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and other functions. Contacts of the case 8 patient were 
also identified in two households (seven people), at 
the patient’s workplace (30 people), and other social 
settings (e.g., a sports team).

In July 2008, while the contact investigation associ-
ated with case 8 was ongoing, a 19-year-old Guatemalan-
born male received a TB diagnosis (case 9) after he 
presented at a hospital with symptoms of a predomi-
nantly dry cough with intermittent hemoptysis, fever, 
15-pound weight loss, and fatigue that began in March 
2008. Although patients 8 and 9 did not name each 
other as contacts, they worked together, occasionally 
carpooled, and named common contacts. Patient 9 
had not played in the band, visited the index patient’s 
household, or participated in church community 
events. He reported not knowing anyone with TB or 
illness similar to his own.

Other cases were identified through contact inves-
tigations during July–September 2008. A 26-year-old 
Guatemalan-born male (case 10) who was a frequent 
visitor to the household of case 8 was also named as a 
workplace contact of case 9. The case 10 patient had 
a history of a medical visit for chest pain in February 
2008 when a pleural effusion was documented. He 
returned in May 2008 with continued chest pain, but 
no cough or fever; he was referred to a pulmonologist 
but did not follow up. During these two medical visits, 
TB was not suspected. Then in August 2008, after the 

local health department recommended he have a TST 
as part of the ongoing TB contact investigations, and 
after experiencing epistaxis, dry cough, weight loss, 
and chest pain, he returned to the same facility that 
provided his initial medical care. TB was subsequently 
diagnosed on the basis of a positive TST result (15-mm 
induration), a chest radiograph that revealed bilateral 
perihilar infiltrates, and a sputum sample that was 
culture-positive for M. tuberculosis.

Four additional people were socially linked to the 
case 8 patient: an asymptomatic household contact 
aged 4 years (case 11) with a positive TST result (10-mm 
induration) and hilar adenopathy; two asymptomatic 
contacts aged 4 years (TST results 10- and 14-mm 
induration and infiltrates on chest radiographs) with 
multiple exposures to the band (cases 12 and 13); and 
a 37-year-old Guatemalan woman (TST result 10-mm 
induration and nodular infiltrates on chest radiograph) 
who occasionally visited the church (case 14).

Results of genotyping confirmed that the M. tuber-
culosis isolates from the singer (case 8) and two of his 
contacts (case 9 and case 10) matched the outbreak 
genotype (case 1) (i.e., PCR08788, or spoligotype 
676177607760771 and MIRU 22432615332 [strain 
A]). Genotyping results of cases a and b demonstrated 
that they both differed substantially from the outbreak 
and each other (case a: PCR00226, or spoligotype 
777777607760771 and MIRU 124326153324 [strain C]; 
case b: PCR00082, or spoligotype 777777777760771 
and MIRU 223325154322 [strain B]).

In total, 150 contacts were identified who could be 
linked to the case 8 patient; 13 had secondary cases 
of TB disease and 62 had latent TB infection. The 
majority of cases were reported during June (Figure 1). 
The prevalence of TB infection (either TB disease or 
latent TB infection) was greatest among foreign-born 
contacts compared with U.S.-born contacts, and great-
est among household contacts, frequent visitors, and 
band members (Table). Foreign-born contacts were 
from Guatemala (n565), Mexico (n513), Honduras 
(n52), and El Salvador (n51); eight contacts did not 
report a country of origin. The number of years living 
in the U.S. was unrelated to TB infection for the 64 
non-U.S.-born contacts who reported this information 
(median 5 6 years; range: 1–24 years). Twenty contacts 
reported having a TST before this outbreak investiga-
tion. Although we did not collect information on visa 
status, 15 people in the investigation (contacts and 
patients) provided at least one pseudonym, creating a 
challenge for contact tracing by name. TB cases were 
more common among children, whereas the propor-
tion with latent TB infection increased at older ages 
(Table).

Figure 2. Chest radiography of TB outbreak source 
case in a Minnesota TB outbreak, 2008
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All infected people received free treatment through 
county public health services. TB treatment was DOT 
and, as with contact investigations, required bilingual 
outreach workers.

DISCUSSION

In this low-incidence rural area (pre-outbreak range: 
0–4 cases per year throughout the three counties dur-
ing 1997–2007), this outbreak resulted in a substantial 
increase in the need for TB investigation and case man-
agement. The challenges encountered in this outbreak 
have been noted in other rural settings with limited 
TB resources.12 During the outbreak investigation, 
local public health resources became overwhelmed 
by case reporting, contact investigations, and DOT 

implementation. Case management and investigations 
also required language interpretation services. Despite 
these barriers, detection of the first cases in this out-
break led to the identification of additional patients 
who benefited from early intervention and treatment, 
preventing additional morbidity and transmission. As 
of July 2010, no additional outbreak-associated cases 
were identified after October 2008.

This outbreak might have been prevented had delays 
not occurred both in patients seeking care and clini-
cians correctly diagnosing TB. The diagnosis of TB 
was delayed for the index patient, the source patient, 
and an additional patient who had had multiple medi-
cal visits but only had TB suspected as a result of the 
health department’s TB contact investigations. The 
singer, likely contagious for almost a year, appears to 

Table. Characteristics of contacts of TB patients investigated during an outbreak in Minnesota, 2008

Characteristic
Contacts tested  

N

Secondary  
TB cases  

N (percent)

Latent TB  
infection  

N (percent)

Any evidence  
of TB infectiona  

N (percent)
Prevalence ratio  

(95% CI)

Gender
  Female 57 4 (7) 27 (47) 31 (54) Ref.
  Male 93 9 (10) 35 (38) 44 (47) 0.9 (0.6, 1.3)
Age (in years)
  0–4 16 3 (19) 1 (6) 4 (25) Ref.
  5–9 24 5 (21) 1 (4) 6 (25) 1.0 (0.3, 3.0)
  10–19 21 2 (10) 5 (24) 7 (33) 1.3 (0.5, 3.8)
  20–29 35 2 (6) 22 (63) 24 (69) 2.7 (1.1, 6.6)
  30–39 25 1 (4) 19 (76) 20 (80) 3.2 (1.3, 7.7)
  40–49 12 0 (0) 6 (50) 6 (50) 2.0 (0.7, 5.6)
  50–81 12 0 (0) 7 (58) 7 (58) 2.3 (0.9, 6.2)
  Missing 5 0 (0) 1 (20) 1 (20) 0.8 (0.1, 5.6)
Country of origin
  U.S.-born 6 9 (15) 2 (3) 11 (18) Ref.
  Foreign-born (Guatemalan) 65 4 (6) 46 (71) 50 (77) 4.2 (2.4, 7.3)
  Foreign-born (other) 16 0 (0) 9 (56) 9 (56) 3.1 (1.5, 6.1)
  Foreign-born (unknown) 8 0 (0) 5 (63) 5 (62) 3.4 (1.6, 7.3)
Exposure to source caseb

  Church, prayer group 81 3 (4) 22 (27) 25 (31) Ref.
  Frequent visitor 7 1 (14) 4 (57) 5 (71) 2.3 (1.3, 4.1)
  Household 7 1 (14) 6 (86) 7(100) 3.2 (2.3, 4.5)
  Band membersc 7 0 (0) 7 (100) 7 (100) 3.2 (2.3, 4.5)
  Band leader’s householdd 14 7 (50) 6 (43) 13 (93) 3.0 (2.1, 4.3)
  Workplacee 28 1 (4) 14 (50) 15 (54) 1.6 (1.0, 2.6)
  Community member 6 0 (0) 2 (33) 2 (33) 1.1 (0.3, 3.5)
Total 150 13 (9) 62 (41) 75 (50)

aCombines latent TB infection and TB disease
bIncludes only contacts with relationship to source case
cAll groups are mutually exclusive; two band members were classified as household contacts.
dIncludes index case and contacts from source case investigation
eIncludes workplace contacts of source case and secondary case

TB 5 tuberculosis

CI 5 confidence interval

Ref. 5 reference group
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have been the source of exposure for all identified 
secondary cases on the basis of both the social links 
and the matching genotypes. Spread of M. tuberculosis 
through singing has been documented elsewhere.13,14 
In the role of the singer in a band that played in com-
munity settings, repeated opportunities existed for 
transmission of aerosolized M. tuberculosis from the 
source patient to contacts. Groups with the highest 
likelihood of infection were the most exposed house-
hold contacts and band members.

The results of this outbreak investigation highlight 
the importance of suspecting and diagnosing TB 
among foreign-born populations and their children 
in the U.S. In 2007, reported TB incidence in Guate-
mala was 63 per 100,000 population compared with 
approximately four per 100,000 population in the U.S.1 
All outbreak cases occurred among Guatemalan-born 
adults or U.S.-born children of Guatemalan parents. 
Older Guatemalan contacts might have become 
infected in Guatemala. During this outbreak, latent 
TB infection was increasingly common among older 
and foreign-born contacts, compared with children 
and U.S.-born contacts. Regardless of the source of 
their infection, whether imported or acquired locally, 
identifying and treating latent TB infection among 
immigrant communities at high risk will help prevent 
future outbreaks. CDC provides guidance for overseas 
and domestic TB screening for arriving immigrants 
suspected of having TB.15 However, few people in this 
investigation reported prior TB screening, and this 
guidance does not apply to the U.S.-born children of 
foreign-born people.

In this outbreak, a number of people were known by 
multiple names, which both complicated name-based 
contact tracing and possibly indicated undocumented 
immigrant status. In other settings, undocumented 
foreign-born patients have had a longer symptomatic 
period before TB diagnosis than documented foreign-
born patients.16 Such barriers as concerns regarding 
immigration status might have influenced people’s 
willingness to share contact information or seek TB 
testing; it might also have caused them to delay seek-
ing health care.17 

We did not ask contacts about their residency status 
because it did not affect access to TB evaluation by the 
health department. Contacts often provided multiple 
aliases, possibly indicating undocumented residency 
status; however, provision of contact information 
also demonstrates that local public health staff had 
established a trusting relationship with this immigrant 
community. Success in identifying and locating contacts 
among immigrant workers was likely influenced by the 
health department’s ability to establish a level of trust 

with the community, specifically by the support of the 
community church leaders and their facilitation of 
TB screening.

Genotyping confirmed the social links between 
patients and illustrated molecular epidemiology’s use-
fulness for TB control and surveillance. Genotyping M. 
tuberculosis isolates has been used elsewhere to detect 
clusters for further investigation in rural settings18–20 
and among immigrant communities.17 The matching 
genotype shared by the source patient, the U.S.-born 
index patient, and additional contacts was further evi-
dence of a common strain of TB that was shared among 
community members. The genotypic evidence that 
the two cases preceding the index patient’s diagnosis 
were not part of the outbreak reassured public health 
investigators that previous contact investigations had 
been adequate, preventing unnecessarily expansive 
investigations and further use of limited resources.

TB cases in this outbreak often occurred among 
children for whom TB diagnosis may be challenging, 
risk for progression to TB disease is greater, and the 
sequelae of TB disease are more severe.21 Undiagnosed 
TB among infants, as observed in regard to this index 
patient, is particularly concerning because of the risk 
for severe outcomes.21 Diagnosing TB among young 
children can be difficult, and gastric aspiration might 
be necessary to obtain samples for culture.10 Although 
this medical procedure was able to be provided for 
the children involved in the outbreak investigation, 
identifying clinicians familiar with this procedure was 
an additional challenge for this rural community.

CONCLUSIONS

This outbreak highlights key aspects of TB control in 
the United States, including timely case identification, 
accurate diagnosis, completeness of contact investiga-
tions, and usefulness of genotyping by the National 
TB Genotyping Service. In this outbreak, delayed 
diagnoses contributed to M. tuberculosis transmission 
among Guatemalan immigrants and their children. 
Early TB recognition and control can be facilitated by 
an understanding of local TB epidemiology by clini-
cians and collaboration with public health agencies. 
More timely diagnosis of TB among immigrants and 
their children can prevent TB transmission among 
communities in rural, low-incidence areas that might 
have limited resources for contact investigations.

The investigation was conducted with the input, advice, support, 
and collaboration of Nobles-Rock Community Health Services, 
the Watonwan County Public Health Department, the Minnesota 
Department of Health, and the Centers for Disease Control and 
Prevention (CDC).
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The findings and conclusions in this article are those of the 
authors and do not necessarily represent the official position of 
CDC.
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