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Abstract Background. In April 1994, a passenger with
infectious multidrug-resistant tuberculosis traveled on
commercial-airline flights from Honolulu to Chicago and
from Chicago to Baltimore and returned one month later.
We sought to determine whether she had infected any of
her contacts on this extensive trip.

Methods. Passengers and crew were identified from
airline records and were notified of their exposure, asked
to complete a questionnaire, and screened by tuberculin
skin tests.

Results. Of the 925 people on the airplanes, 802
(86.7 percent) responded. All 11 contacts with positive
tuberculin skin tests who were on the April flights and
2 of 3 contacts with positive tests who were on the Bal-
timore-to-Chicago flight in May had other risk factors for
tuberculosis. More contacts on the final, 8.75-hour flight
from Chicago to Honolulu had positive skin tests than

1993 investigation of a flight attendant with in-

fectious tuberculosis demonstrated transmission
of the disease to other crew members, but evidence of
transmission to passengers was inconclusive.! In June
1994, a state health department notified the Centers for
Disease Control and Prevention (CDC) that a visitor
from a foreign country had died of complications of pul-
monary tuberculosis; her Mycobacterium tuberculosis iso-
late was resistant to isoniazid, rifampin, pyrazinamide,
streptomycin, and kanamycin. Before the tuberculosis
was diagnosed in May 1994, she flew from Honolulu to
Chicago and from Chicago to Baltimore in April 1994
and returned one month later. Because of the extent of
her disease, concern about the potential transmission of
drug-resistant M. tuberculosis, and uncertainty regarding
passenger-to-passenger transmission of M. tuberculosis
on aircraft, an investigation of the passengers and flight
crew was conducted. The results of this investigation
prompted the CDC to issue recommendations concern-
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those on the other three flights (6 percent, as compared
with 2.3, 3.8, and 2.8 percent). Of 15 contacts with pos-
itive tests on the May flight from Chicago to Honolulu,
6 (4 with skin-test conversions) had no other risk factors;
all 6 had sat in the same section of the plane as the index
patient (P=0.001). Passengers seated within two rows
of the index patient were more likely to have positive tu-
berculin skin tests than those in the rest of the section
(4 of 13, or 30.8 percent, vs. 2 of 55, or 3.6 percent; rate
ratio, 8.5; 95 percent confidence interval, 1.7 to 41.3;
P=0.01).

Conclusions. The transmission of Mycobacterium tu-
berculosis that we describe aboard a commercial aircraft
involved a highly infectious passenger, a long flight, and
close proximity of contacts to the index patient. (N Engl
J Med 1996;334:933-8.)
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ing the notification of passengers and flight crews after
exposure to tuberculosis on aircraft.?

METHODS

Investigation of Index Patient and Household Contacts

Medical and laboratory records of the index patient were reviewed.
State and local health departments investigated the contacts of the
two households in the two states where the index patient had lived
during her visit to the United States.

Investigation of the Flight Crew and Passengers

The passenger manifests and lists of flight-crew members for the
four flights were obtained from the airline company. Information from
the manifests and from frequent-flyer records was used to locate pas-
sengers and identify seat assignments. People who were not residents
of the United States or Canada were excluded from the investigation.
The passengers and members of the flight crews (contacts) were no-
tified by certified letter of their potential exposure to tuberculosis, ad-
vised to have a Mantoux tuberculin skin test, and asked to complete
a questionnaire. Data collected included demographic and epidemio-
logic information. Except for those of contacts with evidence of pre-
vious tuberculosis or previous positive tuberculin skin tests, skin-test
results reported in this study are based on written records provided
by health departments or by personal physicians.

Contacts with negative results on tuberculin skin tests performed
less than 12 weeks after the flight were mailed a second letter advising
them of the need for a final test at least 12 weeks after their exposure.
A positive tuberculin skin test was defined as involving an induration
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of 10 mm or larger. A skin-test conversion was
defined as an increase of 10 mm or more
in induration within the previous two years.
Clontacts with positive tuberculin skin tests or
conversions were interviewed about other risk
factors for tuberculosis. Results of tuberculin
skin tests and interviews were reviewed inde-
pendently by three tuberculosis experts, who
assessed whether positive results were due to
new infection or the booster effect.’”

Data Analysis

Results of tuberculin skin tests were ana-
lyzed according to age, sex, race or ethnic
group, flight, flight duration, and seat proximi-
ty to the index patient. Categorical variables
were compared with the use of the chi-square
or Fisher’s exact test. Continuous variables
were compared with the use of Student’s t-test.’

Aircraft

Information about the type of aircraft flown
on each flight was obtained from airline re-
cords. Airline-industry diagrams were used to
map seat assignments and manufacturers’
specifications of airflow, and air-distribution
systems were reviewed for each type of air-
craft. Aircraft-ventilation systems were not
otherwise evaluated.

RESULTS
Index Patient

The index patient was a 32-year-
old Korean woman, who according to
relatives was taking no antitubercu-
lous medication but had previously
been treated for tuberculosis — twice as an adolescent in
Korea and once within the past two years in Japan —
with unknown medication. She arrived in Honolulu in
April on a tourist visa and was reportedly coughing and
lethargic while staying with friends (Household 1) for
five days. She then flew from Honolulu to Chicago and
from Chicago to Baltimore, where she remained with
friends (Household 2) for one month. Members of House-
hold 2 reported a worsening of her symptoms, including
progressive cough, lethargy, shortness of breath, fever,
night sweats, and the eventual onset of scant hemopty-
sis. In May she returned to Honolulu, flying from Balti-
more to Chicago and from Chicago to Honolulu. Eight
days after returning to Houschold 1, she had an acute
episode of hemoptysis, described as consisting of ap-
proximately 1 liter of bright red blood. Hospital evalua-
tion revealed extensive pulmonary disease (Fig. 1), and
her sputum was highly positive (3+) for acid-fast bacilli
and was culture-positive for M. tuberculosis. The patient
died of pulmonary hemorrhage and respiratory failure
five days after being hospitalized.

Household Contacts of the Index Patient

Both Korean-born adults in Household 1 had posi-
tive tuberculin skin tests in June 1994. Their two chil-
dren, three and seven years of age, had negative skin
tests 14 weeks after exposure. The mother in House-
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Figure 1. Chest Film of the Index Patient Eight Days after Flight 4, Showing Exten-
sive Bilateral Pulmonary Disease with Cavitary Lesions.

hold 2 had had a positive skin test in 1977, and her
chest film was normal in May 1994. The father’s test
showed 12 mm of induration at the end of May, and his
chest film was normal. Their 21-month-old, U.S.-born
child had a skin-test conversion from 0 mm of indura-
tion in May and early June (2 and 8 weeks after the in-
dex patient departed, respectively) to 22 mm of indura-
tion 17 weeks after her departure. As of December
1995, the child remained free of signs and symptoms of
active tuberculosis.

Flight Crew and Passengers

Of 1042 passenger and crew contacts identified on
the four flights, 117 (11.2 percent) were not notified: 24
were residents of foreign countries, and for 93 no infor-
mation on their whereabouts was available. The re-
maining 925 (88.8 percent) resided in 41 states, Puerto
Rico, the District of Columbia, and Canada and were
notified of their possible exposure. Of these, 802 (86.7
percent) provided results of a final tuberculin skin test
(at least 12 weeks after exposure). Forty-two contacts
were excluded from the analysis: 40 had had tubercu-
losis previously or had evidence of a previous positive
tuberculin skin test, 1 died of cancer, and 1 died of the
acquired immunodeficiency syndrome (AIDS) with doc-
umented anergy. Neither contact who died had signs or
symptoms compatible with tuberculosis. The passenger
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Table 1. Results of Tuberculin Skin Tests for the 760 Passengers and Crew Mem-

bers, According to Flight.*
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positive test, who had been seated
three rows away from the index pa-

tient, reported having no other risk

FLIGHT 1 FLIGHT 2 FLIGHT 3 FLIGHT 4 ToTAL >

TEST RESULT (N=298) (N=104) (N=109) (N=249) (N=760) factors for tuberculosis.

The characteristics of the 15 con-
number (percent) i .

tacts on flight 4 who had positive tu-
Positive 72.3) 4(3.8) 3(2.8) 15 (6.0) 29 (3.8) : - : )
No previous testt 7223) 4(33) 3(2.8) 9 (3.6) 23 (3.0) berculin skin tests are shown in Ta
Conversion 0 0 0 6(2.4) 6 (0.8) ble 2, and their seat assignments in
Negatives 291 (97.7) 100 (96.2) 106 (97.2) 234 (94.0) 731 (96.2) relation to that of the index patient

*Flight 1 was from Honolulu to Chicago in April, flight 2 from Chicago to Baltimore in April, flight 3 from Baltimore to

Chicago in May, and flight 4 from Chicago to Honolulu in May.
FThese contacts had no results of previous skin tests in their medical records.

FAll 10 contacts who were exposed on two connecting flights had negative tuberculin skin tests.

with AIDS was already receiving rifabutin prophylaxis
and had smears and cultures negative for acid-fast ba-
cilli after exposure.

Of the 760 contacts for whom data were analyzed, 95
percent were passengers and 5 percent were crew mem-
bers. Only 10 contacts (1.3 percent) were exposed on
two connecting flights. Fifty-five percent of the contacts
were male, 94 percent were U.S.-born, 86 percent were
white, and the median age was 43 years (range, 6 months
to 86 years). There were no statistically significant dif-
ferences in the demographic characteristics of contacts
among the four flights. Previous vaccination with ba-
cille Calmette—Guérin (BCG) was reported by 2.6 per-
cent of all the contacts, and exposure to a family mem-
ber or friend with tuberculosis by 7.5 percent.

The results of tuberculin skin tests of the contacts are
shown in Table 1. In the six contacts on flight 4 who had
conversions to positive skin tests, the first test was per-
formed a median of 8 weeks after ex-
posure (range, 34 weeks before expo-
sure to 10 weeks after exposure), and
the second test was administered a

are shown in Figure 2. The index
patient had been seated next to the
aisle in the next-to-last row of the
rear cabin section of the aircraft.
Nine contacts with positive tubercu-
lin skin tests, who had been seated throughout the air-
craft, had other risk factors for tuberculosis. Six con-
tacts with positive tuberculin skin tests, including four
with conversions, had no other identified risk factors.
Table 3 summarizes the association between the re-
sults of tuberculin skin tests and seating proximity to
the index patient for contacts on flight 4 who had no
other identified risk factors. Contacts with positive tests,
including four with conversions, were more likely to
have been seated in the same cabin section of the air-
craft as the index patient than contacts with negative
tests (P=0.001). In fact, all six contacts with positive
tuberculin skin tests and no risk factors, including all
four with conversions, had been seated in the same cab-
in section of the aircraft as the index patient. Those
seated within two rows of her were 8.5 times more like-
ly to have positive tuberculin skin tests or conversions
than those seated elsewhere in the same cabin section.

Table 2. Characteristics of the Passengers and Crew Members on Flight 4 Who Had

Positive Tuberculin Skin Tests.

median of 23 weeks after exposure RACE OR Rows
. CONTACT ETHNIC FROM INDEX ~ TUBERCULIN INFECTION
(range’ 8 to 29) AH the contacts Wlth No. AGE GRroup* SEX PATIENT SKIN TEST Risk FACTORST STATUSE
negative tuberculin skin tests had fi- FIRST  SECOND
nal tests performed at least 12 weeks
. yr mm
after exposure (median, 16; range, 13
to 32) 1 55 w M 49 10 — Uncle with tuberculosis Previous
All 11 contacts on ﬂlghts 1 and 2 2 43 A M 31 11 — Foreign-born Previous
who had positive tuberculin skin tests z Zg g ﬁ Zi 13 ; ]}leeddln SEUlh;aSt ?SI? irevfous
. . . . 2 riend with tuberculosis revious
had other risk factors, 1nclud1ng l?lrt,h 5 28 w F 24 20 — Friend with tuberculosis, Previous
in a country where tuberculosis is health care worker
highly endemic’ or I“CCCipt of BCG 6 57 w M 13 0 20 Foreign-born Previous
(5 COHtaCtS), exposure to tuberculo- 7 51 w F 13 18 — Foreign-born Previous
sis in a family member (3), residence 8 55 w F 13 0 11 None identified New
overseas (2), and occupational expo- s W F 12 0 12 None identified New
sure (1) Passengers on ﬂights 1 and 2 10 38 A M 9 14 — Forefgn—bom, rece%ved BCG PreV%ous
who had pOSitiVC tuberculin skin tests 11 29 H M 6 20 — Fore]g-n-bOTn, received BCG  Previous
. 12 47 w F 2 11 — None identified New
had not been seated near the index o
. On flicht 3. th le had 13 41 w M 1 0 15 None identified New
patl.e.nt' n thg t. ot 1“(.36 peopic ha 14 36 w M 1 0 19 None identified New
positive tuberculin skin tests, but 15 41 W M 0 v None identified New

none had conversion. Of these, two
were born in countries where tuber-
culosis is highly endemic and had re-
ceived BCG. The third person with a

*W denotes white, A Asian, and H Hispanic.

‘fForeign-born denotes birth in a country where the rate of tuberculosis is at least 10 times higher than in the United
States and where bacille Calmette—Guérin (BCG) vaccine is routinely used.

$The investigators’ determinations were based on the results of the skin tests and on the risk factors.
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Figure 2. Diagram of the Boeing 747-100, with Seat Assignments of the Passengers and Flight Crew on Flight 4 Who Had Positive
Tuberculin Skin Tests.

Numbers refer to the contacts listed in Table 2. Contact 12 was a member of the flight crew.

Among the six persons with positive tuberculin skin
tests, four had been seated within two rows of the index
patient, and the two seated toward the front of the rear
cabin section reported having frequently visited friends
seated very near the index patient and having used the
lavatory close to her seat. As of February 1996, all six
remained free of signs and symptoms of active tuber-
culosis.

Aircraft and Ventilation Systems

For both transoceanic flights, flights 1 and 4, Boe-
ing 747-100 aircraft were used. Flight 1 took place in
April and lasted 8 hours; flight 4 was in May and last-
ed 8.75 hours. The Chicago-to-Baltimore and Baltimore-
to-Chicago flights, flights 2 and 3, were both on Airbus
320-200 aircraft and were 1.75 and 2 hours long, re-
spectively. No flight delays were reported to have oc-
curred on any of the flights. Both the B747-100 and
A320-200 aircraft had air-recirculation systems with
high-efficiency particulate air (HEPA) filtration. The
B747-100 aircraft recirculates air through one common
reservoir for the entire aircraft. Approximately 50 per-
cent of the air is recirculated, and rates of air exchange
reported by the manufacturers of these types of aircraft
range from 6 to 20 times per hour. Smoking was pro-

hibited on all four flights.

DISCUSSION

This incident provided a unique opportunity to in-
vestigate the transmission of M. tuberculosis on aircraft.
A high proportion of U.S. residents among the passen-
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gers, repeated notification, and national media atten-
tion led to a high response rate among contacts. Prompt
notification by a state tuberculosis-control program al-
lowed us to assess the development of tuberculous in-
fection among the May 1994 passengers and flight crew
prospectively.

Our investigation provides evidence of the transmis-
sion of M. tuberculosis from passenger to passenger and
from passenger to flight crew aboard commercial air-
craft. Although the possibility of transmission from the
index patient to other passengers on flights 1, 2, and 3
cannot be excluded, the evidence is most compelling
for flight 4. This includes evidence of recent transmis-
sion (i.e., skin-test conversions), an association between
transmission and proximity to the index patient, and a
dose-response effect. All but one of the contacts who
had no risk factors for tuberculosis and had positive
skin tests, including all those with conversions, were
seated in the same section as the index patient. Those
seated within two rows were at greatest risk. The skin-
test conversions on flight 4 but not on flight 3, although
the flights took place on the same day, suggest that pro-
longed exposure to aerosol droplets from the index pa-
tient played a part. The apparent absence of transmis-
sion on flight 1 may have been due to the varying
infectiousness of the index patient, who had long-stand-
ing disease. She was more symptomatic in May than in
April. The timing of the skin-test conversion of the
child in Household 2 suggests that transmission oc-
curred just before flights 3 and 4. The children in
Household 1 may have escaped infection because the
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