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SUMMARY

BACKGROUND: To elucidate networks of Mycobacte-
rium tuberculosis transmission, it may be appropriate to
characterize the types of relationships among tuberculo-
sis (TB) cases and their contacts (with and without
latent TB infection) in addition to relying on traditional
efforts to distinguish ‘close’ from ‘casual’ contacts.
SETTING: A TB outbreak in a US low incidence state.
OBJECTIVE: To evaluate whether social network analy-
sis can provide insights into transmission settings that
might otherwise go unrecognized by routine practices.
DESIGN: All adult outbreak-associated cases (n = 19)
and a convenience sample of their contacts with and
without latent TB infection (LTBI) (2 = 26) were re-
interviewed in 2001 using a structured questionnaire.
Network analysis software was used to create diagrams
illustrating important persons within the outbreak net-

work, as well as types of activities TB cases engaged in
with their contacts.

RESULTS: Drug use and drug sharing were more com-
monly reported among cases and their infected contacts
than among contacts without LTBIL. TB cases central to
the outbreak network used crack cocaine, uncovering
the need to focus control efforts on specific sites and per-
sons involved in illicit drug use.

CONCLUSION: Outbreaks occur even in areas with low
TB incidence, frequently among groups whose drug use
or other illegal activities complicate control efforts. TB
programs should consider the use of network analysis as a
supplement to routine contact investigations to identify
unrecognized patterns of M. tuberculosis transmission.
KEY WORDS: tuberculosis; contact investigations; social
network analysis

THE RATIONALE for tracing and investigating con-
tacts of persons with tuberculosis (TB) is that infec-
tious patients can transmit infection to their contacts
through airborne droplet nuclei containing Mycobac-
terium tuberculosis.’:2 Those contacts who show evi-
dence of latent TB infection (LTBI) can reduce by 60—
70% their risk of progressing to active disease by
completing a 6- to 9-month course of isoniazid.?
Aside from making decisions regarding who gets fur-
ther screening for active disease or LTBI, most of the
data collected as part of the contact investigation pro-
cess are used by TB control programs as an indicator
of program success (e.g., number of contacts identi-
fied per case, number with latent TB infection, etc.).
However, the richness of contact investigation data
has the potential to accomplish a great deal more
when the combined, cumulative data from a commu-
nity (or even a larger geographic area) are analyzed
for transmission patterns.

In recent years, primarily as a result of the human
immunodeficiency virus and sexually transmitted dis-
ease epidemics, disease controllers have become in-
creasingly interested in using social network analysis
to detect and understand unrecognized patterns of dis-
ease transmission.*6 Network analysis permits map-
ping and visualization of contact investigation data,
revealing connections among cases and contacts as
both groups are identified over time. Instead of con-
sidering the results of each contact investigation as an
independent set of information, network analysis aims
to examine and describe all data accumulated from
the contact investigations performed by a TB pro-
gram. More advanced methods provide quantitative
metrics that indicate the relative position and impor-
tance of the cases, contacts, and public sites most crit-
ical to the networks of M. tuberculosis transmission
in a community. The recent application of network
analysis in the field of TB control suggests that this
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approach holds promise for improving both the under-
standing of transmission dynamics within a commu-
nity and the effectiveness with which secondary TB
cases and high-risk contacts are discovered through
the contact investigation process.”-$

The underlying hypothesis for using network anal-
ysis in contact investigations is that this strategy will
potentially help TB controllers find additional contacts
in a given social milieu. TB disease or LTBI among an
infectious person’s contacts may be the consequence
of direct exposure either to the source patient or to
another, perhaps unidentified, infectious source in the
community. A network investigation may uncover per-
sons with TB who are epidemiologically linked through
a common network (e.g., social, sexual, or drug using
connections) and have M. tuberculosis isolates with
matching DNA fingerprint patterns, as well as persons
who are epidemiologically linked but do not have iso-
lates with matching DNA fingerprint patterns.

In this report, we explore the use of network anal-
ysis as an epidemiologic tool complementing routine
contact tracing and DNA fingerprinting of M. tuber-
culosis isolates during the investigation of a protracted
TB outbreak (1994-2001) in Wichita, Kansas, involv-
ing 19 adults and three children. The outbreak was
first detected among women working as exotic dancers.
Despite several years of control efforts directed at the
clubs where dancers worked, transmission of the out-
break strain was not contained. Concern that the
problem was escalating prompted our investigation
of the role of social, sexual, and drug using network
relationships in understanding ongoing M. tuberculo-
sis transmission in the community.

STUDY POPULATION AND METHODS

Initial outbreak investigation

In January 2001, the US Centers for Disease Control
and Prevention (CDC) assisted the Wichita-Sedgwick
County Department of Health and the Kansas Depart-
ment of Health and Environment in investigating a
cluster of 22 TB patients diagnosed between 1994 and
2001. Patients included 10 men, nine women, and
three children. Seven of the nine female patients had
sputum acid-fast bacilli (AFB) smear-positive cavitary
pulmonary TB at the time of diagnosis and worked as
exotic dancers in the Wichita area. (Exotic dancers
are usually women employed by clubs to dance nude
or near-nude for the entertainment of men, although
either sex can be the dancer or the observer.) All three
pediatric patients had household contact with at least
one exotic dancer with TB. Epidemiologic links to
female patients had previously been established for
the majority of male patients through routine contact
investigation procedures. Concern about ongoing trans-
mission in unrecognized sites led to the request for
additional help from the CDC Division of TB Elimina-
tion. In consultation with state and local health author-

ities, all adult outbreak-associated cases and selected
named and unnamed contacts were reinterviewed using
a network analysis questionnaire.

Terminology

A tuberculin skin test (TST) was performed on con-
tacts using the Mantoux method (5TU purified pro-
tein derivative [PPD] intradermally) and induration
=5 mm was interpreted as a positive TST reaction.
Cases are the adult outbreak-associated TB patients
included in the county’s routine contact investigation.
Primary contacts are persons identified by TB cases
and interviewed at the time of the county’s original
routine contact investigation, and were either TST-
positive or -negative. Secondary contacts are persons
named by either cases or primary contacts at the time
of the network analysis interviews in 2001. As the
network analysis interviews were conducted months
or years after the county’s routine contact investiga-
tions, the group of secondary contacts included persons
previously identified at the time of the original contact
investigations. Secondary contacts named by only one
interviewee are referred to as terminal contacts.

Network interviews

Two categories of persons were interviewed using the
network questionnaire: 1) outbreak-associated adult
TB cases, and 2) a sample of primary contacts. In Jan-
uary 2001, the adult cases were contacted and re-
interviewed using the network analysis questionnaire
described below. A convenience sample from among
the 90 primary contacts named at the time of the origi-
nal contact investigations (128 were location-based con-
tacts) was also interviewed. This sampling approach
was necessary as a random sampling method would
not have provided a sufficient number of contacts who
could be located and interviewed within the allocated
amount of time for data collection. In order to uncover
broad differences between persons with and without
evidence of latent TB infection (and their correspond-
ing location within a transmission network), an
attempt was made to interview an equal number of
TST-positive and -negative contacts over a 2-week
period of data collection. Interviews were conducted
at the person’s home or the health department, or at
clubs out of business hours.

Network questionnaire

An extensive questionnaire was developed by adapt-
ing an instrument previously used in sexual network
analysis.”!0 Data collected with the questionnaire
included demographic characteristics; travel, incar-
ceration, and employment history; drug using prac-
tices (any time in the past and the 6-month period
preceding the interview); sexual activity (commercial
sex work, exchanging sex for drugs or drugs for sex);
and places of social aggregation with primary focus
on specific exotic dance clubs, together with dates of
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first and last attendance. The questionnaire asked the
respondent to identify persons (secondary contacts)
with whom they shared air space at home, work, leisure,
or during party activities. Type of contact between the
respondent and each secondary contact was elucidated
by asking the respondent (in three separate questions)
whether he/she had shared drugs with, or had sex with,
or other very close contact with each named person
within the past month. The term ‘close’ was not defined
for the respondents. Finally, the questionnaire elicited
general characteristics regarding each secondary contact
named by the respondent (age, sex, race/ethnicity, rela-
tionship type, duration known, activities engaged in).

DNA fingerprinting of M. tuberculosis

IS6110 DNA fingerprint analysis of M. tuberculosis iso-
lates was performed according to a standard method.!!
DNA fingerprint patterns were considered to match if
the patterns were identical or differed by the addition
or subtraction of a single band.

Data management and analysis

All network questionnaire responses were entered into a
Microsoft Access® database. The interviewed cases and
primary contacts were assigned a unique 4-digit identi-
fication number. Secondary contacts were assigned a 3-
digit identification number that could be linked to each
case or primary contact who named them. Secondary
contacts named by more than one interviewee were con-
sidered to be the same individual if they matched on first
and last names (or alias), approximate age, and ethnic-
ity. In the absence of a last name, matches were identi-
fied using first name, approximate age, ethnicity, and
street address. The data were assessed using SAS'2 for
epidemiologic analysis, and Ucinet-V13 and PAJEK14
for network analysis and visualization.

RESULTS

General characteristics of interviewed
cases and primary contacts

We interviewed all 19 adult cases and 26 primary
contacts (15 TST-positive and 11 TST-negative, or
29% of the originally identified 90 contacts). Dura-
tion of interviews ranged in length from one to two
hours. Demographic characteristics of the two groups
are presented in Table 1. Cases and primary contacts
named 198 and 273 secondary contacts, respectively.
The cases were slightly older (median age, 35 years)
than primary contacts (median age, 31 years) and fewer
had completed high school (53% vs. 69%). Almost
three fourths of both groups were white. Twelve (46 %)
cases were married at the time of interview compared
to seven (37%) primary contacts. Five (26%) cases
and four (15%) primary contacts described them-
selves as unemployed, while about 70% of both
groups stated that a paid salary or a business was
their primary source of income. Two women in each

Table 1 Demographic characteristics of cases and primary
contacts interviewed with network questionnaire,
Wichita, Kansas, 2001

Cases Primary contacts

(n=19) (n = 26)
Characteristics n (%) n (%)
Median age (years) 35 31
Female 9 (47) 16 (62)
Worked as a dancer 7 (37) 9 (35)
Worked for an escort service 2(11) 2 (8)
White 14 (74) 19 (73)
African American 4(21) 3(12)
High school degree or higher 10 (53) 18 (69)
Married 12 (46) 7 (37)
Ever incarcerated 12 (63) 13 (50)
Number of contacts named* 198 273

* Secondary contacts.

group stated that they had worked for escort services,
and two thirds of the cases and half of the primary
contacts had been previously incarcerated.

Cases and primary contacts (stratified by TST sta-
tus) named secondary contacts (total # = 471) who
were similar with regard to age distribution, gender,
and ethnicity (Table 2). A similar proportion of cases
and primary contacts lived with their secondary
contacts. The types of relationships with secondary con-
tacts and the number of months known were also
similar.

Sexual and drug using activity among
cases and primary contacts

Ninety per cent of those interviewed stated that they
were sexually active at some time in the past, but a
substantial proportion (68 % of cases and 27% of pri-
mary contacts) reported having had no sex partners
in the month preceding the network interview. Five
(56%) of the nine women with TB reported having
sex with women as well as with men. Five (26%) of
the 19 cases reported sex with an injection drug user
(IDU) compared to only two (8%) of 26 primary con-
tacts. Five (11%) of 45 cases and primary contacts
reported exchanging drugs or money for sex. Cases
and TST-negative primary contacts showed the great-
est disparity in the proportion of secondary contacts
with whom they had either ‘close contact’ or sex (Table
2). Compared with the cases, TST-negative primary
contacts reported over twice as high a proportion
(26%) of ‘close contact’ with their identified contacts.

Drug use was more common among cases than
among primary contacts (Table 3). With the exception
of alcohol, drug use among cases exceeded that among
primary contacts by two to four fold. Also, 19% of
cases reported sharing drugs with their secondary con-
tacts, compared to 8% of the TST-positive primary
contacts and none of the TST-negative primary contacts
(Table 2). Most of this predominance was attributable
to female cases who, as a subgroup, had the highest
proportion (as well as absolute number) of amphet-
amine, cocaine, crack, marijuana, and opiate use. Four
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Table 2 Characteristics of secondary contacts identified by cases and primary contacts
at time of social network interview, January 2001, Wichita, Kansas

Contacts of interviewees

TST+ primary  TST— primary
Total Cases contacts contacts
(n=471) (n = 198) (n = 165) (n=108)
n (%) n (%) n (%) n (%)
Median age (range) 31 (1-93) 32 (1-93) 32 (2-90) 29 (1-70)
Male 238 (51) 109 (55) 81 (49) 48 (44)
Race/ethnicity
White 373(79) 166 (84) 124 (75) 83 (77)
Black 70 (15) 23(12) 32 (19) 15 (14)
Hispanic 17 (4) 4(2) 4(2) 9(8)
Asian/Pacific Islander 4 (1) 0 (0) 3(2) 1(1)
Native American 6 (1) 4(2) 2(1) 0(0)
Other 1(<1) 1(<1) 0 (0) 0 (0)
Interviewee lives with contact 118 (25) 51 (26) 34 (21) 33(31)
Relationship type
Relative 160 (34) 57 (29) 60 (36) 43 (40)
Neighbor 5(1) 5(3) 0 (0) 0 (0)
Co-worker 120 (25) 55 (28) 44 (27) 21(19)
Friend 176 (37) 73 (37) 59 (36) 44 (41)
Unspecified 10 (2) 8 (4) 2(1) 0(0)
Months interviewee has known
<6 39 (8) 25(13) 11(7) 3(3)
7-24 79(17) 30 (15) 32(19) 17 (16)
25-48 65 (13) 18 (9) 24 (15) 23(21)
>48 263 (56) 108 (55) 92 (56) 63 (58)
Unknown 25 (5) 17 (9) 6 (4) 2(2)
Activities during contact
Close contact 63 (13) 23(12) 12 (7) 28 (26)
Engages in sex 41 (9) 20 (10) 9 (5) 12(11)
Shares drugs 51(11) 37(19) 14 (8) 0(0)
TST = tuberculin skin test; + = positive; — = negative.

(44%) of the nine female cases (four of the six who used
crack) reported ‘shotgunning,’ a drug sharing and con-
serving practice whereby inhaled smoke (from crack or
marijuana) is exhaled or blown directly from one user’s
mouth into the mouth of another.!S The average num-
ber of drug partners in the past month was also highest
for these same women, primarily because of one person
who reported 100 drug partners.

Table 3 Frequency of drug use among persons interviewed
during the investigation of a TB outbreak in Wichita, Kansas,
1994-2001

Primary contacts

Active

TB cases TST+ TST—

(h=19) (=15 (h=11)
Drug n (%) n (%) n (%)
Alcohol 15 (79) 7 (47) 10 (91)
Amphetamine 9(47) 2(13) 1(9)
Cocaine 10 (53) 1(7) 19)
Crack 8(42) 2(13) 3(27)
Marijuana 15 (79) 5(33) 4(36)
Opiates 7 (37) 0(0) 1(9)
Shotgunning 5(26) 1(7) 19
Mean number of drugs used 4.3 1.2 2.0
TST = tuberculin skin test; + = positive; — = negative.

Network configuration

With one exception, cases and primary contacts
demonstrated considerable assortative mixing (per-
sons with similar characteristics who connect with
each other) by age and ethnicity. That is, persons
aged =30 generally named others who were =30
(70% of secondary contacts named by cases; 60% of
secondary contacts named by primary contacts).
The secondary contacts identified by white cases and
primary contacts were predominantly white (96%
and 91% of secondary contacts named by cases and
primary contacts, respectively). However, only 37%
of the secondary contacts named by African Ameri-
can cases were of the same race, compared to the
African American primary contacts who named pre-
dominantly other African Americans as secondary
contacts (84%). Mixing by gender was, as expected,
largely disassortative (with only small deviations,
half the secondary contacts named by either sex were
of the same sex, and half were of the opposite sex).
The mixing pattern for sexual contacts mirrored that
of the total group. The two sexual partners named by
the four African American cases were both white,
reflecting the overall disassortative mixing of this
small group.



5490

The International Journal of Tuberculosis and Lung Disease
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1 001 Active case — outbreak DNA fingerprint
1002 Active case — non-outbreak DNA fingerprint
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Figure 1 Diagram of all 471 identified network connections
among interviewed cases and primary contacts, and their re-
ported secondary contacts, Wichita, Kansas, 1994-2001. Dates
at bottom of figure are the year each TB case was diagnosed.
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Figure 2 Diagram of interviewed cases and primary contacts
and the secondary contacts connecting them (n = 73), Wichita,
Kansas, 1994-2001. Dates at bottom of figure are the year each
TB case was diagnosed.
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Figure 3 Diagram of interconnections among adult TB cases
(n = 19) included in the outbreak investigation, Wichita, Kan-
sas, 1994-2001. Dates at bottom of figure are the year each TB
case was diagnosed.
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Figure 4 Diagram of interconnections among adult TB cases
(n 19) and places of aggregation (A-l), Wichita, Kansas,
1994-2001. Dates at bottom of figure are the year each TB case
was diagnosed.
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Network visualization

The complexity of the interactions among all inter-
viewees (19 cases and 26 primary contacts) and their
471 secondary contacts is demonstrated in Figure 1, a
graphic visualization of the outbreak network. Upon
removal of ‘terminal contacts,” the diagram is simpli-
fied to interviewees, and to all secondary contacts
connected with two or more of them (Figure 2). The
simplified network demonstrates the relative position
of five persons (shaded) initially thought to be asso-
ciated with the outbreak owing to epidemiologic
links to other outbreak cases. However, subsequent
DNA fingerprint analysis of isolates from all outbreak-
associated cases revealed patterns among these five
isolates that differed from the outbreak strain (11-
band pattern) that caused disease in the remaining 14
outbreak cases. In addition, the diagram permits
direct visualization of the role of crack cocaine use
(circled cases and contacts) in the outbreak. In a fur-
ther simplification (Figure 3) that includes only cases
and the primary and secondary contacts connecting
at least two cases, several small clusters are observed,
but direct linkage among all cases is not demon-
strated. Based on information obtained concerning
attendance at exotic dance clubs (see Methods), we
included the clubs as nodes in the network diagrams
(Figure 4). The graph establishes, with two excep-
tions (nodes 1017 and 1018), the potential for con-
tact between each case and at least one other case.
The isolate from case 1017 matched the outbreak
strain, but investigation revealed this was likely the
result of laboratory cross-contamination with a spec-
imen obtained from case 1008, a female patient with
strong epidemiologic ties to the outbreak network.
Thus, with the exception of case 1018, a link to strip
clubs was established as an epidemiologic connection
among all cases with M. tuberculosis isolates having
the same 11-band DNA fingerprint pattern (outbreak
strain), as well as with persons infected with non-
outbreak strains.

DISCUSSION

Modern TB control strategies are evolving as new
approaches emerge from molecular, pharmaceutical,
and diagnostic laboratories. For example, DNA fin-
gerprinting has become a useful molecular tool for
identifying persons who may be part of a common
source of M. tuberculosis transmission.16-21 Unfortu-
nately, epidemiologic investigation methods have not
kept pace with these other advances in disease con-
trol. While current epidemiologic approaches gener-
ally identify links among outbreak-associated cases,
often the majority (up to 75%) of TB cases sharing a
matching DNA fingerprint pattern cannot be con-
nected epidemiologically.22 Thus, while TB case clus-
ters may be detected through DNA fingerprinting
methods, efforts to successfully eliminate TB will be

sub-optimal if these clusters are only recognized and
not investigated. Case clusters, and the infected and
uninfected contacts associated with them, need to be
described and understood through systematic methods,
including network analysis.

Based upon our findings from the current study, we
wish to highlight two main concepts regarding the use of
network analysis to enhance TB contact investigations:
1) these methods may elucidate connections among
cases and persons with LTBI previously unrecognized by
traditional contact investigation methods; and 2) they
can identify differences in behaviors in a group that help
focus attention toward appropriate sub-groups despite
seeming similarities among group members.

First, network-based methods may provide evi-
dence for direct connections among cases and persons
with LTBI, as well as indirect evidence, such as over-
lap in attendance at places of social aggregation and
drug using behaviors. In combination with DNA finger-
printing, these methods can be used to verify and
explain recent transmission of M. tuberculosis. Upon
construction of the outbreak network diagram that
included TB cases as well as contacts, the location of
particular persons (nodes) within the network helped
identify characteristics and behaviors that were likely
important for maintaining M. tuberculosis transmis-
sion in a community. Visualization of the network
members, accompanied by analysis of their character-
istics, may help TB controllers find additional high-risk
network members with TB or candidates for treatment
of LTBIL For example, characteristics of nodes at the
fringe of the network are probably less relevant for
planning control strategies than are characteristics of
the more centrally-located nodes in the network. In
this outbreak, crack cocaine use by cases and TST-
positive contacts was their single biggest difference
from the TST-negative network members.

Second, network analysis can help discern behav-
ior or relationship differences among various mem-
bers of a seemingly similar group, and show the vari-
ation in behaviors that may explain transmission. As
seen in Figure 2, four of the five cases with isolates
having a DNA fingerprint different from the other out-
break cases in the network were persons who reported
no use of crack cocaine. The fact that these cases had
isolates different from the outbreak strain, and were
less likely to be crack users than were the outbreak
cases and their contacts, supports the finding that
crack use was a characteristic of the outbreak net-
work. These five cases with unique strains were thus
retained in the network diagram to highlight the rel-
ative importance of crack use. In Figures 1 and 2,
three cases with isolates that had unique DNA finger-
prints (cases 1002, 1006, and 1013) did not have a sin-
gle primary contact that overlapped with any other
cases. The last two outbreak-associated cases in 2001
(cases 1016 and 1019) were a husband and wife in a
drug sharing relationship with persons from the out-
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break network. One of the couple’s identified con-
tacts was case 1007 (diagnosed in 1994). Isolates
from the husband/wife pair shared a matching DNA
fingerprint pattern that was different from the out-
break strain. Even prior to knowing the strain types,
case 1007 was not considered the likely source of the
couple’s infection. Yet her close association with the
husband/wife couple highlighted the interactive
nature of the drug using group. This analysis permit-
ted the construction of a network of transmission that
evolved over 7 years. It identified a small, highly
interactive group that transmitted M. tuberculosis,
possibly facilitated by behaviors common to drug
sharing relationships (e.g., shotgunning). Our retro-
spective reconstruction shows that an investigation
focusing on a single epidemic DNA fingerprint pat-
tern may ultimately identify TB cases caused by unre-
lated strains of M. tuberculosis that may be circulat-
ing in the same high-risk social environment.

The social network approach used in this report
complemented the standard contact investigation. As
part of the network approach, contacts of TB cases
were also interviewed and asked the same questions
as the cases. Comparison persons are often chosen, as
was done here, from among the contacts. This group
of contacts was selected to help elucidate the network
relationships, rather than to serve as a ‘control’ group.
While the use of convenience sampling may have
resulted in a failure to interview contacts who were
even more representative of the network, our retro-
spective approach and limited time for data collection
precluded the selection of a sufficiently large random
sample of contacts. As this is not a standard case-
control study, the comparison of cases and primary
contacts in this instance is purely descriptive. The cal-
culation of odds ratios, P values, and confidence limits
is in fact unwarranted, given the nature of the sample
and lack of statistical independence among observa-
tions. The lack of such simple summary statistics may
be unsatisfying from an epidemiologic perspective,
but we believe this limitation is offset by insights that
were gained into network structure, temporal rela-
tionships, and the ability to understand the role of
particular TB cases in transmitting M. tuberculosis
within a community.

Prior to this analysis, the Wichita TB control pro-
gram had not recognized crack cocaine, and the sites
where persons congregate to share it, as important fac-
tors associated with M. tuberculosis transmission in
their jurisdiction. These findings prompted the Wich-
ita TB control staff to ask each newly diagnosed person
specific questions about drug use. Several sites (e.g.,
motels and private homes) were subsequently identi-
fied that previously diagnosed cases and contacts with
LTBI had frequented. TB screening activities were
recently conducted at these locations.

The retrospective nature of this investigation pre-
cluded an evaluation of network analysis as a tool for

interrupting, or slowing, transmission. The results
suggest, however, that such an approach, under-
taken in ‘real time’ under circumstances of heightened
transmission (e.g., a network of persons in multiple
sexual or drug using relationships), would be of value
in finding cases of LTBI and TB disease with multiple
DNA fingerprint types. Such potential remains to be
determined. However, had the relevance of drug use
and drug sharing behavior in this outbreak situation
been detected a few years earlier, it is possible that
interventions directed at such settings could have
ameliorated the magnitude of transmission in this
community.

In a recent report on contact investigations con-
ducted by five TB control programs and the outcomes
of these investigations, the authors concluded that
improvement in the current contact investigation strat-
egy is necessary.23 Six approaches to improving con-
tact investigations were proposed, with emphasis on
the need to collect additional data through a prospec-
tive study. We propose a seventh approach: applying
network analysis methods to data collected during
contact investigations. While this strategy needs to be
further refined and simplified before it can be imple-
mented by a typical TB control program, the long-
term benefits may help the United States achieve TB
elimination. The current contact investigation para-
digm will likely benefit from the collection of additional
ethnographic data from TB patients and their contacts,
but more emphasis must be placed on what is done
with these data following collection by TB controllers.

Current approaches to contact investigations may
leave many high-risk contacts unidentified, unscreened,
and untreated. As recently noted by Mohle-Boetani
and Flood, the process of prioritizing contacts for
evaluation must consider not only the risk of LTBI,
but also the risk that LTBI will progress to TB dis-
ease.2* The elimination of TB in the US will, in part,
require enhanced strategies for conducting routine
contact investigations and prioritizing persons identi-
fied by infectious cases. Network analysis offers the
potential to directly identify a greater number of high-
risk contacts who will benefit from treatment of LTBL
In addition, the strategy may help TB controllers focus
on particular locations, behaviors, or risk groups in
greatest need of attention.
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