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Albstrnct

Soit-transenitted behninth (ST1H) cafections continne o pose 1 significant health theeat 1 Southeast

Asia (SEA), where o thind of global STH micctions are estimaied o occur. Preveniive
Semotherapy (FC) through msss erts buss beta rocomicended by the WHO 1o combat STH

ugn

nfections and (heir dire in st ble populatives. This review arms to update PC

4 ¥

efforts for STH nfectivn control in SEA. We cystematically searched MEDLINE via PebMed,
ScienceDirect. Scopus, EBSCO Host snd ProQues! using specific terms for papers published from
2011 through 2025. From the 4294 witial search hits, 27 studies were included in this rescarch.

All SEA countrics, except Beunci Tk jem and Singapore, wote rep d. Benzimidazole

(BZ) drugs, samely, albendazole (400 mg) and mebendazole (500 mg), were the most gommonky
used drug inserventions in PO offbes, BZ treatment cffectively reduced (he prevalence and

ity of STH infe inforcing its role in control progrmms. However, recent research has
shown that BZ treaements fail 10 rednoe infoction prevalence and have diminished officacy.

Combination therapies, such as i in (200 pugkg) = albendazale (400 mg), enbanced

crearment ouicomes across STH species. Combination therapy integrated with heaith education
and waner, sanitation and hygiene impeovement can accelerare coatrol and elimaston. Our review
provides vatuable tnsights for sirengthendng STH control programs in SEA, sdvocsting for a maly-
facered approach infornsod by e current cvidence.

Keywards: mass drug admnistration; neglected tropacal di benzimidazoles; public health

progranss

lntroduction

Soil-transmitted helmmih (STH) infocti in a significant threat t public health in cadceic
areas with ropical and sobtopical ¢l . The WHO csimated Dt approxiasely 1.5 billion
people are affected, iy for spproximately a quarter of the global populativn * Recent data

from the 2021 Global Burden of Disease study indicale that Ihece are approximately 642 million
cases worldwide, whach contnbete 1o 1.38 million dissbility-adjusted life-years’ The age-

standardized prevalence is 8429 89 per 100,000 population, rep ing a 70% 4 from the

1990 data.’ These infections are cuused by Asearte luarhricoldes, Trichunis tichiura, Mookworm
species like Necujor amenicunus and Ancyiostomy duwdenate, and Strongylaides swercoraliy*
Arcylasioma ceplanicun is & zoonotic hookworm that affects companion snimals #nd humans in
e Ania-Pacific region.” Southeast Asia (SEA) is a hatspot for STH infections, accounting for
oue-third of all reported cases globally * A 2008 WHO report documentad thae the prevalence of
STH Infections uxcecded 50% In dome arcas of Cambodia, fndonesia, Mysnmar, the Philippines

end Viewam” A 2018 sy ke review led that the prevalence of A fumbricoides exceced
20% 1 Myanuner, the Phitippanes, Malzyssn and Indonesis, while bookwonn infections sumpessed

this threshobd in these ¢ s and Casabodia’ fn addition, o recert avalysis indicatcs that T.

trichivra affects over 685 miillion peaple 10 SEA, with a pooled prevalence of 20.95% " The kiest

Pinlipmne pational survey revesled that the prevalence of STH infectivns was 8% higher than the

20°5 nationa) tanget, und the preval of moderuteo-heuvy indections more then 307 higher

than the 2% targer'™'! Reoent studses in Myanmar and Viewnam using qPCR and Kato-Katz

pectively, revealed alarmingly high rates of STH infections among schoolch with

78 8% of this population infected i My (predomisantly 4. fumbricoides and T trichiung)
wnd 76.1% in Vietram. """ Tn Malaysia wnd Thasland, persistently high STH infections in indsgent

wnd wibal remain a signify bealth problem, especinlly amwing childsen iving in

\bese remole and rural aress,' " STH infections have had a shared history with coanries in SEA.
Hence. % 18 mot surprising that variows cfforts 1o control these pacasive health threats have been

tmpleincnted scross the region
STH infectsons pose a signDeand bealih theeal o vulncrable soy of the popal wilkin
endeanic  regioas, perticelarly  schoolchilds of reprod age end

4



mmnnocumprumised individaals. ' Among childeen, the pathologic consequences of infection

include 1 Je ficsency i A Ialnsteion, cognitive develog issues and matar

deticis. %17 The severe effecas of high-burden infe among schoalchildren have lod to efforts

16 canseol, elimnste and prevent STH Infecnons in this vulacrable population, ** The
of thess efforts has been preventive chemotherapy (PC) with beozimidazole (BZ) drugs through

mass dnag administration (MDA} programs, ' Coatrol and elimisation efforts agsinst STHs nico

1o reduce infection prevalence, lower the pathologic consequences of infections and prevent
reinfectton. '**"%! According w 2023 WHO datu, nearly 900 million preschool and Apd-upsd
children around the world require PC against STH infections.  The 2018 WHO datn showed thal
severnl endemic SEA countnes bad varying levels of PC coverage: indonasia did MM 5%,
the Philippines and Viemnam achievad higher than 75%, but for Tess than five years, and only
Cambodie, Lao PDR wnd Mynnmar sustained a coverage 8bow 75% for moce than five years ™
Amang preschoal and school-aged children, the, 2023 WHO duts revealed that onty Indomesia,
Myannue, Cambodia and Vietnam achicved thcm 7”. beochnsk for PC covernge. while the
Philippimes 2ol Lao PDR laggod behind, at 20.73% and 57.05%, respectively ™ SEA nations have
demanstruted u sustaised commitment 1 combanng STH infections thaough various control
peograms and MDA initiatives. Signzficant dispanties 1o coverage sl long-term success highlight
the angoing chal lenges of achicving condistent and equitable elimination actoss the reghon.

The fight ugainst STH infections remaas a difficult and ongoivg process i endemic SEA

Trends and deved in these control and elimination effors need to be assessed to

¥

foege the most appropriote path towards schicving rationsl and globsl eliminntion targets. ™'
Hence, the objective of this comprehensive review 15 10 provide an update on drug-hased control
and elimisation efforts for the canerol and eli ion of STH infections in SEA by summanzing

and analyzing findmgs from peer-reviswed h, Hers, we analyzed h published

between 2011 und 2025 o docwnent tremds in PC using mono- and combination drug
administration, present the value of integrated control efforts that include bezlth edpcation and
water, sanitation and hygicne {WASH), and highlight rescarch indicating diminished efficacy of

MDA efforts frium many countrics in the region.

Resalts

Characterisuce of the studies inchuded

Five databases were searched, sand 8 fotal of 4294 hils were redrieved (Figure 1), OF these, 674
were removed due % duplication, The initial scrocaiog of 1244 articles resalted bn 8 97% removal
rade, with exclusions based om publication type (reviews and abstracts), smady location (outside
SEA), pathogen focns, publication date {ousside January 2011 to January 2025), incomplete
metadata (no awthorsabstract), end language (non-Englesh). ERgibility screening was conducied
ot the full text of the remaining 41 papers, among which 34% were excluded due to an incormect
wudy design o omtcome, A towl of 27 papers were incleded in the study (Toble S1,
utp ks Iww.com/IMIVA|10), and all of them passed the risk of bias assessment (Tables S2.
4. hrep i Tloks bww . comy INDYATLD).
mlmwummaukcwnMuﬁSqu‘&Mr sslam and Singag

where PC is mol required. ™ Lao PDR had the greatest sumber of studics (six), followed by
Myunmar, Indooesio and the Philippines (four). Theee studics were conducted m Tinsar-Leste,
while two sthudies cach were performed in Thail d, Cambodia 2nd Vietsam. Malaysia was
represented by one study. Amang these countrics. Thiland and Maluysia do mot eguire PCH
Studies were performed in childsen (ic, preschoo) and schocl-aged) sad community folks. Ameng

the STHs studied, the mast Iy rep d was T trickinra, followed by A. fembricoides

and bookworms: Most of the studses included in this review were anelytical cross-seetion] anadies,
followed by rundomized comtrobled trials, with quasi-expenmental stidies being the lesst

7 d. Key infi san regarding the included studies is summarized in Tables 1-3.

BZ drugs, particularly alhandazole (ABZ, 400 my) and mebendazole (MBZ, 500 mg), were (ke

most frequently employed imterventions for MDA in the ncleded stadies. Combination therapy,

in which drugs from dilTerent chasses of satbelmionc are combined 1o cxpand the range of activity
and increase efficacy. was olso a0 emerging ool in the inctuded studies, BZ dneags were combined
with maceocyclic Lactones such as ivermactia (VM) and pyrimidine derivatives such as pyrantel
prmoate (PYR)Y Similarly, a combisstion of drugs that integmte the control of nuerous

prrasitic helsunths of pablic health importunce was also repoted. For i the combi
of ABZ, IVM end dicthylcarbamazine (DEC) sgwinst lymphatic filuriusis, scabies and STHs has
6




beos tested for s sbility w reduce infoction prevatence,™ Comprebensive control efforts hat
miegrate drug-based interventions with health edocation, the provision of <lean water, and the
smprovement of Sanitation and hygiene standards have also been reponed.

BZr as the primary intervention

Several cross-sectiomsl studics incdaded i this review assessed the elfects of BZ monotherapy oo
infection preval for | , Sanza ct al " reparted a significant decresse in the prevalence

of STH infections in soveral proviaoes in the ecntral Philippines where several rounds of MBZ
monctberapy have been sdministered. Similarly, a preliminary study by Stual et 214 reported a

dectense in A lumbricoldes, T tricknera o hookwonm infection preval i Indonesia M
follow-up sfter AHZ treatment. Studics on monotberspy and combination therapy Eave ulso
reported the cure rate {CR) and egg reduction rate {ERR) &3 efficacy paraaeters, An carly trial by
Soukhathammavong et al, observed that ABZ and MBZ had subpar CR {less than 95%) agumst 4.
Jumbricaider, but had superior ERR (almoss 1009), while the efficacy sgainst hookworms and 7
niohivmw-wbwdmal.chnnﬂuiudbyh’@pdﬂkﬂx"Ashnilaruml'uwby
Levecke et al2* in triaks condussed in Vietnam end Cambodie, snd by Vi Nery ot al.*’ among
school-aged children in Timor Leste. A mhyaw;dc study by Ash et al in the Lso PDR

revesied that two roands of triple-dose ABZ significantly reduced the preval and resulied in

superior ERRs in A, lumbsicnides, hodkwoems and I michiura,* In Vietnam, commuaity-wide

ueatment with ABZ resulted in a more substantial reduciion m the prevalence and intensity of
infection than treatfsent involving ocly schooichildren, as observed by Dyer et al.™ The use of BZ

drugs for the control nd elimintion of STH mfections relses ca their efficacy, together with theis

safety and case of adminisration, ™ The chall however, &5 varied efficacies among different

STH specigs.’! Hence, its comhirasion with ather dewonmers from Jifferent classes has been
explored.

Combination therapy: the new frontior?

Studies assessing ¢he ellects of combusation therapy agairst STH infe have also reported

varying ovlcoais. Sapulets ct al.*' assessed the efficacy of the combination of PYR and ABZ in

companson with ABZ akine in school children from Indooesis, which revealed chat the addkion

of PYR incressed the CH by 2086 7 Another trial by Keller et ol '™ revealed that, compared with
7

ARZ monotscrspy, [VM+ABZ combinati ted m superior ERRs 01 2 10 3 weeks,
6 months end 1 yeur atter treatmens, Utilizing qPCR os their dignosti tool, Hirlimann ot al
reported that, carmpared with AB7Z mooatherapy, the ABZH1VM Lreatment resulted in higher CRs
and FRRs for A. lumbricordes, 7. irichinre and bookworms. The sdditica of DEC, TVM and ABZ
resutted i a reduced infection prevaleoce of several bookwoem spacies ™

PC wiith kealth echooation and WASH initiaiives: the ol reliahles

The combenation of nurpharmeceutical inicrventions with drug-hased treatments also showed

procising cffects on STH imfectivas. The “Fir for School” progrm, which mcluded daily

hardwashing with seap, daily brusking with fluoride toothpasic and bs 1 o g with

ABZ, resulted in o reduced prevalence of STH infections of soderste to heavy infensity, ™ Another

in bealth ed was the incarporetion of Magie Ghisses, which is a health ecducation

interveation aimed al preventing istestinal worms m schoelchifdeen that ml;m using engaging
cartoge vidcos and cducatioms] materials ™ The srial perfornwed by Matioag ct al®¥ in the
Philippines revealed that the integration of the Magic Glasses program into the binanual ARZ
administration program resalted in [nségnificant changes mn the infection prevalence but markedly
improved the knowledge and hehavior of e schooichildren recesving the inservestion. In additvun
10 bealth education, the provision of WASH infrasinecture with deworming also improved mfection
comtrol, A preliminary siudy showed that the pruvasion of Isnines and health education, together
with ABZ trestment, significuntly decreased the prevalence of STH infections amosg

wehoolchildren in fndonesia ™ These rewalts show the value of incomotating health educarion and

WASH mitistives with <drug sdmirestration foc the | and eliminution of STH infecti
Recently, Mationg ¢t al.” conducied a review of studies that assessed the effectiveness of health

sducation packages against STHs and their impacts on infection control. Only three relevant

stodies were identified, highlighting the neglect of this intervention in G current drag-based
paradigm. As the articles Inclulded i our review purpun, health education plays & croclal le in
impeoving the kmowledge and astiludes of the target populations. [ikewise, improving WASH
fucalitics enables the climmation of opea defecation and improves hygiene pmctives that prevent
STH mfection and reinfectxm.”’ A maltipronged spprosch that includes health ed and




WASH facility provision with mass treatment can facilitase faster achicvement of control and
elimination targets

Inications of dimintshed afficacy

Several alarmung reports of reduced mass weacment efficacies, which were lower than the threshold
in the WHO gusdelines,”" were docamenied by some of the included studwes, The WHO guideline
stipulates that an anthelmistio drag's effectiveness is categonzed as “satistactory” if its ERR meets
or exceeds the reference value. and as “doubtful™ or “reduced” if the ERR falls below the reference
value by Jess or more than 10 percentage points, respectively.” The aforementioned stady
comparing the efficecy of ABZ and MBZ in Luo PDR reported doubtfidd ERR (ie, less than 10
percentage points Jower then the 90%% reference vll-e)lmoochwhm:uhmﬂnfumwn
sdminisicred 3 More recestly, Colella ct al.* used GPCR & patets the efficacy of ABZ trestmeot

and showed 2 diminished efficacy b ERRs of hoakwmm infections in Cambodia wers
redced (ie, more than 10 percensage points Jowes thas fhe 90% reference value). A similar trend
was also abserved in Timor-Lests. where ABZ treatment did not result in ERRs for N. americanus
that were within satisfctory levels4? hnmmmv-m despite 3 history of repeatod ireatments

was also reporied A history of BZ treatmiest in schdolchildren and of reproductive age

failed to decrease the prevalence of A lunbwlenidies, T. irichirera and hookwarms in northern Lao

PDR. where it ined retatively high™ In M six rounds of ABZ trestment failed ©

comsistently bring down the prevalence of 72 irichiura infections, ** The nativnal and global cortrol

targels of the prevalence of STH infections have not heen met tier 3 decade of MDA with BZ
dnugy in schoolchildren in the Philippenes, where the prevalence of 4, haabricoides and T trichiura
remained higher thim $0%5.%

Discusslon

Ouwr results show that BZ monotherapy remeins ceatral to STH control in Southeas! Asm
Howewer, some studies have reported that the efficacy of these drugs heve been decreasing over
tme. To address this, combinaton therapy with ABZ+TVM has been trgled and has shown
improved efficacy across different STH specics. Muoreover, health wlicstion neganding bygaeee

4

and improving access to clean waler asd sanitation in with drug admmistration bave

9

heen Akawn to be effective end esscatial for the long-term contyol of STH infections. Based on the
9

current WHO roadmay, the primary goal tor STH control 15 1o achseve clmunstion = a pubhe

heslth problem, defined 24 reducing the peevalence of moderate-do-beavy intensity infectioes
below 1% in al) cademic districts by 2030, ** The tnitial phase of infervention focuses on schivving
disease control, wheeh =ims i significantly reduce the mochadity caused by these infections
through regular MDA

Amanyg the selecied studins in this systematic review, BZ drugs, such as ABZ (400 mg) and MBZ

(S00 mg), were the most commonly used interveations in mass chemotherapy efforts. Indeed.

MDA with BZ. thereny ins the ¢ of | snd eliminstion effoess agaost
STH infections.™!" This & pacticulay true in other codemse regions such & South Amenes, "
South Assr™ and Africa ™ Several SEA nations recognized the sertous threst of STH infections
2nd established control prograns ewrly: Mateysia in 1974, Indoncsia in 1975, Thaiked in 1980
and the Philippines in 1999.* Similarly, school-based deworming efforts were indtésted in Viesnams,
Lo PDR and Myanmar with id from fortigh agencies and sapport frans affloent conerics * Some

of these programs were discontinued due 40 a lsek of funding or relisnce on donations. loans and

uppost frum foreign wgencies fur the drugs noeded for muss FC.* AL tm of the milicaniunt,
renowed enthusiasm for MDA agaiast STH infections was seen. For instance, a 95% MDA
saverage was reparted during 4 country-wide, school-based deworming peogram conducted in Lao
PDR in 2006.” Likewise, in 2006, the kigh infection prevadence reporiod previously prompted the
Philippine goven W imph the Inregrated Helnunth Corarod Program, which is still
angoing. """ Similar effurts were implemented in Indoocsis through governnvental programs
sod in Cambodia through foreign support *

Similar 10 vur results, reports from other regions affirm the enbanced efficucy when BZs are
vombinad with IVM. A recert mots-analysis reverlad 4 greater reduction i the prevalence of T
trichiura infecticos wihen ABZTIVM wad used than when IVM was used alons (B9.40%, vs,
49.93%) & Agairst stroagyhoidissis. however, IVM (84 4955) aluone was slightly betser in reducing

intection prevalence tsan ABZ+IVM (81.37%). In India, ABZ HVM was also shown 0 increase

b ERR of 4. humhricoides when comparad with ABZ hecapy (93.22% vs. 90.61%) ™ A

afvss-sectional study in & populstion receiving concurrent ABZ-IVM mass treatment in Cameroon

revealed that the deug combinanoo coukd bave collaeral impaces thar can lasten the contro] and
10



elimtivation of $THs. * Moreover, the efficacy of ABZ+IVM in reducing the mcidence of STH.
sssociaked anconia and infections aod their relanve safety dunag pregnancy, were assessed
Uganda ™ The resalts of the studies included in our review and those from the liserature indicate
that adding drags from different classes so BZs impeoved the ¢fficacy of tremtments across a variety
of STH species that alfect populations wilhin endemic arzas. This point was highlighted by

Emerson et al.,* which reported that combination therapy with appropriste drugs targeted toward
the most susceptibic holminth species can hasten the achsevement of global control and clirmiaation
sargees and therefore lessen the nisk of resistance developmers.

The results from the selocted papers idicate thatl mass treatments with BZs maay have reduced
efficacy depending un the species of the helmimh and the drug used. This wsve provades an
oppertunity for combination therupy regimens that can emhance effivecy, as proven by the
aforementioned shudies. The fong-temm conseq ofcombinstiun treatment against STH have

o

yet 1o be fully assessed. However. the emergence of maltidrug-resistant STHs as £ consequence of

b herapy has b avoncern.”** Likewsse, evidence of multidrug-cesistant sninal

k due 1o the p 4 e 0f combanation therapy in the Unnied States and Canada
should also be kept in miod.”™* The pole of other factors. such os treatment coverage and

compliance, noeds 1o be thoroughly evalusted in all endemi ies in SEA. M . the

sndication of resistance has yet 1o be fully elucidated by feld dsta is this region. Guidelines on the
4 inatan of rest in STHs have yet to be promulgated ™ Only guldelines for the

assessent of PC officacy against STH mfections and sch insts have been establisied by

the WHO.Y
Owur comprehensive review has several lmitations. First, we were not sble 10 incorporate date from

b dntab »

g0 we d only on peer-roviewed liserasure. Some PC efforts

may st be desenbed In peer-reviewed & Hi . Hhrough tve searches and

sufficient selection und elipbdity critena, we were shlc 10 mclade sudics that were performed in
aress where governmeot-impéemented MDA was being camed out, such as those in the
Philippmes™-* and Lao PDR Secoid, the variability i the ssmple sizes, control groups sed (if

V), d and stody designe hamper the imegraled analysis of the dats from
the iecluded studies. Key limitstons arise from e necessty o ackoowledge the potentinl
11

publicatwn and language bias inbevent in restricting the search o nosmuititingual and indexed

The methodologica! ngor of the overall syntbesis is also limited by the inad

statistical power of many individual trials due to their small sample sizes. A linal constraint is the

absence of longitudinal data beyond five years, making it impossible % eval long-term

effectiveness or the definitive emergence of resistance. Despate these assues, our utilization of
sppropriste risk-of-bias locls sllowed far the assessment of each study's quality, confloming that

the mncleded results and their synthesis were of ble scientific merit.

Ll

Couclasions
This compeebensive review zimed to update the knawledge on mass treatment for STH coatrol in

SEA ies by collectmy and synthesizing peer-reviewed liesature. We scarched several

detubaves aned included 27 studies that passed our screening and eligibifity criena. These pupers

hied different study desiyns und utiluzed druy merventions. BZ drugs, primsnly ABZ and
MBZ, ined the most ly used anthelngntic in mass dewarming efliets in the region,
with ofien facsary but i requits. i terms of efficacy and reducing infection
pmal:m.hncmuginsnndﬂﬂ&plpm pocsed on i3 the comb of anthelimi

from different classes with BZs 10 echance efficacy, Moreover, comprehensive efforts that include

heallh education and WASH facility impeovement with deworming result in enhanced infection
reduction. Several reports have documented dimmishod efficacios, such as insufficiont ERRs sad
faslure o sigaificantly reduce wfection prevalence, when BZs ac used ngasast hookworns and T
trichiwra mfectivos. Combaation therapy (e ABZ+IVM) provides an opportunity W address this
issue avd enbance efficacy. Therefore. judics b therapy with health educuton

4

peckages snd fmpr of WASH can hasten the schi of ! und elimi
targets tnd ahate the threst of resastance.
Materinly and methods
Rescarch questions
This systematic review atzned 10 answer the following research guesisons:
1. Which SEA courrries have fnplemnented drug-basod STH controd effoets, 8 reposted in peer-
reviewed lisersture published from 2011 through 20257
2, What drugs have been nsed s siterventines m thes: contrid ¢fforts?
12




3. What were the of dneg administration m controiling infections in theso
cooniries?

Saarch strategy

Five darsbases were searched in this systenmatic review, MEDLINE vis  PubMed
(huips:pubmed ncbs plm neh.gov’), Scopus (Bttns:/iwww scopus comy'sogrees), Science Diect
{htipe:www sciencedirect comy'search/entry), EBSCO Host (ttps://search ehasohost com!) and
ProQuest (hlips:/www,proquest con) were chad for Ii ( d 7 through 1i
February 2025). All destabase seurches were resimesed 1o the publicatson date from Januery 2011

theough fenuary 2025, This time reswriction was chosen % provide a me-m review on
the same 1opic by Jex ¢1 a).* This review Is limited to the member qvpu‘wiea,ofthe Assoczation of
Southeast Asian Nations. For EBSCO Host. the Applied Science and Technalogy Source Ultimase,
CINAHL Complete, MEDLINE s Newswires databases ‘.wmulmd. The specific terms used
1o scarch the databases can be Rousd in Table S5, btpi/tinks fww . comV IMIVA LD, The ris and
nbib files of the scarches were downloaded.

Stady serecning, selection and cligibibizy

The search resuly were uploaded to Rayyan (hitps:‘wyow.ayyanak), where study seloetion,
screening und eligibility checking were peeformed (accessed 14 through 21 February 2025).
Rayyan is an Al-assisted platform for streamnlining study screening, with the ability to import and
deduplicate referénces fram varicus sources. ™ The plattorm wis used for duplicare detection, with
9% text samilarity ws the — Jimnit, Dupli with <95% similerty were resolved

manvally. Titles and abstracts were wsed for the initizl screening, and papers acking these
componings were excluded. The detoiled inclusion and exclasson criteria used for assessmont are
summarazed wn Tahle S6, hetpolinks. lww.comIMD/ALID. The first, second and thend authors
condwcted e study selection, screening and cligibility assessment, and 21} authors collaborstively
resolved disagreements to reach a consensus. An overview of the study selection, screening and
cligiility assessment process is provided in Figare 1.

Risk of bias wsessment, data exrracrton and synthesls

The pagers fioally octuded in this study were of several types: cross ! stedies, cuasi-

experimental srodios asd randomized controlled traks. Due o the diversity of study types, sevemul
13

risk-of-bias tools werc utilized. The Ji Briggs In s Crttical Appraival Checkiist for
Analytical Crass-Sectional Sriciey, the Critical Appraisal Checkist for Quasi-Experimental
Smdies, and the Crinical Appraisal Tool for Assexssmeni of Risk of Bias for Randomuzed Contrulled
Trials weee used (hatps:/ibi globalientical-appreisub-dols) The second and thitd authors
independently reviewed the nsk of bias sssessment The fourth and Gfth suthors resolved
disagroements. The results of the misk of bias sssessment are provided in Tables SI1-3,
Mg Tinks dww com IMEYAT LD,

Codes were assagred to the inchuded papers {Table S6, http:/Tinks.bww comTMD'AL0). Data
extractod from the studies mclude aulbors' names, year of publication, title, type of shudy, specific
locale and country of the study. population. STH species studied, drug-based imervention,
comparison groups (i any ), sest wsed and key outcomes, These were input ivo a spreadsheet, The
study results were described, summarized and synthesized wsing descriptive statistics, specifically
counts and peroentuges.

Supplementary digital contents i

Supp) v ialt are available al, hotp: Viinks Sww.comIMDVA 110
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Ultrastructural evidence of telocytes in the
embryonic chick heart
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Abstract

The cardiac telocyte {TC) is a novel Interstitial cell type with a unigue ultrastructure and great potential
in therapy. The present study examined its presence in the heart of chicken embryos ageing 7-15 days
old (Hamburger-Hamilton [HH] stages 31-47) using transmission electron microscopy. TCs were
identified across all stages in the atrial and ventricular myocardium, close to maturing

cardiomyocytes, blood vessels and lymphatics. Early-stage TCs have immature features resembling
mesenchymal cells, Late-stage TCs were distinet, possessing the cytoplasmic prolongations termed
telopodes (Tps), which are very long and thin, usually 1-3 in number, and display a moniliform
appearance and have an average thickness below 0.2 pm. TCs residing in the epicardium and
endocardium were also detected. In the subepicardium near developing coronary vessels, they were
locelized In the cardiac stem cell niches, coexisting with cardiac stem cells and cardiomyocyte
progenitors. Electron-dense structures and the release of extracellular vesicles were observed between
embryonic TCs and surrounding structures, suggesting roles in interceliular communication,
cardiomyocyte differentiation and maturation, angiogenesis, and stem cell nursing and guidance,

Keywords: chick: embryo; heart: morphogenesis; telocyte; telopode.
D 2023 Wiley-VCH GmbH. Published by Jahn Wiley & Sons Ltd,
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HEAT STRESS: CAN ANIMALS BE STRESSED AND STILL BE HEALTHY?
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Abstract: In this era of rapid climate change, heat stress has emerged as a major probletn for sheep farming The quantity and quality of sheep
production, as well as the welfare, are all shown to be negatively impacted by heat stress. Reduced cellular immune function In sheep exposed to
high temperatures increases susceptibility to various diseases, although the underlying mechanisms are unclear. The imbalance between oxidants
and antioxidants, known as oxidative stress, negatively Impacts animal health due to heat stress-induced Impairments in immune responses,
Increased production of reactive oxygen species, and for a lack of antloxidants. Heat stress in livestock has negative effects on both the cell-mediated
and humoral immune responses, However, the negative effects of heat stress on immune response in sheep can vary by breed. This review discusses
how heat stress affects sheep’s immunity, An overview of some molecular markers related to immunity, such as interleukin {ILs), Toll-like receptors
(TLRs), and also the heat stress protein (HSPs) in sheep, is also discussed. Finally, recent research on the effects of antioxidant supplementation and
other promising nutritional strategles for reducing heat stress and improving animal health is presented.

Introduction

Heat stress (HS) is one of the main probiems faced by livestack amid the recent (ncreasing Intensity of global climate change. During the HS
conditions, the livestock's body temperature rises, and they are unable to dissipate enough heat to maintain thermal equilibrium, leading to
decreased productivity, reduced reproductive performance, weakened immunity, and Increased mortality in some cases, as lustrated In Figure 1,

In terms of animal health, the increased risk of disease occurs due to weakened Immunity, as during HS, the animal elicits several thermoregulatory
activities, including behavioral, physiological, neuroendocrine, and cellular responses to maintain homeostasis and survival, during these, immune
responses In the animal tend to be suppressed (Figure 2). HS can be mitigated by using exogenous antioxidants and salt supplementation in the
diet, as presented in Table 1,

Discussions
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Conclusions: The answer to the title of the review is definitely a ‘no; animals that have been exposed to extreme temperatures cannot
maintain their health indefinitely, Heat stress compromises immunity in a complex way, ncluding disruption of hormonal and redox balance,
inhibition of immune cells, and alteration of barrier function. Immunological indicators such as interleukins (ILs), toll-like receptors (TLRs), and
heat shock proteins (HSPs) can be used to assess the heat stress and thermotolerance ability of an animal. Nutritional interventions in the form of
feed supplementation are an immediate solution for mitigating the effects of heat stress (n addition to practical management and environmental
Interventions such as improving housing and ventilation.
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