
Tuberculosis Infection in Zambia: The Association with Relative
Wealth

Delia Boccia*,
Infectious Diseases Epidemiology Unit, Department of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, Keppel Street, London, WC1 E 7HT, United
Kingdom, Tel: +44(0)20-7958-8145, Fax: +44(0)20-7612-7860, delia.boccia@lshtm.ac.uk.

James Hargreaves,
Infectious Diseases Epidemiology Unit, Department of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, Keppel Street, London, WC1E 7HT, United
Kingdom, Tel: +44(0)20-7927-2955, Fax: +44(0)20-7612-7860, james.hargreaves@lshtm.ac.uk.

Helen Ayles,
Clinical Research Unit, Department of Infectious and Tropical Diseases, London School of
Hygiene and Tropical Medicine, Keppel Street, London, WC1E 7HT, United Kingdom, ZAMBART
Project, Ridgeway Campus, University of Zambia, Lusaka, Zambia, Tel: +260-1-254710, Fax:
+260-1-254710, helen@zambart.org.zm.

Katherine Fielding,
Infectious Diseases Epidemiology Unit, Department of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, Keppel Street, London, WC1E 7HT, United
Kingdom, Tel: +44(0)20-7927-2889, Fax: +44(0)20-7636-8739, katherine.fielding@lshtm.ac.uk.

Musonda Simwinga, and
ZAMBART Project, Ridgeway Campus, University of Zambia, Lusaka, Zambia, Tel:
+260-1-254710, Fax: +260-1-254710, musonda@zambart.org.zm.

Peter Godfrey-Faussett
Clinical Research Unit, Department of Infectious and Tropical Diseases, London School of
Hygiene and Tropical Medicine, Keppel Street, London, WC1E 7HT, United Kingdom, Tel:
+44(0)20-7958-8127, Fax: +44(0)20-7612-7860, peter.godfrey-faussett@lshtm.ac.uk.

Abstract
This study aimed to assess the association between household socioeconomic position and
tuberculosis (TB) infection in two communities of Zambia. For this purpose we implemented a
cross-sectional investigation, nested within a larger case control study. Infection was assessed
using Quantiferon-TB Gold. A socioeconomic position index was constructed through principal
component analysis combining data on human resources, food availability, housing quality, and
access to services and infrastructures. In this study, higher socioeconomic position, rather than
lower, was associated with significantly higher risk of TB infection. None of the traditional risk
factors for TB infection mediated this association, suggesting that in these two communities TB
transmission may occur through exposure to as yet undefined risk factors that are associated with
higher socioeconomic position. Although further studies are needed, these results suggest
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emerging new patterns of TB transmission and a role of socioeconomic position on the risk of TB
infection opposite to that expected.

INTRODUCTION
Tuberculosis (TB) is considered to be a disease of poverty. 1 Its association with low
socioeconomic position (SEP) is well established at the ecologic level: 17 of the 22 highest
burden countries accounting for 80% of the world’s TB cases are classified as low income. 2

The World Health Organization (WHO) estimates that 98% of the 2 million annual TB
deaths and 95% of the 8.4 million new TB cases occur in developing countries. 3

Furthermore, recent data from the United States suggest that socioeconomic factors act
independently from the human immunodeficiency virus (HIV) epidemic. 4,5

In contrast, the association between TB and low SEP at the individual level is less well
characterized and studies provide more conflicting results. 5,6 This is probably because
living conditions are time- and setting-specific and because of the inconsistency of the
measurement strategies adopted. In TB studies, the most frequently used SEP indicators are
median household income, expenditure, crowding, level of education, and housing
quality. 4,7–17 Composite indicators have also been used, such as the Townsend deprivation
index 8 and the Jarman index. 9

Results interpretation is also made difficult by the two-stage nature of TB, characterized by
an infection and a disease stage. Often studies do not clearly differentiate between TB
infection and TB disease, and it is not yet clear how SEP is associated with the risk of
becoming infected, the risk of developing the disease, or both.

Understanding the association between SEP and risk of TB infection (rather than disease) is
further complicated by the fact that TB infection has traditionally been assessed by the
tuberculin skin test, a tool in which TB extracts are injected and skin induration 2 days later
is considered a sign of TB infection. Tuberculin skin test is prone to false positive results as
a consequence of bacilli Calmette-Guérin (BCG) vaccination and exposure to environmental
bacteria, 18,19 both of which are associated with SEP. 20–22

These problems in assessing SEP and TB infection may explain the conflicting results of the
few published studies. Research in North America and Europe showed that tuberculin skin
test positivity was least frequent in households with higher educational level, income, skilled
occupations, and room size. 7,23,24 In contrast, studies in the Gambia, 10 Malawi, 11 and
Peru 25 found that the risk of tuberculin skin test positivity was not associated with
socioeconomic indicators.

Recently, an easier and more standardized approach in the assessment of SEP has been
proposed by Filmer and Pritchet, 26 whereby households are ranked according to the
ownership of assets. In this approach, the relative weight of each asset is computed through
principal component analysis, a data reduction strategy used to reduce a number of
exposures to a single proxy measure. 26,27 Principal component analysis produces a set of
linear combinations of the original variables and typically the first combination is the
composite index extracted, having the largest amount of information common to all the
variables. The creation of this composite index results in the computation of a SEP
score. 27,28

The diagnosis of TB infection has also recently been enhanced with an in-vitro interferon-
gamma (IFN)-γ release assay that is unaffected by BCG vaccination and environmental
mycobacteria, allowing more accurate assessment of TB infection. 29,30
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The aim of this study was to use these improved methods of measuring SEP and TB
infection to investigate the association between SEP and risk of TB infection in Zambia,
which has one of the highest tuberculosis incidences in the world. 31

METHODS
Study design

Between June 2005 and March 2006 a population-based HIV-tuberculosis prevalence survey
was conducted among all residents over 15 years of age from two Zambian communities:
one rural (~13.000 inhabitants) and one urban (~11.000 inhabitants). Both areas are located
in the Lusaka province, where ~40% of the population live in extreme poverty. 32 The
prevalence of TB was estimated to be 650/100,000 (95% confidence interval [CI] 360–
940/100,000) in the rural and 1200/100,000 (95% CI 750–1640/100,000) in the urban area
(Ayles H and others, unpublished data).

We conducted a case control study nested in the previous population-based prevalence
survey, recruiting 106 prevalent cases and 318 controls aimed to assess the effect of
household SEP on the risk of prevalent tuberculosis. A case was defined as any person
enrolled in the prevalence survey from which Mycobacterium tuberculosis was grown in at
least one sputum culture. A control was defined as any person whose sputum culture was
negative for M. tuberculosis. Controls were frequency matched to the cases by age group
and area of residence (i.e., urban versus rural). For the selection of these general-population
controls, all individuals enumerated in the prevalence survey have been first stratified by
area and age groups and then randomly selected from each category according to the age
group and area distribution of the cases.

In order to assess the effect of household SEP on the risk of TB infection we adopted an
unusual, but opportunistic design: we restricted the analysis only to these 318 controls and
considered them as an age and rural/urban stratified random cross-sectional sample of the
population. Each subject was classified as tuberculosis infected or non-tuberculosis infected
and these groups were compared in terms of their socioeconomic characteristics.

Because this analysis was a secondary analysis, restricted only to these controls available
from the case control study, formal a priori power calculations were not made in respect of
the exploratory hypothesis we investigate here.

Informed written consent was requested for study participation. Ethical approval was
obtained both from the University of Zambia and the London School of Hygiene and
Tropical Medicine research ethics committee.

Infection status assessment
Infection status was assessed using Quantiferon®—TB Gold (In Tube), (Cellestis; Carnagie,
Australia), an in vitro laboratory test using a whole blood specimen for the diagnosis M.
tuberculosis complex infection. The test is based on the measurement of INF-γ released by
sensitized T cells after stimulation with tuberculosis antigens. 30 Blood samples were
collected, stored, tested, and results interpreted according to the instructions (Cellestis;
Carnegie, Australia).

Because of health and safety considerations, blood samples were collected in two clinics in
the urban and rural area. To better monitor participation, consenting people were given an
appointment for blood testing. Each participant giving consent, but not coming to the clinic
on the agreed date, was visited three times before being excluded from blood collection.
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Prevalence of infection was defined as the number of Quantiferon positives divided by the
total number of participants with interpretable results. Individuals having indeterminate
Quantiferon results were excluded from the analysis.

Definition of socioeconomic position
SEP was defined only at household level. For the construction of the SEP index we took into
account four different dimensions or aspects relevant to the definition of SEP in this context:
1) human resources, 2) food availability and vulnerability, 3) assets ownership and housing
quality, 4) access to community infrastructures and facilities (Figure 1). This latter domain
describes features of the area and neighborhood more than household characteristics.

Analysis was conducted combining households from both areas. Variables from across all
four domains were included in a principal component analysis 26 (PCA) and screened out
according to their loading factor (i.e., strength of correlation with each other). A total of 21
variables were considered for inclusion, of which 11 were included into PCA. The principal
component so generated was used to assign to each household a SEP score in relation to all
other households in the sample. Finally, households were grouped into SEP groups: very
poor, poor, and less poor. To convert the SEP scoring into categories made the results more
easily interpretable, because a unit increase of the SEP score does not correspond to any
meaningful level of SEP.

Data collection and data analysis
Data was collected during visits to respondents’ homes and used two different structured
questionnaires: one assessed individual socio-demographic characteristics (i.e., age, gender,
education, occupation) and known risk factors for TB infection and disease (i.e., HIV status,
contact with TB cases, smoking, alcohol, migration, past disease history); the second
questionnaire assessed the household SEP, including the variables discussed previously.

Data were collected over 12 months (March 2006–March 2007), double entered and checked
using Epi-Info Software, and analyzed with Stata Software (Version 9; Stata Corporation,
College Station, TX). Odds ratios (OR) with 95% Confidence Intervals (CI) for
determinants of infection were assessed through univariable and multivariable logistic
regression analysis. The likelihood ratio test was used to assess the overall significance of
risk factors, test for trend, and test for interaction.

Figure 1 outlines the conceptual framework we used to guide our investigation of the
possible association between SEP (and each composing domain) and TB infection. Two
pathways have been hypothesized: one affecting the risk of TB infection directly; and the
other one indirectly through the effect of mediating factors (i.e., more proximal risk factors)
that are on the causal pathway leading from SEP to TB infection. 33 In researching the
mediating pathway, we seek to explore the extent to which variation of TB infection risk
across SEP terciles is explained by differential exposure to these risk factors across SEP
groups. The list of mediating factors explored is illustrated in Figure 1.

The association between SEP and TB infection was explored looking both at the composite
index and the individual SEP proxies from which the composite index was derived. This
second approach allowed us to explore whether any of the domains were more important in
explaining the association between SEP and TB infection.

The association between SEP and TB infection was first adjusted for BCG vaccination and
HIV status, considered to be potential confounding factors because both are associated with
SEP and the likelihood of TB infection and Quantiferon positivity. The mediation effect was
assessed through the construction of a multivariable model containing SEP, the outcome of
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interest and, one by one, each of the risk factors explored. A reduction in the OR for SEP
associated with TB infection upon inclusion of any of these variables was considered
suggestive of mediation. Each model was always adjusted for age, gender, and area of
residence. The same approach was used for each of the SEP proxies investigated.

RESULTS
Population sampled

Consent to blood testing was given by 265 out of the 318 participants (83.3%) originally
enrolled as controls in the case control study. Blood samples were collected from 188 of
these subjects (Figure 2) and Quantiferon analysis performed on 174 of the 188 (92.4%)
available samples. The remaining samples (N = 14) were not tested because of insufficient
blood collection or because they were not incubated within the required time.

Eighty-three out of 174 participants (47.7%) whose samples were available were
Quantiferon positive and therefore classified as TB infected. Seven participants were
classified as indeterminate (4.0%) and excluded from further analysis. The difference in the
estimated proportion of infection between areas (45.9% and 51.9%, respectively, for the
rural and urban area) was not statistically significant (P = 0.5).

Compared with individuals for whom blood samples were unavailable (N = 144), subjects
included in the final analysis (N = 174) were more likely to be literate (OR = 2.9, 95% CI:
1.5–5.6, P < 0.001), to come from the urban area (OR = 5.6, 95% CI: 3.4–9.2, P < 0.001),
and to be less poor (OR = 2.0, 95% CI: 1.2–3.6 and OR = 4.4, 95% CI: 2.5–7.9, P < 0.001,
respectively, for the poor and less poor compared with those classified as more poor);
However, after these variables were included in a logistic regression model together with
gender and age, only coming from the urban area was independently associated with an
increase odds of having given blood (OR = 3.8, 95% CI: 2.2–6.7, P < 0.001).

Risk factors for TB infection
In the univariable analysis relatively wealthier household SEP was associated with higher
prevalence of TB infection (Figure 3A, Table 1).

Infection status was not associated with any other sociodemographic variables considered,
including gender (P = 0.6) and age (P = 0.9). Among the known risk factors explored, only
people having more than two meals containing proteins per week were more likely to be TB
infected (P = 0.04) (Table 1), and there was a weak association of TB infection with
increased crowding (P = 0.09).

There was little evidence that the association between TB infection and SEP was
confounded by any of the confounding factors considered (Model 2, Table 2). There was
also little evidence that the hypothesized mediating variables explained any part of the
association between TB infection and SEP (as suggested by the unchanged value of the OR
of SEP in the multivariable models, including SEP, age, gender, area of residence, and each
of the potential mediators considered) (Model 3, Table 2). Crowding showed no mediation
effect, but when included in the same model, became significantly associated with TB
infection independently from SEP (OR = 1.8, 95% CI: 0.9–3.9 and OR = 3.0, 95% CI: 1.2–
7.4 for crowded and very crowded households, P = 0.01, compared with less crowded ones)
(Table 2). When the relationship between crowding and SEP was explored further, data
showed that prevalence of TB infection increased with SEP across all levels of crowding
(Figure 3B).
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Association between socioeconomic position proxies and TB infection
We also explored the association between each of the SEP proxies and TB infection after
adjustment for age, gender, and area of residence. Crowding was also included in each
model as the only other variable significantly associated with TB infection. Because of the
high number of variables considered in the analysis, Table 3 presents the results only for
SEP variables associated with TB infection at a value of P ≤ 0.2 in the univariable analysis.
Of the four domains considered, variables from the domains “food availability and
vulnerability” (e.g., weekly number of meals containing proteins and number of coping
strategies) and “access to infrastructures” (e.g., having electricity, walking distance from the
market) were significantly associated with TB infection. By contrast, variables considered as
indicators of “human resources” and “housing quality” were not generally associated with
TB infection. Consistent with the analysis based on the SEP composite index, prevalence of
TB infection tended to be higher in wealthier categories for each of the SEP proxy analyzed,
and for several individual SEP proxies this association between relative wealth and TB
infection reached statistical significance.

DISCUSSION
This study describes the association between SEP and TB infection using a quantitative,
validated method for measuring SEP and a more specific test for TB infection (Quantiferon)
in a general population sample.

Despite TB being historically associated with deprivation, in this study TB infection was
more frequent among individuals from households with relatively higher SEP. This
observation was confirmed when looking at single SEP covariates: TB infection was
consistently associated with markers of higher SEP.

In this study the risk factors traditionally researched in tuberculosis epidemiology were not
significantly associated with TB infection. It was therefore not surprising that we found little
evidence that these variables mediated the association between SEP and TB infection. It is
unclear why these factors were not associated with risk of TB in our study. A reason could
be that in this study we were able to detect that part of TB transmission occurring among
relatively wealthier people and therefore explained by risk factors associated with higher
SEP.

Although these risk factors have not been yet identified in this study, a possible
interpretation of our results comes from the analysis of indicators of SEP grouped into
different conceptual domains: we found that the strongest association was observed for SEP
proxies linked to “food security and vulnerability” and “access to infrastructures and
facilities,” such as having electricity and living closer to infrastructures. These last two
variables describe characteristics of the local context rather than of households or
individuals.

Historically, the industrial revolution in the 19th Century in Europe and the associated
urbanization were accompanied by an initial increase in TB disease and death as a result of
TB. 34–38 One possible dynamic underlying our findings is that in modern-day developing
countries relatively wealthier living conditions could increase TB infection: living in
apparently better equipped households (e.g., having electricity) made with more solid
materials is a marker of wealth, but it could also mean poor air quality if houses are built
without ensuring adequate ventilation. Despite the differences in setting and study design,
analogous conclusions can be found in two other studies where TB transmission occurrence
was more frequent in newer apartment buildings, located in blocks with high residential
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density, characterized by inadequate ventilation, even after adjustment for key socio-
demographic factors. 39,40

Similar interpretation can be given to the findings on the distance from main infrastructures:
households closer to facilities are likely to be wealthier, but also likely to reflect a more
urban-type setting, characterized by greater population density and a higher chance of
human interaction, fostering TB transmission. This has been demonstrated in previous
studies, showing that in high TB prevalence settings, especially high densely populated
settings like this one, extensive TB transmission can occur via complex social networks that
are likely to be as important as households contact in maintaining transmission.41,42

One may argue that the pattern observed in this study reflects the higher prevalence of HIV,
and thus perhaps of TB infection, in relatively more educated individuals that has been
described in Zambia in previous studies. 43–45 However, we did not observe a higher
prevalence of infection among HIV-positive individuals; furthermore, in this study
population HIV was not associated with higher SEP (data not shown). Our study also
confirmed the importance of crowding in the epidemiology of tuberculosis.

As in other studies, 46–48 our data suggest a strong independent effect of both crowding and
SEP on the risk of TB infection. Crowding and SEP perhaps represent two key forces, acting
in different contexts and explaining different cases of TB infection: 1) those infected at
household level through overcrowding in poor households, and 2) those infected at
community level because of dynamics reflecting higher SEP described previously. Thus,
there may be aspects of SEP that act over and above the role played by household
overcrowding in fostering TB transmission.

The study had potential limitations. The small sample size, imposed by the nested design in
the case control study, limited the power of the study. We therefore advise caution in the
interpretation of our findings. However, because low study power most seriously increases
the potential for false negative conclusions in studies, it does not provide a highly plausible
explanation for the unusual and interesting pattern of infection we report here.

The people who participated in the study were more likely to come from the urban area
compared with the rural one. This raises issues on the generalizability of these findings and,
most importantly, about the possibility of selection biases (as people living in urban areas
are generally wealthier compared with the residents in urban ones). Nonetheless, once the
effect of the area of residence was taken into account, we found no significant difference in
terms of demographics, SEP, any risk factors increasing the likelihood of TB infection (i.e.,
known contact with tuberculosis cases), or immune system impairment and therefore
Quantiferon response (i.e., HIV status, food intake, alcohol consumption) between people
who gave blood and those who did not.

It has been suggested that malnutrition may reduce the expression of INF-γ and other
mycobactericidal substances. 49,50 If this were to be the case, our study may have missed
infected individuals among the poor (i.e., false negatives) and may have been more likely to
detect TB infection among better nourished, wealthier individuals potentially biasing our
results. However, a better immunologic response probably can only help in providing an
interpretable result, but does not necessarily translate into a positive Quantiferon result.
Most importantly, we have shown that almost all markers of high SEP were associated with
higher risk for TB infection, suggesting that the false negative bias is unlikely to be relevant.

Finally, the importance of previous contact with a TB case in the household (considered to
be one of the most important risk factor for TB infection), 51–56 could have been
underestimated as our data were based only on respondent recall.

Boccia et al. Page 7

Am J Trop Med Hyg. Author manuscript; available in PMC 2013 September 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



In conclusion, our findings suggest that unexpectedly, higher SEP, rather than lower, was
associated with TB infection in two Zambian communities.

None of the traditional risk factor variables that we explored appeared to mediate this
association, suggesting that in this setting TB transmission may occur through the exposure
to risk factors for TB other than those traditionally explored and associated with poverty,
such as alcohol consumption, inadequate nutrition, smoking, and contact with a TB case. It
is possible that, especially in urban settings, higher SEP is associated with housing
characteristics that reduce ventilation and life-styles that increase social mixing and
therefore the likelihood of contact between cases and susceptible people.

Further studies are needed to test these hypotheses and to verify whether even increasing the
household SEP may not be sufficient to reduce the risk of TB infection, if it is not
accompanied by the improvement of community living conditions (including better housing
quality, crowding reduction, and access to public services) and a strong TB control program.
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Figure 1.
Conceptual framework showing the hypothesized relationship between SEP (a) and
tuberculosis infection. * Variables included in the first principal component extracted (i.e.,
the SEP composite index). (a) For each domain of SEP considered, only some of the SEP
proxies characterized in the questionnaire are included in the figure. (b) Coping strategies
were defined as the number of activities implemented in time of hardship during the 12
months prior to the study. (c) Durable assets included radio, TV, bicycle, fridge, car, or
motorbike. (d) Housing material included roof, floor, and wall quality. (e) Variables in this
domain are more area/neighborhood features rather than household characteristics. (f)

Crowding was defined according to the number of people sharing the same sleeping room.
Three levels of crowding were identified: less crowded (< 3 people sharing the same
sleeping room), crowded (3–4 people sharing the same sleeping room), more crowded (> 4
people sharing the same sleeping room). The cutoffs were decided according to the average
number of people per sleeping room in the sample (i.e., ~3 people per sleeping room).
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Figure 2.
Flow diagram of study participation. * Bad weather conditions and poor road access.
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Figure 3.
Associations between tuberculosis (TB) infection, socioeconomic position (SEP), and
crowding. (A) Associations shown separately. (B) Association between TB (and SEP by
level of crowding).
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Table 1

Risk factors for tuberculosis (TB) infection: univariable analysis (N. 84 Quantiferon negative; N. 83
Quantiferon positive)*

Exposures Quantiferon positives
n/N (%)

Unadjusted odds
ratio (95% CI) P value

SEP index

 Less poor 47/77 (61.0) 1.0 0.02

 Poor 21/53 (39.6) 0.4 (0.2–0.8)

 Very poor 15/37 (40.5) 0.4 (0.2–0.9)

Gender

 Male 36/76 (47.4) 1.0 0.6

 Female 47/91 (50.0) 1.2 (0.6–2.2)

Age group (years)

 15–29 29/58 (50.0) 1.0 0.9

 30–44 37/76 (48.7) 0.9 (0.5–1.9)

 ≥ 45 17/33 (51.5) 1.1 (0.4–2.5)

Area of residence

 Rural 38/61 (45.9) 1.0 0.5

 Urban 55/106 (51.9) 1.3 (0.7–2.4)

BCG vaccination

 Yes 78/160 (48.7) 1.0 0.6

 No 3/5 (60.0) 1.6 (0.2–9.7)

HIV status

 Positive 24/49 (49.0) 1.0 0.9

 Negative 59/118 (50.0) 1.0 (0.5–1.9)

Alcohol consumption†

 No 58/118 (49.1) 1.0 0.8

 Yes 25/49 (51.0) 1.1 (0.6–2.1)

Smoking‡

 No 72/144 (50.0) 1.0 0.8

 Yes 11/23 (47.8) 0.9 (0.4–2.2)

Known contact with TB

 No 59/120 (49.2) 1.0 0.9

 Yes 16/32 (50.0) 1.0 (0.5–2.2)

Weekly number of meals containing proteins§

 0 14/40 (35.0) 1.0 0.04

 1 25/46 (54.3) 2.2 (0.9–5.3)

 2 17/37 (46.0) 1.6 (0.6–3.9)

 > 2 27/44 (61.4) 3.0 (1.2–7.2)

Crowding

 Less crowded 37/85 (45.5) 1.0 0.09¶

 Crowded 35/47 (53.2) 1.5 (0.7–3.0)
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Exposures Quantiferon positives
n/N (%)

Unadjusted odds
ratio (95% CI) P value

 More crowded 21/35 (60.0) 1.9 (0.9–4.3)

*
CI = confidence interval; SEP = socioeconomic position; BCG = bacilli Calmette-Guérin; HIV = human immunodeficiency virus.

†
Drinking more than 3 drinks containing alcohol per day.

‡
Including current or past smo king.

§
Weekly consumption of meals containing protein as reported by the respondent.

¶
Test for trend.
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Table 2

Testing the conceptual framework: Association between tuberculosis infection and socioeconomic position in
multivariable models accounting for confounding and mediating effect of risk factors for tuberculosis
infection (N. 84 Quantiferon negative and N. 83 Quantiferon positive)

Adjusted odds ratio
(95% CI)

P value

Model 1*

SEP index Less poor 0.4 (0.1–1.1) 0.01

Poor 0.4 (0.2–0.8)

Very poor 1.0

Model 2†

SEP index Less poor 0.3 (0.1–1.0) 0.01

Poor 0.4 (0.2–0.8)

Very poor 1.0

Model 3‡

SEP index Less poor 0.4 (0.1–1.0) 0.02

Poor 0.4 (0.2–0.8)

Very poor 1.0

 Alcohol consumption No 1.0 0.6

Yes 1.2 (0.6–2.4)

SEP index Less poor 0.4 (0.1–1.0) 0.02

Poor 0.4 (0.2–0.8)

Very poor 1.0

 Smoking No 1.0 0.7

Yes 1.2 (0.4–3.4)

SEP index Less poor 0.2 (0.08–0.9) 0.01

Poor 0.4 (0.2–0.9)

Very poor 1.0

 Known contact with TB No 1.0 0.5

Yes 1.4 (05–3.3)

SEP index Less poor 0.5 (0.2–1.5) 0.09

Poor 0.4 (0.2–0.9)

Very poor 1.0

 Weekly number of meals
  containing proteins

0 1.0 0.2

1 2.0 (0.8–4.9)

2 1.2 (0.4–3.3)

> 2 2.1 (0.8–5.9)

SEP index Less poor 0.3 (0.09–0.8) 0.005

Poor 0.4 (0.2–0.8)

Very poor 1.0

 Crowding Less crowded 1.0 0.01§

Crowded 1.9 (0.9–4.0)
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Adjusted odds ratio
(95% CI)

P value

More crowded 3.0 (1.2–7.4)

*
Model 1: Socioeconomic position (SEP) adjusted for demographic variables (i.e., gender, age, and area of residence).

†
Model 2: SEP adjusted for potential confounding factors (i.e., bacilli Calmette-Guérin (BCG) vaccination status, human immunodeficiency virus

(HIV) infection status)

‡
Model 3: SEP adjusted demographic variables and each potential mediator. A reduction in the odds ratio (OR) of SEP upon inclusion of each

previous variable is suggestive of mediation.

§
Test for trend.
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Table 3

Association between tuberculosis (TB) infection and proxies* of socioeconomic position (N. 84 Quantiferon
negative and N. 83 Quantiferon positive)

Exposures Quantiferon positives
n/N (%)

Unadjusted
Odds ratio
(95% CI)

P value Adjusted
Odds ratio
(95% CI) †

P value

Human resources

 Occupation of the head of the
  household

Self used 33/62 (53.2) 2.3 (0.6–8.3) 0.2 4.1 (0.9–18.7) 0.07

Used 46/93 (49.5) 1.9 (0.6–6.9) 3.9 (0.6–17.0)

Unemployed 4/12 (3.3) 1.0 1.0

Food availability and vulnerability

 Weekly number of meals

  containing proteins†
0 12/34 (35.3) 1.0 0.2 1.0 0.04§

1 23/47 (48.9) 1.7 (0.7–4.3) 1.9 (0.7–5.1)

2 23/40 (57.5) 2.5 (1.0–6.3) 3.2 (1.1–9.0)

3 25/46 (54.3) 2.2 (0.9–5.4) 2.9 (1.0–8.1)

 Daily number of meals in the
  household

≤ 2 21/49 (42.9) 1.0 0.2 1.0 0.2

> 2 62/118 (52.5) 1.5 (0.7–2.9) 1.5 (0.7 3.1)

 Number of coping strategies† > 3 21/51 (41.2) 1.0 0.07 1.0 0.03§

1–3 25/55 (45.4) 1.2 (0.5–2.6) 1.3 (0.6–3.0)

0 37/61 (60.7) 2.2 (1.0–4.7) 2.5 (1.1–5.9)

Assets ownership and housing
quality

 Having animals Yes 19/48 (39.6) 1.0 0.09 1.0 0.1

No 64/119(53.8) 1.8 (0.9–3.5) 0.5 (0.2–1.2)

 Floor material† Dirt/earth 28/64 (43.7) 1.0 0.2 1.0 0.2

Cement 55/103 (53.4) 1.5 (0.8–2.7) 1.7 (0.8–3.5)

 Roof material† Grass 10/20 (50.0) 1.0 0.08 1.0 0.1

Iron sheet 30/74 (40.5) 0.7 (0.2–1.8) 0.7 (0.2–2.2)

Asbestos 43/73 (58.9) 1.4 (0.5–3.9) 1.6 (0.5–5.3)

 Type of water supply† Piped outside house 52/109 (47.7) 1.0 0.1 1.0 0.7

Piped inside house 30/57 (52.6) 1.2 (0.6–2.3) 1.1 (0.6–2.4)

 Type of water sanitation Latrines 67/143 (46.8) 1.0 0.07 1.0 0.08

Flush toilets/other 16/24 (66.7) 2.3 (0.9–5.6) 2.3 (0.9–5.9)

Access to infrastructures and
facilities

 Having electricity† No 49/112 (43.7) 1.0 0.03 1.0 0.03

Yes 34/55 (61.8) 2.1 (1.1–4.0) 2.2 (1.1–4.6)

 Walking distance from the

  market (minutes)†
> 15 31/80 (38.7) 1.0 0.07 1.0 < 0.001

0–15 52/87 (60.0) 2.3 (1.2–4.6) 2.7 (1.3–5.6)

*
SEP proxies are grouped by dimension considered in the conceptual framework.
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†
Variables included in the principal component analysis.

‡
Multivariable analysis including gender, age group, area of residence, and crowding.

§
Test for trend.
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