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Abstract

Background: The prevalence of drug-resistant tuberculosis (DRTB) threatens TB control.
Little is know about this in China. We conducted a drug-resistance survey in 10 provinces of
China among TB patients from 2004 — 2006 to understand the distribution of DRTB and make
policy recommendations.

Methods: The proportions of DRTB were determined from provincial surveys that included all
clinical Myobacterium tuberculosis strains (Mtb) tested for susceptibility to isoniazid, rifampin,
ethambutol, and streptomycin by means of the absolute concentration and the proportional drug
susceptibility testing methods.

Results: Among DRTB the greatest percentage were single drug-resistant (SDR) TB (29.1%).
Sichuan had the largest percentage of multiple drug-resistance (MDR) TB (38.7%). For SDR TB,
being female (OR=1.18; 95%CI=0.88-1.57), having been previously treated (OR=1.48;
95%CI1=1.08-2.04), and being < 15 years old were risk factors. For MDR TB, being male (OR
1.12; 95%CI=0.86-1.46), having been previously treated (OR 5.46; 95% Cl=4.12-7.24), and
being < 15 years old were risk factors.

Conclusions: China has a serious epidemic of DRTB, especially MDR TB, and the status varied
between provinces. Patients with previous treatment history were at higher risk for DRTB.
China was much higher compared to the global estimated average of 4.8%.
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INTRODUCTION

Tuberculosis (TB) remains the most significant infectious diseases threatening global safety (1, 2).
In the light of the report of World Health Organization (WHO), China has the second-highest
incidence of TB and the third-highest incidence of multiple drug-resistant of TB (MDR TB)
worldwide; registering 17% of the global TB cases in 2010.(3) “MDR TB is defined as TB
caused by strains of Mycobacterium tuberculosis (Mtb) resistant to at least isoniazid (INH) and
rifampicin (RFP).”(4) Prevalence of TB has decreased in China over the last decades, however,
the drug-resistant (DR) rates of TB have increased, especially MDR, which raises concern. (5, 6)
Compared to patients with susceptible TB, the MDR TB treatment program is less effective.(7)
The proportion of DRTB is a useful indicator when assessing the performance of a TB control
program. (8) Based on the data of the 5" Nationwide Random Survey for the Epidemiology of TB
in China in 2010, it estimates that there are 5 million TB cases in China.

The single DRTB proportion is 36.8% (95%CI=31.1%-42.7%) and the MDR TB proportion is
6.8% (95%CI1=4.1%-10.4%). (9) However, the sample size of the isolates to test DR was only
280, which is too small to be capable to stratify the data according to province. Estimate of DRTB
in China relies on local hospitals or regional CDC surveys. (3) We can just find the results of the
DR surveys conducted in several individual provinces in a specific period or cohort studies in one
hospital in China in the international scientific literature. (ref) However, the statistics of the
magnitude and pattern of DRTB in China always shows inconsistently in different regions on
account of diversity of ethnic and population density, heterogeneous customs, geographically

distributed and the size of the province, the unbalanced social-economic and other factors (3, 10).




Previous studies shows that more than 52 factors are related to DR, in the meantime identifies
several risk factors. (5) However, besides previous treatment history, sex and HIV infection, the
risk factors reported by different study populations are heterogeneous (8). Some study reports that
being male is strongly associated with DRTB, but the association is weak in other studies; some
study reports that non-permanent residents, migration and younger are predictors of MDR TB, but
results are insignificant in other studies.(5, 8, 11-13) Most risk factors for drug-resistant of TB in
China are still largely unknown.

This study surveyed the mainland of China from east to west, covering 36% (465 million out
of 1.3 billion inhabitants) of the total Chinese population and tested the drug susceptibility of Mtb
from 10 of 31 provinces in China from 2004 — 2006. This contributes to a better understanding of
the regional epidemiology of MDR TB. It reports the proportion of DRTB and aims to identify the

risk factors related to MDR TB to help China improve TB case management.




REVIEW OF LITERATURE

Definitions: (1)

“Drug resistance rate is the rate strains become resistant as assessed by drug susceptibility tests
(e.g., the number of drug resistance strains/ the number of examined strains * 100%) including

single drug resistance (SDR) rate and multiple drug resistance (MDR) rates.”

MDR TB usually means Mtb has resistance against more than two first-line anti-Mtb drugs.
According to the guideline of DR surveillance published by WHO, “MDR TB is defined as the

resistance against > 2 anti-Mtb drugs at least including INH and RFP.”

“New cases: TB patients who denied having prior anti-TB treatment or who received anti-TB

treatment for 30 days or less.”

“Previously treated case: a newly registered episode of TB in a patient who, in response to direct
questioning admits having been treated for TB for one month or more, or, in countries where

adequate documentation is available, there is evidence of such history.”

“Relapsed case: A patient previously treated for TB and declared cured by a medical officer after
one full course of chemotherapy, but who reports back to the health service bacteriologically

positive (smear or culture).”

“Primary Drug Resistance (PDR): PDR concerns Mtb isolated from patient which never used any

anti-Mtb drug or used anti-Mtb drug for < one month.”

“Acquired drug resistance (ADR): After treatment has started, drug-resistant variants may emerge




although the bacterium initially isolated from the patient was sensitive to drugs.”

Introduction of TB

TB is a communicable bacterial disease caused by Mycobacterium tuberculosis (Mtb), that in most
cases affects the lungs, with transmission through the active respiratory disease from person to
person. (6) The symptoms of pulmonary TB are cough, always with phlegm and sometimes with
haemoptysis, fever, chest pain, breathlessness, low appetite, wizened and sweats.(9) The course of
treatment is usually six months. (14) The highest burden of TB is in Asia and Africa. The sum of
Indian and China TB patients accounted for nearly 40% of the world’s TB cases. On a global scale,
about 4% of new cases and 20% of previously treated cases were estimated to be with MDR TB.
(15) It was untoward to estimate the burden of TB in children who were less than 15 years old so
WHO excluded it except the first report. The reported of global TB in 2012 estimated that there
were 0.5 million cases among children in 2011. (15) So in our study, we selected Mtb isolates
through sputum smear and distinguished those to six age groups beginning with < 15,

TB infection and Drug-resistance

As Crofton stated, “the greatest disaster that can happen to a patient with TB is that his organisms
become resistant to two or more of the standard drugs.”(3) Drug resistance was often in order to
the transmission of infrequently resistance clones with generated through mutation or acquisition
of resistant gene-bearing mobile genetic elements.(15) It was always insufficient for a most
common bacterial infection to generate of resistant because their short treatment course (less than

two week). However, treatment of TB of lung infection definitely required > six months to use the




four first-line drugs, which gave Mtb abundant time and opportunity to develop drug resistance.(2)
According to the WHO, among 107 countries reported treatment outcomes, only 30 of them
achieved the target treatment success rate (=>75%) for patients with MDR TB. (15) Relapse case,
previous treated case, and other kings of case were provided severe definitions. When analyzed
the previous treated history, we pay attention to the outcomes and period of the former treatment.
Moreover, we should focus on the drug use history and measures of therapy of patients if possible.
The different patterns of drug resistance could also give us some clue to find the risk factors of
MDR TB.

China was the second highest incidence of TB according to the WHO. Based on the data of
the 4th Nationwide Random Survey for the Epidemiology of TB in China in 2000, there were 2
million bacteriologically confirmed pulmonary TB patients among of 4.5 million prevalent TB
patients in China. In addition, the data of the 5th Nationwide Random Survey for the Epidemiology
of TB in China in 2010 made a conclusion that there were 5.0 million prevalent TB cases in China,
which reflected a tendency of increase.(9) For the sake of gaining insight into the prevalence and
distribution of DRTB and enhance the controlling ability, China joined the anti-TB drug-resistant
surveillance project all over the world by WHO. The first nationwide DR survey for this project
was conducted in 2007, estimated 22% of global burden MDR-TB.

We conclude that the consequences for DR were consistent with values estimated by WHO
formerly from subnational studies. However, we could not find the details about the survey design
and specific data in each province in China from published articles. From the survey, we can just

know that the total proportion of MDR-TB was 8.32% (95% CI1=7.13-9.74), with the proportion of




MDR-TB in new cases 5.75% (95% CIl=4.62—7.17) and in previously treated cases 25.67% (95%
CI=21.72-30.01). However, we noticed that the single resistant of TB was 21.33% and MDR-TB
was 8.25% among new cases While the single resistant of TB was 20.03% and MDR-TB was 9.56%
among previously treated cases based on the National Baseline Survey of DRTB. There were a
definitely diversity between the results of MDR-TB in previous treated cases. To find a
reasonable explanation of that variant, | read the literature. A meta-analyses research, which
included huge sample size, published in 2011 showed that the prevalence of MDR-TB in new
cases was 5.3% (95% Cl=4.4%-6.4%) and in previously treated cases was 27.4% (95%
Cl=24.1%-30.9%) respectively, which are similar with the results obtained by nationwide survey
in 2007. Compared those surveys, we found that the national baseline was just included small
sample size and several provinces, which may not represented the situation in China. The results
found to be frequently heterogeneous in many published articles revealed that geographic
distribution, population density and mobility, quality of drug susceptibility testing, etc. were
related to the results of MDR-TB.

Method of testing drug susceptibility of Mtb

Here are 3 sampling strategies for monitoring DR:(3)

- Randomly selected clusters of patients

- Selected of all diagnostic centers during a specified period

- Cluster sampling. (Sampling of all diagnostic centers and selected the proportional to the
number of cases during a specified period)

Bacteriologic Test: (16)




To test the biochemical identification of the bacterial strains, we always

use

P-nitro-alpha-acetylamino-beta-hydroxypropiopheneone (NAP), 2-thiophene-2-carboxylic acid

hydrazide (TCH) and L&wvenstein—Jensen (L-J) tests.

Species of Mycobacterium NAP TCH L-J
M.tuberculosis - + +
M.bovis - - ¥
non-M.tuberculosis + + +

Means of absolute proportion method was always used to test drug susceptibility.

Here are the concentrations for the four tuberculosis drugs in the survey:
Isoniazid (INH):0.2 pg /ml

Rifampicin (RFP) :40 pg/ml

Streptomycin (SM) : 4 pg/ml

Ethambutol (EMB) : 2 pg/ml.

The critical growth proportion for resistance was defined as 1% for all drugs.

DRTB in China

There were a small number of papers that reported the results of the DR surveys conducted in

China in international scientific journals. (17-19) Among this small quantity of articles, some

conducted retrospective studies to analyze the trend of the proportion in specific individual

provinces or referral hospitals; (20-26) some used meta-analyses included published articles to

make the overview of prevalence of DR in China;(27) some national surveys published overall




analysis of DRTB included several provinces in China,(8) however, they didn’t compare the
difference between provinces and the period of survey was also limited. According to many
articles, the statistics of the magnitude and pattern of DRTB in China always showed
inconsistently in different regions on account of diversity of ethnic and population density,
heterogeneous customs, geographically distributed and the size of the province, the unbalanced
social-economic and other factors (3, 10).

Risk Factors of DRTB

TB affects the low and middle income countries according to WHO.(6) So the lower economic
was considered to be a risk factor. Moreover, some articles concluded that development of DR
was strongly connected with social factors, such as unemployment and alcohol drinking, that may
also related to the social-economic status.(12) The availability of disseminate MDR-TB also
depended on the prevalence of DSTB and the mobility of patients.(13) Making patients
immunized with protection by exposure to DSTB was an important method to prevent MDR-TB.
However, the single population successfully declined with incidence of drug-susceptible of TB
could reduce whole population immunity to of MDR-TB and enhance the probability and
vulnerability of an epidemic. (28) From the above, it indicated a uncommon sense that countries
with good TB control might be more vulnerable to MDR-TB.(28) In contrast, small scales of
poor control in promotion of case detection and Directly-Observed Treatment Strategy (DOTS)
might control their risk of MDR-TB.(28) It might give us a direction to control MTB-TB in
herd population rather than small scale managing. In addition, many literatures showed that

inadequate and unreasonable treatment of TB was strongly associated with MDR-TB. DRTB




varied apparently across the outcome of different previous treatment. (17) Furthermore, a
literature concluded that previously treated history, lower-education status, without health
insurance were risk factors of MDR-TB also.(29) In conclusion, we should focus on the
circumstance of inadequate and unreasonable treatment of TB, which were also related to those
above, when analyzed the risk factors. Besides, prevention of reinfection also should be
considered. Previous studies showed that more than 52 factors were related to drug- resistant in the
meantime identified several risk factors.(5) However, besides previous treatment history, sex and
HIV infection, the risk factors reported by different study populations are heterogeneous(8). Some
studies reported that male sex is strongly associated with DRTB, but the association is weak in
other studies; some studies reported that non-permanent residents, migration and younger were
predictors of MDR-TB, but results were insignificant in other studies.(5, 8, 11-13) We need to test

it use our own dataset.




10

METHODS

Data resources and sampling method

Patients were selected from TB hospitals and institutes for TB control and cure. This study
enrolled all clinical Mtb strains from TB patients during a specific period. Jilin, Beijing,
Zhejiang, Fujian, Henan, Hunan, Xinjiang, Gansu, Sichuan, Guangxi were survey areas chosen
between 2004 and 2006, with the sample size of 349, 108, 97, 479, 98, 102, 186, 220, 106, 209,
respectively. The geographical location of the provinces is in Figurel. Demographic data using a
standardized questionnaire were collected and entered into a computer database using Microsoft
Access software, including identification number, living situation, gender, age occupation and etc.
We also supplemented the clinical information of treatment record of TB.(1)

Mtb Selection and Drug Susceptibility Testing (DST)

A total of 1958 clinical strains from TB patients in 10 provinces were tested for susceptibility to
four first-line, anti-TB drugs included INH, SRM, RFP and EMB. Culture was performed by
the Tuberculosis Reference Laboratory (TRL) in Beijing and kept in the National Laboratory of
TB, SKLID/ICDC, China CDC, and Research Institute for Tuberculosis Control.

To test the biochemical identification of the bacterial strains, we used
P-nitro-alpha-acetylamino-beta-hydroxypropiopheneone (NAP), 2-thiophene-2-carboxylic acid

hydrazide (TCH), and L&wenstein—Jensen (L-J) media to distinguish Mtb. (3)

Species of Mycobacterium NAP TCH L-J

M. tuberculosis - + +
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M. bovis - - +

non M. tuberculosis + + +

The absolute concentration and proportional drug susceptibility testing methods were used to test
drug susceptibility (3).

These are the concentrations for the four TB drugs under survey:

Isoniazid (INH):0.2 pg /ml

Rifampicin (RFP: 40 pg/ml

Streptomycin (SM): 4 pg/ml

Ethambutol (EMB): 2 ug/mi.

The critical growth proportion for resistance was defined as 1% for all drugs.

Statistical Analyses

Methods published by WHO were used to calculate the proportion of DRTB in China. (3) We
estimated the proportion of DRTB in 10 provinces from east to west in China. Patients were
considered new cases of TB if they denied a history of having any prior anti-TB treatment or
having received anti-TB treatment for less or equal to 30 days. (3) Patients were considered to
be previously treated if they have been treated for one month or more. (1) We compared the
proportion of single drug-resistant (SDR) and MDR-TB by age, gender, and previous treatment
history of TB. Except distinguished age group to 6 parts began with < 15 years of age to > 55
years of age; others were bivariate variables. Pearson Chi-square test was used to comparison

the categorical variables by different groups. Odds ratios (ORs) and 95% confidence intervals
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(CI) were calculated to measure the relationship between characteristics of patients and the
DRTB. (12) A p-value <0.05 was considered statistically significant. All statistical analyses
were done using SAS 9.3. Data were checked for missing values and for all variables. Each

variable was analyzed individually to ascertain if there were implausible values.
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RESULTS

General

Patient recruitment began 2004 and ended 2006. However, 10 provinces had different periods
of survey enrolled (Table 1). Mrtb strains isolated from 1958 patients were analyzed by DST.
Four patients did not have Mth. For the rest of the 1954 patients, the average age was 47.5
years old, included 1297 males and 657 females. Many, 1388 (71.5%) were treated for the first
time, and 556 (28.5%) had been treated for TB for one month or more. The locations and relative

area for 10 Chinese provinces are shown in Figure 1.

Single Drug TB Resistance

Among 1954 Mtb isolates, the total proportion of first-line single TB drug resistance (SDR) in 10
provinces was 11.2%. [INH had the highest rate of resistance (21.6%), followed by SM (19.9%),
RFP (19.2%), and EMB (11.4%) (Table 2). There was a large diversity of SDR in the interior of
the east, the west, and the middle. Gansu had the largest percentage of SDR (29.1%). The
sequential distributions (from high to low) were Zhejiang (23.7%), Xinjiang (17.2%), Guangxi
(12.9%), Henan (10.2%), Beijing (10.2%), Hunan (8.8%), Fujian (7.3%), Sichuan (3.8%), and
Jilin (1.2%). The separate proportions of four first-line TB drug resistance were dissimilar in 10
provinces. The highest rate of SDRTB in 10 provinces was the resistance of SM in Gansu
(19.6%) (Table 3), followed by EMB in Zhejiang (15.5%) (Figure 2).

MDR-TB

Actotal of 280 (14.3%) Mtb isolates were resistant to at least INH and RFP in 10 provinces. Among
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MDR TB, 116 were identified from new patients; 164 from previously treated patients, with the
rate of MDR TB of 8.4% and 29.5%, respectively. Resistance of first-line drugs had the highest
rate (6.5%), followed by three drugs (including INH, RFP and SM) (3.7%). There was a large
diversity of MDR TB in the interior of the east, the west, and the middle. Sichuan had the largest
percentage of MDR TB (38.7%). The sequential distributions (from high to low) were Fujian
(26.9%), Hunan (24.5%), Zhejiang (12.4%), Guangxi (11.5%), Henan (8.2%), Xinjiang (5.9%),
Beijing (4.6%), Gansu (4.5%), Jilin (4.3%) (Table 3 and Figure 2). The separate proportions of
four first-line drug resistance were dissimilar in ten provinces.

Multiple Drug-resistant TB

A total of 129 (6.5%) isolates were resistant to > one first-line drug except MDR TB in 10
provinces. Among the multiple drug-resistant isolates, 96 were identified from new TB cases
and 31 were from previously treated patients, with the rate of MDR TB 6.6% and 6.8%,
respectively. Resistance of INH and SM had the highest rates (2.5%), followed RFP and SM
(1.7%) (Table 3 and Figure 2).

Analysis of Risk Factors for Drug-resistant TB

Table 4 shows results of bivariate analyses of risk factors for SDR and MDR TB, respectively.
All p-values were < 0.5. Therefore, female (OR 1.18; 95%CI=0.88-1.57), previously treated (OR
1.48; 95%CI=1.08-2.04) and < 15 year olds were associated with increased risk of acquiring SDR.
Male (OR 1.12; 95%CI=0.86-1.46), previous treated (OR 5.46; 95% Cl=4.12-7.24) and < 15

years old were associated with increased risk of acquiring MDR (Table 4).
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DISCUSSION

The resistance to four, first-line, anti-TB drugs among pulmonary TB patients in the 10 provinces
from 2004 to 2006 is higher than the average in the world, especially the emergence of MDR TB.
(15) When compared to the reports before 2004, it shows a small decline in drug resistance,
except some special provinces. (10)

In China, CDC attaches great importance to the dissemination of DR TB since its 4th
Nationwide Random Survey for the Epidemiology of TB in China in 2000. (15) Monotherapy
was found to be ineffective and contributed to drug resistance. (30) China joined the global
program in 2007 to fight drug resistance, especially MDR TB. (3) Routine, first-line, anti-TB
DST was not included in the standard care of TB patients according to the National Tuberculosis
Program in China (because of prohibitive cost). (30) The 5th Nationwide Random Survey of
Tuberculosis was conducted in 2010. It lacked sufficient data about TB drug resistance.

Therefore, our survey of TB drug susceptibility is a good step to determine the status of that
problem as well as establishing continuous TB drug-resistant PHS. Our survey included the
mainland of China from east to west. From the 4™ and 5™ National Epidemiological Survey of
Tuberculosis in 2000 and 2010, we know that the TB prevalence in western area was higher than
in the middle and eastern areas. (9) The corresponding lower clinical and public health levels
and lower social-economic status may contribute to the phenomenon. (31, 32) However, our
results don’t show the same tendency. They show variability of drug resistance among the
provinces. Our analysis indicated that the SDR in Gansu (29.1%) and Zhejiang (23.7%) and

MDR in Sichuan (38.7%), Fujian (26.9%), and Hunan (24.5%) are much higher than the baseline
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while Jilin had the lower SDR and MDR. We can find that MDR in the southwest is higher than
other districts and northeast is lower than other districts. When examine the difference between
these provinces, the variant of mobility and density of population may account for the
unbalance.(33) Sichuan is one of the areas with highest population density among all provinces
in China. (34) Besides, Sichuan and Gansu are the highest in China.

Zhejiang and Fujian absorbs a large number of immigrants each year; this can enhance the
spread of TB. (21, 35-38) However, in this study, we do not have enough data to specifically
examine migrating populations with respect to TB incidence. Moreover, the results in this study
prove that RFP resistance may be a good marker for MDR in most case.(36)

When compared to the data before 2004, our data showed a slight decline in drug resistance
except in some provinces (e.g., Sichuan, Fujian, and Hunan). (10) This may be for several
reasons. First, there is an availability of anti-TB drugs without a prescription; second, there is
poor DOTS implication, insufficiency of supervision of therapy, a lack of drug management, and
inadequate of infection control measures in hospitals. (33, 39, 40) We need to monitor the
therapy and drug treatment of TB.  This can give us a more comprehensive understanding of
drug resistance in overall China. (41-43)

Drug resistance is acquired for several ways, such as transmitted directly from infected
drug-resistant TB patients, lack of management of treatment.(33) Spontaneous genetic
mutations and acquisition amplified through selection reassure and further aggravated by poor
adherence of patients gave rise to the DR TB.(44) Further, initial resistance and acquired

resistance requires distinct control strategy so that we should realize the importance of
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transmission patterns.(36) In the future, we should analyze patterns of transmission across
different area.

As proved in many other studies, previous treated history has been consistently associated
with the risk of MDR-TB. (45, 46) A review of MDR-TB with a focus on sub-Saharan Africa
revealed a higher prevalence in previous treated cases than in new one. (11) Our finding (OR
5.46; 95% Cl=4.12) is consistent with other results that illustrated the importance of previous
treatment history in the risk of the development of drug resistance.

However, to gain a deeper understanding between the relationship of drug resistance and
treatment history, further studies should be conducted with other groups (e.g. who relapse after
successful treatment, who return with default, who have experience of failure previous treatment).
(11, 45)

Based on the result of the 5™ National Epidemiological Survey of Tuberculosis in 2010, the
majority of TB patients are male. In our study, the number of males is also greater. However,
the gender of TB patients may have different status of risk for drug resistance. The results may
show that females develop SDR more readily than males, while males may be at increased risk of
acquiring MDR (OR 1.12; 95%CI=0.86-1.46). In other studies, findings are inconsistent.(47-51)
We don’t have enough exposure data (e.g. the difference in access to health care). We need to
do more analyses to discover gender disparities linked with drug resistance.

Diverse cut-off points are used when estimated association between age and drug-resistant
TB. Their relationship is not well established, however, it always included <15 group. (3) In

this study, we refer the national report of Mtb to distinguish the patients to 6 groups. (9) Inour
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study, the patients less than 15 has the highest risk of drug resistant, however, the total number of
the children with drug resistant in our study is only 7, which may lead bias. Some analysis
revealed the patients younger than 25 have the highest pooled risk of MDR.(52) Our statistic is
consistent to the former results which illustrated that the frequency of MDR-TB is much higher in
younger patients than older patients who are less than 44. Patients whose age is higher than 45
and less than 54 have the lowest risk of MDR-TB. The risk is increased after 55 years old. It may
due to their body function or the diversity in life-style.(33)

Limitations

The method of data collection is not according to the sampling strategies for monitoring of drug
resistance, which may lead bias and reduce effectiveness to the following analysis and cannot
show the trend of drug-resistance. And we cannot analysis the prevalence of drug resistant based
on this survey. In future, we should do the cluster sampling, proportional to the number of cases
notified by the sampling of all diagnostic centers during a specified period. (3) However, the
sample size per province in this dataset is much higher than other studies in the same period. In
all, pay attention to the population with a large area of expanded geography can help us
understand the transmissions of drug resistant clearly, especially MDR-TB.

The misclassifications are still unavoidable, in spite of interviewing patients with questionnaire
and review of the medical records carefully to check previous therapy of TB, which are easier to
make a potential bias when estimated drug resistant stratified by previous history. (53)

Moreover, the further study should not be examined rather than merely previous treated group,

also the group who relapse after successful treatment, who return with default, who relapse with
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experience of failure previous treatment and etc. In future, we could train the data collector and
interview patients face to face to get the accurate result.(53) In addition, the prevalence of
XDR-TB is unclear because we do not perform DST for second-line anti-TB drugs in this study.
Therefore, we should check them in further study.

In this study, the patients are lack of supervision of treatment. In China, it’s difficult to do the
routine DST of TB and follow-up interview.(46) We need to monitor the therapy and drug

treatment of TB.
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CONCLUSION

In conclusion, China has a serious epidemic of drug resistant TB, above-average of global
estimated 4.8%, and the status varied obviously between provinces and.(33) High proportion of
MDR-TB (14.30%) in ten provinces has become a main challenge for TB control. Patients with
previous treated history have higher risk of drug resistant of TB, especially MDR-TB.
Continuous surveillance of drug-resistance should be enhanced according the guideline by WHO

in order to assess trends and help prevent and control it better.(3)
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RECOMMENDATIONS

We recommend training for data collectors. It is necessary for all provinces in China to conduct
their own continuous surveys and routine DST for TB to evaluation trends.(3) Provincial
surveys should also consider for the different previous treatment outcome including successful
therapy, treatment default or failure rather than merely previous treated.(11) It should also be
tested the drug resistant of second-line drugs in spite of first-line drugs. Moreover, established

the surveillance system included the drug treatment of TB and HIV.(2)
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TABLES AND FIGURES

Table 1.Characteristics of patients and information for the 10 provinces in 2004 — 2006

Population Average Total  No. of new No. of previous  No. of Male
Province Year

(*million) of age cases cases (%)  treated case (%) cases (%)
Jilin 2004-2005 27.1 45.58 349 276(79.1) 73(20.9) 249(71.4)
Beijing 2004 15.4 45.99 108 91(84.3) 17(15.7) 66(61.1)
Zhejiang 2006 47.2 41.09 97 72(74.2) 15(25.8) 53(54.6)
Fujian 2004-2006 35.1 49.00 479 323(67.4) 156(32.6) 319(66.6)
Henan 2004-2005 97.2 49.37 98 65(66.3) 33(33.7) 65(66.3)
Hunan 2004 61.6 45.98 102 47(46.1) 55(53.9) 74(72.6)
Xinjiang  2005-2006 19.6 46.85 186 125(67.2) 61(32.8) 112(60.2)
Gansu 2004-2006 26.2 39.12 220 193(87.7) 27(12.3) 134(60.9)
Sichuan ~ 2004-2005 86.5 45.98 106 56(52.8) 50(47.2) 78(73.6)
Guangxi 2006 28.5 51.63 209 140(67.0) 69(33.0) 147(70.3)

Total 2004-2006 444.4 4649 1954  1388(71.5) 556(28.5) 1297(66.4)
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Table 2.Drug Susceptibility to Four First-Line Anti-tuberculosis Drugs

New cases Previous treated Total
Drug

(n=1388) cases (n=556) (n=1954)
Any resistance to INH 217(15.6) 205(36.9) 422(21.6)
Any resistance to RFP 184(13.3) 192(34.5) 376(19.2)
Any resistance to SM 237(17.1) 153(27.5) 390(19.9)
Any resistance to EMB 106(7.6) 117(21.0) 223(11.4)
Single first line drug-resistant 168(12.1) 51(9.2) 219(11.2)
Resistance to INH only 53(3.8) 21(3.8) 74(3.8)
Resistance to RFP only 25(1.8) 10(1.8) 35(1.8)
Resistance to SM only 72(5.2) 14(2.5) 86(4.4)
Resistance to EMB only 18(1.3) 6(1.1) 24(1.2)
Multiple drug-resistant 116(8.4) 164(29.5) 280(14.3)
INH+RFP 22(1.6) 33(5.9) 55(2.8)
INH+RFP+SM 32(2.3) 40(7.2) 72(3.7)
INH+RFP+EMB 4(0.3) 21(3.8) 25(1.3)
INH+RFP+SM+EMB 58(4.2) 70(12.6) 128(6.5)
Multiple drugs resistant 91(6.6) 38(6.8) 129(6.6)
INH+SM 36(2.6) 13(2.3) 49(2.5)
INH+EMB 6(0.4) 4(0.7) 10(0.5)
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INH+SM+EMB

RFP+SM

RFP+EMB

RFP+SM+EMB

SM+EMB

6(0.4)
29(2.1)
10(0.7)
3(0.2)

1(0.1)

3(0.5)

5(0.9)

7(1.3)

4(0.7)

2(0.4)

9(0.5)
34(1.7)
17(0.9)
7(0.4)

3(0.2)
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Table 3.Drug Resistance of TB for the 10 provinces in 2004 — 2006

Jilin Beijing Zhejiang Fujian Henan Hunan Xinjiang Gansu Sichuan Guangxi

INH 0.29 1.85 1.03 4.59 5.1 2.94 8.6 3.18 0.94 7.66
RFP 0.29 0 5.15 0.42 1.02 2.94 1.08 5.91 1.89 2.87
SM 029 833 2.06 2.3 3.06 0.98 5.38 19.55 0.94 2.39
EMB 0.29 0 15.46 0 1.02 1.96 2.15 0.45 0 0

SDR-TB 1.16 10.18 23.7 7.31 10.20 8.82 17.21 29.09 3.77 12.92
INH+RFP 0.57 1.85 0 2.71 0 5.88 2.15 0.91 15.09 4.78
INH+RFP+SM 1.15 1.85 1.03 6.68 2.04 5.88 2.15 2.27 11.32 1.91
INH+RFP+EMB 057 093 3.09 1.88 0 2.94 0 0.45 2.83 1.44
INH+RFP+SM+EMB 2.01 0 8.25 1566  6.12 9.8 1.61 0.91 9.43 3.35
MDR-TB 4.30 4.63 12.37 26.93 8.16 24.51 5.91 4.55 38.68 11.48
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Table 4.Analysis of Risk factor for Drug-resistant of TB in Patients

No. of Single No. Of
Characteristics OR (95% CI) OR (95% CI)
DR( (%) MDR(%)
Gender
Male 140 (10.8) Reference 193 (14.9) Reference
Female 77 (12.5) 1.18 (0.88-1.57) 86 (14.0) 0.89 (0.69-1.16)
TB treatment
New cases 141(10.7) Reference 112(8.5) Reference
Previously treated cases  64(13.7) 1.48 (1.08-2.04) 125(26.8) 5.46 (4.12-7.24)
Age Group
<15 4(30.8) Reference 3(23.1) Reference
15-24 26(10.4) 0.39 (0.07-2.15) 22(8.8) 0.11 (0.02-0.56)
25-34 35(8.7) 0.17 (0.03-0.93) 70(17.4) 0.21 (0.04-0.97)
35-44 38(10.7) 0.33 (0.06-1.80) 54(15.2) 0.23 (0.05-1.07)
45-54 29(9.8) 0.34 (0.06-1.92) 42(14.5) 0.30 (0.06-1.44)
>=55 66(12.4) 0.25 (0.05-1.32) 83(15.5) 0.27 (0.06-1.22)
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Figure 1.The geographical location and relative area in selected 10 provinces
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Drug-resistance against four first line drugs in ten provinces, China
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provinces in 2004-2006




