
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Tuberculosis burden in Vietnam: What have we gained from the first national
prevalence survey?

Nguyen, B.H.

Publication date
2013

Link to publication

Citation for published version (APA):
Nguyen, B. H. (2013). Tuberculosis burden in Vietnam: What have we gained from the first
national prevalence survey? [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/tuberculosis-burden-in-vietnam-what-have-we-gained-from-the-first-national-prevalence-survey(9b265d3c-27ad-4634-8269-b20dbfb40aed).html


1 
 

 
 
 
 
 
 
 
 

CHAPTER 1 
 
 
 
 

GENERAL INTRODUCTION 
 

 
 
 
  
 



Chapter 1 
 
 

2 
 

Tuberculosis epidemiology in the world 
 
Tuberculosis (TB) is a major global health problem. In 1993, the World Health Organization 
(WHO) declared TB a global emergency.1 According to WHO estimations, about 8-9 million 
new cases of TB disease occur annually, and nearly 2 million people die as a result of TB. 
About 80% of TB patients in the world reside in 22 so-called high TB burden countries.2 TB is 
the eighth highest leading cause of death in low- and middle-income countries, and it ranks as 
the third cause of death among adults aged 15-59.3  
 
 
TB and TB infection  
 
TB is an infectious airborne disease caused by Mycobacterium tuberculosis.4, 5 TB most 
commonly affects the lungs but can involve almost any organ of the body. Extrapulmonary TB 
accounts for about 20% of disease in HIV negative people but is more common among people 
living with HIV/AIDS.4, 6 TB can spread by airborne droplet nuclei, which may contain 
tubercle bacilli, produced when people with pulmonary TB cough, sneeze, sing or talk.4, 7-10 
The probability of becoming infected with tubercle bacilli depends on the density of the 
infectious droplet nuclei and the duration of exposure of a susceptible individual.7 
 
People infected with TB have about 10-20% risk of developing active TB during their lives.4, 7, 

11-13. This risk varies between people,7, 14 depending on factors such as infectious dose and time 
since infection,7, 14 M. tuberculosis strain,15 smoking,16-20 and host immunity, which is 
influenced by co-morbidity,21 malnutrition,22 HIV infection,23, 24 and other factors. The risk of 
developing active TB is highest in the first two years after infection, and a risk of developing 
TB remains lifelong.4, 7, 25 This risk is greatly increased by HIV co-infection, with the annual 
risk of developing TB in persons co-infected TB/HIV in the order of 10%.23 HIV positive 
people are up to 37 times more likely to develop TB than people who are HIV-negative.2 
 
The risk of dying from TB is dependent on the site and type of the disease and the timeliness of 
diagnosis.7 A recent systematic review on the duration and case fatality 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, and around 70% of untreated smear positive and 20% of 
untreated culture-positive TB patients die within 10 years.26 
 
TB treatment is challenging because of its long duration with a combination of drugs and the 
increasing occurrence of drug resistance.27 Especially the occurrence of multidrug-resistant TB 
(MDR-TB), defined as resistance to both isoniazid (INH) and rifampicin (RIF) challenges 
effective TB control.28 Compared to treatment of susceptible TB, treatment of MDR-TB is 
more complex, takes longer, is much more expensive, has poorer treatment outcomes and 
usually produces more severe side effects.29-32.  
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TB and poverty 
 
TB has been referred to as a “disease of poverty” given the association between TB and low 
socioeconomic status.33-39 Poverty increases the risk of TB and TB can deepen poverty, because 
of costs related to diagnosis and treatment, and lost income because of inability to work.40 
Many possible underlying mechanisms have been put forward, such as higher transmission 
and/or progression rates among poor people,40, 41 limited access to diagnosis and treatment, and 
lower standards of care.33, 41, 42 Other, potentially related, causes may be poor nutritional status, 
low education level, and demographic factors.40 
 
 
Measuring the burden of TB 
 
An important activity of TB control programs is surveillance to assess the epidemiological 
situation, in order to plan TB control and monitor the success of the TB control program in 
reaching its targets as well as the targets set by the World Health Assembly and the Millennium 
Development Goals.43, 44, 45 Many countries facing a high burden of TB are resource limited and 
have weak and incomplete routine surveillance systems. They do not cover all TB patients 
diagnosed (e.g. due to underreporting in the private sector), and an unknown proportion of TB 
cases remain undiagnosed and untreated. 45 Thus, the true burden of TB disease remains largely 
unknown.  
 
The incidence of TB is estimated, using various methods. The World Health Organization has 
summarized the estimation methods listed below.1. 
- TB incidence can be obtained by direct measurement from TB notification data, assuming that 
the TB notification rate is equal or a very close proxy to the ‘true’ TB incidence.1 This method 
can be used every year if the necessary data exist. However, this method is only valid if there is 
strong evidence that nearly all TB cases are diagnosed and notified, which is very difficult, or 
impossible for most countries with a high burden of TB.1, 45  
- Another method to obtain an estimate of the TB incidence is to indirectly estimate it by 
assessing the completeness of TB notification data, using the onion model.1 However, the 
estimates of cases missed in each layer are based on expert opinion and not on scientific 
evidence and therefore the adequacy of the estimate relies on the quality of the experts and is 
hard to verify. 
- TB incidence can be obtained by direct measurement from prospective cohort studies by 
following a large population and counting the number of TB cases that occur in one year. 1, 44, 

46, 47 However, since the incidence of TB is usually below 500/100,000 this method is costly, 
time consuming and logistically very difficult.  
- TB incidence could be obtained by indirect estimation using mortality data recorded in vital 
registration systems.1, 44 TB incidence is estimated as the number of TB deaths divided by the 
estimated case-fatality rate. This method requires good routinely collected vital registration 
data. However, in most countries with a high burden of TB and poor resources, vital 
registration data are weak and incomplete. 45 
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- TB incidence could be obtained by indirect estimation through a tuberculin survey, using 
Styblo’s rule.48 i.e. 1% annual risk of tuberculin infection (ARTI) reflects an incidence rate of 
new smear-positive TB of 50/100,000. The ARTI is estimated from tuberculin skin test (TST) 
reactions among children participating in tuberculin surveys. However, recent data led to the 
conclusion that Styblo’s rule cannot longer be used for estimating TB incidence.49, 50  
- TB incidence could be obtained by indirect estimation through measuring the prevalence of 
pulmonary TB in the (adult) population in cross-sectional surveys. The TB incidence is 
estimated as the prevalence of disease divided by the estimated average duration of TB disease 
in years.44, 45, 51 However, the average duration of disease is largely unknown.26  
- If good surveillance data are available from at least two independent sources (e.g. TB 
registers and laboratory data), capture-recapture methods can be applied to estimate the number 
of TB cases missed in notification data.1, 52-54 However, one of the assumptions underlying this 
methodology 1, 52, 55 is that the probability of being observed in one register is not affected by 
being observed in another, and this assumption is usually not met.1, 52  
 
 
Tuberculin surveys 
 
TST surveys are used for measuring the prevalence of M. tuberculosis infection. With the 
assumption that the annual risk of infection is constant over time and independent of age, TST 
surveys provide information about the annual risk of tuberculosis infection (ARTI) in the 
population.56, 57 The ARTI refer to a risk to a specific calendar time b+x, when b indicates the 
calendar time at which the cohort in the survey was born and x is a number between b and a 
(the age of the cohort at a calendar time b+a, the time when the survey was conducted). 
Because the risk may change over calendar time, x has been approximated to lie at the midpoint 
between the year b and year (b+a). 56  
 
ARTI was used in the past to estimate the incidence of smear-positive TB applying the Styblo 
rule, which assumes that 1% ARTI reflects an incidence rate of new smear-positive TB of 
50/100,000.48 However, this mathematical relationship was assessed before directly observed 
treatment short-course (DOTS) was introduced and before the HIV epidemic arose, and now is 
no longer considered valid.49, 50 Tuberculin surveys have other limitations, such as the 
methodological difficulties in the interpretation of the results of the survey,58 cross-reactions 
resulting from infection by other mycobacteria and BCG,50, 56 digit preference in reading of the 
TST,59 and difficulties in obtaining a useful and valid cut-off point.58 However, as tuberculin 
surveys are cheaper and logistically less complicated than prevalence surveys,44 they are still an 
important tool for identifying the extent of current transmission in the community,58 and for 
assessing time trends and geographical variations in risk of infection.44, 60  
 
 
TB prevalence surveys 
 
A TB prevalence survey is the most direct epidemiological tool to measure the burden of TB 45 
and aims to estimate of the prevalence of pulmonary TB in a country or specific area (usually 
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among the adult population). 61 Prevalence surveys are cross-sectional population-based 
surveys, usually with multistage cluster sampling, and sometimes applying stratification for 
instance by urban / rural areas or between defined geographical areas of the country to ensure a 
representative and precise overall estimate of prevalence. 45 A prevalence survey can give 
information about aspects of TB control, provide insight in the burden of TB and, if repeated 
over time, can show the impact of TB control. A prevalence survey also contributes to capacity 
building of national TB programs, as it helps developing skills and capacity in leadership and 
management, diagnosis of TB based on chest X-rays, smear examination and culture, and data 
management and data analysis.  
 
In most prevalence surveys, all survey participants are screened to identify the individuals with 
a high risk of TB (TB suspects), e.g., by interview about TB symptoms and chest X-rays. 
Sputum samples are then collected from TB suspects for microscopy examination and culture 
to identify TB cases among study participants.  
 
Through a prevalence survey other valuable information also can be gained, such as 
information on health seeking behaviour of symptomatic TB suspects,45 the association 
between socioeconomic status and TB, the proportion of TB cases not (yet) diagnosed by the 
NTP, and the proportion of TB cases diagnosed in the private sector not reporting to NTP. 
 
TB and TB control in Vietnam 
 
General information about Vietnam 
Vietnam has a total surface area of more than 330,000 km2 and approximately 88 million 
inhabitants, with an annual population growth rate of 1.2%. Vietnam has topographical 
diversity with mountainous, mid-land and lowland areas and a coastal strip. 
Administratively, there are four levels in the country: central; city/provincial; district and 
commune. Vietnam has 63 provinces, 694 districts and 11,120 communes. 
The poverty rate of the whole country in 2008 was 13.4%, showing a continuous decrease 
compared with 2006 (15.5%) and 2004 (18.1%).62 The World Bank reported an annual growth 
rate in GDP per capita of 5.19% in 2008 and the GDP per capita increased from 558 (in 2004) 
to 731 (in 2006) and 1070 USD (in 2008).  
 
 
Organization of the health care sector 
Health services in Vietnam are organized along a four-tiered pyramid. At the top of the 
pyramid is the Ministry of Health (MoH), which is the main national authority in the health 
sector and together with the Provincial, District and Commune Peoples Committees, formulates 
and executes the health policy and programs in the country. At the second tier are 63 Provincial 
Health Bureaus, each serving 0.3-7 million population. In each province there is at least one 
general provincial hospital with 200–1,000 beds. At the third tier are the District Health Centers 
(DHC). The DHC’s are in charge of health management in the district and health activities 
down to the grassroots level. In each district there is a district general hospital, including a 
laboratory and a unit for hygiene, epidemiology and malaria. At the bottom of the pyramid are 
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the Commune Health Centers (CHC), each serving 2,000 to 10,000 people. A CHC usually has 
4-6 commune health workers.  
 
The Vietnam National Tuberculosis Programme (NTP) was formed in 1986 and the DOTS 
strategy was formally initiated in 1992, reaching 100% coverage by 2000.63 Organizationally, 
the TB program is fully integrated in the primary care system at the district and commune 
levels; diagnosis by smear microscopy is performed in general hospital laboratories or in the 
TB unit of a health center at the district level; TB treatment begins after a patient is registered 
by the primary health care staff for either in-patient service at the district hospital if needed or 
for out-patient care at the commune level.  
 
In Vietnam, private health care facilities are common, especially in the big cities. In 2001-2002, 
a study conducted in one rural area reported that about 60% of patients used private health care 
facilities first.64 Up to 40% of all TB cases in HoChiMinh City (HCMC), the biggest city in 
Vietnam, were estimated to be treated in the private sector,65 and half of all TB patients 
diagnosed by the public sector in HCMC initially sought help in the private sector.66 With the 
rapid general development within Vietnam, it is expected that the private sector will gain 
importance in the near future.  
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Figure 1. Notification rate of new smear positive and all forms of tuberculosis per 100,000 
population in Vietnam, 2000-2011 (Source: Vietnam National Tuberculosis programme).  
 
Tuberculosis burden 
Vietnam ranks 12th among the 22 countries with the highest number of TB patients (high 
burden countries) in the World.65 
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Since 2000, the TB case notification rate for all forms of TB has remained steady with a range 
of 111 to 118 per 100,000 population, whereas the rate of new smear-positive TB decreased 
from 70/100,000 in 2000 to 61/100,000 population 2008.  
 
Major epidemiological questions in Vietnam  
 
From 1997 to 2006, it was estimated that TB control in Vietnam had reached the WHO target 
of detecting 70% of all new sputum smear-positive cases arising each year, and of treating 85% 
of the detected cases succesfully.43, 63, 67 Mathematical models predict that TB incidence will decline 
about 11% (range 8-12) when these targets are met.68 However, the notification rate of new smear-
positive TB showed no decline (Figure1).67, 69 Although other explanations may play a role 
(e.g. emerging HIV epidemic, rapid industrialization with mass migration, increasing role of 
the private sector in TB treatment), the major epidemiological question for the Vietnam NTP 
was whether the case detection rate was indeed as high as estimated, i.e. what the true burden 
was of TB in the country. Related epidemiological questions were whether the TB epidemic 
was different in different geographical regions (as the South reported more TB cases than the 
North and Center), whether the low notification rate in remote areas was the result of low TB 
incidence or of limited access to TB care, and whether there was a relationship between TB 
prevalence, the TB notification rate and the annual risk of tuberculous infection in Vietnam. 
Also, the Vietnam NTP wanted to investigate the patterns of health seeking behaviour among 
people with prolonged cough and how many of these are diagnosed and treated by facilities 
reporting to NTP, and the association between socio-economic status and TB in Vietnam.  

 
General objective and outline of the thesis: 
 
This thesis describes the primary and secondary results of the first nationwide TB prevalence 
survey in Vietnam. It aims to estimate the prevalence of pulmonary tuberculosis among the 
adult population of Vietnam, and ARTI among children aged 6-14 years. Secondary aims of the 
survey were to compare the prevalence of TB and prevalence of infection between areas 
(mountainous and remote, rural and urban areas); to explore the relationship between 
prevalence of tuberculosis, notification rates and ARTI; to assess health-seeking behaviour 
related to complaints of prolonged cough; to assess the sensitivity of different screening 
methods; and to assess the association between socioeconomic status and TB.  
- Chapter 2 presents the main outcomes of the survey: the estimated prevalence of pulmonary 
TB among the adult population in Vietnam in the whole country and by demographic and 
geographical area, and the relationship between prevalence of pulmonary TB and the 
notification rate in Vietnam.  
- Chapter 3 estimates the proportion of TB cases treated in the private sector and the 
demographic characteristics of those choosing treatment in the private sector. 
- Chapter 4 describes health seeking behaviour among adults with prolonged cough in order to 
provide knowledge on health care seeking behaviour which may guide targeted interventions 
and thus may help improving the case finding in Vietnam. 
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- Chapter 5 presents the TB case yield of the different screening methods (questionnaire and 
chest X-ray) used in the prevalence survey. It also estimates the proportion of potentially 
missed cases by each method due to incomplete participation.  
- Chapter 6 assesses the validity of using a simple list of nine household characteristics for 
estimating household expenditure in the prevalence survey and investigates the association 
between TB and household expenditure level to identify TB risk groups in which case finding 
efforts should be increased.  
- Chapter 7 presents the estimated ARTI among 6-to-14 year old children from the nationwide 
tuberculin survey, and the relationship between the prevalence of TB and ARTI. 
- Chapter 8 provides a general discussion of the findings described in this thesis and 
suggestions for further research as well as for the second nationwide prevalence survey in 
Vietnam, which is planned for the year 2014. 
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Figure 2. A. Map locating all clusters in the first          B. Population density of Vietnam, 2000 
nationwide prevalence survey  
(Copyright 2005. The Trustees of Columbia University in the City of New York. 
Available at: http://sedac.ciesin.columbia.edu/gpw.) 
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