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Illegal drug use is a risk factor for tuberculo-
sis (TB).1 Numerous studies have documented
that alcohol abuse and illegal drug use
(hereafter referred to as substance abuse) are
factors that contribute to TB transmission and act
as barriers to TB control and prevention.2–8

Persons who abuse substances are less likely to
seek medical care9,10 and initiate, adhere to,
and complete treatment for latent TB infection
(LTBI)11–13 or TB disease.14–16 Nearly 1 out of
every 3 US-born persons with TB who is aged
older than 15 years abuses substances.17 Sub-
stance abuse among persons with TB is
important to public health because it is
associated with sputum-smear positivity at
diagnosis and failure to complete treatment
of TB, both indicators of increased trans-
mission.17 Additionally, substance abuse often
takes place in enclosed spaces with poor ven-
tilation and high volumes of human traffic,
potentially increasing the likelihood of TB
transmission.17

TB control programs have been slow
to engage the substance abuse treatment com-
munity in collaboratively addressing substance
abuse–fueled transmission of TB.10,18 We are
not aware of national guidelines that specifically
address the control of TB transmission among
populations that abuse alcohol and use illegal
drugs. Our review of the scientific literature in-
dicates that this is the first report documenting
methamphetamine use as a barrier to controlling
TB transmission.

In 2006, the incidence of TB disease in
Snohomish County, Washington, was 3.8
cases per100000 persons; the incidence of TB
disease for the state of Washington was 4.1
per 100000 persons.19 From August 2005
through January 2006, the Snohomish Health
District TB Control Program detected an
emerging cluster of 6 persons with TB. Five of
the 6 persons were known to spend time
together (i.e., they were socially linked) and
reported using methamphetamines. The recent

clustering of these persons in time and space,
along with matching genotype patterns of
M. tuberculosis, suggested recent transmission
of TB.20

Initial attempts to identify contacts of the
cluster (i.e., persons exposed to and potentially
infected by the original 6 persons with TB)
were unsuccessful. Even after repeated inter-
views, patients refused or remained reluctant to
name their contacts. Local TB control staff
suspected that this reluctance was related to the
patients’ use of methamphetamines and their
unwillingness to provide names of persons with
whom they used illegal substances. To address
the substance abuse–related barriers to con-
trolling the outbreak, we expanded our epide-
miological investigation and TB control efforts
to include alternative measures to find addi-
tional persons with TB, provide treatment
of these persons, identify and screen their
contacts, and provide treatment to those who
tested positive for LTBI.

METHODS

We conducted the investigation using
guidelines developed by the National TB
Controllers Association and the Centers for
Disease Control and Prevention for the inves-
tigation of contacts of persons with infectious
TB.21 We defined outbreak cases as persons
diagnosed with culture-confirmed or clinically
diagnosed TB disease and with genotyping re-
sults that matched the outbreak strain in Sno-
homish County from April 2005 (the estimated
start of the index patient’s infectious period)
through February 2006 (the conclusion of our
investigation). Persons diagnosed during the
same time period without genotyping results
were also defined as outbreak cases if they were
epidemiologically linked with (i.e., named as
a contact of or known to have been exposed to)
another patient already included in the outbreak.
Contacts of persons included in the outbreak
were screened for LTBI and TB disease. In
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accordance with national guidelines, we diag-
nosed LTBI when contacts had a tuberculin
skin test (TST) result of 5 mm or greater in-
duration, normal chest radiograph, and no signs
or symptoms of TB disease.21 Contacts with
TST reactions of 5 mm or greater induration
were then screened for TB disease on the basis of
sputum smear examination, culture of sputum,
and chest radiograph.

Epidemiological Investigation

We reviewed patients’ medical records to
ascertain their demographic and disease char-
acteristics. We interviewed patients to docu-
ment their contacts (i.e., persons with whom
they spent time during their estimated infec-
tious periods), locations of potential transmis-
sion, health conditions that placed them
at greater risk of LTBI progressing to TB
disease (e.g., HIV infection or diabetes), and
behaviors that often are barriers to initiating
and adhering to treatment (e.g., substance
abuse). We measured methamphetamine use
among patients and contacts by including
a questionnaire with the clinical intake form, by
reviewing medical records, and through per-
sonal interviews. Patients and their contacts
were classified as users of methamphetamines
if use during the past year was documented
in their medical records or was self-reported
when interviewed. Contacts were also
classified as users of methamphetamines if
another contact or patient reported using
with them.

To compensate for incomplete reporting
of contacts, we utilized several indirect
methods for identifying contacts. First, we
asked the patients with TB about locations
they frequented so we could screen persons
at congregate settings frequented by the pa-
tients. Next, we interviewed contacts named
by multiple patients, because these contacts
were likely to have some of the same
contacts as the patients; thus, interviews
with these contacts served as proxies for iden-
tifying contacts not named by patients. Last,
we conducted outreach activities to identify
and screen both named and location-based
contacts.

We conducted screening and provided
directly observed therapy at sites frequented
by persons using illegal drugs, namely a needle-
exchange program, a homeless shelter, and

an alley next to a drug-use venue frequented by
some of the patients and their contacts (here-
after referred to as the ‘‘drug house’’). An
informational flyer was distributed informing
contacts that they could receive screening
and treatment at specified dates and times at
the drug house alley. To establish trust, flyers
were distributed by a cooperative contact
who was already trusted by many of the
patients and contacts, and law enforcement
officers were notified and asked not to be
visible or intervene around the time of the
screenings.

Public Health Response

Frequent methamphetamine use and other
substance abuse among patients and their con-
tacts was a barrier to traditional TB control
methods. Substance abuse is a barrier to TB
control because patients who abuse substances
are less likely to name contacts, and patients and
contacts who abuse substances are less likely
to be screened or to start or complete treatment
for TB disease or infection.17 To address this
barrier we collaborated with internal andexternal
partners who had extensive experience working
with persons addicted to alcohol and drugs. They
worked with staff from the Snohomish Health
District’s substance abuse and sexually transmit-
ted disease units to locate contacts, perform TB
screening, and conduct directly observed therapy
with patients and their contacts. External partners
included a needle-exchange program, a home-
less shelter, and the county jail. Staff at the needle-
exchange program and the shelter helped us
identify, locate, establish trust with, and conduct
TB screening among contacts addicted to
alcohol and illegal drugs. Illegal drug use among
patients and their contacts resulted in frequent
interactions with the legal system. We received
daily rosters of bookings from the county jail
to cross-reference with our list of contacts. Part-
nering with the jail allowed us to screen contacts,
identify those who were infected, and start treat-
ment with contacts before they were released
from the jail or transferred to another detention
facility.

Incentives and enablers were used to reduce
barriers to accessing services and to promote
adherence to screening activities and treat-
ment. Patients and contacts received $5
coupons or restaurant gift cards for getting
screened, identifying and locating other

contacts, and keeping appointments for medi-
cal evaluations. In some cases they received an
additional $3 for taking anti-TB medications.
Incentives were also tailored for special cir-
cumstances; some patients and contacts re-
ceived diapers, baby food, or even a car bat-
tery. Enabling strategies included providing
gas cards and contracting with a taxi service to
provide transportation for noncontagious
patients and contacts.

RESULTS

The index patient was diagnosed in an
emergency room where he sought care for
advanced TB disease in August 2005. He
was underweight, short of breath, abusing
alcohol, and using methamphetamines, and
had a history of smoking cigarettes. At the time
of his diagnosis he was living in his truck and
had delayed seeking care. During his initial
interview he reported only 2 contacts. To
improve the likelihood of his completing anti-
TB treatment and to minimize exposure to
other persons, he was provided a hotel room
where he received directly observed therapy.
In November 2005, a second patient was
diagnosed after he had hemoptysis while
detained in the Snohomish County jail. The
first patient had not named the second patient
as a contact; however, during the course of
our investigation we learned that the first and
second patient had spent time with each other
and thus were socially linked.

We found 10 patients with illness meeting
the outbreak case definition. Nine patients
were adults, and1patient was a 2-year-old child.
All patients were born in the United States, the
median age was 35 years, and 7 patients were
male (Table 1). Seven of the 9 adult patients
had pulmonary TB, of whom 5 were sputum-
smear positive and 4 had pulmonary cavities
that were detected by radiography. The other
2 adults had pleural TB. The pediatric patient
had culture-negative pulmonary TB diagnosed
by clinical presentation and radiographic im-
provement during treatment with anti-TB med-
icines. Three patients had both pulmonary
cavities and positive sputum smear results.
All patients had negative serology results
for HIV infection. Eight out of 9 adult pa-
tients used methamphetamines. Patients
reported smoking, insufflating, and injecting
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methamphetamines, as well as drinking meth-
amphetamines mixed with coffee. One patient
reported a method of methamphetamine use

known as ‘‘booty bumping,’’ or anally inserting
methamphetamines.22

Links Between Outbreaks

The outbreak included persons linked by
social interactions involving substance abuse
and by marriage among multiple families.
Five patients (patients1through 5) were known
to spend time in a house they called the
‘‘Shack,’’ where persons would gather to use
methamphetamines, other drugs, and alcohol
(Figure 1). Patients 6 through 9 were
indirectly linked to the Shack by being either
a friend or a family member of patients who
spent time in the Shack (patients 1 through 4).
Patient 10 was a niece (aged 2 years) of
patient 1. Eight of the outbreak patients were
family members of another outbreak patient.

Through our investigation we learned that
patient 5 was indirectly linked with a TB
outbreak that had occurred in the same area
15 years previously. In 1991, a person who
was homeless and using illegal drugs at the
same Shack implicated in the current out-
break was diagnosed with pulmonary TB
disease. The nurse that provided his treatment
reported that his use of drugs was a barrier to
directly observed therapy and his comple-
tion of treatment. This patient took 5 years
(and ultimately required court-mandated
guarded isolation) to complete an anti-TB

treatment regimen that normally takes 6
months. The subsequent TB outbreak lasted
until 1999 and involved 22 socially linked
patients, at least 11 of whom used drugs at the
Shack (Figure 1).23

During the 1991 through 1999 outbreak,
a contact designated as ‘‘contact A’’ had a
positive TST result (Figure 1). Contact A was
known to abuse alcohol and use illegal drugs at
the Shack. She initiated but did not complete
treatment for LTBI. Contact A subsequently
developed active TB disease that was diag-
nosed and treated in 2002. Contact A is
a family member of patient 5 in the current
outbreak and represents a direct person-to-
person link between the past and current TB
outbreaks. In 2006, only 1 isolate from the
original 1991 through 1999 outbreak was
available for genotyping, and it had a genotype
pattern matching the current outbreak strain
of M. tuberculosis.

Screening and Treatment

Contact screening efforts in 2006 identified
372 contacts who were named by the recently
diagnosed patients, who were named by the
patients’ contacts, or who were exposed to
patients in congregate settings. All contacts
but1were US born. The contacts were classified
as having been exposed either in the community
(n=223), the local jail (n=143), or the court-
house (n=6; Table 2 ). TB control staff located
and screened 191 (85.7%) community con-
tacts, 76 (82.6%) jail inmates, 48 (94.1%) jail
staff, and 4 (66.7%) courthouse staff. Of those
screened, the community contacts had the
highest rate of positive TST results (29.8%),
followed by jail inmates (22.4%) and jail staff
(12.5%). No courthouse staff had a positive
TST result. Among community contacts, 52
(91.2%) of those with a positive TST result
started treatment of LTBI, and 42 (80.1%) of
those who started treatment of LTBI went on
to complete it. Among jail inmates, 13 (76.5%)
of those with a positive TST result initiated
treatment of LTBI, and 9 of those (69.2%)
completed treatment. All 6 jail staff who had
a positive TST result completed treatment of
LTBI.

Methamphetamine Use Among Contacts

During the initial stage of the investigation,
we interviewed contacts about any use of

TABLE 1—Demographic and Disease

Characteristics of Patients With TB

(N=10): Snohomish County, WA,

2005–2006

No. of Patients

Patient characteristics

Male 7

Median age, y 35a

Born in the United States 10

White race 8

American Indian race 2

Family member of another patient 8

Methamphetamine use 8

Disease characteristics

Pulmonary 8

Pulmonary cavity 4

Sputum smear positive 5

Culture confirmed 7

Matching M. tuberculosis genotype 7b

Symptomatic 7

HIV-infected 0c

aRange 2–54 years.
bGenotyping can only be performed on culture-
confirmed cases of M. tuberculosis.
cAll 10 patients were tested.

Note. TB = tuberculosis. Patients inside the ovals used drugs at the Shack. Patient in dark box labeled A was infected during

the 1991–1999 outbreak, did not complete prophylactic treatment, and later developed and was treated for TB disease in

2002. Patients in boxes connected to Contact/Patient A represent a link between the 1991–1999 and 2005–2006

outbreaks.

FIGURE 1—Social link between past and current TB outbreaks: Snohomish County, WA,

1991–1999 and 2005–2006.
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methamphetamines in the previous year. We
were able to collect data on methamphetamine
use for 67 (56%) of the first 119 community
contacts. Methamphetamine use in the previ-
ous year was reported by 45 (67%) of the
67 adult community contacts. We had data on
methamphetamine use and skin-test results
for 34 adult community contacts. Of the adult
community contacts who used methamphet-
amines, 14 (64%) of 22 had a positive skin test
indicating LTBI, compared with 3 (25%) of
12 adult named contacts who did not use
methamphetamines.

DISCUSSION

In this report we describe transmission of M.
tuberculosis within a network of persons linked
by marriage, friendship, and frequent use of
methamphetamines and other illegal drugs. We
found 10 cases that were linked by epidemio-
gical findings, 7 of which were linked by
genotyping. These 10 cases are linked to a -
previous outbreak of 22 cases that lasted from
1991 through 1999. The outbreaks involved
overlapping networks of persons using drugs
and abusing alcohol. Although drug use and
alcohol abuse were noted during the 1991
through 1999 outbreak, we could not confirm
whether methamphetamines were used by pa-
tients or their contacts during the earlier out-
break. Methamphetamine use was frequent
among the adult patients and their contacts
involved in the more recent 2005 through
2006 outbreak.

Illegal drug use and alcohol abuse are
common among patients with TB in the United
States. These behaviors are associated with
sputum smear–positive disease and treatment
failure, both indicators of increased transmis-
sion.17 In these outbreaks, illegal drug use
and alcohol abuse appear to have fueled
transmission of M. tuberculosis. Use of metham-
phetamines and other drugs was the behavior
that brought many of the patients and their
contacts together. The rate of skin-test positivity
was higher among contacts who reported meth-
amphetamine use, suggesting that the risk of
exposure to TB was greater among persons
who used methamphetamines. Perhaps these
patients and contacts were at increased risk for
infection because of close person-to-person
contact (i.e., using drugs in vans, motel rooms, the
Shack, or the drug house), repeated exposure
because of chronic use, and poor ventilation in
the drug-use sites.21

Methamphetamine use is associated with
numerous side effects, including appetite sup-
pression, severe weight loss,24 binge use of
the drug,25 periods of sleeplessness,25 and sexual
risk behaviors.26 There are no data on meth-
amphetamine use and risk of TB infection or
progression from infection to disease, but there
are data demonstrating that patients with com-
promised immune systems are at greater risk
for progressing from infection to disease,27 as
well as evidence that methamphetamine use
leads to immunologic impairments.28

Treating persons for TB disease and finding
and treating contacts who have been infected

are top priorities of the US strategy for TB
elimination.21 Recent outbreaks have high-
lighted how substance abuse remains a barrier to
this strategy at many stages.6,7,29 First, persons
who use illegal drugs may delay seeking
care,5,7,9,30 are more likely to have positive
sputum smear results at diagnosis,17 and are
less likely to complete treatment,15 all of which
can lead to prolonged transmission and pre-
ventable secondary cases. In this outbreak,
illegal drug use contributed to patient delays in
seeking medical care until the severity of their
symptoms led them to seek care at hospital
emergency departments for advanced TB dis-
ease. We prevented additional cases by pro-
viding temporary housing until patients were
no longer infectious, then we used incentives and
enablers to promote adherence and ensure that
all 10 patients completed treatment. Local TB
control staff also facilitated entry of patients and
contacts into substance abuse treatment. At least
2 of the patients entered substance abuse treat-
ment and were no longer using methamphet-
amines when they completed their 6-month anti-
TB treatment.

Persons who use illegal drugs are also less
likely or unable to name their contacts.5,7,12,29

The patients in Snohomish County did not
provide complete lists of contacts because (1)
they were reluctant to reveal the identities of
other persons who used illegal drugs, (2) drug
use may have impaired their memory, and (3)
they did not know the names or addresses of
some of the persons with whom they spent time.
The inability to generate a comprehensive list
of contacts can result in incomplete contact
investigations, ongoing transmission, and pre-
ventable cases of TB. None of the current out-
break patients were listed as contacts during the
1991 through 1999 TB outbreak, but at least
5 of the current patients are known to have spent
time at the Shack during the initial outbreak.

In an attempt to avoid missing potential
cases, we screened persons who had been
exposed to patients through social interac-
tions or in a congregate setting, and we inter-
viewed contacts named by multiple patients
as if they were outbreak patients to develop
a more complete list of contacts for the in-
vestigation. All names were entered into a
master database used to manage resources
during the outbreak. We did not include
a variable in the database to retrospectively

TABLE 2—TST Results and Completion of Treatment of LTBI Among Contacts of Patients

With TB (N=372): Snohomish County, WA, 2005–2006

Contact

Groups

Total No. of

Contacts

No. Screened with

TST (%)

No. With Positive

TST Result (%a)

No. of Infected Contacts

Who Started LTBI

Treatment (%b)

No. of Contacts Who

Completed 6 Mo of LTBI

Treatment (%c)

Total 372 319 (85.8) 80 (25.1) 71 (88.8) 57 (80.3)

Community 223 191 (85.7) 57 (29.8) 52 (91.2) 42 (80.1)

Jail inmates 92 76 (82.6) 17 (22.4) 13 (76.5) 9 (69.2)

Jail staff 51 48 (94.1) 6 (12.5) 6 (100) 6 (100)

Courthouse staff 6 4 (66.7) 0 0 0

Note. LTBI = latent TB infection; TB = tuberculosis; TST = tuberculin skin test.
aPercent of those screened.
bPercent of those with positive TST.
cPercent of those who started LTBI treatment.
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quantify how many additional contacts were
named as a result of each activity, but the use of
proxy interviews and location-based finding
of contacts resulted in a more complete list of
contacts than was generated from the initial
patient interviews. We were therefore able to
find, screen, and treat more contacts with
infection, thereby decreasing the likelihood
of missing contacts who could later develop TB
disease and continue the chain of transmission.

Finally, persons who use illegal drugs are
less likely to be screened for TB and LTBI;
once screened, users of illegal drugs are less
likely to initiate and complete treatment.11–13

Persons who do not adhere to treatment may
remain infectious. Treatment failure is the pri-
mary risk factor for developing drug resistance8

and leads to ongoing transmission. Incentives
and enablers were provided to address
barriers to treatment adherence (e.g., lack of
transportation to access services, homelessness,
malnourishment). The total cost of incentives
and enablers (less than $15000) was far less than
the average cost ($125000) of treating a single
case of MDR-TB that could result from incom-
plete treatment.31 None of the outbreak patients
developed resistance to anti-TB drugs.

To improve access to TB screening services,
we screened for TB and LTBI in a variety of
nontraditional settings. We screened a total
of 319 contacts for LTBI; of those screened,
80 (25%) had positive TST results. The treat-
ment completion rate for contacts with a posi-
tive TST result was 71%, which exceeds the
43% to 51% reported for other contact in-
vestigations.32–35 Although this investigation
was notdesigned to studyand quantify the impact
of the outbreak interventions (e.g., enhanced
incentives, enablers, screening outreach), the
markedly greater treatment success rate for a
population characterized by frequent metham-
phetamine use likely represents the impact
of local staff simultaneously addressing TB dis-
ease and the social influences on health associated
with abuse of alcohol and use of illegal drugs.

The current outbreak may have been pre-
ventable because a contact who used drugs
from the 1991 through 1999 outbreak was
diagnosed with LTBI, did not complete pre-
ventive treatment, later developed TB disease,
and is a contact of a patient in the current
outbreak. The contact’s inability to complete
treatment was not a result of poor TB-control

practices but rather an example of how substance
abuse disorders introduce multiple barriers to
TB control. TB control programs need the ex-
pertise of substance abuse treatment and sup-
port organizations to integrate TB control with
substance abuse treatment services. For this
reason, TB control programs need to reach out
to substance abuse programs and develop a plan
for collaboration to simultaneously address
substance abuse and TB control.

Controlling the current outbreak required
that we recognize and address the barriers to
care common among persons using drugs
and abusing alcohol such as homelessness or
unstable housing, lack of transportation, mal-
nourishment, and the amount of time and
resources dedicated to acquiring and using
drugs. The Snohomish Health District TB
Control Program’s multidisciplinary collabora-
tive approach, which integrated TB control,
outreach, enhanced incentives and enablers, and
substance abuse treatment, resulted in high rates
of treatment adherence and completion. This
experience highlights the resources needed—and
the potential impact—when TB control programs
collaborate with substance abuse treatment
providers and other partners to address the
barriers that substance abuse presents to con-
trolling and preventing TB disease. j
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