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SUMMARY

SETTING: Twenty-nine United States jurisdictions.
OBJECTIVE: To determine yields of tuberculosis (TB)
contact investigations.

METHODS: Health departments within the jurisdictions
reported counts and outcomes from routine contact
investigations for cases reported in 1999.

RESULTS: The 29 jurisdictions reported 9199 TB cases,
51.9% of the US and Puerto Rico 1999 total, and listed
67 585 contacts. While 571 (10.6%) of 5405 pulmonary
cases confirmed by sputum bacteriology had no contacts
listed, 13 904 contacts were listed for other cases that
were unlikely to be contagious. Diagnostic evaluation
was completed for 56 100 contacts (83.0%), with 561
TB cases found. Of 13 083 contacts found to have latent

TB infection, 5746 (44.5%) completed treatment to pre-
vent TB. Loss to follow-up and self-discontinuation of
treatment accounted for 70% of reasons why treatment
was not completed.

CONCLUSION: Contact investigations capture substan-
tial numbers of TB cases and latent TB infections, but
the impact on prevention is limited by the poor treat-
ment rates for infected contacts. Contacts should be
sought for each potentially contagious TB case; why so
many contacts are sought for cases who are unlikely to
be contagious needs to be determined.

KEY WORDS: tuberculosis; transmission; contact inves-
tigation; program evaluation

CONTACTS of contagious tuberculosis (TB) patients
are at risk for active TB or latent TB infection (LTBI).
Contacts who have LTBI present an opportunity for
preventing future TB cases if these individuals com-
plete an LTBI treatment regimen.! In the United States,
contact investigations are central to the national
strategy for eliminating TB.2-

The US Advisory Council for the Elimination of
Tuberculosis, the Institute of Medicine Committee on
the Elimination of Tuberculosis in the US, and the
Centers for Disease Control and Prevention (CDC)
have recommended that programs should assess con-
tact investigations in order to gauge their scope and
efficiency.2# In January 2000, TB control officials
nationwide adopted a new system for reporting aggre-
gated TB contact data to the CDC. Reports from the
system focus on findings from contact investigations
around those TB patients who are likely to be
contagious’6 and rates of starting and completing
treatment for contacts found to have LTBI. The reports
also include contacts who were evaluated for other rea-
sons, for example, investigations of extra-pulmonary
or pediatric cases.

TB program officials of 24 states, four large cities

reporting independently of their states, and the Com-
monwealth of Puerto Rico started using the new report
prior to nationwide implementation. This paper sum-
marizes their results for 1999.

METHODS

Structure of reports and definitions for reporting

The contact data are divided into three categories by
the types of TB cases being investigated. The first two
data categories are paired with the potential conta-
giousness of the index TB cases; these are 1) contacts
of pulmonary cases with a positive sputum smear
result for acid-fast bacilli (‘contacts of AFB+’); and 2)
contacts of pulmonary cases with a negative sputum
smear result but a sputum culture yielding Mycobac-
terium tuberculosis complex (‘contacts of Cult+’). A
third, heterogeneous category (‘other contacts’) in-
cludes contacts related to any the following events:
extra-pulmonary TB, pulmonary TB not confirmed
by sputum bacteriologic results, pediatric source case
or associate contact investigations,” and suspect TB
that was later discounted because of either diagnostic
results or surveillance policies. Numbers and types of
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investigations are not reported for the ‘other contacts’
category. Definitions for TB cases under investigation
in the first two categories match US national surveil-
lance recommendations,3® except that laryngeal and
endobronchial forms of TB are included in this report
with pulmonary rather than with extra-pulmonary
cases because of potential contagiousness.

A contact is defined here as a person having suffi-
cient exposure to TB to warrant diagnostic evaluation.
The definition of ‘sufficient exposure’ has not been
determined nationally, and currently depends on local
practices.!0 A contact is counted as ‘evaluated’ when
results from a TB symptoms review and from diag-
nostic tests establish or exclude active TB and LTBI.
Contacts are not counted as evaluated until results
are obtained from a second tuberculin test if one is
indicated. Only those TB cases and latent infections
that are found during and because of contact investi-
gations are counted among the results.

Each contact who has LTBI is considered a candi-
date for treatment.! ‘Started treatment’ is defined as
taking at least the first dose of a regimen for LTBI.
‘Completed treatment’ means taking at least 80% of
the doses in a prescribed regimen within 150% of the
intended treatment duration, as observed by local meth-
ods for monitoring adherence.

Data collection

A health department counts only the contacts of TB
cases that it registers.8? It accounts for all contacts of
its cases, and their diagnostic evaluation and treat-
ment whenever possible, even those contacts who are
seen by private providers or those who are in or move
to other jurisdictions. Data are gathered at local health
departments and referred to state TB programs for
collation and then transmission to CDC.

In 1999 and 2000, US TB program officials attended
2-day CDC training seminars about the data defini-
tions and reporting instructions for the new system.
The attendees were asked to provide similar seminars
to the localities within their jurisdictions. CDC pro-

vided further technical assistance by telephone con-
sultation during implementation of the system.

Analysis

The aggregate counts and the calculated indices were
paired by site and then compared across all sites. The
slope (B) and the correlation coefficient (r2) for each
comparison were estimated by least-squares fit to a
linear relationship as a first-order approximation.!!

RESULTS

The CDC received the contact reports for 1999 in the
last quarter of 2001 and the first quarter of 2002. The
29 participating jurisdictions reported 9199 TB cases
during their reporting periods (25 reported for the
entire year and four reported for 1 July-31 Decem-
ber). This represents 51.9% of 17 731 cases reported
from the US and the Commonwealth of Puerto Rico in
1999.8 Of 5405 pulmonary TB cases confirmed by spu-
tum bacteriology, contacts were not listed for 571
(10.6%): 285 (8.1%) of 3527 AFB+ cases, and 286
(15.2%) of 1878 Cult+ cases. These statistics from the
29 jurisdictions are different from those in Table 1,
which shows the results from 28 of the 29 jurisdictions.

Contact counts

The 29 jurisdictions reported 67 585 total contacts:
41478 (61.4%) contacts of AFB+, 12203 (18.1%)
contacts of Cult+, and 13904 (20.6%) other con-
tacts. The mean ratio of contacts to TB cases (i.e., the
ratio of contacts to cases who had any contacts listed)
was 12.8:1 for AFB+ cases and 7.7:1 for Cult+ cases.
A ratio of contacts to cases cannot be determined for
other contacts because the numbers and types of cases
investigated are not reported.

Diagnostic evaluation of contacts
and treatment of LTBI

Diagnostic evaluation of 56 100 (83.0%) of the 67 585
contacts found TB in 561 (1.0%) evaluated contacts

Table 1 Outcomes of TB contact investigations* with treatment data for LTBI, 28 US health jurisdictions,t 1999
Cases without Contacts Contacts who

known Contacts Contacts with Contacts who started completed
TB case contacts evaluated active TB with LTBI treatment treatment
types* Cases n (%)s Contacts n (%)s n (%)" n (%)" n (%)s n (%)s
AFB+* 3474 284 (8) 40515 33521 (83) 375(1.12) 8890 (27) 6394 (72) 4038 (63)
Cult+** 1821 274 (15) 12004 9987 (83) 72(0.72) 2100 (21) 1383 (66) 857 (62)
Otherstt #* i 13899 11909 (86) 104 (0.87) 1911 (16) 1241 (65) 851 (69)
Summary 66418 55417 (83) 561 (1.01) 12901 (23) 9018 (70) 5746 (64)

* Reporting definitions in Methods.

T Twenty-nine jurisdictions reported contact data; one that did not have treatment completion data is omitted from the Table.
*Types of TB index cases being investigated—these determine categories of cases and their contacts for the report.

§ Percentages calculated from denominator in preceding column.
fiPercentages calculated from denominator of evaluated contacts.
#AFB smear result positive from sputum.

** AFB smear result negative but culture result positive from sputum.

Tt Other types of index cases and contact investigations; two jurisdictions did not report data for this category.

** Case denominator not included in reports.
TB = tuberculosis; LTBI = latent tuberculosis infection; AFB = acid-fast bacilli.
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and LTBI in 13 083 (23.3%). The 28 jurisdictions
with treatment completion data for infected contacts
(Table 1) reported 66 418 (98.3%) contacts overall;
among these contacts, 12901 (19%) had LTBIL Of
those with LTBI, 9018 (69.9%) started treatment and
5746 (63.7% of contacts who started, or 44.5% of
those with LTBI) completed it. The treatment start rate
was greatest for contacts of AFB+ (71.9%), while the

completion rate was greatest for the other contacts
(68.6%).

Reporting areas compared to non-reporting areas

All regions of the US were represented by states that
reported their contact data. Relatively more of the 24
states that reported data had low 1999 TB incidence
rates than the 26 states that did not: nine (38%) vs.
eight (31%) had very low incidence (<3.5/100 000),
seven (29%) vs. nine (35%) had intermediate inci-
dence (3.6/100 000-5.8/100 000), and eight (33%) vs.

nine (35%) had high incidence (>5.8/100000, i.e.,
greater than the national average rate in 2000).8:12

Compared with states not reporting contact data,
fewer of the states reporting contact data had at least
half of their TB patients reported as foreign-born: six
(25%) of 24 reporting vs. nine (35%) of 26 not
reporting.8 However, a greater number of TB patients
in the states reporting contact data were foreign-
born: 4440 (46.9%) of 9466 patients having country-
of-origin data for those reporting vs. 3091 (40.4%) of
7660 for those not reporting.

The reasons why some TB program officials imple-
mented the contact reports in 1999 while others
waited were not determined systematically.

Ranges and correlations of contact

investigation results

The number of cases for investigation, the number of
contacts, and the calculated indices varied widely by

Table 2 Contact investigation indicators reported by 29 jurisdictions for 1999, with statistics by jurisdiction
A Indicators from contact investigations around sputum AFB smear-positive patients (AFB+)**

AFB+ Rate, cases Contact Active LTBI Treatment
TB cases without Contacts  Contacts  evaluation TB rate, rate, Treatment of completion
Statistic n contacts, % n per case,* % rate, % % % LTBI rate, % rate, %
Mean 122 5.2 1481 17.4 83.1 1.17 24.5 74.7 66.1
Median 64 5.9 942 13.5 87.4 1.08 24.7 75.1 70.0
Minimum 05 0.0 67 6.0 51.3 0.00 6.3 50.0 20.6
1st quartile 33 0.0 328 9.8 76.4 0.50 18.0 65.6 60.7
3rd quartile 14 8.1 1790 21.4 93.4 1.56 30.3 81.8 75.1
Maximum 755 16.7 7035 50.0 97.9 4.76 53.8 97.6 100
B Indicators from contact investigations around sputum AFB smear-negative, culture-positive patients (Cult+)**
Cult+ Rate, cases Contact Active LTBI Treatment
TB cases without Contacts Contacts  evaluation TBrate, rate, Treatment of completion
Statistic n contacts, % n per case,* %  rate, % % % LTBI rate, % rate, %
Mean 65 15.9 421 11.9 84.4 0.67 20.7 71.1 60.1
Median 30 11.4 199 8.0 86.6 0.00 19.2 69.0 66.7
Minimum 1 0.0 7 4.4 46.7 0.00 0.07 50.0 0.0
1st quartile 13 2.3 60 5.9 79.3 0.00 1.1 63.1 50.0
3rd quartile 52 20.0 469 10.2 91.9 0.93 27.8 80.0 72.7
Maximum 449 90.0 2154 60.0 100 4.35 100 100 935
C Indicators from other types of contact investigations (other contacts)* t#
Contact Treatment
Contacts evaluation Active Treatment of completion
Statistic n rate, % TB rate, % LTBI rate, % LTBI rate, % rate, %
Mean 515 86.4 1.01 15.0 64.2 69.7
Median 391 84.6 0.83 13.9 66.7 70.6
Minimum 3 50.0 0.00 0.0** 0.0 0.0
1st quartile 52 80.8 0.00 5.5 50.4 63.7
3rd quartile 781 96.7 1.73 21.7 79.8 81.8
Maximum 2233 100 4.55 44 .4 100 100

* For calculating each indicator, reports that were non-contributory were omitted (e.g., a jurisdiction reporting zero infected contacts in a category could not
contribute to results for treatment of LTBI and completion of treatment for that category).
TThe means are calculated per jurisdiction (no weighting), which causes differences from the aggregate means.

*Cases with no contacts identified removed from the denominator.

§ Data from one jurisdiction that had no AFB+ cases and thus no contacts of AFB+ are omitted from subsequent columns.
i Three jurisdictions (with 1-3 cases for investigation and 7-60 contacts per jurisdiction) found no LTBI in contacts of Cult+. These jurisdictions are not included
in the summary statistics under treatment of LTBI rate and treatment completion rate.

#For other contacts, only 27 jurisdictions reported their data.

** Four jurisdictions reporting other contacts (with 5-46 contacts per jurisdiction) found no LTBI. These jurisdictions are not included in the summary statistics

under treatment of LTBI rate and treatment completion rate.
AFB = acid-fast bacilli; TB = tuberculosis; LTBI = latent tuberculosis infection.
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jurisdiction and were generally not evenly distributed
(Table 2A-C). The greatest numbers of contacts per
TB case were reported by jurisdictions with the fewest
cases, but the dispersal between jurisdictions was sub-
stantial (e.g., for the contact-to-case ratio for AFB+
cases, the slope B = —0.02, and the correlation co-
efficient 2 = 0.07). The fraction of TB cases who did
not have contacts also correlated poorly with the
number of cases for investigation. For all three groups
of contacts, the following indices did not correlate
with the total number of contacts within that cate-
gory: contact evaluation rates, active TB and LTBI
rates for evaluated contacts, treatment rates for con-
tacts with LTBI, and treatment completion rates.

For contacts of AFB+, the LTBI rates showed a
negative correlation with the contact-to-case ratio (B =
—0.006, 2 = 0.40, Figure). For each increase of one
contact per case that was investigated, the LTBI rate
lessened by on average 0.006, but only 40% of the
observed variability in the LTBI rate was predictable
from this correlation (Figure). As shown, the dis-
persal of datum pairs is prominent. For contacts of
Cult+, a similar correlation was present but with
greater dispersal (3 = —0.006, 2 = 0.12). No other
calculated index showed a potential correlation with
the contact-to-case ratio.

A typical jurisdiction reported a contact-to-case
ratio for Cult+ cases that was half that of its AFB+
cases, but the dispersal was large (B = 0.48, 72 =
0.17). There was no discernable correlation between
the proportion of cases with no contacts and the
contact-to-case ratio for either the AFB+ or Cult+
case categories. Treatment start and completion rates
for infected contacts of Cult+ patients correlated
positively with the analogous rates for infected con-

tacts of AFB+ patients (B = 0.67 and 72 = 0.28 for
treatment start, § = 0.80 and 72 = 0.34 for treatment
completion).

Cities reporting independently

For contacts of AFB+, the four cities each had a con-
tact-to-case ratio that was less than the overall median
(6.1, 11.3, 6.0, and 6.3 vs. 13.5), and their rates of
cases without contacts were = the median (8%, 6%,
11%, and 7% vs. 6%). Their evaluation rates for
contacts were < the median for three of four (88%,
84%, 76%, and 80% vs. 87%). The rates of active
TB and LTBI in evaluated contacts for each city were
similar to the medians. Their LTBI treatment rates
were < the median for three of the four cities (65%,
85%, 64%, and 72% vs. 75%), and their treatment
completion rates were < the median also for three of
the four cities (21%, 71%, 64%, and 53% vs. 70%).
The city-specific data for the other categories of con-
tacts showed wide ranges of the calculated indices
that were both greater and less than the medians, and
no patterns emerged.

Reasons why treatment for LTBI was not completed

The 28 jurisdictions that reported treatment comple-
tion data also reported mutually exclusive reasons
why treatment for LTBI was not completed for 2899
(88.6%) of the 3272 contacts who started but did not
complete treatment. The reasons were reported most
often for non-completers who were contacts of AFB+
(90.3%), and least often for those who were contacts
of Cult+ (81.6%). The distribution of reasons was
similar among the three categories of contacts, and
the combined results are shown (Table 3). The most
common reasons for not completing treatment for
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Table 3 Reasons why treatment for latent TB infection was
not completed for 2899 (88.6%) of contacts who started but
did not complete therapy in 28 US health jurisdictions, 1999*

n (% of
Reasons for not completing treatment column total)
Contact died during treatment regimen 27(0.9)
Contact moved before completing? 376 (13.0)
Active TB developed in contact* 40 (1.4)
Contact had adverse effect from treatments 247 (8.5)
Contact elected to stop treatment? 1259 (43.4)
Contact was lost to follow-up# 784 (27.0)
Provider elected to stop treatment** 166 (5.7)

Total non-completers with reported reasons 2899

* The reasons are mutually exclusive.

T Treatment was assumed incomplete for contacts who moved unless a
receiving provider confirmed completion.

*Contact was believed to be adherent to treatment at the time that TB
developed.

§ Adverse effect as confirmed/documented by a provider.

1 Contact might have elected to stop treatment after self-diagnosing adverse
effects without consulting a provider.

#No more specific reason for not completing could be determined.

** For reasons besides adverse effects of treatment.

LTBI were that the contact elected to stop treatment
and that the contact was lost to follow-up (and no
more specific reason could be determined)—which
totaled 70% of failure to complete treatment.

DISCUSSION

As TB cases decline in the US, the national TB elimi-
nation strategy increasingly focuses on efforts to find,
evaluate, and treat contacts infected with M. tuber-
culosis. These persons can have active TB soon after
infection, or they join the reservoir of LTBI and rep-
resent opportunities for preventing future cases, when
effectively treated. The findings reported here indicate
that contact investigations entail substantial work be-
cause of the large number of contacts. During their
reporting periods, the 29 jurisdictions accounted for
51.9% of the TB cases reported from the US and the
Commonwealth of Puerto Rico in 1999. When extrap-
olated by simple proportion, the estimated total num-
ber of contacts of TB patients in the US in 1999
would exceed 130000, with approximately 1300
having active TB and 26 000 having LTBI.

The substantial fraction of potentially contagious
TB patients who had no contacts listed is of concern.
Although some of these patients actually might not
have had contacts, in other situations this probably
represents missed opportunities for detecting transmis-
sion and preventing future cases. Two patient-related
factors that have been associated with listing few or
no contacts are unstable housing status and early
death of index patients, presumably before interviews
for eliciting contacts.613 Either situation hampers con-
tact investigations and requires alternative, more inten-
sive approaches to determine who the contacts are.

Each contact investigation is a lengthy, multiphase

process. At the start, public health personnel obtain
names of contacts by interviewing the patient who
has potentially contagious TB and by surveying other
sources. After contacts are traced, the evaluation of
each contact requires two or more visits with health
care providers for a TB symptoms interview and tuber-
culin skin testing. Contacts with evidence of TB infec-
tion or disease require radiographic and sometimes
bacteriologic examinations. To prevent TB, contacts
who have LTBI need treatment (most often isoniazid
for 9 months), and this requires monitoring for adher-
ence and adverse effects.! The CDC is collaborating
with state and local health departments to estimate
the health care burden of TB contact investigations. 10

TB contact tracing is a productive method of active
case finding. The 561 cases found through contact
investigations represent 6.1% of the 9199 cases found
through all methods by the participating jurisdictions
during their reporting periods. Approximately 1% of
contacts evaluated had TB disease; in comparison,
0.006% of the overall US population had active TB
reported in 1999.8 For contacts, this >150-fold higher
TB rate could be attributed either to recent infection
with M. tuberculosis, which increases the risk for
incipient disease, or to greater disease prevalence in
specific settings or population groups where index
cases originate and contact investigations are done.!*15

The 0.87% of ‘other’ category contacts with active
TB, i.e., contacts who were sought for reasons other
than known exposure to potentially contagious pul-
monary TB, was unanticipated, as was the 16 % with
LTBI. A recent epidemiologic study of contact inves-
tigations in Spain encountered even larger rates
among comparable ‘other contacts’.!S Further unan-
ticipated results reported here for other contacts in the
US were their large number and their rates for diagnos-
tic evaluation and treatment completion, which were
higher among contacts in the ‘other’ category than
among contacts in the AFB+ and Cult+ categories.

Pulmonary TB cases confirmed by sputum smear
or culture are more likely to transmit M. tuberculosis,
and thus a higher priority is recommended for investi-
gation of such cases.356:16,17 Each of the unanticipated
results for other contacts calls into question whether
the priorities are being observed and whether these pri-
orities are sufficient for guiding program strategy.

The TB and LTBI rates raise the possibility that the
other contacts are members of populations with a
greater than average incidence or prevalence, e.g.,
immigrants from countries with endemic TB trans-
mission. The yields of TB and LTBI suggest that at
least some of the contact investigations in this cate-
gory are contributing to TB prevention; focused epi-
demiologic studies are needed to clarify the types and
the relative value of these investigations in the US.

The system for reporting aggregated TB contact
data and its initial implementation in 1999, described
in this report, have limitations. The contact data do not
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allow direct assessment of whether the results from the
29 reporting jurisdictions represent the experience in
the rest of the US. States with low TB incidence were
slightly over-represented, although the inclusion of
high-morbidity jurisdictions allowed the contact
reports to capture half of the 1999 TB incidence. The
greater than average percentage of foreign-born TB
patients who were possibly included in the contact
data might have influenced results.

Unfamiliarity with the new reports could have
affected data collection and classification; systems for
data validation were likely to differ among sites.
Although the CDC held training seminars for state
and some big city public health officials, personnel in
local health departments received variable training.
The new reports were intended for measuring pro-
gram process and are not comparable to epidemiolog-
ical study methods, and some TB control officials
relayed anecdotes that the data definitions were being
reinterpreted in some localities. The wide jurisdiction-
to-jurisdiction variability of the reported results could
be caused by incorrect reporting practices in addition
to differences in actual outcomes. However, the simi-
larity between the summary results and the results that
have been gathered through systematic on-site re-
search56:13.15,18 suggests that the reporting practices
were usually consistent with the instructions, and con-
versely that the published studies are representative of
routine outcomes of contact investigations.

The current contact reporting system does not
include information about optimal selection of con-
tacts: some of the reported contacts might have had
little risk of M. tuberculosis infection, while others at
great risk might have been missed. The data in the
reports are aggregated, and a detailed nationwide anal-
ysis of TB cases, contacts, and contact investigations is
impossible under the current system. To accomplish
this, a national reporting system with more details,
linking data for individual contacts with the TB mor-
bidity surveillance data, is needed.

CONCLUSION

Incomplete yields at each step in the process of con-
tact investigations were reported: one tenth of poten-
tially contagious TB cases had no contacts listed, one
sixth of contacts did not have medical evaluations
completed, one third of contacts who had LTBI did
not start treatment, and one third of contacts who
started treatment for LTBI did not complete it. Poor
results at any of these steps diminish the potential
impact of contact investigations and suggest missed
opportunities for early case detection and prevention.
The productivity of TB contact investigations should
be monitored with data summaries such as those
described here, and the procedures used in contact
investigations should be assessed in more detail locally
when low yields are noted.2-#6,10,16-18

The unexpectedly large numbers of contacts who
are being sought for reasons other than exposure to
bacteriologically confirmed pulmonary TB, and the
rates of TB and LTBI in these contacts,!S should be
examined more closely for adjusting priorities in con-
tact tracing.

The yields from contact investigations for TB and
LTBI were substantial, but their impact on TB preven-
tion might not increase noticeably until improved
methods for diagnosing and treating LTBI are discov-
ered and applied. In the interim, the prominent rea-
sons why treatment for LTBI is not being completed
(self-discontinuation of treatment and loss to follow-
up) suggest a key role for innovative patient-centered
strategies, designed in collaboration with communi-
ties affected by TB.3:16-19
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