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Abstract

Rationale: Policy recommendations on contact investigation
of HIV-seropositive patients with tuberculosis have changed
several times. Current epidemiologic evidence informing these
recommendations is considered low quality, and few large studies
investigating the infectiousness of HIV-seropositive and
-seronegative index cases have been performed in sub-Saharan
Africa.

Objectives:We assessed the infectiousness of HIV-seropositive and
-seronegative patients with tuberculosis to their household contacts
and examined potential modifiers of this relationship.

Methods: Adults suffering from their first episode of pulmonary
tuberculosis were identified in Kampala, Uganda. Field workers
visited index households and enrolled consenting household
contacts. Latent tuberculosis infection was measured through
tuberculin skin testing, and relative risks were calculated using
modified Poisson regression models. Standard assessments of
interaction between latent tuberculosis infection, the HIV
serostatus of index cases, and other variables were performed.

Measurements and Main Results: Latent tuberculosis
infection was found in 577 of 878 (65.7%) and 717 of 974
(73.6%) household contacts of HIV-seropositive and
-seronegative tuberculosis cases (relative risk, 0.89; 95%
confidence interval, 0.82–0.97). On further stratification,
cavitary lung disease (P, 0.0001 for interaction) and smear
status (P = 0.02 for interaction) of tuberculosis cases modified
the infectiousness of HIV-seropositive indexes. Cough duration
of index cases did not display interaction (P = 0.499 for
interaction).

Conclusions: This study suggests that HIV-seropositive
tuberculosis cases may be less infectious than HIV-seronegative
patients only when they are smear-negative or lack cavitary
lung disease. These results may explain heterogeneity between
prior studies and provide evidence suggesting that tuberculosis
contact investigation should include HIV-seropositive index
cases in high disease burden settings.
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Transmission of Mycobacterium
tuberculosis (tuberculosis [TB]) is driving
the current global TB epidemic, especially
in areas with a high burden of HIV,
such as sub-Saharan Africa (1–4). Patients
living with HIV have an increased risk
of progressive primary disease and
reactivation of TB (5, 6). Because of this risk,
approximately 80% of new HIV coinfected
TB cases occurring globally every year are
in sub-Saharan Africa (7, 8). Moreover, in
2013, a total of 41% of patients with TB in
Africa tested positive for HIV (8).

Despite the clear evidence that HIV
increases the risk of TB disease and sustains
a high prevalence of disease, it is less certain
whether patients with TB with HIV are as
efficient in transmitting new infection to
contacts in their social networks. Because of
this uncertainty, the role of active case
finding among contacts of coinfected index
cases has been contentious and policy
recommendations have been inconsistent
(9–11). In high-burden, low-income
settings, current World Health
Organization policy recommends that
contact investigation be conducted when
the index case is a person living with HIV.
This recommendation is based on “very
low-quality evidence” and further study is
required to inform policy guidelines (10).

Several studies have compared latent
TB infection in contacts of HIV-seropositive
and -seronegative TB cases and reported
heterogeneous results (11–15). Informative
studies in the Dominican Republic (9) and
Brazil (11) found reduced latent TB
infection in household contacts of HIV-
seropositive cases. In response to these
findings, Espinal and colleagues (9)
recommended that contact investigations in
less developed countries should not be
implemented in close contacts of coinfected
patients. These studies, however, were
unable to determine whether all or only a
subset of HIV-seropositive TB cases were
less infectious (16, 17). Moreover, these
studies took place in settings with a low
HIV burden compared with sub-Saharan
Africa, where HIV prevalence is higher
than 5% in most countries.

Through a large household contact
study in urban Uganda, we evaluated latent
TB infection rates in contacts of HIV-
seropositive and -seronegative index cases
and estimated rates of latent TB infection
stratified by characteristics of index cases,
household contacts, and the household
environment. We also studied coprevalent
and incident disease in these close contacts.
Some of the results of this study have been
previously reported in the form of an
abstract (18).

Methods

Study Population and Setting
This was a prospective cohort study of
household contacts of TB index cases. The
study design has been described previously
(5, 19, 20). Briefly, we identified newly
diagnosed patients with TB greater than or
equal to 18 years old from the National TB
and Leprosy Program at Old Mulago
Hospital in Kampala, Uganda from 1995
through 2006. Index cases were defined as
the first eligible case of pulmonary TB in a
household with one or more contacts. All
index cases were microbiologically
confirmed through a positive culture test.

Households with index cases were
visited by trained field workers within
2 weeks of TB diagnosis. During this baseline
visit, index cases were evaluated through a
physical examination and medical history.
Information was collected on age, sex, room
where they sleep, cigarette smoking status,
HIV serostatus, chest radiograph, and
duration of cough. Extent of disease through

radiographic imaging results was graded
independently by an experienced clinician
using the National TB Association
classification system with subgroupings for
cavitary and noncavitary disease (21).
Sputum samples were also collected for
laboratory testing of mycobacterial culture
and microscopic assessment.

Household contacts of index cases were
defined as any individual spending at least
7 consecutive days in the same household as
the index case in the 3 months preceding
diagnosis. Contacts were invited to
participate; gave their written informed
consent; and completed a baseline
sociodemographic questionnaire and
physical examination collecting data on age,
sex, height, weight, cigarette smoking status,
alcohol usage (yes or no), relationship to the
index case (spouse, parent, child, sibling, or
other), education level, past active TB, HIV
status, and household characteristics
(crowding, housing structure, ventilation, or
smoke exposure). Nutritional status was
assessed for each contact through body mass
index (BMI) for adults greater than or equal
to 18 years of age and through weight-for-
age z scores for child contacts. Individuals
were classified as underweight if their
z score was less than 22 or a BMI less than
18.5, normal weight if z scores were
between 22 and 2 or their BMI was greater
than or equal to 18.5 and less than 25, and
overweight if z scores were greater than 2 or
BMI was greater than or equal to 25 (22).
Bacillus Calmette-Guérin (BCG)
vaccination was assessed through
inspecting BCG scars and confirmed with
medical records when possible.

Index cases and household contacts
older than the age of 5 years were offered
HIV testing with an enzyme-linked
immunosorbent assay (Cambridge
BiosScience, Worcester, MA). Parents gave
informed consent for child contacts.
Children younger than the age of 5 years
were offered HIV testing if the mother was
living with HIV. If the mother was negative
then the child was also presumed to be
negative. People living with HIV and
children younger than 6 years without active
TB were offered a 6-month course of
isoniazid preventive therapy.

There were two outcomes at the
baseline visit: latent TB infection or TB
disease in the contacts. Latent TB infection
was defined as positive if the skin induration
reaction was greater than or equal to 10 mm
in diameter (19, 23). To determine

At a Glance Commentary

Scientific Knowledge on the
Subject: Several studies have
compared latent Mycobacterium
tuberculosis infection in contacts of
HIV-seropositive and -seronegative
tuberculosis cases and reported
heterogeneous results. Few large
studies have been reported from areas
with a high burden of both HIV and
tuberculosis.

What This Study Adds to the
Field: In this large household contact
study from urban Uganda, we found
that HIV-seropositive tuberculosis
cases were less infectious than HIV-
seronegative patients only when they
were smear-negative or did not have
cavitary lung disease. These results may
explain variability found in prior
studies and may have implications for
contact investigation in high-burden
settings.
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infection, a tuberculin skin test was
performed by placing 0.1 ml of 5 tuberculin
units of purified protein derivative
(Tubersol, Connaught Laboratories,
Limited, Toronto, Canada) on the volar
surface of the left forearm of each
participant using the Mantoux method.
Two field workers independently read the
diameter of induration within 48 to
72 hours using digital calipers to reduce
digit preference. In a sensitivity analysis, the
criteria for latent infection was varied
depending on HIV status of the contact (see
Table E1 in the online supplement).

Household contacts were also evaluated
for coprevalent and incident disease.
Coprevalent disease was defined as the
identification of TB disease at the baseline
visit or within 3 months of the initial
evaluation. After the baseline evaluation,
household contacts free of active TB were
followed for up to 2 years and evaluated for
incident disease. Incident disease was
defined as a new case of TB disease
occurring in a household contact after the
first 3 months of observation.

Statistical Analytical Plan
The prevalence of latent TB infection and
TB disease among household contacts were
estimated using standard contingency tables
and stratified by index case, household
contact, and household environmental risk
factors. We evaluated correlations among
variables using polychoric correlation
coefficients, which measure correlation
between ordered levels where the latent trait
can be considered continuous and normally
distributed.

To reduce the pool of candidate risk
factors for latent TB infection, we performed
univariate item analysis on 1,800 contacts
(93.1%) with complete data on all variables.
We then built a multivariable regression
model that included main effects and
interaction terms.We added variables one at
a time that were related to latent TB
infection (P, 0.20). Based on a stratified
analysis, we included two interaction terms
that tested interaction between HIV status
of the index case and sputum smear
findings and cavitary disease. We used
modified Poisson regression with robust
standard error variance to conduct all
model building. This regression model
takes into account the clustering of
household contacts (24) and allows for
direct estimation of relative risk (RR) in
observational studies (25, 26). Two-sided

P values and 95% confidence intervals (CIs)
were used to assess statistical significance in
all models. A similar analysis was
performed for coprevalent and incident TB
disease.

We performed sensitivity analyses
including repeating analysis with children
less than 15 years old, defining latent TB
infection as greater than or equal to 5-mm
induration for all household contacts, and
defining latent TB infection as greater than
or equal to 5-mm induration for HIV-
seropositive household contacts only (see
online supplement).

Ethical Considerations
Institutional review boards at the Uganda
National Council for Science and
Technology, the Uganda National AIDS
Research Subcommittee, Case Western
University, and Makerere University
approved this study. Informed consent was
obtained for all index cases and household
contacts. Parents or guardians of child
contacts provided written consent in
addition to verbal assent from the children.

Results

Demographic Characteristics
The study enrolled 503 index cases and their
1,941 household contacts. Eight contacts
were excluded; two refused a tuberculin skin
test and six did not have an index case with a
known HIV test result. After exclusions,
915 (47.3%) household contacts of HIV-
seropositive index cases and 1,018 (52.7%)
household contacts of HIV-seronegative
index cases were included.

These groups of contacts were
similar with regard to most baseline
sociodemographic and household
characteristics (Table 1). There was a higher
proportion of household contacts with HIV
in the households of HIV-seropositive
index cases when compared with household
contacts of seronegative index cases (16.8%
vs. 4.6%; P, 0.0001). HIV-seropositive
index cases were younger (median, 27 vs.
32; P, 0.0001) and presented with a lower
frequency of cavitary disease (45.6% vs.
63.9%; P, 0.0001) when compared with
HIV-seronegative cases (see Table E3).
Other characteristics of index cases were
similar. Contacts of HIV-seropositive and
-seronegative index cases were similar in
regards to age, sex, alcohol and smoking
use, BCG vaccination, closeness to the

index case, and history of active TB.
Differences were seen between household
contacts of HIV-seropositive and
-seronegative index cases in their relation to
the index case (P, 0.01), household type
(P, 0.01), and charcoal or fire smoke
exposure (P, 0.01). Housing
characteristics, such as number of
household members and number of
windows, were similar between contacts.

Risk of Latent TB Infection among
Contacts
Overall, 1,294 (69.9%) household contacts
had latent TB infection at the time of
household evaluation. The proportion with
latent TB infection was lower among
contacts of HIV-seropositive TB cases
compared with seronegative index cases
(65.7% vs. 73.6%; RR, 0.89; 95% CI, 0.82–
0.97) (Table 1).

In univariate analysis, the risk of latent
TB infection was associated both with
characteristics of household contacts and
index cases. Older age, BCG vaccination,
alcohol usage, and a closer relationship to
the index case (spouse vs. children or
siblings; shared a bed vs. living in a different
room), were associated with latent TB
infection among contacts (Table 2). In
index cases, cavitary lesions, extent of lung
disease, and HIV-seronegative status were
each associated with increased proportion
of latent TB infection in household
contacts. Lastly, a contact in a household
with one to five members was more likely
to have latent TB infection than those in
households with 6–10 or more than 10
members (Table 2).

In a stratified analysis, interaction was
present between HIV serostatus of the index
case and the sputum smear result (P = 0.02
for interaction) and cavitary lesions
(P, 0.01 for interaction); it modified the
effect of HIV status in the index case on
latent TB infection in contacts (Table 3,
Figure 1). In an adjusted model, controlling
for contact characteristics (age, education
level, and alcohol use) and family size, the
risk of latent TB infection was similar in
contacts of HIV-seropositive cases and
-seronegative cases when the index case had
a positive sputum smear (RR, 0.93; 95% CI,
0.85–1.01). In contrast, the proportion of
contacts with latent TB infection was lower
in contacts of HIV-seropositive cases than
-seronegative cases when the index case had
a negative sputum smear (RR, 0.76; 95% CI,
0.64–0.90). When considering cavitary
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Table 1. Demographic Characteristics of 1,933 Household Contacts of Tuberculosis Cases, Stratified by the HIV Serostatus of the
Index Case

Variable

Household
Contacts of HIV-Seropositive
Tuberculosis Cases [n (%)]*

Household
Contacts of HIV-Seronegative
Tuberculosis Cases [n (%)]*

All Contacts
[n (%)]* P Value†

Household contact characteristics
N 915 (47.3) 1,018 (52.7) 1,933 (100) —
Median age, yr (IQR) 11 (5–20) 12 (5–22) 12 (5–21) 0.55
Age group, yr 0.05

0–4 185 (20.2) 251 (24.7) 436 (22.6)
5–14 368 (40.2) 352 (34.6) 720 (37.3)
15–24 182 (19.9) 214 (21.0) 396 (20.5)
25–34 102 (11.2) 97 (9.5) 199 (10.3)
35–44 44 (4.8) 57 (5.6) 101 (5.2)
>45 34 (3.7) 47 (4.6) 81 (4.2)

Sex 0.51
Male 398 (43.5) 455 (44.7) 853 (44.5)

Education level 0.05
None 296 (32.4) 365 (35.9) 661 (34.2)
Primary 436 (47.7) 428 (42.0) 864 (44.7)
Secondary or higher 183 (20.0) 225 (22.1) 408 (21.1)

Nutritional status‡ 0.39
Underweight 25 (2.7) 30 (3.0) 55 (2.9)
Normal 813 (88.9) 885 (86.9) 1,698 (87.8)
Overweight 73 (8.0) 93 (9.1) 166 (8.6)
Missing 4 (0.4) 10 (1.0) 14 (0.7)

BCG vaccinatedx 0.97
Yes 643 (70.3) 711 (69.8) 1,354 (70.1)
No 236 (25.8) 270 (26.5) 506 (26.2)
Unknown 32 (3.5) 33 (3.2) 65 (3.4)
Missing 4 (0.4) 4 (0.4) 8 (0.4)

Cigarette smoker 0.60
Yes 54 (5.9) 53 (5.2) 107 (5.5)
No 657 (71.8) 751 (73.8) 1,408 (72.8)
Missing 204 (22.3) 214 (21.0) 418 (21.6)

Relation to index case ,0.01
Spouse 129 (14.1) 126 (12.4) 255 (13.2)
Parent 24 (2.6) 47 (4.6) 71 (3.7)
Child 411 (44.9) 405 (39.8) 816 (42.2)
Sibling 78 (8.6) 124 (12.2) 202 (10.5)
Otherjj 270 (29.6) 312 (30.7) 583 (30.1)
Missing 3 (0.3) 4 (0.4) 7 (0.4)

Past active tuberculosis 0.84
Yes 12 (1.3) 14 (1.4) 26 (1.4)
No 897 (98.0) 995 (97.7) 1,892 (97.9)
Missing 6 (0.7) 9 (0.9) 15 (0.8)

Alcohol usage 0.26
Yes 133 (14.5) 123 (12.1) 256 (13.2)
No 778 (85.0) 889 (87.3) 1,667 (86.2)
Missing 4 (0.4) 6 (0.6) 10 (0.5)

HIV serostatus ,0.01
Positive 154 (16.8) 47 (4.6) 201 (10.4)
Negative 639 (69.8) 814 (80.0) 1,455 (75.2)
Missing 122 (13.3) 157 (15.4) 279 (14.4)

Closeness to index case 0.37
Share bed 155 (16.9) 182 (17.9) 337 (17.4)
Share room, not bed 404 (44.2) 414 (40.7) 818 (42.3)
Different room 336 (36.7) 404 (39.7) 740 (38.3)
Missing 20 (2.2) 18 (1.8) 38 (2.0)

Tuberculosis infection¶

Latent tuberculosis infection 577 (65.7) 717 (73.6) 1,294 (69.9) 0.01
Coprevalent tuberculosis 37 (4.0) 44 (4.3) 81 (4.2) 0.76
All infection 614 (67.1) 761 (74.8) 1,375 (71.1) ,0.01

Index case characteristics
Age group, yr ,0.01

18–29 290 (31.7) 606 (59.5) 896 (46.3)

(Continued )
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Table 1. (Continued )

Variable

Household
Contacts of HIV-Seropositive
Tuberculosis Cases [n (%)]*

Household
Contacts of HIV-Seronegative
Tuberculosis Cases [n (%)]*

All Contacts
[n (%)]* P Value†

30–39 401 (43.8) 232 (22.8) 633 (32.8)
40–49 176 (19.2) 115 (11.3) 291 (15.1)
>50 48 (5.3) 65 (6.4) 113 (5.9)

Sex 0.22
Male 465 (50.8) 546 (53.6) 1,011 (52.3)
Female 450 (49.2) 472 (46.4) 922 (47.7)

Cigarette smoker 0.53
Yes 210 (23.0) 212 (20.8) 422 (21.8)
No 696 (76.1) 796 (78.2) 1,492 (77.2)
Missing 9 (1.0) 10 (1.0) 19 (1.0)

Sputum smear status ,0.01
Negative 241 (26.3) 205 (20.1) 446 (23.1)
Positive 674 (73.7) 813 (80.0) 1,487 (77.0)

Chest radiograph findings** ,0.01
Normal 52 (5.7) 48 (4.7) 100 (5.2)
Minimal 106 (11.6) 71 (7.0) 177 (9.2)
Moderately advanced 372 (40.7) 269 (26.4) 641 (33.2)
Far advanced 380 (41.5) 609 (59.8) 989 (51.2)
Missing 5 (0.6) 21 (2.1) 26 (1.4)

Lung cavitation** ,0.01
Cavitary disease 422 (46.1) 697 (68.5) 1,119 (57.9)
Noncavitary disease 480 (52.5) 283 (27.8) 763 (39.5)
Missing 13 (1.4) 38 (3.7) 51 (2.6)

Duration of cough 0.15
,30 d 49 (5.4) 69 (6.8) 118 (6.1)
>30 and ,60 d 201 (22.0) 220 (21.6) 421 (21.8)
>60 and ,90 d 222 (24.3) 215 (21.1) 437 (22.6)
>90 d 421 (46.0) 499 (49.0) 920 (47.6)
Missing 22 (2.4) 15 (1.5) 37 (1.9)

Household characteristics
Housing type ,0.01

Muzigo†† 474 (51.8) 412 (40.5) 887 (45.8)
Single-family household 434 (47.4) 600 (58.9) 1,037 (54.5)
Missing 7 (0.8) 6 (0.6) 13 (0.7)

Charcoal or fire smoke exposure ,0.01
Inside household 162 (17.7) 246 (24.2) 408 (21.1)
Outside household 680 (74.3) 675 (66.3) 1,355 (70.1)
None 60 (6.6) 71 (7.0) 131 (6.8)
Missing 13 (1.4) 26 (2.6) 39 (2.0)

Ventilation, No. windows per room 0.08
.1 168 (18.4) 229 (22.5) 397 (20.5)
<1 740 (80.9) 783 (76.9) 1,523 (78.8)
Missing 7 (0.8) 6 (0.6) 13 (0.7)

Family size, No. in household 0.26
1–5 405 (44.3) 465 (45.7) 870 (45.0)
6–10 408 (44.6) 421 (41.4) 829 (42.9)
.10 102 (11.2) 132 (13.0) 234 (12.1)

Definition of abbreviations: BCG = bacillus Calmette-Guérin; BMI = body mass index; IQR = interquartile range.
*Percentages refer to within–characteristic column totals among contacts of HIV-seropositive and -seronegative tuberculosis index patients. Percentages
may not total 100% because within-column percentages were rounded to the nearest integer.
†We used Pearson chi-square tests to derive P value for all categorical variables. For continuous variables, we used Wilcoxon rank sum tests for
comparison of two-sample medians.
‡Nutritional status was assessed for each contact through BMImeasurements for adults greater than or equal to 18 years of age and through weight-for-age z scores for
child contacts. Individuals were classified as underweight if their z score was less than22 or a BMI less than 18.5, normal weight if z scores were between22 and 2
or their BMI was greater than or equal to 18.5 and less than 25, and overweight if z scores were greater than 2 or BMI was greater than or equal to 25.
xEvaluated through BCG scar, verified by medical records when available.
jjIncludes other relatives, such as grandparents, grandchildren, aunts, uncles, and cousins. Also includes nonrelatives living in the household.
¶The denominator for “Latent tuberculosis infection” was household contacts without coprevalent disease (n = 1,852). The denominator for the
“Coprevalent tuberculosis disease” row was all household contacts (n = 1,933). The “All infection” row included contacts with either latent tuberculosis
infection or coprevalent disease; the denominator for this row includes all household contacts (n = 1,933). Latent tuberculosis infection was defined as a
tuberculin skin test induration reaction greater than or equal to 10 mm. Coprevalent tuberculosis disease was defined as the identification of tuberculosis
disease at or within 3 months of the baseline household visit.
**Radiographic imaging results were graded by an experienced clinician using the 1961 National Tuberculosis Association classification system.
††Muzigo households are defined as multifamily household units in the same building.
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Table 2. Risk Factors for Latent Tuberculosis Infection among Household Contacts of Tuberculosis Cases*

Variable
No. of Household

Contacts
No. with Latent TB

Infection (% Prevalence)

Univariable Model† (n = 1,852)

Relative Risk (95% CI) P Value

N 1,852 1,294 (69.9)
Household contact characteristics
Age, yr (continuous) 1,852 — 1.01 (1.01–1.01) ,0.01
Age group, yr

0–4 395 233 (59.0) 1 (Reference)
5–14 706 475 (67.3) 1.14 (1.03–1.26) 0.01
15–24 384 294 (76.6) 1.30 (1.17–1.44) ,0.01
25–34 192 146 (76.0) 1.29 (1.14–1.46) ,0.01
35–44 95 77 (81.1) 1.37 (1.20–1.57) ,0.01
>45 80 69 (86.3) 1.46 (1.29–1.66) ,0.01

Sex
Male 812 564 (69.5) 1 (Reference)
Female 1,024 729 (71.2) 1.02 (0.97–1.09) 0.40

Education level
None 606 374 (61.7) 1 (Reference)
Primary 851 619 (72.7) 1.18 (1.09–1.27) ,0.01
Secondary or higher 395 301 (76.2) 1.23 (1.13–1.35) ,0.01

Nutritional status‡

Underweight 51 36 (70.6) 1.02 (0.85–1.23) 0.82
Normal 1,624 1,122 (69.1) 1 (Reference)
Overweight 163 133 (81.6) 1.18 (1.08–1.29) ,0.01

BCG vaccinatedx

No 479 361 (75.4) 1 (Reference)
Yes 1,301 888 (68.3) 0.91 (0.85–0.97) ,0.01
Unknown 65 39 (60.0) 0.80 (0.64–0.98) 0.04

Cigarette smoking
No 1,352 981 (72.6) 1 (Reference)
Yes 102 80 (78.4) 1.08 (0.97–1.20) 0.16

Relation to index case
Spouse 244 199 (81.6) 1 (Reference)
Parent 67 57 (85.1) 1.04 (0.93–1.17) 0.47
Child 771 528 (68.5) 0.84 (0.78–0.91) ,0.01
Sibling 198 142 (71.7) 0.88 (0.78–0.99) 0.04
Otherjj 566 363 (64.1) 0.79 (0.71–0.87) ,0.01

Past active tuberculosis
No 1,815 1,266 (69.8) 1 (Reference)
Yes 23 18 (76.3) 1.12 (0.91–1.39) 0.29

Alcohol usage
No 1,594 1,077 (67.6) 1 (Reference)
Yes 249 211 (84.7) 1.25 (1.17–1.34) ,0.01

HIV serostatus
Negative 1,397 987 (70.7) 1 (Reference)
Positive 179 127 (71.0) 1.00 (0.91–1.11) 0.93

Closeness to index case
Share bed 312 234 (75.0) 1 (Reference)
Share room but not bed 783 551 (70.4) 0.94 (0.87–1.01) 0.10
Different room 722 485 (67.2) 0.90 (0.82–0.98) 0.02

Index case characteristics
Age group, yr

18–29 852 614 (72.1) 1 (Reference)
30–39 601 404 (67.2) 0.93 (0.85–1.03) 0.16
40–49 287 202 (70.4) 0.98 (0.86–1.11) 0.71
>50 112 74 (66.1) 0.92 (0.77–1.09) 0.33

Sex
Male 968 692 (71.5) 1 (Reference)
Female 884 602 (68.1) 0.95 (0.88–1.04) 0.26

Cigarette smoker
No 1,431 991 (69.3) 1 (Reference)
Yes 403 296 (73.5) 1.06 (0.97–1. 16) 0.20

Sputum smear status
Negative 429 281 (65.5) 1 (Reference)
Positive 1,423 1,013 (71.2) 1.09 (0.98–1.21) 0.12

(Continued )
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disease, the risk of latent TB infection was
similar in contacts of HIV-seropositive
cases and -seronegative cases when cavitary
disease was present (RR, 1.03; 95% CI,
0.96–1.12), whereas the risk was reduced in
contacts of HIV-seropositive cases when
there was no cavitary disease (RR, 0.74; 95%
CI, 0.65–0.85). No other variables,
including cough duration of the index case
(P = 0.4993 for interaction), interacted with
latent TB infection and the HIV serostatus
of the index case (see Table E2).

In this multivariable model, risk of
latent TB infection remained associated with

older age of contacts, alcohol use, and family
size. Both age (RR, 1.00; 95% CI, 1.00–1.01)
and alcohol use (RR, 1.12; 95% CI,
1.05–1.22) increased the risk for latent TB
infection, whereas larger household size
lowered the risk of latent TB infection (RR,
0.98; 95% CI, 0.97–0.99).

Risk of TB Disease among Household
Contacts
HIV-seropositive household contacts were
more likely to have coprevalent TB compared
with those without HIV, particularly if the
index case also had HIV (17/154, 11% vs.

19/639, 3%; RR, 3.71; 95% CI, 1.95–7.07)
(Table 4). In addition, contacts with HIV were
significantly more likely to develop incident
TB than those without HIV, regardless of the
HIV serostatus of the index case (Table 4).
When considering all household contacts, we
found no association between risk of
coprevalent (4.0% vs. 4.3%; P = 0.76) or
incident disease (1.8% vs. 1.9%; P = 0.97) and
whether the index case had HIV (Table 4).

Sensitivity Analysis
When we conducted several sensitivity
analyses to assess the robustness of our

Table 2. (Continued )

Variable
No. of Household

Contacts
No. with Latent TB

Infection (% Prevalence)

Univariable Model† (n = 1,852)

Relative Risk (95% CI) P Value

Chest radiograph findings¶

Normal 100 50 (50.0) 1 (Reference)
Minimal 177 97 (54.8) 1.10 (0.82–1.46) 0.53
Moderately advanced 641 425 (66.3) 1.33 (1.03–1.72) 0.03
Far advanced 989 760 (76.9) 1.54 (1.19–1.98) ,0.01

Lung cavitation¶

Noncavitary disease 743 445 (59.9) 1 (Reference)
Cavitary disease 1,060 812 (76.6) 1.28 (1.17–1.40) ,0.01

Duration of cough
,30 d 114 70 (61.4) 1 (Reference)
>30 and ,60 d 407 256 (62.9) 1.02 (0.82–1.28) 0.83
>60 and ,90 d 420 293 (69.8) 1.14 (0.91–1.42) 0.26
>90 d 876 656 (74.9) 1.22 (0.99–1.50) 0.06

HIV serostatus
Negative 974 717 (73.6) 1 (Reference)
Positive 878 577 (65.7) 0.89 (0.82–0.97) 0.01

Household characteristics
Housing type

Single-family household 1,005 681 (67.8) 1 (Reference)
Muzigo** 834 601 (72.1) 1.06 (0.98–1.16) 0.15

Charcoal or fire smoke exposure
Inside household 398 284 (71.4) 1 (Reference)
Outside household 1,289 886 (68.7) 0.96 (0.88–1.06) 0.44
None 127 94 (74.0) 1.04 (0.87–1.23) 0.68

Ventilation, No. windows per room
.1 385 251 (65.2) 1 (Reference)
<1 1,454 1,031 (70.9) 1.09 (0.97–1.22) 0.17

Family size, No. in household
1–5 821 622 (75.8) 1 (Reference)
6–10 803 535 (66.6) 0.88 (0.81–0.95) ,0.01
.10 228 137 (60.1) 0.79 (0.67–0.94) 0.01

Definition of abbreviations: BMI = body mass index; CI = confidence interval; BCG = bacillus Calmette-Guérin; TB = tuberculosis.
*Column totals vary across different characteristics because of missing values for some participants. In this analysis, we included only household contacts
without coprevalent disease, excluding 81 contacts. Latent tuberculosis infection was defined as an induration reaction greater than or equal to 10 mm in
diameter.
†The model uses a modified Poisson regression with robust error variance allowing for estimation of relative risks and adjustment for household clustering
of contacts.
‡Nutritional status was assessed for each contact through BMI measurements for adults greater than or equal to 18 years of age and through
weight-for-age z scores for child contacts. Individuals were classified as underweight if their z score was less than 22 or a BMI less than 18.5, normal
weight if z scores were between 22 and 2 or their BMI was greater than or equal to 18.5 and less than 25, and overweight if z scores were greater than 2
or BMI was greater than or equal to 25.
xEvaluated through BCG scar, verified by medical records when available.
jjIncludes other relatives, such as grandparents, grandchildren, aunts, uncles, and cousins. Also includes nonrelatives living in the household.
¶Radiographic imaging and chest cavitation results were graded by an experienced clinician using the 1961 National Tuberculosis Association
classification.
**Muzigo households are defined as multifamily household units in the same building.
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findings we found consistent results (see
Tables E4–E6). After restricting our study
population to only children younger than
15 years of age, sputum smear status
(P value for interaction = 0.04) and cavitary
lung disease (P value for interaction =
0.002) remained statistically significant
modifiers of latent TB infection and the
HIV serostatus of the index case. When we
varied our definition of latent TB infection
our results again remained unchanged.

Discussion

In this high-burden, low-income setting
with substantial ongoing TB transmission
and a high burden of HIV, we found that the
risk of latent TB infection among household
contacts was modified by the HIV serostatus
of TB index cases but the overall risk of TB
disease among contacts was not. If we
assume that latent TB infection among
household contacts is caused by direct
transmission from the index case, then we
may infer that HIV infection of the index
case does not affect infectiousness when the
case presents with a positive sputum smear
or cavitary disease, but HIV infection does
seem to reduce infectiousness when the case
presents with smear-negative disease or no
lung cavitation. Furthermore, the risk of
disease was the result of a complex interplay

between the infectiousness of the index case,
susceptibility of the contact, and
environmental conditions.

Our findings have important
implications for TB contact investigation,
especially in areas where TB and HIV are
endemic. The main purpose of contact
investigation is to detect new cases of TB
among contacts, as a form of active case
finding (10, 27). Another reason for contact
investigation is to identify contacts that have
latent TB infection and may be at high risk
for progressive primary disease (10, 27). As
part of contact investigations, treatment of
disease and latent infection are warranted.

When considering latent TB infection,
HIV serostatus of the index case may be
relevant in the evaluation of household
contacts because of its effect on latent
infection in contacts. Previous studies of the
infectiousness of HIV-associated TB have
shown diverse results (9, 12–15). In four
studies (14, 15, 28, 29), the authors
concluded that HIV infection of index cases
did not affect infectiousness as determined
by the prevalence of latent TB infection in
contacts, whereas in three studies (9, 12,
30), contacts of HIV-seropositive TB cases
were less likely to have latent TB infection
than contacts of HIV-seronegative cases.
The results of our study suggest that
selection bias may account for some of the
heterogeneity among these studies. Four

studies that found no difference in
infectiousness by HIV serostatus enrolled,
by design, only index cases with sputum
smear positive disease. Based on our
findings, this result is expected because
index cases with smear-negative disease
were not included. In contrast, the studies
that found a difference in infectiousness
according to HIV serostatus enrolled a
spectrum of cases including those with
paucibacillary disease that may be less
infectious.

We also found that contact age, alcohol
use, and family size were associated with
latent TB infection. Because the incubation
period of TB can be months or years (31,
32), exposure events can accrue over time
and individuals can be repeatedly infected.
Our results, showing increasing prevalence
of infection with age, are consistent with
other studies from Uganda and elsewhere
(33–35). Alcohol use increased risk of
infection in our sample and has shown to
be a risk factor for recent transmission in
several studies (36). Reasons for this
association are unclear but alcohol use may
signify community-based social network
mixing, thereby exposing contacts to high-
risk of transmission in the community and
household. Small family size likely indicates
increased intimacy (and thus greater
intensity of exposure) among household
members and such a relationship with latent
infection has been reported previously (28).

We found that the HIV serostatus of
the index case is not relevant to identifying
new TB disease cases among contacts. This
may seem paradoxical at first, because HIV
status does seem to reduce infectiousness in
cases who present with paucibacillary
disease. But the reduced infectiousness of
paucibacillary, HIV-seropositive index cases
in our study was counterbalanced by the fact
that one in six of their contacts were also
living with HIV, putting them at high risk
for progressive primary disease. This
correlation between HIV serostatus of TB
index cases and their contacts may partially
explain why coprevalent and incident TB
disease was similar to HIV seronegative TB
index cases. Indeed, in our study, HIV-
seropositive contacts were two to four times
more likely to have coprevalent TB disease and
7–10 times as likely to develop incident disease
compared with HIV-seronegative contacts.

The interpretation of this study is
subject to limitations. First, one cannot infer
direct transmission of M. tuberculosis
within a household from prevalence of
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of the index case. Black bars represent prevalence of latent TB infection in household contacts of TB
index cases coinfected with HIV after stratification for either cavitary disease or sputum smear
positivity of the index case. Gray bars represent the prevalence of latent TB infection in household
contacts of HIV-seronegative TB index cases after stratification for cavitary disease or sputum smear
positivity of the index case. P values represent association after adjustment for within-household
clustering of contacts.
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latent infection. With appropriate
information about strain types and
community prevalence of latent TB
infection, however, it is possible to estimate
the secondary attack rate for disease and
infection (5). Second, because we did not
base our analysis on tuberculin skin
test conversions, nondifferential
misclassification of latent TB infection in
household contacts is possible. To address
this limitation, we performed sensitivity
analysis among children younger than
15 years old and found similar results,
indicating that this bias is likely minimal.
Third, there may be unmeasured
confounders that may affect our results.
Although true of any study, we based our
selection of risk factors for infection on our
knowledge of working in this population for
more than 20 years (5, 19, 20, 33).

During the study we did not assess level
of immunosuppression among HIV-
seropositive contacts or index cases. Because
immunosuppression caused by HIV may
lead to false-negative reactions to tuberculin
skin tests, we may have underestimated the
prevalence of latent infection among
contacts of HIV-seropositive cases.

Moreover, without CD41 T-cell counts
among index cases, we were not able to
assess potential confounding of immuno-
suppression on transmission because
atypical presentation of disease and lower
smear grade are more likely when the
CD41 T-cell count is low (37, 38). Two
studies of close contacts have reported that
index cases with low CD41 T-cell counts are
less infectious compared with HIV-
seronegative TB cases (39, 40), but this
finding is not universal because one study
demonstrated conflicting results (11). We
postulate that many of the paucibacillary
cases found in our study may represent
HIV-seropositive patients with a low CD41

T-cell count, so our findings may be
compatible with these two studies (39, 40).

Our findings show an intricate and
interdependent relationship between TB and
HIV in an urban sub-Saharan African setting.
Although previous studies haveminimized the
importance of contact investigation among
HIV-seropositive TB cases (9), our findings
support recommendations that household
contact investigation and active case finding
should occur regardless of the HIV serostatus
of the index case (10). Moreover, household

contact investigations should include active
case finding for both TB and HIV infection in
sub-Saharan Africa. n
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Table 4. Coprevalent and Incident Tuberculosis Disease in Household Contacts of HIV-Seropositive and -Seronegative
Tuberculosis Cases*

Variable

Household Contacts of
HIV-Seropositive

Tuberculosis Cases

Household Contacts of
HIV-Seronegative

Tuberculosis Cases
Relative Risk

(95% CI), P Value‡

Coprevalent Tuberculosis Disease† (% Prevalence)

HIV serostatus of contact
HIV seropositive 17/154 (11.0) 5/47 (10.6) 1.04 (0.41–2.63), 0.94
HIV seronegative 19/639 (3.0) 37/814 (4.6) 0.65 (0.37–1.14), 0.14
Relative risk (95% CI), P value 3.71 (1.95–7.07), ,0.01 2.34 (0.93–5.90), 0.07

All HIV-tested household contacts 36/793 (4.5) 42/861 (4.9) 0.93 (0.60–1.43), 0.74
All household contactsx 37/915 (4.0) 44/1,018 (4.3) 0.94 (0.61–1.43), 0.76

Incident Tuberculosis Disease† (% Incidence)

HIV serostatus of contact
HIV seropositive 11/137 (8.0) 5/42 (11.9) 0.67 (0.25–1.79), 0.43
HIV seronegative 5/620 (0.8) 13/777 (1.7) 0.48 (0.17–1.33), 0.16
Relative risk (95% CI), P value 9.96 (3.55–27.89), ,0.01 7.12 (2.73–18.55), ,0.01

All HIV-tested household contacts 16/757 (2.1) 18/819 (2.2) 0.96 (0.50–1.86), 0.91
All household contactsx 16/878 (1.8) 18/974 (1.9) 0.99 (0.51–1.90), 0.97

Definition of abbreviation: CI = confidence interval.
*All models use a modified Poisson regression with robust error variance allowing for estimation of relative risks and adjustment for household clustering of
contacts. All proportions are individuals with a positive laboratory result stratified by the type of HIV serostatus of the index case and the contact.
†Coprevalent tuberculosis disease was defined as the identification of tuberculosis disease at or within 3 months of the baseline household visit. Incident
tuberculosis disease was defined as diagnosis of tuberculosis disease at subsequent household follow-up visits, conducted at 6-month intervals for
2 years. Individuals with coprevalent disease were excluded from analyses of incident disease.
‡The referent category for each relative risk in this column is the household contacts of HIV-seronegative tuberculosis cases.
xNumbers may not add up to column totals of HIV-seropositive and -seronegative groups because some contacts did not take an HIV test and therefore
are missing. All household contacts regardless of HIV serostatus or having taken an HIV test are included in this row.
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