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Introduction to the general discussion 
 
This thesis describes the results of the first national tuberculosis (TB) prevalence survey among 
the adult population in Vietnam. The primary objective of the survey was to estimate in a 
nationwide representative survey the prevalence of pulmonary TB among the adult population 
of Vietnam, stratified by areas (urban, rural and remote). The first TB prevalence survey in 
Vietnam was combined with a first nationwide tuberculin survey, to estimate the prevalence of 
infection and the annual risk of infection (ARTI) among children aged 6-14 years, and to 
explore the relationship between the TB prevalence, TB notification and ARTI in Vietnam. 
Using the survey data, we also evaluated the TB case yield of the screening questionnaire and 
chest X-ray (CXR) applied in the prevalence survey, investigated the health seeking behaviour 
of persons with prolonged cough; proportions of cases treated in the private sector not reporting 
TB cases to the National Tuberculosis Programme (NTP); and assessed the association between 
socioeconomic status and TB in Vietnam. In this chapter, we summarize and discuss the main 
findings, implications for TB control in Vietnam and for future studies.  
 
 
High TB prevalence in Vietnam 
 
Results from the national TB prevalence survey showed that the burden of TB in Vietnam was 
considerably greater than assumed thus far. The observed prevalence was much higher than 
previously estimated by WHO in 2006, which was estimated based on tuberculin survey data 
from the 1990s (Chapter 2).1 Our study confirms that TB prevalence, and probably incidence, 
cannot be reliably inferred from such data using Styblo’s rule.1-3 
In Vietnam, NTP consistently reports lower TB notification rates in the North and Center than 
in the South of Vietnam. Also case notification rates are lower in the remote and mountainous 
areas than in other areas.4, 5 In 2003, a low TB prevalence rate was reported in three provinces 
in remote and rural areas in Vietnam.5 In our study, we confirmed the relatively low TB 
prevalence rate in remote, mountainous areas compared to the urban and low-lying rural areas. 
Lower TB incidence in highland (high altitude) than in lowland areas has been observed in 
previous studies.6,7 The causes of this gradient are unknown, though there are many possible 
explanations. First, the population density is usually higher in lowland than highland areas.9 
Second, there are data suggesting that Nitric oxide (NO) are high in the upper respiratory tract 
but low in the lower respiratory tract, and NO is an important mediator of the inflammatory 
response to M. tuberculosis.8 Third, socio economic, cultural and other factors may play a role. 
The North-South gradient in TB notification rates has been reported before.9  This gradient may 
be the result of many factors, including a higher proportion of the population living in 
mountainous areas in the North compared to the South, socio-economic factors, literacy, 
urbanization and household size.7,10  Thus, the low case notification rates from remote areas are 
probably not a result of limited access to health care. Reflecting the case notification rates, the 
prevalence survey showed that the prevalence of TB was lower in Central and North than in 
South Vietnam. Also the patterns in terms of age and sex were in line with case notification 
data of the Vietnam NTP. (Chapter 2) 
 



Chapter 8 
 

99 
 

Based on the data of the first national tuberculin survey, we also observed that the prevalence 
of infection and ARTI were higher in urban than in rural and remote areas; increased with age, 
and was higher in the South than in the Center and North together. (Chapter 7) 
In conclusion, the prevalence of TB in Vietnam was about 1.6 times higher than previously 
estimated based on Styblo’s rule, while the observed patterns in terms of age, sex and 
geographical distributions were in line with case notification data of the national TB program 
and were also in line with age and sex patterns found in other countries. Since we found a 
higher TB prevalence rate than expected, we recommend that the control of TB should remain a 
high priority for Ministry of Health.  
 
 
Case detection rate lower than previously estimated 
 
The case detection rate (CDR), i.e. the proportion of incident TB cases that are diagnosed, has 
been used by WHO as an important indicator for the performance of TB control programs. The 
CDR is calculated by dividing the annual new smear-positive TB case notifications by the 
estimated annual new smear-positive TB incidence.11, 12 
In the first national TB prevalence survey in Vietnam, in order to approximate the case 
detection rate through the prevalence rate, which was obtained in a single cross-sectional 
survey, we applied the patient diagnostic rate (PDR), which can, using TB prevalence, directly 
measure the speed of TB case detection of TB programs.12 The PDR is the rate at which 
prevalent cases are detected by a control program and is calculated by dividing the number of 
notified cases per 100,000 persons per year by the prevalence rate per 100,000 persons. After 
that, with the assumption of the average duration of disease being two years in the absence of 
case detection, the estimated CDR can then be obtained using the formula: CDR = PDR / (PDR 
+ 0.5). 12  
With the data from the Vietnam TB prevalence survey, the CDR as calculated using this 
method was substantially lower than the CDR estimated previously for Vietnam in the year 
2006,13 although the assumption has to be made that the combined rate of death and self-cure 
would be 0.5 pyr–1 assuming that the average duration of disease is 2 years in the absence of 
case detection,12 which may be violated in Vietnam, because duration of disease may also 
depend on other factors such as living and occupational conditions, smoking behaviour, etc. A 
recent systematic review to estimate the duration of untreated TB in HIV negative patients in 
the pre-chemotherapy area estimated that the duration of TB from onset to cure or death is 
approximately 3 years in the absence of availability of treatment.14 Apply this new estimate to 
the formula for calculating the CDR, it can be calculated as: CDR=PDR/(PDR+0.33), resulting 
in an estimated CDR of 65%. If we assume that the true duration of TB disease in absence of 
case detection will lie between 1 and 4 years, the CDR estimate as based on the PDR ranges 
from 38% to 71%. This is still lower than the CDR of 86% as estimated previously. A potential 
explanation for the lower than expected case detection rate is that an unknown proportion of 
TB cases remains undiagnosed and untreated. In the screening interview of the TB prevalence 
survey, only 30% of smear positive TB cases complained of cough for more than 2 weeks with 
sputum and only 53% of smear positive TB cases complained of cough for more than 2 weeks 
with sputum in the in-depth interview, thus passive case detection based on of persistent 
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productive cough only would have detected about half of the TB cases. Similar findings were 
reported from a local TB prevalence survey in Hanoi carried out in 2003/2004.15 Besides, not 
all TB cases will seek treatment in health care facilities that report their TB cases to NTP: in the 
prevalence survey, about 10% of the previously or currently treated TB cases was diagnosed 
and treated in private and public facilities not reporting to NTP, and these will not be included 
in the notification rate (Chapter 3). 
In 2009, partly based on the results of Vietnam TB prevalence survey, WHO has revised the 
CDR estimate for new smear positive TB in Vietnam, reducing it from 86% in 2006 to 62% 
(95% CI, 45-75%) in 2008.16  
An often mentioned reason for the low CDR may be the low access to NTP diagnostic 
facilities. However, in Vietnam, the tuberculosis control activities at district and commune 
level are fully integrated into the general health care system.4 From 1997, DOTS services 
covered 100% of the districts and approximately 99% of the population by the end of 2000, 
increasing to nearly 100% in the year 2010.17 Vietnam NTP has a well established laboratory 
network for AFB smear microscopy covering 100% of the districts, ensuring nearby services 
for the total population.18 Besides that, increased access to and use of health services of ethnic 
minority groups and the poor was one of five main objectives in the Vietnam NTP development 
plan for the period 2007-2011.19 However, barriers to DOTS services need to do be assessed 
and addressed to increase the accessibility to high quality NTP diagnostic facilities.  
  
In order to improve case-finding in Vietnam, additional case detection tools such as active case 
finding for high risk groups, extension of the criteria for TB suspects to not only include 
suspects coughing for more than two weeks, using CXR for screening purposes for all 
individuals presenting with respiratory symptoms, and/or application of the newly developed 
rapid Xpert® MTB|RIF test may be needed.20, 21 Furthermore, Vietnam NTP needs to put 
efforts in capturing all data on TB cases diagnosed and treated in the private sector for the 
notification report through strengthening the collaboration between NTP and public facilities 
not reporting to NTP and private facilities. (Chapter 3 and 4) 
NTP should consider expanding the eligibility criteria for smear examination to include other 
TB symptoms than cough, as well as introducing active case finding based on CXR, since this 
was found to be more sensitive as a screening method. (Chapter 2 and 5) 
 
 
Tuberculosis burden by age and sex 
 
TB notification rates in many countries, including Vietnam, tend to increase with age.4, 22 The 
study in Chapter 2 showed a strong and statistically significant correlation with age, both for 
the prevalence of CXR abnormalities and persistent productive cough, and for the prevalence of 
bacteriologically confirmed TB. Similar results have been published before in other TB 
prevalence surveys.23, 24 A strong correlation between TB prevalence and age is regarded as an 
epidemiologically encouraging sign as it may reflect a decrease in infection risk over calendar 
time with a resulting increase of the prevalence of infection to older age groups from which 
cases continue to emerge.25 Whether the incidence is decreasing in Vietnam remains to be 
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verified, e.g. by comparing the TB prevalence estimate obtained from a next TB prevalence 
survey with the estimate that is presented in this thesis.  
 
In many countries the male-to-female ratio among TB patient is greater than 1. 23, 25, 26, 27 Our 
study showed that the male-to-female ratio ranged from 4.5 for culture-positive TB to 5.1 for 
smear-positive TB. (Chapter 2) This was 1.7 times higher than the male-to-female ratio of the 
notification rate of new smear-positive TB (2.8) in the year 2006, suggesting lower case 
detection in men than in women. A possible explanation for this difference is the large 
difference in the proportion of men and women smoking.28 In 2008, WHO reported that 2% of 
women are current smokers, compared to 44% of men, and 34% of men smoke daily. 29 Men 
may attribute their cough to smoking whereas women possibly value cough as a reason to seek 
care. Other possible explanations for the high male-to-female ratio may be the higher HIV 
prevalence among men than among women 30, and the higher alcohol consumption rate among 
men. 31  
 
We concluded that the case detection rates in women are higher than that in men. The sex 
difference in TB notification in Vietnam reflects a true difference in disease occurrence rather 
than a difference in access to diagnosis and treatment as some previous studies have 
suggested.23, 25, 27, 32 More research to investigate potential differences in the epidemiology of 
TB between the men and women is needed. Vietnam NTP should pay more attention to case-
finding among men to improve case detection rate.  
 
 
Proportion of TB treatment in private sector 
 
In many settings, a substantial proportion of TB cases is detected and treated by private care 
providers, and the private sector is an important source of care, even for poor people and where 
public services are widely available.33, 34 In Vietnam, like in all high TB burden countries, the 
proportion of TB cases diagnosed and treated by private care providers not reporting to the 
NTP remains unclear. A study on the private sector in HCMC, the biggest city in Vietnam with 
the highest economic growth rate in the country, showed that half of all TB patients diagnosed 
by the public sector in HCMC initially sought help in the private sector.35 Our study found that 
of cough suspects who seek health care, the health facility most often approached first was the 
pharmacy, followed by the commune health post (CHP), public hospital and private physicians. 
(Chapter 4) 
From the data of the prevalence survey we estimate that 8.2% of TB cases were treated in 
private clinics and 2.9% in public hospitals not reporting to the NTP (Chapter 3). The 
proportion of TB patients treated in the private sector was much lower than reported previously 
from HCMC (40%).36 In our survey, the proportion of TB patients treated in the private sector 
was relatively high in the South (11.7%). We had no information about patients’ reasons for 
seeking care in private facilities. Reasons for this difference are not known since published 
studies on health care seeking behaviour in North and South Vietnam describe distinctly 
different population and methods. 
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In conclusion, an important proportion of TB patients were treated in private clinics and public 
hospitals not reporting to the NTP. With the rapid growth of the private sector in Vietnam and 
the availability of TB drugs in private pharmacies,37 it is important to identify ways to improve 
private TB care,38 e.g., by establishing better collaboration and coordination between the NTP 
and the private sector through the Public Private mix approach,35 and by improving and 
expanding the reporting systems so that all facilities where TB patients are diagnosed and 
treated are captured.  
 
  
Health seeking behaviour of the individuals with prolonged cough  
 
Since TB prevalence surveys include a representative sample of the country’s population it 
provides a valuable opportunity to collect additional data on health-seeking behaviour. This 
data can be collected by interviewing TB suspects on e.g. on their symptoms, TB history, if and 
where previous TB was treated, health seeking behaviour for the current symptoms, and if the 
sputum examination and CXR had been done at the health facilities where help was sought.39  
Our data showed that about 56% of the persons with cough symptoms had not yet sought care. 
However the cross-sectional nature of this study meant that we could only capture those with 
existing complaints, and we don’t know if persons with cough symptoms might have sought 
care later on. Other TB prevalence surveys also reported significant proportions of 
symptomatic TB suspects who had not (yet) visited a health care facility. 24, 40, 41 (Chapter 4) 
Although an unknown proportion of the persons who did not seek care for symptoms would 
have done so at a later point in time, this result indicates that the Vietnamese NTP needs to 
strengthen health education activities to increase the awareness of the population about TB 
related symptoms.42, 43 Such awareness should also be raised for risk groups like family 
members of TB cases,44-46 increasing the TB knowledge among TB patients during treatment, 
so they will seek health care earlier if they have relapse TB.  
The median patient delay was 3 weeks, which is shorter than in other studies,47, 48 but similar to 
the results of the nation-wide study on health care seeking behaviour of TB patients in Vietnam 
in the year 2002.32 However, average and median delays were calculated including suspects 
with persistent cough who had sought medical care only, and we do not know which of the 
cough suspects may have sought care at a later point in time. Since a prevalence survey by 
definition interrupts ‘natural’ delay processes, and, although we tried to correct for the right-
censoring, these estimates are likely to be strongly underestimated. Alternatively, delay can be 
estimated from total duration of disease using several formulas. First, applying the estimated 
CDR of 38% to 71% as mentioned above, we calculated estimated incidence rates (I) of 132 to 
248 per 100,000 population. Then, we calculated the duration of disease by dividing the TB 
prevalence by the estimated TB incidence (using the formula I = P/d), 49 Using this approach, 
the duration of disease was estimated to be between 0.6 and 1.2 year. This duration includes 
patient delay, diagnosis and treatment delay, and the time from start treatment until the time a 
patient will no longer be able to spread the disease. Although patient delay only makes up for 
part of this duration, clearly patient delay must be much longer than 3 weeks. It should be noted 
that estimation of total patient delay is difficult since many patients may not have any any signs 
or symptoms of TB or do not recognize these.  
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In conclusion, pharmacies may be an important source of health care advice for the population 
in Vietnam. To increase both the number and proportion of properly treated TB patients, the 
NTP should direct specific interventions to pharmacies, such as training on the recognition of 
TB symptoms and introduction of a suspect referral system.50  
 
 
Chest X-ray and interview screening tools using in the TB prevalence survey 
 
TB prevalence surveys require large sample sizes. Simple screening tools to identify 
individuals at high risk of TB (TB suspects) and only doing the laboratory test in this group 
reduces the workload and the cost of the survey. Many prevalence surveys have used symptoms 
and/or CXR as screening methods in order to detect TB suspects for further examination by 
sputum smear microscopy or sputum culture. 23, 51-57 
 
Our study showed that CXR was highly sensitive for detecting TB cases in the prevalence 
survey. CXR screening yielded 91% of the identified cases, whereas screening for persistent 
cough symptoms yielded only 38% of the cases (Chapter 5). 
Our study thereby shows the importance of CXR as a screening method in prevalence surveys 
as opposed to relying on screening for cough only. Other studies also reported a high sensitivity 
of CXR screening.58, 59 The sensitivity estimated from our study is higher than sensitivities 
reported from earlier prevalence surveys,60, 61 possibly because different X-ray technologies 
were used and because the suspect criteria in our study included minor abnormalities, leading 
to a relatively low specificity of CXR. However, there may have been verification bias in our 
study since only a small proportion (4%) of people with normal CXR had laboratory 
examination for diagnosis TB, and this may have resulted in overestimation of the sensitivity of 
CXR for detecting TB.  
In the Vietnam TB prevalence survey, we used both mass miniature radiography (MMR, non-
digital; 2 mobile MMR systems used in easily accessible clusters in urban and rural areas) and 
3 mobile digital X-rays in remote areas (Chapter 2). All the radiologists were trained for 
technical aspects and the use of the X-ray equipment, standardized X-ray reading, and scoring 
and recording the results. The use of digital X-ray equipment provided good quality control, 
electronic storage of images and easy transport of images for re-reading. However, CXR still 
has limitations such as low specificity, with no abnormalities being specific for TB, and the 
requirement of special equipments and of trained personal for operation and interpretation the 
CXR results, both of which are not always available in resource poor settings. 
 
In conclusion, the chest radiography is a highly sensitive screening tool for use in TB 
prevalence surveys but should be accompanied by symptom screening.  
 
 
TB and poverty 
 
TB is mainly a disease of the poor and has been associated with a high level of poverty.62 Many 
possible underlying mechanisms have been put forward, such as higher transmission and/or 
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progression rates among poor people,63, 64 limited access to diagnosis and treatment, and lower 
standards of care.65 Other, potentially related, causes may be poor nutritional status, low 
education level, and demographic factors.64,66 The nature and gradient of the association 
between the socioeconomic status and TB vary across countries.57  
Based on the information collected in the TB prevalence survey that was found to best predict 
poverty in the 1997-1998 Vietnam Living Standard Survey database, which was an economic 
household survey following established World Bank methodology 67 we developed a scoring 
sheet to be filled in at household level including the availability of four commodities (TV, 
radio, motorbike and car) and five characteristics ethnicity of household head (Kinh or other), 
main fuel used for cooking (wood/straw/leaves or other), floor of the house (earth or other) and 
the number of women and children between 6 and 15. Using this information, we could predict 
household expenditure level with fair accuracy. The weighted prevalence rate of 
bacteriologically positive TB was 2.5 times higher among the households at the lowest 
expenditure level compared households at the highest level of expenditure, suggesting that TB 
is strongly related to poverty in Vietnam. (Chapter 6)  
We conclude that socio-economic status can be assessed by a simple tool, provided that 
extended recent information is available from extensive living standard surveys that can be 
analyzed to select the variables that best predict household expenditure level. Using a set of 
nine household characteristics, we found a strong association between TB prevalence and 
poverty in Vietnam like previously published studies using different approaches to assess 
poverty. 65, 68, 69 
Further studies are needed to identify the barriers related to poverty in Vietnam, in order to 
improve TB control among the poor.64  
 
 
Prevalence of infection and ARTI in Vietnam and the relationship between 
ARTI, TB prevalence and notification 
 
The annual risk of tuberculous infection (ARTI) measures the extent to which transmission of 
tuberculosis has occurred in the recent past in the community.70, 71 Using a cut-off point of 
10mm, we estimated the prevalence of M. tuberculosis infection in Vietnam at 16.7%, and the 
ARTI was 1.7%. (Chapter 7) 
Similar to previous studies, we found that the prevalence of infection and ARTI increased with 
age,25, 72-74 presumably because older children have been exposed over a longer period of 
time.73 Data from repeated tuberculin surveys showed a significant decline in ARTI in 3 of 6 
provinces.75 Moreover, we found a significant association between TB infection and the 
presence of TB patients in the household, and a borderline significant association between the 
prevalence of tuberculosis and the prevalence of infection per cluster. We aimed to find a 
possible quantitative estimate of the relationship between these two rates and found that an 
increase in ARTI by a full percentage point would lead to an increase in TB prevalence of 32%, 
from 145 to 191/100,000 (using the observed ARTI of 1.67%, based on a TST cut-off of 10 
mm). However, the R-square values were small, suggesting that only a small proportion of the 
prevalence of infection could be explained by the observed variation in TB prevalence rates. 
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More studies assessing this relationship are needed to study how this quantitative relationship 
varies between different epidemiological and demographic settings. (Chapter 7) 
 
It has been suggested that tuberculin skin test (TST) surveys are still useful for assessing time 
trends and geographical variations in risk of infection.76,77 Van Leth at el. suggested a 
potentially useful role of regularly repeated TST surveys because of the relatively stable ratio 
between the number of TB infections occurring per year per prevalent smear-positive TB case 
within a single country.3 Using the ARTI estimates based on a fixed cut-off point of 10mm, we 
calculated that this ratio was 11.7 (8.4-15.3) for our survey, which is much higher than the 
range of ratios (2.6-5.6) presented earlier from Korea; China; and Philippines.3 Although it 
should be noted that these ratio’s are highly country specific, a possible reason is that the 
difference in the fixed cut-of point, which was set at 10mm in the survey in Vietnam. The use 
of this low cut-off point at 10 mm may have reduced the specificity of the TST due to cross-
reactions with mycobacteria other than tuberculosis (MOTT), since many children had 
intermediate-size reactions due to MOTT, the extent of which varies considerably between 
settings.78,79 This possible effect of MOTT made the estimation of the infection prevalence 
more uncertain,79 and may also have affected the association between the TB prevalence and 
the observed ARTI. Since we presented the first national tuberculin survey in Vietnam it 
remains to be investigated whether the ratio between the number of TB infections per prevalent 
smear-positive TB cases is stable for Vietnam.  
 
 
Limitations 
 
A TB prevalence survey is the most direct epidemiological tool to measure the burden of TB. 56 
However, such a survey is logistically difficult to perform, time-consuming and expensive. The 
cost of a TB prevalence survey is 1-2 million USD in Asia and 1-4 million USD in Africa.57 
Conducting a TB prevalence survey requires a lot of human resources. The first TB prevalence 
survey in Vietnam was run by more than 170 staff from the central level and about 1050 local 
health workers, with a duration of 9 months in the field. A TB prevalence survey also needs 
strong commitment and leadership from NTP, Ministry of Health, government at all levels, 
adequate laboratory capacity, especially for culture, and support from international expert.57 TB 
prevalence surveys require a very large sample size. For example, if the prevalence of sputum 
smear-positive TB is 100/100,000 population, a random sample of 100,000 people is expected 
to find about 100 TB cases. Since the surveys usually only measure pulmonary TB among 
adults, because TB is less common in children younger than 15 years and childhood TB is 
difficult to diagnose, only adults are included.76 Despite these problems, we obtained a direct 
measurement of the absolute burden of TB which allowed the re-estimation of the TB burden in 
Vietnam. It also provided us with valuable information on the TB epidemiology in Vietnam. A 
single TB prevalence survey cannot assess the impact of tuberculosis control measures. Repeat 
surveys are needed in order to monitor TB epidemiology and control and measure trends in TB 
burden.57 
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Implication for TB control 
 
The results of the first Vietnam TB prevalence survey have been used to evaluate and improve 
approaches to TB control. The survey contributed to building capacity and expertise for the 
conduct of TB prevalence surveys globally. The NTP in Vietnam needs to improve its 
surveillance system; improving case notification by collaboration with the private sector and 
parts of public sector not currently reporting to NTP in order to capture the data of TB cases 
diagnosed and treated outside of NTP. Also access to groups with inadequate case detection 
(e.g. the elderly, the poor, migrants, and HIV-infected persons) should be improved, intensive 
case-finding for high risk groups and contact investigations should be implemented, and 
possibilities for the introduction of new sensitive and rapid technologies for the diagnosis of TB 
should be investigated. Several of these recommendations were addressed by NTP. First, an 
internet based surveillance system was implemented 2009 and now collects case-based data 
from 200 of 800 districts in Vietnam. Second, from the year 2010 onwards, Vietnam NTP has 
implemented several interventions to increase TB case-finding. For example, public-public 
partnership and public-private mix projects were started, the implementation of the practical 
approach to lung health (PAL) was expanded, collaboration with the HIV/AIDS program was 
strengthened and TB control activities in confined setting such as prisons were increased 
(implementing chest X-ray screening of all prisoners twice yearly). Finally, new rapid 
techniques as GeneXpert are being rolled out to accelerate the diagnosis TB.  
 
 
Recommendations for future research 
 
A TB prevalence survey is a suitable tool to assess the TB burden in the country. We 
recommended repetition by a second nationwide TB prevalence survey.57  
From the first survey, there were some lessons for the following TB prevalence surveys such 
as:  
- Only the second sputum specimen was cultured, which may be less sensitive than culturing 
two specimens as has been done in the other surveys and this may have led to underestimation 
of the prevalence of culture-positive tuberculosis.80 Thus, a next TB prevalence survey should 
include evaluation of two sputum samples by culture or by an equally sensitive method.  
- In the first prevalence survey, we did not collected data on HIV-infection. The next survey 
needs to collect data on HIV in order to identify the prevalence of HIV-TB co-infection in the 
population. 
- The development of new diagnostic tools, such as Xpert MTB/RIF testing,20 gives new 
possibilities for investigation of the prevalence of TB. NTPs may consider applying these new 
techniques in the TB prevalence survey. The Xpert MTB/RIF system is designed for the 
GeneXpert platform, to detect M. tuberculosis as well as rifampicin resistance-conferring 
mutations directly from sputum.21 The advantage of applying the GeneXpert in the TB 
prevalence survey is that the test provides results within two hours, with high sensitivity and 
specificity, and also provides information on rifampicin resistance. The sensitivity of the Xpert 
MTB/RIF test for detecting TB ranges from 70% to 100% in culture-positive TB and around 
77% in those with smear-negative TB.21, 81 The test’s specificity ranges from 91% to 100%. 
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This test also can also be applied in children.21 However, the disadvantage of applying 
GeneXpert in TB prevalence surveys is the capacity of the test per day (15-20 tests per unit-day 
for single, four-module GeneXpert)20 so in the field, several four-module instruments or larger 
instruments (8, 16 modules or more) are needed plus a lot of cartridges, which are voluminous 
and require waste disposal. The cost of Xpert MTB/RIF is much higher than the cost of 
microscopy, and similar to the cost for performing culture and drug susceptibility testing.20 
Therefore, NTPs should carefully consider the place of Xpert MTB/RIF in the diagnostic 
procedure of TB in the next prevalence survey. However, in the repeat survey, the most 
important is the standardization of the sampling design and as much as possible of the survey 
tools – e.g. screening strategy, chest X-ray, laboratory methods in both surveys, to make the 
surveys comparable.57 Xpert MTB/RIF testing and liquid-medium sputum culture have 
differences in sensitivity and specificity, which would make comparisons between two surveys 
be problematic, even impossible. To solve this problem, studies may need to be conducted to 
comparing the sensitivity and specificity of Xpert MB/RIF and liquid culture in the field. 
Alternatively, both techniques could be applied to part of the samples of the prevalence survey 
for the purpose of comparing their sensitivity and specificity. The different of sensitivity and 
specificity of the test will then be taken into account in the analysis of the second survey. 
- In order to evaluate case-finding activities in Vietnam, besides the TB prevalence survey, 
capture-recapture methods may be considered to estimate the number of TB cases missed by 
notification data. However, this requires near-to-complete surveillance data of high quality 
available from at least two independent sources.49, 82-84 
 
In summary, this thesis reports that in Vietnam TB prevalence was 1.6 times higher than 
previously estimated, while the observed patterns in terms of age, sex and geographical 
distributions were in line with case notification data of national TB program and patterns found 
in other countries. A significant number of TB cases in the population were not yet detected. 
Other important findings of our studies were the role of the private sector and of public 
hospitals not reporting to NTP in TB treatment, the use of chest radiography as a sensitive 
screening tool in TB prevalence surveys, and the association between TB prevalence and 
poverty in Vietnam. We recommend that TB control remains a high priority for Ministry of 
Health in Vietnam. 
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