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Abstract

Tuberculosis (TB) and multi-drug resistant TB (MDR-TB) are a major global health
problem, especially in Thailand. The Xpert MTB/RIF molecular test is recommended by WHO
for simultaneous detection of Mycobacterium tuberculosis complex (MTB) and rifampicin (RIF)
resistance. This research is a retrospective study which aimed to compare the efficiency of the
Xpert MTB/RIF test and AFB smear microscopy (Ziehl-Neelsen) with a gold standard TB culture
and drug susceptibility testing (TB C&DST). Samples (n = 1,003; 629 males and 374 females)
were collected from patients in Taksin Hospital who were presumptive TB cases by clinical
manifestation or chest X-ray (CXR) in 2016. Samples were analyzed by using the Xpert MTB/
RIF test, AFB smear microscopy and TB C&DST. The results showed that the prevalence of
active TB cases by the Xpert MTB/RIF test was 25.8% (259 specimens), 71.4% (185 specimens)
were males and the most prevalence of interval age group was 18-40 years (41.3%). However,
the prevalence by AFB smear microscopy was only 20.9% (210 specimens). Moreover, the
prevalence of risk groups was highest in the elderly/chronic disease group (21.6%), followed by
the HIV-infected (13.9%) and diabetes mellitus (11.6) groups. Furthermore, the most prevalence
of rifampicin resistance and MDR-TB were observed in the HIV-infected group.
Efficiency of the Xpert MTB/RIF test and AFB smear microscopy were then compared with the
gold standard TB C&DST. The results showed sensitivity, specificity, PPV, NPV and accuracy
of the Xpert MTB/RIF test at 97.4, 89.2, 90.5, 97.1 and 93.4 %, respectively and the rifampicin
resistant MTB detection at 85.7, 98.2, 80.0, 98.8 and 97.2%, respectively. When AFB smear
microscopy was negative, the % sensitivity, specificity, PPV, NPV and accuracy of the Xpert
MTB/RIF test were 84.9, 92.7, 70.0, 96.8 and 91.4%, respectively, and that of AFB smear
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microscopy were 83.1%, 88.7%, 88.5%, 83.3% and 85.8%, respectively. Therefore, AFB smear
microscopy could detect MTB at a significantly lower efficiency than that by the Xpert MTB/
RIF test (p <0.05, XZ test). In conclusion, the Xpert MTB/RIF test is an easy, rapid and highly
efficient test for MTB and rifampicin resistance detection, especially in the AFB smear negative

cases. Therefore, it could be used as an effective method for TB diagnosis.
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Jaulsa (tuberculosis; TB) wazialsanee1via1sviu (multidrug resistant-tuberculosis;
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msaenen lsuufiFu mddel iTngdszasdmenssumovlszansamnlumsaumeimlsa
Taegas Xpert MTB/RIF 4az33 AFB smear microscopy (Ziehl-Neelsen; ZN) TagulSsuisuny
A g X : g
Wnasprumsinzsaselulsavazmsnadevanulines1vedde (TB culture and drug
susceptibility testing, TB C&DST) lagmsanmdeunasludihsiineziiuiulsannernmsnise
nadnssdvealsanennamady I w.a. 2559 uIu 1,003 fleene umames 629 fraea
wazLNANN 374 9819 lafledligndinsIan¥eiImlsnaieds Xpert MTB/RIF 35 AFB
smear waz35 TB C&DST wamsAnunud aNugnvadinlsnnisds Xpert MTB/RIF iy
Segay 25.8 (259 MoH19) FI1NNIWADINID AFB smear (58802 20.9, 210 A29819) lagny
duialsalumaneiesas 71.4 (185 fed1y) Frginuimlsamnniiga fe 18-40 1
v 1 d' d' £y d' = 4 Gl Wd‘d é’ (%4 v
(Gegaz 41.3) wazngadsaiwuanuynveImlsninniigafegiergriseniliness (Gesas
21.6) sesannnefayateylel (Fevas 13.9) wazdtheunvny (Gevaz 11.6) lagnauranLye
tevladasianyinlinfensslsuluiuwas MDR-TB mnfiga armsuilszansain
MsasamFeimlsavesids Xpert MTB/RIF wud dmanuly anudum: msminesuauin
MIMngraay wazmMaNugnaes iuiesas 97.4, 89.2, 90.5, 97.1 waz 93.4 MmuaAy
msasvialsanenaenlsuluidy tmnuSesas 85.7, 98.2, 80.0, 98.8 waz 97.2 mua1ay
wazdsziumsls3s Xpert MTB/RIF nsai AFB smear watduay tnuSesas 84.9,92.7,70.0,
96.8 was 91.4 MUMAY NKSVIT AFB smear nuN Hmanuly aAnudwn: MmsmmngnayIn
MIMNgHaay wasAIANNaNAey iedsesas 83.1, 88.7, 88.5, 83.3 waz 85.8 emuarAu
deasranpiulsalasiesni3s Xpert MTB/RIF aghafitisarfiymaann (p < 0.05, i test)
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Presumptive TB cases — Nqaimanadansaa AFB smear & Xpert MTB/RIF
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No TB C&DST

(VLNwL‘ﬂ'ﬂ@jsJ highly presumptive TB cases)

(Clinical+X-ray) dnLau

a9RT0A TB culture&drug susceptibility testing
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Fig. 1 Screening protocol for TB cases in Taksin Hospital
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2.3 35 TB culture and drug susceptibility
testing (TB C&DST)

W gold standard method® dwsy
mMeATuil TaolFimmeAmaonnmsninds AFB
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isoniazid, rifampicin, streptomycin, ethambutol
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kanamycin, levofloxacin, cycloserine, PAS,

capreomycin

3. MDANLHHaMIdan
= a r'd I Y

msfnmnANuEnIaNsinaumissay
[ = = a a
drumsaneseumevdszansmnmsasiam
&, v a &I 1 aa a e
wolalsauazialsanonee lsununsy Itz
nalagwiamanyly Amanud e aims
MNENAYIN AINTHIINENAAY NITHUANN
WwosliuFesaz 95 (95% CI) wazmANNQAADY
Y a 'd 1 1 ad
LANIATIZANAANNUANAIITZNINIS Xpert
MTB/RIF iy AFB smear az3snilais Xpert
MTB/RIF fiy TB C&DST e Chi-square test
(X2 test) lagmnua level of significance :

p value < 0.05

NAN15I0Y
1. miﬁn‘mmm‘qn (Prevalence study)
nnmsAnuteyadoundaveaiiie
presumptive TB cases Hauafidanie Xpert
MTB/RIF a2 AFB smear 911U 1,003 119
Wy finansI9 AFB smear §3i] na AFB smear
Wuwan 210 dredha Gewaz 20.9) (Wa scanty,
AFB 1+, 2+ uagz 3+ 911U 21, 92, 27 waz 70
fredhamuady) wazwatuavusiuiu 793
f1eeha d135 Xpert MTB/RIF astanunaiiiy
VIANANI135 AFB smear 0194 49 6109619
(Govaz 4.9) TngwauInvedis Xpert MTB/RIF
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259 fhagha (Fegaz 25.8) uAnawINUBIIs AFB
smear 210 d10819 Govaz 20.9) wazdmsums
AntanuyndumwAuazenylagls Xpert MTB/
RIF wuh fiheialsadumasieninni
e 2.5 i Tasfumeneds 185 e
(Govaz 71.4) Glmm:‘ﬁ'l,ﬂumﬁmﬁatﬁm 74 519
(Fovnz 28.6) lefneseny wuhiiheTalsn
fiflvnae1y 18-40 T gnanawwanniiga Tavasa
Wy 107 919 (Sevaz 41.3) 509033 fo $1901Y
41-60 1190 116 (Fewaz 34.8) (Table 1) waziile
Anmanugnueanduidswna g wuh nduigs
mq/Tiﬂéa%d (elderly/chronic disease) Lﬂuﬂtjn
ﬁﬁmmagﬂqqqm Aailulesas 21.6 se9aINd0
nduiihodaivoienled (HIV) Jovaz 13.9 fihe
wvNu (DM) 3ewaz 11.6 dszmnsiiumna
(migrant) 5ovay 11.2 Ejﬂwﬁa"lﬂwmﬁﬂmaﬁﬂaﬂ
AnUnAudna AFB smear (Huay (abnormal CXR
& AFB smear (Huav) Sevas 7.3 fdudaialn
ERTITALY (house hold contact B+, HHC B+)
Yovaz 6.6, Atheasdoinlsauenien (EP)
Jowar 4.6, AneadsluFeus (prisoner) Sovaz
0.8 unzfduidialsnnenesmmeriiuiauiig
(house hold contact MDR-TB, HHC MDR-TB)
Yapaz 0 muddy yennni anwmuialsane
aoenlsuunidu 18 e (Gevaz 7.0) ua
8940379 TB C&DST wu MDR-TB 11 @10¢13
(3owaz 4.3) Tﬂﬂmmwumﬂﬁqﬂiuﬂdu HIV
(Table 2)
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Table 1 The sex and age groups of tuberculosis detected by Xpert MTB/RIF
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Age (years) Male Female Total (%)
<18 2 2 4 (1.5)
18-40 71 36 107 (41.3)
41-60 70 20 90 (34.9)
> 60 42 16 58 (22.4)

Total (%) 185 (71.4) 74 (28.6) 259 (100)

Table 2 Comparison between the prevalence of MTB detected by the Xpert MTB/RIF and AFB smear

in all presumptive TB cases separated into 9 risk groups and the others

Total = N Xpert MTB/RIF AFB smear
=rae (%) MTB RIF : R » )
A (MTB Detected/N | potected Not Detected |Indeter- Poso/ltlve Negative
GiF CE8 ElETz) (%) |detected| (MDR) |minated o)
1. HIV 107 36 71 5 0 31 76
(33.7%) (13.9%) (3%) (14.8%)
2. DM 90 30 60 2 0 27 63
(33.3%) (11.6%) (2%) (12.9%)
3. Migrant 140 29 111 0 0 25 115
(20.7%) (11.2%) (0%) (11.9%)
4. House hold contact 29 17 12 1 0 16 13
B+* (HHC B+) (568.6%) (6.6%) (1%) (7.6%)
5. House hold contact 2 0 2 0 0 0 2
MDR-TB (0%) (0%) 0%) (0%)
6. Prisoner 2 2 0 1 0 2 0
(100%) (0.8%) (1%) (1.0%)
7. Elderly/chronic 339 56 283 3 1 42 297
disease (16.5%) (21.6%) (2%) (20.0%)
8. Abnormal CXR & 150 19 131 3 1 0 150
negative AFB smear (12.7%) (7.3%) ©) (0%)
9. EP (extra-pulmonary 82 12 70 0 0 5 77
TB suspected) (14.6%) (4.6%) (0%) (2.4%)
10. Others (Abnormal 62 58 4 3 0 62 0
CXR & positive AFB (93.6%) (22.4%) (2%) (29.5%)
smear)
Total 1,003 259 744 18 2 210 793
(25.8%) (11%) (20.9%)

Note: % RIF : R by using the Xpert MTB/RIF = 7.0% (18/259x100); % MDR TB by using TB C&DST = 4.3% (11/259x100);
% MDR TB in RIF : R detected = 73.3% (11/156x100); Three samples in RIF : R had no growth in TB C&DST; B+ is
bacteriologically confirmed TB case by using WHO-recommended test (AFB smear, culture or Xpert MTB/RIF)
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2. msisziliunads Xpert MTB/RIF waz
AFB smear tf5sutiauiudsinasgu TB
C&DST

2.1 35 Xpert MTB/RIF waz AFB
smear tU38utiisuny TB C&DST an5ums

a5y aulsa (N= 380)

malszdiunamsamiyeialsaves

35 Xpert MTB/RIF uf5ouiigufuisunasgiu

TB C&DST 117U 380 679819 WU ATIINY

Wotalsalauia 2 F3asafu 190 §r061a A9

Ninui¥eialsansafu 165 @0tha aTIIwuLFe

Jaulsnlawds Xpert MTB/RIF usiasivlinulay

33 TB C&DST 20 #0tha uazasvhinuiye

Jaulsalae3s Xpert MTB/RIF uansianulaeis

TB C&DST 5 éotha iledanzvidianul

AMANUAINE MNgRauIn ANUIYNaay

wazdaNugnaes larmiesar 97.4, 89.2, 90.5,

97.1 waz 93.4 muaey ludiuveals AFB

smear 1WSsuNeuAVI5 TB C&DST WUl A3

wuiseailsalaeia 2 T3asafu 162 §06ha AT19

TinuFeialsnnsafiu 164 §1061 as19nUEe

JaulsnlaneI5 AFB smear uan319 linulae3s TB

C&DST 21 éhothauazanvlinuigeialsalag

35 AFB smear udnsianulaeds TB C&DST

33 fheta diodnnzrimanah manusme

ANNUIINAVIN AIVIIUIINAAY LaZAIAIN

andea lde3eeaz 83.1, 88.7, 88.5, 83.3 uaz

85.8 euddy euSsuiiisunavesmanih

MANNIUWIE ANUIINALIN ANUIINAAL

wazAIAINQNABY (Table 3) sia%epazms

ATIINLLTD (% positive) Yoatia 2 37 wud

3% Xpert MTB/RIF fimanuly smanudimz

AMUIgNAYIN AIUIENAAY LAZAIAIY
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ANABY 1NANIIS AFB smear 19g1am1za81384

U

fanuhuazmianugndes waziiiedtanei
Foyamaadamemanadevladuad wuh x°

? fszdutiedfey

Adaldilifeuiua x
o= 0.05, df = 1 wuh hivenivauyagiu (H,)
mMsasaminlsndie3s Xpert MTB/RIF
Liuane1991n1115059935 AFB smear a3y
A13A319M 1150 auT3A33 Xpert MTB/RIF
LANAI991NN15AT19E smear AFB #atiu
35 Xpert MTB/RIF 396n1130a339M woiaulsn
19mnn35 AFB smear aghalitivdhdnymadna
(p < 0.05, % test) wonmNi NAMsdansIa
TB C&DST §aNU1¥e non-tuberculous
mycobacteria (NTM) ¥ovaz 71.4 (10/14
f7108149) Y99610619711dNAMIATI9 AFB smear
Wuwinuana Xpert MTB/RIF iluay
idlelszifiulaouondadansrniiy AFB
smear Wadluwan Sy 183 dedaiiednmn
AnuaIsalun1siias Xpert MTB/RIF
naunuds TB C&DST wyui laaianuls
AMANNIUWIE MIMNUIYNALIN MNUIINAAL
uaz MANNYNABY Jewar 100, 61.9, 95.3, 100
1182 95.6 MU (Table 4) Tngiadodiziian
uana19iuegeltod1Agyn1edaa (p-value
<0.05, X test) uazludruveangu AFB smear
nalluay $wau 197 detruiiednymsly
Xpert MTB/RIF dwmfuasiatiinidniitenis
Jiedvialsalunsdiin AFB smear wafluau
WU ngu AFB smear waluay s
AMANUANIWE MNgRaYIn APNUYNaaY
uaz MANNYNAeY Jovaz 84.9,92.7,70.0,96.8
waz 91.4 emwudau (Table 5)
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Table 3 Comparison between Xpert MTB/RIF and AFB smear with TB culture for MTB detection
(N=380)
TB culture
Assay Growth No Sensitivity | Specificity| PPV NPV | Accuracy
(N=380) (+) growth fota! (%) (%) (%) (%) (%)
()
Xpert MTB-detect (+) 190 20 210 97.4 89.2 90.5 97.1
Xpert MTB-not detect (-) 5 165 170 (95.2-99.7) (84.7-93.7) | (86.5-94.5) | (94.5-99.6)" 93.4
Total 195 185 380
AFB-positive (+) 162 21 183 83.1 88.7 88.5 83.3
AFB-negative ) 33 164 197 (77.8-889" | (84.1-93.2" | (3.9-93.1 | (78.0-886" | 85.8
Total 195 185 380

Note: MTB: Mycobacterium tuberculosis; PPV: positive predictive value; NPV: negative predictive value; *: 95%
confidence interval

Table 4 Comparison between Xpert MTB/RIF and TB culture for MTB detection in only AFB

smear-positive (N=183)

TB culture
Xpert
Growth No Sensitivity | Specificity| PPV NPV | Accuracy
MTB/RIF Total
(+) growth (%) (%) (%) (%) (%)
(N=197)
()
MTB-detect (+) 162 8 170 100 61.9 95.3 100
MTB-not detect (-) 0 13 13 (100-100)* 41.1-82.7y | (92.1-98.5) | (100-100)* 95.6
Total 162 21 183

Note: MTB: Mycobacterium tuberculosis; PPV: positive predictive value; NPV: negative predictive value; *: 95%
confidence interval
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Table 5 Comparison between Xpert MTB/RIF and TB culture for MTB detection in only AFB

smear-negative (N=197)

TB culture
Xpert
Growth No Sensitivity | Specificity| PPV NPV | Accuracy
MTB/RIF Total
(+) growth (%) (%) (%) (%) (%)
(N=197)
()
MTB-detect (+) 28 12 40 84.9 92.7 70.0 96.8 91.4
MTB-not detect (_) 5 152 157 (72.6-97.1)" (88.7-96.7)" | (55.8-84.2)" | (94.1-99.6)"
Total 33 164 197

Note: MTB: Mycobacterium tuberculosis; PPV: positive predictive value; NPV: negative predictive value; *: 95%

confidence interval

2.2 35 Xpert MTB/RIF 1fSguiiigufiy
TB C&DST dviumsnamieialsanasiosn
Tsununsu (N=178)

AvsumsAnmramIanamaeialsn
dosioenlsunlufiulng3s Xpert MTB/RIF 11301
[feuR1AT DST nuh anwuieinlsanosio
o5 ulaeia 2 Feasaii 12 613 A9
Tinuideialsnnodeslsunufidy asafu 161

o/ 1 g g z 1 aa
fMod1e ananuseiulsnnon lsununguy

1935 Xpert MTB/RIF uaas19linulag3s DST
3 $heeha wazamelivuiFeialsalagia Xpert
MTB/RIF uaas29nwulagds DST 2 deehe il
Jianzvicanyh manudien: svhinewauin
Arinnenaay waz MANNNABY LMY Sevaz
85.7, 98.2, 80.0, 98.8 uaz 97.2 enuaiau
(Table 6) Taowuailsanoreenlsuvlufigusia 2
35asafiu 12 fnegaudiilu MDR-TB 11 é1e¢ha
(Table 2)

Table 6 Comparison between Xpert MTB/RIF and TB C&DST for rifampicin resistance MTB

detection (N=178)

Xpert TB DST
Sensitivity | Specificity| PPV NPV | Accuracy
MTB/RIF RIFR RIFS Total
(%) (%) (%) (%) (%)
(N=178) (+) ()
RIF-R detect (+) 12 3 15 85.7 98.2 80.0 98.8
RIF-R not detect (-) 2 161 163 | 6741000 | @.1-1007 | G0.8-100 | (o7.1-1007 | 97.2
Total 14 164 178

Note: RIF-R = Rifampicin resistant; RIF-S = Rifampicin susceptible; PPV = Positive predictive value;

NPV = Negative predictive value *95 % confidence interval
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wu manuhuazmanudimzreImngIam
woiaulsn Uy Jouaz 97.4 uaz 89.2 mudy
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Table 7 Comparative characterization of AFB smear, Xpert MTB/RIF and TB C & DST

6855

Characterization

AFB smear

Xpert MTB/RIF

TB C & DST

1. Principle

Smear & Stain

Nested real time PCR

Culture & Drug

Susceptibility testing

2. MTB identification No Yes Yes
3. Drugs resistance No Only rifampicin All
4. MDR-TB detected No No Yes
5. Limit of detection (cells/mL) | 5,000-10,0001"4) 145,414 1-101™4
6. Specimens All Sputum, gastric All
lavage & aspirate and
CSF#
7. Turnaround time (TAT) 24 hrs' 1-2 49 9-12 weeks (Solid)
3-5 weeks (Liquid)
8. Lab safety requirement BSC class I BSC class |l BSL-3 & BSC class Il
9. Instrument Microscopy GeneXpert machine Incubator (Solid)
(Cepheid) Automate (Liquid)
10. Annual calibration No Yes Yes
11. Experience No No Yes
12. Prices of test** 60 Baht 880 Baht Solid/Liquid: Culture 200 Baht

Solid DST (1! Line) 250 Baht

Liquid DST (1% Line) 800 Baht

*Recommendation by WHO

- The sensitivity of the Xpert MTB/RIF in testing samples of pleural fluid is very low.

- Others such as stool, urine or blood were not recommended by WHO (lack of data on the utility of Xpert

MTB/RIF for these specimens).

**Reference prices for medical laboratory investigation, The Comptroller General’s Department, 2018
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