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Abstract

Background

A Tuberculin skin test (TST) survey was conducted to assess the prevalence of latent TB

Infection (LTBI) and to estimate the annual risk ofM. tuberculosis infection (ARTI) in Gam-

bian school children. The results are expected to contribute to understanding of Tuberculo-

sis epidemiology in The Gambia.

Methods

This was a nationwide, multi-cluster survey in children aged 6–11 years. Districts, 20 of 37,

were selected by probability proportional to size and schools by simple random sampling.

All TST were performed using the Mantoux method. Height and weight measurements were

obtained for all participants. We calculated prevalence of LTBI using cut-off points of 10mm,

the mirror and mixture modelling methods.

Results

TST readings were completed 13,386 children with median age of 9 years (interquartile

range [IQR] 8–10 years). Mixture analysis yielded a cut-off point of 12 mm, and LTBI preva-

lence of 6.9% [95%CI 6.47–7.37] and the ARTI was 0.75% [95%CI 0.60–0.91]. LTBI was

associated gender and urban residence (p <0.01). Nutritional status was not associated

with non-reactive TST or sizes of TST indurations. ARTI did not differ significantly by age,

gender, BCG vaccination or residence.

Conclusions

This estimates for LTBI prevalence and ARTI were low but this survey provides updated

data. Malnutrition did not affect estimates of LTBI and ARTI. Given the low ARTI in this sur-

vey and the overlapping distribution of indurations with mixture modelling, further surveys
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may require complementary tests such as interferon gamma release assays or novel diag-

nostic tools.

Background
Population-based annual risk of TB infection (ARTI) derived from Tuberculin skin test (TST)
surveys among children is an epidemiological index related to the intensity of community TB
transmission. [1] Young children are the preferred target group for TST-surveys as their ARTI
estimates correlate better with the recent TB situation in the target community; and sequential
ARTI estimates from repeated surveys may be useful for measuring the trend of TB transmis-
sion.[2, 3]

The WHO conducted first surveys of TB infection (LTBI) and disease in The Gambia in
1958 and 1960 respectively.[4, 5] In addition, there have been other national/subnational sur-
veys in 1976[6], 1984[7], and 1991[8]. Gambia has not conducted any other survey since the
National Leprosy and Tuberculosis Programme was established in 1984. Because earlier survey
data are old and guidelines and recommendations for conduct of TST-surveys have changed, it
was important to assess the recent burden of LTBI and estimate ARTI.

Therefore, we set out to determine the prevalence of LTBI, estimate ARTI, and the effect of
nutritional status on LTBI prevalence estimates in a representative sample of schoolchildren.
We aimed to produce a reliable baseline against which to compare trends in transmission and
evaluate disease control efforts in the future.

Methods

Study setting and population
Setting. The Gambia is the smallest mainland country in sub-Saharan Africa with a popu-

lation of 1.88 million [9] as well as one of the poorest. [10] It has a low HIV prevalence (1.2%
[0.8%–1.7%]). [11]

Population. This study conducted in 2011, was a nationwide cross-sectional study of pri-
mary school children aged 6–11 years (i.e. students in grades 1–4). BCG vaccination is given at
birth or as early as possible within the first month of life and national BCG vaccine coverage
has been>90% since 1990. [12] So all age eligible children irrespective of BCG scar status were
included.

Sampling. A final sample size of 12,096 was obtained from a calculated simple sample of
10,080 based on the following assumption; 2% precision for a baseline LTBI prevalence of 10%,
cluster coefficient of variation (k) of 40% with a 95% confidence interval (CI) of the between
cluster prevalence of 10% ± 8%, 20% inflation to account for exclusions, dropouts and errors.
In addition, if the survey is repeated 5 years later, the sample size will be able to detect a 2.5%
decrease in the prevalence of LTBI at the 5% significance level [1]

We followed a 2-stage process for countrywide sampling. First, we randomly selected dis-
tricts by probability proportional to size (PPS) sampling, which yielded 20 of the country’s 37
districts (Fig 1). Then, we selected lower basic schools by simple random sampling within the
selected districts (Fig 1). In the selected schools, all available age-eligible children present on
the day of testing were included. The survey team did not perform any further sampling within
the schools. Exclusion criteria were, children of non-consenting parents/guardians, those with
a significant skin rash (emphasis was on active weepy lesions or those sufficiently generalized
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to preclude placing the TST), those with history/evidence of recent TST, reported fever or obvi-
ous ill health on the day of testing and those receiving TB treatment.

Field procedures
Participant information. Children’s ages and/or dates of birth, gender and residence were

copied from the school register or if not available, obtained from the teacher after asking the
child. Gambian primary schools serve a range of well-defined catchment communities that stu-
dents come from.

BCG scar examination. The upper third of the left arm of every child was physically
examined first then the same location on the right arm for presence/absence of a typical BCG
scar. Where there was an atypical scar, the status was recorded as unclear.

Anthropometry. Heights were measured in centimetres with SECA Leicester mobile stadi-
ometer and weights with Tanita1 digital scale.

Tuberculin skin testing (TST). The survey team received training in testing, reading and
scar examination to ensure standardisation prior to the start of the survey. A reference nurse

Fig 1. Map of The Gambia showing administrative boundaries, population density and districts surveyed and number of schools surveyed per
district.

doi:10.1371/journal.pone.0139354.g001
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from the regional centre of excellence, Stellenbosch University, South Africa delivered this
training. We combined this training with a pilot survey in known TB cases and schoolchildren
following which testers and readers for the survey were selected on the basis of their training
evaluation reports.

All TST were performed using tuberculin, 2 TU in 0.1ml purified protein derivative (PPD)
RT23/Tween 80 (Statens Serum Institut, Copenhagen) with the same batch number for the
whole survey. [1, 13] The diameters of a palpable induration were measured after 48–72 hours
using a transparent ruler hours. [1, 13]

TST cut-offs for diagnosis of LTBI. We looked for a bimodal distribution of tuberculin
reactions with a view of using two TST cut offs-10 and 15 mm to estimate the prevalence of
infection as done in other surveys.[14] Since we did not observe a bimodal distribution, the
presence of a clear mode of tuberculin reactions was sought to estimate prevalence of infection
using the mirror method. The mirror method assumes tuberculin reactions are normally dis-
tributed around the mode for infection due toM. tuberculosis. [15] In absence of a clear mode,
the mode of reaction sizes of smear positive pulmonary TB cases with definite infection was
used to assign a cut-off. The distribution of TST induration sizes in this group is assumed to
correlate closely with the distribution in children with LTBI. [1]

Unlike the case in clinical settings where fixed TST cut-offs are utilised for decision-making
based on patient risk categories, TST cut-offs for use in surveys such as this are to be derived
from the observed distribution of TST induration sizes. [1]

Furthermore, national guidelines do not prescribe a TST cut-off for diagnosing LTBI. [16]
Similar to other surveys, [14, 17, 18] we used a fixed cut-off- 10 mm TST and cut-offs derived
from the mirror method and mixture model to estimate the prevalence of infection. [19]

Data management and analysis
Data were double entered, managed with Microsoft Access (Microsoft Corporation, Redmond,
WA., USA) and statistical analyses performed using Stata Version 12 (Stata Corp, College Sta-
tion, TX., USA). The key outcomes were the prevalence of LTBI and ARTI in Gambian
schoolchildren.

We examined frequency distributions of TST indurations for terminal digit preference and
calculated this as the ratio of the observed Mantoux test reading against a smoothed kernel.
The effect of 1000 different bandwidths was investigated (range of bandwidth: 0.5 to 3) to
explicitly illustrate digit preference.

Data analysis with and without smoothing to reduce the influence of digit preference on the
estimate of prevalence of infection was performed as recommended. [1, 20] We used the Kol-
mogorov-Smirnov test for equality of distributions to assess the presence of a difference in the
distribution of TST indurations (mm) by BCG scar status. We determined which method of
deriving a TST cut off provided the best estimate of LTBI prevalence using the Akaike’s Infor-
mation Criterion (AIC). For each TST threshold, prevalence and ARTIs were calculated and as
well as Clopper-Pearson exact confidence intervals of the ARTIs. [21, 22] Connected graphs
stratified by locality were used to illustrate the distribution of TST indurations stratified by
BCG scar status.

For each TST threshold, univariable and multivariable analyses on the covariates (i.e. age,
BCG scar, sex and locality) were performed with logistic regression modelling.

We calculated height-for-age (HAZ), weight-for-age (WAZ) and BMI-for-age (BAZ) in
STATA using the WHO AnthroPlus software based on the 2007 growth reference for children
and adolescents aged 5–19 years (or 61–228 months). [23] Children with WAZ<-2SD were
defined as underweight and as severe underweight at<3SD. Because the pubertal growth spurt
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may give the impression of excess weight (by WAZ) when children are just tall, WAZ reference
data are not available beyond age 10 years.[24] Stunting and severe stunting were defined as
HAZ<-2SD and<-3SD respectively. BAZ,>+1SD,>+2SD,<-2SD and<-3SD were the cut-
offs for definitions of overweight, obesity, thinness and severe thinness respectively. WHO
AnthroPlus automatically flagged extreme z-scores, which were then not used in the nutritional
analyses.

We performed significance testing for differences between proportions of the different
nutritional indices by location, and by categories of tuberculin reactions (non-reactive [0 mm],
reactive [>0 but<10 mm] and positive [�10 mm]). And performed unadjusted and adjusted
logistics regression analyses for associations between nutritional status and the three TST cut-
offs.

Estimating of the annual risk of M. tuberculosis infection (ARTI). ARTIs were esti-
mated using the formula below and applying the prevalence estimates for LTBI obtained using
the cut-offs and the mixture modelling.

ARTI ¼ 1� ð1� pÞ1=ðaþ0:5Þ ð1Þ
a: is the mean age of the children in years (0.5 years was added to the mean age calculated

from the survey data since age was recorded in full years at the last birthday)
p: is the prevalence of infection at the time of survey

Ethics statement
The Joint Gambia Government/Medical Research Council Ethics Committee approved the sur-
vey protocol. Written consent for study procedures was obtained from the parent or guardian
of every child.

We considered children with a positive TST (� 10 mm) as potentially infected. Those
assessed to have clinical symptoms suggestive of active TB in addition to a positive TST (� 10
mm) and/or history of recent TB contact was referred for further investigation. The Gambian
TB programme has a policy of TB preventive treatment for only under 5-year old children.

Results

Study Population
Participants were predominantly female (7052 of 13386, 52.7%) and the median age was 9
years (interquartile range [IQR] 8–10 years). The study flow chart is shown in Fig 2.

TST reactions
The frequency distribution of reactions sizes for all survey children with TST indurations>0
mm is shown in Fig 3. Majority of survey participants (10,679 of 13, 386 children, 79.8%) had
a TST induration readings of 0 mm and two had readings at or above 29 mm. Digit preference
was 1.75 and was only seen for 10mm sized reactions.

The smoothed TST distribution in Fig 4 yielded two larger modes (9.5 and 10 mm) i.e. the
higher peaks instead of a single conclusive mode while Fig 5 displays the TST distribution in a
sample of confirmed TB patients from which we derived an alternative mode. Assuming nor-
mality (normality test, p = 0.02), the mean of this distribution was 17.2 mm with a median of
17.5 mm and a mode of 17.5 mm (rounded to 17 mm).

Following application of mixture modelling to the smoothed distribution of tuberculin reac-
tions, we obtained the distributions seen in Fig 6. With the relatively large overlap between the
two composite distributions corresponding to false positive and false negative tuberculin
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results, a 12 mm TST cut-off equated the probability of false positives/negatives as illustrated
in Fig 6.

BCG scar
Majority, 9,740 (72.8%) of 13,386 children had a BCG scar. Fig 7 displays the distribution of
tuberculin reaction sizes stratified by scar status. Using a 10 mm cut-off for TST positivity,
there was a significant difference in the distribution of tuberculin reactions up to an induration
of 20 mm (p = 0.02). However, this difference was no longer seen on stratification of TST dis-
tributions by residence and BCG scar status (Figs 8 and 9) showing urban-rural residence

Fig 2. Study Flow Diagram.

doi:10.1371/journal.pone.0139354.g002
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confounds the effect of BCG. There was no difference at the 12 mm (p = 0.21) or 17 mm
(p = 0.81). Overall, TST results did not vary significantly by BCG vaccination status (p = 0.14).
There was a non-significant trend towards BCG scar as a surrogate for vaccination differing by
locality (rural, 23.6 [22.5–24.7]% vs. urban 22.3 [21.3–23.3]%, p = 0.08).

Estimating the prevalence of LTBI
Using TST cut-offs and considering demographic characteristics of participants. The

prevalence of LTBI was determined at 10 mm, 12 mm (mixture modelling) and 17 mm (mirror
method in TB cases). With the 12 mm cut-off, the prevalence of LTBI was 6.9% (95% CI: 6.5–
7.4%), which was lower than the 11.5% (95%CI 11.0–12.1) seen with the 10 mm cut-off. In
multivariate analyses, a positive result was associated with age at the 10 mm cut-off, with gen-
der residence at 10 and 12 mm, and urban residence at 12 and 17 mm (see Tables 1–3). School-
children aged 10–11 years were more likely to be TST positive compared to those aged< 9
years at the 10 mm and 12 mm but not at 17 mm (Tables 1–3) cut-offs.

Estimating of the annual risk ofM. tuberculosis infection (ARTI). ARTI estimates using
mixture method and fixed TST cut-offs: The estimated ARTI using all three TST cut-offs are as
shown in Tables 1–3. Overall, ARTI was highest using the fixed 10 mm cut-off. With the 12
mm cut-off, which fits our data best, the ARTI estimate is 0.75%. Unsurprisingly, ARTI was
least with the mirror method.

Nutritional Status and tuberculin reactions. WHOAnthro produced valid WAZ, HAZ
and BAZ scores for 6540, 9582 and 9550 participants. The prevalence of underweight children
was 11.2% (732 of 6540) and for severe underweight, 2.4% (158 of 6540). There were

Fig 3. Frequency distribution of tuberculin induration sizes (mm) among Gambian School Children
aged 6–11 years.

doi:10.1371/journal.pone.0139354.g003
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Fig 4. Frequency distribution of smoothed tuberculin induration sizes (mm).

doi:10.1371/journal.pone.0139354.g004

Fig 5. Frequency distribution of tuberculin induration sizes (mm) in a sample population with confirmed Tuberculosis.

doi:10.1371/journal.pone.0139354.g005
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significantly more underweight children in rural compared to urban areas (13.6% [95%CI:
12.2–14.9) vs. (9.6% [8.7–10.6] respectively, p<0.0001). The same pattern was seen for severe
underweight (3.7% [95%CI: 3.0–4.4] vs. 1.6% [1.1–2.0] respectively, p<0.0001).

The prevalence of stunting was 7.4% (710 of 9582) and 1.3% (127 of 9582) for severe stunt-
ing. There were twice as more stunted children in rural (10.3% [95%CI: 9.3–11.2]) compared
to urban areas (5.4% [95%CI: 4.8–6.0], p<0.0001). Severely stunted children were more than
2.7 times more likely to be inhabitants of rural (2.1% [95%CI: 1.6–2.5]) compared to urban
areas (0.79% [95%CI: 0.6–1.0], p<0.0001)

BMI-for-age did not differ by urban or rural residence and the prevalence of severe thinness,
thinness, overweight and obesity were 2.7% (260), 12.8% (1225), 1.8% (171) and 0.4% (41 of
9550) respectively.

In univariable analyses, WAZ, HAZ and BAZ were not associated with the categories of
TST induration sizes and there were no significant differences in the mean sizes of indurations
when only indurations>0 mm were considered. In multivariable logistic regression analyses,
underweight children were less likely to be positive for LTBI at the 10 mm cut-off (Odds Ratio,
OR 0.68 [95%CI 0.49–0.95], p = 0.023) but this effect was not seen with HAZ, BAZ and at the
12 and 17 mm cut-offs. BCG scar status and residence did not have an effect. Using 12 mm and
17 mm definitions for LTBI and adjusting for WAZ, HAZ, BAZ and BCG scar status, urban
residents were more likely to be TST positive (OR 1.35 [95%CI: 1.1–1.67], p = 0.006 and OR
1.72 [95%CI: p = 0.010 respectively). There were no interactions between WAZ, HAZ and
BAZ.

Fig 6. Derivation of TST cut-off frommixture modelling of the frequencies of tuberculin indurations (mm).

doi:10.1371/journal.pone.0139354.g006
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Tables 1–3 show overall adjusted estimates of ARTI adjusted for BAZ, age, gender, BCG
scar status and residence.

Discussion
Although there have been some earlier studies in The Gambia, the results presented here are
from the first nationwide tuberculin survey of schoolchildren following recommendations in
current guidelines. [1] Roelsgaard, et al, [5] found LTBI prevalence of 12% and 11% in urban
and rural Gambia respectively for children aged 0–9 years at a 10 mm cut-off. Although similar
to our results, 11.5% at a 10 mm cut- off, it is not directly comparable because 1 TU PPD was
used. TST induration sizes are affected by PPD strength.[25, 26] In 1976, others found a 19.7%
LTBI prevalence at 10 mm using the same 2 TU/ PPD RT-23 [6] as us. However, the popula-
tion surveyed were much older children with more cumulative TB exposure. About 15 years
later, a survey that included 6–11 year olds, found 42% LTBI at the same 10 mm cut-off and
only 34.7% had BCG scars.[8] The ARTIs from these earlier surveys were 3.05, 1.70, and 6.21
in 1958, 1976 and 1994 respectively. It would appear that LTBI and ARTI levels have now
declined at least compared to those seen in the 1994 at the 10 mm TST cut-off. Unfortunately,
any interpretation of trends is limited by differences in methodology of TST surveys and the
absence of concurrent TB disease prevalence data.

Addo, et al in Ghana found prevalence of LTBI at 17mm was<2% and ranged from 8.2–
11.8% for the 10 mm cut-off. A 15 mm cut-off, as expected, gave a lower prevalence of LTBI
(0.0–5.4%) and ARTI (0.0–0.6%) than for our 12 mm cut-off. Historical data from Benin
Republic gave lower LTBI and ARTI estimates (3.7% and 0.47%) with a lower burden of active
TB disease. However, authors used alternative methods for derivation of cut-offs for definitions

Fig 7. Frequency distribution of tuberculin induration sizes (mm) among Gambian School Children
aged 6–11 years by BCG scar status. 10,679 of 13, 386 children, 79.8% had 0 mm induration and are not
shown.

doi:10.1371/journal.pone.0139354.g007
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Fig 8. Frequency distribution of tuberculin induration sizes (mm) by residence in school children with a BCG scar present. 10,679 of 13, 386
children, 79.8% had 0 mm induration and are not shown.

doi:10.1371/journal.pone.0139354.g008

Fig 9. Frequency distribution of tuberculin induration sizes (mm) by residence in school children with
a BCG scar absent. Footnote: 10,679 of 13, 386 children, 79.8% had 0 mm induration and are not shown.

doi:10.1371/journal.pone.0139354.g009
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of LTBI.[27] A recent survey in the Central Africa region reported similar ARTIs using 10 mm
(1.9%) and 15 mm (0.8%) cut-offs.[28]

In this study, LTBI prevalence was associated with urban residence. This is consistent with
the 2012 TB prevalence survey that reported a higher prevalence of bacteriologically confirmed
TB in urban compared to rural residents (266 vs.169 per 100,000 population�15 years, [Ade-
tifa I. Submitted]). In addition, males had significantly more LTBI. In addition to an increased
likelihood of developing hypersensitivity to mycobacterial antigens, post pubertal males are
also thought to have more LTBI than females because of increased TB exposure. [29]

At the 10 mm cut-off, ARTI was identical (1.1–1.5%) for urban and rural areas and lower
(0.5–1.0%) for rural and urban areas for the mixture method estimate. Surveys in West Africa
and elsewhere have found the 10mm cut-off over-estimates LTBI and ARTI. [14, 18] This sug-
gests the 10mm threshold has less specificity for detection of LTBI. It is also possible a larger
proportion of children in rural areas have intermediate TST reactions due to a higher exposure
to Non-Tuberculous Mycobacteria (NTM) exposure compared to those in urban areas. Per-
haps this contributes in part to the difference in urban-rural comparisons depending on the
TST cut-off point. The 12 mm cut-off derived from mixture modelling appears to be the most
useful for determining LTBI prevalence and ARTI.

With our data, we were unable to identify a single and valid TST cut-off as no clear bimodal
distribution was seen. Considering this and the difference between distributions of TST sizes at

Table 1. Prevalence of latent tuberculosis and annual risk ofM. tuberculosis infection in Gambian schoolchildren aged 6–11 years using a 10mm
cut-off point.

Infected Univariable Multivariableb ARTI (%) ARTI (95% CI)

n/Na (%) Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

ALL 1457/12629 (11.5) 1.27 1.09–1.49

Age, years

6 22/306 (7.2) 1 1

7 113/1536 (7.4) 1.03 (0.64–1.65) 0.918 1.09 (0.63–1.88) 0.754 1.14 0.96–1.34

8 276/2679 (10.3) 1.48 (0.94–2.33) 0.087 1.34 (0.80–2.24) 0.269 1.01 0.85–1.20

9 310/2825 (11.0) 1.59 (1.02–2.49) 0.043 1.54 (0.92–2.60) 0.099 1.27 1.08–1.49

10 416/2992 (13.9) 2.08 (1.33–3.26) 0.001 2.01 (1.24–3.42) 0.005 1.22 1.04–1.43

11 320/2291 (14.0) 2.10 (1.34–3.29) 0.001 1.98 (1.19–3.31) 0.009 1.42 1.22–1.64

BCG Scar

Absent 299/2889 (10.4) 1 1 1.13 0.95–1.32

Present 1158/9740 (11.9) 1.17 (1.02–1.34) 0.023 1.16 (0.99–1.35) 0.063 1.31 1.12–1.53

Gender

Female 721/6651 (10.8) 1 1 1.19 1.01–1.40

Male 736/5978 (12.3) 1.15 (1.04–1.29) 0.010 1.15 (1.01–1.30) 0.035 1.36 1.17–1.58

BMI-for-age

� -2 933/8065 (11.6) 1 1 1.18 1.12–1.25

� -2 162/1485 (10.9) 0.94 (0.78–1.12) 0.464 0.92 (0.77–1.10) 0.342 1.28 1.21–1.34

Locality

Rural 641/5509(11.6) 1 1 1.29 1.09–1.49

Urban 816/7120 (11.5) 0.98 (0.88–1.1) 0.760 0.99 (0.88–1.13) 0.969 1.26 1.07–1.47

95% Confidence Interval (95%CI)
a Denominator, N does not include non-reactive TST
b Adjusted for all other terms in the model

doi:10.1371/journal.pone.0139354.t001
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the 10 mm cut-off, we are unable to eliminate the contributions of non-specific reactions
resulting from exposure to non-tuberculosis mycobacteria in the community and BCG
vaccination.

ARTI is the average of annual risks of infection experienced from the birth to the survey.
Since the average age of the children was 9 years, our estimated ARTI most likely corresponds
more closely to the 2006–7 period. Although other surveys report age dependent ARTI rates
[14, 30], ARTI estimates here do not vary significantly with age. If ARTI declined over time
and increases with age, the apparent effect in a single survey may be independent of age. Unfor-
tunately, we are unable to dissect age effects from calendar year effects with a single survey.

Similar to others, we found BCG scars in only 73% of school children. [7, 31] Given the high
vaccination coverage rate, the risk of misclassification of BCG vaccination status is very low. In
addition, waning BCG scars and absence of scarring in a variable proportion of BCG vacci-
nated children are both well-described phenomena. [32] Other surveys have found BCG vacci-
nation has little or no effect on TST results in children. [14, 27] We saw a slightly higher
prevalence of LTBI with the presence of a BCG scar but the absolute differences were very
small (1.5% at 10 mm and 0.7% at 12 mm). The similarity between the frequency distributions
of tuberculin sizes by BCG scar status supports our use of mixture modelling to estimate LTBI
prevalence.[33] Tuberculin reaction sizes above 10 mm cut-off are thought to be more valuable
for this purpose. [34]

Table 2. Prevalence of latent tuberculosis and annual risk ofM. tuberculosis infection in Gambian schoolchildren aged 6–11 years using a 12mm
cut-off point.

Infected Univariable Multivariableb ARTI (%) ARTI (95% CI)

n/Na (%) Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

ALL 873/12629 (6.9) 0.75 0.60–0.91

Age, years

6 14/306 (4.6) 1 1 0.72 0.58–0.88

7 71/1536 (4.6) 1.01 (0.56–1.81) 0.971 1.13 (0.58–2.20) 0.713 0.63 0.50–0.78

8 162/2679 (6.5) 1.34 (0.76–2.34) 0.302 1.21 (0.65–2.29) 0.541 0.73 0.59–0.89

9 186/2825 (6.6) 1.47 (0.84–2.56) 0.175 1.33 (0.71–2.50) 0.370 0.71 0.57–0.88

10 244/2992 (8.2) 1.85 (1.07–3.21) 0.029 1.77 (0.95–3.30) 0.074 0.81 0.66–0.98

11 196/2291 (8.6) 1.95 (1.12–3.40) 0.018 1.77 (0.94–3.32) 0.076 0.77 0.63–0.94

BCG Scar

Absent 185/2889 (6.4) 1 1 0.68 0.54–0.84

Present 688/9740 (7.1) 1.11 (0.94–1.31) 0.220 1.13 (0.93–1.37) 0.208 0.76 0.62–0.94

Gender

Female 422/6651 (6.3) 1 1 0.68 0.54–0.84

Male 451/5978 (7.5) 1.20 (1.05–1.38) 0.008 1.21 (1.04–1.43) 0.013 0.81 0.67–0.99

BMI-for-age

� -2 560/8065 (6.9) 1 1 0.77 0.61–0.97

� -2 108/1485 (7.3) 1.05 (0.85–1.30) 0.648 1.04 (0.84–1.29) 0.730 0.75 0.58–0.94

Locality

Rural 328/5509(6.0) 1 1 0.64 0.51–0.80

Urban 545/7120 (7.7) 1.31 (1.14–1.51) <0.001 1.34 (1.14–1.58) 0.001 0.83 0.68–1.01

95% Confidence Interval (95%CI)
a Denominator, N does not include non-reactive TST
b Adjusted for all other terms in the model

doi:10.1371/journal.pone.0139354.t002
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Both anergy and/or lower TST induration sizes resulting from the immunosuppressive
effect of severe malnutrition can cause false negative TST results.[35] Not many TST-surveys
have examined the impact of nutritional status on survey results. It was not surprising to see
the higher burden of malnutrition in rural areas across all the anthropometric indices. Con-
trary to expectations, there were no differences in the proportions of non-reactive TSTs or
mean sizes of tuberculin indurations by nutritional status. Underweight children were less
likely to be TST positive at the 10 mm cut-off suggesting the possibility of underestimating
LTBI if 10 mm was found to be the best fit for our data. However, we found no effect for mal-
nutrition at the 12 and 17 mm cut-offs.

Un-enrolled children are likely to have a higher risk of TB because they tend to come from
lower socio-economic classes. Because primary school enrolment increased from 52% to 61%
and to 90% in 2000, 2006 and 2011 respectively (Ministry of Basic and Secondary Education,
Republic of The Gambia), we do not think we missed many of these children. However, as we
did not collect socioeconomic data, we did not test for associations with LTBI and ARTI.

While this survey provides an important baseline to estimate trends in future surveys, the
largely overlapping distributions seen with mixture modelling and difficulty in determining
LTBI prevalence suggests future TST surveys may not be very helpful. Should they been
deemed necessary, interferon gamma release assays (IGRAs) may provide complementary
results to increase the utility of survey outcomes. Although our host community’s attitudes and

Table 3. Prevalence of latent tuberculosis and annual risk ofM. tuberculosis infection in Gambian schoolchildren aged 6–11 years using a 17mm
cut-off point.

Infected Univariable Multivariableb ARTI (%) ARTI (95% CI)

n/Na(%) Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

ALL 234/12629 (1.9) 0.20 0.13–0.29

Age, years

6 3/306 (1.0) 1 1 0.15 0.09–0.23

7 21/1536 (1.4) 1.40 (0.41–4.72) 0.588 1.31 (0.38–4.50) 0.665 0.18 0.12–0.27

8 41/2679 (1.5) 1.57 (0.48–5.10) 0.453 1.16 (0.35–3.80) 0.810 0.18 0.12–0.27

9 51/2825 (1.8) 1.86 (0.58–5.99) 0.300 1.40 (0.43–4.55) 0.577 0.19 0.12–0.28

10 65/2992 (2.2) 2.24 (0.7–7.18) 0.174 1.71 (0.53–5.52) 0.370 0.21 0.13–0.30

11 53/2291 (2.3) 2.39 (0.74–7.7) 0.144 1.72 (0.53–5.61) 0.368 0.20 0.13–0.30

BCG Scar

Absent 55/2889 (1.9) 1 1 0.20 0.13–0.29

Present 179/9740 (1.8) 0.96 (0.71–1.31) 0.817 1.00 (0.71–1.40) 0.985 0.19 0.13–0.29

Gender

Female 114/6651 (1.7) 1 1 0.18 0.12–0.27

Male 120/5978 (2.0) 1.17 (0.91–1.52) 0.223 1.17 (0.88–1.55) 0.285 0.21 0.14–0.31

BMI-for-age

� -2 154/8065 (1.9) 1 1 0.20 0.16–0.22

� -2 37/1485 (2.5) 1.31 (0.91–1.89) 0.142 1.30 (0.90–1.87) 0.156 0.26 0.17–0.37

Locality

Rural 75/5509 (1.4) 1 1 0.14 0.08–0.22

Urban 159/7120 (2.2) 1.65 (1.25–2.18) <0.001 1.67 (1.22–2.29) 0.001 0.24 0.16–0.34

95% Confidence Interval (95%CI)
a Denominator, N does not include non-reactive TST
b Adjusted for all other terms in the model

doi:10.1371/journal.pone.0139354.t003
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beliefs around blood and sampling for research, the requirement for venepuncture, even for a
subset of otherwise healthy school children would substantially reduce participation in such a
survey. Furthermore, there are issues of cost and the logistical challenge of getting blood sam-
ples to the laboratory for analyses especially whilst working in distant locations. Finally, our
experience with IGRAs in The Gambia suggests they do not have any sensitivity or specificity
benefit over the TST. [36, 37] These arguments will become moot if newer but more sensitive
and specific diagnostic tools for LTBI become available.

Conclusion
Our survey showed a relatively low prevalence of LTBI and estimated ARTI. LTBI was more
prevalent in urban compared to rural areas and overall, malnutrition had no impact on LTBI
estimates for the 12 mm cut-off, which was the best fit for our data.

Acknowledgments
We acknowledge Medical Research Council Unit, The Gambia—Drs. Bouke de Jong, Martin
Ota, Martin Antonio, and Ms. Elina Cole for their support and contributions to the success of
this project. We acknowledge the Ministry of Basic and Secondary Education, The Gambia—
Mr. Babucarr Boye (Permanent Secretary), Mrs. Fatou Mbaye (director), all regional directors
of education, school heads and teachers for their cooperation and collaboration. We acknowl-
edge The National Nutrition Agency (NaNA) for providing weighing scales. We acknowledge
the Field supervisors/coordinators-Lamin Sanneh, Salifu Barry, Ken Joof, other survey field
staff, parents/guardians and all participating children.

Author Contributions
Conceived and designed the experiments: IMOAMB TC UdA SD DJ. Performed the experi-
ments: IMOA SD DJ. Analyzed the data: AKM IMOA DJ. Contributed reagents/materials/
analysis tools: DJ SDMB AKM. Wrote the paper: IMOAMB UdA TC DJ SD.

References
1. Rieder HL, Chadha VK, Nagelkerke NJ, van Leth F, van der Werf MJ, Foundation KT. Guidelines for

conducting tuberculin skin test surveys in high-prevalence countries. Int J Tuberc Lung Dis. 2011; 15
Suppl 1:S1–25. PMID: 21276325.

2. Kritzinger FE, den Boon S, Verver S, Enarson DA, Lombard CJ, Borgdorff MW, et al. No decrease in
annual risk of tuberculosis infection in endemic area in Cape Town, South Africa. Trop Med Int Health.
2009; 14(2):136–42. Epub 2009/02/25. doi: TMI2213 [pii] doi: 10.1111/j.1365-3156.2008.02213.x
PMID: 19236665.

3. Tuberculosis control in the era of the HIV epidemic: risk of tuberculosis infection in Tanzania, 1983–
1998. Int J Tuberc Lung Dis. 2001; 5(2):103–12. Epub 2001/03/22. PMID: 11258503.

4. World Health Organization. Assessing tuberculosis prevalence through population-based surveys.
World Health Organization. Geneva. 2007.

5. Roelsgaard E, Iversen E, Blocher C. Tuberculosis in Tropical Africa. An Epidemiological Study. Bull
World Health Organ. 1964; 30:459–518. PMID: 14178027; PubMed Central PMCID: PMC2554833.

6. Bleiker MA, Dow N, Ypma H, H M. Skin sensitivity to human PPD and to PPD-marianum in schoolchil-
dren in the Gambia, West-Africa, 1976. The Hague, Netherlands: International Tuberculosis Surveil-
lance Centre. 1976.

7. Elliott A, Bradley AK, Tulloch S, Greenwood BM. Tuberculin sensitivity in rural Gambian children. Ann
Trop Paediatr. 1985; 5(4):185–9. Epub 1985/12/01. PMID: 2418765.

8. Corrah PT. Studies of tuberculosis in The Gambia. London: Open University; 1994.

9. Gambia Bureau of Statistics [GBoS]. The Gambia 2013 Population and Housing Census Preliminary
Results. Available: http://wwwgbosgovgm/CENSUS/The%20Gambia%20Population%20and%
20Housing%20Census%202013%20Provisional%20Reportpdf. Accessed 20 March 2014. 2014.

The Gambian Survey of LatentMycobacterium tuberculosis Infection

PLOS ONE | DOI:10.1371/journal.pone.0139354 October 14, 2015 15 / 17

http://www.ncbi.nlm.nih.gov/pubmed/21276325
http://dx.doi.org/10.1111/j.1365-3156.2008.02213.x
http://www.ncbi.nlm.nih.gov/pubmed/19236665
http://www.ncbi.nlm.nih.gov/pubmed/11258503
http://www.ncbi.nlm.nih.gov/pubmed/14178027
http://www.ncbi.nlm.nih.gov/pubmed/2418765
http://wwwgbosgovgm/CENSUS/The%20Gambia%20Population%20and%20Housing%20Census%202013%20Provisional%20Reportpdf
http://wwwgbosgovgm/CENSUS/The%20Gambia%20Population%20and%20Housing%20Census%202013%20Provisional%20Reportpdf


10. United Nations Development Programme. The 2014 Human Development Report. Available: http://hdr.
undp.org/sites/default/files/hdr14-report-en-1.pdf. Accessed 8 June 2015. 2014.

11. UNAIDS. Gambia- HIV and AIDS Estimates (2013) Available: http://www.unaids.org/en/
regionscountries/countries/gambia Accessed 11 June 2015. 2015.

12. World Health Organization, United Nations Children's Fund. Immunization Summary. Available: http://
wwwchildinfoorg/files/immunization_summary_2012_enpdf. 2013.

13. Arnadottir T, Rieder HL, Trebucq A, Waaler HT. Guidelines for conducting tuberculin skin test surveys
in high prevalence countries. Tuber Lung Dis. 1996; 77 Suppl 1:1–19. Epub 1996/06/01. PMID:
8759471.

14. Addo KK, van den Hof S, Mensah GI, Hesse A, Bonsu C, Koram KA, et al. A tuberculin skin test survey
among Ghanaian school children. BMC Public Health. 2010; 10:35. Epub 2010/01/28. doi: 1471-2458-
10-35 [pii] doi: 10.1186/1471-2458-10-35 PMID: 20102620; PubMed Central PMCID: PMC2829002.

15. Rieder HL. Methodological issues in the estimation of the tuberculosis problem from tuberculin surveys.
Tuber Lung Dis. 1995; 76(2):114–21. Epub 1995/04/01. doi: 0962-8479(95)90552-9 [pii]. PMID:
7780092.

16. National Leprosy and Tuberculosis Control Programme, Ministry of Health and Social Welfare. National
Guidelines for the Management of Tuberculosis. 2007. 2nd Edition. Ministry of Health and Social Wel-
fare, Government of The Gambia. 2007.

17. Wangchuk LZ, Chadha VK. Annual risk of tuberculous infection among schoolchildren in Bhutan. Int J
Tuberc Lung Dis. 2013; 17(4):468–72. Epub 2013/03/15. doi: 10.5588/ijtld.12.0668 PMID: 23485380.

18. Egwaga SM, Cobelens FG, Muwinge H, Verhage C, Kalisvaart N, Borgdorff MW. The impact of the HIV
epidemic on tuberculosis transmission in Tanzania. AIDS. 2006; 20(6):915–21. doi: 10.1097/01.aids.
0000218557.44284.83 PMID: 16549977.

19. Rieder HL, Anderson C, Dara M, Hauer B, Helbling P, Kam KM, et al. Methodological issues in quantify-
ing the magnitude of the tuberculosis problem in a prison population. Int J Tuberc Lung Dis. 2011; 15
(5):662–7. Epub 2011/07/16. doi: 10.5588/ijtld.10.0433 PMID: 21756519.

20. Eilers PH, Borgdorff MW. Modeling and correction of digit preference in tuberculin surveys. Int J Tuberc
Lung Dis. 2004; 8(2):232–9. Epub 2004/05/14. PMID: 15139453.

21. D'Agostino RB, Belanger AJ, D'Agostino RBJ. A suggestion for using powerful and informative tests of
normality. American Statistician. 1990; 44:316–21.

22. Royston P. sg3.5: Comment on sg3.4 and an improved D'Agostino test. Stata Technical Bulletin. 1991;
3:23–4.

23. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth
reference for school-aged children and adolescents. Bull World Health Organ. 2007; 85(9):660–7.
PMID: 18026621; PubMed Central PMCID: PMC2636412.

24. World Health Organization. Growth reference 5–19 years. Available: http://wwwwhoint/growthref/en/.
Accessed 15 July 2015. 2007.

25. Chadha VK, Jagannath PS, Nagaraj AV, Prasad DN, Anantha N. A comparative study of tuberculin
reactions to 1 TU and 2 TU of PPD-RT23. Ind J Tub. 2000; 47(15).

26. WHO Tuberculosis Research Office. The 5 TU versus The 10 TU Intradermal Tuberculin Test. Bull
World Health Organ. 1955; 12:169–77. PMID: 14351972

27. Gninafon M, Trebucq A, Rieder HL. Epidemiology of tuberculosis in Benin. Int J Tuberc Lung Dis. 2011;
15(1):61–6. PMID: 21276298.

28. Minime-Lingoupou F, Ouambita-Mabo R, Komangoya-Nzozo AD, Senekian D, Bate L, Yango F, et al.
Current tuberculin reactivity of schoolchildren in the Central African Republic. BMC Public Health.
2015; 15:496. doi: 10.1186/s12889-015-1829-8 PMID: 25981707; PubMed Central PMCID:
PMC4438344.

29. Fine PE, Bruce J, Ponnighaus JM, Nkhosa P, Harawa A, Vynnycky E. Tuberculin sensitivity: conver-
sions and reversions in a rural African population. Int J Tuberc Lung Dis. 1999; 3(11):962–75. PMID:
10587318.

30. Hossain S, Zaman K, Banu S, QuaiyumMA, Husain MA, IslamMA, et al. Tuberculin survey in Bangla-
desh, 2007–2009: prevalence of tuberculous infection and implications for TB control. Int J Tuberc
Lung Dis. 2013; 17(10):1267–72. doi: 10.5588/ijtld.13.0114 PMID: 24025376

31. Lienhardt C, Fielding K, Sillah J, Tunkara A, Donkor S, Manneh K, et al. Risk factors for tuberculosis
infection in sub-Saharan Africa: a contact study in The Gambia. Am J Respir Crit Care Med. 2003; 168
(4):448–55. Epub 2003/05/30. doi: 10.1164/rccm.200212-1483OC 200212-1483OC [pii]. PMID:
12773322.

The Gambian Survey of LatentMycobacterium tuberculosis Infection

PLOS ONE | DOI:10.1371/journal.pone.0139354 October 14, 2015 16 / 17

http://hdr.undp.org/sites/default/files/hdr14-report-en-1.pdf
http://hdr.undp.org/sites/default/files/hdr14-report-en-1.pdf
http://www.unaids.org/en/regionscountries/countries/gambia
http://www.unaids.org/en/regionscountries/countries/gambia
http://wwwchildinfoorg/files/immunization_summary_2012_enpdf
http://wwwchildinfoorg/files/immunization_summary_2012_enpdf
http://www.ncbi.nlm.nih.gov/pubmed/8759471
http://dx.doi.org/10.1186/1471-2458-10-35
http://www.ncbi.nlm.nih.gov/pubmed/20102620
http://www.ncbi.nlm.nih.gov/pubmed/7780092
http://dx.doi.org/10.5588/ijtld.12.0668
http://www.ncbi.nlm.nih.gov/pubmed/23485380
http://dx.doi.org/10.1097/01.aids.0000218557.44284.83
http://dx.doi.org/10.1097/01.aids.0000218557.44284.83
http://www.ncbi.nlm.nih.gov/pubmed/16549977
http://dx.doi.org/10.5588/ijtld.10.0433
http://www.ncbi.nlm.nih.gov/pubmed/21756519
http://www.ncbi.nlm.nih.gov/pubmed/15139453
http://www.ncbi.nlm.nih.gov/pubmed/18026621
http://wwwwhoint/growthref/en/
http://www.ncbi.nlm.nih.gov/pubmed/14351972
http://www.ncbi.nlm.nih.gov/pubmed/21276298
http://dx.doi.org/10.1186/s12889-015-1829-8
http://www.ncbi.nlm.nih.gov/pubmed/25981707
http://www.ncbi.nlm.nih.gov/pubmed/10587318
http://dx.doi.org/10.5588/ijtld.13.0114
http://www.ncbi.nlm.nih.gov/pubmed/24025376
http://dx.doi.org/10.1164/rccm.200212-1483OC
http://www.ncbi.nlm.nih.gov/pubmed/12773322


32. Floyd S, Ponnighaus JM, Bliss L, Warndorff DK, Kasunga A, Mogha P, et al. BCG scars in northern
Malawi: sensitivity and repeatability of scar reading, and factors affecting scar size. Int J Tuberc Lung
Dis. 2000; 4(12):1133–42. PMID: 11144455.

33. Rieder HL, Chadha VK, Nagelkerke NJ, van Leth F, van der Werf MJ. Guidelines for conducting tuber-
culin skin test surveys in high-prevalence countries. Int J Tuberc Lung Dis. 2011; 15 Suppl 1:S1–25.
Epub 2011/02/10. PMID: 21276325.

34. Arnadottir TH, SoukaseumH, Vangvichit P, Bounmala S, Vos E. Prevalence and annual risk of tubercu-
losis infection in Laos. Int J Tuberc Lung Dis. 2001; 5(5):391–9. PMID: 11336268.

35. Huebner RE, Schein MF, Bass JB Jr. The tuberculin skin test. Clin Infect Dis. 1993; 17(6):968–75.
Epub 1993/12/01. PMID: 8110954.

36. Adetifa IM, Lugos MD, Hammond A, Jeffries D, Donkor S, Adegbola RA, et al. Comparison of two inter-
feron gamma release assays in the diagnosis of Mycobacterium tuberculosis infection and disease in
The Gambia. BMC Infect Dis. 2007; 7:122. Epub 2007/10/27. doi: 1471-2334-7-122 [pii] doi: 10.1186/
1471-2334-7-122 PMID: 17961228; PubMed Central PMCID: PMC2216027.

37. Adetifa IM, Ota MO, Jeffries DJ, Hammond A, Lugos MD, Donkor S, et al. Commercial interferon
gamma release assays compared to the tuberculin skin test for diagnosis of latent Mycobacterium
tuberculosis infection in childhood contacts in the Gambia. Pediatr Infect Dis J. 2010; 29(5):439–43.
Epub 2010/01/14. doi: 10.1097/INF.0b013e3181cb45da PMID: 20068506.

The Gambian Survey of LatentMycobacterium tuberculosis Infection

PLOS ONE | DOI:10.1371/journal.pone.0139354 October 14, 2015 17 / 17

http://www.ncbi.nlm.nih.gov/pubmed/11144455
http://www.ncbi.nlm.nih.gov/pubmed/21276325
http://www.ncbi.nlm.nih.gov/pubmed/11336268
http://www.ncbi.nlm.nih.gov/pubmed/8110954
http://dx.doi.org/10.1186/1471-2334-7-122
http://dx.doi.org/10.1186/1471-2334-7-122
http://www.ncbi.nlm.nih.gov/pubmed/17961228
http://dx.doi.org/10.1097/INF.0b013e3181cb45da
http://www.ncbi.nlm.nih.gov/pubmed/20068506

