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Background. As part of efforts to prevent the introduction of communicable diseases into the United States,
the Centers for Disease Control and Prevention (CDC) conducts surveillance for selected diseases in international
travelers. One of these diseases, tuberculosis (TB), received substantial attention in May 2007 when the CDC issued
travel restrictions and a federal isolation order for a person with drug-resistant TB who traveled internationally
against public health recommendations.

Methods. Reports of TB in international travelers in the CDC’s Quarantine Activity Reporting System (QARS)
from 1 June 2006 through 31 May 2007 (year 1) were compared with reports from 1 June 2007 through 31 May
2008 (year 2). These reports were classified using the CDC and American Thoracic Society guidelines and analyzed
for epidemiologic characteristics and trends.

Results. Among QARS reports, 4.6% were classified as active TB disease and 1.7% as no TB disease. Active
TB disease reports increased from 2.5% of QARS reports in year 1 to 6.4% in year 2 ( ). The proportionP ! .001
of active TB disease reports leading to a federal travel restriction increased from 6.8% in year 1 to 15.4% in year
2 ( ).P p .08

Conclusions. The significant increase in reports of international travelers with TB disease likely represents
more attention to and a higher index of suspicion for TB. The increased use of federal travel restrictions was
associated with the development of new procedures to limit travel for public health reasons. Continued efforts
are needed to decrease the number of persons with TB who travel while potentially contagious.

Because of its public health significance, infectious tu-

berculosis (TB) remains 1 of the 9 diseases for which

the US government has authority to impose mandatory

isolation and/or quarantine [1, 2]. In late May 2007,

the Centers for Disease Control and Prevention (CDC)

issued its first federal isolation order in more than 40

years for a US citizen with suspected extensively drug-
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resistant (XDR) TB [3–6]. In the weeks that followed,

intense media scrutiny was directed toward the federal

government’s system of identifying illnesses in inter-

national travelers and its ability to restrict travel as a

mechanism to protect against public health threats. The

federal isolation order focused public attention on the

ongoing public health challenges surrounding TB con-

trol and treatment and highlighted the necessity to

identify and intervene when persons with contagious

TB disease travel.

The risk of acquiring TB infection depends on a

variety of factors, including the contagiousness of the

person with TB disease, the duration of exposure to an

infectious person, and the susceptibility of the exposed

person [7]. Previous investigations have demonstrated

Mycobacterium tuberculosis transmission to passengers

seated close to a traveler with infectious TB during long
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international flights [8–12]. However, there is no current rapid

and reliable method for screening all international travelers for

TB disease, and only selected groups of travelers, such as im-

migrants and refugees, are required to undergo medical ex-

aminations before entering the United States.

The World Health Organization (WHO) recommends pas-

senger contact investigations when a traveler is identified as

having infectious TB disease and has traveled on a flight lasting

�8 h [13]. Guidelines for TB passenger contact investigations

on other conveyances have not been as clearly defined. How-

ever, the general principle that a traveler with infectious TB

can transmit M. tuberculosis to other nearby passengers dur-

ing prolonged periods may be applied to maritime and land

conveyances [14–22].

Domestic and international public health authorities or pri-

vate physicians notify the CDC of persons with TB disease who

are planning to travel against medical advice. When such per-

sons are determined to be contagious and pose a potential

public health threat to others during travel, the CDC works

with the Department of Homeland Security to formally restrict

the person’s ability to travel. A travel restriction tool called a

lookout has long been available to federal officials. A lookout

is a mechanism by which the CDC, acting through Customs

and Border Protection, can alert border authorities that a per-

son with a communicable disease who poses a potentially se-

rious threat to public health might attempt to enter the country

through a seaport, airport, or land border [23]. In late May

2007, federal agencies developed a public health Do Not Board

list, which enables domestic and international public health

officials to request that persons with communicable diseases

who pose a serious threat to the public be restricted from

boarding commercial aircraft departing from or arriving in the

United States [23]. The CDC uses strict criteria for applying

these travel restrictions to meet the dual obligations of pro-

tecting the public’s health and respecting an individual’s au-

tonomy and civil liberties. Travel restrictions are considered

only for those travelers who are (1) likely contagious with a

communicable disease that could constitute a serious public

health threat; (2) unaware of or likely nonadherent with public

health recommendations, including treatment; and (3) likely

will attempt to board a commercial conveyance.

A tremendous amount of media attention was focused on

the May 2007 federal isolation order and travel restrictions for

the traveler with suspected XDR TB [3–5, 24]. Subsequently,

the CDC Quarantine Stations identified an increase in report-

ing of possible TB cases among international travelers. To ver-

ify this increase and define characteristics of these travelers,

we conducted a retrospective review of reports of TB among

international travelers and compared reports received from 1

June 2006 through 31 May 2007 (year 1) to reports received

from 1 June 2007 through 31 May 2008 (year 2).

METHODS

This analysis is based on data obtained from the Quarantine

Activity Reporting System (QARS). QARS is a secure, Internet-

based reporting system developed by the CDC to internally

track reports of illness, death, or other travel-related public

health events that fall within the responsibility of any of the

20 CDC Quarantine Stations at air, land, and maritime ports

of entry [25].

For this study, a possible TB case was defined as a report

containing the keyword tuberculosis or TB for a person who

traveled or attempted to travel into or out of the United States

from 1 June 2006 through 31 May 2008. Domestic travelers

were excluded from this study because their travel time is gen-

erally !8 h and, on the basis of WHO guidelines, would pose

a lesser risk for M. tuberculosis transmission [13, 26]. Reports

of private medical evacuations were excluded because these

individuals did not travel on commercial carriers while con-

tagious. Duplicate reports and reports that contained insuffi-

cient clinical information to determine cause of illness were

also excluded.

Demographic, travel, and clinical information was collected

from each report. When necessary, we contacted the CDC

Quarantine Station staff and local or state public health agencies

to complete data collection. Each report of possible TB was

classified according to the CDC and American Thoracic Society

(ATS) classification system, which provides 6 categories: no TB

exposure (class 0), TB exposure (class 1), latent TB infection

(class 2), clinically active TB disease (class 3), clinically inactive

TB (class 4), and TB suspect (class 5) [27]. Characteristics of

cases that were classified as clinically active TB disease (class

3) were compared with those of cases classified as class 0, 1,

2, or 4 (hereafter collectively referred to as “no TB disease”).

Class 5 represents a temporary classification for persons whose

medical evaluations were incomplete at the time of report to

QARS. After completing a medical evaluation, each person

should have been reclassified into another of the CDC-ATS

classes. Any person initially determined to be a TB suspect (class

5) but who could not be reclassified because of loss to follow-

up was excluded from the analysis of active TB disease versus

no TB disease.

Information related to specific public health interventions,

including passenger contact investigations and federal travel

restrictions, was also collected. These investigations involve

identifying passenger contacts of a traveler with TB and may

be initiated by local, state, or federal health authorities or by

international health agencies [13, 26]. Persons with TB infec-

tion or disease who were identified as part of a passenger con-

tact investigation were not included in our analysis.

Information was recorded on the use of federal travel re-

strictions from 1 June 2006 through 31 May 2008. Federal trav-

el restrictions include the Customs and Border Protection look-
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Table 1. Comparison of Report Characteristics for Study Years
1 and 2

Type of report

No. (%) of reports

Year 1a Year 2b

Total QARS reports
No. of reports 2964 3471
Active TB disease 73 (2.5) 221 (6.4)
No TB disease 19 (0.6) 89 (2.6)
TB suspect 2 (0.1) 11 (0.3)
Other illness 2870 (96.8) 3150 (90.8)

Possible TB reportsc

No. of TB reports 92 310
Active TB disease 73 (79.3) 221 (71.3)
No TB disease 19 (20.7) 89 (28.7)

NOTE. QARS, Quarantine Activity Reporting System; TB, tuberculosis.
a 1 June 2006 to 31 May 2007.
b 1 June 2007 to 31 May 2008.
c Excludes the 13 Centers for Disease Control and Prevention and American

Thoracic Society class 5 cases that were unable to be reclassified because of
loss to follow-up.

out list and, after May 2007, the public health Do Not Board

list managed by the CDC [23]. Persons with TB were classi-

fied according to the reason for the travel restriction and were

monitored to determine time to removal of travel restrictions.

Data analysis was completed using Epi Info, version 3.4

(CDC), and SAS, version 9.1 (SAS Institute), and statistical

significance was determined using exact methods.

RESULTS

Reports of possible TB. Of the 6498 reports entered into

QARS for all types of illness from 1 June 2006 through 31 May

2008, a total of 478 were initially identified as reports of possible

TB disease. Subsequently, 63 (13.2%) of these reports were

excluded because the report contained insufficient clinical in-

formation to categorize ( ) or because the report was ofn p 20

a domestic traveler ( ), duplicate entry ( ), pas-n p 15 n p 22

senger contact of a traveler with TB ( ), or a medicaln p 5

evacuation ( ). As a result, the final number of reportsn p 1

used for the analysis included 415 reports (6.4%) of possible

TB of a total of 6435 QARS illness reports. Reports of possible

TB accounted for 3.1% of QARS illness reports in year 1 and

9% in year 2 ( ) (Table 1).P ! .001

The characteristics of the 415 international travelers with

possible TB are given in Table 2. The median age of the travelers

was 37 years (range, 5 months to 92 years), and 255 travelers

(61.4%) were male. They were citizens of 64 countries, most

commonly the United States with 82 travelers (19.8%), followed

by Mexico (61 [14.7%]), the Republic of the Philippines (45

[10.8%]), and India (40 [9.6%]). Of the 415 reports of possible

TB, 312 (75.2%) were associated with air travel, and 275

(66.3%) were reported after travel was completed.

Of the 415 reports of possible TB, 41 travelers (9.9%) were

initially suspected of having TB but were later determined to

have no evidence of TB exposure or infection (CDC-ATS class

0), 8 (1.9%) were classified as having TB exposure without

evidence of infection (class 1), 26 (6.3%) as having latent TB

infection with no evidence of disease (class 2), 294 (70.8%) as

having active TB disease (class 3), 33 (8.0%) as having clinically

inactive TB (class 4), and 13 (3.1%) as being suspected of having

TB (class 5) and could not be reclassified because of loss to

follow-up. Thus, of the 402 classifiable TB reports, 294 (73.1%)

fulfilled CDC-ATS criteria for active TB disease and 108

(26.9%) were classified into CDC-ATS classes 0, 1, 2, or 4 (no

TB disease).

Reports of active TB disease. The proportion of QARS

reports for both active TB disease and no TB disease increased

from year 1 to year 2. Active TB increased from 2.5% of all

QARS reports to 6.4% ( ) (Table 1). No TB diseaseP ! .001

reports increased from 0.6% of all QARS reports in year 1 to

2.6% in year 2 ( ). Figure 1 illustrates the distributionP ! .001

by month of active TB disease, no TB disease, and total QARS

illness reports.

Two hundred forty-four travelers (83%) with active TB dis-

ease were reported in association with air travel, compared with

58 travelers (54%) with no TB disease ( ). Air travelersP ! .001

with active TB disease were more likely to have passenger con-

tact investigations initiated (143 travelers [58.8%]) than were

those who traveled by land or maritime conveyances (8 travelers

[15.7%]; ). The proportion of active TB disease reportsP ! .001

leading to an investigation did not change significantly from

year 1 (54.8%) to year 2 (50.2%; ).P p .59

Drug-susceptibility test results were available for 248 (84.4%)

of the 294 travelers with active TB disease. One hundred ninety-

six (79.0%) were infected with TB strains that were susceptible

to all first-line drugs. Twenty-three travelers (9.3%) were found

to have resistance to at least 1 drug, 28 (11.3%) were deter-

mined to have multidrug-resistant TB, and 1 traveler (0.4%)

was determined to have XDR TB.

Federal travel restrictions. Federal travel restrictions were

initiated for 45 (10.8%) of the 415 travelers with possible TB.

Of the 45 restricted travelers, 38 (84.4%) had active TB disease.

The 7 other travelers (15.5%) were restricted on the basis of

suspicion of active TB disease and intention to travel before

the final diagnosis was confirmed. Four of these travelers were

determined by subsequent medical evaluation not to have TB

(class 0), 1 had been exposed to TB but was found to have no

evidence of infection (class 1), 1 had clinically inactive TB (class

4), and 1 traveler who was suspected of having TB was lost to

follow-up (class 5).

Of the 45 restricted travelers, 20 (44.4%) had interrupted

treatment against medical advice, 16 (35.6%) had received in-
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Figure 1. Trends in total illness reports (all diseases) and reports of tuberculosis (TB) to the Quarantine Activity Reporting System (QARS), 1 June
2006 to 31 May 2008.

adequate treatment for TB at the time they were attempting to

travel, 7 (15.1%) had not completed medical evaluations and

infectious TB could not be medically disproved, and 2 (4.4%)

were restricted because they were unaware of their diagnosis

and could not be reached by public health authorities before

planned travel. The restricted travelers were citizens of 21 coun-

tries, including 8 persons (17.8%) from the United States and

7 (15.6%) from Mexico. Twenty-nine persons (64.4%) had al-

ready traveled internationally against public health recom-

mendations when they were reported to the CDC and were

restricted from further international travel while they were

possibly contagious to others. The other 16 (35.6%) had in-

dicated their intentions to travel against recommendations

and were restricted before they could initiate travel. The pro-

portion of persons with active TB disease for whom federal

travel restrictions were used increased from 6.8% (5 of 73) in

year 1 to 15.4% (34 of 221) in year 2 ( ), whereas theP p .08

proportion of restricted travelers with no TB disease decreased

from 21.1% (4 of 19) in year 1 to 2.2% (2 of 89) in year 2

( ).P p .02

Since the creation of the public health Do Not Board list,

36 travelers have had their travel restricted via this mechanism.

As of 15 April 2009, 30 (83.3%) had been removed from the

list. The median time to removal was 79 days. Twenty-six

(86.7%) were removed from the restriction lists after they re-

ceived TB treatment and were no longer considered to pose a

threat of infecting others during travel. Three travelers (10.0%)

were removed after they were determined not to have active

TB disease, and 1 (3.3%) was removed from the list after death.

DISCUSSION

After the highly publicized federal isolation order in late May

2007, reports of TB in international travelers markedly in-

creased and remained at higher levels throughout the subse-

quent 12 months. The percentage of all illness reports due to

both active TB disease and no TB disease increased significantly

after 1 June 2007, although the increase was greater for reports

of no TB disease. An increase in reporting of illnesses after

intense media attention has been previously noted in the setting

of a passive surveillance system, such as that used by the CDC’s

Quarantine Stations [28]. Heightened public awareness likely

lowered the threshold of suspicion for TB among travelers,

which resulted in an increase in identification of travelers with

active TB disease and an even greater increase in reports of

travelers determined to have no TB disease.

Identification of a traveler with TB often depends on rec-

ognition of symptoms by nonmedically trained crew members

or port officials. Without a focused medical examination, in-

cluding radiology and laboratory testing, recognizing and di-

agnosing TB disease in a traveler are virtually impossible. With

the current system, it is inevitable that some, and perhaps many,

contagious persons are not detected during brief encounters

with nonmedical personnel at land, air, and sea ports of entry.

The definitive diagnosis of TB depends on a combination of

clinical and diagnostic laboratory testing, and culture results

may not be received for weeks or months after the initial eval-

uation [29]. Not surprisingly, most reports received by the CDC

were of persons who had TB diagnosed after they had com-

pleted their travel.

Although most persons in our analysis traveled before TB

disease had been diagnosed, our study also shows that a small

subset of persons traveled after receiving a diagnosis of TB.

Persons who received a diagnosis of infectious TB are generally

advised by physicians and public health officials to avoid sit-

uations, such as travel on commercial airlines, in which they

could transmit infection to others [13, 26, 30]. The reasons



890 • CID 2009:49 (15 September) • Modi et al

that persons with infectious TB disease may disregard these

public health recommendations and decide to travel have not

been closely studied.

Several strategies have been implemented to decrease the

number of persons with TB who travel internationally when

contagious. The technical instructions for TB screening and

treatment required for immigration to the United States were

revised in 2007 to include a more thorough evaluation for TB

disease [31]. The WHO has also updated its guidelines for

prevention and control of TB in the setting of air travel, in-

cluding guidance on restriction of air travel for persons with

infectious TB disease [13, 32]. Local and state health officials

are increasingly aware of and use federal assistance for conta-

gious persons who have disregarded public health recommen-

dations and have expressed intent to travel. The CDC aims to

exercise its legal authorities and federal travel restriction tools

as sparingly as possible and only in individuals posing a clear

threat to the health of fellow travelers. Most persons are re-

moved from travel restriction lists within 3 months, usually

because they are determined to no longer be contagious and

the public health risk has been eliminated.

This study has several limitations. The reports received by

the CDC likely reflect only a fraction of the actual number of

travelers with TB disease. Given the volume of travelers through

US ports of entry and the high prevalence of TB in many of

the countries in which travelers originate, the current system

can be expected to detect only a small number of travelers who

might have infectious TB disease [33–36]. For travelers with

TB disease who were detected, we found that the QARS data

were occasionally incomplete, necessitating secondary data col-

lection from local and state health departments. However, not

all case information was available through this mechanism, and

some cases were ultimately excluded from our study because

of insufficient clinical information. Finally, this study did not

attempt to determine whether transmission of M. tuberculosis

occurred on airlines or other modes of travel.

Because of the global burden of TB and the increasing vol-

ume of international travel, detection of TB disease among

travelers and the potential for M. tuberculosis transmission dur-

ing air travel will continue to challenge public health officials

worldwide. Tremendous resources are expended during public

health responses to travelers with TB disease through activities

such as passenger contact investigations and implementation

of legal measures to prevent travel [8, 10, 13, 15, 37]. Despite

increased public awareness of the risks of M. tuberculosis

transmission during international travel, the challenge of pre-

venting persons with infectious TB disease from traveling re-

mains. Shifting the emphasis toward prevention of exposure

by preventing the travel of persons with infectious TB dis-

ease and other illnesses of public health significance will be a

critical step in protecting the health of all passengers.
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