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Abstract
Background: The aim of this study was to investigate the epidemiological characteristics and pro�le of drug-resistant tuberculosis
(DR-TB) among children with TB in Sichuan province of China.

Methods: From January 2015 to December 2018, microbiological culture-con�rmed child TB cases (aged<15 years old) were
enrolled retrospectively. Epidemiological and clinical information from these cases, and the drug susceptibility testing (DST)
results of the isolates were collected and analyzed.

Results: Of 317 culture-con�rmed child TB cases, 16.7% (53/317) were aged under 5 years old. 54.9% were Tibetans, and 31.9%
had clear history of contact with TB patients. More than half (53.9%) weren’t vaccinated by Calmette–Guérin bacillus (BCG). 30%
(n=95) were diagnosed as severe TB, and 92.4% (n=293) were new cases. The ratio of severe TB in BCG vaccinated group was
signi�cant lower than that observed in unvaccinated group (p<0.01). Signi�cantly higher proportion of severe TB among Tibetans
than Han child TB cases was observed in BCG unvaccinated group (p<0.01). The overall rate of DR-TB in this study was 24.3%
(77/317) and 17 multidrug-resistant tuberculosis (MDR-TB) cases were identi�ed with rate of MDR-TB at 5.4% (17/317). No XDR
case was found. 13 out of 17 MDR-TB cases (76.4%) were Tibetan children. The ratio of any resistance to four �rst-line drugs
identi�ed were: INH, 15.5%; RIF, 9.1%; EMB, 0.6% and SM, 6.0%, respectively. More than half of MDR patterns were resistant to
INH+RIF (9/17), followed by at least resistance to INH+RIF+SM (n=7).

Conclusions: This was the �rst investigation on the epidemiological characteristics and pro�les of DR-TB among child TB cases
in Southwest of China. Our �ndings indicated a potentially high risk of TB infection to Tibetan children in the concentrated
Tibetan communities of Sichuan.

Background
Known as an infectious disease with global distribution, Tuberculosis (TB) is one of major threats to public health with the
leading causes of death [1]. Recent years, there is an increasing focus on the TB in children, previously neglected, to achieve the
goal of zero childhood TB death [2]. Children with TB accounted for an estimated 11% of the global burden of disease in 2018 [3],
while more attentions have been paid to children affected by drug resistant TB (DR-TB), with an estimation of 25000 children
developing multidrug-resistant TB (MDR-TB) and 1200 bearing extensively drug-resistant TB (XDR-TB) in 2014 alone [4]. Still, the
visibility of epidemic and clear pro�le of drug-resistant (DR) among children with TB are both limited by the low sensitivity of TB
diagnostic methods and the poor availability of specimens from children for microbiological con�rmation and for drug
susceptibility testing (DST) [5].

China has been ranked second after India on the list of estimated epidemiological burden for 30 high TB burden countries, with
estimated 866,000 new cases in 2018 [3]. Limited studies describing the epidemic status and pro�le of DR in children with TB,
indicated a gap between the number of estimated cases and reported cases [6], and relatively high proportions of MDR-TB among
child TB cases in Shandong province (6.9%) [6], Wuhan city (7.4%) [7] and Chongqing city (6.5%) [8]. Sichuan province is located
in Southwest China with high diversity of ethnicities including the second largest Tibetan community after Tibet in China. The
minority areas in Western Sichuan were reported to be with high incidence of TB [9]. However, there is still lack of data on
demographic characteristics and pro�le of DR among children with TB in Sichuan province, nor on child TB Tibetans residing in
Tibetan concentrated communities. In this study, we conducted a comprehensive and updated retrospective investigation on the
demographic characteristics and pro�le of DR among child TB cases in Sichuan province, which is expected to provide data
supporting on TB control and treatment for children with TB.

Methods

Study site
Chengdu (the capital city of Sichuan) public health clinic center (CDPHCC) is the largest regional TB specialty clinic, receiving TB
patients from 21 cities and area of Sichuan province. Annually, approximated 20%~30% TB patients presenting at CDPHCC were
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Tibetans from Tibetan concentrated communities in Western Sichuan.

Cases and data collection
From January 2015 to December 2018, 317 culture-con�rmed pediatric TB cases (aged < 15 years old) presenting at Chengdu
Public Health Clinical Center (CDPHCC), were included in this study ( 3% of overall culture-con�rmed TB cases presenting at
CDPHCC during the study period). Epidemiological and clinical information for cases including: age, gender, ethnicity, place of
residence, history of contact with TB patients, BCG vaccination status, TB treatment history, and site of TB and disease severity
were collected. According to the de�nitions recommended by WHO, TB new cases were de�ned as people who had never received
anti-TB treatment, or been treated for less than one month, and retreatment cases were de�ned as those who had previously been
treated at least one months or above.Severe TB was de�ned as TB disease with uncontrolled, disseminated, or complicated
clinical syndromes [10, 11]. Otherwise, cases were categorized into non-severe group.

TB con�rmatory isolation cultures and identi�cation for Mycobacterium tuberculosis (MTB)

Specimens including: sputum, �ushing �uid from �beroptic bronchoscopy, cerebrospinal �uid, hydrothorax and ascites, were
collected for TB con�rmatory isolation culture. The specimens were pre-treated to be decontaminated and homogenized following
the laboratory guideline from WHO [12], and then underwent isolation culture by a semi-automated Mycobacterium rapid
incubator (MGIT960; Becton Dickinson, Sparks, MD), following the protocol given by the manufacturer. The initial positive isolates
were then tested by smear microscopy for acid-fast bacilli (AFB). AFB positive isolates were further cultured by thiophene-2-
carboxylic hydrazine (TCH) and p-nitrobenzoic acid (PNB) differential mediums to identify for MTB [13].

Culture-based drug susceptibility testing (DST) and drug resistance
de�nitions
The drug susceptibility testing to 10 anti-tuberculosis drugs were performed (one isolate per case), using proportion method on
Lowenstein–Jenson medium [14]. The 10 drugs and their concentrations on solid medium were: Rifampicin (RIF, 40 µg/mL),
isoniazid (INH, 0.2 µg/mL), streptomycin (SM, 4 µg/mL), ethambutol (EMB, 2 µg/mL), o�oxacin (OFX, 2 µg/mL), levo�oxacin (LFX,
2 µg/mL), moxi�oxacin (MFX, 2 µg/mL), amikacin (AMK, 40 µg/mL), kanamycin (KM, 30 µg/mL) and capreomycin (CPM,
40 µg/mL), respectively. MTB standard strain-H37Rv (sensitive to all drugs), provided by Sichuan Center for Disease Control and
Prevention, was used as control in each batch of testing.

According to the de�nitions of TB drug resistance types from WHO[15], multidrug-resistant tuberculosis (MDR-TB) is de�ned as
MTB with resistance to at least INH and RIF; Extensively drug-resistant tuberculosis (XDR-TB) is de�ned as MTB with resistance to
at least four of core anti-TB drugs as: INH and RIF, in addition to any of the �uoroquinolones (such as OFX or MFX) and to at least
one of three injectable second-line drugs (AMK, CPM or KM).

Statistical analysis
The statistical analysis was conducted using software SAS (SAS, Windows 9.4, SAS Institute, Cary, NC; 2016). Chi-square or
Fisher’s exact tests were performed on cases’ demographic categories and drug-resistant status. P < 0.05 was considered
statistically signi�cant.

Ethics statement
This study was approved by the ethic committee of CDPHCC. Since this was a retrospective analysis ,and patient records were
anonymized and deidenti�ed before analysis, the written consents from the patients’ guardians were waived.

Results
The characteristics of culture-con�rmed child TB cases
Of 317 culture-con�rmed child TB cases, more than half (54.6%) were aged between 12 and 15 years old (Table 1). Only 16.7%
(53/317) were aged under 5 years old. The gender ratio was comparable, and 54.9% cases were Tibetans, followed by Han
(30.6%), Yi (11.4%) and others (3.2%) by ethnicity. 89.3% (n = 283) cases lived in the rural area, and 31.9% had clear history of
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contact with TB patients. More than half of child TB cases (53.9%) weren’t vaccinated by Calmette–Guérin bacillus (BCG). 30% (n 
= 95) were diagnosed as severe TB and 92.4% (n = 293) were new cases.
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Table 1
The characteristics of culture-con�rmed child TB cases in Sichuan from Jan 2015 to Dec 2018.

Characteristics Cases with any resistance, total 
= 77

(n, %)

Cases without resistance, total = 
240

(n, %)

Total = 
317

(n, %)

Age (years)      

< 5 12(22.6) 41 (77.4) 53 (16.7)

5 11 22(24.2) 69 (75.8) 91 (28.7)

12 15 43(24.9) 130 (75.1) 173
(54.6)

Gender      

Male 40(25.6) 116(74.4) 156(49.2)

Female 37(23.0) 124(77.0) 161(50.8)

Ethnicity      

Han 23(23.7) 74(76.3) 97(30.6)

Tibetan 45(25.9) 129(74.1) 174(54.9)

Yi 5(13.9) 31(86.1) 36(11.4)

Others 4(40.0) 6(60.0) 10(3.2)

Residential area      

Urban 8(23.5) 26(76.5) 34(10.7)

Rural 69(24.4) 214(75.6) 283(89.3)

Known history of contact with TB
patients

     

Yes 28(27.7) 73(72.3) 101(31.9)

Not clear 49(22.7) 167(77.3) 216(68.1)

BCG vaccination      

Yes 15(25.0) 45(75.0) 60(18.9)

No 41(24.0) 130(76.0) 171(53.9)

Unknown 21(24.4) 65(75.6) 86(27.1)

Severe TB a      

Yes 21(22.1) 74(77.9) 95(30.0)

No 56(25.2) 166(74.8) 222(70.0)

Treatment status b      

New case 67(22.9) 226(77.1) 293(92.4)

Retreatment 10(41.7) 14(58.3) 24(7.6)

a, Severe TB was de�ned as TB disease with uncontrolled, disseminated, or complicated clinical syndromes

b, The ratio of cases with any resistance among new cases was signi�cant lower than that from retreatment group, p < 0.05
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All 317 MTB isolates from culture-con�rmed child TB cases (one isolate per case) were tested to have valid DST results. Of these
317 isolates, 77 were identi�ed to be with any resistance to all the 10 anti-tuberculosis drugs, while 240 (75.7%) were fully
sensitive (Table 1). The cases in both with and without resistance groups were similar in terms of their characteristics mentioned
above, except between new and retreatment cases, where signi�cantly higher proportion of cases with any resistance (p < 0.05)
was found in retreatment group.
Severe TB versus BCG vaccination in different ethnicities
The reported BCG vaccinated (n = 60) and unvaccinated (n = 171) cases were selected and analyzed for the distribution of severe
TB by BCG vaccination status in different ethnicities (Table 2). Higher proportion of Tibetans was observed in BCG unvaccinated
group, compared to other ethnicities (p < 0.01). The overall ratio of severe

Table 2
The distribution of severe TB by BCG vaccination status in different ethnicities.

Severe TBa Yesb No Total (n, %)

BCG vaccinated Tibetan (n, %) 2(16.7) 10(83.3) 12(20.0)

Han (n, %) 6(14.3) 36(85.7) 42(70.0)

Yi(n, %) 1(25.0) 3(75.0) 4(6.7)

Others (n, %) 1(50.0) 1(50.0) 2(3.3)

Total (n, %) 10(16.7)c 50(83.3) 60(26.0)

BCG unvaccinated Tibetan (n, %) 50(45.5)d 60(54.5) 110(64.3)

Han (n, %) 5(17.2)d 24(82.8) 29(17.0)

Yi(n, %) 11(44.0) 14(56.0) 25(14.6)

Others (n, %) 1(14.3) 6(85.7) 7(4.1)

Total (n, %) 67(39.2)c 104(60.8) 171(74.0)

a, Severe TB was de�ned as TB disease with uncontrolled, disseminated, or complicated clinical syndromes.

b, Despite of BCG vaccination, overall ratio of severe TB among Tibetans was signi�cantly higher (p < 0.01) than that from
Han. (Tibetan: 52/77, 67.5% V.S. Han: 11/77, 14.3%); For Tibetans, the severe TB rate of BCG unvaccinated group was higher
than BCG vaccinated group, but not signi�cantly. (45.5% V.S. 16.7, p = 0.11)

c, The overall ratio of severe TB from BCG vaccinated group was signi�cant lower than that from unvaccinated group, p < 0.01

d, Severe TB rate of Tibetans was signi�cant higher than that in the Han, within BCG unvaccinated group, p < 0.01

TB from BCG vaccinated group was signi�cant lower than that from unvaccinated group (p < 0.01).

Despite of BCG vaccination, overall ratio of severe TB among Tibetans was signi�cantly higher (p < 0.01) than that from Han.
(Tibetan: 52/77, 67.5% V.S. Han: 11/77, 14.3%). For Tibetans, severe TB rate of BCG vaccinated group was lower than BCG
unvaccinated group, but not signi�cantly (p = 0.11); While the severe TB rate was similar between BCG vaccinated and
unvaccinated group among Han cases. Furthermore, signi�cantly higher proportion of severe TB among Tibetans than Han child
TB cases was observed in BCG unvaccinated group (p < 0.01).
The pro�le of drug resistance
The overall rate of DR-TB in this study was 24.3% (77/317). The pro�le of drug resistance for 317 isolates was displayed in Fig. 1.
For 293 new and 24 retreatment cases, the rates of DR-TB were 22.9% and 41.7%, respectively (Table 3). The ratio of any
resistance to four �rst-line drugs identi�ed among 317 isolates were: INH, 15.5%; RIF, 9.1%; EMB, 0.6% and SM, 6.0%, respectively.
24 new cases were found to have mono-resistant to 5 anti-TB drugs, where only one retreatment case had mono-resistant to INH.
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Table 3
Pro�les of drug resistance among Mycobacterium tuberculosis isolates in Sichuan from Jan 2015 to Dec 2018.a

Drug resistance New cases, no. (%), total = 293 Retreatment, no. (%), total = 24 Total = 317, no. (%)

Any resistance b 67 (22.9) 10 (41.7) 77 (24.3)

Any resistance to �rst-line drug      

INH 40 (13.7) 9 (37.5) 49 (15.5)

RIF 22 (7.5) 7 (29.2) 29 (9.1)

EMB 1 (0.3) 1 (4.2) 2 (0.6)

SM 16 (5.5) 3 (12.5) 19 (6.0)

Mono-resistant 42 (14.3) 1 (4.2) 43 (13.7)

INH 24 (8.2) 1 (4.2) 25 (7.9)

RIF 11 (3.8) 0 11 (3.5)

SM 5 (1.7) 0 5 (1.6)

CPM 1 (0.3) 0 1 (0.3)

KM 1 (0.3) 0 1 (0.3)

Multi-drug resistant (MDR) b 10 (3.4) 7 (29.2) 17 (5.4)

INH + RIF 5 (1.7) 4 (16.7) 9 (2.8)

At least to INH + RIF + SM 4 (1.4) 3 (12.5) 7 (2.2)

Other forms of poly-resistant 15 (5.1) 2 (8.3) 17 (5.4)

At least to OFX + MFX 8 (2.7) 1 (4.2) 9 (2.8)

At least to INH/RIF + SM 7 (2.4) 0 7 (2.2)

a, Abbreviations: RIF, rifampicin; INH, isoniazid; SM, streptomycin; EMB, ethambutol; OFX, o�oxacin; MFX, moxi�oxacin.

b, The DR and MDR rate of retreatment cases was signi�cant higher than that observed in new cases, p < 0.01

Figure 1. The pro�le of drug resistant of 317 mycobacterium tuberculosis isolates from culture-con�rmed TB children in Sichuan
from Jan 2015 to Dec 2018. Abbreviations: RIF, rifampicin; INH, isoniazid; SM, streptomycin; EMB, ethambutol; OFX, o�oxacin;
MFX, moxi�oxacin; LFX, levo�oxacin; AMK, amikacin; KM, kanamycin; and CPM, capreomycin.

17 MDR cases were identi�ed with rate of MDR-TB at 5.4% (17/317), in which the MDR TB rate of retreatment cases (29.2%, 7/24)
was signi�cant higher (p < 0.01) than that from new cases (3.4%, 10/293). More than half of MDR patterns were resistant to INH + 
RIF (n = 9), followed by at least resistance to INH + RIF + SM (n = 7). Among seventeen other forms of poly-resistant cases, patterns
of at least resistance to OFX + MFX (n = 9) and to INH/RIF + SM (n = 7) were most commonly observed. No XDR case was found in
this study.
The characteristics of 17 MDR child TB cases
With regard to 17 MDR cases, most were Tibetans (13/17) (Table 4). The age distribution was from 2 to 14 years old, similar to
that observed from 317 culture-con�rmed cases. Only two were reported to be vaccinated by BCG, and 2 out of 17 MDR cases
was diagnosed as pulmonary TB with tuberculous meningitis. 9 cases had clear history contact to their families, especially the
patient ID 4, whose father was identi�ed as DR-TB. More than half of the MDR cases (n = 9) were previously received TB treatment
with similar regimens and doses (INH, RIF, EMB and pyrazinamide), varied by the duration of treatment between 1 month 20 days
to 16 months.
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Table 4
The characteristics of multi-drug resistant (MDR) cases (n = 17) in Sichuan province, Jan 2015 to Dec 2018.

ID Gender Age
in
years

Ethnicity BCG
vaccination

Severe
TB a

History of
contact with
tuberculosis
patients
(Source)

Forms
of
MDR
b

Previous
TB
Treatment

Previous
treatment
regimen c

Duration
of
previous
treatment

1 Male 10 Han unknown No Yes (Father) INH + 
RFP + 
SM

Yes INH
(0.3 g),
RFP
(0.45 g),
EMB
(0.45 g)
and PZA
(0.625 g)

1 months
20 days

2 Female 12 Tibetan unknown No Yes (Mother) INH + 
RFP

No / /

3 Female 14 Tibetan unknown No Not clear INH + 
RFP

Yes Not
available

2 months

4 Male 11 Yi No No Yes (Father,
who was
identi�ed as
DR-TB)

INH + 
RFP + 
SM + 
EMB 
+ OFX 
+ LFX 
+ MFX

Yes INH
(0.3 g),
RFP
(0.45 g),
EMB
(0.5 g)
and PZA
(0.75 g)

2 months
12 days

5 Female 10 Tibetan No No Yes (Sister) INH + 
RFP + 
OFX + 
LFX + 
MFX

No / /

6 Male 7 Tibetan No No Not clear INH + 
RFP + 
SM + 
OFX + 
LFX + 
MFX

No / /

7 Female 12 Tibetan unknown No Yes (Father) INH + 
RFP

Yes INH
(0.2 g),
RFP
(0.3 g)
and PZA
(1 g)

9 months

8 Female 14 Tibetan unknown No Not clear INH + 
RFP + 
SM + 
EMB

No / /

9 Male 7 Tibetan No No Yes (Cousin) INH + 
RFP + 
SM

No / /

a, Severe TB was de�ned as TB disease with uncontrolled, disseminated, or complicated clinical syndromes.

b, Abbreviations: RIF, rifampicin; INH, isoniazid; SM, streptomycin; EMB, ethambutol; OFX, o�oxacin; LFX, levo�oxacin; MFX,
moxi�oxacin.

c, PZA, Pyrazinamide; Dose annotations: oral administration once daily for INH, EMB and PZA; Intravenous drip once daily for
RFP.

d, Diagnosed as pulmonary TB with tuberculous meningitis
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ID Gender Age
in
years

Ethnicity BCG
vaccination

Severe
TB a

History of
contact with
tuberculosis
patients
(Source)

Forms
of
MDR
b

Previous
TB
Treatment

Previous
treatment
regimen c

Duration
of
previous
treatment

10 Female 2 Tibetan No No Yes
(Grandfather)

INH + 
RFP

No / /

11 Male 6 Tibetan No No Not clear INH + 
RFP

No / /

12 Male 10 Tibetan No No Not clear INH + 
RFP

No / /

13 Male 12 Han Yes No Not clear INH + 
RFP + 
SM

Yes INH
(0.3 g),
RFP
(0.45 g)
and EMB
(0.75 g)

7 months

14 Male 14 Tibetan unknown Yes d Not clear INH + 
RFP

Yes INH
(0.3 g),
RFP
(0.45 g),
EMB
(0.5 g)
and PZA
(0.75 g )

3 months

15 Male 1 Han Yes No Not clear INH + 
RFP

Yes INH
(0.3 g),
RFP
(0.3 g),
EMB
(0.5 g)
and PZA
(0.75 g),
3
months/
INH
(0.3 g)
and RFP
(0.45 g),
13
months

16
months

16 Male 14 Tibetan unknown No Yes (Mother) INH + 
RFP + 
SM

No / /

17 Male 14 Tibetan unknown Yes d Yes (Mother) INH + 
RFP

Yes Not
available

2 months

a, Severe TB was de�ned as TB disease with uncontrolled, disseminated, or complicated clinical syndromes.

b, Abbreviations: RIF, rifampicin; INH, isoniazid; SM, streptomycin; EMB, ethambutol; OFX, o�oxacin; LFX, levo�oxacin; MFX,
moxi�oxacin.

c, PZA, Pyrazinamide; Dose annotations: oral administration once daily for INH, EMB and PZA; Intravenous drip once daily for
RFP.

d, Diagnosed as pulmonary TB with tuberculous meningitis

Discussion
Based on the data of a four-year (2015–2018) retrospective analysis, our study provided a comprehensive review of
epidemiological characteristic and drug resistance pro�le of child TB cases in Sichuan province. During the study period, the
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proportion of culture-con�rmed child TB cases (< 15 years old) was only about 3% of all culture con�rmed TB cases in CDPHCC.
This proportion was higher than the previous study in Shandong province, where the rate of culture-con�rmed child TB cases
among all new TB cases was 1.3% [6], but lower than the estimated proportion of child TB in China, which is larger than 5% [16].
In addition, young children < 5 years of age accounted 16.7% of child TB cases here, and the rate was far lower than that from the
WHO data, predicting that 58% of total child TB cases are from the group of young children (< 5 years old) [16]. It is commonly
recognized the underreporting for child TB cases worldwide and especially in low- and middle-income countries and area[6, 16],
which probably due to two reasons: 1) the pool availability of specimens from children with TB for microbiological diagnosis.
Child TB cases are more likely to have paucibacillary disease and the young children (< 5 years old ) cannot expectorate sputum
[17]. As a matter of course, many child TB cases are diagnosed without microbiological con�rmation; 2) the low sensitivity of
microbiological tests for child TB cases[5], which is believed to further enlarge the gap between number of expected cases and
reported cases [16, 18].

In our study, more than half of child TB cases were Tibetans (54.9%). It should be noticed that Tibetans concurrently accounted
approximate 20% of total TB case in CDPHCC, indicating the increasing proportion of child TB cases among Tibetans, in
accordance with the perspective that children are more likely to develop into TB disease than adult after infection with TB [4].
There is still lack of study on the Tibetan children with TB. Former investigation in Tibet, described a signi�cant higher incidence
of TB infection in Tibetans, compared to the Han in general population [19]. The concentrated communities for Tibetans in
Sichuan are mostly the least developed rural area [20], and the in�uence of poverty is reported to be associated with increased risk
of being exposed to TB of being infected, developing disease and severe outcomes for children [21]. Consequently, there is no
surprise to �nd higher ratio of severe TB among child TB cases of Tibetans. Further, children in contact with TB patients are
known as high risk group for TB infection [22]. 31.9% child TB cases were with clear history of contact with TB patients in our
study. The actual risk of children to TB infection is expected to be even higher in concentrated Tibetan communities in Sichuan,
not only because of the resource-limited settings and pool hygiene awareness [23], but also the increased susceptibility to TB for
children and large potential transmission source such as latent TB under the iceberg [24]. Strengthening the recommended
contact investigation to trace the TB source case-patients living close to young children [25], together with more effective
diagnostic strategy for TB microbiological con�rmation are urgent needed to better understand the incidence and risk of TB
among children in this area.

Our �nding agreed with the previous studies indicating the BCG vaccination could decrease the risk of severe TB [26, 27]. The BCG
vaccination had demonstrated its power, especially herein the Tibetan child TB cases, of those whom the rate of severe TB from
BCG vaccinated group was lower than that from BCG unvaccinated group. Unfortunately, the overall ratio of BCG un-vaccination
for child TB cases was still high (53.9%), and even higher in Tibetan child TB cases (63.2%, 110/174). According to the national
vaccination policy, BCG is one of basic vaccines for free and suggested to be vaccinated to neonates within 24 hours after birth.
However, vaccination awareness is pool in some underdeveloped area [28]. Improving the vaccination rate of BCG, especially in
concentrated Tibetan communities, could be a feasible way to reduce the proportion of severe child TB in Sichuan province.

The overall rates of DR-TB among culture con�rmed child TB observed in our study was 24.3%, and the rate was similar to the
previous studies in Chinese Wuhan (28.4%) [7] and Chongqing (20.9%) [8], New Delhi (20.5%)[29] and Mexico (26.7%) [30], but
higher than that observed in Korean (13.5%) [31]; The overall rate of MDR-TB here was 5.4%, which was slightly lower than those
from Wuhan (7.4%) [7] and Chongqing (6.5%) [8], but higher than that in the U.S. (1.6%) [32] and from a systematic review with
global estimates of 97 studies on child TB cases at 4% [5]. 45 out of 77 DR-TB (58.4%) and 13 out of 17 MDR-TB cases (76.4%)
were Tibetan child TB cases, which could probably because of more contacts with TB patients for these children, who were
reported to bear higher probability to have MDR-TB [33, 34].

The rates of DR-TB and MDR-TB among new child TB cases were 22.9% and 3.4% in our study. Compared to a similar study in
Shandong [6], the rate of DR-TB of new cases was comparable (18.9%), while the MDR-TB rate was lower than those observed
from that study (6.9%). Both rates of DR-TB and MDR-TB from new child TB cases were lower than that previous national DR-TB
survey in China, where the proportions of DR-TB and MDR-TB cases were 34.2% and 5.7% among all the new TB cases,
respectively [1]. If we assume the DR from new child TB cases were mostly the transmitted DR, the moderate proportions of DR-TB
and MDR-TB within new cases could partly re�ect the transmission status of DR and MDR-TB strains in Sichuan.
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Compared to new cases, the signi�cantly diminishing of mono-resistant and increasing of MDR among retreatment cases were
identi�ed in our study. Additionally, the proportions of resistance to four �rst-line drugs (INH, RIF, EMB and SM) from retreatment
cases were all higher than that observed in new cases. These �ndings implied the potential development of drug resistant status
following the anti-TB treatment among child TB cases in Sichuan. According to the Guidelines for the rational use of antibiotics in
acute respiratory infection from Chinese National Health Commission, aminoglycosides are forbidden for children under 6 years
old, and for children over 6 years old, which should be used with caution due to the ototoxicity and nephrotoxicity of these
antibiotics [35]. So, it is no surprise that the resistance to anti-TB drugs of aminoglycosides such as AMK and KM, are barely
found in our study. The proportions of �uoroquinolones (such as OFX, MFX and LFX) were identi�ed to be higher than our
previous investigation in adult TB cases in Sichuan [36]. Though various adverse effects have been reported[37, 38],
�uoroquinolones are still considered as key components of current MDR-TB regimens[39]. The certain numbers of resistance to
�uoroquinolones among new child TB cases are likely from the MDR-TB patients with �uoroquinolones treatment, which should
be concerned for their impact on the circulation patterns of DR-TB strains in this area.

There are several limitations for our study. First, there is no follow-up result to monitor the ongoing development of DR following
the anti-TB treatment, as well as the treatment outcomes. Our future effort will strive to conduct the follow-up study to evaluate
the treatment regimens for child TB cases, helping on optimization of treatment strategy for child TB. Secondly, the lack of
contact investigation may limit the power to accurately investigate the incidence of child TB in this area, which is urgent needed.
Last, we don’t have the genotypic information on the DR TB strains, which is important to draw a more comprehensive picture on
the current status of circulation TB strains in this area.

Conclusion
In conclusion, this was the �rst investigation on the epidemiological characteristics and pro�les of DR-TB among child TB cases
in Southwest of China. Our �ndings shed light on indicating a potentially high risk for Tibetan children to TB infection in the
concentrated Tibetan communities of Sichuan. Our results support continuing DR-TB surveillance as part of comprehensive TB
control and treatment in China.
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Figures

Figure 1

The pro�le of drug resistant of 317 mycobacterium tuberculosis isolates from culture-con�rmed TB children in Sichuan from Jan
2015 to Dec 2018. Abbreviations: RIF, rifampicin; INH, isoniazid; SM, streptomycin; EMB, ethambutol; OFX, o�oxacin; MFX,
moxi�oxacin; LFX, levo�oxacin; AMK, amikacin; KM, kanamycin; and CPM, capreomycin.


