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Abstract: Objective To investigate the type and distribution of drug resistance of Mycobacterium tuberculosis (MTB) in
Hainan tuberculosis hospital from 2019 to 2021, and to provide reference for the development of drug resistant tuberculosis
prevention and control strategy. Methods  From 2019 to 2021, a total of 1 687 strains of sputum were isolated and cultured
and identified as MTB. Drug sensitivity testing was performed on eight anti—tuberculosis drugs: isoniazid (INH), rifampicin
(RFP, R), ethambutol (EMB), streptomycin (SM), kanamycin (KM), capreomycin (CPM), ofloxacin (OFX), and
propylthioisoniacamide (PTO). The drug resistance analysis was conducted. Results Among the 1687 MTB strains, the
overall drug resistance rate was 41.32% (697), with a single drug resistance rate of 11.62% (196), a multi—drug resistance rate
of 4.10% (69), a extensive drug resistance rate of 23.71% (400), a pan—drug resistance rate of 1.90% (32), and a rifampicin
resistance rate of 28.10% (474), and the main drug resistance types were extensive drug resistance and rifampicin resistance.
The order of resistance to the eight drugs was OFX (64) > SM (62) > INH (48) > RFP (19) > CPM (2) > KM (1) > EMB (0) and
PTO (0). The rate of resistance to INH and RFP of first=line drugs in newly treated patients was lower than that in retreated
patients (x’=0.110, 0.765; P>0.05); the rate of resistance to second—line drugs OFX, CPM and KM in initially treated patients
was lower than that in retreated patients (x’=1.037, 1.212, 1.653; P>0.05). The total drug resistance rate in 2019 was 51.16%,
which was higher than that in 2020 (35.08%) and 2021 (38.89%). The difference between groups was significant (y’=29.25,
16.60; P=0.000), but there was no significant difference in overall drug resistance rate between 2020 and 2021 (y’=1.823, P=
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0.177). Among the occupational types of tuberculosis patients, farmers were the main ones, accounting for 56.25% (949). The

patients with drug-resistant tuberculosis were mainly distributed in Haikou City (165) > Wanning City (72) > Chengmai County

(64) > Wenchang City (51) = Dongfang City (51) > Danzhou City (48), and patients in these six areas accounting for 64.71%

(451/697). Conclusions

The drug resistance rate of tuberculosis in Hainan Province is relatively high, with OFX and SM

resistance being the main types of drug resistance. The extensive drug resistance rate is higher than the national average level.

Therefore, surveillance and treatment should be strengthened and optimized to reduce the prevalence of drug-resistant

tuberculosis.
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2019—2021 4EHFRI4E 1 687 Flliigh 1% B E EA S I

Basic information of 1 687 TB patients in Hainan Province in 2019-2021

F1
Table 1
— ”ﬂﬁ‘ﬁﬂfﬂ ﬁﬁ?’ﬂi
FE{IE Features Number HiResis- - Resis- X P
of cases tance tance
cases Rate/%
P51 Gender 0.052  0.819
H Male 1420 585 41.20
4 Female 267 112 41.95
AEWL % Agelyears 1212 0.750
<20 29 11 37.93
20~<40 433 176 40.65
40~<60 720 308 42.78
>60 505 202 40.00
AT 5 Treatment history 287.633  <0.001
W13A Primary 1049 268 25.50
5214 Rehabilitation 638 429 67.45
B Occupation 18.495  0.010
A R Farmers 949 407 42.89
BIBAK Retired 198 89 44.95
staff
[ 55 A b1 Medical 7 0 0.00
staff
TN Workers 122 41 33.60

J— mﬁ%’ifﬂiﬁt ﬂﬁi‘f”i%‘
FHE Features Number e Resis P
of cases tance cas- tance
es Rate/%
555 B Civil ser- 149 55 36.91
vice
£l Unemployed 85 42 49.41
278 Students 67 19 28.36
AN Self-em- 3 3 100.00
ployed
At Others 107 41 38.32
FJEH Family history 0.881  0.348
A Yes 112 51 45.54
J& No 1575 646 41.02
£t Contact history 0.085  0.770
1 Yes 158 67 42.40
JiNo 1529 630 41.20
R Ethnicity 0.663  0.718
% Han 1563 650 41.59
B Li 114 43 37.72
W% Miao 10 4 40.00
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Table 2 Distribution of drug resistance rates of different drug resistance types in clinical isolates 2019-2021

. AT Total (n=1 687) 20194 Year(n=518) 2020 4F Year(n=593) 2021 4E Year(n=576)
i 25357 Resistance

ype Bigen 0T RS MR Reie W R, AR Re 0P
tance rate/% tance rate/% tance rate/% tance rate/%

AT 25 MR-TB 196 11.62 69 13.32 67 11.30 60 10.42 2331 0312
Iz T2 PR-TB 69 4.10 32 6.18 23 3.88 14 2.43 8.866  0.007
%25 MDR-TB 400 23.71 142 27.41 122 20.57 136 23.61 7155 0.028
it 225 XDR-TB 32 1.90 14 2.70 7 1.19 11 1.91 3.444  0.179
FAEF-Tif 25 RR-TB 474 28.10 87 36.10 139 23.44 148 25.70 24.435 <0.001
ST 25 TDR-TB 697 41.32 265 51.16 208 35.08 224 38.89 31619 <0.001

3 MEEAE 2019—2021 LB B R R 2 B BRI T 25 1% O
Table 3 Drug resistance of MTB clinical isolates in Hainan in 2019-2021

WIVA Primary treatment(n=1 049) %274 Rehabilitation (n=638)
i 2515 0, Resistance status 1% n % M 2 %% Resis- I T 2% 3% Resis- X P
tance Rate/% tance rate/%
ST 24 Total Resistance 697 268 25.50 429 67.24 286.633  <0.001
AT Z5 Monoresistant 196 127 12.10 69 10.81 0.588 0.433
—28 it 24 First-line drug resistance
SR INH 48 31 0.30 17 2.67 0.110 0.741
FIHEF- RFP 19 10 1.00 9 1.41 0.765 0.382
HER 2 SM 62 48 4.60 14 2.20 6.265 0.012
2T BEEMB 0 0 0.00 0 0.00 <0.001  <0.001
T2k 25 Second-line drug resistance
ARV A OFX 64 36 3.43 28 4.40 1.037 0.309
L a2 CPM 2 2 0.20 0 0.00 1.212 0.271
RARE: 3 KM 1 0 0.00 1 0.16 1.653 0.198
IS HERE PTO 0 0 0.00 0 0.00 <0.001 <0.001
2725 Multi-drug resistant 69 27 2.57 42 6.60 16.443 <0.001
i 2225 Extensive drug resistant 400 113 10.78 287 45.00 258.821 <0.001
JYZ it 24 Pan—drug resistant 32 1 0.10 31 4.86 48.631 <0.001
FIfRF-Mi 25 Rifampicin resistance 474 127 12.10 347 54.40 351.061 <0.001

R4 20192021 FERIBAT R ST 25 RO B Wbk A R 2528 B A

Table 4 Distribution of different drug resistance types in multi—drug resistant clinical isolates from 2019-2021

20194F Year(n=518) 2020 4F Year(n=593) 2021 4F Year(n=576) A Total
i 2525 7Y Resistance type e i 25 %R Resis- 5% i 25 %R Resis- P i 25 % Resis- e it 253 Resis-
tance rate/% tance rate/% tance rate/% tance rate/%
SAPF+EERER T +S 7 1.35 12 2.02 5 0.87 24 1.42
FIfEF-+ AR 2 R+O 6 1.16 1 0.20 1 0.20 8 0.50
FERE 2+ E I AL S+0 2 0.39 2 0.33 2 0.35 6 0.36

&R 5 20192021 FLBMBAF R G R B kb A R 25 28 8 AP 2 25 5 A

Table 5 Distribution of multidrug resistance rates among different drug resistance types in clinical isolates from 2019-2021

20194F Year(n=518) 2020 4F Year(n=593) 2021 4F- Year(n=576) 41 Total
i 25250 Drug resistance type e it 225 Resis- i 2 245 % Re- i 2 25 % Resis- M 22 25 Re-
) : n tance rate/% n sistance rate/% YL tance rate/% i sistance rate/%
MR+ A T+R 22 4.25 16 2.70 26 4.51 64 3.80
S+ S+ R R T+R+S 21 4.05 23 3.90 12 2.10 56 3.32
SRR+ R R+ A 20 3.86 20 3.37 20 0.35 60 3.56

N T EET+R+S+0+E
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i 245 Bl 45 A% £ 3 R B vh A A ARV T > T T > T
B ESSCE M =R TGN, X 6 P Hb X 247 451 5]

i 2% fili 45 4% 2 3, 15 1 64.71% (451/697) . WIIA T 24
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Table 6 Distribution of different drug resistance types in XDR—isolated clinical isolates from 2019-2021

20194F Year(n=518) 2020 4 Year(n=593) 2021 4 Year(n=576) AT Total

i 245257 Drug resistance type BIEL W% Resis-  BIEL T2 Resis- " i} 245 % Resis- " i} 245 % Resis-

n tance rate/% n tance rate/% cn tance rate/% fin tance rate/%
SEHR+ AR P+ e T s+ SR R+ R IR 2 0.40 1 0.17 4 0.70 7 0.41
FE+E M HR+E+0+K+C
SEHANE+FIRR -+ R 5 2+ LT B+ AR 2 0.40 1 0.17 1 0.17 4 0.24
FE+E & +R+S+E+K+0
SR+ 15 T+ BE R R+ ST B+ SR 0 0.00 2 0.38 3 0.52 5 0.30

B+ R R+ R [+ R+S+E+0+K+C

|7 20192021 FEERIPBATRIG PR B AR A RIS 25 2880 rh i 2 R AR 5L

Table 7 Distribution of drug resistance rates among different drug resistance types in clinical isolates from 2019-2021

20194 Year(n=518) 20204 Year(n=593) 20214 Year(n=576) A1t Total
it 2525 %) Drug resistance type 1% i 253 Resis- - i 25 % Resis- » M 25 Resis- . M 23R Resis-
) b n tance rate/% B tance rate/% B tance rate/% f135n tance rate/%
ifi} 1 24 Resistant to 1 drug 69 13.32 67 11.30 60 10.42 196 11.62
ifi} 2 Fli 24 Resistant to 2 drugs 47 9.07 37 6.24 38 6.60 122 7.23
ifi} 3 7124 Resistant to 3 kinds of drugs 45 8.69 40 6.75 51 8.90 136 8.06

R 8 2019—2021 E¥F R A T 25 &SR A WX 4047

Table 8 Regional distribution of drug resistant tuberculosis patients in Hainan Island from 2019-2021

% T City level L4717 County City £ County H6E- Autonomous County
. ; . XA Kl HAE T, _ ENT B . .
W Treat- HE M =IE BT ComG wE Wi i AR T2
. Wen- Don Il Wu- Chan  Qion-
ment History Haik Dan- San- Wan- Qion- Tun- Chen Lin- Le- Bai-  Lins- Baot-
chan g- zhis- Ding gji- g-
ou zhou ya ning ghai chang gmai gao dong sha hui ing
g fang  han "an ang  zhong
WA Primary 69 15 4 23 28 23 8 6 22 20 19 6 5 6 6 2 2
Sifi Retreatment 96 33 23 28 44 28 7 4 42 25 17 19 18 11 7 8 5
&t Total 165 48 27 51 72 51 15 20 64 45 36 25 23 17 13 10 7
3 it it —5; LRI 25 K OFX >CPM >KM >PTO ; i 45 4%

I 235 A% e — ™ B A A Ak A BRE 1 A G R
il 5 2021 4F WHO 4 58, 3% [T 25 45 4% 9 1 0 5
BRI 14% , 587 ek il 98 S5 1 AT IR 1 e 25 245 4%
I I B HH T B A B AR B B2 IR 7 A Tt
25, IRl 25 25 R iR 7 I TR, R RN 2 HAE 9% &
S R TN R

AHIEFE BT T R A A A% B e 2019—2021 4F
ST TB R 1) — TR AN 24515 00, 45 SR 22 B MTB
() S 2 5 5 J 3 43 28 RO AT O, SR AR IS b
XRFETC K o Tl 24 2853 B 3R W], P4l % — L it 24 It
37 2y SM >INH >RPF >EMB, 5 ) (= 250504 18 45

245 Wy it 25 % i B AR KR - OFX >SM >INH >
RFP > CPM > KM >EMB > PTO; ¥JiA B % —4 24
Yy INH \RFP (9 25 32418 T 5236 J A, SM YT 25 54
TR EH VA BE X 259 OFX .CPM KM Y
i 245 5K T &2 16 o s SM FE L 245 8% — 28 25 ) vh it 24
Rog , R T i 25 HE 4 OFX, TETH 245 7A )7 5 & h
EL AR, ASHF 5T v SM it 25 26 1 ] RE R 28 st
B XZ A i BT 25 PR G, BRI IR L e ARAMH
SMAER — s 25, W -l RIBE R VTR
R AT . OFX 7E 8 Mt 4 4% 25 Wy vh i 26 % J
B TR N T 2 R v
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W IRYT MR R E S S R 2y . A
2018 4F 45 7 ¥ HAF > DR-TB & & FH 2519, 1fij B %
MDR-TB [ B X 5 0 147 i 248 245 9y 1) i 245 175 100 340 4 14
K, A WF5E 48 1, 38 [E MDR-TB fif 25 3 ik 39.2%~
70.8%"", 1 it £ 25 45 ¥ 9% 16 97 4 T AL N
36.8%", HE I PR B= A= 7E 9] L iR TB IR YT I R &t ik
FHEMB KM .CPM . PTO [if 25 S AR 254 , i Ledi &b
1% 25 )6 T P 44 Wi R I FH P AT A B R B 25 A% A 1
s R A FLEAE F OFX, I AT 6 8 FH A8k 1) 25 47 il
FE AR ALYT O %8 DLRR AR 26 2%, 1k B 10 45 2
RIT,

WA BH 2T 255 i 225 2255 6
i 25 2 R4 T i 25 32 AR T 200 /R, BRI 25 32 7
VI R TP RGET40 , n] LIS R IR T 25 %R 5 R
B2 GRYT SR B O R 2% RIS E A OTE
Z | PARAR S A R R OG5 N B2 IA T 24 B
TLAIR YT B B U7 25 T SR T 24 BB B 2 0 S
B o258 E rh B I e T 2ot 5 R R
JETP 2T EEORIR At A R AR L
SXHEAN SRR RO SRS R A O U 6
VR A T 2 Bl 45 4% o R AR TP AR T T T
o IR SCET AR AEM T, X 6 X R
I 5 L 64.71%, 7 B it 24 fili 45 4% 36 97 s A7 AE Hh X 25
Sk, T RE BRI LA b X BN 43 A 23 4 e G
AIATR R BERUE AR A UL S5 6

FE A 5% 45 i 25 26 5 v, MDR-TB fil RR-TB 5
ZH0, Horp RR-TB A 45 AT A7 X} REP it 245 1) 1if 24 28
A, BRI, RPN 24 W] i — e hi 25 4% 25 W) o7
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