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ABSTRACT
Background: Enterococci are important opportunistic pathogens responsible for a wide range of infections in humans and ani-
mals. Their ability to acquire and disseminate antimicrobial resistance (AMR) poses a growing public health concern. This study 
is aimed at estimating the pooled prevalence of enterococci and their AMR profiles among isolates from humans, animals, and 
environmental sources in Bangladesh.
Methods: We conducted a systematic literature search in PubMed, Google Scholar, and CAB Abstracts in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Studies published between January 
2016 and November 2025 that reported the prevalence and/or AMR patterns of enterococci in Bangladesh were eligible for in-
clusion. A total of 36 studies met the inclusion criteria and were included in the final analysis. Pooled prevalence estimates were 
calculated using random-effects meta-analysis, with heterogeneity assessed via Cochran's Q and the I2 statistic; AMR proportions 
were estimated using the Wilson method, and publication bias was evaluated using Egger's test and funnel plots.
Results:  The pooled prevalence of enterococci was estimated at 12.05% (95% CI: 7.10–19.70), with substantial heterogeneity 
(I2 = 99.4%). Among eight identified Enterococcus spp., Enterococcus faecalis was the most prevalent (25.1%; 95% CI: 20.9–29.2), 
followed by Enterococcus faecium (6.3%; 95% CI: 4.6–7.9). High resistance rates were observed against cefuroxime (77.1%) and 
ceftriaxone (73.4%), whereas resistance to vancomycin was 20.9%.
Conclusions: The findings underscore the urgent need for rational antimicrobial use, strengthened infection prevention and 
control measures, improved environmental hygiene, and integrated One Health surveillance across human, animal, and envi-
ronmental settings to mitigate the burden of antimicrobial-resistant enterococci.

1 | Introduction

Enterococcus, a genus within the family Enterococcaceae, 
comprises zoonotic opportunistic pathogens that are capable 

of causing infections in both humans and animals [1]. These 
organisms are now widely recognized as important emerg-
ing bacteria due to their broad ecological adaptability, rang-
ing from intestinal commensals to persistent environmental 
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survivors and significant nosocomial pathogens with a strong 
capacity for multidrug resistance [2, 3]. Their ability to persist 
in soil, water, food, and wastewater highlights their role as 
indicators of fecal contamination. In addition, birds, fish, wild 
animals, and other mammals serve as important reservoirs, 
facilitating transmission through contaminated food or direct 
contact [4].

This Gram-positive bacterial genus comprises more than 50 spe-
cies, of which Enterococcus faecalis and Enterococcus faecium 
are the most prevalent in humans and animals, accounting for 
approximately 80%–90% of all clinical enterococcal infections 
[5,  6]. Other Enterococcus species such as E. gallinarum, E. 
casseliflavus, E. durans, E. avium, and E. hirae are infrequent 
and collectively represent less than 5% of clinical enterococ-
cal isolates [7]. Enterococci are responsible for various health-
care-associated infections in humans such as bloodstream and 
urinary tract infections, meningitis, neonatal sepsis, and vari-
ous intra-abdominal and pelvic infections [5,  8]. In animals, 
particularly livestock and poultry, enterococci are associated 
with septicemia, skeletal infections, mastitis, urinary tract 
infections, endocarditis, and other inflammatory conditions 
[9, 10]. Collectively, these infections pose substantial challenges 
to food safety and public health. According to the World Health 
Organization (WHO), mortality rates associated with entero-
coccal infections range from 14.3% to 32.3% [11]. The global 
prevalence of enterococcal infections continues to increase, 
accompanied by rising mortality. Concurrently, antimicrobial 
resistance (AMR) among enterococci has emerged as a critical 
public health concern due to their exceptional ability to acquire 
resistance genes and act as reservoirs of transferable AMR de-
terminants [12, 13].

The overuse and misuse of antimicrobials in clinical medicine, 
veterinary practice, and agricultural production systems have 
significantly contributed to the emergence and dissemination of 
AMR enterococci in food animals and animal-derived products 
[5,  14]. Sustained selective pressure has promoted resistance 
to multiple antimicrobial classes, including aminoglycosides, 
tetracyclines, chloramphenicol, penicillin, ampicillin, and gly-
copeptides [15]. Vancomycin was once considered a critical 
last-line therapy for infections caused by multidrug-resistant 
(MDR) organisms, including ampicillin-resistant enterococci 
[16]. However, enterococci have increasingly acquired vancomy-
cin resistance mediated by van gene-associated elements, com-
plicating treatment options and representing a growing global 
public health threat [5, 17]. Antibiotic resistance in enterococci 
shows marked regional variation, with the highest resistance re-
ported in the Western Pacific region (23.1%) and the lowest in 
Europe (9.3%). Urinary tract infections are particularly affected, 
with resistance detected in approximately 37.4% of cases [18].

Although the global importance of addressing AMR is increas-
ingly recognized, evidence on the transmission dynamics of 
Enterococcus across human, animal, and environmental inter-
faces remains limited, particularly in developing countries [19]. 
In Bangladesh, Enterococcus species are frequently detected in 
poultry farms, livestock production systems, hospital wastewa-
ter, surface water, human clinical samples, raw foods, and retail 
meat [20–22]. From a public health perspective, this widespread 
detection of Enterococcus underscores its significance as both 

an environmental contaminant and a reservoir of AMR genes 
[23]. However, data on the prevalence and diversity of entero-
cocci, particularly E. faecalis and E. faecium, remain limited in 
Bangladesh [24]. A major challenge in Bangladesh is the fre-
quent use of antibiotics in the absence of adequate regulatory 
oversight. This practice facilitates inappropriate prescribing by 
untrained individuals and promotes self-medication, which are 
key drivers of increasing AMR [25]. According to the National 
Antimicrobial Resistance Surveillance, Bangladesh has experi-
enced an 11% increase in antibiotic resistance over the past 5 
years [26].

Enterococcal infections impose a substantial economic bur-
den on both the healthcare system and the livestock sector in 
Bangladesh. In human healthcare settings, enterococci are in-
creasingly associated with prolonged hospital stays, higher diag-
nostic costs, and increased expenditure on antimicrobial therapy 
[27]. In veterinary and agricultural contexts, enterococcal in-
fections result in economic losses due to reduced productivity, 
increased treatment costs, and culling of affected animals [4]. 
Although comprehensive national mortality data are lacking, 
hospital-based studies indicate that enterococci are among the 
leading causes of urinary tract infections in Bangladesh [27, 28]. 
Nevertheless, available data on human clinical cases remain 
insufficient to guide effective prevention and control strategies 
[20,  29]. Consequently, implementation of a One Health ap-
proach is essential to understand the circulation of enterococci 
across human, animal, and environmental domains, address 
AMR, and identify intervention points to reduce transmission 
[30]. Despite increasing reports on the prevalence and AMR pro-
files of Enterococcus spp. from individual and localized studies, 
a comprehensive national-level synthesis for Bangladesh is lack-
ing. Therefore, this systematic review and meta-analysis aimed 
to synthesize published evidence to provide a comprehensive as-
sessment of enterococci prevalence, species distribution across 
sources, and AMR patterns in Bangladesh.

2 | Materials and Methods

2.1 | Study Design

A systematic review and meta-analysis was carried out to es-
timate the prevalence and AMR patterns of Enterococcus in 
Bangladesh. The study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) checklist [31].

2.2 | Search Strategy and Study Selection

A comprehensive literature search was performed in PubMed, 
Google Scholar, and CAB Abstracts to identify relevant stud-
ies published between January 2016 and November 2025. The 
search strategy combined keywords related to Enterococcus 
spp., antimicrobial or antibiotic resistance (including multidrug 
resistance and vancomycin-resistant enterococci [VRE]), and 
prevalence, occurrence, or isolation, along with Bangladesh and 
One Health sources (human, animal, and environment). The 
full search strategy and database-specific terms are provided in 
Table S2.
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2.3 | Study Eligibility Criteria

Studies were included if they (i) were conducted in Bangladesh, 
(ii) were published between 2016 and November 2025, (iii) were 
written in English, and (iv) reported data on the prevalence 
and/or AMR profiles of Enterococcus spp. Exclusion criteria 
included duplicate publications, noncomparable or incomplete 
data, absence of prevalence or AMR outcomes, and unavail-
ability of full-text articles. All retrieved records were exported 
to Mendeley Desktop (Version 1.19.5), and duplicate records 
were removed. Two reviewers independently screened titles and 
abstracts against the predefined eligibility criteria. Full-text 
articles were then independently assessed by two additional 
reviewers. Disagreements were resolved by a third reviewer 
through discussion and consensus. The primary outcomes were 
(i) the prevalence of Enterococcus spp. and (ii) their AMR pat-
terns. Prevalence was defined as the proportion of Enterococcus-
positive samples relative to the total number of samples tested 
in each study.

2.4 | Data Extraction

Data were extracted independently by five authors using a 
standardized data extraction form. Extracted variables in-
cluded study title, authors, year of publication, study region, 
study period, sample source (human, animal, and environ-
ment), diagnostic methods, Enterococcus spp., total sample 
size, number of positive isolates, antimicrobial agents tested, 
and resistance outcomes. Extracted data were cross-checked, 
and discrepancies were resolved through verification by the 
primary author.

2.5 | Quality Assessment

Quality assessment of studies was performed according to the 
modified Critical Appraisal Checklist recommended by the 
Joanna Briggs Institute (JBI) [32]. The checklist is composed 
of nine questions addressed by reviewers for each study. Each 
“yes” response was given a score of 1. Thus, final scores for each 
study could range from 0 to 9. Articles were classified as low 
(0–3), moderate (4–6), or high quality (7–9), and only high-qual-
ity studies were analyzed [18, 23, 33].

Case definition: Enterococcus positivity was defined as the de-
tection or isolation of Enterococcus spp. from human, animal, or 
environmental samples using culture alone or in combination 
with biochemical and/or molecular methods (e.g., PCR), as re-
ported in the original studies. Samples identified as positive by 
any of these methods were considered Enterococcus-positive for 
the meta-analysis.

2.6 | Statistical Analysis

The R packages “meta” [34] and “metafor” [35] were employed 
to estimate the models for meta-analysis and visualize the 
results. In the primary analysis, the pooled prevalence of en-
terococci was estimated using both fixed- and random-effects 
models, which account for within-study variance alone and for 

both within- and between-study variance, respectively. The 
prevalences were reported along with the 95% confidence in-
tervals [36]. Estimation of the models was carried out using 
the Der-Simonian–Laird random-effects method [37]. For vari-
ables or outcomes reported by only one study, meta-analysis 
was not performed due to insufficient data for quantitative 
pooling; instead, the reported prevalence was presented de-
scriptively. The percentage of AMR was calculated as the num-
ber of resistant antimicrobials divided by the total number of 
antimicrobials tested, with corresponding confidence intervals 
estimated using the Wilson method [38]. These AMR summa-
ries therefore represent aggregate resistance proportions rather 
than random-effects pooled study-specific estimates.

2.7 | Heterogeneity Analysis

Heterogeneity among studies was assessed using Cochran's Q  
statistic [39] and quantified with the I2  statistic [40] to estimate 
the proportion of total variation attributable to differences be-
tween studies rather than to within-study variability (chance). 
Heterogeneity was considered statistically significant when 
Cochran's Q  test produced a p value < 0.05 , and the I2 statistic 
exceeded 50%, consistent with commonly accepted thresholds 
where I2 values of 25%, 50%, and 75% indicate low, moderate, 
and high heterogeneity, respectively [41]. The true between-study 
variance (�2) and its standard deviation (�) were estimated using 
the tau statistic to evaluate the degree of heterogeneity. Subgroup 
analyses were conducted to identify potential sources of hetero-
geneity in Enterococcus spp. prevalence. This analysis employed 
mixed-effects models, with random-effects models used to aggre-
gate study effects within each subgroup and fixed-effects models 
applied to determine whether there were significant differences 
between subgroups. Common between-study variance was as-
sumed across subgroups, and the within-group estimates of �2 
were pooled. The considered moderators included diagnostic 
methods, year of publication (2016–2019, 2020–2022, and 2023–
2025), and source of infection (human, animal, and environment).

2.8 | Publication Bias and Visualization

Forest plots were generated to illustrate heterogeneity in prev-
alence estimates and their corresponding 95% confidence in-
tervals across studies. Therefore, Egger's test and funnel plots 
were used to explore small-study effects and potential publica-
tion bias [42]. All statistical analyses were conducted using R 
Programming (Version 4.4.2) [34].

3 | Results

3.1 | Search Results

The database and gray literature searches identified 164 doc-
uments. After removing duplicates, 112 records remained for 
title/abstract screening. Of these, 57 records were excluded, 
and 55 full-text articles were assessed for eligibility. Following 
full-text assessment, 17 articles were excluded for not meeting 
the predefined eligibility criteria, leaving 38 studies for qual-
itative synthesis. Subsequently, two studies were excluded 
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based on the predefined quality assessment criteria. Finally, 
36 studies were included for data extraction and meta-analysis 
(Table S1, Figure 1).

3.2 | Prevalence of Enterococci

The prevalence distributions of Enterococci in different catego-
ries are depicted in Table 1. A total of 36 articles from Bangladesh 
are presented on the prevalence of Enterococci. The overall 
pooled prevalence of Enterococci was estimated at 12.05% (95% 
CI: 7.10–19.70) (Figure 2). A significant moderator effect was 
observed for diagnostic method (QM = 37.6, p < 0.0001 ), indi-
cating that differences in diagnostic approaches substantially 
influenced reported prevalence estimates (Table 1). The mark-
edly highest prevalence estimates for the diagnostic method 
integrating culture, biochemical test, and PCR reported 59.7% 
(95% CI: 35.8–83.7; I2 = 99.8% ), whereas those employing only 
culture and biochemical methods yielded a low pooled preva-
lence of 4.0% (95% CI: 3.3–4.6; I2 = 99.1% ). Publication year, 
on the other hand, also showed a significant moderating effect 
(QM = 9.8 , p = 0.0073) on Enterococci, accounting for 19.9% 
(R2) of the true heterogeneity (Table 1). The pooled prevalence 
increased from 0.4% (95% CI: 0.2–0.7; I2 = 92.3%) during 2016–
2019 to 25.4% (95% CI: 21.1–29.8) in 2020–2022, and further to 
28.6% (95% CI: 23.1–34.2) in 2023–2025. Based on the source 
of the sample, we categorized the prevalence of enterococci 
into human, animal, and environment. The highest pooled 

prevalence was found in the animal source (45.0%, 95% CI: 29.0–
61.0, I2 = 97.9%), followed by the environmental source (44.3%, 
95% CI: 12.6–76.1, I2 = 95.3%) and human origin (14.9%, 95% CI: 
12.7–17.0; I2 = 99.9%) (Table 1).

3.3 | Pooled Prevalence and Distribution 
of Enterococcus Serotypes

E. faecalis showed the highest prevalence of 25.1% (95% CI: 20.9–
29.2), followed by E. faecium 6.3% (95% CI: 4.6–7.9). The pooled 
prevalence of nonspecific enterococci was 6.3 (95% CI: 5.5–7.1) 
in the population. Other species, such as E. hirae, E. raffinosus, 
E. avium, E. casseliflavus, E. durans, and E. gallinarum, demon-
strated a markedly low prevalence (< 1%). The prevalence of 
Enterococcus varies considerably between different sources. In 
human cases, E. faecalis was observed at 20.3% followed by non-
specific Enterococcus spp. (2.8%). Considering animal sources, 
nonspecific Enterococcus spp. was observed to have the highest 
prevalence of 65.1%, followed by E. faecalis (32.3%). E. faecium 
was highly prevalent in the environment (38.1%), followed by E. 
faecalis (25.8%) (Table 2).

3.4 | Antibiotic Resistance Pattern of Enterococci

In the overall Enterococcus isolates, the highest antibiotic resis-
tance rate was against cefuroxime with 77.1% (95% CI: 73.3–80.5), 
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followed by ceftriaxone with 73.4% (95% CI: 69.8–76.8) and strep-
tomycin 68.4% (95% CI: 59.4–76.2), whereas fosfomycin with 2.8% 
(95% CI: 1.7–4.8) had the lowest antibiotic resistance rate. This 
study investigated the AMR rates of enterococci among different 
sources (Table 3). Among human isolates, the highest resistance 
rate was observed for ceftriaxone at 77.7% (95% CI: 73.9–81.0), 
whereas vancomycin showed a resistance rate of 19.9% (95% CI: 
17.5–22.4). Fosfomycin showed a low resistance rate of 0.9% (95% 
CI: 0.2–3.1), whereas no resistance to tigecycline was observed in 
this group. Notably, enterococci exhibited a high resistance rate 
of 90.0% (95% CI: 85.5–93.3) against rifampicin in animal sources, 
whereas vancomycin was 20.6% (95% CI: 17.2–24.4). The lowest 
was observed against fosfomycin (4.8%; 95% CI: 2.7–8.3). In envi-
ronmental sources, resistance peaked for ampicillin at 76.0% (95% 

CI: 65.2–84.2), rifampicin at 53.3% (95% CI: 42.2–64.2), and eryth-
romycin at 52.0% (95% CI: 40.9–62.9).

Among Enterococcus serotypes, the resistance rate of E. fae-
calis was highest against streptomycin (96.6%), cefuroxime 
(91.1%), and azithromycin (63.7%). A high resistance to azith-
romycin was reached at 85.71% in E. faecium, followed by ce-
furoxime (80.00%), penicillin (72.2%), and ampicillin (68.9%). 
The nonspecific isolates exhibited the most alarming pattern, 
with exceptionally high resistance to trimethoprim–sulfa-
methoxazole (90.80%) and cefuroxime (69.9%). Additionally, 
moderate to high resistance rates to penicillin (37.21%) and 
amoxicillin (37.3%) were observed in nonspecific Enterococcus 
spp. (Table 4).

Ullah et al.,2023
Study Positive Total

Events per 100
observations Prevalence (%) 95% CI

Siddique et al.,2025
Ullah et al.,2024
Islam et al.,2022
Roy et al.,2025 (a)
Nahar et al.,2017
Roy et al.,2022
Alom et al.,2023
Majumder et al.,2022
Islam et al.,2021
Bag et al.,2022
Fahim et al.,2025
Ferdous et al.,2023
Neeva et al.,2024
Momotaz et al.,2024
Akhter et al.,2017
Salam et al.,2025
Mazhar et al.,2024
Afroz et al.,2023
Roy et al.,2025 (b)
Sagor et al.,2022
Rana et al.,2023
Ferdous et al.,2024
Khisa et al.,2025
Hossain et al.,2024
Safain et al.,2021
Samad et al.,2022
Nobel et al.,2024
Chowdhury et al.,2024
Ali et al.,2023
Ahsan et al.,2020
Rahman et al.,2023
Asaduzzaman et al.,2019
Rahman et al.,2020
Asaduzzaman et al.,2018
Nawal et al.,2025

53
24
44

540
78
12
88
40
63
40
10
40
44

134
87
42
51

115
27

143
65
87
12

118
20
27

201
103
78
29
44
40
25

168
25
59

150
158
150

4500
4403
2541
100

1450
3521

66
105
150
67

165
87

1203
84

1551
558
143
136
132
104

6130
243
430
352
891

6549
439
550

1308
12943
11274
12943
12337

Common e�ect model 87913

35.33
15.19
29.33
12.00
1.77
0.47

88.00
2.76
1.79

60.61
9.52

26.67
65.67
81.21

100.00
3.49

60.71
7.41
4.84

100.00
47.79
65.91
11.54
1.92
8.23
6.28

57.10
11.56
1.19
6.61
8.00
3.06
0.19
1.49
0.19
0.48

[27.71; 43.55]
[9.98; 21.75]

[22.19;  37.31]
[11.06; 12.99]

[1.40; 2.21]
[0.24; 0.82]

[79.98; 93.64]
[1.98; 3.74]
[1.38; 2.28]

[47.81; 72.42]
[4.66; 16.82]

[19.78; 34.49]
[53.06; 76.85]
[74.40; 86.86]

[95.85; 100.00]
[2.53; 4.69]

[49.45; 71.20]
[6.16; 8.83]
[3.21; 6.96]

[97.45; 100.00]
[39.16; 56.52]
[57.16; 73.93]
[6.11; 19.29]
[1.60; 2.30]

[5.10; 12.43]
[4.18; 9.00]

[51.75; 62.34]
[9.53; 13.84]
[0.94; 1.48]
[4.47; 9.35]

[5.87; 10.59]
[2.19; 4.14]
[0.13; 0.29]
[1.27; 1.73]
[0.13; 0.29]
[0.36; 0.62]

7.11 [6.82; 7.42]
Random e�ects model 12.05

100

[7.10; 19.70]
Prediction interval
Heterogeneity; I2 = 99.4%, τ2 = 3.0768, p = 0

[0.37; 83.53]

806040

Pooled prevalence of enterococcus

200

FIGURE 2   |   Forest plot of meta-analysis showing pooled prevalence of Enterococcus spp. in studies conducted in Bangladesh.



7 of 12

3.5 | Publication Bias

The funnel plot exhibited some degree of asymmetry, indicat-
ing a potential publication bias present in this meta-analysis 
(Figure 3). However, Egger's test did not indicate statistically 
significant funnel-plot asymmetry (p = 0.36), although the pos-
sibility of publication bias cannot be entirely excluded. The con-
tour funnel indicates a substantial contribution of the studies 
to the overall meta-analysis at different levels of significance. 
Therefore, these findings should be interpreted with caution.

4 | Discussion

AMR is a major health concern in livestock and human health 
that affects and causes a heavy burden on low- and middle-in-
come countries globally, which is also an increasing threat to 
high-income countries. Antibiotic-resistant bacterial infections 
caused an estimated 1.2 million deaths in 2019, more deaths 
than AIDS or malaria [43]. This systematic review and me-
ta-analysis provides a comprehensive and robust analysis of the 
current studies conducted from 2016 to 2025 on the prevalence 
of Enterococcus in humans, animals, and the environment, as 
well as its pooled AMR profile in Bangladesh.

The pooled prevalence of Enterococcus spp. was estimated at 
12.05% in Bangladesh. The present study findings are relatively 
comparable with the study conducted in Southeast Asia (India, 
Nepal, and Vietnam), where the pooled prevalence range was 
found between 10% and 30% [44–46]. In contrast, the prev-
alence and resistance rates of Enterococcus spp. reported in 

high-income countries such as Europe and North America have 
been comparatively lower than the findings from low- and mid-
dle-income countries [47].

Although the overall pooled estimate across all sample sources 
was moderate, substantial differences were observed across 
source categories. The prevalence was substantially higher in 
animals (45.0%) and the environmental sample (44.3%) com-
pared with humans (14.9%). These differences should not be 
interpreted solely as reflecting true biological risk because the 
underlying studies differed in populations, sampling frames, 
specimen types, diagnostic approaches, and study settings. 
Nevertheless, the ability of Enterococcus spp. to persist in soil 
and water and to disseminate between hosts and environmen-
tal reservoirs may contribute to circulation across One Health 
interfaces [48]. Moreover, inadequate veterinary healthcare, 
monitoring, and regulatory services, intervention of excessive 
informal animal health service providers, and farmers' knowl-
edge gap on drugs and AMR recorded in Bangladesh may be the 
potential cause of higher prevalence in animals [25].

Among different Enterococcus serotypes, E. faecalis showed a 
higher pooled prevalence (25.1%) than E. faecium (6.3%). This 
distribution is consistent with global evidence identifying E. 
faecalis as the predominant clinical and commensal species, 
whereas E. faecium is more frequently associated with ele-
vated AMR and persistence in hospital and environmental set-
tings. Similarly, species-specific patterns have been reported in 
Europe and North America, where E. faecium has increasingly 
adapted to healthcare-associated niches and exhibits higher re-
sistance profiles than E. faecalis [47]. In Bangladesh, widespread 

TABLE 2   |   Source-specific pooled prevalence of Enterococcus serotype.

Species
No. of 
study

Overall 
prevalence 
% (95% CI) Q value I2 (%)

Source-specific prevalence % (95% CI)

Human Animal Environment

Enterococcus 
faecalis

20 25.1 (20.9–29.2) 1479.4 99.4 20.3 (15.1–25.5) 32.3 (19.1–45.4) 25.8 (19.5–32.1)

Enterococcus 
faecium

11 6.3 (4.6–7.9) 689.2 96.5 1.0 (0.3–1.8) 28.0 (10.6–45.3) 38.1 (27.3–48.9)

Enterococcus 
hirae

2 0.13 (0.00–0.30) 2.7 0 0.13 (0.00–0.30) — —

Enterococcus 
raffinosus

2 0.23 (0.00–0.49) 7.4 19.5 0.23 (0.00–0.49) — —

Enterococcus 
avium

2 0.08 (0.00–0.18) 0.0 0 0.08 (0.00–0.18) — —

Enterococcus 
casseliflavus

1 0.07 (0.01–0.38) 0.0 0 0.07 (0.00–0.20) — —

Enterococcus 
durans

1 0.07 (0.00–0.20) 0.0 0 0.07 (0.00–0.20) — —

Enterococcus 
gallinarum

1 0.14 (0.04–0.50) 0.0 0 0.14 (0.00–0.33) — —

Nonspecific 
Enterococcus 
spp.

21 6.3 (5.5–7.1) 3881.4 99.2 2.8 (2.2–3.3) 65.1 (49.9–80.2) —
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and often unregulated antibiotic use in livestock and aquacul-
ture, together with inadequate waste management practices, 
may contribute to sustained environmental contamination 
and increased opportunities for human exposure to resistant 
Enterococcus strains [25].

In our study, we found alarmingly high resistance rates 
to key antimicrobial classes. Overall, resistance to ceph-
alosporins, including cefuroxime (77.1%) and ceftriaxone 
(73.4%), was pervasive. These high resistance rates are con-
sistent with the well-established intrinsic nonsusceptibility 
of Enterococcus to cephalosporins, which is associated with 
the low-affinity penicillin-binding proteins involved in cell-
wall synthesis. However, the high resistance observed in our 
study may also reflect the broader selective pressure associ-
ated with antimicrobial use in clinical and agricultural set-
tings, including empirical antibiotic use, over-the-counter 
availability, and extensive use in livestock production [49, 50]. 

Similar high resistance levels have been reported from other 
low- and middle-income countries from clinical enterococcal 
isolates, such as Pakistan [51]. High resistance to streptomy-
cin (68.4%) further erodes the utility of traditional combina-
tion therapies. Human isolates exhibited high resistance to 
cephalosporins, whereas notable resistance to vancomycin 
(19.9%) signals the emergence of VRE, a recognized global 
threat. VRE prevalence has been reported across food chains 
and clinical settings worldwide, with several studies demon-
strating their presence in nonclinical reservoirs, including 
food animals and environmental waters [52]. On the other 
hand, species-specific AMR profiles revealed that E. faeca-
lis exhibited extremely high resistance to streptomycin and 
cephalosporins, and moderate resistance to penicillin and cip-
rofloxacin. Identification of carbapenem resistance among E. 
faecalis further signals the emergence of MDR lineages that 
could complicate empiric therapy. In E. faecium, a similarly 
concerning resistance profile was observed, including high 

TABLE 3   |   Source-specific resistance percentage of Enterococcus spp. against the most used antibiotics.

Antibiotics

Overall % (95% CI) total

N n % (95% CI) Human Animal Environment

Vancomycin 1573 328 20.9 (18.9–22.9) 19.9 (17.5–22.4) 1012 20.6 (17.2–24.4) 486 36.0 (26.1–47.3) 75

Penicillin 912 449 49.2 (46.0–52.5) 30.5 (26.7–34.7) 511 73.1 (68.5–77.2) 401 —

Ampicillin 994 408 41.0 (38.0–44.1) 22.8 (19.7–26.2) 654 76.2 (70.7–81.0) 265 76.0 (65.2–84.2) 75

Amoxicillin 695 228 32.8 (29.4–36.4) 29.4 (26.2–32.8) 666 33.8 (24.0–45.1) 29 —

Imipenem 785 234 29.8 (26.7–33.1) 31.4 (28.0–35.0) 711 65.5 (47.3–80.1) 74 —

Gentamicin 1161 446 38.4 (35.7–41.2) 40.2 (37.3–43.2) 1047 21.9 (15.3–30.4) 114 —

Streptomycin 114 78 68.4 (59.4–76.2) — 68.4 (59.4–76.2) 114 —

Ciprofloxacin 1804 807 44.8 (42.5–47.1) 57.3 (54.5–59.9) 1243 16.9 (13.8–20.5) 486 17.3 (10.4–27.4) 75

Levofloxacin 1221 488 40.0 (37.3–42.7) 52.4 (49.1–55.7) 891 5.1 (3.0–8.5) 255 10.7 (5.5–19.7) 75

Tigecycline 119 3 2.5 (0.9–7.2) 0.0 (0.0–3.9) 95 12.5 (4.3–31.0) 24 —

Tetracycline 960 491 51.1 (48.0–54.3) 69.7 (64.9–74.0) 389 40.7 (36.5–45.1) 496 24.0 (15.8–34.8) 75

Doxycycline 496 266 53.6 (49.2–58.0) 53.6 (49.2–58.0) 496 — —

Chloramphenicol 650 67 10.3 (8.2–12.9) 18.0 (11.4–27.2) 89 7.8 (5.7–10.6) 486 17.3 (10.4–27.4) 75

Erythromycin 922 561 60.8 (57.7–63.9) 57.6 (52.7–62.3) 401 65.2 (60.7–69.5) 446 52.0 (40.9–62.9) 75

Fosfomycin 459 13 2.8 (1.7–4.8) 0.9 (0.2–3.1) 228 4.8 (2.7–8.3) 231 —

Linezolid 1575 492 31.2 (29.0–33.6) 27.9 (25.4–30.7) 1099 41.1 (36.4–46.0) 401 26.7 (18.0–37.6) 75

Nitrofurantoin 1191 192 16.1 (14.1–18.3) 21.6 (18.9–24.7) 790 5.2 (3.5–7.9) 401 —

Rifampicin 476 282 59.2 (54.8–63.6) 20.0 (14.7–26.6) 170 90.0 (85.5–93.3) 231 53.3 (42.2–64.2) 75

Trimethoprim–
sulfamethoxazole

268 139 51.9 (45.9–57.8) 51.9 (45.9–57.8) 268 — —

Azithromycin 717 348 48.5 (44.9–52.2) 48.7 (45.0–52.3) 707 40.0 (16.8–68.7) 10 —

Cefuroxime 511 394 77.1 (73.3–80.5) 77.4 (73.5–80.9) 487 70.8 (50.8–85.1) 24 —

Meropenem 707 277 39.2 (35.6–42.8) 38.5 (34.9–42.3) 667 50.0 (35.2–64.8) 40 —

Ceftriaxone 609 447 73.4 (69.8–76.8) 77.7 (73.9–81.0) 524 47.1 (36.8–57.6) 85 —

Cefixime 529 277 52.4 (48.1–56.6) 51.7 (47.2–56.1) 484 60.0 (45.5–73.0) 45 —

Abbreviations: CI, confidence interval; N , total sample; n , number of resistant samples. 
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rates of macrolide and aminoglycoside resistance. These pat-
terns reflect global concerns wherein E. faecium often harbors 
greater resistance than E. faecalis, particularly to ampicillin, 

gentamicin, and newer agents, as documented in numerous 
international meta-analyses [18]. Nonspecific enterococcal 
isolates demonstrated high resistance to trimethoprim–sulfa-
methoxazole, emphasizing the importance of species identi-
fication in AMR surveillance. Lumping diverse species into 
a nonspecific category may obscure reservoirs of resistance 
genes capable of horizontal transfer.

A major strength of this study is that, to the best of our 
knowledge, it is the first systematic review and meta-analy-
sis to integrate human, animal, and environmental data on 
Enterococcus spp. prevalence and AMR in Bangladesh, pro-
viding a comprehensive One Health perspective. It offers a 
broader overview of species distribution and AMR patterns and 
identifies important variations across different sources, which 
may support future surveillance and research in Bangladesh. 
Nevertheless, several limitations must be acknowledged. 
Extreme between-study heterogeneity was observed, with 
I2 approaching or exceeding 95%–99% in many overall and 

TABLE 4   |   Antimicrobial resistance pattern of Enterococcus serotypes against different antibiotics.

Antibiotics

% (95% CI) total

Enterococcus faecalis Enterococcus faecium Nonspecific Enterococcus

Vancomycin 11.1 (9.1–13.6) 756 25.3 (20.2–31.3) 233 31.7 (28.1–35.6) 583

Penicillin 49.4 (45.3–53.5) 573 72.2 (63.4–79.5) 115 37.2 (31.1–43.7) 223

Ampicillin 43.1 (39.0–47.2) 557 68.9 (60.6–76.2) 132 25.3 (20.8–30.5) 304

Amoxicillin 16.1 (12.5–20.4) 336 51.1 (41.1–60.9) 94 37.3 (32.4–42.4) 354

Imipenem 59.8 (53.8–65.4) 271 41.9 (26.4–59.2) 31 13.5 (10.5–17.2) 393

Gentamicin 31.1 (26.9–35.6) 434 53.8 (43.7–63.5) 93 45.5 (40.8–50.3) 422

Streptomycin 96.6 (82.8–99.4) 29 66.7 (52.1–78.6) 45 50.0 (35.2–64.8) 40

Ciprofloxacin 44.5 (40.9–48.1) 724 34.5 (28.6–40.9) 226 47.7 (44.3–51.0) 854

Levofloxacin 25.1 (21.8–28.8) 577 26.7 (19.5–35.4) 116 59.2 (55.0–63.3) 527

Tigecycline 12.5 (4.3–31.0) 24 — 0.0 (0.0–3.9) 95

Tetracycline 53.4 (49.3–57.3) 594 45.9 (38.9–53.1) 185 49.2 (42.0–56.4) 181

Doxycycline 53.1 (44.5–61.4) 130 46.9 (30.9–63.6) 32 54.5 (49.1–59.8) 334

Chloramphenicol 9.4 (6.8–12.7) 384 10.4 (6.6–16.0) 164 13.7 (8.4–21.7) 102

Erythromycin 66.9 (62.7–70.8) 519 72.5 (65.4–78.7) 171 39.0 (32.9–45.4) 231

Fosfomycin 1.3 (0.6–3.1) 375 9.6 (5.0–17.9) 83 —

Linezolid 31.0 (27.9–34.2) 817 26.6 (20.3–34.0) 158 32.9 (29.2–36.7) 599

Nitrofurantoin 14.8 (12.3–17.8) 654 18.1 (12.8–25.1) 149 17.5 (14.1–21.6) 388

Rifampicin 55.3 (50.2–60.2) 380 75.8 (66.3–83.3) 95 —

Trimethoprim–sulfamethoxazole 29.6 (23.1–37.1) 162 9.1 (2.5–27.8) 22 90.8 (83.5–95.1) 98

Azithromycin 63.7 (57.4–69.6) 237 85.7 (65.4–95.0) 21 39.0 (34.6–43.5) 459

Cefuroxime 91.1 (85.9–94.5) 169 80.0 (49.0–94.3) 10 69.9 (64.7–74.6) 332

Meropenem 21.0 (15.9–27.2) 200 47.6 (28.3–67.6) 21 46.3 (41.9–50.7) 486

Ceftriaxone 89.7 (83.6–93.6) 145 89.1 (78.2–94.9) 55 65.5 (60.8–70.0) 409

Cefixime 43.7 (34.5–53.3) 103 60.0 (45.5–73.0) 45 53.8 (48.8–58.7) 381

Abbreviations: CI, confidence interval
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FIGURE 3   |   Funnel plot of meta-analysis showing publication bias in 
studies reporting the prevalence of Enterococcus spp.
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subgroup analyses. Although diagnostic method, publication 
period, and source were statistically significant moderators, 
these factors explained only part of the observed variability. 
Additional heterogeneity may have resulted from differences 
in study populations, sampling strategies, specimen types, di-
agnostic methods, antimicrobial susceptibility testing meth-
ods and interpretive criteria, and study periods. Regarding 
the study period, we included studies published within the 
predefined period for which eligible evidence was available; 
earlier studies meeting our criteria were not identified. For 
AMR, resistance estimates were calculated descriptively, but 
variations in AST methods and interpretive criteria may have 
affected the comparability of resistance estimates across stud-
ies [51]. In addition, inconsistent antimicrobial susceptibility 
testing standards and limited molecular characterization re-
stricted deeper inference regarding resistance mechanisms 
and transmission pathways. Future research should prioritize 
standardized surveillance protocols and molecular character-
ization of resistance determinants to better understand trans-
mission dynamics across One Health domains. Strengthening 
antimicrobial stewardship in both human and veterinary 
sectors, improving environmental waste management, and 
expanding integrated AMR surveillance systems are critical 
steps to mitigate the growing burden of antimicrobial-resis-
tant enterococci in Bangladesh.

5 | Conclusion

This systematic review and meta-analysis estimated an over-
all pooled prevalence of Enterococcus spp. of 12.1% across 
the included human, animal, and environmental sources in 
Bangladesh between 2016 and 2025. Among the identified spe-
cies, E. faecalis and E. faecium were the most prevalent across 
human, animal, and environmental sources. High resistance 
rates were observed against cefuroxime, ceftriaxone, strepto-
mycin, erythromycin, rifampicin, and trimethoprim–sulfame-
thoxazole, highlighting substantial therapeutic challenges. The 
findings underscore the urgent need for rational antimicrobial 
use, strengthened infection prevention and control measures, 
improved environmental hygiene, and integrated One Health 
surveillance in human, animal, and environmental settings to 
mitigate the burden of antimicrobial-resistant enterococci.
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