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Chapterr 7 

ABSTRACT T 

Inn a case-control study we estimated the impact of defaulting from 
treatmentt on transmission of Mycobacterium tuberculosis in The 
Netherlandss (1993-2000). 

Wee identified 195 Dutch and 192 non-Dutch index cases: first cases of 
aa cluster of patients whose M. tuberculosis isolates had identical DNA 
fingerprintss and whose consecutive cases were identified at least 
threee months after the first. As controls we selected 851 Dutch and 
11000 non-Dutch patients whose isolates had unique DNA fingerprints. 

Thirteenn Dutch index cases (6.7%) and 22 controls (2.6%) defaulted. 
Twelvee non-Dutch index cases (6.3%) and 82 controls (7.5%) defaulted. 
Whenn adjusting for age, smear positivity and length of treatment, 
defaultingg in Dutch patients was associated with being an index case 
(oddss ratio 10.6, CI95%: 3.1-36.2). Among non-Dutch patients the 
adjustedd odds ratio was 2.1 and not significant. In addition, defaulting 
fromm treatment was associated with drug-resistance in secondary 
patients,, but this was not statistically significant. 

Withh molecular epidemiology we found that defaulting from treatment 
hass lead to secondary transmission of M. tuberculosis. 

104 4 



Transmissionn of M. tuberculosis due to defaulting 

INTRODUCTION N 

Incompletee treatment of tuberculosis leads to drug resistance [1-3]. 
Becausee incomplete treatment of tuberculosis also extends the overall 
infectiouss period in tuberculosis patients [4], it probably also can lead 
too more secondary tuberculosis cases. Therefore,, the first priority in 
tuberculosiss control is to increase cure rates prior to expanding 
resourcess to increase the detection of additional cases [5]. The 
reductionn in transmission of Mycobacterium tuberculosis due to 
increasingg cure rates has been demonstrated in modelling [4,6]. 
However,, the impact of defaulting from treatment on the transmission 
off M. tuberculosis has not yet been investigated in an observational 
study. . 

Inn low incidence areas such as The Netherlands, tuberculosis is 
increasinglyy restricted to the elderly, socially marginalised groups, 
andd immigrant populations. In The Netherlands 10.3% of patients 
defaultt from treatment [7]. Reports from other European countries 
indicatee that the percentage of patients defaulting from treatment is 
55 to 15% [8,9]. In other settings these rates range from 10 to over 50% 
[10-12]. . 

Immigrants,, homeless people, prisoners, alcohol and drug abusers 
havee been identified as risk groups for defaulting from treatment 
[7,13,14].. These groups are also at a high risk of ongoing transmission 
off M. tuberculosis [2]. It remains unclear, however, whether 
defaultingg from therapy prior to cure per se enhances their risk of 
transmissionn or whether this is due to other factors such as crowding 
orr delay in seeking treatment. 

Inn The Netherlands, DNA fingerprinting has been applied routinely to 
alll culture positive cases since 1993 [15]. Because the variety of 
strainss circulating in The Netherlands is large, and thus the number of 
clusters,, and because routine DNA fingerprinting has been performed 
sincee 1993, identical DNA fingerprints mostly reflects ongoing 
transmissionn [15]. This has also been confirmed for a number of 
clusterss in The Netherlands with epidemiological information from 
contactt tracing [16-18]. In the Netherlands Tuberculosis Register, 
recordss are kept on the (non-) completion of the treatment and other 
patientt factors. Using DNA fingerprinting results and patient data, this 
studyy aims to estimate the impact of defaulting from treatment on the 
transmissionn of M. tuberculosis in the community. 
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METHODS S 

Inn the period January 1993 to January 2001, 12,463 persons with 
tuberculosiss were registered in the anonymised Netherlands 
Tuberculosiss Register (NTR), held by the Royal Netherlands 
Tuberculosiss Association. In total 8210 (66%) were confirmed by 
culture.. All M. tuberculosis isolates were subjected to standard DNA 
fingerprinting,, i.e. \S6110 restriction fragment length polymorphism 
(RFLP)) analysis [19], for strains with less than five \S6110 copies 
supplementedd with subtyping using the polymorphic GC-rich sequence 
(PGRS)) as a probe. We analysed the DNA fingerprints with Gelcompar 
software,, version 4.0 for Windows (Applied Maths, Kortrijk, Belgium) 
[20].. We only used the DNA fingerprints of the first isolate per 
tuberculosiss episode for each patient. We defined a cluster as two or 
moree patients having M. tuberculosis isolates with identical DNA 
fingerprints. . 

Ass the DNA fingerprinting results of an isolate did not have a unique 
patientt identifier, we matched patient characteristics with the DNA 
fingerprintingg results, using postal code, date of birth, and sex as 
linkingg keys. Matching was successful for 6829 (83%) of the isolates of 
patientss identified in the period 1993-2000. A total of 36 patients 
actuallyy had been diagnosed in 2001 and were excluded, so 6793 
patientss were available for the analysis. Information on 2815 Dutch 
andd 3978 non-Dutch patients was available. Information on smear 
positivityy was available for 2553 (37.6%) of patients. Data on smear 
positivityy were missing for patients included in the NTR before 1996 
becausee registration of this item was only added to the NTR in that 
year.. Treatment delay was defined as the sum of the patient's delay 
inn seeking care after the start of symptoms and the doctor's delay in 
startingg the treatment after the patient had presented himself. 
Informationn on treatment delay was available for 4619 (68.0%) of 
patients. . 

Wee used a case-control design to determine the effect of defaulting 
fromm treatment on transmission of M. tuberculosis. We defined an 
indexx case as the first case of a cluster of patients whose isolates had 
identicall DNA fingerprints and which had at least three months 
betweenn its first case and consecutive cases. With this definition we 
assumedd that the first patient transmitted the disease to others, an 
assumptionn that has been used since the 1930s [21], also in the 
molecularr epidemiology of tuberculosis [22]. In addition, we assumed 
thatt identical DNA fingerprints indicate recent transmission of 
M.M. tuberculosis. The time frame of at least three months reduced a 
possiblee misclassification of index cases [22]. Controls were patients 
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whosee isolates had unique DNA fingerprints. This indicated that such a 
patientt was not part of a recent transmission chain and didd not lead to 
secondaryy patients. Among the 6793 patients with isolates with DNA 
fingerprintingg results there were 195 Dutch and 192 non-Dutch 
patientss who met the definition of an index case and 851 Dutch and 
11000 non-Dutch patients who met the definition of a control (Figure 1 
andd 2). The municipal health services, which collect data for the 
Nationall Tuberculosis Register, had registered a patient as defaulter if 
thee patient's physician had indicated that the patient's treatment was 
nott completed, and that he or she was not cured, had not moved out 
andd had not died of tuberculosis. We only included patients with 
pulmonaryy tuberculosis as cases and controls, because patients with 
extrapulmonaryy tuberculosis are extremely unlikely to transmit 
M.M. tuberculosis. 

Figur ee 1 . Selection of cases and controls among Dutch patients 
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Figur ee 2. Selection of cases and controls among non-Dutch patients 
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Too study whether defaulting from treatment led to acquired 
resistance,, we compared the percentage secondary patients with a 
resistantt strain caused by defaulting index cases with a drug 
susceptiblee strain to the percentage secondary patients with a 
resistantt strain caused by non-defaulting index cases with a drug 
susceptiblee strain. 

Wee compared characteristics of index cases and controls and 
calculatedd odds ratios and their 95% confidence intervals. In univariate 
analyses,, we tested associations with x2-test or Fisher's exact test, 
andd differences in age with a median x2-test. We accepted statistical 
significancee if P<0.05. With a multivariate logistic regression model we 
testedd the relation between defaulting and transmission of 
M.M. tuberculosis, including possible confounders through stepwise 
inclusion.. The inclusion started with the factor that changed the 
naturall log of the odds ratio for defaulting most and continued until 
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addingg another factor changed the natural log of the odds ratio by less 
thann 5%. We accepted the f i t of the constructed models if the 
likelihoodd ratio test had a P<0.05. 

RESULTS S 

Overall,, 114 out of 2666 Dutch patients (4.3%) and 242 out of 3713 
non-Dutchh patients (6.5%) defaulted from treatment (P<0.001) The 
numberr of index cases was fairly constant over time (Figure 3). 

Figur ee 3. Number of index cases and controls per year of diagnosis (1993-2000). 
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Becausee the defaulting percentages for Dutch and non-Dutch patients 
differed,, the case-control study was carried out for Dutch and for non-
Dutchh patients separately. For Dutch patients 13 out of 195 index 
casess (6.7%) and 22 out of 851 controls (2.6%) had defaulted (odds 
ratioo 2.7, CI95%: 1.3-5.4; Table 1). The median age of Dutch index 
casess was 38, of controls 70 years (P<0.0001). Among Dutch index 
casess there were more patients under 45, more smear-positive 
patients,, more alcoholics, more drug abusers, more patients living in 
onee of the four largest cities, and more patients who had been treated 
forr more than eight months than among controls (Table 1). Of the 141 
Dutchh patients who had been treated for less than one month, 129 
weree above 65 years of age (92%). We identified age, smear positivity, 
andd treatment during more than eight months as confounders. For 
Dutchh patients, defaulting from treatment was strongly associated 
withh being an index case when adjusting for these confounders (odds 
ratioo 10.6, CI95%: 3.1-36.2). 
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Tabl ee 1. Characteristics of Dutch index cases versus controls. 

Defaulting g 

Age e 
<455 years 
45-644 years 

65++ years 

Male e 

Smear r 
positive0 0 

Homeless s 

Alcoholic c 

Drugg addict 

Prisoner r 

HIVV positive 

Urban n 
residence11 1 

Treatment t 
delayy <1 
month6 6 

Treatment t 
<11 month 
Treatment t 
>88 months 

Indexx cases 
(n= = 
# # 

13 3 

120 0 
40 0 

35 5 

118 8 

53 3 

3 3 

10 0 

16 6 

1 1 

7 7 

60 0 

47 7 

10 0 

136 6 

== 195) 
(%) (%) 

(6.7) (6.7) 

(61.5) (61.5) 
(20.5) (20.5) 

(18.0) (18.0) 

(60.5) (60.5) 

(70.7) (70.7) 

(1.5) (1.5) 

(5.1) (5.1) 

(8.2) (8.2) 

(0.5) (0.5) 

(3.6) (3.6) 

(30.8) (30.8) 

(32.0) (32.0) 

(5.1) (5.1) 

(69.7) (69.7) 

Control s s 
(n= = 
# # 

22 2 

201 1 
141 1 

509 9 

526 6 

207 7 

8 8 

12 2 

6 6 

4 4 

24 4 

156 6 

168 8 

141 1 

430 0 

=851) ) 
(%) (%) 

(2.6) (2.6) 

(23.6) (23.6) 
(16.6) (16.6) 

(59.8) (59.8) 

(61.8) (61.8) 

(57.7) (57.7) 

(0.9) (0.9) 

(1.4) (1.4) 

(0.7) (0.7) 

(0.5) (0.5) 

(2.8) (2.8) 

(18.3) (18.3) 

(29.7) (29.7) 

(16.7) (16.7) 

(51.0) (51.0) 

Oddss rati o 
(CI95%) ) 

2.7 7 
(1.3-5.4) ) 

Reference e 
0.5 5 

(0.3-0.7) ) 
0.1 1 

(0.1-0.2) ) 
1.0 0 

(0.7-1.3) ) 
1.8 8 

(1.0-3.0) ) 
1.7 7 

(0.4-6.3) ) 
3.8 8 

(1.6-8.9) ) 
12.6 6 

(4.9-32.6) ) 
1.1 1 

(0.1-9.8) ) 
1.3 3 

(0.5-3.0) ) 
2.0 0 

(1.4-2.8) ) 
1.1 1 

(0.8-1.6) ) 

0.3 3 
(0.1-0.5) ) 

2.2 2 
(1.6-3.1) ) 

P-value e 

<0.005 5 

<0.0001 1 

n.s.b b 

<0.05 5 

n.s. . 

<0.01 1 

<0.0001 1 

n.s. . 

n.s. . 

<0.01 1 

n.s. . 

<0.0001 1 

<0.0001 1 

Adjuste d d 
oddss ratio 8 

(CI95%) ) 

10.6 6 
(3.1-36.2) ) 

Reference e 
0.4 4 

(0.2-0.9) ) 
0.1 1 

(0.1-0.2) ) 

1.8 8 
(1.0-3.4) ) 

2.9 9 
(1.6-5.2) ) 

aMultiplee logistic regression based on 56 index and 228 controls, odds ratio 
adjustedd for age, smear result, and treatment during >8 months; 
bnott statistically significant; 
cdataa available for 75 cases and 359 controls; 

dlivingg in one of the four largest cities in The Netherlands; 
edataa available for 147 cases and 565 controls. 

Forr non-Dutch patients the situation was less clear. Twelve out of 192 
indexx cases (6.3%) and 82 out of 1100 controls (7.5%) had defaulted 
(oddss ratio 0.8, CI95%: 0.4-1.6; Table 2). The median age of index 
casess was 31, of controls 28 years (P<0.01). Among index cases there 
weree more patients under 45, and more patients who had been 
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treate dd fo r mor e than eigh t month s than among controls . On the othe r 
handd ther e were fewer patient s wit h a combine d patient' s and 
doctor' ss  delay of less than one month , and fewer patient s who had 
beenn treate d for less than one mont h among inde x cases than amon g 
control ss  (Table 2). Of the 71 non-Dutc h patient s who had been treate d 
fo rr  less than one month , 24 (34%) had move d out durin g treatment . 
Wee identifie d age, smear positivity , treatmen t delay less than one 
month ,, treatmen t durin g less than one mont h and treatmen t durin g 
mor ee than eigh t month s as confounders . For non-Dutc h patients , 
defaultin gg fro m treatmen t was not significantl y associate d wit h bein g 
ann inde x case when adjustin g fo r thes e confounder s (odds rati o 2.1, 
CI95%::  0.6-7.3). 

Thee multivariat e analysi s was carrie d out on 284/1046 Dutch (27%) and 
460/12922 non-Dutc h (36%) patient s becaus e of missin g data on smear 
positivit yy  and treatmen t delay . Therefor e we also calculate d the odds 
ratio ss for defaultin g fro m treatmen t fo r the tota l Dutc h and non-Dutc h 
stud yy population , onl y adjustin g fo r the confounder s othe r than smear 
positivit yy  and treatmen t delay . This resulte d in an adjuste d odds rati o 
off  defaultin g fro m treatmen t for the tota l Dutch stud y populatio n of 
4.66 (CI95%: 2.0-10.3; based on 1039 patients ) and for the tota l non -
Dutc hh stud y populatio n 1.3 (CI95%: 0.7-2.5; based on 1284 patients) . 

Elevenn of the Dutc h defaultin g inde x cases were infecte d wit h 
susceptibl ee M. tuberculosis strains , and two were infecte d wit h a 
resistan tt  strain . Three of the 11 defaultin g inde x cases wit h 
susceptibl ee strain s (27.3%) led to secondar y patient s wit h a resistan t 
strain .. Of the 182 inde x cases who did not defaul t fro m treatment , 28 
weree infecte d wit h resistan t M. tuberculosis strains . Twent y of the 
1544 non-defaultin g inde x cases wit h susceptibl e strain s (13.0%) led to 
secondar yy patient s wit h a resistan t strain . The risk rati o of dru g 
resistanc ee in isolate s of secondar y patient s resultin g fro m defaultin g 
Dutc hh inde x cases was 2.1 (CI95%: 0.7-6.0). 

Tenn of the non-Dutc h inde x cases who defaulte d fro m treatmen t wer e 
infecte dd wit h susceptibl e M. tuberculosis strains , and two were 
infecte dd wit h a resistan t strain . Two of the 10 defaultin g inde x cases 
wit hh susceptibl e strain s (20.0%) led to secondar y patient s wit h a 
resistan tt  strain . Of the 180 non-defaultin g inde x cases who did not 
defaul tt  fro m treatment , 27 were infecte d wit h resistan t 
M.M. tuberculosis strains . Fiftee n of the 153 non-defaultin g cases wit h 
susceptibl ee strain s (9.8%) led to secondar y patient s wit h a resistan t 
strain .. The risk rati o of dru g resistan t strain s in isolate s of secondar y 
patient ss resultin g fro m defaultin g non-Dutc h inde x cases was 2.0 
(CI95%::  0.5-7.7). 
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Soo both among Dutch and non-Dutch, defaulters with drug-susceptible 
tuberculosiss were twice as likely than non-defaulters to lead to 
secondaryy cases with drug-resistant tuberculosis. However, this was 
nott statistically significant. 

Tabl ee 2. Characteristics of non-Dutch index cases versus controls. 

Defaulting g 

Age e 
<455 years 
45-644 years 

65++ years 

Male e 

Smear r 
positivec c 

Homeless s 

Alcoholic c 

Drugg addict 

Prisoner r 

HIVV positive 

Urban n 
residence0 0 

Treatment t 
delay y 
<11 month6 

Treatment t 
<11 month 
Treatment t 
>88 months 

Indexx cases 
(n n 

# # 

12 2 

173 3 
14 4 

5 5 

114 4 

60 0 

2 2 

1 1 

4 4 

4 4 

8 8 

57 7 

42 2 

5 5 

137 7 

=192) ) 

(%) (%) 

(6.3) (6.3) 

(90.1) (90.1) 
(7.3) (7.3) 

(2.6) (2.6) 

(59.4) (59.4) 

(60.6) (60.6) 

(1.0) (1.0) 

(0.5) (0.5) 

(2.1) (2.1) 

(2.1) (2.1) 

(4.2) (4.2) 

(29.7) (29.7) 

(31.8) (31.8) 

(2.6) (2.6) 

(72.1) (72.1) 

Control s s 
(n= = 

# # 

82 2 

890 0 
142 2 

68 8 

696 6 

299 9 

14 4 

4 4 

19 9 

22 2 

76 6 

346 6 

384 4 

71 1 

542 2 

1100) ) 

(%) (%) 

(7.5) (7.5) 

(80.9) (80.9) 
(12.9) (12.9) 

(6.2) (6.2) 

(63.3) (63.3) 

(53.4) (53.4) 

(1.3) (1.3) 

(0.4) (0.4) 

(1.7) (1.7) 

(2.0) (2.0) 

(6.9) (6.9) 

(31.5) (31.5) 

(48.4) (48.4) 

(6.5) (6.5) 

(49.5) (49.5) 

Oddss rati o 
(CI95%) ) 

0.8 8 
(0.4-1.6) ) 

Reference e 
0.5 5 

(0.3-0.9) ) 
0.4 4 

(0.2-1.0) ) 
0.9 9 

(0.6-1.2) ) 
1.3 3 

(0.9-2.1) ) 
0.8 8 

(0.2-3.6) ) 
1.4 4 

(0.2-12.9) ) 
1.2 2 

(0.4-3.6) ) 
1.0 0 

(0.4-3.1) ) 
0.6 6 

(0.3-1.2) ) 
0.9 9 

(0.7-1.3) ) 
0.5 5 

(0.3-0.7) ) 

0.4 4 
(0.2-1.0) ) 

2.6 6 
(1.9-3.7) ) 

P-value e 

<0.01 1 

n.s.b b 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

<0.001 1 

<0.05 5 

<0.0001 1 

Adjuste d d 
oddss  ratio' 

(CI95%) ) 

2.1 1 
(0.6-7.3) ) 

Reference e 
0.7 7 

(0.3-1.8) ) 
0.2 2 

(0.0-1.2) ) 

1.2 2 
(0.7-2.2) ) 

0.3 3 
(0.2-0.6) ) 

1.7 7 
(0.3-8.4) ) 

7.6 6 
(3.9-15) ) 

aMultiplee logistic regression based on 68 index and 392 controls, odds ratio 
adjustedd for age, smear result, treatment delay <1 month, treatment during <1 
month,, and treatment during >8 months; 
bnott statistically significant; 
cdataa available for 99 cases and 590 controls; 

dlivingg in one of the four largest cities in The Netherlands; 
edataa available for 132 cases and 794 controls. 
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DISCUSSION N 

Thee risk of transmissio n of M. tuberculosis afte r defaultin g fro m 
treatmen tt  was increase d for Dutch patients . When adjustin g fo r age, 
smearr  positivity , treatmen t delay less than one month , and treatmen t 
durin gg mor e than eight  months , the odds rati o fo r defaultin g was 10.6 
(CI95%::  3.1-36.2). For non-Dutc h patient s defaultin g fro m treatmen t 
wass not significantl y associate d wit h transmissio n of M. tuberculosis 
(adjuste dd odds ratio : 2.1 (CI95S6: 0.6-7.3)). 

Thatt  we coul d onl y detec t an associatio n betwee n defaultin g fro m 
treatmen tt  and transmissio n of M. tuberculosis in Dutch patient s may 
bee linke d to our case-contro l design . With our case definitio n we coul d 
identif yy  cases who were very likel y to have transmitte d tuberculosis . 
Thiss  implie s tha t we coul d onl y fin d a stron g association , if any, 
betwee nn defaultin g and transmissio n of M. tuberculosis. If the 
associatio nn betwee n defaultin g and transmissio n in non-Dutc h patient s 
wass weak we coul d not detec t it . This associatio n coul d have been 
weakk if the registratio n of defaultin g was ofte n incorrec t for non -
Dutc hh patients . That migh t have been the case if they had actuall y 
move dd out of the country , thereb y reducin g the chanc e of 
transmissio nn of M. tuberculosis. In addition , the associatio n betwee n 
defaultin gg and transmissio n of M. tuberculosis define d as clusterin g 
fingerprint ss  woul d have been weak also if for non-Dutc h patient s 
sharin gg an identica l DNA fingerprin t of M. tuberculosis coul d less ofte n 
bee interprete d as evidenc e for recen t transmissio n than for Dutch 
patients .. This coul d be the case if the non-Dutc h patient s were mainl y 
infecte dd wit h M. tuberculosis strain s predominantl y circulatin g in the 
countr yy  of origin . 

Wee may have overestimate d the effec t of defaultin g fro m treatment , 
becaus ee the multivariat e analysi s was based on onl y 27% of Dutc h and 
36%% of non-Dutc h patient s due to missin g data on smear positivit y in 
thee perio d 1993-1995 and on treatmen t delay . However , our 
calculatio nn of the odds rati o of defaultin g fro m treatmen t in 100% of 
Dutc hh inde x cases and control s confirme d the impac t of defaultin g 
fro mm treatmen t on the transmissio n of M. tuberculosis. As bot h 
confounder ss are likel y to be associate d wit h the transmissio n of 
M.M. tuberculosis, as was publishe d for smear positivit y [22] , the 
adjuste dd odds rati o of defaultin g fro m treatmen t present s the best 
estimat ee of the impac t on transmission . 

Theoreticall yy  we coul d have underestimate d the effec t of defaultin g 
fro mm treatment . In the firs t years of routin e DNA fingerprintin g it is 
possibl ee tha t we misclassifie d cases as inde x cases who were actuall y 
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secondaryy patients in a cluster starting before 1993. However, the 
proportionn of index cases in the first years of this study was not 
increasedd compared to later years (Figure 2), so this underestimation 
iss unlikely. 

Anotherr possible source of bias may be that in the first years of our 
studyy more patients were labelled as "defaulting from treatment" 
thann in more recent years, as before 1997 a nine months' treatment 
regimenn was customary, and since 1997 a six months' regimen [7,23]. 
However,, as our calculation of the adjusted odds ratio of defaulting 
fromm treatment is actually based on cases identified in the period 
1996-2000,, because the multivariable model included smear positivity 
forr which data were only available since 1996, this possible bias did 
nott influence the results of our study. 

Thee differences between index cases and controls, found with 
univariatee analysis, mostly reflected the known risk factors for 
transmissionn of M. tuberculosis. That HIV positivity was not associated 
withh transmission of M. tuberculosis in The Netherlands, has also been 
reportedd before [15]. However, two findings were unexpected. Firstly, 
wee had expected transmission of M. tuberculosis to be associated with 
aa short duration of treatment. However, we found that both for Dutch 
andd non-Dutch patients controls more often had a short treatment 
thann index cases. This could perhaps be explained by the fact that 91% 
off Dutch patients who had been treated for less than one month, died 
duringg treatment. In addition, 37% of non-Dutch patients who had 
beenn treated for less than one month, died during treatment, and 29% 
off them moved out of the country. So these patients could no longer 
transmitt M. tuberculosis to another person in The Netherlands. 
Secondly,, we had not expected a treatment during more than eight 
monthss to be associated with transmission of M. tuberculosis. This 
couldd perhaps be explained by the fact that since 1996 only specific 
patientss are treated during more than six months [23]. E.g., for 
patientss who remain symptomatic or who have an irregular drug 
intake,, the standard treatment regimen of six months may be 
extended.. It is conceivable that some of these patients remained 
infectiouss for an extended period and transmitted M. tuberculosis to 
otherr persons. 

Amongg the confounders for the effect of defaulting from treatment on 
thee transmission of M. tuberculosis in Dutch patients, drug abuse was 
stronglyy associated with being an index case. An earlier study 
identifiedd drug abuse, adjusted for sex, age and urban residence, as 
andd independent risk factor for clustering in Dutch patients [15]. 
Althoughh our analysis did not study the effect of drug abuse per se and 
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althoughh our results were based on only few drug users, further 
researchh seems warranted to determine what factors, apart from 
treatmentt failure, could explain why Dutch drug abusers are more 
likelyy to transmit M. tuberculosis. 

Wee found drug resistance in isolates from secondary patients of both 
defaultingg and non-defaulting index cases. It is conceivable that their 
indexx cases acquired drug resistance during treatment. Because we 
onlyy included the drug resistance profile of the first isolate of a 
patientt in our analysis, we would expect the resistance profile of 
isolatess of some secondary patients to differ from that of their index 
cases.. On the other hand, it has been reported that isolates from the 
samee patient taken at the same time can have a different resistance 
profile.. This heteroresistance, a clinical phenomenon which could be 
presentt in 20% of patient samples [24], could also explain why the 
resistancee patterns of M. tuberculosis strains of index cases and their 
secondaryy patients differed. In addition to our finding that both 
defaultingg and non-defaulting index cases could lead to secondary 
patientss with resistant isolates, we observed that defaulting from 
treatmentt seemed to be associated with acquired drug resistance. 
Thiss observation differs somewhat from an earlier report based on 
fewerr patients, which indicated that only a small proportion of drug-
resistantt cases resulted from treatment in The Netherlands [25]. As 
ourr observation was similar in Dutch and non-Dutch patients, and as 
modellingg approaches also showed that incomplete treatment of 
tuberculosiss leads to drug resistance [1,3], it is likely that the effect 
off defaulting on acquired drug resistance is real. 

Inn our study molecular epidemiology provided evidence for the 
commonn understanding that defaulting from treatment can lead to 
secondaryy transmission of M. tuberculosis. Combining DNA 
fingerprintingg results and patient data, we gave a direct estimate of 
thee impact of defaulting from treatment on the transmission of 
M.M. tuberculosis. Our findings stress the importance of promoting 
treatmentt adherence and completion. 
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