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Progress towards tuberculosis elimination:
secular trend, immigration and transmission

M.W. Borgdorff*’#, S. van den Hof*", K. Kremer, L. Verhagen®, N. Kalisvaart’,
C. Erkens’ and D. van Soolingen*

ABSTRACT: This study aimed to determine to what extent tuberculosis trends in the Netherlands
depend on secular trend, immigration and recent transmission.

Data on patients in the Netherlands Tuberculosis Register in the period 1993-2007 were
matched with restriction fragment length polymorphism (RFLP) patterns of Mycobacterium
tuberculosis isolates. Index patients were defined as patients with pulmonary tuberculosis whose
isolates had RFLP patterns not observed in another patient in the previous 2 yrs.

Among 8,330 patients with pulmonary tuberculosis the isolates of 56% of native and 50% of
foreign-born patients were clustered. Of these, 5,185 were included in detailed analysis: 1,376
native index patients, 2,822 foreign-born index patients and 987 secondary cases within 2 yrs of
diagnosis of the index case. The incidence of native and foreign-born index patients declined by
6% and 2% per year, respectively. The number of secondary cases per index case was 0.24. The
decline of native cases contributed most to the overall decline of tuberculosis rates and was
largely explained by a declining prevalence of latent infection. Tuberculosis among immigrants

was associated with immigration figures.

Progress towards elimination of tuberculosis would benefit from intensifying diagnosis and
treatment of latent infection among immigrants and global tuberculosis control.
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tuberculosis

uberculosis (TB) is caused by Myco-
I bacterium tuberculosis and may result from
rapid disease progression, defined as
progression to disease within 1-5yrs after
(re-)infection, or from endogenous reactivation
of latent infection up to decades after infection
[1-3]. Moreover, in particular among the foreign-
born [4], cases occur after recent or remote
infection outside the study area.

Genotyping of M. tuberculosis isolates using res-
triction fragment length polymorphism (RFLP)
with IS6170 and the polymorphic GC rich
sequence (PGRS) as markers in principle allows
a separation of disease attributable to recent
transmission and disease attributable to reactiva-
tion or importation [5]. The RFLP patterns of M.
tuberculosis isolates of patients with disease due
to recent transmission are likely to have been
observed in at least one other patient in recent
years, provided that infection took place within
the study area, that the vast majority of patients

were captured and that their isolates were
subjected to genotyping [6]. If such a DNA
fingerprint was not observed, disease was prob-
ably due to reactivation or importation.

Using molecular epidemiological methods, declin-
ing TB rates in New York, NY, USA [4], San
Francisco, CA, USA [7] and Madrid, Spain [8] in
the 1990s were attributed to improved control
which led to lower TB rates attributable to recent
transmission. Declining TB rates in the Nether-
lands [9] and in Arkansas, USA [10] around the
beginning of this millennium were attributed to
declining TB rates attributable to endogenous
reactivation of latent infection, which in the
Netherlands was attributed to a cohort effect [9].

In the Netherlands, annual TB case numbers
declined from >1,500 in 1993 to <1,000 in 2007
(fig. 1). The present study aimed to extend pre-
vious analyses [9] by covering a longer time period,
exploring quantitative support for a cohort effect
among natives, and assessing the association of TB
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RESPIRATORY INFECTIONS AND TUBERCULOSIS

among the foreign-born with immigration figures. Specifically,
we determined to what extent the decline of TB incidence in the
period 1995-2007 was explained by the following three factors: 1)
reduced TB rates attributable to endogenous reactivation in the
native population; 2) reduced importation; and 3) reduced TB
rates attributable to rapid progression after transmission within
the Netherlands.

METHODS

TB is a notifiable disease in the Netherlands. Since 1993,
information on risk factors and treatment outcome has been
entered in the Netherlands Tuberculosis Register (NTR)
maintained by the KNCV Tuberculosis Foundation. Cross-
matching with notification data suggested over 99% complete-
ness up to 2003. Since 2004, notification and voluntary
registration take place with a single internet-based system
and discrepancies have been reduced to zero. For this study we
used data on age, sex, year of diagnosis, pulmonary localisa-
tion of TB, direct sputum smear result for acid-fast bacilli,
country of birth, urban residence and risk group. We refer to
those born in the Netherlands as the native population.

All M. tuberculosis complex isolates of patients diagnosed in the
Netherlands are subjected to species identification, DNA
fingerprinting and drug susceptibility testing. In the period
1993-2007 DNA fingerprinting was performed with standard
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FIGURE 1. Trends of tuberculosis (all cases, ——), tuberculosis with genotyp-
ing results (+-ee-er ), and pulmonary tuberculosis with genotyping results
(-——-) among a) native and b) foreign-born patients in the Netherlands, 1993-2007.
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RFLP typing using IS6110 as a probe [11]. Strains with fewer
than five IS6110 copies in RFLP typing were subjected to
subtyping with the PGRS probe [12]. Information in the two
databases was matched using sex, date of birth, postal area
code and year of diagnosis as identifiers.

In the period 1993-2007, 21,155 patients were diagnosed with
TB, with 14,818 (70%) confirmed by culture. Matching patient
data to DNA fingerprinting results yielded a total of 12,222
(82%) culture-confirmed patients with information on the
genotype of their M. tuberculosis isolate. Since TB is transmitted
by patients with culture-positive pulmonary TB, the analysis of
clustering was restricted to 8,330 patients with pulmonary TB.
Clusters were defined as groups of two or more patients
who had isolates with identical DNA fingerprints at any time
in the period 1993-2007. For each calendar year we determined
the population strain diversity of M. tuberculosis as the number
of different RFLP patterns divided by the total number of
isolates [13].

Previously, we defined the transmission index as the number
of secondary cases per potential source case using clustering
over the complete study period [14, 15]. As the study duration
gets longer, this approach is unsatisfactory, since the duration
of follow-up is shorter for potential source cases occurring late
in the study period than for those occurring early. Moreover,
the attribution of secondary cases to the potential source case
becomes increasingly inaccurate with time, because of propa-
gated transmission by second and further generation source
cases within the cluster.

In order to choose a cut-off point for the definition of recent
transmission we determined the probability that an isolate
would be followed by one with an identical genotype with
Kaplan-Meier survival analysis [7, 9]. The Kaplan-Meier
probability of finding another case with identical fingerprint
within 5 yrs was 0.40 and within 2 yrs was 0.33, i.e., 83% of the
5-yr probability. Therefore, we defined index cases as patients
with strains not seen in other patients in the previous 2 yrs [9].
Most of these index patients are likely to have had reactivation
or imported disease [16]. The transmission index was defined
as the number of secondary cases within 2 yrs per index case.
In a sensitivity analysis, we explored the consequences of
using a 1- or 3-yr period to define recent transmission.

The trend of the incidence of native index cases was used as an
indicator of secular trend, while among the foreign-born we
determined the association with recent immigration figures.
The number of secondary cases was used as an indicator of TB
attributable to recent transmission. In this analysis we
excluded index cases in 1993 and 1994 and their secondary
cases (in total 1,867), since we were unable to determine
whether strains of these index cases had not been observed in
the previous 2 yrs. We excluded 687 index cases and their
secondary cases in 20062007, since we were unable to follow
these index cases for a full 2-yr period. Finally, we excluded
591 cases occurring <2 yrs after a previous patient with that
fingerprint, but >2 yrs after the start of a cluster in 1995-2005.
Thus, 5,185 patients remained: 3,624 non-clustered index
patients, 574 index patients who were the first patient of a
cluster and 987 secondary cases within 2 yrs of the start of the
cluster. Because in the sensitivity analysis we included the
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effect of a 3-yr period to define recent transmission, we
restricted this to index patients in the period 1996-2004 and
their secondary cases.

Population denominators and immigration figures were
obtained from the Central Bureau of Statistics [17]. Countries
were classified by total TB incidence (<50, 50-199 and >200
per 100,000) estimated by the World Health Organization [18].

Person-years were estimated by the mid-year population. We
determined the incidence of index cases and identified
associated risk factors with Poisson regression for the native
and foreign-born population [19]. We estimated to what extent
the reduced incidence of native index cases may be attributed
to a cohort effect by relating the decline in index cases to the
estimated decline in numbers of people with latent TB
infection (LTBI). The age-specific proportion of people with
LTBI was estimated by STYBLO [20], assuming that the risk of

RESPIRATORY INFECTIONS AND TUBERCULOSIS

infection is independent of age and sex, and that the risk of
infection since 1988 would have a negligible effect on the age-
specific prevalence of infection. The expected number of native
index cases in 2005 was estimated, given the number of native
index cases by age in 1995 and the decline in the number of
people with LTBI. The expected number of index cases was
then compared with the observed number. We used Poisson
regression, with an offset of one for each index case, to identify
characteristics of index cases associated with the number of
secondary cases [19].

RESULTS
Clustering
Of the isolates, 56% (1,756 out of 3,116) were clustered among
native patients and 50% (2,594 out of 5,214) among foreign-
born patients (table 1). Among natives, the incidence of non-
clustered pulmonary TB declined by 4.9% per year (95% CI

1/:\:=18=8 1 Incidence of clustered and non-clustered pulmonary tuberculosis in the native and foreign-born population in the
Netherlands, 1993-2007
Year Clustered n Non-clustered n Person-yrs x 100000 Rates per 100000 Per cent clustered
Clustered Non-clustered

Native
1993 127 97 141 0.9 0.7 57
1994 163 130 141 1.2 0.9 56
1995 116 129 142 0.8 0.9 47
1996 178 125 142 1.3 0.9 59
1997 111 120 143 0.8 0.8 48
1998 102 87 143 0.7 0.6 54
1999 132 76 144 0.9 05 63
2000 115 80 145 0.8 0.6 59
2001 119 74 145 0.8 05 62
2002 120 72 146 0.8 05 63
2003 88 84 146 0.6 0.6 51
2004 110 79 147 0.7 0.5 58
2005 98 59 147 0.7 0.4 62
2006 83 71 147 0.6 0.5 54
2007 94 77 148 0.6 0.5 55
Total 1756 1360 3116 0.8 0.6 56

Foreign born
1993 142 144 12 11.7 11.8 50
1994 193 171 13 15.4 13.7 53
1995 171 177 13 13.4 13.9 49
1996 167 165 13 12.9 12.7 50
1997 176 167 13 13.3 12.6 51
1998 166 169 14 12.1 12.4 50
1999 197 171 14 14.0 12.1 54
2000 205 204 15 14.0 14.0 50
2001 191 203 15 12.6 13.4 48
2002 203 204 16 13.0 13.0 50
2003 205 179 16 12.9 1.2 53
2004 195 202 16 12.2 12.6 49
2005 143 171 16 8.9 10.7 46
2006 127 147 16 7.9 9.2 46
2007 113 146 16 7.1 9.1 44
Total 2594 2620 5214 12.0 12.1 50
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3.7-6.1%) and that of clustered TB by 3.7% (95% CI 2.7-4.8%).
Among the foreign-born, the incidence of non-clustered TB
declined by 1.9% per year (95% CI 1.0-2.7%) and that of
clustered TB by 3.1% (95% CI 2.2-4.0%). Population strain
diversity in each year was, on average, 0.81 and did not change
over time (slope 0.0004, 95% CI -0.002-0.003). We observed
4,936 strains among 8,330 patients. The probability that two
randomly selected patients had the same strain was 0.0008.

Trends in incidence of native index cases

The incidence of native index cases was on average 0.9 per
100,000. The incidence was 1.7 times higher among males than
females, and increased steeply with age (table 2). The annual
decline was 6% overall, and depended on the age of the index
patient: in the age group >75 yrs it was 8% (95% CI 5-10%), in
age group 65-74 yrs 11% (95% CI 7-15%), 4564 yrs 3% (95%
CI 0-7%) and <45 yrs 5% (95% CI 2-8%).

M.W. BORGDORFF ET AL.

From 1995 to 2005 the estimated size of the native population
with LTBI declined from 1.70 to 0.98 million (table 3). The
expected and observed numbers of index cases in 2005 were 91
and 91, respectively (standardised ratio 1.00, 95% CI 0.81-1.23).
The observed number of cases was higher than expected in
those aged <65 yrs (standardised ratio 1.79, 95% CI 1.33-2.35)
and lower than expected in those aged >65 yrs and more
(standardised ratio 0.65, 95% CI 0.47-0.88).

Trends in incidence of foreign-born index cases

Among the foreign-born, the incidence of index cases was 17.6
per 100,000. The crude incidence ratio of foreign-born versus
those born in the Netherlands was 20.4 (95% CI 19.1-21.7). The
incidence was 1.7 times higher among males than females, and
was highest in the age group 15-34 yrs (table 2). Among the
foreign-born, the incidence of index cases declined by 2% per
year, irrespective of age. The number of immigrants in the

1118 Incidence of tuberculosis (TB) index cases in the native and foreign-born population in the Netherlands, 1995-2005

Index cases Person-yrs TB rate Crude rate ratio 95% CI Adjusted rate 95% CI
n x 100000 per 100000 ratio
Native

Year

1995 170 142 1.2 0.94 0.93-0.96 0.94 0.92-0.95
per year

2005 91 147 0.6

Sex
Male 865 787 11 1.73 1.565-1.93 212 1.90-2.37
Female 511 803 0.6 1 1

Age group yrs
<15 22 312 0.1 0.13 0.08-0.19 0.13 0.08-0.20
15-24 108 192 0.6 1 1
25-34 137 230 0.6 1.06 0.82-1.37 1.05 0.81-1.35
35-44 153 242 0.6 1.12 0.88-1.44 1.13 0.89-1.45
45-54 136 222 0.6 1.09 0.85-1.40 1.10 0.85-1.42
55-64 143 167 0.9 1.52 1.19-1.96 1.57 1.23-2.02
65-74 209 125 1.7 2.98 2.37-3.77 3.11 2.47-3.93
=75 468 100 4.7 8.33 6.79-10.32 9.52 7.75-11.80

Total 1376 1590 0.9

Foreign born

Year

1995 250 13 19.6 0.98 0.97-0.99 0.98 0.97-1.00
per year

2005 222 16 13.8

Sex
Male 1748 79 22.2 1.68 1.56-1.81 1.69 1.57-1.83
Female 1074 81 13.2 1 1

Age group yrs
<15 72 12 6.2 0.19 0.15-0.24 0.19 0.14-0.24
15-24 680 21 32.7 1 1
25-34 957 38 249 0.76 0.69-0.84 0.76 0.69-0.84
35-44 481 85 13.7 0.42 0.37-0.47 0.42 0.37-0.47
45-54 250 25 10.0 0.31 0.26-0.35 0.31 0.26-0.35
55-64 168 16 10.8 0.33 0.28-0.39 0.32 0.27-0.38
65-74 132 8 16.3 0.50 0.41-0.60 0.51 0.42-0.62
>75 82 6 14.4 0.44 0.35-0.55 0.50 0.39-0.62

Total 2822 160 17.6
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17:\=]8=<5 Prevalence of latent tuberculosis infection
Netherlands in 1995 and 2005
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(LTBI) and incidence of index cases in the native population in the

Age yrs Index cases observed 1995 Population with LTBI x 100000 Index cases expected 2005* Index cases observed 2005
1995 2005
<15 2 0.01 0.00 0.5 2
15-24 11 0.05 0.02 3.7 6
25-34 16 0.20 0.05 4.4 9
35-44 17 0.53 0.20 6.3 8
45-54 19 1.44 0.52 6.8 16
55-64 14 3.27 1.36 5.8 9
65-74 33 5.45 2.84 17.2 8
=75 58 6.08 4.83 46.1 33
Total 170 17.02 9.82 91.0 91

Data are presented as n, unless otherwise stated. The age specific proportion with LTBI was obtained from BRresLow et al. [19], the population denominator from the
Central Bureau of Statistics [17]. #: calculated as (index cases observed in 1995) x (population with LTBI in 2005)/(population with LTBI in 1995).

period 1995-2005 from countries with estimated incidences of
<50, 50-199, and >200 per 100,000 was 318,000, 284,000 and
120,000, respectively. The number of index cases among the
foreign-born was significantly associated with the number of
immigrants in the same year from countries with an estimated
incidence of >200 per 100,000 (r=0.69, 95% CI 0.14-0.91) For
countries with an estimated incidence of >50 per 100,000 the
association was not significant (r=0.55, 95% CI -0.08-0.86).

Trends in disease attributed to recent transmission

On average, an index case had 024 (95% CI 0.21-0.26)
secondary cases within 2 yrs. This number was similar for
native and foreign-born index cases. Most cases attributable to
recent transmission were aged <45 yrs and were seen in
clusters with index cases aged <45 yrs (fig. 2).
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FIGURE 2. The age distribution of 987 secondary cases by age of their 4,198
index cases in the Netherlands, 1995-2005.
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Among native index cases, the number of secondary cases did
not change over time, was higher for male than female index
cases, declined with age and was increased if the index case
had smear-positive TB, lived in an urban setting, or abused
alcohol (table 4). In wunivariate analysis, the number of
secondary cases was increased if the index case was a drug
user, but this was not significant after taking age and alcohol
abuse into account.

Among the foreign-born, the number of secondary cases per
index case declined by 3% (95% CI 0-5%, p=0.045) per year. The
number of secondary cases declined with age of the index case,
was increased if the index case was male, had smear-positive
TB, lived in an urban area or was a drug user or homeless
(table 5). The number of secondary cases was much lower for
index cases born in Asia than for those born outside Asia.

Sensitivity analysis

The incidence of index cases declined somewhat with an
increasing time period to define recent transmission (table 6).
The transmission index tended to decline with an increasing
time period among native index cases and to increase among
the foreign-born. Time trends were not affected by the
definition used (table 6).

Summary of results

From 1995 to 2005 the number of native index cases declined
from 170 to 91 and their secondary cases within 2 yrs from 49
(32 native, 17 foreign-born) to 16 (10 native, 6 foreign-born).
The number of foreign-born index cases declined from 250 to
222 and their secondary cases within 2 yrs from 53 (13 native,
40 foreign-born) to 37 (10 native, 27 foreign born). Thus, of the
total reduction of 202 cases from 1995 to 2005, 42% was
accounted for by fewer native index cases, 23% by fewer
foreign-born index cases, 24% by fewer secondary cases from
native index cases, and 11% by fewer secondary cases from
foreign-born index cases. The proportion of native patients
with TB attributable to recent transmission with a foreign-born
index case increased from 13 out of 45 (29%) in 1995 to 10 out
of 20 (50%) in 2005 (difference 21%, 95% CI 5-45%).

VOLUME 36 NUMBER 2 343
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ay:\=18=0 8 Risk factors among native index cases for number of secondary cases within 2 yrs

Crude Adjusted
Index Secondary cases T* Relative TI 95% CI Relative TI 95% ClI
Year
1995 170 49 0.29 1.00 0.96-1.03
per year
2005 91 16 0.18
Sex
Male 865 218 0.25 1.34 1.06-1.71 1.44 1.13-1.84
Female 511 96 0.19 1 1
Age group yrs
<15 22 13 0.59 1.33 0.70-2.33
15-24 108 48 0.44 1.00 0.68-1.45
25-34 137 61 0.45 1
35-44 153 52 0.34 0.76 0.53-1.10 0.75 0.71-0.79
45-54 136 65 0.48 1.07 0.76-1.52 per age group
55-64 143 26 0.18 0.41 0.25-0.64
65-74 209 22 0.11 0.24 0.14-0.38
=75 468 27 0.06 0.13 0.08-0.20
Residence
Urban 305 118 0.39 2.1 1.68-2.65 1.43 1.13-1.81
Rural 1071 196 0.18 1 1
Previous TB
Yes 289 36 0.12 0.49 0.34-0.68
No 1087 278 0.26 1
Smear positive
Yes 772 221 0.29 1.86 1.47-2.38 1.51 1.18-1.93
No 604 93 0.15 1 1
HIV infection
Yes 36 12 0.33 1.48 0.78-2.51
No 1340 302 0.23 1
Alcohol abuse
Yes 37 19 0.51 2.33 1.42-3.60 1.94 1.17-3-01
No 1339 295 0.22 1 1
Drugs
Yes 28 12 0.43 1.91 1.02-3.25
No 1348 302 0.22 1
Homeless
Yes 16 8] 0.19 0.82 0.20-2.14
No 1360 311 0.23 1

Data are presented as n, unless otherwise stated. #: transmission index (Tl) was calculated as number of secondary cases divided by number of index cases.

DISCUSSION

This study has shown that TB rates in the Netherlands
declined in the period 1995-2005 as the result of a reduced
incidence of index cases, while maintaining a low number of
secondary patients per index case. The decline of index cases
was stronger for natives than for the foreign-born. The average
number of secondary cases per foreign-born index case
declined slightly.

The reduced incidence of native index cases may be attributed
mainly to a cohort effect, as suggested previously [9]. This
study provides quantitative support for this explanation, since
the trend over time of the incidence of native index cases was
fairly well predicted by the estimated time trend of the

344 VOLUME 36 NUMBER 2

prevalence of LTBI. Discrepancies may have resulted from
uncertainties in the age-specific LTBI prevalence estimates,
changes in the rate of progression to disease, and from the role
of second generation immigrants, who have higher TB rates
and, presumably, higher LTBI rates than other natives.

The incidence of index cases among the foreign-born was
associated with the number of immigrants from high incidence
countries in the same year. This was expected because
incidence is highest during the first year after entry [21]. An
important intervention to reduce TB incidence among immi-
grants is screening for and treatment of latent infection [4].
This strategy is not routinely implemented in the Netherlands,
although screening for active TB is in place.

EUROPEAN RESPIRATORY JOURNAL
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1\ =868 Risk factors among foreign-born index cases for number of secondary cases within 2 yrs in the Netherlands, 1995-2005

Crude Adjusted
Index Secondary cases TI* Relative TI 95% ClI Relative TI 95% CI
Year
1995 250 53 0.21 0.97 0.95-0.99 0.97 0.95-1.00
per year
2005 222 37 0.17
Sex
Male 1748 475 0.27 1.47 1.25-1.74 1.29 1.09-1.53
Female 1074 198 0.18 1 1
Age group yrs
<15 72 19 0.26 1.28 0.77-2.00
15-24 680 215 0.32 1.54 1.27-1.86
25-34 957 197 0.21 1
35-44 481 145 0.30 1.46 1.18-1.81 0.85 0.79-0.90
45-54 250 49 0.20 0.95 0.69-1.29 per age group
55-64 168 34 0.20 0.98 0.67-1.39
65-74 132 9 0.07 0.33 0.16-0.61
>75 82 5 0.06 0.30 0.11-0.65
Country of birth
Somalia 308 111 0.36 4.10 2.95-5.79 3.72 2.66-5.27
Morocco 329 97 0.29 3.36 2.39-4.77 3.36 2.38-4.78
Turkey 239 78 0.33 3.72 2.61-5.34 3.562 2.47-5.07
Surinam 116 43 0.37 4.22 2.79-6.36 3.90 2.55-5.96
Indonesia 207 14 0.07 0.77 0.41-1.36 0.99 0.52-1.75
Former Soviet Union 91 19 0.21 2.38 1.37-3.97 2.50 1.44-4.18
Other Africa 572 158 0.28 3.15 2.30-4.38 272 1.99-3.80
Other Asia 558 49 0.09 1 1
Other 331 92 0.28 3.17 2.25-4.51 292 2.07-4.17
Unknown 71 12 0.17 1.92 0.98-3.49 2.09 1.06-3.80
Residence
Urban 1022 302 0.30 1.43 1.23-1.67 1.25 1.06-1.47
Rural 1800 371 0.21 1 1
Previous TB
Yes 181 44 0.24 1.02 0.74-1.37
No 2641 629 0.24 1
Smear positive
Yes 1515 462 0.30 1.89 1.61-2.23 1.73 1.47-2.05
No 1307 211 0.16 1 1
HIV infection
Yes 207 46 0.22 0.93 0.68-1.24
No 2615 627 0.24 1
Alcohol abuse
Yes 19 3 0.16 0.66 0.16-1.72
No 2803 670 0.24 1
Drug abuse and homeless 11 22 2.00 8.91 5.65-13.3 7.15 4.49-10.8
Homeless only 36 24 0.67 297 1.92-4.36 2.73 1.76-4.05
Drug abuse only 39 13 0.33 1.49 0.81-2.46 117 0.64-1.96
Neither 2736 614 0.22 1 1

Data are presented as n, unless otherwise stated. #: transmission index (Tl) is calculated as number of secondary cases divided by number of index cases.

Risk factors among index cases for a relatively high number of
secondary cases, such as young age, male sex and smear
positivity, were consistent with earlier findings [9, 14, 15, 22,
23]. Transmission among young adults is striking and may

EUROPEAN RESPIRATORY JOURNAL

reflect the fact that they are socially active and tend to mix with
those similar in age [24]. Among immigrants, those born in
Indonesia and other Asian countries had a significantly lower
transmission index. It will be of interest to determine whether
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a1 BSG Sensitivity analysis with varying definitions of
recent transmission (1, 2 or 3 yrs) in index cases

19962004
Native Foreign-born

1yr 2yrs 3yrs 1yr 2yrs 3yrs
Index cases 1252 1115 1064 2563 2350 2237
Secondary cases 432 304 286 852 855 908
Incidence index cases 096 0.86 0.82 19.49 17.87 17.01

per 100000

Transmission index 035 027 0.27 0.33 036 0.41

Time trend index cases 094 095 0.95 099 099 0.99
Time trend transmission 1.07  1.07 1.08 0.91 091 0.90
index

the lower number of secondary cases among Asian index cases
is attributable to lower infectiousness of the index patients,
lower rates of rapid progression among contacts, host
adaptation of the strains circulating in Asia [25], social mixing
or a combination of these factors. High rates of transmission
among the homeless and drug users have been attributed to
low healthcare utilisation and difficulties with contact inves-
tigation, necessitating active case-finding in this group [26].

The contribution of foreign-born patients to transmission was
not surprising in comparison with other settings. In San
Francisco, using more detailed contact investigations, two out
of 19 (11%) cases attributed to recent transmission were
attributed to a foreign-born source [27]. Using comprehensive
DNA fingerprinting results, it was estimated that, in San
Francisco, 61 of (89+61) (41%) of US-born secondary cases were
attributable to a foreign-born index case [28]. As in Norway
[13], where 23 out of 75 (31%) native secondary cases were
attributed to recent transmission from a foreign-born index
case, we observed no overall increase in cases attributable to
recent transmission, despite the continuing influx of TB
through immigration.

Clustering percentages and the proportion of patients attrib-
uted to recent transmission are underestimated if case-finding
is incomplete [6, 29]. While case notification in the Netherlands
is >85% complete [30], failure to perfectly match the DNA
fingerprint database to the NTR led to loss of 18% of registered
patients. Moreover, in ~5% of patients with disease due to
recent transmission, a transposition may have resulted in a
slightly different RFLP pattern [31, 32]. Conversely, transmis-
sion may have been overestimated, since not all clustering
based on RFLP typing may represent recent transmission.
However, in a study in Amsterdam, the Netherlands, with
intensive efforts to identify epidemiological links, 86% of
clustered patients were found to have such links [33]. Since the
declining trend of all TB patients 1995-2005 was somewhat
steeper than that of patients included in the study (fig. 1), our
trend estimates may be slightly underestimated. The definition
of TB attributable to rapid progression versus reactivation of
latent infection varies from 1 to 5 yrs between authors [1, 2, 7,
34]. We have used a 2-yr period and found that time trends
were not sensitive to this definition.
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In conclusion, over the past 15 yrs, substantial progress has
been made towards TB elimination in the Netherlands.
However, given that an increasing proportion of TB cases is
foreign-born, elimination of TB is unlikely with current tools
and current levels of immigration. In order to accelerate
progress towards elimination, the TB programme in the
Netherlands needs to explore strategies to expand the
diagnosis and treatment of LTBI among the foreign-born.
Furthermore, since global control of TB may lead to lower TB
rates among immigrants [35], global TB control should be
strongly supported by low incidence countries such as the
Netherlands.

Major barriers for expanding the diagnosis and treatment of
LTBI are the limited validity of diagnostics for predicting
disease, side-effects of current regimens, the risk of selecting
for drug resistance, and the logistics and costs of ensuring
compliance. Therefore, there is a need to invest in research and
development of better diagnostics to identify individuals with
a high risk to progress to disease, to allow focused preventive
treatment, new drugs for preventive treatment and a post-
exposure vaccine, which would be of great benefit for the
elimination of TB in low-incidence countries.
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