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[Abstract] Objective To understand the drug resistance of Mycobacterium tuberculosis (M. tuberculosis) in five
drug resistance monitoring sites in Henan Province, and provide reference for formulating the control strategies of
tuberculosis epidemic. Methods The strains and clinical information of 1 716 tuberculosis patients were collected
from five drug resistance monitoring sites in Henan Province in 2013 — 2018. M. tuberculosis was tested for the sen-
sitivity to nine anti-tuberculosis drugs by proportional method, changes in their drug resistance was analyzed.
Results The total drug resistance rate and multidrug resistance (MDR) rate of tuberculosis patients were 24. 07 %

(413/1 716) and 3.73% (64/1 716) respectively. Drug resistance rates of the first-line anti-tuberculosis drugs from
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high to low were as follows; streptomycin (SM) 13.34% (n=229), isoniazid (INH) 10.08% (n=173), rifampi-
cin (RIF) 5.19% (n=89), and ethambutol (EMB) 4.49% (n=77). Drug resistance rates of the second-line anti-
tuberculosis drugs from high to low were as follows: ofloxacin (OFX) 3.15% (n=54), kanamycin (KAM) 2.51%
(n=143), capreomycin (CPM) 2.51% (n=43), p-aminosalicylic acid (PAS) 1.98% (n=34), and prothionamide
(PTO) 1.46% (n=25). Drug resistance profile showed that 413 strains were distributed among 68 different drug
resistance types. mono-drug resistance rate of SM, poly-drug resistance of INH + SM , as well as MDR rates of
INH + RIF and INH + RIF + SM were higher. The drug resistance rates and MDR rates of initial treated patients
were 20.13% (216/1 073) and 2. 80% (30/1 073), respectively. Drug resistance rates and MDR rates of retreated
patients were 30. 64% (197/643) and 5.29% (34/643), respectively. Drug resistance rates and MDR rates of
retreated patients were both higher than those of initial treated patients (both P<C0. 05). Patients aged 41 to 60
years had the highest drug resistance rate of 29. 25% , and patients aged 2 to 20 years had the lowest drug resistance
rate of 13.56%. There was statistically significant difference in drug resistance rates among different age groups (P
<0. 05). Drug resistance trend analysis showed that only the MDR rate increased year by year in 2013 — 2018 (P<C
0.05). Conclusion Drug resistance of Mycobacterium tuberculosis in five drug resistance monitoring sites in Henan
Province is still serious, drug resistance profile showed that the types of drug resistance were diverse and complicat-
ed, drug resistance rates of patients aged 41 — 60 years and retreated patients are high, and MDR rate showed a ris-
ing trend. Therefore, it is necessary to standardize treatment, carry out screening on drug resistance, reduce the oc-
currence of drug-resistant patients, strengthen the treatment and management of MDR patients to prevent transmis-
sion.
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Table 1  Drug resistance of M. tuberculosis isolated from

patients in different populations

BE 21716 =413 (% X P
P <0.001  >0.999
Bk 1335 321 24,04
bk 381 92 24.15
AR () 16.066  0.001
10~ 118 16 13.56
21~ 484 110 22.73
41~ 530) 155 29,25
61~96 584 132 22. 60
Jai A 0.774 0.379
AT 1360 321 23. 60
IR 356 92 25.84
Bl 0.059  0.808
AR 1304 312 23.93
HoAth 412 101 24,51

2.2 XARMHEA 1 716 RGBT B E AR
BBk, AT 25 5%k 24, 07 %, B 25 R 12, 70 %,
IR N 7. 63% M LR N 3.730., BIREHE
) BT 245 556 L 22 T 24 23R LT 22 24 2R LT 24 2R 35 5 T4
HEE . ZRWARITFE X3 P<0.05), WLk 2,
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Table 2 Drug resistance of 1 716 M. tuberculosis complex strains

B 2 e 2 Z i 2 [EZ:

FAE L3
L3 i 254 (6) 173 fiif 245 % (60 Bk i 254 (75 [ER7S it 25 % (6)

YIiG 1073 216 20.13 122 11.37 64 5.96 30 2.80
ik 643 197 30. 64 96 14. 93 67 10. 42 34 5.29
&it 1716 413 24.07 218 12.70 131 7.63 64 3.73
x 23.152 4.595 11.318 22.124
P <0. 001 0.032 0. 001 <0. 001

2.3 REHHHGESTHBHEL 1716 REK
IR TR A A B TR AR X — SR BT 45 A% 2 W AT i 24 R
BE R ESM(13.34%) , LYk HINH (10, 08 %)

RIF(5.19%) #1 EMB(4. 49%) ., #1748 %& % INH.,
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LEREZIWIT 25 R B o OFX(3.15%), ik oy KAM PTO T2 Y 25 R 5816 B & L. 2 S W st
=CPM>PAS>PTO., ¥JiA B & % KAM,PAS, %7 X (3 P>0.05), )% 3,
R3O 716 RREAZ S BORF B S5 T R bR X 0 45 A% 245 T 24515 0L
Table 3 Resistance of 1 716 M. tuberculosis complex strains to anti-tuberculosis drugs
(=1 716) BE (=1 073) 26 (n=643)
EN P P
TR 24 1% %X it 25 5. ( %0) i} 24 R £ fiit 25 % (%) 1§ 24 % %X it 25 % (%0)
INH 173 10. 08 84 7.83 89 13. 84 54. 890 <<0. 001
RIF 89 5.19 43 4. 01 46 7.15 27.730 <20. 001
EMB 77 4.49 31 2.89 46 7.15 42.236 <20. 001
SM 229 13. 34 112 10. 44 117 18. 20 72.405 <20. 001
KAM 43 2.51 28 2.61 15 2.33 1.272 0.259
OFX 54 3. 15 29 2.70 25 3. 89 10. 059 0. 002
CPM 43 2.51 24 2.24 19 2.95 6. 300 0.012
PTO 25 1. 46 15 1. 40 10 1.56 2. 058 0. 152
PAS 34 1.98 23 2. 14 11 1.71 0.388 0.533

2.4 WA

2,401 BTW G 218 BRIAH W2, L piE R
FH il 55.96% (122/218) . E iR & i 44. 0496 (96/
218) , HUTiI 24 7E M 25 B Ak b 52, 7826 (218/413)
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M L2 146 KR 253k 8. 51 %05 B — 4
2547 72 BRI 255 4.20% . Bk SM i 25 %
5 (5. 65%) R N INHLOFX. 20814 1. 75% .
1.63%. W4,
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Table 4 Mono-drug resistance of 1 716 M. tuberculosis complex strains

¥IE (=1 073)

B iH(n=643) Ait(n=1716)

A T} 245 1R fiit 25 % (%6) T} 245 1R i [TEESCL) T} 245 1R fiif 25 % (6
INH 21 1.96 9 1. 40 30 1.75
RIF 6 0.56 1 0.16 7 0. 41
EMB 4 0.37 8 1.24 12 0.70
SM 52 4.85 45 7.00 97 5.65
KAM 12 1.12 1 0.16 13 0.76
OFX 15 1. 40 13 2.02 28 1.63
CPM 4 0.37 13 2.02 17 0.99
PTO 2 0.19 5 0.78 7 0. 41
PAS 6 0.56 1 0.16 7 0. 41
i 122 11.37 96 14.93 218 12. 70

2.4.2 HTWHE I3 KREAZWE . HPWIEE  2.4.3 WA HE o4 B N2, Hd A s

Hil 48.85% (64/131), H i B H & 51. 15% (67/
130, I Z7Em 25 B dk 5 31, 7296 (131/413)
131 ¥R Z it 25 B 3L 44 Fhifit 2541 & . H o INH + SM
A 2t 2 R a i (2. 27% .39 B, Hiyk ly INH +
EMB I EMB + SM 41 4 . £ 1if 25 % 43 5| h 0. 52%
OB 0. 41% (7 #). WS,

H it 46.88% (30/64), E iR B H (5 53.12% (34/
64) . T 22 25 FE i 25 B Ak b o 15. 506 (64/413), 64
PRI 2 25 Ak (5 5 Bk XDR-TB) , LI 15 FpA[H]
H 2525, T 25404 o INH + RIF fi1 INH + RIF
+ SM Tiif £ 245 2 9 51 £ 55 (0. 87 %, 15 #k), INH +
RIF + EMB+ SM %k 22 (0. 76 % ,13 #f)., W& 6,
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Table 5 Poly-drug resistance of 1 716 M. tuberculosis complex strains

INH + SM 19 1.77 20 3011 39 2,27

EMB + SM 2 0.19 5 0.78 7 0. 41

SM + KAM 3 0.28 2 0.31 5 0.29

RIF + SM 1 0.09 3 0.47 4 0.23

SM + CPM 4 0.37 0 0 4 0.23

RFP + EMB 1 0. 09 2 0.31 3 0.17

INH + EMB + SM + PAS 1 0. 09 1 0.16 2 0.12

INH + SM + KAM + CPM + PAS 2 0.19 0 0 2 0.12

INH + KAM 1 0. 09 1 0.16 2 0.12

RFP + OFX + CPM 2 0.19 0 0 2 0.12

OFX + CPM 1 0. 09 1 0.16 2 0.12

R 61716 BRESAZ M RAT W S A B 9 T 22 25 175 0

Table 6 Multidrug resistance of 1 716 M. tuberculosis complex strains

INH + RIF 9 0. 84 6 0.93 15 0.87

INH + RIF + EMB + SM 4 0.37 9 1.4 13 0.76

INH + RIF + EMB + OFX 0 0 3 0. 47 3 0.17

INH + RIF + SM + OFX 1 0. 09 1 0.16 2 0.12

INH + RIF + EMB + SM + KAM + 0 0 2 0.31 2 0.12
OFX+ CPM + PAS+PTO*

HoAth 1 0.09 4 0.62 5 0.29
. » FnJEF XDR-TB,
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Table 7 Drug resistance trends of Mycobacterium tuberculosis complex strains in 2013 — 2018 (No. of isolates[ % )

Sz Y 2013 4 2014 4 2015 4 2016 4 2017 4 2018 4F 7 P
(n=400) (n=289) (n=318) (n=263) (n=209) (n=237)

INH 53(13.25) 28(9.69) 26(8.18) 20(7.60) 20(9.57) 26(10.97) 1.533 0.216
RIF 18(4.50) 16(5.54) 14(4. 40) 12(4.56) 14(6.70) 15(6. 33) 1.198 0.274
EMB 22(5.50) 8(2.77) 9(2.83) 15(5.70) 12(5.74) 11(4. 64) 0. 189 0. 664
SM 66(16.50) 40(13. 84) 27(8.49) 38(14. 45) 27(12.92) 31(13.08) 1.284 0. 257
KAM 13(3.25) 3(1.04) 8(2.52) 8(3.04) 7(3.35) 4(1.69) 0. 054 0.816
OFX 9(2.25) 9(3.11) 12(3.77) 8(3.04) 4(1.91) 12(5.06) 1.548 0.213
CPM 11(2.75) 8(2.77) 10(3.14) 9(3.42) 2(0.96) 3(1.27) 1.963 0.161
PTO 5(1.25) 5(1.73) 2(0.63) 2(0.76) 10(4.78) 1€0. 42) 0. 429 0.513
PAS 6(1.50) 8(2.77) 12(3.77) 1€0. 38) 5(2.39) 2(0.84) 0.823 0.364
MDR 10(2.50) 9(3.11) 9(2.83) 11(4.18) 12(5.74) 13(5.49) 6. 238 0.013
DR-TB 103(25.75) 76(26.30) 65(20. 44) 71(27.00) 46(22.01) 52(21.94) 6. 001 0. 306

1 : MDR %R £ 25, DR-TB R i 25454 .

3 Wit

T} 245 45 A% 5 7 1 2 42 BR 25 A By 1 T AR 1) 7
MER 2 — . B A5 DU ORI U 45 R0 AT 2
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ARG FT R TR 5 /TR 245 W a5 A s PR 43 B3 P
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it 245 2% F R 22 25 38 7F [ N Ak F A KSF, AT fg 5
A8 45 R BT A A I S AR BLAR 4 A
il FEm (DOTS HEmE) iy 100 %6 5L it 47 56,

AL R R . — & 2 Wi 25 0T SM
(13.34%) >INH (10. 08%) >RIF (5. 19%) >EMB
(4.49%0) + 55 TR U I8 — 24X 25 W) Tiid 25 )5 ok INH

(28.2%) > SM (20. 7%) > RIF (7. 5%) > EMB
(6. 2% 11 5 A BH T — £& 245 Wy i 25 0 )7 4 INH
(13.38%) >SM (9. 15%) > RIF (8. 45%) >EMB
(3.359)M | 2T 245 % d v S OFX(3.15%0)
H5RAT BN 4558 — 8, OFX & F v i il 28
250 M T AR R ) IS BT 25 W AR I RIB ST TR Tz
iR 45 5 S B 25 19 77 A D ES X 1112 2 7™ 4%
P 1) nd s TR 215 25 0 1 0 P L AR DR AE R IR R L DA
Bij 1k T 245 g 7= A T 24 G AR R L 413 Bk 4
ATTE 68 FhAS [A] it 25 28 20 v, i 25 28 AU R B HE 2 A 4L
M4k, M2y h SM, 21 25 INH + SM 414,
fif £ 25404 v INH + RIF #il INH + RIF + SM 44
FAT 25 2345 0, S XA S5 M B AR W) . INH A
RIF fE Ry F 2 — P45 259 4 A ok o i, ]
BEW S = AR 25 . SM 78 H B bL 45 697 R A
TR AR W AR T 2 R R AT R R AT
154 o DAL IG5 2 0 5 0 T A A B0 45 4% 245 9 ) e )
E A BT 25 AR O R A

BER% ST AR W 24 238 AN T) P 31 A e S R
NS 22 5 Y TR Ge i 20 2 S0 A RAR IS 4 3
S GITFE  Hh 41~60 % 4RI 20 T 24 2% i
F(29.25%) .21 ~40 % Fl 61~96 H F R AR Z
(22.73%.22. 60%),2~20 % L) I 4F # Bt & %
(13.56 %), X 1T RE 5 A [ 4F i 4 %F 45 4% 9 Al 24 114
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2013—2018 4F-Ji] [ 44 25 1% 43 BT 18 i 22 24 %
BT AT g R . T 2 25 4R T
PR CRIE AR A MR AIL, 45 R 8 1 U™ I & 0%
Y, IRE W 2 25 B i TAE A7 76 IR 5 1 & Ak
R BE R, AR IT AL 1697 & HA
T 56 [ AL, DR O 5 B o s 1 i 22 2 A 5 R R i
SEREA T RV B 48 BT AR B KR TR Al
F 53 F A= 2 55 RS Wi ) R R R BT 22 24 45 4%
iR 4 T 22 2 25 R s i AR 1

25 F TR TR A 5 AT 24 W I 5 T 2 AKOF R
F A R K 41~ 60 % 4F 1 21 it 25 28 %5 5 . i}
2T A W 245 2 M e B o Z R RN & 1k, B
6 P 2 SR A R B 22 2 5 R TR
LH 05 5 X6 K G B 2 1 e B 0 o A IR YT
T A IRE T 24 £ 3 0 7 A R 4% 5 () B
JRETiRS 247 Wi o S b A AR T 25 75 A sh 2 L PR B 7R R

A B R PTAEHFRARFLEFET R,
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