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Abstract
Introduction
Intestinal carriage of multidrug-resistant organisms (MDROs) in healthy populations could amplify
resistant bacteria, which may increase the risk of infections by these bacteria in the community and in the
hospital. This study investigated the prevalence of colonization of multidrug-resistant (MDR) bacteria in the
intestines of healthy individuals in South India.

Methods
A prospective study was conducted for six months at a tertiary care teaching hospital. Two hundred and
fifty-five fecal samples collected from healthy individuals were processed according to standard
microbiological guidelines. The bacteria (n=291) isolated from the samples were identified and evaluated
using phenotypic detection methods for the presence of extended-spectrum beta-lactamase (ESBL), AmpC
β-lactamase, carbapenemase, methicillin resistance, and vancomycin resistance.

Results
The prevalence of intestinal carriage of MDR bacteria in healthy populations was 57.04% (166/291).
Klebsiella (81.92%; 68/83) was the most resistant bacterial isolate among the tested organisms. ESBL, AmpC
β-lactamase, carbapenemase, and methicillin resistance rates were 34.70% (101/291), 12.37% (36/291),
7.90% (23/291), and 2.06% (6/291), respectively. Both ESBL and AmpC β-lactamase co-producing strains
were 3.78% (11/291). Vancomycin resistance was not revealed among the sampled isolates.

Conclusion
The study revealed a high carriage rate of MDROs colonized in the intestines of healthy adults in the
community. These results highlight the importance of identifying resistant pathogens through regular
surveillance thereby understanding their epidemiology.

Categories: Gastroenterology, Public Health, Infectious Disease
Keywords: ampc beta-lactamase, carbapenemase, extended-spectrum beta-lactamase (esbl), methicillin resistance,
multidrug-resistant bacteria, multidrug-resistant organisms (mdros), vancomycin resistance

Introduction
The spread of bacteria demonstrating antimicrobial resistance (AMR) has become a global public health
crisis, with predictions suggesting 10 million deaths annually by 2050 [1]. Countries have developed national
action plans aligned with World Health Organization (WHO) guidelines, emphasizing effective AMR
surveillance to track and measure resistance [2]. A key approach is monitoring the colonization of
multidrug-resistant organisms (MDROs). This provides a more comprehensive view of AMR strains in
community and hospital settings [3]. Asymptomatic carriers may act as reservoirs, increasing transmission
risk [4].

Bacteria demonstrating AMR have been frequently identified in hospitalized populations. Interestingly,
gram-negative bacteria like Escherichia coli (E. coli) and Klebsiella species (spp.) colonizing the human
intestines are commonly isolated from clinical specimens [5,6]. Further, Staphylococcus aureus (S.
aureus) and Enterococcus spp. are frequent gram-positive bacteria isolated from patients' samples.

Indiscriminate use of antimicrobial agents is the primary cause of the development of MDROs. MDROs gain
AMR due to the production of certain enzymes like beta-lactamases, extended-spectrum beta-lactamases
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(ESBLs), carbapenemases, and other mechanisms. Methicillin resistance among S. aureus strains confers
them multidrug resistance [7]. AMR is coded on the genes present on the chromosomes and plasmids.
Further, these genes can be transferable within the same and to other bacterial species posing a threat to the
emergence of MDROs [5,6].

While significant knowledge exists on MDROs in hospitals, less is known about their prevalence in the
community, especially among healthy population. This study aims to assess the colonization rates of
resistant bacterial species, among healthy adults in South India, where research on this problem is limited.

Materials And Methods
This prospective study was conducted between July and December 2023 and included urban-dwelling
healthy adults between 15 and 55 years old. After obtaining formal informed consent, clinical data and fecal
samples were collected from 255 participants. All details regarding demographic information, education,
occupation, awareness of antibiotics, antibiotic use, travel history in the past year, and history of animal
contact were gathered by providing a questionnaire to the participants. The institution's Ethics committee
approved the study, Vydehi Institute of Medical Sciences and Research Center (EC Reg No:
VIEC/2023/APP/98 letter dated June 8, 2023).

Inclusion and exclusion criteria
The study included healthy individuals with no history of antibiotic use for at least three months, no
hospital admissions in the past year, and no known active infections. All individuals hospitalized within 90
days, who received oral or parenteral antibiotics or chemotherapy in the past 30 days, or who underwent
dialysis were excluded from the study.

Sample collection
Fecal samples were collected in a clean wide-mouthed container and transported to the laboratory at 4°C
within four hours of collection. All the samples were cultured on blood agar and MacConkey's agar and
aerobically incubated at 37°C for 24 hours and bacterial growth was identified using standard bacteriological
techniques [8]. Antibiotic susceptibility testing (AST) and phenotypic detection of ESBL, AmpC β-lactamase,
and carbapenemase were carried out among Enterobacteriaceae (E. coli, Klebsiella spp., Enterobacter spp.,
and Citrobacter spp.) isolates as per the Clinical and Laboratory Standards Institute (CLSI) recommendations
[9]. S. aureus and Enterococcus spp. were identified and screened for methicillin and vancomycin resistance.

Antimicrobial susceptibility testing
The Kirby-Bauer disk diffusion method was used to assess the susceptibility patterns of the isolates against
different antibiotic groups like aminoglycosides, carbapenems, fluoroquinolones, and cephalosporins. The
drugs with standard concentrations tested for Gram-negative bacteria included amoxicillin (30 µg),
amoxicillin + clavulanic acid (20/10 µg), aztreonam (30 µg), cefotaxime (30 µg), ceftriaxone (30 µg),
ceftazidime (30 µg), cefoxitin (30 µg), cefixime (5 µg), gentamicin (10 µg), amikacin (10 µg), cotrimoxazole
(1.25/23.75 µg), ciprofloxacin (5 µg), piperacillin-tazobactam (30/6 µg), imipenem (10 µg), ertapenem (10
µg), and meropenem (10 µg). For Gram-positive bacteria, the tested drugs included penicillin (10 units),
oxacillin (1 µg), cotrimoxazole (1.25/23.75 µg), ciprofloxacin (5 µg), tetracycline (30 µg), erythromycin (15
µg), clindamycin (2 µg), gentamicin (10 µg), rifampin (15 µg), vancomycin (30 µg), teicoplanin (30 µg),
linezolid (30 µg), daptomycin (30 µg). E. coli American Type Culture Collection (ATCC®) 25922, Klebsiella
pneumoniae ATCC® 700603, S. aureus ATCC® 29213, and Enterococcus fecalis ATCC® 29212 were included as
standard control strains. Isolates resistant to at least one antimicrobial agent in three or more antimicrobial
categories were considered MDROs [10].

Identification of ESBL-producing strains
ESBL-producing strains were screened based on reduced susceptibility to cefotaxime (30 µg), ceftriaxone (30
µg), and ceftazidime (30 µg) discs with the zone of inhibition ≤27 millimeters (mm), ≤25 mm and ≤22 mm,
respectively. Potential ESBL producers were confirmed using the combined disk test (CDT) and the minimum
inhibitory concentration (MIC) test with a ceftazidime/cefotaxime+clavulanic acid strip (Hi-media Ezy
MIC™ Strip, HiMedia Laboratories Private Limited, India; Triple ESBL detection). E. coli ATCC® 25922, and
Klebsiella pneumoniae ATCC® 700603 were used as negative and positive controls, respectively.

Identification of AmpC β-lactamase producing strains
Plasmid-mediated AmpC β-lactamase-producing strains were screened with cefoxitin (30 µg). AmpC β-
lactamase production was confirmed in isolates with ≤16 mm zone of inhibition with a
cefotetan/cefotetan+cloxacillin MIC test strip. Klebsiella pneumoniae ATCC® BAA 1705 and E. coli ATCC®
25922 were included as positive and negative controls, respectively.

Identification of carbapenemase producers
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Gram-negative bacterial isolates that were resistant to one or more carbapenem group antibiotics, and
resistant to one or more agents in third-generation cephalosporin were tested for carbapenemase
production by a modified carbapenem inactivation method as per CLSI guidelines. E. coli ATCC® 25922 was
used as the control strain.

Identification of methicillin resistance in S. aureus
S. aureus isolates resistant to cefoxitin (30 µg) with a zone of inhibition ≤21mm by disc diffusion and MIC >4
µg/mL by VITEK® 2 (bioMérieux, Inc., France) system were identified as methicillin-
resistant S. aureus (MRSA).

Identification of vancomycin resistance in Enterococcus spp.
Enterococcus species isolates resistant to vancomycin (30 µg) with a zone of inhibition ≤14 mm by disc
diffusion and MIC values >8 µg/mL by VITEK® 2 (bioMérieux, Inc.) system were considered vancomycin-
resistant enterococci (VRE).

Statistical analysis
All the data were recorded in a Microsoft Office 2019 Excel sheet (Microsoft Corp., Redmond, WA, USA), and
statistical analysis was performed using IBM SPSS Statistics for Windows, Version 20 (Released 2011; IBM
Corp., Armonk, NY, USA). The results were presented as percentages and proportions, with frequency and
percentages used to represent categorical variables.

Results
Of the 255 healthy adults enrolled in the study, 291 bacterial isolates were identified. Of these, 166 (57.04%)
strains were confirmed as MDROs. Analysis of the demographic characters of the people from whom the
MDROs were cultured revealed a majority of males (98/166; 59.03%) and individuals ranging from 15 to 55
years. Most study subjects belonged to the 46-55 age group (89/166; 53.61%). Over half (86/166;
51.80%) revealed antibiotic intake in the last six months. Most participants were educated (131/166; 78.91%)
and employed (129/166; 77.71%) but lacked awareness of antibiotics (113/166; 68.07%) and failed to
complete the course (75/166; 45.18%). Additionally, 22.89% (38/166) gave travel history, and 41.56%
(69/166) had contact with pet animals. The demographic and other details of the participants demonstrating
MDROs are detailed in Table 1.
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Demographic characteristics Variable Total n=166, n (%)

Age (years)

15-30 25 (15.06)

31-45 52 (31.32)

46-55 89 (53.61)

Sex
Male 98 (59.03)

Female 68 (40.96)

Occupation
Employed 129 (77.71)

Unemployed 37 (22.28)

Education
Illiterate 35 (21.08)

Literate 131 (78.91)

Prior antibiotic use
4-6 months 86 (51.80)

>6 months 55 (33.13)

Antibiotic awareness
Yes                     53 (31.92)

No 113 (68.07)

Antibiotic course
Completed the course 91 (54.81)

Discontinued 75 (45.18)

Self-medication during similar complaints in the future
Consult doctor 101 (60.84)

Start same medication 65 (39.15)

History of Travel
Yes 38 (22.89)

No 128 (77.10)

Animal contact
Yes 69 (41.56)

No 97 (58.43)

TABLE 1: Demographic characteristics of the participants from whom MDROs were isolated

Of the 291 bacteria isolated, E. coli (130/291; 44.67%) was the most frequent gram-negative bacteria,
followed by Klebsiella spp. (83/291; 28.52%), Enterobacter spp. (24/291; 8.24%), and Citrobacter spp. (18/291;
6.18%). S. aureus (26/291; 8.93%) and Enterococcus spp. (10/291; 3.43%) were the gram-positive bacterial
species isolated. Of these, MDR was noticed more frequently in Klebsiella spp. (68/83; 81.92%) followed by E.
coli (76/130; 58.46%), and Enterobacter spp. (13/24; 54.16%) as shown in Table 2.
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Bacteria Colonization, n (%) MDROs, n (%)

E. coli 130 (44.67) 76 (58.46)

Klebsiella spp. 83 (28.52) 68 (81.92)

Enterobacter spp. 24 (8.24) 13 (54.16)

Citrobacter spp. 18 (6.18) 03 (16.66)

S. aureus 26 (8.93) 06 (23.07)

Enterococcus spp. 10 (3.43) 00 (00)

Total 291 (100) 166 (57.04)

TABLE 2: Characteristics of bacterial colonization and multidrug resistance
MDROs: multidrug-resistant organisms; spp.: species

Overall, the prevalence of ESBL (34.70%; 101/291), AmpC β-lactamase (12.37%; 36/291), ESBL and AmpC β-
lactamase co-producers (3.78%; 11/291), carbapenemase (7.90%; 23/291) and MRSA (2.06%; 6/291) were
observed with no evidence of fecal carriage of VRE. The antibiotic resistance patterns of the isolated
bacteria against different antibiotics are detailed in Table 3.
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Antibiotic
E. coli; Total

n=130, n (%)

Klebsiella; Total

n=83, n (%)

Enterobacter; Total

n=24, n (%)

Citrobacter; Total

n=18, n (%)

S. aureus; Total

n=26, n (%)

Enterococcus; Total

n=10, n (%)

Amoxicillin 99 (76) 62 (48) 17 (71) 06 (33) 11 (42) 03 (30)

Amikacin 25 (19) 18 (22) 06 (25) 03 (16) NT NT

Amoxiclav 51 (39) 53 (64) 10 (42) 03 (16) NT NT

Ciprofloxacin 87 (67) 73 (88) 22 (90) 12 (66) 09 (35) 02 (20)

Ceftriaxone 65 (50) 54 (65) 09 (37) 02 (11) NT NT

Cefotaxime 60 (46) 48 (58) 10 (41) 02 (11) NT NT

Ceftazidime 58 (44) 48 (57) 09 (37) 02 (11) NT NT

Cefepime 38 (29) 32 (39) 04 (16) NT NT NT

Cefoxitin 26 (20) 17 (20) 07 (29) NT 06 (23) NT

Gentamicin 56 (43) 54 (65) 15 (62) 04 (22) 03 (12) 03 (30)

Ertapenem 12 (09) 23 (28) 01 (04) NT NT NT

Imipenem 09 (07) 19 (23) NT NT NT NT

Meropenem 09 (07) 19 (23) NT NT NT NT

Cotrimoxazole 67 (52) 66 (80) 16 (66) 03 (16) 06 (23) NT

Tetracycline 92 (71) 61(73) 14 (58) 03 (16) 06 (23) 00 (00)

Piperacillin/Tazobactam 36 (28) 40 (48) 07 (29) 01 (6) NT NT

Aztreonam 56 (43) 45 (54) 09 (37) 02 (11) NT NT

Erythromycin NT NT NT NT 10 (38) 01 (10)

Clindamycin NT NT NT NT 06 (23) NT

Daptomycin NT NT NT NT 00 (00) 00 (00)

Linezolid NT NT NT NT 00 (00) 00 (00)

Penicillin NT NT NT NT 14 (54) 04 (40)

Rifampicin NT NT NT NT 00 (00) 00 (00)

Vancomycin NT NT NT NT 00 (00) 00 (00)

TABLE 3: Resistance profiles of the bacterial isolates against different antibiotics
NT: not tested

Discussion
The global prevalence of MDR bacteria among healthy individuals in the community has reached concerning
levels, posing a significant public health threat [11]. Although intestinal colonization with MDR
Enterobacteriaceae has been documented worldwide, its prevalence in healthy populations varies widely
across regions [12,13]. Low- and middle-income countries bear the heaviest burden of antimicrobial-
resistant Gram-negative bacteria but lack comprehensive epidemiological data [14]. While numerous studies
have focused on the prevalence of MDROs in hospitalized patients in India, there are relatively few
investigations examining its prevalence among asymptomatic healthy individuals [15]. Identifying people
colonized with MDROs in the community is crucial, as they may serve as reservoirs for transmission. This
information is vital for implementing effective infection control and antimicrobial stewardship programs
guiding research priorities. Recent studies indicate an increasing trend in MDRO colonization in the
community over time [13,16].

The findings of this study showed a high fecal carriage rate (57.04%; 166/291) of MDROs in healthy
individuals. This rate was higher than that reported in India, Kuwait, and Ethiopia which documented a
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carriage of 30%, 30.50%, and 28.80% of MDROs, respectively [16-18]. Other studies conducted among
children in rural India (60.60%) and Bangladesh (78%) reported a high prevalence of MDROs in the
intestines [19,20]. A relatively high prevalence of MDROs may be attributed to widespread antimicrobial use,
including over-the-counter purchases and misuse. Other factors like environmental contamination and the
overuse of antibiotics in livestock and agriculture could also contribute to the spread of MDROs and warrant
further surveillance.

In this study, Gram-negative bacterial strains exhibited increased resistance to cephalosporins (45%), with
considerable resistance observed for cotrimoxazole (54%), ciprofloxacin (72%), and amoxicillin (67%).
However, lower resistance was noted against amikacin, piperacillin-tazobactam, and carbapenems. These
findings are consistent with results from a study conducted in Nepal [21].

The prevalence of ESBL and AmpC β-lactamase producers in this study was 34.70% (101/291) and 12.37%
(36/291), respectively. These findings were similar to previous studies done in India (35.60% and 17.80%),
Nepal (25% and 6.40%), and Taiwan (27.40% and 16.10%) for ESBL and AmpC β-lactamase producers,
respectively [16,21,22]. Other studies have shown varying rates of ESBL colonization among healthy adults,
including 31.40% in Ethiopia, 22% in Southeast Asia, and 38% in Africa [18,23,24]. Contrarily, lower ESBL
colonization was reported in asymptomatic individuals in Southern Taiwan (1.90%) and India (9.72%)
[25,26]. Besides, much higher rates of ESBL were reported in Tanzania (91.50%), Laos (70%), and Indonesia
(76.70%) [27-29]. A multicentric study revealed the average prevalence of intestinal colonization with ESBL-
producing Gram-negative bacteria ranging from 6% to 20% in Europe, Eastern Mediterranean, Africa, and
24.5% in the Western Pacific [13]. These differences in colonization rates can be attributed to variations in
study populations, geographical location, and other factors like dietary habits, animal contact, antibiotic
usage, and international travel.

Eleven (3.78%; 11/291) bacterial strains in the present study were observed to be ESBL and AmpC β-
lactamase co-producers. Other studies from Nepal have reported the rates at 42.20% and 1.80%
[21,30]. Carbapenemase was detected in 7.90% (23/291) of isolates with Klebsiella spp. a major
carbapenemase producer in the present study. These findings align with a study from Kuwait, where 7.70%
of food industry workers were found to carry carbapenemase-producing bacteria [17]. Low detection rates of
0.33% 0.80% and 2.40% fecal carriage of carbapenemase-producing bacteria have also been observed in
studies from Egypt and Ethiopia [18,31,32]. The detection rate of carbapenem resistance of 6.10% in India
[18] and 4.26% in China [33] further highlights geographical variation in the prevalence of such bacteria.

The colonization of VRE in healthy adults revealed considerable variation, ranging from 0% to 21% [34]. VRE
colonization was not evident in the current study. This was consistent with findings from the United States
of America (USA) [35].

Although the nasal cavities are traditionally regarded as the primary site of S. aureus colonization, studies
have shown that the intestine may also be a colonization site. Positive skin cultures by S. aureus have been
associated with intestinal colonization [36]. Furthermore, gastrointestinal MRSA colonization, even in the
absence of nasal carriage was observed in one of every three intestinal carriers. This has been reported as a
potential source for MRSA transmission and provides a rationale for performing intestinal screening for
surveillance. The detection rate of intestinal carriage for S. aureus and MRSA in healthy individuals was 20%
and 9%, respectively [37]. In our study 2.06% (6/291) gastrointestinal MRSA colonization was noted, whereas
3.80% and 7.80% were reported from Taiwan and Hong Kong, respectively [22,38].

Several risk factors attributed to the acquisition of resistant flora include regular contact with livestock,
consumption of contaminated food, international travel, previous hospitalization, and misuse of antibiotics.
In our study, participants who had taken antibiotics during the past six months were colonized with MDROs.
Other risk factors included lower levels of antibiotic knowledge and tended to repeat the same medication
during illness. There has been uncertainty over the effect of age and employment on antibiotic resistance
[17].

Study limitations
The study mainly used conventional culture-based isolation, identification, and phenotypic techniques to
detect MDROs. The results obtained from this study may have lower sensitivity compared to molecular
methods. Additionally, recall bias, wherein the study participants fail to accurately remember a past event or
experience, would have affected the accuracy of self-reported data on prior antibiotic usage. The study did
not explore the source and factors influencing the colonization of MDROs.

Conclusions
Given the extent of the public health scare due to microbial drug resistance, the present study spotlights a
significantly high prevalence of MDROs in the community. Healthy and asymptomatic colonization of
MDROs potentially plays a significant role in spreading AMR, which could influence the hospital
epidemiology of such bacterial species. Increasing gut colonization of MDROs warrants clinicians to
consider the risk of endogenous infections caused by these difficult-to-treat pathogens. Ongoing
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surveillance and more stringent regulation of antibiotic use are essential to curb the spread of AMR. Public
awareness campaigns on the responsible use of antibiotics are crucial in preventing further escalation of
resistance in human microbiota.
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