Centre for Disease Dynamics, Economics & 
Policy records a sharp 30% increase in per capita use of antibiotics 
in India between 2010 and 2020 (Kaul, 2021). Healthcare 
costs also increase in patients with susceptible infections or no 
infection. Patients are routinely given costlier diagnostic tests, 
such as C-reactive protein, interleukin-6, presence of resistant 
strains, or prescribed with empirical antibiotics that are costlier 
than the first-line antibiotics (Jit et al., 2020). Health research 
funding and insurance schemes are disappointing and inadequate. 
Drug therapy costs are generally not met under the insurance and 
are borne mainly by the patient as an out-of-pocket expenditure 
(Chandra et al., 2021). More than 50% is spent on medicines, 
which is complicated by the accessibility of numerous branded 
and generic forms of drugs. The current study aimed to assess the 
factors affecting the direct cost incurred by the patients. The study 
also assessed the antimicrobial susceptibility profile of bacterial 
isolates, their consequences, and the management of infection.

MATERIALS AND METHODS
A prospective, observational study was initiated after the 

approval of the Institutional Ethics Committee (IEC-477/2019) 
and with prior registration under the Clinical Trial Registry of 
India (CTRI/2019/08/020938). In view of the corona virus-2019 
(COVID-19) pandemic, a special consideration from IEC was 
obtained to follow the patients retrospectively who were admitted 
from March 2020 to December 2020 waiving off their informed 
consents. Patients above 18 years of age, admitted with clinical 
infections prescribed with antibiotics were included. Patients 
solely infected with Mycobacterium tuberculosis and those who 
were not willing to give consent were excluded from the study. 
The demographic characteristics and the resistance profile of the 
bacterial isolates were documented using a predesigned case record 
form. Biological samples with culture-proven infection for the 
first time were included in the study. We did not take into account 
repeated samples with identical isolates from the same patients at 
various times. However, the same isolates from other biological 
samples collected at the same time or at a later date were taken into 
account. Matrix assisted laser desorption ionization time-of-flight 
was used for microbial identification and Vitek-mass spectrometry  
was used to detect the antibacterial susceptibility of organisms 

identified from the biological specimens. The antibiotics tested 
against bacterial isolates were ceftriaxone (30 µg), ceftazidime 
(30 µg), ampicillin (10 µg), amoxicillin-clavulanic acid (20/10 
µg), trimethoprim-sulphamethoxazole (TMP-SMX) (1.25/23.75 
µg), gentamycin (10 µg), amikacin (10 µg), ciprofloxacin (5 µg), 
nalidixic acid (30 µg), norfloxacin (30 µg), imipenem (10 µg), 
meropenem (10 µg), azithromycin (15 µg), erythromycin (15 µg), 
chloramphenicol (30 µg), clindamycin (2 µg), vancomycin (30 
µg), tetracycline (30 µg), and nitrofurantoin (30 µg). The results 
were interpreted according to Clinical and Laboratory Standard 
Institute (CLSI, 2020) guidelines. 

The strains of bacterial isolates were classified as 
susceptible (S), MDR, extensive/pandrug-resistant (XDR/PDR) 
based on the definition provided by European centre for disease 
prevention and control and CDC (Magiorakos et al., 2012). The data 
regarding the direct cost were collected from the hospital finance 
department. Antibiotic administration costs were calculated and 
collected for individual patients. The cost data were represented 
as US dollar ($). Variables such as community-acquired infections 
(CAIs), HAIs, mono-infections, and polymicrobial infections 
were defined as per the scientific consensus.

Based on the organ systems, the clinical diagnoses were 
grouped into various categories. For instance, cardiac-related 
events are grouped as “Group A”, pulmonary diseases are grouped 
as “Group B”, and so on (Supplementary File: Annexure 1).

Statistical analysis
For the aim of using data analytics (machine learning) 

techniques on the gathered data, a sample size was determined 
that employed six cases for each variable. In our investigation, 
we employed 165 variables which yielded 1,000 samples, and 
examined for the variables associated with cost. Descriptive 
analysis was used to describe the patient demography, bacterial 
isolates’ susceptibility profile, and cost. The skewed data were 
transformed to log data, for statistical analysis. The cost data 
were represented as median (range). Multiple regression with 
the backward selection method was used to identify the impact 
of various attributes on  the cost. The multicollinearity statistics 
between the independent variables were determined by the 
tolerance (T) values, and variance inflation factor (VIF). If 
the VIF values were <0.1, and T greater than 5, respectively, 
then multicollinearity between the independent variables was 
suspected. The correlation between clinically significant isolates 
and cost was tested using Pearson’s correlation coefficient 
method (two-tailed). A p ≤ 0.05 was considered to be significant 
throughout the study. All statistical analyses were carried out 
using the SPSS 26.0 package (IBM Corp. IBM SPSS Statistics 
for Windows, Armonk, NY).

RESULTS

Demographic characteristics
A total of 1,000 patients were included in the study and 

taken up for analysis. The mean age of the patient was found to 
be 57.07 ± 15.27 and males were more predominant (n = 710) 
than females (n = 290). The culture test showed GNBs (n = 
1,200) higher than the Gram-positive bacteria (GPBs) (n = 329). 
Escherichia coli (507) was more prevalent among the GNBs, 
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followed by Klebsiella spp. (381), Acinetobacter spp. (n = 142), 
Pseudomonas spp. (n = 111), and Enterobacter spp. (n = 59). 
MRSA (n = 139), Enterococcus spp. (n = 97), and closely followed 
by Streptococcus spp. (n = 93) were highly prevalent among the 
GPBs. The demographic characteristics are shown in Table 1.

Susceptibility profile 
The study found more MDR and XDR/PDR strains of 

Escherichia coli followed by Klebsiella spp., Acinetobacter spp. 
among the GNBs. MDR strains of Enterococcus spp., MRSA 
were found high among the GPBs (Fig. 1). The details of the 
susceptibility profile of individual isolates are included in the 
(supplementary file: Figs. 1–6).

Antibiotic administration
In less than 50% (n = 478) of the patients, empirical 

antibiotics were administered. Among these patients, one to six 
classes of antibiotics were used. The commonly used antibiotic 
classes including both oral and parenteral formulations during 
empirical therapy were penicillin with or without β-lactamase 
inhibitors (56%), followed by cephalosporins (46%), lincomycins 
(18%), and so on (supplementary file: Table 1). Fifty-two percent 
(n = 522) of the patients received definitive therapy (either 
continuation of the empirical therapy or change in antibiotics 
based on the culture sensitivity test). Of the 19 different classes 
of antibiotics, the number of antibiotic classes used ranged 
between 1 and 10. The most frequent antibiotic class used were 
cephalosporins (54%), followed by penicillin with or without 
β-lactamase inhibitors (50%), carbapenems (29%), lincomycins 
(20%), and so on (supplementary file: Table 1).

Mortality
In the study, 167 (17%) patients died during the course of 

treatment. Intensive care unit (ICU) mortality was found to be 30%. 
Most of the patients who died had mono-infections (68%), followed 
by polymicrobial infections (32%), and mixed infections (14%). 

Resistant strains of E. coli (n = 68) followed by Klebsiella 
spp. (n = 61), Acinetobacter spp. (n = 38), Enterococcus spp. 
(n = 26), MRSA (n = 17), and Pseudomonas spp. (n = 12) were 

Table 1. Demographic features of the sample population.
Patient characteristics Total patients (N = 1,000)

Age (Mean ± SD) 57.07 ± 15.27

Gender–Male (%) 71

Surgical patients (%) 27

Non-surgical patients (%) 73

Total ICU patients (%) 53

APACHE-II score median (Q1, Q3) 8 (0, 17)

CAIs (%) 61

HAIs (%) 30

Both HAIs and CAIs (%) 9

Mono-infections (%) 73

Polymicrobial infections (%) 27

Mixed infections (%) 14

Total ICU stay (days) median (Q1, Q3) 2 (0, 8)

Total loss (days) median (Q1, Q3) 11 (6, 18)

ICU mortality (%) 30

Overall mortality (%) 17

SD = Standard deviation, ICU = Intensive care unit, LoS = Length of 
stay, HAIs = Hospital-acquired infections, CAIs = Community-acquired 
infections, Q1 and Q3 = Quartile 1 and 3.

Table 2. Shows the median costs incurred (in $) due to resistant infections.
Antibiotic cost Drug cost Other material costs Hospital stay cost Total cost

Total (N = 1,000) 104 (26–258) 422 (195–931) 652 (335–1,340) 73 (47–139) 1,231 (664–2,464)

ICU patients (n = 528) 184 (70–417) 775 (404–1,566) 1,193 (677–2,218) 96 (53–160) 2,107 (1,261–3,986)

Mono-infections (n = 726) 86 (22–212) 377 (181–754) 588 (308–1,267) 69 (43–132) 1,131 (610–2,011)

Polymicrobial infections (n 
= 274) 316 (89–1,248) 1,366 (451–3,286) 1,573 (603–3,881) 127 (77–211) 1,590 (756–3,627)

aMixed infections (n = 137) 140 (45–392) 648 (235–1,413) 934 (466–1,974) 87 (53–161) 1,505 (771–3,264)

CAIs (n = 486) 68 (17–169) 287 (151–554) 471 (268–802) 60 (33–100) 902 (540–1,520)

HAIs (287) 166 (59–478) 883 (373–1,972) 1,336 (657–2,652) 125 (69–187) 2,431 (1,223–5,191)

Both (CAIs + HAIs) (n = 86) 206 (66–460) 777 (413–1,380) 1,115 (656–1,927) 117 (68–178) 2,091 (1,219–3,573)

Expired patients (n = 164) 185 (49–435) 895 (486–1,958) 1,211 (674–2,388) 67 (27–144) 2,527 (1,228–5,232)

All costs are mentioned in the median with the interquartile range. CAIs = Community-acquired infections, HAIs= Hospital-acquired infections All costs are 
depicted in median and range. aMixed infections = presence of both Gram-negative bacteria, and Gram-positive bacteria. Total other cost includes material costs 
and other hospital services. All the costs are adjusted to the US dollar ($) with a value of 75 Indian national rupee/$ as of 2021.

Figure 1. MDR and PDR strains of different Gram-negative and Gram-positive 
isolates (%) found in the study.
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identified in patients who died (supplementary file: Table 2a). The 
percentage of death in patients with both HAIs + CAIs and mono-
infections were 25% and 68%, respectively (supplementary file: 
Table 2b). Clinical conditions, such as Group H (blood-related 
disorders) (97%) followed by Group V (sepsis and septic shock) 
(83%), Group B (respiratory disorders) (61%), and Group C (renal 
disorders) (52%) that were present among the mortal patients 
(supplementary  file: Table 2c).

Cost
The study assessed the direct cost incurred during 

the treatment for all the included patients. The antibiotic cost 
constituted 13.2% of the overall cost. The antibiotic costs were 
higher for patients with polymicrobial infections [$316 ($89–
$1,248)], followed by patients admitted to ICU [$184 ($70–
$417)], patients with both CAIs and HAIs [$206 ($66–$460)], 
and with HAIs [$166 ($59–$478)]. The costs for the patients 
who died during the course of therapy were also found to be high 
[$185 ($49–$435)]. The cost incurred due to resistant infections 
has been detailed in Table 2. The median hospital stay costs for 
the polymicrobial infections were twice the mono-infections, 
respectively, whereas the hospital stay cost for HAIs was two 
times the cost of CAIs (Table 2). The median total costs were 
high for patients who died [$2,527 ($1,228–$5,232)] followed by 
patients with HAIs [$2,431 ($1,223–$5,191)], patients admitted to 
ICU [$2,107 ($1,261–$3,986)], and patients with polymicrobial 
infections [$1,590 ($756–$3,627)]. The overall cost for HAIs was 
2.5 times more than the CAIs [$902 (540–1,520)]. Mortality, total 
LoS, both (HAIs and CAIs), number of classes of empirically used 
antibiotics per patient, number of diagnoses or clinical findings, 
number of classes of definitive antibiotics used per patient, HAIs 
number of days of mechanical ventilation were found highly 
associated with increasing the overall cost (Table 3a). We tested for 
different strains of bacteria against cost and found resistant strains 
(MDR and XDR/PDR) of GNBs, such as Klebsiella spp., E. coli, 

Acinetobacter spp., Pseudomonas spp., and GPBs Enterococcus 
spp., had a positive association with the cost as well (Table 3b). 
However, we found no association between MRSA and direct cost. 
“Pearson’s correlation coefficient” showed that resistant strains 
(MDR and XDR/PDR) were highly correlated with increased cost 
(p = <0.05).

In addition to this, we also tested for the clinical diagnoses 
against cost and found that Group “V” (sepsis with septic shock, 
urosepsis, bacteremia), Group “O” (associated with psychological 
disorders), Group “F” (bone, skeletal muscle, and connective 
tissue related events), Group “U” (patient with COVID-19), 
Group “T” (multiple organ failure), Group “D” (neurological, 
spinal cord events), Group “I” (associated with urinary, prostate-
related events), Group “A” (associated with cardiovascular-
related events), Group “P” (Viral or Fungal infections), Group “R” 
(surgical treatment), Group “C” (associated with renal events), and 
Group “B” (associated with respiratory events), were associated 
with high cost (Table 4).

A residual scatter plot indicated that the linear model for 
both the cost and diagnosis fit the data well (supplementary file: 
Fig. 7a and b).

DISCUSSION
In 2017, WHO published its first-ever list of antibiotic-

resistant “priority pathogens” that pose the greatest threat to human 
health. The most critical group included Acinetobacter spp., 
Pseudomonas spp., and other Enterobacterales. They can cause 
severe and often deadly infections such as bloodstream infections 
and pneumonia (WHO, 2017). Several studies on AMR have been 
published in India in recent years. In our study, MDR and XDR/
PDR isolates of E. coli (63% and 19%), Klebsiella spp. (35% and 
33%), and Acinetobacter spp. (11% and 75%) were found among the 
GNBs, and among the GPBs, MRSA (61%), and MDR and XDR/
PDR strains of Enterococci spp. (51% and 12%) were found. A 
study from Maharashtra, India, reported MDR and XDR isolates of 

Table  3a. Association between different attributes and the cost. 

Attributes/Variables
Standardized 
coefficients p-value

95.0% Confidence interval for beta

Beta Lower bound Upper bound

(Constant) 0.000 4.311 4.407

Total LOS 0.339 0.000 0.009 0.013

Presence of multiple diagnoses 0.158 0.000 0.025 0.041
aMixed infections −0.040 0.045 −0.096 −0.001

HAIs 0.145 0.000 0.090 0.173

Both (HAIs and CAIs) 0.076 0.000 0.052 0.170

Number of a class of empirical 
antibiotics used/patient 0.145 0.000 0.036 0.067

Number of a class of definitive 
antibiotics used/patient 0.244 0.000 0.058 0.082

Number of days of mechanical 
ventilation 0.141 0.000 0.003 0.008

Expired patients 0.121 0.000 0.089 0.182

Dependent variable: LG10Totalcost, HAIs = Hospital-acquired infections, CAIs = Community-acquired infections LoS = Length of stay, 
p-value = significance , aMixed infections = Presence of both Gram-negative and Gram-positive infections.
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E. coli, Klebsiella spp., and Acinetobacter spp. as 30% and 8%, 38% 
and 13%, and 45% and 19%, respectively. MRSA and MDR, and 
XDR/PDR strains of Enterococci spp. were found to be 20%, 29%, 
and 36%, respectively (Basak et al., 2016). Our study showed more 
than 85% of E. coli isolates were highly resistant to third-generation 
cephalosporins (GCs) and fluoroquinolones and carbapenems. A 
study from Puducherry, India, reported the resistance pattern of 
MDR E. coli that were resistant to amoxicillin-clavulanic acid (74%), 
fluoroquinolones (74%), and third-GCs (72%) but were susceptible 
to amikacin, nitrofurantoin, and carbapenem (Niranjan and Malini, 
2014). Our study showed that more than 90% of Acinetobacter 
spp. were highly resistant to β-lactam/β-lactamases inhibitors, 
carbapenems, third and fourth-GCs, and fluoroquinolones. A 5-year 
surveillance study from New Delhi showed an increasing trend of 
carbapenem-resistant Acinetobacter baumannii (CRAB). The study 

also showed that Acinetobacter spp. was highly resistant to third 
and fourth-GCs, fluoroquinolones, and aminoglycosides (Kumari 
et al., 2019a). Klebsiella spp. were highly resistant to nitrofurantoin 
(90%), and moderately resistant (>70%) to carbapenems and fourth-
GCs. Nonetheless, the isolates were susceptible to colistin. A study 
from Punjab, India, reported that 8.75% and 52% of Klebsiella spp. 
were resistant to colistin and carbapenems, respectively, followed 
by β-lactam/β-lactamase inhibitors (60%) and fourth-GCs (55%) 
(Sodhi et al., 2020).

Our study showed that 75% of Pseudomonas spp. were 
highly resistant to carbapenems, β-lactam/β-lactamases inhibitors, 
and tigecycline. A study from New Delhi, India, showed that more 
than 50% of isolates were resistant to carbapenems, amikacin 
and over 65% of isolates were resistant to fluoroquinolones and 
gentamicin (Kumari et al., 2019b).

Table 3b. Association between different bacterial infections and the cost.

Attributes/Variables
Standardized 
coefficients p-value

95.0% Confidence interval for beta

Beta Lower bound Upper bound

(Constant)  0.000 4.837 4.899

MDR_Klebsiella spp. 0.072 0.010 0.023 0.172

XDR/PDR_Klebsiella spp. 0.156 0.000 0.137 0.292

MDR_Escherichia coli 0.076 0.007 0.020 0.128

XDR/PDR_Escherichia coli 0.100 0.000 0.070 0.245

MDR_Enterococcus spp. 0.140 0.000 0.179 0.408

MDR_Acinetobacter spp. 0.094 0.001 0.156 0.595

XDR/PDR_Acinetobacter spp. 0.354 0.000 0.466 0.639

MDR_Pseudomonas spp. 0.073 0.009 0.062 0.437

Dependent variable: LG10Totalcost, MDR = Multi-drug resistant, XDR/PDR = Extensive-drug resistant/Pan-drug resistant, spp. = 
species p-value = Significance.

Table 4. Association between clinical diagnoses and the cost.
Attributes/Variables Standardized 

coefficients p-value
95.0% Confidence interval  

for beta

Beta Lower bound Upper bound

(Constant) 0.000 4.601 4.706

Group “A” (cardiovascular-related events) 0.074 0.007 0.020 0.123

Group “B” (respiratory events) 0.192 0.000 0.115 0.221

Group “C” (renal events) 0.114 0.000 0.050 0.149

Group “D” (Neurological, spinal cord 
related events 0.233 0.000 0.162 0.259

Group “F” (bone, skeletal muscle, and 
connective tissue related events) 0.082 0.003 0.033 0.161

aGroup “I” (urinary, prostate-related events) −0.087 0.002 −0.138 −0.031
aGroup “O” (psychological disorders) −0.058 0.032 −0.306 −0.014

Group “R” (surgical interventions) 0.238 0.000 0.153 0.257

Group “T” (Multiple organ failure) 0.082 0.002 0.063 0.291

Group “U” (COVID-19 infections) 0.149 0.000 0.137 0.313

Group “V” (Sepsis with septic shock, 
urosepsis, bacteremia) 0.245 0.000 0.160 0.258

*Indicates those diagnoses groups that are negatively correlated with the cost. p-value = Significance.
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Our hospital has revised the antibiotic policy and 
initiated the antimicrobial stewardship program (AMSP) in 
2015. However, our study showed a similar or higher bacterial 
resistant pattern compared with previously reported studies. The 
challenging issue is that these MDR and XDR/PDR strains of 
GNBs are developing resistance to last-resort agents at a faster 
rate than the novel antibiotic development. The high rate of 
spontaneous mutations and extensively prevalent genetic exchange 
mechanisms in bacteria are critical contributors to the emergence 
of this phenomenon. The high antibiotic-resistant shown by CRAB, 
Klebsiella spp. has led to limited treatment options, and currently, 
in our settings, few of the patients are treated with polymyxins and 
tigecycline combinations. Morbidity and mortality due to these 
infections are on the rise. The cost of treatment is also double that 
of those with susceptible infections.

Enterococci spp. were completely resistant to third-
GCs and TMP-SMX. However, these isolates were completely 
susceptible to linezolid and clindamycin. Vancomycin-resistant 
Enterococci (VRE) was found in 13% of the isolates. A study from 
Lucknow, India reported a prevalence of 7.6% of VRE strains 
(Tripathi et al., 2016). Our study suggested a gradual increase in 
the trend of VRE strains over the time.

Our study reported 64% of MRSA strains amongst all 
S. aureus isolates. Only 3% of MRSA were resistant to linezolid; 
however, entirely susceptible to glycopeptides such as vancomycin 
and teicoplanin. Linezolid is an effective antibiotic against MRSA 
and VRE. A study from Delhi, India, reported the presence of 
linezolid-resistant MRSA and VRE in donor-recipient patients. The 
emergence of such resistance is due to the availability of many 
antibiotics in the oral formulation has made these drugs easily 
accessible to the general public and are being prescribed as an 
empirical therapy to the outpatients, with no stringent guidelines on 
antimicrobial prescribing practices (Rai et al., 2015). Community-
acquired methicillin-resistant S. aureus (CA-MRSA) is now being 
increasingly reported in India (Joshi et al., 2013). Our study 
reported CA-MRSA and hospital-acquired methicillin-resistant S. 
aureus (HA-MRSA) as 76% and 24%, respectively. Preeja et al. 
(2021) study from Mangalore, India, reported the prevalence of 
MRSA as 25% with CA-MRSA and HA-MRSA at 61% and 39%, 
respectively (Preeja et al., 2021).

Among dead patients, Group H (blood-related illnesses) 
(97%) followed by Group V (sepsis and septic shock) (83%), 
Group B (respiratory disorders) (61%), and Group C (renal 
disorders) (52%) were the clinical conditions that were present in 
our study. In the majority of these patients, GNBs were found. 
A study from Nepal, showed as high as 100% of deaths due to 
bacterial meningitis followed by sepsis (97% of fatalities), 
invasive pneumonia (89% of fatalities), and GNB were present in 
these patients. Older patients who also have comorbid conditions 
have weakened immune systems and are more susceptible to 
invasive Gram-negative infections (opportunistic infections) than 
younger adults (Bhattarai et al., 2021; Lin et al., 2019). 

In our study, the most frequently used antibiotic classes 
were cephalosporins and combinations, penicillins together with 
β-lactamase inhibitors, carbapenems, lincomycins, glycopeptides, 
and aminoglycosides. A multicentric study across India has shown 
the heavy use of different antibiotic classes, such as cephalosporins, 
penicillin/β-lactamase inhibitors, carbapenems, macrolides, and 

aminoglycosides, for medical and surgical prophylaxis (Singh 
et al., 2019). The high prevalence of prescribing broad-spectrum 
antibiotics is due to the clinician’s perception of these agents, 
effective against extended-spectrum β-lactamase-producing 
GNBs. Using these agents as prophylaxis is one of the driving 
factors for AMR escalation in GNBs and GPBs (Zarb and 
Goosens, 2011). 

Our analysis showed that the median cost for HAIs 
was 2.5 times higher than CAIs i.e., [$,2431 ($1,223–$5,191)] 
versus [$901 ($530–$1,513)], respectively. The median total 
cost for the patient admitted to ICU was also high, [$2,107 
($1,261–$3,986)]. The study showed antibiotics cost constituted 
only 13.2% of the total cost. ICU mortality rate was found to be 
30%, with a median attributable cost of $2,498 ($1,256–$5,328). 
An ICU-based study by Chacko et al. (2017) from Tamil Nadu, 
India, has shown that the median attributable cost was $2,773 
($2,151–$3,649) with an ICU mortality of 28% (Chacko et al., 
2017). Our study showed the pathogens responsible for HAIs are 
GNBs, such as E. coli followed by Klebsiella spp., Acinetobacter 
spp., Pseudomonas spp., Enterobacter spp., and a few GPBs, 
such as Enterococcus spp., MRSA, S. aureus, and Streptococcus 
spp., were responsible for HAIs and associated with higher cost. 
A similar finding was reported from a study from Punjab, India, 
in which GNBs with few GPBs were associated with HAIs and 
higher costs. Our study reports the median ICU LoS, and median 
antibiotic cost in ICU cost for patients with resistant infections as 
2 (0.8) days and $184 ($70–$417) (Tiwari and Rohit, 2013). An 
ICU-based study from Karnataka India, has reported the median 
LoS as 8.5 days and the median antibiotic cost as $2,343.26 
($126.44–$24,168.32), respectively (Priyendu et al., 2014). Our 
findings reported that patients with polymicrobial infection have 
a higher median antibiotic cost [$316 (89–1,248)] and median 
total cost [$1,590 ($756–$3,627)] compared to mono-infection, 
indicating that physician consultation fee, antibiotics including 
surgical prophylaxis, and other drug acquisition costs, room 
rent, investigation costs, were markedly higher for polymicrobial 
infection compared to the latter. Drug acquisition cost, especially 
the antibiotic cost, was the major contributor to the extra cost. The 
median direct cost in our study was $1,231 which is enormous 
from an Indian perspective. The average Indian per capita income 
stands at $1,947 for the financial year 2020–21 which remains as 
a point of discussion for the increasing need for various insurance 
policies (The Indian Express, 2021).

The applied multivariate regression model in our study 
showed that the total LoS (Beta = 0.339) followed by the number 
of classes of definitive antibiotics (Beta = 0.224), presence of 
multiple diagnoses (Beta = 0.158), and HAIs (Beta = 0.145) had 
the maximum positive impact on total cost (p < 0.001), whereas 
the presence of both HAIs & CAIs (Beta = 0.076) has a minimal 
positive impact on total cost and the presence of mixed infection 
(Beta = −0.040; because of negative beta coefficient) has shown 
to reduce the total cost. A study using multivariable regression 
analysis has shown a significant increase in healthcare costs due 
to mortality and LoS associated with MRSA and CRAB with an 
aggregate estimate of $1.9 billion ($1.3 billion−$2.5 billion) 
(Nelson et al., 2022). Studies have shown that increased usage 
of catheters and ventilation has led to high chances of HAIs such 
as catheter-associated bloodstream infection, catheter-associated 
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urinary tract infections, and ventilator-associated pneumonia, 
which has led to complicated treatment, thereby, escalating the 
cost of patients (Bysshe et al., 2017).

Due to the prevailing COVID-19 situation, the in-patient 
admission was very low ranging between 32% and 75% during the 
study period. The restricted use of antibiotics during this period 
could also have influenced the cost of therapy as India is well 
known for its heavy usage of antibiotics including OTC with an 
expected increment in cost.

A better understanding of the economic effects of 
resistant infections may help clinicians, hospital administrators, 
infection control teams, and policymakers determine how much 
to invest in medical treatment that can identify and control its 
spread.

CONCLUSION
Highly resistant strains of GNBs were predominantly 

high in our study. Acinetobacter spp. and Pseudomonas spp. were 
highly resistant to last-resort antibiotics such as carbapenems. 
HAIs are of serious concern in terms of mortality and cost. The 
mortality and cost for HAIs were twice and 2.5 times higher 
than the CAIs, respectively. The median antibiotic cost and the 
total cost for patients admitted to ICU and with polymicrobial 
infection were found to be high. Increased LoS, the presence of 
multiple diagnoses along with resistant infections, and increased 
usage of multiple antibiotics have also increased the cost. The 
escalating antibiotic cost causes an immense economic burden 
on patients who bear treatment expenses for resistant infections 
in India. The current study will help in better understanding the 
local geographical AMR profile, implementing and strengthening 
the AMSP to reduce the occurrence of hospital infections, thus, 
reducing the cost.
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