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The combination of molecular and conventional epidemiological methods has improved the knowl-
edge about the transmission of tuberculosis in urban populations. To examine transmission of tubercu-
losis in Havana, Cuba, with DNA fingerprinting, we studied 51 out dfl§@bacterium tuberculosis
strains isolated from tuberculosis patients who resided in Havana and whose infection was culture-
confirmed in the period from September 1997 to March 1998. Isolates from 28 patients (55%) had
unique I$110restriction fragment length polymorphism (RFLP) patterns, while isolates from 23 others
(45%) had identical patterns and belonged to 7 clusters. Three clusters consisting of six, five and two
cases were each related to small outbreaks that occurred in a closed setting. Three other clustered case
were linked to a large outbreak that occurred in another institution. Younger patients were more corre-
lated to clustering than older ones. The finding that 45% of the isolates had clustered RFLP patterns
suggests that recent transmission is a key factor in the tuberculosis cases in Havan@1TORFEP
typing made it possible to define the occurrence of outbreaks in two closed institutions.

Key words: DNA fingerprinting - epidemiology - 8310RFLP -Mycobacterium tuberculosistransmission -
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After some decades of decline, the incidenceor role (Styblo 1991, American Thoracic Society
rates of tuberculosis in Cuba increased from 4.9992). In the last few years, the use of restriction
cases/100,000 people in 1991 to 14.8 cases/100,dd@gment length polymorphism (RFLP) typing with
inhabitants in 1994 (Marrero & Carrera 1996). Thiglifferent molecular markers and conventional epi-
increase seems to have been precipitated by tdemiological methods has improved understand-
economic recession and the deterioration of thiag of the transmission of tuberculosis (Alland et
National Tuberculosis Control Program, whichal. 1994, Small et al. 1994). Recent studies, per-
occurred during this period (Diaz et al. 1998). Alformed in urban regions in some developed coun-
though the swift increase of the disease was réies, which used DNA fingerprinting show that
versed in 1995 and the rate decreased to 13.8 casdsdut 40% of the tuberculosis cases can be classi-
100,000 inhabitants in 1996. fied into clusters with epidemiological links. Such

Until recently, it was thought that a large pro-studies suggest that one-third of the total cases are
portion of tuberculosis cases in low-incidencgrobably due to recent exogenous transmission
countries was due to reactivation of latent remot@Alland et al. 1994, Small et al. 1994, van
infections, and that recent transmissions had a nibeutekom et al. 1997, Gutiérrez et al. 1998). Ina
previous study, we report the large percentage
(48%) of clustered strains in Cuba, outside Havana,
indicating that recently transmitted tuberculosis has
an important role in this country (Diaz et al. 1998).

Havana, with two million inhabitants, repre-
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cidence decreased to 16.8 in 1997, which was stilhe 135110 RFLP patterns of the study isolates
much higher than the national average (Dewere also compared to a collection of 284tu-
partamento de Epidemiologia y Estadisticas 199M)erculosisfingerprints from strains isolated from

We applied 15110 DNA fingerprinting to various areas of Cuba between 1993 and 1997.
Mycobacterium tuberculosistrains isolated in Statistical analysis The chi-square test with
Havana from September 1997 to March 1998 t¥ates correction or Fisher’s exact test (when ex-
detect active tuberculosis transmission and to esprected values were less than 5) were used to evalu-
mate the incidence of tuberculosis that results fromte the association of categorical variables. Values
recent transmission of the disease. We also anafP < 0.05 were considered indicative of statisti-
lyzed some outbreaks that occurred in closed ircal significance.

stitutions. RESULTS

MATERIALS AND METHODS IS6110 RFLP clusteringFhe copy number of

Patient population and data collectionBe- 1S61100f the Havanan strains ranged from 6 to 20
tween 20 September 1997 and 10 March 1998,veith an average of ten copies (+ 4). This large num-
total of 92 patients with culture-positive tubercu-ber of copies of the Cuban strains is described by
losis were registered at the Statistics and Epidenidiaz et al. (1998). No strain had less than six cop-
ology Department of the Provincial Centre of Epiies of the repetitive element, and it enabled us to
demiology and Hygiene, Havana. The majority oflistinguish the totality of the isolates without us-
the patients (92.4%) concerned new cases aimtf additional markers.
seven of them had been previously treated with Among the 51 isolates analyzed, 35 different
antituberculous drugs. All patients successfullypatterns were observed. Seven of these were shared
completed their treatment. Demographic and cliniby two or more patients’ isolates and were detected
cal data were collected for all patients: age, sei) 23 strains (clustered isolates). The clustered iso-
geographical origin, HIV serological status, datéates comprised 45% of the total strains, and they
of diagnosis, previous treatment and contacts witlormed seven clusters consisting of two to six cases
people with tuberculosis. The contact-tracing reeach (Table). The remaining 28 patterns were found
sults from a standardised questionnaire were alemly once. Representative@$10 DNA finger-
included. A further epidemiological investigationprints are shown in the Figure.
was performed for patients whose isolates had iden- Correlation by gender and agéfhough cases
tical fingerprints and/or who were living in two among male patients were more often clustered
closed institutions, referred to here as Institutiof48%) than cases among female patients (25%), this
A and Institution B. Ten patients were eliminatedvas not significantR > 0.05). Younger age (0-44
from the study due to incomplete data. Seven othgears) was strongly associated with clustering (78%).
patients were not included because they were terRatients within this age group belonged to a cluster
porary residents in Havana. Cultures for DNA fin-more frequently than older patienBs< 0.05).
gerprinting were available for 56 of the 75 Havanan HIV status and clustering correlatiorGf the
patients with complete data (75%) and five iso51 patients studied, only 3 (6%) were HIV serop-
lates were excluded because of suspicion of labositive. However, the isolates from all three had
ratory cross-contamination. Therefore, isolateDNA fingerprints identical to those of HIV-nega-
from 51 patients (55% of the total cases with cultive patients in either cluster 3 or cluster 7 (Table).
tures) were subjected to@510RFLP analysis. Epidemiological investigation of the RFLP

Mycobacterial isolatesM. tuberculosistrains  clusters -An additional investigation for clustered
analyzed in this study were isolated in variougatients was done to collect more epidemiological
health centres of Havana and sent to the Provimformation.
cial Reference Laboratory of Tuberculosis at the Cluster 1 -This cluster consisted of two cases.
Provincial Centre of Epidemiology and Hygiene Patients 1 and 2 lived in separate areas, and no
All isolates were identified dgl. tuberculosisoy  apparent connection was detected.
this laboratory and submitted to the National Ref-  Cluster 2 -Patients 3 and 5 were associated
erence Laboratory on Tuberculosis and Mycobaavith a large outbreak that occurred in a hospital
teria, Institute Pedro Kouri, for further analysis. for mentally handicapped patients (Institution B),

RFLP analysis 1S6110DNA fingerprinting as reported by Gomez et al. (1997). We found a
of M. tuberculosisstrains was performed as de-new case (patient 4), a health-care worker at the
scribed by van Embden et al. (1993). RFLP pasame hospital, who was working in a unit involved
terns of the isolates were compared by visual exa the microepidemic during that period.
amination. Patients were assigned to clusters if their Clusters 3, 4 and 5Thirteen cases (those of
isolates had identical 8310 DNA fingerprints. patients 6-18) made up these clusters, represent-
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TABLE
Main characteristics of tuberculosis cases from Havana involved in this study

Patient Sex Age Geographic origin Date of diagnosis RFLP péttern

1 M 51 Guanabacoa 97/10/30 1

2 M 70 Playa 98/01/16 1

3 M 53 Institution B 97/11/28 2

4 F 33 Institution B 98/01/07 2

5 M 38 Institution B 98/03/10 2

6 M 34 Centro Habaa 97/10/03 3

7 M 36 Institution A 98/01/16 3

8 M 39 Institution A 97/10/08 3

9 M 40 Institution A 98/02/18 3
10 M 23 Institution A 98/01/15 3
11 M 34 Institution A 97/11/28 3
12 M 24 Institution A 97/09/19 4
13 M 24 Institution A 97/10/17 4
14 M 19 Cerro 97/09/10 5
15 M 59 Institution A 97/12/10 5
16 M 35 Arroyo NaranjB 97/12/04 5
17 M 24 Institution A 98/02/20 5
18 F 41 Centro Habana 98/03/19 5
19 M 55 Centro Habana 97/12/10 6
20 M 44 Centro Habana 97/11/15 6
21 M 27 Institution & 97/12/12 7
22 M 42 Centro Habara 98/01/16 7
23 M 37 San M del Padron 98/01/08 7
24 M 73 Diez de Octubre 97/10/03 Unique
25 M 46 Playa 97/11/13 Unique
26 M 42 Marianao 97/11/14 Unique
27 F 39 Arroyo Naranjo 97/09/23 Unique
28 M 37 Habana Vieja 97/10/21 Unique
29 M 23 Institution A 97/10/08 Unique
30 M 40 Playa 97/11/26 Unique
31 M 44 Guanabacoa 97/12/02 Unique
32 M 53 Guanabacoa 97/10/28 Unique
33 M 56 San M del Padron 97/11/11 Unique
34 M 71 Habana del Este 97/09/01 Unique
35 F 29 San M del Padrén 97/10/14 Unique
36 M 50 Institution A 97/11/08 Unique
37 F 49 Arroyo Naranjo 97/09/25 Unique
38 M 77 Habana del Este 97/12/17 Unique
39 M 74 Guanabacoa 98/01/07 Unique
40 M 55 Guanabacoa 98/01/27 Unique
41 F 63 San M del Padrén 97/12/19 Unique
42 M 29 Institution A 98/03/20 Unique
43 M 73 Cotorro 98/03/15 Unique
44 M 55 Arroyo Naranjo 98/02/11 Unique
45 M 59 Centro Habana 98/03/19 Unique
46 M 43 Habana Vieja 97/12/10 Unique
47 M 63 Habana Vieja 97/12/15 Unique
48 F 27 Habana del Este 98/03/15 Unique
49 M 32 Diez de Octubre 98/03/10 Unique
50 M 73 Cerro 98/02/26 Unique
51 F 25 Marianao 98/02/24 Unique

a: DNA fingerprint of each patient. Numbers represent clusberpatient who formerly resided in the Institution
A; c: patient who formerly resided in Villa Clara province.
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A 1 2 3 4 5 6 7 8% 9 101112 lived in the same building (unit 3) for some months
and these patients frequently visited common areas
where some contact may have occurred. The other
patient (no. 6), had resided in this setting three years
earlier and no epidemiological link could be found.

Two isolates with the second pattern (12150
copies) pertained to cluster 4. Patients 12 and 13
- lived in the same room of unit 1 for some months

and then moved to unit 3. They stayed there a very
- short time before diagnosis.
o — Five other isolates had a RFLP pattern of nine
bands and were located in cluster 5. Patients 15
and 17 were living in the same closed institution,
— - but they could not be connected with the other clus-
tered patients. Patient 18, who had lived in Institu-
- tion A a few years previously, was also included
in this group, but we could not find any relation.
B 1 2 2 # 5 & 7 % % 1011 13 13 Patient 18 was very controversial because this pa-
tient lived in a distant municipality, and no rela-
tion could be detected except that patients 15 and
18 had once lived in the same neighbourhood. The
— e fifth case in this cluster was that of patient 14, but
rY no link could be found. The remaining four pat-
terns were observed in patient 21 (cluster 7) and
patients 29, 35 and 41 (non-clustered patients).

Cluster 6 -This cluster consisted of patients 19
and 20. They lived in the same neighbourhood, and
they participated in some social activities.

Cluster 7-Patients 21 and 22, who had formerly
resided in the province of Villa Clara showed a
— peculiar fingerprint, which had previously been

found in a large set of strains from a closed setting
in the community of this region and which was
IS6110 DNA fingerprinting of 23Mycobacterium tuberculo- CONsidered similar to the Beijing genotype family
sis strains isolated from various areas of Havana. A: lane fvan Soolingen et al. 1995, Diaz et al. 1998). Pa-
reprelsenLtM tugelfgu|0§i§fggn(ccefu§ttr;ing)'\/lt2 14%3 1'2 k()gtuhsttient 23 showed the same fingerprint, but no infor-
anels. Lanes 2-12, f ) ) i I i
g), 32,34,15 (clusterp5), 7 (c_Iuster 3), 12 (cluster 4), 8 (clusteﬁﬁagzon connectlnlgjl_;[hem COlI,IédGJI?]e-OOé)::aﬂI’I;Ed.
3) and 36; B: lanes 2-13, patients 38, 39, 23 (cluster 7), 40, 42, ~OmMparison of Havanan { patterns
43, (cluster 5), 10 (cluster 3), 44, 11 (cluster 3), 45 and 1®/ith a national fingerprint collection We com-
(cluster 5). Numbers on the left indicate the sizes of standapiared the 51 DNA fingerprints of the study isolates
DNA fragments in kilobase pairs (kb). with those archived in a national collection at the
NRLTBM. Thirteen Havanan strains shared three
patterns with other Cuban strains. A DNA finger-
. print of nine bands (cluster 2), found here in three
ing 56% of the clustered cases. Ten were assoghses, had previously been observed in a large set
ated with an outbreak in another closed setting (Iyf isolates related to an Institution B outbreak
stitution A). (Gémez et al. 1997). It matched fingerprints of four

Initially, a routine investigation had establishedstrains isolated in the period 1994-1995 in three
that 15 tuberculosis patients in this Study were ”Vprovinces: Ho|guin, La Habana and Las Tunas. No
ing or had lived in Institution A. It seemed that alljink could be found between these patients and the
cases were somehow related to a microepidemiicroepidemic patients. The second RFLP pattern
event in unit 3 of this institution. However, theof seven 18110copies, which were representative
IS6110 RFLP results defined seven distinct patof cluster 3 (Institution A), was also found in seven
terns in this set of strains. strains of the national collection. Two patients of

The first pattern of seven bands was observed {Ris group were diagnosed in Havana in the period
six cases (cluster 3). Five of the six patients, int994-1995. Another patient was also diagnosed in
cluding the two HIV-positive patients 9 and 10,1994 in a setting similar to that of Institution A. We
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found that the first of these two patients had lived The 45% of the Havanan isolates appearing in
with people of Institution A for some time. No otherclusters suggest recent transmission. This is com-
epidemiological link with Havanan clustered patientpatible with the results of another study (48% clus-
could be found. The remaining@BL0DNA fin-  tering) with isolates from different provinces of Cuba
gerprint was shared by four isolates of our studfDiaz et al. 1998). However, we now typed three
(cluster 5) and three strains isolated in the peridiimes less strains than in the former study. In previ-
1994-1995 in Havana and La Habana provincesus population-based studies in urban areas such as
respectively. No connection could be found amon&an Francisco (Small et al. 1994), New York (Alland
these patients. et al. 1994), Paris (Gutiérrez et al. 1998) and
DISCUSSION Amsterdam (van Deutekom et al. 1997), the per-

. . centage of clustered isolates ranged from 35% to
We used I8110RFLP typing and conventional 474, 't could be that the recent exogenous trans-

epidemiologic methods to investigate active tuberisqinn has been underestimated because only 55%
culosis transmission and its contribution to the in

S ; : X of all cases with cultures in Havana during a 6-month

crease of this disease in Havana in recent time. ariqq was analyzed. This could have been much
Of the 51 isolates in this study, no strain showe igher, if the study period would have been more
extended. For instance, in The Netherlands, a popu-
{&tion-based molecular epidemiological study has

€ en conducted from 1993 to date. It took two years
al. 1995, 1998, Gomez et al. 1997). At present, 333qre 4 plateau was reached in the clustering of

Cuban strains have been typed bﬁ]SBO DNA " cases (van Soolingen et al. 1999). Thereafter, the
fingerprinting, and only 15 isolates (4.1%) showedystering percentage remained almost unchanged.

less than six copies of this element. Moreover, th§, the ther hand, it could also be that the recently
analysis of the 16110 copy number in Havanan yanqmitted tuberculosis in Havana has been over-

isolates reinforces this observation: we have four@stimated because more than 50% of the clustered

only a single low-copy strain (0.8%) in 128 studtaqes were directly related to two closed institutions.
ied isolates. The high percentage of isolates co

. h . > COMis great correlation in Cuba between clusterin
taining high copy number of 88160in Havana is g g

. ; . and closed settings was found earlier by Diaz et al.
higher to that of other studies of American and EU(-1998), indicating that the total percentage of clus-

ropean origin in such places as San Francisg@req jsolates in the community has been affected
(Small et al. 1994), New York (Alland et al. 1994),, Y

h - isolates directly related to institutional outbreaks.
Paris (Gutiérrez et al. 1998) and Zaragoza (Sampe¥ y

: In contrast to the former study (Diaz et al.
etal. 1998) and very much higher than those of othgggg) the difference between female and male
reports from India, Ethiopia and Vietnam, wher

i atients-clustering were not significant by the sta-
small numbers of I&110copiesare more frequent yigticq) test used (Fisher's exact test). This might
(Das et al. 1993, Yuen et al. 1993, Hermans et §g gy 1o the very small number of female patients
1995). Our findings reinforce the hypothesis of othria e \were 8) and due to the male/female ratio,
ers (van Soolingen et al. 1995, Yang et al. 1993,hich was 3:1. Younger patients were likely to

Samper et al. 1998) that certain genotypeMof heong to a cluster, as similarly found in previous

tuberculosisare associated with particular geo— dies (Small et al. 1994, Alland et al. 1994, Yang
graphic region. These data also corroborate the utlly 5| 1995, Diaz et al. 1998), in whom the reacti-
ity of IS6110RFLP analysis in Cuba (and in Ha-yation of latent lesions are less frequent than in

vana) for analysing the tuberculosis transmission ifyyer patients, particularly in countries with a small
population-based studies or in particular settings.;ycigence of tuberculosis.

'We thought to fin((jj a Ia;]gehpe{]czntage Offduﬁ" All three HIV-infected patients were living in
tering in Havana to due the high density of the,gsiytion A, and they had clustered isolates. Sev-
population (3,021 people/kin(Anuario Demogra- qya1 aythors previously noted that people living in

fico de Cuba 1997), the crowding of some areas @it tional settings and with HIV infection are

the city and the deterioration of the provincial ts e frequently associated with clustering because

berculosis control program a few years ago leadnese conditions increase the likelihood of devel-
ing to a 300% increase of the incidence in this rey

X . ..~oping the disease (Valway et al. 1994, Frieden et
gion. Contrary to other countries, such as the Umtg%p g ( y

. 1996).
States, the Netherlands and France (Alland et al. \ye found few connections between study pa-
1994, Small et al. 1994, Borgdorff et al. 1998, P

)y ) ents and the national fingerprint database. Such
Gutiérrez et al. 1998), there are very few importe gerp

b losi dth iated mparisons could be very useful in the future to
tuberculosis cases, and they are not associated Wlfa ity transmission routes in closed institutions
clustering (data not shown).

or in the community. Recently, some authors have

than five copies, as previously described (Diaz
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shown the utility of an international database lo-
cated at the National Institute of Public Health and ity of Spoligotyping vs 18110restriction fragment
the Environment in Bilthoven, the Netherlands, to I7e5n§]th polymorphismint J Tuberc Lung Dis:2753-
?Eitgg ;L,:t;ﬁr?ggits gg;sg:;ogaggsg}he bord%?az R,_ Montoro E, Gonzél_ez R, Echem_endia M,
The fact that more than 50% of the clustered valdivia JA 1995. Analysis oMycobacterium tu-
berculosisstrains isolated during an outbreak of
cases and 25% of the total cases were related t0 yy/.infected patients by DNA fingerprintingm J
outbreaks occurring in an institution (Institution  Trop Med Hyg 53155-156.
A) reflects the seriousness of the situation. Quicklgrieden TR, Sherman LF, Maw KL, Fujiwara P,
dealing with the tuberculosis in Institution A might  Crawford JT, Nivin B, Sharp V, Hewlett D, Brudney
help to break the chains of transmission and limit K, Alland D, Kreiswirth BN 1996. A multi-institu-
the spread df. tuberculosighroughout the com- tional outbreak of highly drug-resistant tuberculo-
munity. sis. Epidemiology and clinical outcom@aMA 276
Finally, we can conclude that6$10DNA fin- _1229-1235. -
gerprinting of Havanan isolates helped to finoGO“;etZ RI, Diaz '? Cabanas Mt \./ald't"'g JA |19.97'
epidemiological links between tuberculosis cases, atrones genéticos #ycobacterium tuberculosis

- ) h aislados en un hospital psiquiatricvances en
not previously obtained by conventional methods, Biotecnologia Modeﬁan:pD:?&

and these results helped to estimate the magnitudgtigrrez MC, Vincent V, Aubert D, Bizet J, Gaillot O,
of recent transmission of tuberculosis in this city. Lebrun L, Le Pendeven C, Le Pennec MP, Mathieu
In order to increase the knowledge of active D, Offredo O, Pangon B, Pierre-Audigier C 1998.
transmission of the disease in Havana and to iden- Molecular fingerprinting oMycobacterium tuber-
tify the risk factors associated with the transmis- culosisand risk factors for tuberculosis transmis-

sion, a prospective study will be carried on in the Sion in Paris, France, and surrounding aje@lin
near future. Microbiol 36: 486-492.
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