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Purpose: We analyzed the trends and predictors of multidrug-resistant (MDR) or rifampi-
cin-resistant (RR) tuberculosis (TB) in culture-positive cases in Shenzhen during 2012-2020,
after the implementation of improved strategies (scale-up molecular drug susceptibility
testing [mDST], expansion of DST eligibility, and generous reimbursement of MDR-TB
outpatient care costs).

Materials and Methods: We retrospectively extracted and analyzed data from the TB
Information System on drug-resistant pulmonary tuberculosis diagnosed in Shenzhen during
the 2012-2020 period. We analyzed trends in RR- and MDR-TB rates in new cases during
2012-2018 and 2018-2020 periods, and among previously-treated cases during 2012-2017
and 2017-2020 periods, using Cochran-Armitage tests. We generated multivariate logistic
regression models to analyze demographic predictors of MDR/RR-TB rates.

Results: We found 21,367 positive mycobacterial cultures in Shenzhen during the 2012—
2020 period, and 19,951 (93.4%) were identified as Mycobacterium tuberculosis and had
DST results (92.0% of those were mDST-based). Of these patients with DST results, 1630
(8.2%) were RR-TB, and 1142 (5.7%) were MDR-TB. Of the RR-TB, 70% were MDR-TB.
The MDR/RR-TB rate in new TB cases increased significantly during the 2012-2018 period
(Pyena < 0.05), but it decreased in the 2018-2020 period (Pyeng > 0.05, with a significant
trend for MDR-TB). Among previously treated cases, the temporal MDR/RR-TB rate trends
did not differ significantly (Pyenq > 0.05). Our multivariate analysis showed that age younger
than 30 years, housework service/unemployment, local residency, and previous TB treatment
were all predictors of MDR/RR-TB. The percentage of patients with MDR-TB on treatment
increased from 49.4% in 2012 to 70.5% in 2020. The treatment success rate of patients with
MDR-TB during the 2012-2018 period was 71%.

Conclusion: During the study period in Shenzhen, the cases of MDR/RR-TB were detected,
and the treatment enrollment increased and the MDR-TB rates decreased gradually after
2017. Decreasing trends may reflect the efficacy of improved strategies; however, their long-
term impact on the MDR-TB burden remains to be investigated. The predictors of MDR-TB
identified in our study should be considered when developing targeted MDR-TB control
strategies.
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Introduction

Since the widespread implementation of the directly-observed therapy short course
(DOTS) program, the tuberculosis (TB) incidence and mortality have decreased
worldwide; however, drug-resistant TB (DR-TB) continues to be a public health
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problem threatening TB control efforts in many countries."
Multidrug resistant TB (MDR-TB), defined as TB resistant
to at least rifampicin (RMP) and isoniazid (INH), is not
cured by the standard short-course chemotherapy with
first-line anti-TB drugs. If MDR-TB is not detected and
adequately treated, it leads to treatment failures, high
mortality, and long periods of community transmission.”
Rifampicin-resistant TB (RR-TB), defined as TB resistant
to at least RMP, is often used as a surrogate marker for
MDR-TB because up to 90% of RR-TB isolates are also
resistant to isoniazid. Therefore, these categories are often
grouped together as MDR/RR-TB and treated with MDR-
TB regimens.’ Global estimates indicated an incidence of
465000 MDR/RR-TB cases in 2019, and nearly 50% of
these occurred in just three countries: India (27%), China
(14%), and the Russian Federation (8%). In 2019, 7.1% of
new and 23.0% of previously-treated TB cases had MDR/
RR-TB in China, these percentages are higher than the
3.3% 17.7%,
respectively.* However, there is a large geographic dispar-
ity in the MDR/RR-TB burden in China. Studies have
found MDR/RR-TB rates among the new TB cases ran-
ging from 4.1% in Shanghai® to 9.5% in Jiangsu® and

average global counterparts at and

among the previously-treated TB cases ranging from
17.9% in Shanghai’ to 41.5% in Chongqing.’

Shenzhen is one of the most developed cities in China.
It was established as China’s first special economic zone in
1980 and since then has become one of the fastest growing
cities in China and has attracted a large number of internal
migrant workers from across the county. In 2017, 66% of
the population of Shenzhen was comprised of internal
migrants® and studies have found that more than 90% of
TB and MDR-TB cases in the city are diagnosed in inter-
nal migran‘cs;9’]O thus, the control of TB and MDR-TB in
this city is difficult. The government of Shenzhen
launched the DOTS strategy in 1993, and the incidence
and mortality of TB have decreased over the last two
decades.” Additionally, progress was achieved in the
screening, diagnosis accuracy, treatment standardization,
and MDR-TB management with the help of the Global
Fund Program for programmatic management of DR-TB
during the 20082014 period."" A study analyzing MDR-
TB trends in Shenzhen found that the MDR-TB incidence
declined in new cases between 2000 and 2013 (probably
due to the implementation of the DOTS and the Global
Fund Program strategies).'> Thereafter, multiple updated
DR-TB screening and diagnosis strategies were implemen-

ted (such as the introduction of molecular drug-

susceptibility testing [mDST] and the expansion of the
eligibility for DST'®) and likely helped decrease the
MDR-TB burden in Shenzhen. In this study, we aimed to
evaluate the impact of these updated control strategies on
the trends and predictors of MDR/RR-TB rates among
patients with culture-positive TB in Shenzhen during the
2012-2020 period.

Materials and Methods
Study Setting

The city of Shenzhen lies on the southern tip of the
Guangdong province, just across the bay from
Hong Kong. Its total area is 1997.47 square kilometers
and its population was estimated at 13 million in 2019
(63.2% of those were internal migrants). Shenzhen is one
of the most developed cities in the province with a GDP of
400 billion dollars in 2019. It is a sub-provincial city with
direct jurisdiction over 9 districts (Futian, Luohu, Yantian,
Nanshan, Bao’an, Longgang, Longhua, Pingshan, and

Guangming, and the New Area of Dapeng).

Study Design and Data Source

This was a retrospective analysis of DR-TB data from the
National Tuberculosis Information System (TBIMS),
which regularly collects information on DR-TB surveil-
lance and management. The information in the TBIMS
includes patient demographics, drug resistance profiles,
treatment enrollment, and outcomes. We extracted case
records from the TBIMS for all patients with positive TB
cultures in Shenzhen between January 2012 and
December 2020. We only extracted non-identifying infor-

mation from the database.

DST Procedure, MDR-TB Diagnosis and

Treatment

In Shenzhen, all suspected TB cases presenting to general
hospitals or primary healthcare centers are referred to the
district-level Center for Chronic Disease Control (CCDC)
for diagnosis by sputum smear, culture, chest radiography,
and/or molecular tests. Positive cultures from TB patients
are sent to the Shenzhen Municipal CCDC or the Third
People’s Hospital for definitive identification of
M. tuberculosis and DST for rifampicin (RMP) and iso-
niazid (INH). Drug-susceptible TB is generally diagnosed
and treated at the district-level Centers for Chronic
Disease Control (CCDC), while DR-TB is diagnosed and
treated at the municipal Shenzhen City CCDC. Patients
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with TB requiring hospitalization are treated at the Third
People’s Hospital.'*'

Prior to 2017, only sputum samples from patients with
positive smears were cultured, and all positive cultures
were referred for DST. Since 2017, sputa from both
smear-positive and -negative patients get cultured and
DST is performed on all cultured Mycobacterium tuber-
culosis (MTB) isolates. During the 2012-2018 period, all
mDST in Shenzhen was performed using the GenoType
MTBDRplus (Hain Lifescience, Nehren, Germany) assay.
In 2019 and 2020, 10% of the mDST was performed
using Xpert MTB/RIF or PCR melting curve assays. In
this report, mDST refers to GenoType MTBDRplus,
Xpert MTB/RIF, or PCR melting curve assay tests.
Phenotypic DST was performed in cases in which
mDST was unavailable, but the proportion of all DSTs
that were phenotypic was less than 10%. Phenotypic DST
was performed using the proportion method on
Lowenstein-Jensen medium impregnated with INH and
RIF. The concentrations of anti-TB drugs used were 0.2
pg/mL for INH and 40 pg/mL for RIF. After completion
of all DSTs, 10% of strains were randomly selected for
retesting.

Most of the patients with MDR-TB in Shenzhen were
internal migrants who could choose to receive their TB
treatment in Shenzhen or to return to their hometowns for
treatment. The costs of MDR-TB care were partially reim-
bursed by basic medical insurance, but coverage for MDR-
TB outpatient care was limited prior to 2017. In 2017, the
Shenzhen government began covering the costs of MDR-
TB outpatient care through the Critical Illness Insurance
Program (CIIP). This program reimbursed 60-90% of
MDR-TB outpatient costs and was available for internal
migrant workers with basic medical insurance. Some
expenses beyond CIIP coverage were further reimbursed
with funds from the Shenzhen government. Patients stay-
ing in Shenzhen were enrolled in long-term standard or
individualized MDR-TB treatment regimens based on their
treatment histories and DST results. The standard regimen
consisted of intensive and continuation phases lasting from
18 months to 24 months depending on the length of the
intensive phase. The anti-TB drugs used to treat MDR-TB
included pyrazinamide, ethambutol, amikacin, capreomy-
cin, levofloxacin, moxifloxacin, para-aminosalicylic acid,
and protionamide. The selection of anti-TB drugs was
based on the China Drug-resistant
Treatment Guidelines (2015)."

Tuberculosis

Definitions

MDR-TB is defined as TB resistant to at least RMP and
INH. RR-TB is defined as TB resistant to at least RMP,
with or without resistance to other anti-TB drugs; there-
fore, the term RR-TB includes mono-RMP resistant-TB
and MDR-TB. RR-TB is often grouped together with
MDR-TB as MDR/RR-TB (due to the high prevalence of
resistance to INH in these patients) and is treated with the
same regimens used for MDR-TB.> We defined a “new
case” as a newly registered episode of TB in a patient who
had never been diagnosed as having TB or in one who had
initiated anti-TB drugs less than one month before. We
defined a “previously treated case” as a newly registered
episode of TB in a patient who had received at least one
month of anti-TB drugs in the past.” We classified people
who reside in Shenzhen but whose “Hukou” or official
residence is registered elsewhere as “internal migrants”.'>
The city center refers to the Futian, Yantian, Luohu, and
Nanshan districts in Shenzhen, where most of the business
services and urban residential communities are located.
Factories and rural residential communities are predomi-
nantly located outside of the city center.'* We considered
cured patients or those who completed their treatment as
treatment success. For a cure to be declared the treatment
had to be completed as recommended by the national TB
policy without evidence of failure and three or more con-
secutive negative cultures taken at least 30 days apart after
the intensive phase. Treatment completion required
a treatment completed as recommended by the national
TB policy without evidence of failure but without record
of three or more consecutive cultures taken at least 30 days
apart after the intensive phase. Treatment failed was
defined as a patient whose treatment terminated or need
for permanent regimen change of at least two anti-TB
drugs because of lack of conversion at the end of the
intensive phase, or bacteriological reversion in the conti-
nuation phase after conversion to negative.'>

Data Quality Controls

One investigator collected data from the TBIMS using
a structured data collection form, we verified all DST
results from the TBIMS with DST records from the muni-
cipal CCDC reference laboratory or the Third People’s
Hospital laboratory. We used DST results from laboratory
records when the results from TBIMS and laboratory
records were discordant. The principal investigator over-
saw the overall data extraction process, and we excluded

Infection and Drug Resistance 2021:14

4483

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lecai et al

Dove

incomplete data on DST results or demographic informa-
tion from the analysis.

Statistical Analysis

We used the Stata software (version 14.0) to analyze the
data. We calculated RR-TB and MDR-TB rates by dividing
the number of RR-TB and MDR-TB cases by the total
number of MTB cases with DST results. We used the
Cochran-Armitage test to determine trends in the RR-TB
and MDR-TB rates for the 2012-2018 and 2018-2020 peri-
ods among new cases and for the 2012-2017 and 2017-
2020 periods among previously-treated patients. We looked
for significant differences in gender, age-group, occupation,
migrant status, treatment history, and city center residence
proportions using either the Chi-squared or Wilcoxon rank
sum tests to identify predisposing factors for RR-TB and
MDR-TB. Next, we generated multivariate logistic regres-
sion models and estimated adjusted odds ratios (ORs) and
95% confidence intervals (CI) to detect possible predictors
of RR-TB and MDR-TB. In addition, we analyzed results for
possible interactions between variables such as age-group,
migrant status, treatment history, and city center residence.
We considered P-values < 0.05 as statistically significant.

Results
MDR/RR-TB Diagnosis, Treatment

Enrollment and Outcomes
During the 2012-2020 study period, 21,367 culture-positive
isolates were sent to the Shenzhen Municipal CCDC

laboratory for MTB confirmation and DST for RMP and
INH. After
(NTM), specimens contaminated in the laboratory, and
those without DST results, 19,951 (93.4%) were identified
as MTB and with available DST results (Figure 1). During
the 2012-2020 period, 92.0% of DST in Shenzhen were
performed by mDST and 8.0% by phenotypic DST. Our
analysis suggests a marked improvement in the ability of
the health care system to detect both RR- and MDR-TB
cases during the study period. The annual number of MTB
isolates with DST increased from 1747 in 2012 to 3049 in
2020; and, the number of RR- and MDR-TB cases detected
increased gradually starting in 2012 and had almost doubled
by 2020 (RR-TB, 106 vs 214; MDR-TB, 77 vs 122). The
largest increase occurred from 2016 to 2017, coinciding with

excluding non-tuberculous mycobacteria

the expansion of the DST program to include cultures from
patients with smear-negative TB (Table 1). Additionally, we
observed an increase in treatment enrollment after the 2017
implementation of increased reimbursement for MDR-TB
outpatient care and the use of local government funds to
cover out-of-pocket patient expenses. Overall, 674 (59.0%)
patients were enrolled in MDR treatment in Shenzhen
between 2012 and 2020. The proportion of patients diag-
nosed as having MDR-TB enrolled on an MDR treatment
regimen increased gradually from 49.4% in 2012 to 70.5%
in 2020, with the largest increase observed between 2016
and 2017 (Table 1). The average treatment success rate was
71% (ranging from 63—74%), but a differing trend in treat-
ment success rates from 2012 to 2018 was not statistically
significant (Pyeng > 0.05). The treatment outcomes of

Sputum samples from 25,675 TB patients
cultured in Shenzhen 2012-2020

v

4,308 (16.8%) excluded due to culture-

negative

21367 (83.2%) culture-positive

1,416 (6.6%) excluded:

v

e non-tuberculosis mycobacteria -952
(67.1%)

19951 (93.4%) identified as mycobacterium
tuberculosis (MTB) with DST results

edrug susceptibility testing (DST) not
done - 354 (25.0%)

Figure | Study flow diagram.
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Notes: MDR-TB refers to TB resistant to at least INH and RMP, while RR-TB refers to TB resistant to at least RMP and includes MDR-TB.

Abbreviations: TB, tuberculosis; MTB, Mycobacterium tuberculosis; MDR, multidrug-resistant TB; RR-TB, rifampicin-resistant TB.

patients diagnosed in 2019 and 2020 were unavailable
because their 24-month-long treatment regimens were
ongoing at the time of data collection.

Drug Resistance Patterns

Of'the 19951 MTB isolates that underwent DST in the 2012—
2020 period, 17,302 (86.7%) were susceptible to both RMP
and INH, 1019 (5.1%) were mono-INH resistant, 488 (2.5%)
were mono-RMP resistant, and 1142 (5.7%) were resistant to
at least RMP and INH and therefore MDR. Table 2 shows
the differences in drug resistance patterns between new and
previously treated cases. Within the new cases, the inci-
dences of MDR-TB and RR-TB were higher among local
residents than among internal migrants (P values < 0.05);
but, within the previously treated cases, the drug resistance
patterns were similar in the two groups (P values > 0.05).

RR-TB and MDR-TB Rates and Their

Predictors in Shenzhen
Table 3 show the characteristics of the patients with TB
whose isolates had DST results. More than 60% were men
younger than 40 years. The most common occupations
were housework service/unemployment and construction/
factory workers (76.6%). Internal migrants accounted for
88.9% of patients and 91.7% were new cases. The pooled
proportions of RR-TB and MDR-TB among those with
bacteriologically-positive TB results in Shenzhen through
the 2012-2020 period were 8.2% and 5.7%, respectively.
Our univariate analysis results revealed that the pooled
proportion of MDR/RR-TB among patients with bacteriolo-
gically-positive TB was higher in men, individuals between
31 and 60 years of age, staff officers, teachers/students, local
residents, and patients previously treated for TB (P values <
0.05). The distribution of the pooled proportion of MDR-TB
was similar to that of RR-TB (Table 3). The multivariate
analysis results showed significant differences in the propor-
tions of RR-TB in different age-groups (> 61 years vs < 30
years; adjusted OR, 0.67; 95% CI, 0.53-0.84), occupation
(construction/factory workers vs housework service/unem-
ployment; adjusted OR, 0.82; 95% CI, 0.72—0.94), residen-
tial status (local residents vs internal migrants; adjusted OR,
0.83; 95CI%, 0.71-0.98) and treatment history (previously
treated cases vs new cases; adjusted OR, 9.04; 95% CI,
7.98-10.25) (Table 4). The proportions of MDR-TB were
similar among the patient subgroups, except within the
occupations (teachers/students vs housework service/unem-
ployment, adjusted OR, 1.47; 95% CI, 1.06-2.04) where
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Table 2 Drug Resistance Patterns of 19,951 MTB Cases Stratified by Residential Status [n (%)]

Items New Cases (n=18,296) P values Previously Treated Cases (n=1655) P values
Total Migrants Residents Total Migrant Residents

Mono-INH 923 (5.0) 825 (5.1) 98 (5.0) 0.02 96 (5.8) 85 (5.9) 11 (4.9) 0.46

Mono-RMP 376 (2.1) 326 (2.0) 50 (2.5) 112 (6.8) 102 (7.1) 10 (4.5)

Susceptible* 16,304 (89.1) 14,559 (89.3) 1745 (87.6) 998 (60.3) 859 (60.0) 139 (62.3)

MDR 693 (3.8) 595 (3.6) 98 (4.9) 449 (27.1) 386 (27.0) 63 (28.3)

RR-TB 1069 (5.8) 921 (5.7) 148 (7.4) 0.0l 561 (33.9) 488 (34.1) 73 (32.7) 0.74

Note: *Susceptible to INH and RMP; MDR-TB refers to TB resistant to at least INH and RMP, while RR-TB refers to TB resistant to at least RMP and includes MDR-TB.
Abbreviations: TB, tuberculosis; INH, isoniazid; RMP, rifampicin; MDR, multidrug-resistant TB; MTB, Mycobacterium tuberculosis.

belonging to the housework service/unemployment class
was an additional predictor of MDR-TB (Table 3).

Trends in RR-TB and MDR-TB in

Shenzhen During the 2012-2020 Period
Figure 2 shows the RR-TB and MDR-TB trends in
patients with positive TB cultures in Shenzhen during the
2012-2020 period. Among the new cases, the proportion
of RR-TB increased gradually, peaking at 7.4% in 2018
(Prena = 0.02), and then decreasing to 6.1% in 2020 (Pyeng
=0.50). Among the previously treated cases, the proportion
of RR-TB was stable during both the 2012-2017 and
2017-2020 periods (Pyeng > 0.05). MDR-TB incidence
trends were similar to those of RR-TB. Among the new
cases (Figure 2B), both the increase in MDR-TB during
the 20122018 period and the decrease during the 2018—
2020 period were statistically significant. However, among
the previously treated patients (Figure 2C), the decrease in
MDR-TB during the 2017-2020 period was significant,
but the increase in the 2012-2017 period was not.

Discussion

In this study, we analyzed the numbers and proportions of
MDR/RR-TB and MDR-TB among patients with culture-
positive TB in Shenzhen between 2012 and 2020 to iden-
tify the trends that should reflect the effect of the improved
strategies for MDR-TB control that were introduced dur-
ing this period. We found that the proportions of both
MDR/RR-TB and MDR-TB increased during the 2012—
2018 period among the new cases and decreased during
the 2018-2020 period among both the new and previously
treated cases (although the decrease was not statistically
significant for MDR/RR-TB). We also found that the pro-
portions of MDR/RR-TB and MDR-TB to be higher in
patients younger than 30 years, in those employed in

housework service or unemployed, in local residents, and
in patients previously treated for TB.

Other studies in Shenzhen have shown that MDR-TB
decreased from 2000 to 2009 among the new cases, and
then began to increase again;'* we found that this increas-
ing trend continued until 2017. During the 2009—2017 per-
iod there were concerted efforts to improve detection of
MDR-TB in Shenzhen, aided by the Global Fund Program
(2008-2014). Routine DST, which had been limited to
high-risk groups, was expanded in 2009 to include cultures
from all patients with positive smears, and expanded again
in 2017 to include sputum cultures from both smear-
positive and -negative patients. In addition, by 2012
mDST covered 92% of all DST. Thus, the increase in
MDR-TB cases from 2009 to 2017 may be the result of
enhanced case detection measures,'®'® although it could
also reflect a true increase in the MDR/RR-TB and MDR-
TB infection rates in Shenzhen during this period,
a possibility that should be investigated.

Notably, the percentage of MDR-TB among culture-
positive patients with TB has been decreasing since 2018
in both new and previously treated patients; these trends
could be the result of years of improved case detection and
treatment enrollment programs. The financial costs of TB
can force patients (particularly internal migrants) to
remain undiagnosed and untreated, leading to prolonged
transmission of MDR-TB.'*?? Changes in coverage and
reimbursement policies have helped alleviate these finan-
cial difficulties, which may partially explain the increase
in the proportion of patients enrolled on treatments (from
49.4% in 2012 to 70% in 2017). This financing policy may
further improve MDR-TB treatment compliance and out-
comes, leading to lower ongoing MDR-TB transmissions
in Shenzhen.”®> However, this decreasing trend in the inci-

dence of MDR-TB has only been observed during the past
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Table 3 RR-TB and MDR-TB Rates Among 19,951 MTB Patients in Shenzhen, 2012-2020
Characteristics Total [n (%)] RR-TB MDR-TB
n (%) P values n (%) P values
- 19,951 (100.0) 1630 (8.2) - 1142 (5.7) -
Gender
Male 13,110 (65.7) 1091 (8.3) 0.06 755 (5.8) 0.08
Female 6841 (34.3) 539 (7.9) 387 (5.7)
Age-groups (years)
<30 5810 (29.1) 437 (7.5) 306 (5.3)
3140 6280 (31.4) 548 (8.7) 397 (6.3)
41-50 3370 (16.9) 280 (8.3) 0.0l 187 (5.6) 0.01
51-60 2469 (12.4) 213 (8.6) 142 (5.8)
261 2022 (10.1) 152 (7.5) 110 (5.4)
Occupation
Housework service /unemployment 8802 (44.1) 735 (8.4) 514 (5.8)
Workers 6486 (32.5) 447 (6.9) 306 (4.7)
Staff officers 1330 (6.7) 126 (9.5) 93 (7.0)
Business service 1218 (6.1) 128 (10.5) < 0.001 91 (7.5) < 0.001
Teachers/students 717 (3.6) 68 (9.5) 55 (7.7)
Retired 475 (2.4) 40 (8.4) 25 (5.3)
Others 923 (4.6) 86 (9.3) 58 (6.3)
Residential status
Internal migrants 17,737 (88.9) 1409 (7.9) 0.004 981 (5.5) 0.001
Local residents 2214 (11.1) 221 (10.0) 161 (7.3)
Treatment history
New cases 18,296 (91.7) 1069 (5.8) < 0.001 693 (3.8) < 0.001
Previously treated cases 1655 (8.3) 561 (33.9) 449 (27.1)
Residence in the city center
Yes 5979 (30.0) 497 (8.3) 0.50 353 (5.9) 0.64
No 13,972 (70.0) 1133 (8.1) 789 (5.7)

Note: MDR-TB refers to TB resistant to at least INH and RMP, while RR-TB refers to TB resistant to at least RMP and includes MDR-TB.
Abbreviations: TB, tuberculosis; MDR, multidrug-resistant TB; RR-TB, rifampicin-resistant TB.

three years, and the long-term impact of the implemented
strategies on the MDR-TB burden in Shenzhen should be
evaluated again in the future.

We found that local residents had a higher proportion
of RR-TB and MDR-TB than internal migrants after
adjusting for potential confounders, but only among
newly diagnosed cases, indicating that primary drug resis-
tance is mostly transmitted among local MDR-TB patients.
Our previous molecular epidemiological study of MDR-
TB strains collected in Shenzhen during the 2013—
2017 period showed that being a local resident was inde-
pendently associated with having a clustered strain, again
transmission of MDR-TB

indicating among local

residents.'* In this study, we also found that students/
teachers presented a higher rate of MDR-TB than other
groups of patients, which is consistent with a published
finding indicating a high likelihood for students/teachers

of having clustered strains.'* As in other studies,**

we
found that previous TB treatment and younger age were
both risk factors for RR-TB and MDR-TB, but we found
no gender differences. MDR-TB can develop due to the
selection of resistant M. tuberculosis bacilli during poorly
managed anti-TB treatment. Inappropriate chemotherapy
regimens, inadequate or irregular drug supply, and poor
compliance by TB patients have been common among

previously treated patients, which helps explain their
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Table 4 Multivariate Analysis on Predictors of MDR-TB and RR-TB

Characteristics MDR-TB vs Susceptible-TB* RR-TB vs Susceptible TB*
aORs (95% CI) P values aORs (95% CI) P values
Age-groups (years)
<30 1.00 1.00
3140 1.14 (0.98,1.36) 0.12 1.13 (0.98,1.3) 0.10
41-50 0.84 (0.77,1.03) 0.12 0.91 (0.77,1.09) 0.36
51-60 0.84 (0.75,1.06) 0.15 0.91 (0.75,1.1) 0.35
2 6l 0.63 (0.53,0.84) 0.002 0.67 (0.53,0.84) 0.001
Occupation
Housework service/unemployment 1.00 1.00
Workers 0.84 (0.72,0.99) 0.03 0.82 (0.72,0.94) 0.004
Staff officers 1.08 (0.83,1.4) 0.57 1.07 (0.86,1.34) 0.59
Business service 1.26 (0.97,1.63) 0.09 1.19 (0.92,1.55) 0.07
Teachers/students 1.47 (1.06,2.04) 0.02 1.16 (0.87,1.55) 0.32
Retired 1.02 (0.63,1.66) 0.87 1.09 (0.73,1.61) 0.64
Others 1.09 (0.8,1.49) 0.50 1.12 (0.87,1.44) 0.33
Residential status
Internal migrants 0.77 (0.63,0.93) 0.02 0.83 (0.71,0.98) 0.03
Local residents 1.00 1.00
Treatment history
New cases 1.00 1.00
Previously treated cases 10.5 (9.1-12.2) < 0.001 9.04 (7.98,10.25) < 0.001

Notes: *Susceptible to INH and RMP. Logistic regression models were used for multivariate analysis on predictors of MDR/RR-TB and MDR-TB, and all models were
adjusted for gender, age-group, occupation, migrant status, treatment history, year, and city center residence. We assessed interactions between migrant status, treatment
history, age-groups, and residence and found them to be nonsignificant statistically (all P values > 0.05). Gender and city center residence were not statistically significant in
the final models. MDR-TB refers to TB resistant to at least INH and RMP, while RR-TB refers to TB resistant to at least RMP and includes MDR-TB.

Abbreviations: TB, tuberculosis; MDR, multidrug-resistant TB; RR-TB, rifampicin resistant TB; aORs, adjusted odds ratios.

high MDR-TB rates.?® The positive association of younger
age with MDR-TB could be due to a tendency of these
patients to not adhere to anti-TB medication regimens
because of working schedule conflicts, the need to travel
to distant cities to find employment, or alcohol addiction.
Older people, by comparison, have a more sedentary
lifestyle.”” The associations or predictors identified in our
study should be considered when developing targeted
MDR-TB control strategies in the future.

RMP-resistance has been considered a useful surrogate
marker for MDR-TB,?® but a recent meta-analysis reported
that RMP-resistance is an unreliable predictor of MDR-TB
in China.”® In this study, we found that only 70% of RR-
TB cases in Shenzhen were MDR, and the statistical sig-
nificance of the trends and occupational associations dif-
fered between the patients with MDR- and RR-TB.
Therefore, using RMP-resistance as a surrogate marker
for MDR in Shenzhen could lead to overdiagnosis and
overtreatment of MDR-TB. We also found that the propor-
tion of RR-TB that was MDR-TB decreased to about 60%

in 2019 and 2020. However, during the 2019-2020 period
there was an increased use of the Xpert MTB/RIF, which
detects only RMP-resistance and not INH-resistance.
Therefore, some cases of MDR-TB could have been
missed although the proportion of RR-TB should be accu-
rate. As the use of Xpert MTB/RIF increases in China, the
detection of RIF-R should be confirmed with conventional
DST or a mDST assay that also detects INH-R. This has
implications for treatment, as current recommendations
stipulate that INH should be included in the treatment
regimen of RR-TB until INH resistance is demonstrated.*

Our study had some limitations. First, DST results
for second-line anti-tuberculosis drugs were unavailable
and we could not determine the prevalence of pre-XDR-
TB and XDR-TB among the cases diagnosed as MDR-TB
in Shenzhen. Second, patient data such as treatment adher-
ence, HIV infection status, diabetes, smoking, alcohol
consumption, and history of contact with MDR/RR-TB
patients were not routinely collected; therefore, we could
not assess possible associations with MDR/RR-TB.
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Figure 2 Trends in RR-TB and MDR-TB in Shenzhen during the 2012-2020 period.
Notes: MDR-TB refers to TB resistant to at least INH and RMP, while RR-TB
refers to TB resistant to at least RMP and includes MDR-TB; therefore, RR-TB is
grouped together with MDR-TB as MDR/RR-TB. (A) The overall proportion of
MDR-TB increased during the 2012-2017 period (Pyend =0.02) and decreased
during the 2017-2020 period (Pyend =0.01). The proportion of MDR/RR-TB also
increased during the 2012-2017 period (Peng =0.045) and decreased during the
2017-2020 period (Pgend =0.26). (B) In new cases, the proportion of MDR-TB
increased during the 2012-2018 period (Pyend =0.01) and decreased during the
2018-2020 period (Pyena =0.04). The proportion of MDR/RR-TB also increased
during the 2012-2018 period (Pyeng =0.02) and decreased during the 2018-2020
period (Pgend =0.50). (C) In previously treated cases, the proportion of MDR-TB
increased during the 2012-2017 period (Pyend =0.06) and decreased during the
2017-2020 period (Perend =0.03). The proportion of MDR/RR-TB increased during
the 20122017 period (Pyend =0.22) and decreased during the 2017-2020 period
(Perens =0.07).

Finally, we cannot exclude the possibility that the covid-19
pandemic resulted in decreased MDR/RR-TB diagnoses in

2020 and that the actual MDR/RR-TB
Shenzhen was higher than the one recorded.'

incidence in

Conclusion

We found that age younger than 30 years, housework
service/unemployment, local residency, and previous TB
treatment were all associated with high RR-TB and
MDR-TB rates. These risk factors should be considered
when developing targeted MDR-TB control strategies in
the future. During our study period, the MDR-TB detec-
tion in Shenzhen improved, the percentage of MDR-TB-
diagnosed patients receiving treatment increased, and
MDR-TB rates started to decrease gradually after 2017.
These positive trends may reflect the efficacy of imple-
mented strategies (increase in sputum culturing, expan-
sion of DST testing, increased use of mDST, and
generous reimbursement of MDR-TB outpatient care
costs). However, the observation period for our study
was relatively short and the long-term impact of these
improved strategies remains to be evaluated.

Abbreviations

TB, tuberculosis; DST, drug sensitivity testing; mDST,
molecular drug sensitivity testing; INH, isoniazid; RMP,
rifampicin;, MDR-TB, multidrug-resistant TB; MDR/RR-
TB multidrug-resistant TB or rifampicin resistant TB;
MTB, Mycobacterium tuberculosis; CCDC, center for
chronic disease control; aOR, adjusted odds ratios.
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