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We describe the implementation of a mandatory tuberculosis (TB) screening program that uses symptom
screening and tuberculin skin testing in homeless shelters. We used the results of DNA fingerprinting of
Mycobacterium tuberculosis isolates to evaluate the effect of the program on TB incidence and transmis-
sion. After the program was implemented, the proportion of cases among homeless persons detected by
screening activities increased, and the estimated TB incidence decreased from 510 to 121 cases per
100,000 population per year. Recent transmission, defined by DNA fingerprinting analysis as clustered
patterns occurring within 2 years, decreased from 49% to 14% (p=0.03). Our results suggest that the shel-
ter-based screening program decreased the incidence of TB by decreasing its transmission among the

homeless.

H omelessness is one of the greatest risk factors for con-
tracting tuberculosis (TB) in the United States (1,2). The
incidence in the general population is extremely low; however,
the incidence among the homeless, particularly among minor-
ity ethnic groups, can be as high as 450 cases per 100,000 pop-
ulation (3). In a previous study, homelessness was the key
factor associated with DNA fingerprint clustering, suggesting
that ongoing transmission of TB in Denver, Colorado, occurs
primarily among the homeless (4).

Several studies suggest that active case finding may
decrease transmission and the overall case rate (2,5,6). We
describe the implementation of a mandatory screening pro-
gram consisting of symptom screening and tuberculin skin
testing in homeless shelters and evaluate its effect on TB inci-
dence and transmission.

Methods

Description of Screening Program

The Denver Metro TB Clinic of Denver Public Health
Department provides TB control activities for metropolitan
Denver, Colorado, which includes the counties of Adams,
Arapahoe, Denver, Douglas, and Jefferson. Active TB is
treated by use of directly observed therapy in the clinic or in
the community; outside the clinic, outreach workers deliver
the therapy using incentives and enablers (i.e., transport, food
coupons, temporary housing, and treatment for substance
abuse or mental illness). Temporary housing for the homeless
in Denver is available in large communal shelters, through res-
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idential drug and alcohol treatment programs, and in individ-
ual or family transitional housing. Our program focused on the
large communal shelters and the drug and alcohol treatment
programs because these settings were the likely loci of TB
transmission.

The screening program included a simple symptom assess-
ment and a tuberculin skin test for persons who had no history
of a positive skin test. The symptom assessment was a brief
interview to detect TB symptoms such as chronic cough,
weight loss, night sweats, and hemoptysis.

We used the Mantoux method of tuberculin skin testing (6)
and defined a positive result as induration of >10 mm. Patients
with symptoms that suggested active TB (regardless of tuber-
culin skin-test results) and those with a previous or current
positive skin test were sent to the Denver Metro TB Clinic for
further evaluation and chest radiograph. To stay in a homeless
shelter or residential substance abuse treatment program for
more than 3 to 5 days, patients were required to complete the
screening. All persons with active TB were treated with
directly observed therapy, and persons with latent TB infection
who met criteria for treatment were offered directly observed
preventive treatment. After completion of screening, homeless
persons were given a card from the clinic that allowed them to
remain in one of the shelters for up to 6 months.

The screening program, started on a voluntary basis in
1993 at a day shelter and a clinic for the homeless, was
expanded to four large shelters and six residential drug and
alcohol treatment programs by 1995. One experienced public
health nurse and four assistant outreach workers staff the pro-
gram 15 hours each week, Monday to Friday. They provide
tuberculin skin testing at some overnight shelters and at a day
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shelter and a clinic for the homeless. In our analysis of the pro-
gram, we included all persons identified as homeless or in the
residential drug/alcohol treatment programs between January
1995 and December 1998.

Data Analysis

Persons with active TB were considered homeless if they
lived in one of the shelters or residential substance-treatment
centers or were reported as homeless in clinic records between
1988 and 1998. Data were available for 1995 to 1998 on
whether TB diagnoses were detected by the screening program
or by staff at a medical facility. We obtained the numbers of
homeless persons from studies done in 1995 and 1998 by the
Colorado Department of Human Services (7). These studies
enumerated the persons living in shelters and residential sub-
stance treatment centers and also estimated the number of per-
sons living in other temporary housing and on the streets. Data
for homeless populations in 1996 and 1997 were not available,
so we estimated this number, assuming a linear increase in the
total. We analyzed TB incidence for the 11-year period, from
1988 (the year that isolates were first available for DNA fin-
gerprinting) through 1998, compiling data for 7 years before
and 4 years after the screening program was implemented for
the homeless in 1995.

We analyzed identical fingerprinting patterns in homeless
patients from 1988 through 1998. Initial DNA fingerprinting
used the IS6/70 technique, and secondary fingerprinting used
pTBNI12 for isolates having five or fewer hybridizing bands
(4,8). To estimate recent TB transmission in the homeless pop-
ulation, we calculated the proportion of cases clustered within
a 2-year period of a preceding case with the identical DNA fin-
gerprint (9). We compared the proportion of cases caused by
recent transmission during the 7-year period before the pro-
gram (1988-1994) with the proportion caused during the first
4 years of the program (1995-1998) to assess the effect of the
screening program on TB transmission.

Analyses were done by using Epi Info, version 6.0 (Cen-
ters for Disease Control and Prevention, Atlanta, GA). The
proportion clustered in the two time periods was compared by
using the Fisher exact test.

Results

Screening Program Evaluation

The estimated number of homeless persons in Denver,
Colorado, increased from 3,330 in 1995 to 5,792 in 1998. This
increase was largely attributed to the combination of popula-
tion growth in the metropolitan area and rising housing costs
(7). The four large communal shelters could accommodate
<1,176 persons and the transitional housing and treatment pro-
grams <980 persons. The number of homeless persons who
had tuberculin skin tests increased from 893 in 1995 to 3,897
by 1998 (Table 1). The screening ratio (number of completed
skin tests divided by the estimated population) increased from
26.7 to 67.3 per 100 persons during this period. The proportion
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Table 1. Effect of screening program on tuberculin skin testing and
treatment of latent tuberculosis among the homeless, Denver Health
Tuberculosis Clinic, 1995-1998

Completion of

Tuberculin Tuberculin skin- treatment of latent
Year testing ratio® test positivity (%) tuberculosis infection (%)
1995 893/3,350 (26.7) 150/893 (17) 7/37 (18.9)
1996 1,799/4,164 (43.2)  267/1,799 (15) 24/83 (28.9)
1997 3,438/4,978 (69.1)  397/3,438 (12) 24/93 (25.8)
1998 3,897/5,792 (67.3)  470/3,897 (12) 22/59 (37.3)

#Completed tuberculin tests divided by estimated homeless population (tests per 100
persons).

of persons with positive tuberculin skin tests decreased during
the study period (17% in 1995, 12% in 1998, p<0.01) (Table
1). Only those persons not already known to be positive were
tested.

Active TB was diagnosed in 94 homeless persons during
the 11-year period from 1988 to 1998. Of those, 87 (93%) had
positive cultures. The number of confirmed cases increased to
a peak of 17 cases in 1995 and then decreased to 7 during each
of the next 3 years (Table 2). When the increase in the number
of homeless persons during this period is considered, the esti-
mated incidence of active TB decreased from 510 to 121 per
100,000 persons from 1995 to 1998.

The screening program was more successful in early iden-
tification of TB cases than in treatment of latent TB infection,
which had low acceptance and completion rates (Table 1) that
did not change substantially from 1995 to 1998. Over the 4-
year period, 1,284 positive tuberculin skin tests were recorded,
but only 272 homeless persons initiated isoniazid treatment; of
those, 77 (28%) completed therapy. Five (29%) of the 17 con-
firmed cases of TB diagnosed in 1995 were detected through
the screening program. Of seven TB cases diagnosed during
each of the 3 subsequent years (1996-1998), the screening
detected three, five and four cases, respectively, for a mean of
57%.

DNA Fingerprinting Analysis

DNA fingerprinting results were available for 76 (87%) of
the 87 culture-positive cases (Table 2). Isolates from the 76
patients demonstrated 51 different DNA fingerprinting pat-
terns. Nine clusters, in which identical patterns occurred at any
time during the study period, consisting of 2—12 patients
included 34 (45%) of the 76 patients. Clusters in which cases
occurred within 2 years of each other were present in six DNA
fingerprinting patterns and accounted for 27 (36%). In three
other clusters, occurrences of TB in patients were separated by
>2 years. DNA fingerprinting patterns unique in the homeless
population were found in the remaining 42 patients’ isolates, 9
of which had patterns also found in nonhomeless TB patients
in the community. Of these, we detected one matching set of
isolates for each of eight patterns in nonhomeless patients; one
case in a homeless patient was followed 3 years later with
three cases in nonhomeless persons who had isolates of the
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Table 2. DNA fingerprinting results for culture-confirmed tuberculosis cases among homeless persons, Denver Health Tuberculosis Clinic,

1988-19982
Years

RFLP clusters 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Total
A 1 1 2
B 1 [P [2] 1 2[3]
C 1 1 1 3
D 1 1 2
E 1 1 2
F 2 2
G 1 1 2] 212
H 1 3[1] 2 1 [ 7[2]
1 2 3 112] 3[1] 1 2[2] [2] 12 [7]
Total clusters 1 1 4 9[2] 44] 6[1] 3 5[2] 01[2] 0[3] 1 34[14]
Unique RFLP 1 1 3 2 3 6 3 7 5 6 5 42
Test ratio® 2/4 22 717 11/11 77 12/12 6/6 1217 5/7 6/7 6/7 76/87

(50) (100) (100) (100) (100) (100) (100) (71) (71) (86) (86) (87)

aRFLP, restriction fragment length polymorphism.

"Numbers in brackets refer to the 14 case isolates from nonhomeless patients that share DNA fingerprinting patterns with the homeless patients.
“Number of case isolates with DNA fingerprinting results divided by total culture-positive cases (% tested).

identical DNA fingerprint type (data not shown). Among the
homeless patients, persons born outside the United States con-
stituted 7 (17%) of the 42 cases with unique isolates and 3
(9%) of the 34 cases with clustered isolates.

The estimated proportion of TB cases resulting from recent
transmission within the homeless population, defined as cases
that were clustered within 2 years, decreased from 49% (23/
47) in the 7-year period (1988—-1994) before the screening pro-
gram was implemented to 14% (4/29) in the 4-year period
(1995-1998) after the program was implemented (p=0.03).

DNA fingerprinting results were available for 272 (55%)
of 491 of culture-positive cases among persons who were not
homeless. The proportion of nonhomeless case isolates with
DNA fingerprinting results increased from 47% (167/353) to
53% (112/210) for the years 1988-1994 and 1995-1998,
respectively. Case isolates in the nonhomeless population
showed 233 DNA fingerprinting patterns with 24 clusters of
two to seven patients. In four of the clusters among homeless
persons, cases in homeless persons were followed by two to
seven cases with the same DNA fingerprinting pattern in non-
homeless persons (Table 2). The largest cluster (I) originated
with a case diagnosed in a homeless person in Denver who had
stopped treatment in another state in 1990; the same strain was
detected in 11 additional cases in homeless persons over a 6-
year period and was also detected in 7 cases in nonhomeless
persons, the first 2 of which were nosocomially acquired in
1992.
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Discussion

The institution of a TB-screening program for the home-
less population in congregate settings in Denver in 1995 was
associated with a substantial decrease in the incidence of
active TB in this high-risk population. The mechanisms by
which the program could have caused this reduction in TB
incidence include treating active cases earlier and treating per-
sons with latent TB infection, thus preventing future active TB
cases. Treating persons with latent TB infection was unlikely
to have played a major role, however, since we found low rates
of starting and completing treatment for this type of infection,
a finding noted in previous reports (1,10).

The screening program more likely reduced TB transmis-
sion by earlier diagnosis and treatment of active TB cases (the
top priority activity in TB control). The program was effective
in finding TB patients, detecting over half the active TB cases
reported in homeless persons from 1996 to 1998. In contrast to
the low acceptance and completion of latent TB infection
treatment, high rates of treatment completion for active TB
cases can be achieved with directly observed therapy sup-
ported by public health regulations (11,12). The results of the
DNA fingerprint analysis are consistent with the conclusion
that early detection of TB through the screening program leads
to a reduction in transmission. New, unique strains of M.
tuberculosis have continued to appear among the Denver
homeless population, but cases from recent transmission (clus-
tered in the homeless population within 2 years) decreased.
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The estimated number of active TB cases decreased despite an
increasing population of homeless persons, leading to a drop
in the annual incidence rate from 510 to 121 per 100,000 per-
sons.

Other potential explanations for the reduction in TB cases
in the homeless population include failure to detect subsequent
cases and errors in population estimates. The mandatory TB
screening program for residents in shelters and residential sub-
stance treatment programs may have led some homeless per-
sons to live in other settings or to leave Denver; the latter
reason led to the diagnosis of subsequent cases in other juris-
dictions. However, the Denver Metro TB Clinic receives
reports of cases diagnosed in Metropolitan Denver and con-
veys them to the TB Control Program at the Colorado Depart-
ment of Public Health and Environment; cases were not likely
missed unless diagnosed outside Colorado. Obtaining an accu-
rate count of homeless persons is difficult so we based our
denominator in this study upon estimates obtained by the Col-
orado Department of Housing (7). Even if the population at
risk had remained the same, despite indications otherwise, the
incidence rate would still have decreased from 510 to 210
(rather than 121) per 100,000 persons per year from 1995 to
1998. We detected substantial TB transmission in the homeless
population for only two of nine homeless clusters, raising the
possibility that the increase in cases was the result of one or
two outbreaks running their natural course. Further studies
with larger numbers of cases are needed to address this issue;
however, our data support the concept that early case detection
results in lower rates of transmission in homeless populations.

The possibility exists that clusters that occurred over sev-
eral years were strains that lingered in the community but were
not detected in our study; we obtained DNA fingerprints for
only 55% of the cases in the community among nonhomeless
persons and cannot rule out that possibility. For clustered cases
occurring many years apart, we may have missed links in
transmission because of patients who were not tested in the
community or who moved out of the area without diagnosis.
As we increase our understanding of how to interpret the
results of DNA fingerprinting, we may find that clusters that
are far apart represent a remote transmission that resulted in
latent TB infection with later reactivation. The secondary
cases would then share the same pattern as the original
(source) case, but the connection between them would be more
difficult to identify since the contact in these cases occurred
many years earlier.

Of the 42 homeless cases with unique patterns, seven
(17%) were diagnosed in foreign-born persons. Of those, one
patient arrived in United States <2 years before TB diagnosis,
three 2-5 years before diagnosis, two 5—10 years before diag-
nosis, and one for an unknown period of time. Few of the
unique patterns found among homeless patients represent
cases imported from foreign countries.

Various screening programs have been proposed to
decrease TB transmission among homeless persons (13). Chest
radiographic screening provides a rapid assessment for poten-
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tially transmissible disease, but this method would have been
too expensive for us to implement. Sputum examination by
smear has been used (14) but does not detect smear-negative
cases and is difficult to implement for large numbers of per-
sons. Tuberculin skin testing does not provide an immediate
assessment of infectious TB and gives negative test results for
up to 25% of persons with active pulmonary TB. Furthermore,
skin testing requires a second visit 2—3 days later for a reading.

Despite reaching only two thirds of the homeless popula-
tion in 1998, the screening program was notably successful.
The true incidence of skin test positivity is likely higher than
that shown in Table 1 because those already known to be posi-
tive were not tested. The symptom survey was an important
component of our program. In spite of the challenges of skin
testing, our screening program proved to be feasible for a large
population staying at a number of shelters and residential pro-
grams. Our results suggest that congregate settings, the focus
of our program, are the most important loci of TB transmission
among homeless persons.

The low completion rate of treatment for latent TB infec-
tion provided further evidence that the primary effect of the
program was to increase early detection of active cases of TB,
not to identify and treat latent TB infection. Despite the
decrease in TB incidence following the screening program, the
TB case rate remained high (121 per 100,000 population)
compared to the overall rate for the metropolitan area (8.2 per
100,000 population). Further progress in decreasing TB
among homeless persons will require improvements in the
acceptance and completion of latent infection treatment (6).
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“Everything should be made as simple as possible, but not simpler.”

—Albert Einstein
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