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Molecular markers provide an important method
for detecting tuberculosis (TB) transmission that
has been followed by rapid progression to active

disease.1 Restriction fragment length polymorphism (RFLP)
typing of Mycobacterium tuberculosis has
been used to confirm outbreaks, through
the demonstration of shared isolates.2 In
population-based studies, it has therefore
been inferred that patients with TB whose
infecting organisms are characterized by
shared RFLP “patterns” (“fingerprints”)
have likely been involved in recent trans-
mission.3,4 We used public health reporting
data and RFLP-based DNA fingerprinting
to determine the extent to which ongoing
transmission contributes to TB incidence
in Montreal and to evaluate factors associ-
ated with such TB transmission.

RFLP analysis using the insertion se-
quence (IS) 61105 was used to classify the
303 culture-positive cases of TB reported
in Montreal during 1997 and 1998. We
restricted the analysis to those isolates
with 5 or more bands, because isolates
with few or no copies of the IS6110 ele-
ment cannot be reliably classified by this
method.5 Reactivation of remotely ac-
quired tuberculous infection was consid-
ered likely if the RFLP pattern was unique
within the database. Recent transmission
was considered likely if an isolate matched
at least one other by identical, or near-
identical, criteria. “Identical” isolates were
characterized by identical numbers of
bands on gel electrophoresis, following di-
gestion by the restriction endonuclease; all
such bands had to have matching molecu-
lar weights. “Near-identical” isolates were
characterized by a single band difference
(a single band addition, band loss or band

shift). This study was approved by the research ethics com-
mittee of the Montreal General Hospital, which is respon-
sible for the infectious diseases unit of the Montreal public
health department.
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Table 1: Demographic and clinical characteristics of patients with unique
versus matching RFLP patterns (identical or near-identical)

No. (and %) of patients*

Characteristic

Unique RFLP
pattern

n = 183†

Identical RFLP
pattern
n = 17

Identical or near-
identical RFLP

pattern
 n = 60‡

Age range, yr 10–95 1–85 1–85
  Median 41 32 41

Female 105 (57) 8 (47) 29 (48)

Pulmonary TB 123 (67) 13 (76) 42 (70)

  Normal chest radiograph 4   (3) 0 (xx) 0 (44)

  Abnormal, noncavitary 87 (71) 8 (62) 24 (57)

  Abnormal, cavitary 32 (26) 5 (38) 17 (40)
  Smear-positive 88 (72) 8 (62) 34 (79)

Patient with TB sensitive
to all first-line drugs§

162 (89) 14 (82) 49 (82)

Patient with TB resistant
to one or more drugs

18 (10) 3 (18) 10 (17)

HIV status

  Positive 14   (8) 2 (12) 9 (15)

  Negative 38 (21) 6 (35) 14 (23)

  Unknown 131 (72) 9 (53) 37 (62)

Place of birth

  Canada 34 (19) 3 (18) 12 (20)

  Outside Canada 145 (79) 14 (82) 48 (80)

    Haiti 23 (13) 11 (65) 23 (38)

Years since immigration¶ 0–56 0–25 0–54

  Median 4 9 8

Note: RFLP = restriction fragment length polymorphism.
*Unless stated otherwise.
†Data are incomplete for the drug sensitivity/resistance entries and for place of birth.
‡Data are incomplete for radiographic findings and for the drug sensitivity/resistance entries.
§Isoniazid, rifampin, streptomycin, ethambutol, pyrazinamide.
¶Among foreign-born individuals.



We obtained RFLP results for 288 of the culture-
positive cases. We found that 243 isolates had at least 5
bands: 183 unique isolates, 43 near-identical isolates and 17
identical isolates. The 17 identical isolates belonged to 7
“clusters” of 2 or 3 people each. The 60 identical and near-
identical isolates belonged to 16 clusters of 2 to 13 people
each. Individuals with unique and matched isolates did not
differ with respect to age, sex, proportion who were for-
eign-born and a number of clinical characteristics (Table 1).

The only characteristic associated with matching RFLP
patterns was Haitian birth; Haitian-born individuals ac-
counted for 19% of isolates with adequate fingerprints, but
65% of the identical isolates and 37% of the identical and
near-identical isolates together. The crude odds ratio esti-
mates for matching isolates, comparing Haitian-born with
non-Haitian-born individuals, were 9.7 (95% confidence in-
terval [CI] 3.0–34.0) when identical RFLP pattern was used
as the matching criterion, and 3.9 (95% CI 1.9–8.2) when
both identical and near-identical RFLP patterns were con-
sidered. Potential explanations for this finding include the
following: (1) limited genetic diversity among M. tuberculosis
organisms originally acquired in Haiti, (2) involvement in
new transmission in Montreal or (3) accelerated progression
to active disease. However, only 5 of 23 Haitian-born indi-
viduals with identical or near-identical isolates were HIV-
seropositive, making the last explanation unlikely. 

We assumed that one person per “cluster” had reacti-
vated latent TB and then transmitted it to the others. The
proportion of disease due to recent transmission was there-
fore estimated to be 4%, that is, (17 – 7)/243 (95% CI
2%–7%) or 18%, that is, (60 – 16)/243 (95% CI 13%–24%),
depending on the matching criterion used: identical RFLP
patterns or identical and near-identical patterns respectively.

Our 2-year study in Montreal suggested that 82%–96%
of incident active TB cases were the result of reactivation.
Secondary active cases of TB appear uncommon in Mon-
treal, which is likely the result of a well-functioning pro-
gram of contact investigation and management.6 These
results are consistent with recent US7 and Canadian8 rec-
ommendations: where there is little ongoing spread of dis-
ease, further reductions in TB incidence will require in-
creased emphasis on the treatment of latent infection.
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