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ABSTRACT

Tuberculosis (TB) continues to pose a major public health concern in Vietnam, with a high disease
burden. Traditional epidemiological surveillance systems, which primarily rely on clinical data,
may not fully reflect the true prevalence of tuberculosis in the community. Wastewater-based
epidemiology (WBE) is increasingly recognized as a useful method for monitoring population-level
health trends, enabling the proactive and cost-effective assessment of pathogen presence and
circulation trends at the community level. This narrative review evaluates the feasibility of WBE
for tuberculosis surveillance in Vietham by synthesizing and analyzing existing scientific evidence
on TB. Recent studies have demonstrated that Mycobacterium tuberculosis has been reported in
wastewater, and bacterial signals in wastewater are associated with the TB burden in communities.
However, the implementation of WBE for TB surveillance still faces several technical challenges,
including low bacterial concentrations, limitations of current recovery methods, and constraints
related to wastewater infrastructure in Vietnam. Based on these findings, this paper proposes
future research idea and practical implementation strategies, underscoring the potential of
WBE as a complementary approach to enhance surveillance capacity and support tuberculosis
prevention and control efforts in Vietnam.
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TOM TAT

Cong tac giam sat lao tai Viét Nam van d6i mat v6i nhiéu thach thirc. Cac hé théng giam sat dich té
truyén thong, chii yéu dua trén dir liéu ldm sang, do dé chua phan dnh day du tinh hinh luu hanh
thuc té clia bénh lao trong cong dong. Dich té hoc dua trén nudc thai (WBE) ngay cang dugc ghi
nhan nhu 1& mét phuong phap giam sat cé nhiéu trién vong, cho phép danh gia sy hién dién va xu
huéng lbvu hanh mam bénh & quy mé céng dong mot cach hiéu qua. Nghién clru tong quan tudng
thuat nay dugdc thuc hién nham khao sat tinh kha thi ctia WBE trong gidm sat bénh lao tai Viét Nam.
Céc nghién cltu gan day da phat hién vi khuén lao trong nudc thai va tin hiéu vi khuén trong nudc
thai cd mai lién hé vdi ganh nang bénh lao trong cong dong. Tuy nhién, viéc trién khai WBE trong
giam sat bénh lao van gap phai nhiéu trd ngai lién quan dén ky thuat, bao gdm ndng dé vi khuén
thap, han ché clia cac phuong phép thu hoi hién nay, cling nhu nhitng rao can vé ha tang thoat
nudc tai Viét Nam. WBE dugc xem la mét giai phap giam sat b6 sung tiém nang, cé thé ho tro hiéu

qua cong tac phong, chéng bénh lao.

Tir khod: Dich té hoc dua trén nudc thai (WBE), vi khuén lao, nudc thai, Viét Nam.

1. DAT VAN DE

Bénhlao(TB)la mottrong nhi'ng nguyén nhan gaytu’vong
hang dau toan cau, vdi khoang 10,8 triéu ca mac mdiva
1,25 triéu ca t&f vong nam 2023. Tai Viét Nam, mbi ndm
ghi nhan khoang 182.000 ca méc mdiva gan 11.000 ca tl
vong, xép thit 12 thé gidi vé ganh nang bénh lao [1].

Hé théng giam sat hién nay cht yéu dya vao chan doan
[&m sang va hd so bénh vién nén dé bo sét ca nhe hoéc
khong triéu chirng, khién viéc gidm séat TB gap nhiéu kho
khan. Gidm satdich té hoc dyatrén nudc thai (WBE) dugc
danh gia la mot cach tiép can day trién vong dé giam sat
tinh trang si'c khoe cong dong, cho phép phat hién sém
mam bénh va canh bao nguy ca bung phat dich. Mac du
da duoc trién khai hiéu qua trong viéc giam sat nhiéu dich
bénh nhu COVID-19[2], cim mua[3], WBE hiénvan chua
dugc phat trién dé giam sat bénh lao trong cong dong.

Vi vay, nghién ctru téng quan tu’dng thuat nay dugc thuc
hién nhdm dénh gia tinh kha thi ca viéc &ng dung WBE
trong giam sat bénh lao tai Viét Nam, dong thoi danh gia
céc han ché va thach thirc ky thuéat con ton tai, qua d6 dé
xudt nhirng dinh hudng nghién cttu nhdm thac day viéc
ap dung WBE trong viéc kiém soéat bénh lao tai Viét Nam.

2. PHUONG PHAP TONG QUAN TAI LIEU

Nghién cltu nay dugc thuc hién theo phuong phép t8ng
quan tudng thuat (narrative review). Viéc tim kiém tai liéu
duoc tién hanh trén hai co sd dir liéu khoa hoc 14 PubMed
va Scopus, st dung t8 hgp tir khoa: (“wastewater-
based epidemiology” OR “wastewater surveillance”)
AND (“tuberculosis” OR “Mycobacterium tuberculosis”
OR “MTBC”). Két qua ban dau thu dugc 66 bai (17
tr PubMed, 49 tur Scopus). Sau khi loai trung lap va
sang loc theo tiéu chi: (1) nghién cu géc vé phat hién
Mycobacterium tuberculosis /MTBC trong nudc thai; (2)

*Tac gia lién hé

bai bdo ti€ng Anh, con lai 3 nghién clru dugc dua vao
phén tich (Bang 2).

3.CO s& KHOA HOC CHO VIEC GIAM SAT BENH LAO
THONG QUA NU'O'C THAI

WBE la céng cu hiéu qua dé gidm sat bénh truyén nhiém
& quy mo cong dong théng qua phat hién mam bénh dugc
bai ti€t vao hé thong thoat nudc, cho phép danh gia gian
tiép, khong xadm &n, chi phi thdp va c6 kha nang bao phu
ca cac truong hop bénh nhe, khéng triéu ching hoac
dang U bénh. Trong dai dich COVID-19, WBE da nghién
clru tai nhiéu qudc gia va cho thay hiéu cao trong viéc
giam sat su lay nhiém cuia SARS-CoV-2, tham chi phét
hién SARS-CoV-2 trong nudc thai sém hon dir liéu y té.
Thanh cong nay da thic ddy md réng ap dung WBE sang
glam sat cac bénh truyén nhiém khac nhu cum, Mpox va
sOt xuat huyét.

Djch té hoc truy yl thén, g

Dich té hoc nuéc thai (WBE)

Hinh 1. So do minh hoa hai phu’o’ng phap giam sat
dich té: (1) Dich té hoc truyen théng - dwa trén dir liéu
lam sang tir bénh vién; va (2) Dich té hoc nuwéc thai
(WBE) - phat hién tac nhan géy bénh trong hé théng
thoat nwéc do thi théng qua quan trac nuéc thai.
(Ngubn: tac gia)

Bénh lao (TB), do vi khuadn Mycobacterium tuberculosis
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(M. tuberculosis) va cac loai thuéc phic hop
Mycobacterium tuberculosis complex (MTBC) gay ra.
Mac du con dudng 8y truyén chinh cla lao la qua hé ho
hép, M. tuberculosis va MTBC cling dugc phat hién trong
phan clia ngudi bénh [4]. Phat hién nay tao nén tang khoa
hoc quan trong cho viéc trién khai WBE nham theo déi
bénh lao & quy mo cong dong. Tuy nhién, can than trong
khi dién giai két qua, bdi khong phai tat ca bénh nhan lao
déu bai tiét vi khudn qua dudng tiéu hda, hodc néu co thi
ndng doé co6 thé khdng di dé phat hién trong nudc thai.
M6t s8 nghién cltu tiéu biéu gan day lién quan dén viéc
phat hién M. tuberculosis/ MTBC trong nudc thai dugc
téng hgp trong Bang 2.Tai Durban (Nam Phi), MTBC dugc
ghi nhan trong hau hé&t mau nudc thai thdé véi nong do
2,0x10°-1,6x10" copies/mL [5], bao gom nhiéu loai nhu
M. bows M tuberculosis, M. caprae, va M. africanum
cung cap bang chiing quan trong cho tiém nang glam sat
lao bdng WBE. Opham vi l&n hon, thuc hién tai sau quéc
gia & chau Phi cling phat hién MTBC trong ca nudc thai
thd va nudc thai sau xir ly, cho thay quy trinh x ly hién
hanh chua loai bd hoan toan mam bénh, dat ra nguy co
strc khoe cong dong khi tai sir dung nudc.

Bén canh cac nghién ctu tai chau Phi, nghién clfu gan
déay tai Ottawa (Canada), Nunangat (Canada) va Mumbai
(An Do) cling ghi nhan céac két qua tuang tu [6]. Cu thé,

M. tuberculosis da dugc phat hién trong nudc thai tai cac
khu vyc cé ca nhiem lao. Dang chuy, tai Mumbai, khu vuc
c6 ganh nang bénh lao rat cao véi udc tinh khoang 67.000
ca bénh, ndng do vi khuén phat hién trong nudc thaicling
& murc cao, dao dong tir 2483,98 dén 5012,99 cp/phan
ung. Trong khi do, tai Ottawa va Nunangat, nadi co s6 ca
mac thap hon (61 ca), ndng dé vi khuén ghi nhan chi dao
dong tir 0,15 dén 1,07 cp/phan &ng. Diéu nay cho thay
tin hiéu vi khuan trong nudc thai c6 thé phan anh muc
do ganh nang bénh lao trong céng déng, qua dé cho thay
tiém nang cua WBE trong viéc theo doi va danh gia tinh
hinh bénh lao & quy moé cong dong. Tuy nhién, ngu’dng
phat hién cu thé dé phan biét glu’a cac khu vuc co ganh
nang bénh lao cao, trung binh va th&p van chua dugc xac
dinh. Do d6, can c6 thém cac nghién cltu trong tuong lai
nh&m danh gia va thiét lap cac ngudng phat hién phu hgp
cho muc dich giam satdich té. Tuy nhién, mac du su hién
dién ctia M. tuberculosis/MTBC trong nudc thai phan
anh sy luu hanh clia bénh & quy mé cong dong, nong do
cla céac vi khudn nay khéng nén dugc dién giai nhu mot
chi s6 dinh lugng truc tiép clia ty 1& hién mac hoac s6 ca
bénh. Diéu nay la do van tén tai nhiéu han ché dang ké
vé phuong phép luan trong viéc thiét lap moi lién hé dinh
lwgng gira tin hiéu trong nuéc thai va di liéu dich té hoc.

Bang 1. Mot sé nghién ctru tiéu biéu danh gia tiém nang (rng dung WBE
trong viéc giam sat bénh lao trong céng dong

K& hinh Y nghia Ta'i Ugu
ét qua chin P tham
doi véi WBE-TB Kkhao

Phat hién MTBC tai cac
khu vuc cé ca lao; Vi
khuén phan bé chd yéu
trong pha ran

Chirng minh tinh kha
thiva chi ra vai tro then
chét cua pha ran trong

WBE-TB

(6]

Phtrc hop vi khuan lao
(MTBC) cluing nhiéu tac
nhén gay lao khac da
dugc ghinhan & ham
lwgng dang ké trong mau
nudc thai dau vao

Minh ching thuc
nghiém ban dau vé kha
nang dinh luong vi
khuén lao trong nudc
thai bang ky thuat
ddPCR

(5]

Phat hién MTBC va céac
loai gy bénh lao &' tat ca
quéc gia khao sat; nong
dd cao tai khu vuc ganh

Khang dinh tiém nang
WBE trong giam sat TB
xuyén quéc gia va danh

(7]

Loai Phuwong
lf,‘hm’éu;lc mau Tac nhan gay phap
%L’I’u nuéc bénh phan
thai tich
Canada .
(Ottawa, | NU9C MTBC,
Nunangat), bun so” M. tuberculosis, qPCR
An Do cs M. bovis
(Mumbai) P
Nuéc MTBC, M. bovis,
Nam Phi thaith6 | M. africanum, M. | ddPCR,
(Durban) va da tuberculosis va PCR
X ly M. caprae
Nuéc
6 quoc gia thal tl’jo MTBCA va cac loai ddPCR
chau Phi va da lién quan
xur ly

nang lao lén gia nguy cd maoi truding

4. TIEM NANG VA THACH THU'C TRONG TRIEN KHAI
WBE TAI VIET NAM

4.1.Tiém nang

Ty & phat hién bénh lao tai Viét Nam con & muc thadp mdéi
chi dat xap xi 59% (ndm 2023), cho thdy nhiéu ca bénh
chua dugc ch@n doan va ghi nhan trong hé thong y té.
Trong bdi canh d6, WBE cho thay nhiéu Lgi thé tiém nang
khi 4p dung tai Viét Nam. V@& ly thuyét, WBE c6 thé giam
sat dugc tinh hinh bénh & cap dé cong dong theo hudéng
chli dong, bao quat ca cac truong hop khdng triéu chirng,
triéu ching nhe hodc tri hoan tham kham do rao can kinh
té va ky thixa hdi—nhing yéu t8 van la trd ngai trong cong
tédc phong, chéng lao hién nay. Hon nira, giam sat théng
qua nu’o’c thai dugc xem la glal phap chiphihiéu qua khi
chi can mot s6 lugng han ché mau nudc thai van c6 thé
phan anh tinh trang lwu hanh mam bénh clia cong dong
dan cu & quy mé lén. Dac diém nay khién WBE cé nhiéu
Lgi thé khi 4p dung tai Viét Nam, noi nguon luc giam saty
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t& céng cong van con han ché.

Mac du congtac phat hién lao déa cai thién sau COVID-19,
nam 2023 van ghi nhan tién dé dat chi tiéu con cham,
nhét la & nhdom nguy co cao va khu vuc khé khan. Trong
b&i canh d6, WBE c6 thé déng vai tro bd tro cho hé théng
giam sat bénh lao hién hanh. Khi dugc trié’ﬂn khaiva danh
gia phu hop, WBE c6 thé [ mot cdng cu ho trg tiem nang
trong viéc giam sat bénh lao tai Viét Nam. WBE co thé
phuc vu cac muctiéu dich té hoc khac nhau tuy theo thiét
k& trién khai: (1) canh bdo sdm xu huéng gia tang luu hanh
lao trudc khi s6 ca lam sang tang ro rét; (2) xac dinh khu
v nguy co cao ("diém néng") dé uu tién ngudn luc sang
loc va can thiép; (3) theo doi xu huéng dai han trong cong
dong, (4) danh gia hiéu qua can thiép sau khi trlén khai
cac chu’o’ng trinh phong chéng lao. Tuy nhién, can luu
y rang moi muc ti€u néu trén d0| héi cac chién luge lay
mau, tan suat giam sat, chi s6 phan tich va dién giai di
liéu khac nhau.
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4.2. Thach thire ky thuat

Du dugc cé nhiéu tiém nang, viéc trién khai WBE trong
giam sat lao van gap khong it trd ngai. Dang chd y, ham
lugng vi khuén lao trong nudc thai thudng & mirc thap,
déac biét tai nhirng noi c6 ty l& mac bénh thap. So vdi cac
tac nhan virut nhu SARS-CoV-2, viéc phat hién vi khudn
lao doi hoi cac phuong phap phan tich cé dd nhay va db
déc hiéu cao [6]. Hién nay phan l&n cac phuong phap va
quy trinh c6 dong mau trong giam sat nudc thai dugc phat
trién nham thu hodi cac loai vi rut, dién hinh la céac virut
duong rudt nhu norovirus hoac virut SARS-CoV-2 [8]. Tuy
nhién, vi khuan lao cé kich thudc, hinh thai hoan toan
khéc so vdivirut. Hon nira, vi khuén lao c6 xu huéng phéan
b6 chu y&u trong pha ran clia nudc thai, bao gom bun va
cac hat lo lirng, thay vi pha ldng nhu trudng hgp cla virut
[6]. Do dd, viéc ap dung truc ti€p cac phuong phéap thu
hoi dugc phat trién cho virut c6 thé khong dat hiéu qua
t0i uwu, dan dén sai léch trong dinh lugng va danh gia dich
té. Ngoai ra, thanh té€ bao giau lipid cua vi khuén lao va
sy hién dién clia cac chéat trc ché PCR trong nudc thai
clng c6 thé anh hudng dén hiéu qua tach chiét va phan
tich nucleic acid, lam tang nguy co phan &ng khuéch dai
khong dac hiéu hoac am tinh gia. Do d6, dé md rong va
nang cao hiéu qua *ng dung dich té hoc duwa trén nudc
thai trong giam sat bénh lao, can c6 thém cac nghién ctu
tap trung vao phat trién cac phuong phap thu hoi va chiét
tach DNA chuyén biét danh cho vi khuén lao.

Bén canh do, viéc phat hién DNA cla M. tuberculosis/
MTBC trong nudc thai ch yéu dua trén céc ky thuat sinh
hoc phén t& (vi du gPCR/dPCR), vén khong phan biét
dugc DNA cé ngudn géc tir t€ bao song hay té bao da
chét. Trong diéu kién méi trudng nudc thai, DNA ngoai
bao c6 thé ton tai twong d6i 8n dinh ngay ca khi vi khuén
da mat kha nang séng hoac bi bat hoat bdi cac yéu t6 moi
truong. Do dé, tin hiéu DNA thu dugc c6 thé phan énh
“ddu vét” clia vi khuén hon la nguy co lay nhiém thuc su.
Ngu’cjc lai, viéc xac dinh vi khuén séng (V|' du thong qua
nudi cdy) mdi c6 y nghia tryc tiép hon doi véi danh gla
nguy co lay truyen Su khéng tuong dong glu’a hai chi so
nay c6 thé dan dén sai léch trong dién giai dich t& néu
khéng dugc xem xét can trong.

Gia tri “coples/phan (ng” phan anh sé lugng DNA muc
tiéu trong mau phan tich, nhung dé lién hé véi s6 ca bénh
thuc t& can trai qua nhiéu budc quy déi vdi cac gia dinh
phtc tap. Nhirng han ché chinh bao gom: (i) mdc do va
tan suét baitiét M. tuberculosis/MTBC qua phéan giira cac
bénh nhén la rat khac nhau va chua dugc dac trung day
du; (i) sy pha loang va bién dong luu lugng trong hé théng
thoat nudc; (iii) s phan hly ctia DNA trong qua trinh van
chuyén va luu gitr trong moi trudng; (iv) hiéu suét thu hoi
va chiéttach DNA; va (v) sai s6 do ludng clia phuong phap
phantich. Do d6, m&i quan hé gitra tai lwugng DNA do dugc
va s6 ca bénh 14 phi tuyén, khéng én dinh va phu thuéc
manh vao bdi canh dia phuang. Diéu nay khién viéc xay
dung cac mé hinh dinh lugng dang tin cay dé udc tinh s6
ca bénh tir d¥ liéu nudc thai trd nén dac biét thach thirc.
Béncanh do cac nghién ctru hién dugc thuc hién tai Nam
Phi, cac qudc gia chau Phi, Canadava An Do—nhu’ng khu
vuc ¢6 sy khac biét dang ké so véi Viét Nam vé ha tang
thoat nudc, mé hinh xa thai, diéu kién khi hau va tai lugng
vi sinh nén. Do d6, can c6 thém céc nghién clu thuc
nghiém dé danh gia va kiém chirng kha nang ap dung WBE
trong bGi canh dac thu ctia Viét Nam.

4.3. Chién lwgc trién khai tai Viét Nam

Ty L& thu gom va x&r ly nudc thai tai Viét Nam hién con han
ché (khoang 15% trén toan qudc), lam giam tinh dai dién
va kha nang trién khai WBE & quy md réng. Tuy nhién, sy
khéac biét vé ha tang gilra cac khu vuc la déang ké. Tai céc
d6 thi l&n nhu TP. H6 Chi Minh va Ha N6i, hé théng thoat

nudc tap trung va mirc do két ndi dan cu cao hon, tao
diéu kién thuan loi hon cho viéc trién khai cac nghién clfu
thi diém. Ngu’o’c lai, tai khu viic néng thén hoac cac vung
chua c6 hé thong thu gom tép trung, viéc ap dung WBE
gap nhiéu thach thic vé tinh dai dién mau va kha nang
suy luan & quy mé cong dong.

DPac biét, viéc luva chon céac diém gidm sét trong diém
(sentinel sites) c6 thé déng vai trd quan trong trong giai
doan thi diém. C4c dia diém nhu bénh vién chuyén khoa
lao/phdi, trung tdm phong chéng lao, trai giam, khu ky tlc
xa sinh vién va céac khu dan cu cé mat dé cao dugc xem
la nhirng lya chon phu hgp, do cé nguy co lwu hanh bénh
cao hon va thudng cé hé thong thoat nudc ndi bo tuong
d6i khép kin, thuén lgi cho viéc thu thap mAau va dién giai
dit liu & quy mod xac dinh. Cach tiép can nay cling cho
phép danh gid mai lién hé gilra tin hiéu trong nudc thai va
dit lidu ldm sang trong cac quan thé co dac diém dich té
tuong déi dong nhét.

Bén canhdo, yiéc tich hcjp d@rliéu nudce thaivdi cac ngudn
dit liéu dich té hoc truyén thong—bao gom ca bénh lam
sang va thong tin nhan kh&u hoc—Ila can thiét dé nang
cao gia trj dién giadi ctia WBE. Trong khuon khé céch tlep
can Mot Stirc Khoe (One Health), sy két hgp nay cé thé
goép phan cung cép céi nhin toan dién hon vé dong luc
lay truyén bénh lao trong cong dong, dong thai ho trg cac
nha quan ly y té trong viéc dua ra quyét dinh can thiép phu
hgp va kip thaoi.

5. KET LUAN

Céc bang ching hién cé cho thay vi khuan lao cé thé
dugc phat hién trong nudc thai tai nhirng khu vue cé luu
hanh bénh lao. Tuy nhién, giam sat bénh lao qua nudc
thai van dang & giai doan nghién ctru ban dau va con ton
tai nhiéu thach thirc. Dac biét, hién van thi€u cac phuong
phap dugc chudn hoa lién quan dén thu hoi vi khuén lao
tlr nwdc thai, quy trinh dinh lugng, cling nhu céc tiéu chi
va phu’dng phap dién giai dir liéu. Ben canh dé, tinh dai
dién ctia mau nudc thai déi véi quan thé dan cu va mai
lién hé dinh lu’dng gitra tin hiéu phat hiénva tinh hinh dich
té hoc thuc t& van chua duoc thiét lap rd rang. Do d6, can
tiép tuc trién khai cac nghlen ctu nhdm chuén héa quy
trinh thu hoi, phan tich va dinh lugng, dong thoi danh gia
tinh kha thi CL’la WBE théng qua cac nghién citu thi diém
tai nhirng khu vuc c6 ha tang thoat nudc phu hgp va ganh
nang bénh cao. Khi dugc phat trién va tich hgp mot cach
than trong vdi cac hé thng giam séat hién cé, WBE c6 thé
trd thanh moét cong cu t36 trg hiru ich, gop phan nang cao
nang lyc giam sat va ho trg céng tac phong, chéng bénh
lao trong tuong lai.

LOI CAMON

Nghién ctru nay dugc tai trg badi Quy Phat trién khoa hoc
va cong nghé Quéc gia (NAFOSTED) trong dé tai ma so
106.02-2025.137.

TAI LIEU THAM KHAO

[1] WHO. Vietnam TB profile 2023. https://world-
healthorg.shinyapps.io/tb_profiles/?_inputs_&ta
b=%22charts%22&lan=%22EN%22&is02=%22V
N%22&entity_type=%22country%22 (accessed
January 30, 2025).

[2] Haramoto E, Malla B, Thakali O, Kitajima M. First
environmental surveillance for the presence of
SARS-CoV-2 RNA in wastewater and river wa-
ter in Japan. Science of the Total Environment
2020;737:140405. https://doi.org/10.1016/j.scito-

g Crossrefd)) 81 “



(3]

(4]

(5]

(6]

V. Duc Canh et al. / Vietnam Journal of Community Medicine, Vol. 67, Special Issue 11, 178-182

tenv.2020.140405.

Lee AJ, Carson S, Reyne MI, Marshall A, Moody
D, Allen DM, et al. Wastewater monitoring of hu-
man and avian influenza A viruses in Northern
Ireland: a genomic surveillance study. Lancet
Microbe 2024;5. https://doi.org/10.1016/S2666-
5247(24)00175-7.

Kay A, Vasiliu A, Carratala-Castro L, Mtafya B,
Mendez Reyes JE, Maphalala N, et al. Performance
of a stool-based quantitative PCR assay for the di-
agnosis of tuberculosis in adolescents and adults:
a multinational, prospective diagnostic accuracy
study. Lancet Microbe 2024;5:e433-41. https://
doi.org/10.1016/S2666-5247(23)00391-9.
Mtetwa HN, Amoah ID, Kumari S, Bux F, Reddy
P. Molecular surveillance of tuberculosis-caus-
ing mycobacteria in wastewater. Heliyon 2022;8.
https://doi.org/10.1016/j.heliyon.2022.e08910.
Nguyen T, Mercier E, Wong CH, Hegazy N, Kabir

m 182 www.tapchiyhcd.vn

[7]

(8]

MP, Tomalty E, et al. Partitioning and probe-
based quantitative PCR assays for the wastewa-
ter monitoring of Mycobacterium tuberculosis
complex, M. tuberculosis, and M. bovis. J Water
Health 2025;23:1163-79. https://doi.org/10.2166/
wh.2025.102.

Mtetwa HN, Amoah ID, Kumari S, Bux F, Reddy
P. Exploring the role of wastewater-based epi-
demiology in understanding tuberculosis bur-
dens in Africa. Environ Res 2023;231. https://doi.
org/10.1016/j.envres.2023.115911.

Ahmed W, Bertsch PM, Bivins A, Bibby K, Farkas K,
Gathercole A, et al. Comparison of virus concen-
tration methods for the RT-qPCR-based recovery
of murine hepatitis virus, a surrogate for SARS-
CoV-2 from untreated wastewater. Science of the
Total Environment 2020;739:139960. https://doi.
org/10.1016/j.scitotenv.2020.139960.



