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Summary:

Objective: We aimed to evaluate the performance of a survey that quantifies intensity of 

household tuberculosis (TB) exposure among children.

Methods: Children ages 0-14 in Lima, Peru with >=1 signs and/or symptoms of TB and a history 

of contact with an adult TB patient were included. The 10-question survey was administered to 

caregivers and addressed sleep proximity, frequency of exposure and infectiousness of contact. 

Infection status was determined using tuberculin skin testing (TST). The scale was evaluated for 

association with TST positivity using mixed effects regression analyses.

Results: The exposure score was significantly associated with TST positivity (age-adjusted odds 

ratio [aOR]: 1.14, 95% Confidence Interval [CI] 1.02- 1.28; Table 2). We observed a stronger 

association with TST positivity in children five years old and under; (aOR: 1.23; 95% CI: 

1.07-1.41) and no association in children 6-14 years old; aOR: 0.99; 95% CI: 0.82-1.20).

Conclusion: This survey was easy-to-use and modestly successful in predicting TST positivity 

in children five years old and under. It may be a useful resource to clinicians in diagnosing TB in 

children, and for national TB programs aiming to scale up preventive therapy initiatives.
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Introduction:

Treatment of latent tuberculosis infection (LTBI) to prevent progression to TB disease (i.e., 

TB preventive therapy, (TPT)) remains an important, yet severely under-implemented part of 

tuberculosis (TB) control and disease prevention. The World Health Organization (WHO) 

recommends that children under five years of age who are close contacts of TB patients 

receive TPT after TB disease is ruled out.1,2,3 Until recently, although TPT also offers 

protection from TB in children six to 14 years of age, the recommendations did not provide 

guidance on its use in this group. Updated guidelines now suggest TPT for children and 

adolescent household contacts of pulmonary TB patients.3 However, despite the global 

recommendations, only 23% of eligible children were prescribed TPT in 2017.2,3

Though not mandated by WHO, in some settings, a child must have a test of infection prior 

to initiation of TPT.4,5,6 Clinicians rely on infection status as a key consideration when 

making decisions related to clinical diagnosis. This is especially important information in 

the absence of microbiological confirmation, which is obtained in only 30-40% of children 

with TB disease.7,8,9

Though no gold standard exists for tests of infection, tuberculin skin testing (TST) is widely 

used to determine infection status. TST has limited utility given the well-known challenges 

it presents. Stock-outs and global tuberculin shortages, required return visits for patients, and 

suboptimal test performance, including reduced specificity in previously BCG-vaccinated 

children and limited sensitivity in immunocompromised or malnourished children are well 

documented shortcomings.10,11,12,13 Interferon Gamma Release Assay (IGRA) tests 

improve specificity in BCG-vaccinated children and only require one clinic visit, however 

the tests have limited sensitivity in the immunocompromised and require expensive supplies 

and highly trained lab technicians.11,14 These issues prevent widespread implementation in 

low and middle-income settings. Prior studies suggest that characterizing the intensity of 

exposure to TB may serve as a proxy for TB infection status.15,16,17,18

Work in South Africa suggests that a short, easy-to-use survey evaluating intensity of 

household-based exposure to TB predicts infection status in children 3 months to <15 years 

old.18 Results from subsequent studies of the survey in high burden settings have varied. In 

India, the tool’s sensitivity approximated that of TST and IGRA results among a study 

population of both adult and child household contacts.19 However, in Tanzania it did not 

predict infection status among children under five.20 The present study aims to examine the 

performance of the survey in an urban, low-HIV prevalence setting in Latin America.

Methods:

Study population:

From May 2015 through February 2018, we recruited children ages 0-14 years from 49 

urban public sector health centers in Lima, Peru to participate in a pediatric tuberculosis 

diagnostics study [1U19AI109755, Centers for Excellence in Translation Research]. Eligible 

children had a history of contact with an adult with pulmonary TB within the two years 

preceding enrollment and met at least one of the following criteria for inclusion in pediatric 
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TB diagnostic studies, as defined by an expert panel21: persistent, unremitting, and 

unexplained cough for > 2 weeks, unexplained weight loss, unexplained fever for >1 week, 

or unexplained fatigue or lethargy. Eligible children were identified in one of three possible 

ways: 1) through contact investigations completed by health center staff after an adult in the 

home presented to a clinic for diagnosis 2) via the child’s presentation to a health center or, 

3) through study staff’s review of health center adult TB registries. In the latter scenario, the 

study team identified adults diagnosed with TB within the prior two years and conducted a 

subsequent household contact investigation.

Ethics committees at the Peru National Institutes of Health and Harvard Medical School 

granted study approval. Trained study personnel obtained written consent from guardians 

and written assent from children eight years of age and older.

Data collection:

Study workers asked guardians to respond to ten yes/no questions18 regarding the intensity 

of the child’s TB exposure from index cases (Figure 1). We diagnosed latent TB infection 

status based on TST results. TSTs were prospectively applied to participants according to 

Peru National Tuberculosis Program guidelines5, and read within 48-72 hours of application 

by study staff. If the test had been completed within the six months prior to enrollment, TST 

results were collected from the child’s health record. Skin reactions with an induration of 

≥10mm were considered positive.22 All data were collected using standardized electronic 

data collection forms.

Analysis:

We evaluated each survey for missing answers and excluded children with ≥1 missing survey 

responses or who lacked a TST result. A missing answer included responses of ‘refused’ and 

‘don’t know’. Although the original scale contained ten items, we removed one question: 

“Does the index case have reported pulmonary TB” because there were no cases of extra 

pulmonary TB among index cases in this cohort. For each child, a survey score was 

calculated as a sum of yes answers.

We conducted mixed effects regression analyses with a logit link to assess the association 

between exposure score and TST positivity. To adjust variance for household clustering (i.e., 

multiple children could be enrolled from the same household), we included a random 

intercept for each household. Because TB infection correlates positively with older age, we 

adjusted for age as a continuous linear variable. Additionally, to examine whether the 

association between exposure score and TST positivity varied across older and younger 

children, we stratified analyses by age group (0-5 and 6-14 year olds).

Some of the children in our study were diagnosed with TB. To examine whether any 

association between exposure score and TST positivity was driven by children with a TB 

diagnosis, we conducted a sensitivity analysis in which we excluded all children with 

clinically diagnosed TB or who lacked data on TB diagnosis.
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Finally, we evaluated scale sensitivity and specificity and plotted each against exposure 

score distribution to understand trade-offs in sensitivity and specificity across different scale 

thresholds.

Results:

Among 628 children eligible for inclusion, 608 (97%) completed the survey, of which 51 

(8%) were excluded: 30 (5%) for missing TST results and 21 (3%) for missing one or more 

survey responses. The median age among the 557 children included in the analysis was 5.1 

years [IQR 2.4 - 8.7]. Table 1 shows that 41% of the cohort was TST positive; among those, 

54% were children ages five and under and 46% were six to 14 years old. Most children had 

a contact with TB who had a current cough (86%), who was in daily contact with the child 

(91%), and/or who lived in the same household (91%) as the child. On a scale from 0-9, 

median survey score among all children included was five [IQR 4-7].

Scale performance

Overall, we found that each one-point increase in exposure scale score was associated with a 

14% higher odds of having a positive TST result (age-adjusted odds ratio [aOR]: 1.14, 95% 

Confidence Interval [CI] 1.02- 1.28; Table 2). In children five years old and under, each 

additional one-point increase in scale score was associated with a 20% higher odds of TST 

positivity; (aOR: 1.23; 95% CI: 1.07-1.41). We found no association between scale score 

and infection in children six to 14 years old; aOR: 0.99; 95% CI: 0.82-1.20). Results were 

similar in sensitivity analyses in which we excluded children who were clinically diagnosed 

with TB (n=112) or whose diagnosis status was unattainable (n=16; Table 2).

Figure 1 presents sensitivity and specificity of the exposure score in identifying children five 

and under with TST positivity. A score of three or higher was associated with a sensitivity of 

97% and a specificity of 19%. A household exposure score of five resulted in sensitivity and 

specificity at 72% and 56%, respectively.

Discussion:

Our findings suggest that the survey developed by Mandalakas and colleagues18 predicts 

TST positivity in children five years old and under in an urban, low-HIV prevalence Latin 

American setting. Notably, the association between household exposure score and TST 

status was weaker among children in this age group in Peru as compared to the South 

African cohort (aOR 1.23 vs 1.74). One possible explanation for this difference is that in 

Lima, it is common for extended families to live in multi-unit constructions where sleeping 

quarters are separate from common areas that are shared for meals and leisure activities. 

Therefore, a yes response to the question “Does the index case live in the same household as 

the child?” may overestimate the exposure intensity for some living arrangements common 

to Lima. In future studies, culturally adapting and tailoring the questions to the setting where 

the scale is implemented may address this issue. In contrast to our findings, researchers in 

Tanzania found that this scale did not predict TST positivity in young children under the age 

of five and authors speculate that community-based exposure may play an important role in 

latent TB infection in this setting. 20 An emerging body of literature suggests that a majority 
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of exposure to TB in high burden settings occurs outside the home.23,24,25 Increased 

exposure outside the home may be a key factor that affects this scale’s performance across 

settings and highlights the need for contact tracing outside of the home.

As was the case in South Africa, this scale did not predict TST positivity in children over the 

age of five in Peru. Differential performance of the scale across ages may be due an 

increased likelihood of community-based TB exposure among older children, who spend 

more of their time outside the home than younger children. In Peru, the probability of 

acquiring TB from a community setting has been shown to be higher than from within the 

household,26 though this may not be true for individuals with a known close contact, as was 

the case in our study. Another possible explanation for differential performance across age 

groups is that TST does not distinguish between recent and remote infection, and older 

children may have been infected when they were younger. Therefore, exposure intensity at 

the time of the survey may not reflect exposure intensity at the time of infection. This could 

result in lower exposure scores, despite infection. A third reason is that older children may 

have less intense contact with the adults in their household as compared to toddlers or 

infants. For example, one survey question asks whether the index case is the mother. The 

intensity of contact between a mother and an infant and a mother and an older child may be 

different, and the survey may not adequately capture these nuances in exposure patterns 

across the age spectrum.

We found that using a score threshold of three or higher predicted TST positivity with 97% 

sensitivity and specificity of 19% whereas a score of five resulted in a sensitivity of 72% and 

specificity of 56%. These thresholds are based on a total score of nine possible points after 

removal of the question referring to pulmonary TB, whereas the original scale from South 

Africa and those implemented in other settings were based on a score of ten total points. 

Determining appropriate score thresholds may vary by setting and intended use; however, 

TPT is safe and so when used to inform prescription, priority should be placed on 

optimizing sensitivity, if and when health systems resources allow.

The enrollment criteria for the larger cohort study limited participation to only children who 

had symptoms of tuberculosis. This could have resulted in an overestimate in scale 

performance given that some of the indicators for infection may also overlap with clinical 

criteria for evaluating disease status. In order to determine whether predictors of TB disease 

were driving the association, we excluded children with a diagnosis of TB. We found similar 

associations for the scale as compared to the analysis inclusive of all children, suggesting 

this was an unlikely source of bias in our study. A second limitation of this study relates to 

the singular use of TST as the indicator of infection status and the lack of sensitivity and 

specificity of this test, especially in children who are immunocompromised or malnourished. 

Because malnutrition27 was uncommon in this sample (severe malnutrition (<1%)) and Peru 

has a low prevalence of HIV, we expect that false negative TST results may be rare relative 

to other cohorts. On the other hand, vaccination with BCG is common in Peru, and 

therefore, false-positives may have occurred, especially in young children. This 

misclassification likely would have underestimated scale performance in this group.
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Conclusion:

This survey was easy-to-use and modestly successful in predicting TST positivity in children 

five years old and younger. Given the frequent global shortages of tuberculin that thwart 

access to TST testing, limited implementation and uptake of TPT globally, and clinical 

importance of known infection status, the scale may be a useful resource to clinicians who 

are tasked with diagnosing and treating TB disease in young children. Lastly, contact tracing 

outside of the home, and the development of methods to assess community-based TB 

exposure will be critical for TB prevention in older children.
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Figure 1: Original tuberculosis exposure scale developed by Mandalakas and colleagues1.
1 Mandalakas A M, Kirchner H L, Lombard C, et al. Well-quantified tuberculosis exposure 

is a reliable surrogate measure of tuberculosis infection. Int J Tuberc Lung Dis 2012; 

16(8)1033-1039
2This question was excluded from the scale due to the low prevalence of extra pulmonary 

TB in this population.
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Figure 2: Household exposure score stratified by tuberculin skin test result and test performance 
among children five and under. Sensitivity (dotted line) and specificity (solid line)
Note: Total scores are based on a possible total of nine points, whereas the original scale was 

scored out of ten points.
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Table 1.

Characteristics of children with symptoms of tuberculosis and tuberculin skin test positivity (n=557)

TST-negative
n=326

TST-positive
n=231

Total
n=557

Characteristics

Age, years, median [IQR] 4.5 [2.1-7.9] 5.7 [3.4-9.2] 5.1 [2.4-8.7]

Age groups n (%)

0 – 5 years 208 (64) 125 (54) 333 (60)

6 - 14 years 118 (36) 106 (46) 224 (40)

Female n (%) 147 (45) 113 (49) 260 (47)

BMI, median [IQR] 16.9 [15.7-18.8] 16.8 [15.7-18.6] 16.9 [15.7-18.8]

BMI for age z-score, mean ± SD 0.68 (1.24) 0.61 (1.15) 0.65 (1.21)

Severe malnutrition*, n(%) 1 (.3) 0 (0) 1 (.001)

HIV seropositivity n(%) 2 (1) 0 2 (.4)

Children exposed to index cases with the following characteristics n(%):

    Sleeps in the same bed as child 97 (30) 71 (31) 168 (30)

    Currently has cough 280 (86) 199(83) 479 (86)

    In daily contact with child 294 (90) 212 (92) 506 (91)

    Child’s primary caregiver 126 (39) 103 (45) 229 (41)

    Lives in same household as child 294 (90) 211 (91) 505 (91)

    Child’s mother 87 (27) 81 (35) 168 (30)

    More than one contact in child’s household 46 (14) 57 (25) 103 (18)

    Has reported pulmonary TB? 326 (100) 231 (100) 557 (100)

    Sleeps in same room as child 159 (49) 122 (53) 281 (50)

    Has smear-positive pulmonary TB 274 (84) 205 (89) 479 (86)

Median survey score [IQR] 5 [4-6] 5 [4-7] 5 [4-7]

*
Defined as < −3 standard deviations from the median value, per WHO Growth Indicators16
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