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Objective. This study was conducted to determine whether improvements in
tuberculosis (TB) program activities correlate with incident TB cases.

Methods. National TB surveillance data and program data from patients with
pulmonary and laryngeal TB and their contacts were collected. These data
were analyzed using regression models to assess the association between
changes in incident TB cases and indicators of program performance (a time
series of percent changes in program indices).

Results. A total of 1,361,113 contacts exposed to 150,668 TB patients were
identified through contact investigations. From 1987 to 1992 (the period of TB
resurgence and antedating increased funding), there was a decline in several
measures used by TB programs for outcomes of contact investigations. From
1993 to 1998 (the period after increases in TB funds), there was an observable
improvement in the program indices. Four program indices for contacts and
two for TB cases (directly observed therapy and completion of therapy) were
statistically associated (p=0.01) with the decline in TB incident cases.

Conclusions. These analyses suggest that expanded TB program activities
resulted in the reduction in national TB cases and underscore the importance
of treatment completion for TB disease and latent TB infection. Based on these
results, we propose that further improvements in these activities will accelerate
the decline of TB in the United States.
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A resurgence of tuberculosis (TB) occurred in the
United States in the mid 1980s and early 1990s." In
response to this situation, new funds were appropri-
ated for enhanced program activities in 1992-1993.
Consequently, annual TB incidence since 1992 has
declined continuously through year 2004, reaching a
historic nadir.? The decline in TB cases began soon
after Congressional appropriations for TB control ef-
forts more than quintupled from 1992 ($20.7 million)
to 1994 ($116.8 million). These increased funds were
distributed to public health department TB control
programs, especially in states and metropolitan areas
with high TB morbidity, to help improve the comple-
tion of TB therapy through the use of directly ob-
served therapy and to intensify other core TB control
activities,” such as the investigation of contacts to TB
cases.

In this report, we describe the relationship found
between declining incident TB cases since 1993 and
the expansion of important TB control measures, es-
pecially the contact investigation. The contact investi-
gation is the primary activity used by health depart-
ments to identify and evaluate high-risk individuals
(contacts) who were exposed to infectious TB pa-
tients.”® Through medical evaluations, performed in
conjunction with contact investigations, health depart-
ments can find and provide treatment for secondary
TB cases. The activities performed during contact in-
vestigations interrupt further transmission of TB and
identify individuals who may benefit from treatment
for latent TB infection (LTBI). The correlation be-
tween incident TB cases and contact investigations
and treatment for LTBI has not been fully studied. We
analyzed national TB program and surveillance data
reported by state and local health departments to the
Centers for Disease Control and Prevention (CDC)
from 1987-1992 (the resurgent period) and 1993-
1998 (the recovery period) to assess the association
between TB program activities and TB incidence.

METHODS

Data sources

Every six months from 1972 through 1998, local and
state health departments reported aggregate data on
TB program indices to CDC describing the number of
contacts identified and evaluated, the number of con-
tacts found to have a positive tuberculin skin test (TST)
or TB disease, and the number of contacts that started
and completed treatment for LTBI. Starting in 1987,
the data were entered into an electronic database that
was used for this analysis. All states—except Arkansas,
Idaho, Illinois, and Nebraska, owing to lack of pro-
gram outcome data—and the District of Columbia

(classified with the Group 2 states in the paired indi-
ces analysis) were included in this analysis. While the
precise definition may vary among reporting areas, in
general, contacts are defined as people who had re-
cently shared the same air space with a person who
had infectious TB. Data analyses were limited to pul-
monary and laryngeal TB cases because they consti-
tute the main sources of TB contagion.

We used data on TB cases and treatment follow-up
reported from the same states and the District of Co-
lumbia to CDC’s national TB surveillance system using
a standardized case report form.? Data on the mode of
treatment (directly observed or self-administered) and
treatment completion were from case reports submit-
ted from 1993 through 1998.

Program indices

The program report data were arranged into seven
indices to measure program performance associated
with contact investigations. These program indices
were: (1) Cases with contacts—the number of cases with
at least one contact identified divided by the total
number of cases; (2) Contacts per case—the number of
contacts identified divided by the number of cases
with contacts identified; (3) Contacts evaluated—the
number of contacts medically evaluated (TST read
and chest radiograph done) divided by the number of
contacts identified; (4) Start LTBI therapy—the num-
ber of contacts (<15 and =15 years of age) started on
treatment for LTBI, divided by the number of contacts
infected without disease minus contacts previously
treated for LTBI; (5) Complete LTBI therapy—the num-
ber of contacts completing therapy divided by the
number of contacts (<15 and =15 years of age) start-
ing therapy minus exclusions (TB disease, died, moved
and referred, or discontinued therapy due to an ad-
verse reaction); (6) TB infection—the number of con-
tacts with LTBI divided by the number of contacts
evaluated; and (7) TB disease—the number of new TB
cases identified divided by the number of contacts
evaluated.

In addition to the above defined program indices,
analysis for the 1993-1998 period included two indi-
ces for the treatment for TB cases: (1) Directly observed
therapy (DOT)—the proportion of patients whose treat-
ment was observed by a health care worker, and (2)
Completion of therapy (COT)—the proportion of pa-
tients for whom six months of therapy was indicated
and completed within 12 months.

Data analyses

Paired indices consisted of a time series leading indi-
cator (incident TB cases) and percent changes in pro-
gram indices. Because the leading indicator and
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program indices have different units, we standardized
the leading indicator and the indices for each annual
interval by dividing the data from each index by the
mean, then multiplying the resulting values by 100. To
account for the fact that program activities have an
effect on TB future cases, the time frame of the lead-
ing indicator was shifted by two years so that 1987
program indices were related to 1989 incident cases;
succeeding years were paired in similar fashion. A two-
year frame shift was used because it is the time of
greatest risk for progression from TB infection to ac-
tive disease.'’ Using a paired indices analysis for pre-
dicting changes in longitudinal data," we compared
the observed indices with the trend in incident TB
cases to determine whether TB program activity (mea-
sured by the program indices) was correlated with
incident TB cases.

We used a generalized linear regression model for
the data so that heterogeneity could be explicitly mod-
eled."” The GENMOD procedure with AR(1) option
in SAS" was used to study the relationship between
the paired indices and incident TB cases (Written com-
munication, Kleinbaum DG. Comparison of several
SAS procedures for the analysis of clustered data; 1995).
The 95% two-sided partially maximum likelihood con-
fidence interval of each index was obtained under the
normality assumption for the indices."

The paired indices analysis and the univariate lin-
ear regression models were stratified by two factors.
To control for the appreciable change in funding,
which impacts program capacity and performance, we
studied associations in two distinct periods: 1987 to
1992 (the low funding period) and 1993 to 1998 (the
higher funding period). And to adjust for the interac-
tion between funding and the national decline in TB
cases, we stratified the states into two groups by greater
than or equal to (Group 1) or by less than (Group 2)
the decline in the national TB incident cases. Group 1
states had a greater than or equal decline in TB cases
compared with the decline in the national case rate
and consisted of 25 states. Group 2 states had a de-
cline in cases less than the decline in the national case
rate and consisted of 22 states.

RESULTS

From 1987 through 1998, 189,983 cases of pulmonary
and laryngeal TB were reported, along with program-
matic data regarding their corresponding contact in-
vestigations. Contact investigations for 150,668 (79.3%)
TB cases identified at least one contact. TB cases that
had at least one contact identified increased every year
from 1993 (the year with the lowest percentage) through

1998 from 72.4% to 84.3% (p<<0.001, chi-square for
linear trend). The mean number of contacts identified
per case through contact investigations in 1991 was 8.5;
it steadily increased until 1998 when the mean was 11.0
contacts per case. The increase in contacts identified
per case occurred earlier in Group 1 states (1994, Fig-
ure 1) than in Group 2 states(1995, Figure 2).

A total of 1,361,113 individuals exposed to an infec-
tious TB case was identified through contact investiga-
tions. The percentage of contacts that completed evalu-
ation for TB disease and infection varied slightly over
the study period for an average of 89.2%. Overall,
287,242 contacts (21.1%) were found to have LTBI;
the percentage of contacts with LTBI increased steadily
from 21.0% in 1991 to 25.0% in 1998. Likewise, the
index TB disease shows that the percentage of TB cases
found among evaluated contacts increased from 0.7%
in 1991 to 0.9% in 1998.

After the increase in TB program funding, an in-
creasing percentage of infected contacts started treat-
ment for LTBI. The Start of LTBI therapy index for
contacts <15 years of age increased in 1995 for Group
1 states (Figure 1) and in 1997 for Group 2 states
(Figure 2). Starting in 1993, after several years of de-
cline, Complete LTBI therapy for child contacts increased
from 73.0% to 83.4% and from 63.9% to 70.8% for
adult contacts. Similarly, the Complete LTBI therapy in-
dex for child contacts increased earlier in Group 1
states (1994, Figure 3) than in Group 2 states (1996,
Figure 4). For adult contacts, Complete LTBI therapy has
increased in group 1 states since 1996 (Figure 3), but
has declined in Group 2 states since 1994 (Figure 4).

Because the impact of funding has a complex effect
on program performance, we present regression mod-
els that control for funding by stratifying the data in
two periods: the low funding period (1987-1992) and
the higher funding period (1993-1998). In the low
funding period, program indices for Group 1 states
that correlated (p=0.01) with increasing TB cases were
Cases with contacts, Start LTBI therapy for contacts <15
years, and Complete LTBI therapy for contacts =15 years,
Latent TB infection, and TB disease. There were no
statistically significant associations for Group 2 states.

In the higher funding period, the program indices
that were associated with declining incident TB cases
for Group 1 states were Cases with contacts, Contacts per
case, Complete LTBI therapy for contacts <15 years, and
Complete LTBI therapy for contacts =15 years (Table 1).
For Group 2 states, only Contacts per case was associated
with the declining trend in incident TB cases (Table
2). In contrast, worse outcomes for Complete LTBI therapy
for contacts =15 years were associated with decreasing
trends during the higher funding period.
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Figure 1. Trend for the indices Contacts per case and Start therapy for
LTBI <15 years of age in Group 1 states, 1987-1998:
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Figure 2. Trend for the indices Contacts per case and Start therapy for
LTBI <15 years of age in Group 2 states, 1987-1998
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Figure 3. Trend for the indices Complete LTBI therapy for <15 and >15 years of age in
Group 1 states, 1987-1998
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Figure 4. Trend for the indices Complete LTBI therapy for <15 and >15 years of age in
Group 2 states, 1987-1998
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Finally, Directly observed therapy and Completion of
therapy showed a high degree of correlation with de-
creasing incident TB cases in both Group 1 and Group
2 states (p<<0.001).

DISCUSSION

This analysis suggests that improvements in TB treat-
ment by using DOT and expanding contact investiga-
tions are associated with decreasing incident TB cases.
The examination of the effects of enhanced program
activities on reductions in incident TB cases for more
than 150,000 TB cases and almost 1.4 million of their
contacts offers a model for outcomes based public
health programs. Focused activities to enhance treat-
ment completion for individuals with TB and expand-
ing the scope of contact investigations are fundamen-
tal changes in TB control activities that helped to
reverse the recent resurgence in TB. An earlier analy-
sis by McKenna et al. showed that the initial decline in
incident TB cases was associated with several factors:
improvements in completion of therapy for TB cases,
bacteriologic sputum conversion (shortening of the
infectious period), and an increase in the number of
contacts identified per case.'* Two of the factors impli-
cated in controlling TB—improved rates of completion
of therapy and shorter time to sputum conversion—in

Table 1. Regression analysis of program indices for
Group 1 states, 1987-1992 and 1993-1998*

95% confidence interval

Index 1987-1992 1993-1998

Cases with contacts —7.93, —2.24° —2.51, —0.47°
Contacts per case —2.46,2.78 —0.91, —0.40°
Contacts evaluated —17.06, 3.09 —6.03, 12.79
Start LTBI therapy

<15 years of age —4.73, —1.46° —2.81,4.10
Start LTBI therapy

=15 years of age —1.15, 4.52 —1.64,2.33

Complete LTBI therapy

<15 years of age —6.45, —0.98° —-2.09, —1.39%°
Complete LTBI therapy

=15 years of age —5.82,0.73 —3.79, —0.70°
Latent TB infection (LTBI) —4.26, —0.83° —-2.29,0.50
TB disease —-1.27, =0.10° -1.11,0.15
Directly observed therapy — —0.38, —0.22¢
Completion of therapy — —1.35, —0.71¢

*Group 1 are states where the decline in incident TB cases was
equal to or more pronounced than the national average.

°p=0.01
*6<0.001

Table 2. Regression analysis of program indices for
Group 2 states, 1987-1992 and 1993-1998:

95% confidence interval

Index 1987-1992 1993-1998

Cases with contacts —3.32,1.43 —1.42, 0.49
Contacts per case -0.73,0.78 —-0.91, —0.26°
Contacts evaluated -1.21,2.19 —1.98, 2.17

Start LTBI therapy

<15 years of age -3.95, 3.25 —-0.03, 1.22
Start LTBI therapy

=15 years of age -1.30, 1.25 —1.06, 0.61

Complete LTBI therapy

<15 years of age —1.30,0.76 -1.54, 1.03
Complete LTBI therapy

=15 years of age -1.20, 1.37 0.94, 3.57
Latent TB infection (LTBI) =1.71, 0.65 —0.86, 0.22
TB disease -0.31,0.17 —0.53, 0.02
Directly observed therapy — —0.34, -0.21¢
Completion of therapy — —1.16, —0.55¢

*Group 2 states are where the decline in incident TB cases was less
than the national average.

°p=0.01
*6<0.001

large part reflect the greater use of DOT that was
widely introduced by health departments after TB fund-
ing appreciably increased.>*" The third factor, expand-
ing contact investigations, is a broader public health
activity that seeks to determine the social pathway
through which TB is transmitted and to interrupt on-
going transmission.

Completion of treatment for LTBI among individu-
als identified through contact investigations is a cor-
nerstone of U.S. efforts to accelerate the decline in TB
cases. The primary purposes of contact investigations
are to provide treatment to contacts for LTBI and to
identify secondary TB cases.® The early identification
of secondary cases among individuals who had not yet
sought medical care reduces further transmission of
TB.' Since TB programs have received increased fund-
ing, steady progress has been made in completing
treatment for LTBI, thereby reducing the pool of fu-
ture TB cases. Assuming that 5%-10% of contacts with
LTBI develop TB disease without treatment,'”'® en-
hanced contact investigations in this study cohort would
prevent an estimated 600 TB cases.

The increase in the median number of contacts
identified through contact investigations, the decrease
in the percentage of cases with no contacts identified,
and the percentage of contacts having TB disease are
indicators of improved case finding. These findings
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suggest that by expanding the scope of contact investi-
gations, health departments can prevent transmission
of TB by promptly evaluating and treating secondary
TB cases and recently infected individuals who are at
high risk for progression to TB disease. In contrast,
nonimprovement in program indices correlated with
increases in TB cases from 1987 to 1992 of the study
period."

A patient-centered approach that uses public health
outreach workers or nurses to deliver and directly
observe the treatment of individuals with infectious
pulmonary TB is one of the most important innova-
tions taken to combat the latest rise in TB in the
United States.*” In the present study, data collected
since 1993 indicate that both Group 1 and Group 2
states evidenced the strongest correlation between
DOT and COT with declining TB cases. Increased use
of DOT may improve initial adherence to treatment
when patients continue to be infectious and reduces
the relapse of TB resulting from partial treatment.
Chaulk and colleagues reviewed studies that used
nonsupervised approaches to TB treatment and those
that used DOT with and without incentives and
enablers to help patients adhere to treatment.?” That
review and other studies conclude that treatment
completion rates sufficient to control the TB epidemic
are unachievable with nonsupervised approaches to
TB treatment.>*!

This study has limitations. It is easier to measure
outbreaks that were not prevented than those that are
prevented.?* The associations found could also be
influenced by other, more difficult to measure, pro-
gram improvements. Another limitation is that the
data were collected from numerous local sites over
several years. It is possible that data quality varied by
both place and time. In addition, data on the comple-
tion of therapy for contacts with LTBI may not have
been available from providers outside the health de-
partment, thus underestimating completion of therapy.
Finally, classification bias may exist for the program
activities occurring in 1991, the low funding period,
which are examined in connection to TB cases in
1993, the higher funding period. However, neither a
one-year nor a three-year lag produced appreciable
differences in the models and the contribution of any
bias would be small compared to the entire period
studied.

Treatment completion for TB cases, contact investi-
gations, and treatment for LTBI are vital public health
activities. As health departments assimilate the experi-
ences and lessons from conducting contact investiga-
tions, they will be substantive instruments for interrupt-

ing TB transmission and preventing future cases.**
Owing to structural change in the conditions in which
public health departments operate, further evaluation
of the effectiveness of TB programs is needed to iden-
tify those activities that most significantly contribute to
accelerating the decline of TB in the United States.”*
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