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Background: Antimicrobial resistance (AMR) is a severe public health problem that Bangladeshis are dealing
with nowadays. However, we wanted to investigate the pooled prevalence of Salmonella and AMR in
Salmonella strains isolated from livestock- and poultry-derived foods between 1 January 2000 and 31
August 2022.

Methods: The metafor and metareg packages in the R programming language were used to conduct all ana-
lyses. We used a random-effect or fixed-effect model for pooled prevalence of Salmonella and AMR to
Salmonella, depending on the heterogeneity test for each antibiotic. The heterogeneity was examined using
stratified analyses, the meta-regression approach and sensitivity analysis.

Results: The combined prevalence of Salmonella in livestock and poultry-derived food in Bangladesh is 37%, ac-
cording to the 12-research considered (95% Cl: 23%-52%). According to subgroup analysis, neomycin had the
lowest prevalence of resistance (4%, 95% CI: 1%-13%), whereas tetracycline had the highest prevalence of
resistance (81%, 95% CI: 53%-98%). According to univariate meta-analysis and correlation analysis, the
prevalence of Salmonella increased with the study period (8=0.0179; 95% CI: 0.0059-0.0298, P=0.0034;
R? = 46.11%) and without this, none of aforementioned variables was significantly associated with the detected
heterogeneity and there was a positive relationship (r=0.692, P=0.001) between the Salmonella prevalence
and study period.

Conclusions: AMR is rising alarmingly in Bangladesh by livestock-derived food consumption. However, monitor-
ing and evaluating antibiotic sensitivity trends and developing effective antibiotic regimens may improve
Salmonella infection inhibition and control in Bangladesh. Policymakers should be concerned about food hand-
ling practices. Doctors should be concerned when using prescribing antibiotics.

Introduction from 2006 to 2010.° Among the 2600 Salmonella serotypes dis-

covered, NTS serovars such as Typhimurium and Enteritidis are
Salmonella is one of the most commonly recognized pathogens  the most common worldwide.” Poultry has been identified as
that cause gastroenteritis,"* which results in significant morbid-  the one cause of human salmonellosis, and avian salmonellosis
ity, mortality and economic loss.>* In 2010, the World Health  gffects the poultry business and can infect humans when in-
Organization (WHO) reported 153 million cases of non-typhoidal  fected poultry meat and eggs are consumed.® Eggs are the prin-
Salmonella (NTS) enteric infections worldwide, of which 56969  cipal source of salmonellosis and other foodborne illnesses!®*3
were fatal and 50% were foodborne.” Salmonella was the second  Salmonella that grows in animal farms may contaminate eggs
foodborne epidemic in some regions’ illness monitoring reports and meat during the slaughtering process before being
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transmitted to people via the food chain. Indeed, multiple earlier
investigations have reported the isolation of Salmonella from ani-
mal and human diets.'*™*” Human S. Enteritidis is commonly as-
sociated with the intake of infected eggs and chicken meat,
whereas S. Typhimurium is commonly associated with the con-
sumption of pork, poultry and beef.’®!° In addition, Salmonella
enterica serovars have been found in varying concentrations in
animal products and by-products worldwide.'®?%?! The most
often-reported serovars connected with human foodborne dis-
eases are Salmonella Typhimurium and Enteritidis.?? However,
untyped Salmonella of animal origin is becoming more common
in Bangladesh.?32*

However, domestic chickens in developing countries live close
to humans in urban and rural communities and are frequently
housed overnight in the family home.?® As soon as a chicken be-
comes infected, it sheds faeces into the environment.
Additionally, interacting with employees in poultry farms and
slaughterhouses, the main route of human Salmonella infections,
involves contaminated meat and eggs.® One of the primary rea-
sons for animal management is the risk of antimicrobial resist-
ance (AMR) in humans and animals.?’

AMR is a worldwide public health issue.’®?? AMR can be
caused by one of three fundamental processes: (i) antibiotic
modification by lowering absorption or enhancing efflux of the
antibiotic via their enzymes; (i) alteration in the antibiotic’s target
site and (iii) gaining the capacity to break or change the
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Figure 1. PRISMA flow diagram for this study.

antibiotic.>® Several lines of evidence showed that using anti-
microbial agents in food animals contributes to the emergence
and spread of AMR in foodborne Salmonella.>' AMR has recently
been a significant issue in treating Salmonella infections.>?*3
Salmonella infections in food animals are essential in public
health and, in particular, food safety because food products of
animal origin are thought to be the most common source of hu-
man Salmonella infections.>* Contamination by healthy food
handlers is also assessed during food processing. In recent years,
it has been estimated that animals and their products can ac-
count for up to 96% of all Salmonella infections in humans.?*3°
AMR is expected to increase by 70% in Asia, posing a national
and global threat.?” The WHO estimates that Salmonella infec-
tions cause 93.8 million instances of gastroenteritis worldwide
each year and that Salmonella infections cause 155000
fatalities.®

Moreover, according to a recent Shanghai study, just 1.1%
of strains were responsive to all 16 medications, and AMR
rates for third and fourth-generation cephalosporins
(cefotaxime and cefepime) were 10% and 8.1%, respective-
ly.>® Furthermore, according to a study conducted in
Guangzhou, annual resistance rates of ampicillin are reason-
ably consistent. However, resistance rates of NTS to ceftazi-
dime in 2015 (31.43%) were significantly greater than in
2014 (16%). Furthermore, AMR to ampicillin was considerably
higher in serotype Typhimurium and Enteritidis isolates than
in other serotypes.“® Salmonella drug resistance rates to ceph-
alosporin and cefepime were 22.3% and 13.1%, respectively, in
four hospitals in Shenzhen,** which were all higher than the re-
sults of earlier Chinese investigations.**** This phenomenon
demonstrates that the outlook for AMR is bleak. Regarding
AMR mechanisms, the corresponding resistance genes are
usually found on plasmids, transposons, gene cassettes or var-
iants of the Salmonella genomic islands SGI1 and SGI2.**

However, this study revealed a prevalence of Salmonella in
poultry and livestock-derived foods. In this regard, this
meta-analytical study will be evidential for assessing the preva-
lence of Salmonella in livestock and poultry-derived food and
AMR in livestock and poultry-derived foods and comprehensively
investigate the whole scenario of Bangladesh. We hypothesize
that Salmonella pooled prevalence and antibiotic resistance are
increasing in Bangladesh.

Materials and methods

Data sources and systematic search strategy

We looked for research focused on investigating the prevalence of
Salmonella and AMR in livestock and poultry-derived food in both
English and Bangla. In English and Bangla, an attempt was made to lo-
cate grey and published scientific literature. From 2000 to August 2022,
search engines such as Google Scholar, Scopus, ISI Web of Knowledge
and PubMed were used to identify published literature, with reference lists
of pertinent articles manually searched. We did not find any article on
Bangla. The screening of titles and abstracts to find relevant publications
was followed by full-text scanning of the relevant articles in a two-step
approach.

Additionally, we were concerned with resolving any conflicts that de-
veloped during the data extraction to eliminate selection bias.
‘Salmonella’ AND ‘antibiotic resistance OR antimicrobial resistance OR

20f 11



R

J

Review

panuiuo)

SIXIPIIPN ‘jo21uaydwnioly)

‘QuIdAoDIIRL 8107
‘umdixowy ‘utjoiduy L BBIN asid 663 841 00¢ uadIY) D1oya L10C “ID 39 WDIS]
UPAWOIYIZY ‘UDDYIWY

‘upAwosN
‘UAWoIYIAIT ‘udIwDIUD
‘uppxoyoidi)
‘tod/oyrewiL/pyding
‘aunAoAxoqg
‘QUI2A2D1191AXQ uoisnip 1999 MW MO indizoo 8107 “Ip 19

‘unpaxowy 9 IS 251 “JpaW UDMIIY) LE 691 ‘usaIyd ‘ybuisuswAw L10T upwyoy

uIxapyda) ‘upAwoiylizy

‘UIDIWDIUY uoISNyIp qoms pabukinyd 910 “Jo 19

‘p1o0 DIXIPION ‘UljidIduwy Y I1S10 SEIlq ‘qoms 102D0]) LT 0S uoabld ybuisuswipn S10¢C yoJINYIoS
uixajpyda)
‘uliIxIya)
‘upidwinly ‘upXo|JIoN
‘unAwolyifig
‘uppxoyoidin
‘PO
JIXIPIDN ‘od1uaydwinioly) 2opyIns 663
‘Qunhonial ‘pInYy 1pUSAIU] 2102
‘uniptusd ‘unaidwy Y IS 0By ‘qpms J0oD01D 1L 01¢ uddIYD pYoYyd 010¢ “ID 33 pUoNY
upPAWDUDY
‘UnAwolyiAig ‘uniuniuan
‘pD
JIXIPIDN ‘lod1uayduwinioly) S92904

‘QunpAonia] uoIsnyIp pod 1004 2102
‘unaixowy ‘utiduy Y IS1D BEIlq ‘qoms 1020)) oY 49 uoabid ybuisuswin 7107 “Ip 39 UIDSOH

upAwoiyifig pyoyQ

‘P20 JIXIPION uoisnjip ‘lus4 000¢

‘umpoxold ‘umpidwy Y IS1D 2sid LeETY \z4 V14 usxaIyd ‘ybuisuswAw 700¢ “J0 39 UDyy
yioig
‘uoisnyyip jua1u0d bbH3 910¢ “Ip 19

UIDDXO0.U3 L ISTD 2510 ‘a0p4ns 12ys bba L 0%¢ uxIY) buobomy) €107 pnuiyoiy

upAwolylz

‘unAuwpuny

‘upAwoldans ‘uidwpiy
‘UnAWOIYIAIT ‘UILIDIUD
u1Dx0Y04d1) “PIdD JIXIPION uoIsnjip 710¢
‘QuIAopa13] ‘undiduwy & IS asig 109 01 0z usydIY) oypyd €107 “Ib 39 DWSIDS
S21101G1IIUD 90UDISISTY S9DIUD piopupis  poylawl 2dAy a)dwps "ou ‘ou 150H uonpIoT] 10ak D3k “yoyiny
0 Ajpnp 1Sy 1Sv aAysod  ejdwing Apnis

SuoIIDDIISIAUI BY] WL} POASIIII SJM 1DY] Djjsuowps buipipbas Apnis 4oy $1019D4 Aiojpupidxs ay3 sisi7 *T 91qpL

30f11



Review

upAwoaN
‘unAwolyifig
‘uppxoyosdin

‘430)/0y32WI] /oYdINS /102
‘auldAopiial ‘unpidwy IS s S|pURIDW IND 9% 0ze uandIYD 19YIAS 1107 “10 12 Aor
upAwosN
‘unAwoiyifig
‘unsiod 810¢
‘aulPAdDAI3] ‘UIXOWY IS asid gqDMS |DIDOD 01 7 S|IbnO ybuisusWAR L10¢ “Jo 38 upypr
wiauadoug ‘upAwoidans
‘uppxoyoidin
‘Joo1uaydwoioly) 020t
‘aulpAonasy ‘uloidwy 2s1a goMSs DIDO]) 13 001 uaxdIYd ybuisuswAw 4102 “I0 39 WY
uIDX004UT
‘UnAwWDpUDY
‘uppXoYad ‘uppxoyoid
‘unsnod
‘QuiAaAxoqg %102
‘au2AdDa3BL ‘UlPIXOWY STODN 2s1a ud3|ds 4aAI €1 o€ uasaIYd buoboniy) 7107 “Ip 39 UDSSDH
uidIWDIULY 610C “Ip 39
‘aulpAopaia) ‘upIduwy IS asid 663 0S 0§ usxdIy) p1dYQ L10C ubwIyoy
upAwoIyiizy upAwoiyifig [unbaioysiy
‘uppxoyoidid ‘iobun]
‘QuIpAonaal ‘DUOY0JISN D8T0C
‘uniaixowly ‘uriduwy IS Jsid 103N 71 0¢ usxXd1yD “andjowipr L10T “]D 39 WD|S]
wiauadiw]
‘wauadoiapy
‘wauadoi] ‘upAwolylizy
‘UAuIDUDY
‘unAwosN ‘upAwoiyifig
‘URILDIURY ‘UPDX0y04dID
‘loaiuaydwiniolyd
QuIPAIDIIIAXO 6107
ClU|RliSlE]] IS asid Al ‘Bunp mod 09 00T 31D ybuisuswipn 810¢ “Ip 39 InqoS
upAwoidans
‘unAwolyifig
‘iy0d/o0y3dWI /oyding 6102
‘aul2Aopa3a ‘UmdIxowy IS Ioby AN #7¢ 00¢ 31LD PUYIAS 810¢C “ID 38 Upyy
UOXDLYI) ‘UPAWOoIYZY
‘UAWDUDY|
‘URIWDIUY ‘UPDpX0o04dI)
‘pPD
SJ1301g1IUD 3JUDISISSY pJopuUDIS poylaw 2dA3 a1dwpsg ‘ou ‘ou 1S0H uonpI07 Inak Jpak “Joyiny
1Sv 1sv anysod  edwing Apmis

panujuo) T 3)qoyL

4of 11



R

J

Review

aulPAdDI1IAXO
‘QuUIpD.a) ‘UPAwoiyrfig
od1usydwinioly)
‘umpiusd
QuIPAIDIIIAXO
‘QUIpDA) ‘UPAWOoIYIAI]
od1usydwinioly)
‘unipiuad ‘unidIxouy
aUIpDID)
‘unpiusd ‘ulRIxowy
‘BuUIPDJ4I) ‘910ZDXOUILII0D)
‘UpAwolyIAIg ‘unpiuad
‘uippxo)joiul
‘QulPAdD1181AX 0
‘QUIPD.SD) ‘UPAWOIYIAIZ
od1usydwinioly)
‘umiusd ‘unRixowy
uRDX004dI) ‘DUOXDLIYDD
‘wudoyiauli]
-9]10ZDX0Y32WD4NS
‘unppXQ ‘UnRIXoWwy
QUI12A004191AX0
‘unAwolylizy ‘udiwplud9
‘upAwoldanis ‘upoyiwy
9]0ZDXOWI[-0)
UIDDXO)JONT
BUOXDIII) BWIIXDI0J)
‘uppxoyoidi)
‘UI0JUDINJOINN
‘wudoyiawi] ‘funpidwy
‘unPDX0]) ‘UPAWOIYIAIT

10912 10N

IS

IS1D

IS

IS

IS

IS1D

2s1q

2s1Q

2s1q

2s1q

2s1g

2siq

103

103

1D3W 1005
puD 109W 0]DyNg ‘YDA
31110 9DAW UNIIY)

MW UZ0J4 4Dawl usydIy)

109

J9AIT 9DBaW UIYD

13

8

61

€l

0S

681

S0¢

0

4]

91

usxdIyd pYPYd
usXMaIyd pYoYyd

1009 ‘911D) ployg puo
‘usxdIYD indfoJid oysuog

A1jnod 1pysupg
Kijnod [o)ol¥g!
SUSYIIY)

Aijnod wnJbo1oy)

900¢

L10¢

103
10N

1¢oc
-0¢0¢

0¢0¢
0¢0¢
-610¢

£00¢
“1p 19 wnbag

p8TOC
TND 19
ubwyoy

1207 “Ip 39
1aggnmop

770z “Io 3@
ubwiyny

120¢C
“Ip 12 Aqqoy

[a4erd
“]o 39 WDJS]

5o0f 11



Review

Rahman et al., 2022 '

Rahman et al., 2018a 1

Rahman etal., 2018

Rabby et al., 2021

Matubber etal., 2021 i

Mahmud al at, 2016

Study

Khan et al., 2019

Islam et al., 2022

Islam atal., 20182

Islam atal., 2018

Hassan et al.,2014 1

Begum et al,, 2007 - ;:

31 32 33

Figure 2. Sensitivity analysis for individual studies.
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Figure 3. Funnel plot for study bias.

drug resistance OR AMR’ AND ‘prevalence OR incidence OR morbidity OR
odd ratio OR risk ratio OR confidence interval OR P value OR rate’ AND
‘antibiotic resistance OR antimicrobial resistance OR drug resistance’
AND ‘Bangladesh’. Studies conducted on livestock and poultry were cho-
sen using the Species filters in PubMed and Google Scholar. Because there
was no sorting filter for species in the Web of Science and Cochrane
Library, new search phrases were added to select species. The articles
found during the search were exported to EndNote to be checked for du-
plicates. The unique hits were then uploaded to the Rayyan QCRI website
for data extraction and screening. The title and abstract were screened
first, followed by the complete content of the article.

Data collection process and data items

As a result of our search approach, all items were exported to the
EndNote program. Duplicated articles were removed from the database.
One neutral reviewer (A.A.) examined the titles and abstracts of the dis-
covered papers. The whole texts of qualifying papers were obtained and
appropriately evaluated for eligibility. The records were examined for le-
gitimacy by the second examiner (M.S.S.). In the event of a disagreement
between the two reviewers (A.A. and M.S.S.), the reviewer was then con-
sulted by F.A.M. and A.M.S. Then, the article information was included by
the three reviewers (N.D., K.S.I. and R.B.G.).
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Table 2. Overall result in meta-analysis

Antibiotic name Tau? ? Pa Random/fix effect of resistance prevalence, % [95% CI] P for H P for Egger
Erythromycin 0.13 94% 27.40 84[53-99] <0.001 0.424
Ciprofloxacin 0.01 95% 143.4 20[4-42] <0.001 0.523
Gentamicin 0.05 90% 71.82 11[2-24] <0.001 0.242
Oxytetracycline 0.0097 65% 5.57 52[39-66] 0.06 0.654
Sulpha/Trimetho/Cotri 0.15 97% 144.29 42[11-70] <0.001 0.524
Tetracycline 0.1 93% 60.48 80[53-98] <0.001 0.525
Neomycin 0.1 60% 7.45 4[1-13] 0.06 0.131
Doxycycline 0.122 95% 35.63 51[12-89] <0.001 0.354
Overall Salmonella prevalence 0.105 97% 558.13 37[23-52] <0.001 0.636

Table 3. Univariate meta-regression analysis

Covariates Beta [B] [95%CI] Pvalue  R?[%]
Study year 0.0179 [0.0059 —-0.0298] 0.0034 46.11%
Location —-0.0073 [-0.0199 -0.0053] 0.2557 Nil
Host —0.0085 [-0.0363 —0.0193] 0.5497 Nil
Sample number 0.0024 [-0.0017 —0.0064] 0.2623  20.98%
Positive sample —0.0069 [-0.0230 —-0.0093] 0.4037 Nil
AST method —-0.0106 [-0.0274 —-0.0061] 0.2125 Nil
AST standard 0.0028 [-0.0016 -0.0072] 0.2140 15.22%
Quality of articles —0.0384 [-0.1333 —0.0565]  0.4280 Nil
Resistance antibiotic 0.0097 [-0.0313 -0.0119] 0.3796 Nil

Furthermore, the Final was checked by one reviewer (R.K.R.). Next,
statistical analysis was performed by R.K.R. and U.M. The search strategy
was depicted in a PRISMA flow chart, which showed which studies were
included and excluded and the reasons for exclusion (Figure 1).

Data extraction and quality assessment

We choose studies on the following criteria: (i) reported AMR in livestock
and poultry-derived foods in Bangladesh; (i) published between 2000
and August 2022; (iiii) samples indicated poultry and livestock-derived
foods and (iv) were scientifically reported on location, number of samples
and outcomes. The analysis did not cover the detection of Salmonella and
the resistance pattern of sample types of faeces, faecal, cloacal, intestinal
and rectal. In Bangladesh, there were no restrictions on when the study
might be published.

Reporting bias assessment

Data quality was assessed according to the Joanna Briggs Institute.
Appropriate sample frame, study participants sampled, sample size, de-
scription of study subjects and setting, sample size justification, power
description or variance and effect estimates, valid methods for condition
identification, a standard and reliable condition measured appropriate
statistical analysis, and adequate response rate were among the nine
factors used to assess the risk of bias. The phrases ‘yes’, ‘no’, ‘unclear’
and ‘not available’ were used to convey the risk assessment criteria.
They received a one-point score, while the others received a zero. The to-
tal score was 0 to 9. The likelihood of bias was considered low when the
overall score was greater than 70%, moderate when it was 50%-69%
and high when it was 0%-49% (Table 1).4>7

45-47

Statistical analysis

After reviewing the entire article for quality, the authors independently
extracted data using purpose-built forms that specified the pertinent fac-
tors. Disagreements were settled by debating the articles and coming to
an agreement. The significant dependent variable was a binary categor-
ization of study results on the basis of whether the article supported the
prevalence of Salmonella and antibiotic resistance to Salmonella or not.
The proportion for the study based on the standardized effect size was
the dependent variable in the meta-analysis. The statistical analysis
was carried out with the help of the R programming language. The meta-
for and metareg in the R programming language were used to determine
the pooled prevalence after excluding low-quality articles.“%*>*¢ Metafor
uses inverse-variance weights from a random-effects model to pool pro-
portions and offers a weighted subgroup and overall pooled estimate. It
entailed a meta-analysis of the prevalence values of each publication,
weighted by sample size and allowing for potential heterogeneity
across studies in this context. Before the random-effects model, the
Freeman-Tukey transformation produced a proportional meta-analysis.
Prevalence estimates were merged using a random-effects meta-
analysis for accounting for between-study heterogeneity. The statistical
heterogeneity was assessed using the chi-square test on the Q (H, I) stat-
istic, which was quantified by the I? values under the assumption that
I-square values of 25%, 50% and 75% were nominally assigned as low,
moderate and high estimates, respectively.*®*> The following grouping
variables were used in stratified analyses and meta-regression for covari-
ates to examine potential sources of heterogeneity. To establish whether
one or more studies had an impact on the outcomes by being excluded
one at a time, a sensitivity analysis was also performed. The distribution
of the observed studies was visually inspected on a funnel plot to deter-
mine publication bias. Egger’s linear regression and Begg’s rank correl-
ation test were then used to measure the level of bias.*%*>*¢ The
significance threshold was kept at <0.05.

Results

Search result and eligible studies

PRISMA was used to outline the specific steps of the systematic
review and meta-analysis method, and Figure 1 outlines the pro-
cess of selecting relevant papers. We identified 463 new studies
via PubMed, Google Scholar, Scopus, ISI and Web of Knowledge
databases. Owing to duplicate records, ineligible by automation
tools, titles, sample types and study had mixing with other bac-
teria, 419 articles were removed. Twenty-two studies were re-
moved for not indicating prevalence, being systematic and not
being peer-reviewed. According to the quality assessment
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standards, two studies received a score of 9, two got an 8, six got
a 7,two got a 6 and 10 got a 4. According to the quality scores,
the studies were generally deemed to be of acceptable quality
(scores more than or equal to 6)*”*8, Ten articles were also re-
moved for methodological quality. For that, we included 12 stud-
ies in this meta-analysis.

Characteristics of eligible studies

Table 1 included the characteristics of eligible studies The study
sample included Chittagong, Mymensingh, Sylhet, Chittagong
and Barisal divisions. The hosts were chickens, cattle and goats.
These three are the most commonly used livestock for a portion
of food in Bangladesh. According to the included study, 1411
livestock-derived food were used as a study sample, and the re-
view found 471 samples to be Salmonella positive and resistant
to some antibiotics. Most samples were identified by the disc dif-
fusion method, and the CLSI method was used as an AST meth-
od. Tetracycline, oxytetracycline, doxycycline, sulpha/trimetho/
cotri, ciprofloxacin, gentamycin and neomycin have frequently
shown resistance against Salmonella in many reviewed studies.

Systematic review and meta-analysis results

A higher level of multi-drug resistance was present in
Bangladesh. In Bangladesh, the combined prevalence of
Salmonella isolated from livestock and poultry-derived foods
(sample types faeces, faecal, cloacal and rectal excluded) was
37% of the sample. Overall, 37% of the sample had Salmonella
in livestock and poultry-derived foods [95% CI: (23%-52%), P <
0.001, R?=97%]. A high prevalence was seen for some of the
commonly prescribed antibiotics like tetracycline 81% [(95%
CI:53-98), P<0.001, R? =93%)], oxytetracycline 52% [(95% CL:
38%-66%), P=0.06, R’=65%)], doxycycline 51% [(95% CI:
12%-86%), P<0.001, R?>=95%], sulpha/trimetho/cotri 42%
[(95% CI: 11%-77%), P<0.001, R?=97%], ciprofloxacin
20% [(95% CI: 4-43), P<0.001, R*>=95%], gentamycin 11%
[(95% CI: 2%-25%), P<0.001, R*=90%] and neomycin 4%
[(95% CI:1%-13%), P=0.06, R? = 60%] (Table 2 and Figures S1-
S9 (available as Supplementary data at JAC-AMR Online)).
Among the included covariate in this study, only the study period
showed significance in the univariate meta-analysis (8= 0.0179;
95% CI: 0.0059-0.0298, P=0.0034; R?=46.11%) (Table 3).
Sensitivity analysis was carried out by calculating pooled
Salmonella prevalence once more when any single study was
eliminated to verify the meta-analysis’s stability and liability.
The related pooled Salmonella prevalence was shown range
from 40.2% (33.0%-48.5%) to 33.8% (30.0%-35.6%) without
significantly changing (Figure 2). The statistically identical find-
ings indicated that no single study had an impact on the stability

of the overall estimate of the prevalence of Salmonella in this
meta-analysis. Even though the funnel plot’s visual inspection ex-
hibited asymmetry (Figure 3), Egg’s test demonstrated substan-
tial value, and there was no chance of publication bias (Table 2).

There was considerable variation between studies. To investi-
gate potential sources of heterogeneity, meta-regression (uni-
variate) was used. The meta-regression method was used to
examine the study period, location, host, sample number, posi-
tive sample, AST method, AST standard, quality of articles and re-
sistance antibiotic as potential sources of heterogeneity. Table 3
contains the meta-finding on regressions. None of those previ-
ously mentioned factors were found to be substantially corre-
lated with the identified heterogeneity through the regression
model, except for research study time (P=0.004). Therefore,
we conducted additional research to examine the relationship
between Salmonella prevalence and the study period. The preva-
lence of Salmonella was found to be positively correlated with the
research study period (r=0.692, P=0.001) (Table 4).

Evidence-based antibiotic resistance drivers

AMR is an upcoming predicted pandemic for a low-income coun-
try such as Bangladesh.?®=3 Bangladesh has limited information
on antibiotic use and resistance.** Antibiotics were considered
able to treat both the physical and social elements of infection,
which has severe implications for AMR.?* AMR has mainly spread
throughout the country’s hospitals and unregulated pharmacy
stores for their widely available antibiotics, overprescribing and
selling antibiotics without prescription.? People in hospitals are
predisposed to developing nosocomial and other infections due
to the abuse of antibiotics and a lack of adherence to isolation
techniques in these hospitals.?” In Bangladesh, most antibiotic
prescriptions are written by unqualified practitioners.?¢3° Owing
to poor health systems, reported paucity of testing facilities, pre-
scribing antibiotics without laboratory tests, using antibiotics for
common infections and not finishing the entire course of antibio-
tics were causes of widespread resistance.** Unsafe drinking
water, inadequate sanitation, lack of diagnostic facilities growing
private practice and excessive demand for antibiotics are all con-
tributing causes of AMR.>®33 Antibiotic usage before seeking
medical help may impair the sensitivity of blood cultures, which
has ramifications for patients and doctors.’® Antibiotics are
used in various food animal production and meat systems,
such as commercial poultry and aquaculture.*® They have been
discovered to be frequently used to boost food animal produc-
tion, leading to the growth of antibiotic-resistant bacteria.>
Moreover, its use in aquaculture and aquatic ecology has been
linked to AMR development.?® Antimicrobial drugs used in aqua-
culture have established AMR bacteria reservoirs in fish and other
aquatic and non-aquatic animals.?>? The long-term use of

Table 4. The correlation between the Salmonella prevalence and potential sources

Study Sample Positive Sample AST AST Quality of Resistance
Covariate year Location  Host no. no. type method standard articles antibiotics
P 0.001 0.744 0.563 0.785 0.325 0.325 0.563 0.566 0.743 0.774
r 0.692 0.764 0.346 0.633 0.764 0.763 0.567 0.568 0.366 0.852
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these antibiotics indiscriminately and unnecessarily increases the
prevalence of AMR.2831 This also leads to antibiotic residue.
Antibiotic residues, other drugs and pollutants are found in high
concentrations in Bangladesh’s ponds, canals, lakes, rivers and
other bodies of water.>® Higher residues are caused by poor sani-
tation, hygiene, antibiotic misuse on the farm and inappropriate
use.>? As part of the food production cycle, food animals, seafood
and vegetables are regarded significant reservoirs of AMR bac-
teria by these residues.?® Some antibiotics may have lost their ef-
fectiveness against specific microorganisms due to the misuse of
those antibiotics.>® Antimicrobials are only available on prescrip-
tion and to pharmacists who devote more time to patients.
Antibiotics are sought and used during an emergency health
problem.?* Policy measures such as restrictions on licensing spe-
cific antibiotics are vital to human health.?> In Bangladesh, spe-
cific and targeted measures to combat AMR should include
teaching about the proper use of antibiotics.! There is a signifi-
cant frequency of AMR in Bangladesh, and major gaps in surveil-
lance and information, and there has been a drop in the rate of
new antibiotic development.??

Discussion

The present study found a significant prevalence of Salmonella
from livestock and poultry-derived foods in Bangladesh
(sample type faeces, faecal, collocal and rectal exclude). We
found that 37% of livestock and poultry food had Salmonella.
Consequently, livestock and poultry-derived foods appear to be
one of the essential Salmonella reservoirs in Bangladesh. A
meta-analysis of Salmonella in Ethiopia indicates that the preva-
lence of Salmonella in slaughterhouse may vary from 7% to
43%,%® and a worldwide meta-analysis of Salmonella prevalence
in food indicate that it was less than 1%.%>*° Therefore, research-
ers have investigated Salmonella prevalence for many years, and
different rates have been found in different studies. The reported
prevalence of Salmonella found in this study matched and dif-
fered from the findings of other researchers studying the preva-
lence of Salmonella in poultry.”®>’ Thus, it can be mentioned
that the significant amount of Salmonella indicates a severe
problem for both livestock and poultry-derived food and ensures
public health.

Moreover, globally AMR is becoming a significant health is-
sue.>? Resistant to many drugs, Salmonella has become a consid-
erable public health concern worldwide.>” Our present study
findings also revealed that a high percentage of the Salmonella
isolates were resistant to routinely used antibiotics such as tetra-
cycline, oxytetracycline, doxycycline, sulpha/trimetho/cotri, ci-
profloxacin, gentamycin and neomycin and so on. Almost all
the isolates tested in this investigation were determined to be
multi-drug resistant, which is a concerning finding (Table 1).

However, among these antibiotics, the highest prevalence
rate was seen for tetracycline (81%, 95% CI: 53-98). Some stud-
ies showed that isolated Salmonella was highly resistant to tetra-
cycline in the antimicrobial investigation.>® % The present study
found the next high prevalence rate for resistance to oxytetracyc-
line that shows 52% from the isolates (95% CI: 38-66), but some
studies found a higher prevalence rate of oxytetracycline rather
than our findings.*>“®“®49 According to a couple of studies,
Salmonella resistance to tetracycline and oxytetracycline was

found in layers and broilers in Bangladesh.>®*° Doxycycline is an-
other antibiotic used in humans and animals to treat various dis-
eases. Investigating multi-drug resistance due to Salmonella, our
findings showed that a high prevalence for this commonly pre-
scribed antibiotic is 51% (95% CI: 12-86). In addition, a recent
study showed that Salmonella in poultry in Bangladesh has also
been found to have a considerable number of isolates resistant
to doxycycline.*®“%% Moreover, according to univariate analysis
and correlation in this meta-analysis, the prevalence of
Salmonella increased with every year. Antibiotic resistance cre-
ates a severe problem in the treatment of Salmonella.

Furthermore, Salmonella has been proven to be a significant
cause of creating resistance against several commonly pre-
scribed antibiotics. Resistant to many drugs, Salmonella isolates
were discovered in various food samples, and the gene respon-
sible for multi-drug resistance could be passed on to consumers
through food and unhealthy, unhygienic poultry handling sys-
tems, posing a severe public health risk. These findings also re-
vealed that multi-drug resistance in Salmonella is rising due to
the indiscriminate use of antibiotics in the dairy and poultry in-
dustries, pet animal usage and human practice in Bangladesh.
In the future, rational usage of this antibiotic may help to prevent
the formation of Salmonella-resistant isolates.

The main strength of this article was the pooled prevalence of
Salmonella and antibiotic resistance to Salmonella from livestock
and poultry-derived foods. We solely refer to the antibiotic sub-
group. We looked through numerous databases and websites
to discover all relevant and grey publications to eliminate data-
base bias, but some databases or websites may be massing.
The limitations mentioned before, as well as publication bias
and heterogeneity for some of the pooled results, must be con-
sidered when interpreting the results.

Conclusions

Antimicrobial agents used in food animal production may lead to
the emergence of multi-drug-resistant Salmonella strains. The ir-
rational and excessive use of antibiotics in humans and food-
producing animals raises the risk of AMR worldwide. To reduce
the risk of pathogenic AMR bacteria originating from animal origin
foods, raising awareness about the rational use of antibiotics in
food animals, safe food handling and safe cooking practices is
obligatory. Doctors should take concern when treating with an
antibiotic.
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