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Abstract 
 
 
Background: Tuberculosis prevalence surveys generally rely on a combination of screening 
methods to identify suspects eligible for sputum culture. We assessed the yield of screening 
methods applied in a recent prevalence survey in Vietnam and estimated the proportion of 
tuberculosis cases missed due to incomplete participation. 
 
Methods:  Tuberculosis suspects were identified based on self-reported tuberculosis history 
or productive cough by interview, and chest X-ray (CXR). We calculated the case yield of 
these two screening methods by dividing the number of cases detected per method by the total 
number of cases detected. Since not all participants underwent the full screening procedure, we 
re-calculated the maximum yield of the screening methods using multiple imputation methods. 
 
Results: The yields of screening by interview and CXR were 38% and 91%, respectively. 
Adjusting for missing data by multiple imputation, we estimated that we missed 9.9% (95% CI: 
6.8 – 14.2) of expected tuberculosis cases. 
 
Conclusion: In prevalence surveys, screening by pre-structured interview is insufficient, and 
should be supplemented with CXR to achieve sufficient identification of tuberculosis cases. 
The effect of incomplete participation to the full screening procedure may be substantial and 
should be adjusted for in the analysis.  
 
 
Keywords Vietnam, Tuberculosis, Prevalence, screening  
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Background 
 
To assess the burden of tuberculosis (TB), the World Health Organization (WHO) has 
recommended to conduct prevalence surveys in countries with an estimated prevalence of 
pulmonary TB of more than 100 per 100,000.1 Identification of all cases of pulmonary TB in a 
population would require that all eligible persons provide a sputum specimen for 
bacteriological examination using a near-to-100% sensitive method. Although most populations 
have persons who will not participate, this was done in some small-scale surveys.2, 3 This is not 
possible in large-scale surveys conducted in resource-poor countries due to physical, practical 
and logistic constraints (cost, overload of laboratories). Therefore, four screening strategies 
using three different methods were recommended by WHO to identify cases: assessing 
symptoms and signs with questionnaires, chest X-ray (CXR) and sputum examination, 
including smear microscopy and culture.1, 4 It is unclear to what extent these screening options 
contribute to identification of TB suspects and, ultimately, of TB cases. In most published TB 
prevalence surveys, 1, 4 the study population was first screened to identify TB suspects, and 
sputum samples were collected only from the identified suspects. In this way, not all TB 
patients will be identified since TB may remain without symptoms or signs.5, 6 In addition, with 
such multi-step screening methods some of the survey participants may not complete all steps, 
resulting in incomplete data and potentially also in underestimation of the number of TB cases 
detected. The WHO recently published a handbook in which the effect of missing data was 
assessed in the data of the Philippines national prevalence survey.7 However, to our knowledge 
there are no published survey reports that mention assessment of the effects of such missing 
data on the prevalence estimates. 
The nationwide TB prevalence survey in Viet Nam, conducted in 2006-2007, showed that in 
persons aged ≥ 15 years, the prevalence of bacteriologically confirmed TB was 307/100,000 
(95% CI: 249 – 366), respectively.8 In this survey, TB suspects were identified by a screening 
questionnaire (TB treatment history, or presence of persistent productive cough) and by CXR 
screening (presence of abnormalities suggestive for TB). Based on these data we aimed to 
assess the yield of the two screening methods applied in the survey relative to the total case 
yield.  
 
 
Methods 
 
The prevalence survey had a cross-sectional design, with multistage cluster sampling, stratified 
by area (urban, rural, remote). In total, 105,000 adults (≥ 15 years) divided over 70 clusters 
were selected proportional to population size. A detailed description of the survey is given 
elsewhere. 8  
The following screening algorithm was applied: all participants (i.e., those attending at least 
one method of screening) were first screened to identify TB suspects using a short structured 
screening questionnaire and CXR. The screening questionnaire started with questions to 
identify TB suspects who were currently receiving TB treatment or had received treatment in 
the two years preceding the survey. Only those without report of recent TB treatment were 
interviewed to identify suspects with current cough for more than two weeks with sputum 
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production (persistent productive cough). All participants underwent CXR screening by 
70x70mm mass miniature radiography (photofluorography) or digital X-ray units. X-ray 
images were scored as showing no abnormalities (normal), abnormalities suggestive for TB, or 
other abnormalities. All abnormal X-ray images were reread in central X-ray reading units. 8 
Identified suspects were requested to submit three sputum specimens for examination. 
A TB suspect was defined as a person reporting recent or current TB treatment, persistent 
productive cough, or having an X-ray image with abnormalities suggestive for TB. A smear-
positive pulmonary TB case was defined by presence of either two or more positive smears, or 
one positive smear plus an abnormal X-ray image suggestive for TB, or one positive smear plus 
a positive culture. A culture-positive case was defined as a suspect with a positive culture. A 
TB case was defined as a case with smear-positive and/or culture-positive pulmonary TB.9, 10 
Final classification of each TB case was done by a consensus panel including an international 
expert not involved in the design or implementation of the study.  
 
Data management and analysis 
All data were double entered in EpiData; discrepancies were checked against the raw data. Data 
analysis was performed using Stata v10SE (Stata Corporation, College Station Tx, USA).  
We calculated the yield of screening interview and CXR as the proportion of TB cases detected 
by each method out of the total number of cases detected. We then calculated the incremental 
yield of each screening method, defined as the proportion of cases detected if the second 
method would be added, which excluded the cases detected in the group of non-suspects.  
As not all participants were screened by all methods since some were unable to undergo e.g. 
CXR screening, and not all suspects identified took part in the bacteriological examination 
(either because no sputum specimen was submitted or because there was no result available 
although a sputum sample was given), we adjusted for potentially missed cases in each method 
by using multiple imputation methodology with the Stata “ice” command that uses chained 
equations for imputation with the assumption that data were missing at random (MAR), which 
excluded the group of participants with sputum examination but not marked as tuberculosis 
suspects. 11-14 Bacteriological results were only available for TB suspects; we therefore 
assumed that there were no TB cases among those screened but not earmarked as TB suspect. 
The number of TB cases was estimated by imputation of missing bacteriological data using 
logistic regression models including variables known from all participants that were potentially 
associated with TB: CXR result, TB history, productive cough, sex, age, area, zone, cluster of 
residence, and socioeconomic status (as estimated from a list of 9 characteristics scored for 
each household to predict household expenditure).7, 8, 15 We subsequently re-calculated the 
sensitivity of the screening methods taking the pooled imputes of ten imputed datasets into 
account.  
 
Ethical approval 
The Research Board of the National Hospital for Tuberculosis and Respiratory Diseases in 
Hanoi gave scientific and ethical clearance to implement the study. 8  
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Results 
 
Of 103,924 eligible persons, 94,179 (91%) participated in at least part of the screening 
procedure, (4,714 were only screened by questionnaire, 421 only by CXR, and 89,044 by both 
methods). In total, 7,498 suspects were identified and 269 tuberculosis cases (among which 174 
smear–positive cases) were detected. The screening interview yielded 4,572 suspects, of whom 
4,357 submitted at least one sputum specimen for examination (95.3%), yielding 96 TB cases 
(2.1%), including 69 (1.5%) with smear-positive TB. Of 3,681 suspects with CXR 
abnormalities suggestive of TB, 3,472 provided sputum for examination (94.3%), of whom 229 
(6.2%) had TB and 153 (4.2%) had smear-positive TB (Table 1). 
Of the 4714 persons who only were screened on symptoms, 76 were asked to hand in a sputum 
specimen, probably because they could not have a CXR done. Of those, only 71 had sputum 
done, with 2 TB cases identified and 69 classified as no TB. 
Sixteen (2.8%) cases were detected among 565 persons who submitted sputum for examination 
without meeting the criteria of a TB suspect (Table 1). Sputum samples were collected of those 
persons due to deviation from the screening protocol (i.e., 201 persons reported cough, but for 
less than 2 weeks or without sputum production, 52 participants had an CXR result that was 
abnormal but not suggestive for TB, and 59 participants received TB treatment but longer than 
2 years ago), or because information about the CXR result in the field was missing (111 
persons), or for unknown reasons (142 persons part of whom were considered by the survey 
team as TB suspects who were too ill or too old to fully participate in the survey and they were 
visited at their home to collect sputum samples).  
Table 2 shows the number and proportion of cases and suspects identified in the prevalence 
survey by the different screening methods. Interviews and CXRs labeled 4.9% and 4.2% of 
survey participants as suspects, respectively. Among suspects identified by interview and CXR, 
2.2% and 6.6% were detected as TB case, respectively.  
The figure shows a Venn diagram of the distribution of TB cases by screening method. X-ray 
images from 21 of 23 confirmed cases with cough were rated as normal, whereas 2 cases did 
not undergo CXR examination. 
Table 3 shows the prevalence of missing data by level of participation in the two screening 
methods (participation to only one or both methods). Age was more often missing of persons 
only screened on symptoms than of those participating to both methods.  
Among TB suspects, there was no association between sex, age, socioeconomic status, and 
area, zone and cluster of residence and the probability of the bacteriology result being missing 
(data not shown). 
The case yield was 37.9% for screening by interview and 90.5% for screening by CXR. 
Imputation of missing data using a multiple imputation model excluding those who submitted 
sputum for examination without meeting the criteria of a TB suspect (n=565), resulted in an 
estimated number of 266 TB cases, which was 5.1% (95% CI: 3.0 – 8.6) more than the 253 
cases detected in the survey (from TB suspects with bacteriology results).  
These estimates corresponded to adjusted case yield estimates of 37.2% for interview screening 
and 91.0% for CXR screening (Table 4). 
 
 



Chapter 5 
 

58 
 

Discussion 
 
The case yield of CXR 8 as a screening method in the Vietnam prevalence survey was much 
higher than that of screening by interview for TB history and cough: 91% versus 38%. This 
study thereby shows the importance of CXR as a screening method in prevalence surveys as 
opposed to relying on screening for cough only. Applying multiple imputation methods raised 
the prevalence of TB among participants with 5.1 %. The fact that 16 TB cases were found 
among 565 non-suspects (2.8%) shows that limiting bacteriological examination to TB suspects 
identified by screening by interview and CXR may lead to underestimation of the TB 
prevalence.  
Although the interview yielded slightly more TB suspects than CXR examination, the latter 
was more sensitive for TB patients and therefore led to a higher case yield among suspects. The 
sensitivity of either method cannot be directly inferred from these data since the true number of 
TB cases in the population is unknown. Methods have been proposed to adjust for this so-called 
verification bias but our data did not allow their application for lack of TB case data from a 
random sample of non-suspects, and because of the small proportion of survey subjects who 
had TB. 16 If we assume that 10% of the TB cases remained undiagnosed, the sensitivity of 
CXR would become 229/(253/0.9) = 81.5%, while that of interview becomes 96/(253/0.9) = 
34.2%. At 30% of TB cases remaining undiagnosed, the corresponding sensitivities would be 
63.4% and 26.6%, respectively. Thus, the TB case yield resulting from our analyses reflects the 
maximum sensitivity that can be achieved with either method, and the sensitivity of screening 
for persistent productive cough as used in this survey is at any rate very poor and substantially 
below that of CXR. 
A high sensitivity of CXR screening was also reported from a South African prevalence survey, 
26 of 29 (97%) TB patients had a CXR abnormality suggestive for TB,17 whereas in a Kenyan 
study, 180 of 226 (80%) culture-positive TB patients had such CXR abnormalities.18 These 
sensitivities as well as the high maximum sensitivity estimated from our study are higher than 
those reported from earlier prevalence surveys,19, 20 possibly because different X-ray 
technologies were used and because the suspect criteria in our study included minor 
abnormalities, leading to a lower specificity of CXR. In prevalence surveys, this is a way of 
maximizing case finding although it requires that more suspects need to be examined.  
Only 755 (10.1%) of the suspects both had persistent productive cough and an abnormal CXR 
image. This is partially due to the rather strict criteria used to identify suspects: only those with 
cough for at least 2 weeks with sputum or CXR abnormalities suggestive for TB qualified as 
suspects. Loosening these criteria to any cough and any abnormality would have yielded 764 
more suspects and an overlap of 20.3%. 
As not all participants were fully screened or were not screened according to the protocol, and 
not all TB suspects were examined for the presence of (viable) bacilli in their sputum, we 
adjusted for potentially missed cases by using multiple imputation methodology with the 
assumption that data are MAR. This assumption is reasonable if enough variables predicting 
the missing data are included in the imputation model. 11-14 When excluding the 565 persons 
who did not meet the TB suspect criteria, imputation yielded 266 TB cases corresponding to a 
weighted prevalence rate of 284.6/100,000 (95% CI: 247.5 – 321.6; weighted for stratification 
by area, differential population growth between 1999 and 2006 and unequal cluster size). This 
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prevalence is nearly the same as the weighted prevalence rate of 285.3/100,000 (95% CI: 227.4 
– 343.1) obtained when excluding TB cases arising from those not meeting the criteria of TB 
suspects, and is slightly lower than the weighted prevalence rate of 307/100,000 (95% CI: 249-
366) reported earlier,8 indicating that the reported prevalence estimate was not importantly 
biased by partial non-participation.8 
We estimated that this survey would have yielded 266 TB cases if all participants were 
screened by both methods and sputum specimens of only TB suspects would have been 
screened. As 253 TB cases were detected from TB suspects, we missed about 5.1 % of the 
expected cases. Had we applied the new case definitions adopted by WHO (requiring only one 
positive sputum smear to declare someone a smear-positive TB patient), 21 we would have 
found 259 cases from the TB suspects, leading to a total of 271 cases when applying multiple 
imputation models. 
There were 16 cases detected from 565 non-suspects (2.8%). This proportion was much higher 
than expected as it was much higher than e.g. TB notification rates suggesting that this 
subpopulation cannot be regarded as a random sample of all screening-negative participants. A 
significant proportion of these 565 non-suspects concerned persons considered by the survey 
teams as potential TB suspects being too ill or too old to fully participate in the survey. 
However, the fact that we identified 16 TB patients among those who did not fulfill the criteria 
of a TB suspect shows that application of screening algorithms to limit the number of persons 
to be bacteriologically examined necessarily leads to underestimation of the prevalence of TB.5, 

6 Incomplete screening of participants may lead to further underestimation of the true TB 
prevalence. However, in this prevalence survey, the degree of underestimation is small. Note 
that this source of underestimation of the true number of TB cases in our survey population is 
different from the underestimation that stems from the potentially incomplete sensitivity of the 
combined screening methods (i.e. verification bias, mentioned above) and that ideally both are 
taken into account in design and data analysis of TB prevalence surveys.  
The reported findings are most likely country-specific since they are partly influenced by 
environmental, social and cultural factors. Event within Vietnam, there were regional 
differences in the prevalence of cough, which was more often reported in the North than in the 
South, whereas TB was more prevalent in the South than in the North.8 Therefore, country-
specific suspect yields should be assessed before the start of any TB prevalence survey. 
 
 
Conclusions 
 
In prevalence surveys, screening by pre-structured interview is insufficient, and should be 
supplemented with CXR to for sufficient identification of TB cases. The effect of incomplete 
participation to the full screening procedure should be taken into account in the analysis. 
Prevalence surveys should also include procedures to assess the magnitude of verification bias.  
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Table 1. Tuberculosis suspects identified by different screening methods. 
 
  Number of 

tuberculosis 
suspects Sputum 

examination  

Smear - 
positive 

Tuberculosis 
cases 

All 
Tuberculosis 

cases* 
  n %‡ n %‡ n %‡ n %‡ 
Suspects identified by 
interview 4572 100.0 4357 95.3 69 1.5 96 2.1 
Suspects identified by 
chest X-ray 3681 100.0 3472 94.3 153 4.2 229 6.2 
Total suspects (by 
interview or chest X-
ray) 7498 100.0 7083 94.5 164 2.2 253 3.4 
Not meeting the criteria 
of TB suspects **   565 100.0 10 1.8 16 2.8 
 
Total number of 
sputum examinations     7648 100.0 174 2.3 269 3.5 

* either with smear-positive or smear-negative, culture- positive tuberculosis 
** Persons who submitted sputum for examination without meeting the criteria of a TB suspect 
(i.e. productive cough or TB history or CXR abnormal suggestive for TB), but considered as 
suspects by survey teams. 
‡ %: Row percent



Chapter 5 
 

63 
 

 
Table 2. Number and proportion of cases and tuberculosis suspects identified in the 
prevalence survey by different methods. 
 

Screening method 
Number 
screened 

Number (%) 
with positive 

screening 
result 

Number 
with 

sputum 
examined 

Number 
(%)* of 

tuberculosis 
cases 

Interview 93758 4572 (4.9) 4357 96 (2.2) 

 
History of TB (recent TB 
treatment) 93732 428 (0.5) 382 25 (6.5) 

 
Symptoms (productive 
cough) 93330** 4172 (4.5) 4003 71 (1.8) 

Chest X-ray (TB suggestive 
abnormality) 87642 3681 (4.2) 3472 229 (6.6) 

 
* percentage of those with sputum examination 
** ignoring 9 participants with a positive history of TB treatment who were also screened for 
cough 
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Table 3. Probability of an individual having missing data for tuberculosis status by two 
screening methods. 

 
* For the difference of the proportion of persons with missing values among those screened by 
this method only compared to the proportion of persons with missing values among those 
participating in both methods. 

Characteristics 
Screening by 
both methods Symptom screening only Screening by CXR only 

   
N % n % 

P 
value* n % 

P 
value* 

Total 89044   4714     332     
Sex 8 0.01 1 0.02 0.404 0 0 0.863 
Age group 17 0.02 6 0.13 <0.001 0 0 0.801 
Socioeconomic 
status 6395 7.18 338 7.17 0.976 24 7.23 0.974 
Area 0 0 0 0  0 0  
Zone 0 0 0 0  0 0  
Cluster of 
residence 0 0 0 0   0 0   
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Table 4. Yield of tuberculosis cases of interview and chest X-ray screening, followed by 
sputum examination, in the prevalence survey in Vietnam, 2006-2007. 
 

Method Number of 
cases 

detected Case yield 

Case yield of additional method 

 Interview CXR 
  n % n % n % 
Interview 96 37.9     157 62.1 
CXR 229 90.5 24 9.5   
Total cases 253      

Applied multiple imputation ** 
Interview 99 37.2   167 62.8 
CXR 242 91.0 24 9.0   
Total cases 266      

 
* CXR: Chest X-ray 
** Multiple imputation model including variables AFB found, CXR result, TB history, 
persistent productive cough, sex, age, area, zone, social economic status. 
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Figure: Tuberculosis cases detected in the Vietnamese tuberculosis prevalence survey 
among suspects by different screening methods (n=253). 
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