
De transnationale Universiteit Limburg is een uniek samenwerkingsverband van twee universiteiten in twee landen: 
de Universiteit Hasselt en Maastricht University

Universiteit Hasselt | Campus Diepenbeek | Agoralaan Gebouw D | BE-3590 Diepenbeek
Universiteit Hasselt | Campus Hasselt | Martelarenlaan 42 | BE-3500 Hasselt

2012
2013

FACULTY OF SCIENCES
Master of Statistics: Biostatistics

Masterproef
Estimate prevalence of Hepatitis B and C among Injecting
Drug Users  and identify risk factor associated with the
infections

Promotor :
Prof. dr. Ziv SHKEDY

Promotor :
Dr. KAATJE BOLLAERTS

Henry Ntanda 
Master Thesis nominated to obtain the degree of Master of Statistics , specialization
Biostatistics



2012
2013

FACULTY OF SCIENCES
Master of Statistics: Biostatistics

Masterproef
Estimate prevalence of Hepatitis B and C among Injecting
Drug Users  and identify risk factor associated with the
infections

Promotor :
Prof. dr. Ziv SHKEDY

Promotor :
Dr. KAATJE BOLLAERTS

Henry Ntanda 
Master Thesis nominated to obtain the degree of Master of Statistics , specialization
Biostatistics





Estimating Prevalen
e of Hepatitis B and C AmongInje
ting Drug Users and Identifying Risk Fa
torsAsso
iated with the Infe
tions.
BY:Henry Ni
holas Ntanda.

Supervisors:Prof. dr. Ziv Shkedy.Prof. dr. Geert Molenberghs.
Thesis submitted in partial ful�lment of the requirements for the degree of Master ofStatisti
s: Biostatisti
s

O
tober, 2012



A
knowledgementsSu

essful 
ompletion of this thesis has been through the support of a number of individu-als. First of all, I a
knowledge my supervisors; Prof. dr. Ziv Shkedy and Prof. dr. GeertMolenberghs who 
ontinually guided me through this work, I learnt a lot from you, and alsothank you for your time that you dedi
ated on my summer proje
t. This work would not havebeen possible without S
ienti�
 Institute of Publi
 Health who allowed me to use their data set.I would like to extend my gratitude to Mr.Yusuf Sembatya and Miss. Sylvia Namugeme Ssen-tongo who without them I would not be here.I am grateful to my parents for the support and love they've given me throughout the years.To my daughter Chanelle Namilo, brothers and sisters I am sorry for spending most of the timeaway from you, and I am sorry for missing you introdu
tion 
eremonies, wedding and all theevents that I 
ould not attend but always remember your brother loves you so mu
h.Most of all, I thank God for giving me wisdom, strength and life to su

essfully 
ompletethis program.Henry Ni
holas NtandaUniversity of HasseltBelgium, O
tober, 2012

i



Abstra
tBa
kground: Drug users espe
ially those inje
ting intravenously, are at an in
reased risk ofinfe
tion with blood-borne viruses in
luding hepatitis B virus (HBV) and hepatitis C virus(HCV). Hepatitis C has emerged as a major threat to publi
 health world-wide, about 170 mil-lion people are 
hroni
ally infe
ted with virus (Anon, 1997). HBV infe
tion is widely presentwith approximately one third of the world's population has been exposed to the virus, and anestimated 350 million people are 
hroni
ally infe
ted (WHO 2004). Most HBV infe
tions o

urin well de�ned high risk groups, in
luding drug users (Hou et al., 2005).Obje
tives: The aim of this study was to estimate the prevalen
e of Hepatitis B and C amongInje
ting Drug Users (IDUs) and to identify risk fa
tors asso
iated with the infe
tions.Methodology: The data used is from a 
ross-se
tional study (2004 - 2005) 
arried out toassess drug related infe
tious diseases in Belgian treatment 
entres and prisons. A total of 226treatment 
entres and 15 prisons were identi�ed and asked to parti
ipate. In this study, parti
-ipation was on a voluntary basis and all treatment 
entres willing to parti
ipate 
ould do so allover the 
ountry. The data used 
ontains 979 drug users who parti
ipated in the study infe
tedwith HCV or HBV. A total of 92 (9.4%), 288 (23.3%) were sero-positive and 887 (90.6%), 691(70.6%) were sero-negative for HBV and HCV respe
tively. Drug users in
luded in the studywere aged 15 to 40 years. Generalized additive models are used be
ause of their �exibility byusing smoothing fun
tions instead of parametri
 to estimate the overall trend of the data.Results: Drug users with HCV have a high prevalen
e 
ompared to HBV. Drug users whohave ever inje
ted drugs before, 
urrent inje
ting drugs, homosexuals, being in prison, not va
-
inated for HBV, sharing inje
tions, sharing sni�ng materials, being HIV positive, low levelof edu
ation, being male, and being in a parti
ular treatment 
enter were at a high risk of
ontra
ting any of the infe
tions the longer they are exposed to drugs.Keywords: Hepatitis B virus (HBV), Hepatitis C virus (HCV), Drug Users (DUs), Gener-alized Additive Models (GAM).
ii
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1. Introdu
tion1 Introdu
tionInje
tion drug users, espe
ially those inje
ting intravenously, are at an in
reased risk of in-fe
tion with blood-borne viruses, in
luding hepatitis B virus (HBV), hepatitis C virus (HCV)and human immunode�
ien
y virus (HIV). Hepatitis C is an infe
tious disease a�e
ting theliver, 
aused by the hepatitis C virus. There is no va

ine against HCV available, due to theextensive geneti
 heterogeneity of the virus. The main HCV transmission routes are bloodtransfusions from uns
reened donors, inje
ting drug use, unsafe therapeuti
 inje
tions, andother health-
are-related pro
edures (Baker, 2002). The exposure to infe
ted blood in the 
on-text of inje
ting drug use is the predominant way of transmission in the developed 
ountries.(Alter, 2006). HCV infe
tion seems to be a
quired rapidly after the initiation of an inje
ting
areer and many people may have been infe
ted as a result of o

asional experimentation withilli
it drugs (Mathei et al., 2006). Inje
ting drug users are now the group at high risk of theinfe
tion a

ounting for up to 60 - 90% of new infe
tions. In all European Union 
ountries thein
iden
e of HCV among IDUs is extremely high, ranging from about 30% to over 90% (Wiess-ing et al., 2003). The available data from treatment programmes indi
ate that the prevalen
e ofHCV infe
tion in IDUs aged under 25 varies from 12% in Tampere, Finland (2001), to around60% in Dublin, Ireland (1997), and Italy (1999). In Western Europe the prevalen
e of HCV inthe general population is low although it in
reases from about 0.1% in the North to more than1% in the South (Desen
los, 2004).Therefore, over the past few years Hepatitis C emerged as a major threat to publi
 healthworld-wide. The estimated prevalen
e of HCV infe
tion worldwide is 2%, representing 123million people (Perz et al., 2006). In the general population, HCV infe
tion prevalen
e is re-spe
tively equal to 0.5% and 2% (WHO, 1999), while among inje
ting drug users (IDUs) it isequal to 59.2% and 59.1% - 73.3% (EMCDDA, 2010), respe
tively.In Belgium, a prevalen
e study undertaken in the mid-nineties in the hospitalised populationshowed anti-HCV in 0.87% of the serum samples (Hutse and Quoilin 2004). A re
ent study inthe general population where analysis was performed on saliva resulted in HCV prevalen
e of1



1. Introdu
tion0.11%. The HCV prevalen
e in the Belgian general population is therefore likely to be betweenthese two �gures. In 2002, HCV prevalen
e among IDUs asking for treatment was 67% for theFren
h Community (self-reported data 
olle
ted through the EUROTOX monitoring system).From 2001 to 2004 around 79% of the patients tested at `Free Clini
' (medi
al-so
ial low thresh-old 
entre situated in the 
ity of Antwerp, average n = 264 tested IDUs per year) and 38% ofthe patients tested at `De Sleutel' (a Flemish institution 
omposed by several ambulatory andresidential treatment 
entres, average n = 90 tested IDUs per year) were positive for HepatitisC (Sleiman 2005, Raes and Lombaert 2004).Sin
e then, transmission through 
ontaminated blood produ
ts has been e�e
tively preventedthrough blood s
reening. Unexplained 
ases are parti
ularly high among drug users who haveno history of inje
tion risk and no other identi�able risk fa
tors. About 12% (Flamm et al.,1998) to 15% (M
mahon et al., 2004) of the HCV 
ases 
annot be explained by the 
urrentlyknown risk fa
tors. Among those unexplained 
ases, drug users are parti
ularly high (Flammet al ., 1998). The high prevalen
e or in
iden
e �gures, low a

ess (Wiessing et al., 2003), thedi�
ult 
omplian
e to treatment, and the la
k of an e�e
tive va

ine underline the need forpreventive interventions on the group of young and new inje
tors. However, the other groupsof drug users may not be negle
ted be
ause primary HCV infe
tion does not 
onfer prote
tiveimmunity against subsequent infe
tions with viruses of other genotypes. This may also hamperthe development of a va

ine (Proust et al., 2000).Infe
tion with hepatitis B a�e
ts the liver and results in a broad spe
trum of disease out-
omes. This infe
tion 
an spontaneously resolve and lead to prote
tive immunity, resulting ina 
hroni
 infe
tion whi
h in rare 
ases 
an 
ause a
ute liver failure with a high risk of dying.In 
ontrast to HBV, an infe
tion with HCV be
omes 
hroni
 in most 
ases (Lauer and Walker2001). People with 
hroni
 hepatitis B or C virus infe
tion remain infe
tious to others andare at risk of serious liver disease su
h as liver 
irrhosis or hepato
ellular 
an
er (HCC) laterin life (Sorrell et al., 2001). In Western Europe 5 - 7% of the general population is infe
ted,0.5 - 2% are 
hroni
 
arriers and most HBV infe
tions o

ur in well de�ned high risk groups,2



1. Introdu
tionin
luding drug users (Hou et al., 2005). Throughout the EU, approximately 20 - 60% of IDUshave antibodies against HBV. The prevalen
e of 
urrent HBV infe
tion is re
orded in only a few
ountries, but appears to di�er widely and is in some 
ases high (EMCDDA 2003). In Belgium,the HBV prevalen
e in the hospitalised population (in
luding a
ute infe
tions, re
overed and
hroni
 
arriers) is estimated at 7.4% (Beutels et al., 1997). For HbsAg, sero-prevalen
es of0.7% (Beutels et al., 1997) and 0.66% (Hutse and Quoilin 2004) were found. The in
iden
e in1991 - 1992 was 6/100,000 in the general population (Devroey et al., 1994).In 2002, a study 
arried out in Belgium estimated the HBV prevalen
e among IDUs askingfor treatment was 9% for the Fren
h Community. From 2001 - 2004 on average 57% of thepatients tested at `Free Clini
' (on average 259 IDUs tested per year) and 18% of the patientstested at `De Sleutel' (on average 65 IDUs tested per year) were positive for Hepatitis B (Sleiman2005, Raes and Lombaert 2004). While HCV is mainly transmitted through drug inje
tion,unprote
ted sex is 
onsidered the major route of transmission for HBV hen
e 
onsidered to bea sexually transmitted disease (STD) espe
ially in low endemi
 areas su
h as Western Europe.However in the United States and Western Europe, inje
ting drug use remains a very importantmode of HBV transmission (23% of all patients) (Hou et al., 2005).HBV infe
tion is widely present: approximately one third of the world's population has beenexposed to the virus, and an estimated 350 million people are 
hroni
ally infe
ted (WHO 2004).More than 500,000 people die ea
h year of hepatitis B related diseases (WHO 2004). Thereis a distin
t geographi
al variation in both HBV and HCV prevalen
e and in
iden
e in theEuropean Union and neighbouring 
ountries.This study was, therefore, 
arried out to estimate the prevalen
e of hepatitis B and C overexposure time among drug users in 
onta
t with treatment 
entres and to identify risk fa
torsasso
iated with the di�erent infe
tions. To a
hieve the obje
tive of the study, semi-parametri
models will be applied with hepatitis B status (positive or negative) and hepatitis C status(positive or negative) as the out
omes of interest.3



1. Introdu
tion
The thesis is organized as follows: Se
tion 2 provides a des
ription of the data set while thestatisti
al methodologies used to a
hieve the obje
tives of the study are explained in Se
tion 3.The results from the statisti
al methods are presented in Se
tion 4 and Se
tion 5 is devoted todis
ussion and 
on
lusions.

4



2. Data Des
ription2 Data Des
riptionThe data set used in this report 
ame from a 
ross-se
tional study aimed at assessing drug re-lated infe
tions in Belgian treatment 
entres and prisons. A treatment 
entre is de�ned as onere
ognised and �nan
ed by the authority that takes 
are of people with drug problems in
ludingproviding treatment (whether or not for it is spe
i�
 assignment towards drug users). Sin
edrug use is 
ommon in prisons, this spe
i�
 group was in
luded. Due to la
k of inventory ofthe treatment 
entres at national level, a list of existing treatment 
entres in Belgium was 
on-stru
ted for the purpose of this study on the basis of the information available in lo
al sour
es.The existing treatment 
entres are divided into in-patient and out-patients. A total of 226treatment 
entres and 15 prisons were identi�ed and asked to parti
ipate. These in
luded: 141outpatient 
entres (8 Medi
al and So
ial Re
eption Centres, 46 spe
ialised outpatient 
entres,37 Centres of Mental Health Care, and 50 other outpatient 
entres) and 76 inpatient 
entres(9 Crisis Intervention Centres, 13 therapeuti
al programs, 31 Psy
hiatri
 Hospitals, and 23Psy
hiatri
 Units of General Hospitals). The 
entres had to ful�l a number of 
onditions whi
hin
luded having a medi
al do
tor inside the 
entre or at least the possibility to 
ollaborate witha medi
al do
tor and storing the blood samples in a refrigerator (at a temperature of 4◦C).The study proto
ol was sent to the 226 
entres requesting them to parti
ipate in the study, 65
entres a

epted to parti
ipate, 67 
entres refused and the rest did not respond. The parti
ipat-ing 
entres were 
ategorised as follows: Medi
al so
ial 
entres for drug users (MSOC/MASS),Non-residential day 
are 
entre (AC), Centres for mental health 
are (CGG, WGC), Crisis inter-vention 
entre (CIC), Therapeuti
 
ommunity (TG), Psy
hiatri
 unit within general hospital(PAAZ), Psy
hiatri
 hospital (PH). To have enough sample size for analysis, the treatment
entres were further grouped into 4 
ategories that is: AC+MSOC, CIC, WGC+CGG+TG,and PAAZH+PH.The sampling pro
edure of this study 
an be summarised as follows. The Regions and Provin
es
onstitute a �rst strati�
ation fa
tor (
onsidering the Brussels Capital Region as a parti
ular
ase). However, those �gures 
annot be 
ompared with the real treatment o�er present in ea
hprovin
e. In normal 
ir
umstan
es, the sele
tion of the 
entres should have been done randomly.5



2. Data Des
riptionHowever, in this study parti
ipation was on a voluntary basis, all 
entres willing to parti
ipate
ould parti
ipate, and ea
h 
entre re
eived a �nan
ial 
ompensation for their parti
ipation. AllDrug users who parti
ipated in the study were interviewed and information 
olle
ted in
luded:drug use, risk behaviours, legal problems, infe
tious diseases, so
io-demographi
 issues, 
on-ta
t with drug and health servi
es, and knowledge or attitudes. Subsequent to the interview,a blood sample was taken from the drug users and part of the serum was tested for HBVand HCV, and the rest for HIV. The data 
ontains 979 drug users who parti
ipated in thestudy infe
ted with HCV or HBV. A total of 92 (9.4%), 288 (23.3%) were sero-positive and887 (90.6%), 691 (70.6%) were sero-negative for HBV and HCV respe
tively. Drug users in-
luded in the study were aged 15 to 40 years and use or have used regularly one or more ofthe following substan
es by any route of administration: opiates, opiate antagonists, 
o
aine,amphetamines, methadone, buprenorphine. The median age of the parti
ipating drug usersand length of exposure to drugs was 29 and 13 years, respe
tively. Among the drug users whoagreed to parti
ipate in the study, 784 (80.08%) were males and 195 (19.92%) females. Seeappendix Table 3 and 4 for the risk fa
tors 
onsidered in the study.Figure 1 shows that the proportion of drug users infe
ted with HCV in
reases with duration ofexposure time. While that of the HBV is low for the exposure in the group 0 to 15 years butgenerally the pattern appears non-monotone.

6
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3. Methodology3 Methodology3.1 Generalized linear modelsGeneralized linear models (Nelder and Wedderburn, 1972) make the distributional assumptionsthat the response variables yi are independent follow an exponential family distribution. In thisstudy, the response is binary; that is hepatitis C status (positive versus negative) and HepatitisB status (positive versus negative).
yi =















1 if sero-positive,
0 if sero-negative, (1)

yi is the response that indi
ates whether an individual i has experien
ed the infe
tion beforeexposure time di, (i = 1 · · · · · ·n). Therefore, it is assumed that Yi|di ∼ Bernoulli π(di), where
π(di) = Pr(yi = 1) is the probability of being infe
ted with either HCV or HBV. The prevalen
eis related to exposure time with the model:

g(P (Yi = 1|di)) = g(π(di)) = η(di), (2)where g is the link fun
tion, P (Yi = 1|di) is the mean 
omponent, whi
h expresses the probabil-ity of being infe
ted given exposure time di, and η(di) is the linear predi
tor whi
h 
an 
onsistof risk fa
tors, see appendix Table 3 and 4. In the analysis, one 
ould use generalized linearregression with linear, quadrati
, or higher order polynomials in exposure time to 
apture gen-eral trends in the data. The drawba
k of those models is their inability to 
apture systemati
deviations of the data from the overall trend.
3.2 Generalized additive models (GAM)A generalised additive model is a generalized linear model with a linear predi
tor involvinga sum of smooth fun
tions of 
ovariates. Generalised additive models are at times preferredover generalized linear models (GLM), as they are 
onsidered a viable approa
h be
ause oftheir �exibility in using smoothing fun
tions instead of parametri
 terms to estimate a trend.8



3.2 Generalized additive models (GAM)Although the GAMs extend GLMs in the same way as additive models extend linear models,a GAM di�ers from a GLM in the linear predi
tor (Hastie and Tibshirani, 1986, 1990):
g(µi) = X∗

i θ + f1(x1i) + f2(x1i) + f3(x3i, x4i) + . . . , (3)where µi ≡ E(Yi) and Yi follows some exponential family distribution.
Yi is a response variable, X∗

i is a row of the model matrix for any stri
tly parametri
 model
omponent, θ is the 
orresponding parameter ve
tor, and the fj are the smooth fun
tions ofthe 
ovariates xk. In a GAM, some variables may enter the additive predi
tor linearly but thee�e
ts of others are modelled as splines. Therefore, GAMs seem to strike a sensible 
ompromisebetween ease of interpretation and �exibility. A GAM 
an also 
ontain parametri
 terms, insimilar fashion to the semi-parametri
 additive model. Therefore this implies that the overalltrend for ea
h infe
tion 
an be represented by an additive model of two 
omponents; a linear
omponent Xβ and a smooth 
omponent Zu. This is be
ause it is of interest to 
omparethe prevalen
e 
urves of the di�erent predi
tor(s), su
h as male and females, given the di�erentinfe
tions. GAMs were �tted with three di�erent assumptions to estimate the prevalen
e and toidentify the risk fa
tors asso
iated with HBV and HCV, respe
tively where the responses were
onsidered univariately. Therefore, given a response, the �rst model that was �tted in
luded asmoothed part of the exposure time (non-parametri
), and a risk fa
tors su
h as gender (x1)(parametri
). Then this model was extended to a se
ond model that in
luded, in addition to thesmoothed part (exposure time), an intera
tion between risk fa
tors gender (x1) and exposuretime (di). Finally, sin
e gender (x1) has two levels, the last model �tted took that into a

ount.The model �tted smoothed exposure time independently by levels . The three pro
edures wererepeated for all risk fa
tors but ea
h risk fa
tor was added to the model, independently of theother. Only smoothed exposure time was held 
onstant. This means that if the �rst timeone 
onsiders gender as the risk fa
tor, in the next set of �tted models gender is dropped andanother risk fa
tor is 
onsidered. The models �tted are given below:Model 1: This model assumes that the di�eren
e amongst the groups, if present, does notdepend on exposure time alone. Therefore we assume that the underlying linear trend in the9



3.2 Generalized additive models (GAM)groups di�ers by a shift (γ0) only. The model 
an be represented as :
η(di) = (β0 + γ0Gi) + β1di +

K
∑

k=1

µk(di −Kk)
p
+, (4)where kk, k = 1, ..........K are knots whi
h together with p determine the smoothness. η(di) is alinear predi
tor, the beta's are 
oe�
ients of the parametri
 part and ∑K

k=1
µk(di−Kk)

p
+ is thenonparametri
 part of the model, µk are the 
oe�
ients of the non-parametri
 part whi
h are
ommon to all groups. Sin
e �tting a P-spline results in a rough �t, therefore a restri
tion 
an beimposed on µk by penalising roughness of the �t, hen
e putting a 
onstraint on µk ∼ N(0, σ2

µ).Finally (di −Kk)
p
+ is the basis fun
tion, whi
h in this 
ase is the 
ubi
 spline regression thatis used for analysis. Cubi
 regression splines are part of the general 
lass of regression splines,joining (
ubi
) polynomials at the knots of the spline to ensure 
ontinuity and di�erentiabilityup to degree two. The number of knots is smaller than the unique number of data points andthe pla
ement of knots is user-de�ned. The 
ubi
 regression spline is available in the R-library

”mgcv” (Wood 2006). The default knot lo
ation is governed by the quantiles of the 
ovariatedistribution. The within variability for the 
oe�
ients of the non-parametri
 part for ea
h levelof the group is given by Var(µk) = σ2
u and Gi is a group indi
ator like gender.Model 2: The assumption is that the linear part of the model di�ers, while the same smoothpart is 
onsidered for all groups. In this 
ase, the group e�e
t is no longer 
onstant overduration. Also, the model 
an be represented as:

η(di) = (β0 + γ0Gi) + (β1 + γ1Gi)di +
K
∑

k=1

µk(di −Kk)
p
+, (5)with V ar(µk) = σ2

u.Model 3: The assumption of a 
onstant smoothing parameter and the 
oe�
ients of thenon-parametri
 part a
ross the groups is relaxed, thereby assuming that the groups 
an besmoothed separately with di�erent smoothing parameters. Hen
e, both the �xed-e�e
ts partand the non-parametri
 part di�er by group but with the varian
e 
omponent V ar(µkg) = σ2
ugbeing group - spe
i�
'.

η(di) = (β0 + γ0Gi) + (β1 + γ1Gi)di +
K
∑

k=1

µkg(di −Kk)
p
+. (6)10



3.3 Penalised splines3.3 Penalised splinesSemi-parametri
 models are extensions of parametri
 analysis but in
lude segment-wise para-metri
 fun
tions that are able to follow deviations from the overall trend in the data. Therefore,the linear predi
tor 
an be estimated semi-parametri
ally using penalized splines (Ruppert etal., 2003). Taking a pth degree spline model with K knots,
η(di) = β0 + β1di + · · ·+ βpd

p
i +

K
∑

k=1

µk(di −Kk)
p
+, (7)with trun
ated power base fun
tions de�ned as

(di −Kk)
p
+ =















0 if di ≤ Kk,

(di −Kk)
p
+ if di > Kk,

(8)where d1 ≤ d2 ≤ · · · ≤ dN , denotes the kth knot.The mean stru
ture for the model η(di) 
an be presented in ve
tor form like η = Xβ + Zu. Weassume that ηi = η(di), therefore η = (η(di), · · · , η(dN))
T , β = (β0, β1, · · · · · · , βp)

T to representthe ve
tor of the 
oe�
ient of the �xed e�e
ts; u = (u1, u2, · · · , uk)
T is the ve
tor of randome�e
ts and the design matri
es are:

X =


















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













, Z =




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p
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p
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p
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p
+ . . . (d2 −Kk)

p
+... ... ...

(dN −K1)
p
+ (dN −K2)

p
+ . . . (dN −Kk)

p
+



















.

A large number of knots, between 5 and 20, are 
onsidered to attain the desired �exibility.However, this brings the problem of over�tting . Therefore, to over
ome this problem, thenon-linear part Z is penalised by assuming that the 
oe�
ients µ are random e�e
ts and are
onstrained to redu
e the in�uen
e of the knots and hen
e to ensure stable estimation. Also itis assumed that µ ∼ N(0, σ2
uI). 11



3.4 Estimating the smoothing parameter3.4 Estimating the smoothing parameterSmoothing the data using penalised splines requires 
hoosing the value for the smoothing pa-rameter, whi
h 
ontrols the trade-o� between the smoothness and goodness-of-�t of the �ttedmodel. Therefore to 
ontrol the in�uen
e of Z, the penalised likelihood is maximized:
[yT (Xβ + Zu)− 1T c(Xβ + Zu)]−

1

2
λ2





β

u





T

D





β

u



 , (9)where y is the response ve
tor, D is the positive semi-de�nite penalty matrix (Wahba 1978;Green and Silverman 1994), 1 the unit ve
tor and 
 is determined by the link fun
tion usedin the GLM. The �rst term in (9) measures the goodness-of-�t while the se
ond term is theroughness penalty. λ is the smoothing parameter for whi
h large values produ
e smoother
urves while smaller values produ
e more wiggly 
urves.The 
hoi
e of base fun
tion, sele
tion of knots, and the way penalization is done is determinedby the smoothness of the penalised spline. The base fun
tions in
lude polynomial, trun
atedpolynomial, and B-spline fun
tion. However, the 
hoi
e of the base does not 
hange the �tthough some bases are numeri
ally stable and allow 
omputation of �t with greater a

ura
y.The reason for sele
ting one base over another is ease of implementation and interpretability.The 
hoi
e of knots is mostly done by taking equidistant over the range of the 
ovariate spa
e,or based on the quantiles of the 
ovariate distribution (Ruppert et al., 2003) but user de�ned
riteria 
an be used too. Penalization is done in a variety of ways, like penalizing for large �nitedi�eren
es of adja
ent 
oe�
ients or for large 
urvatures. The trade o� between smoothnessand 
losely mat
hing the data is governed by the smoothing parameter. The type of smoothingparameter sele
ted is very important in the appli
ation of splines. A number of methods areavailable that 
an be used to sele
t a smoothing parameter. In this analysis, unbiased riskestimation (UBRE) was used.3.5 Estimating for
e of infe
tionThe for
e of infe
tion is one of the primary epidemiologi
al parameters of infe
tious diseases.Therefore, under the assumption of lifelong immunity and that the disease is in a steady state,12



4. Resultsthe sero-prevalen
e and the for
e of infe
tion 
an be estimated from sero-prevalen
e data (Gren-fell and Anderson, 1985). The prevalen
e of a disease in a statisti
al population is given as theratio of sero-positives at a given exposure time to the total number of individuals in the popu-lation. For
e of infe
tion is the risk per time unit for an uninfe
ted (that is, sero-negative) druguser to be
ome infe
ted. Let π(d) be the prevalen
e of a disease (HCV or HBV) at exposuretime (di). Then the for
e of infe
tion is given by
λ(d) =

π′(d)

1− π(d)
, (10)where π′(d) is the derivative of the prevalen
e with respe
t to duration (exposure time). π(d)is the 
umulative distribution fun
tion of exposure time at infe
tion.4 Results4.1 Statisti
al resultsIn this study, the results presented are based on 
ubi
 regression splines sin
e they have adire
t parameter interpretation and the basis does not require any re-s
aling of the predi
torvariables before it 
an be used to 
onstru
t a GAM (Wood 2006). Therefore, a model with
ubi
 splines was �tted with both logit and 
omplementary log-log (
log-log) links to evaluatethe link that �ts the data better. The best link was sele
ted using Akaike Information Criterion(AIC), where the link with the lowest AIC was 
onsidered best. Therefore, HBV and HCVwere 
onsidered as the response, the models with the logit link had lower AIC values 543.99,544.01 and 984.062, 985.464 respe
tively. Therefore, the results presented in this report arebased on 
ubi
 regression spline bases with a logit link and the smoothing parameter is sele
tedautomati
ally using unbiased risk estimation (UBRE).4.2 Hepatitis B modelThe methods des
ribed in Se
tion 3 were applied to the data with hepatitis B as the responseunder the di�erent assumptions. Therefore, using the model sele
tion 
riteria des
ribed abovethe following predi
tors were in line with assumptions of Model 1: ever inje
ted drugs, 
ur-rent inje
ting, being homosexual, history of being in prison, sharing inje
tions, sharing sni�ng13



4.2 Hepatitis B modelmaterials, edu
ation levels, and belonging to a parti
ular treatment 
enter. In 
ontrast, HIVstatus and being va

inated for HBV 
an best be modelled with the assumptions of Model 2.Lastly, gender was modelled under the assumptions of model 3. The following variables arenot important risk fa
tor for hepatitis B, sharing inje
tion, sharing sni�ng material and beingva

inated for hepatitis B. Also, it is worth mentioning that the intera
tion between HIV statusand exposure time on drug was signi�
ant.Table 1 shows log odds estimates, standard errors and p-values. Therefore, taking the ex-ponent of the beta, the odds of having Hepatitis B infe
tion for people who have ever inje
teddrugs is 3 times that of those who have never inje
ted drugs (P=0.002). Also the odds of havinghepatitis B for individuals in treatment 
entre 2 are at least 20% less than those who are intreatment 
enter 1.The intera
tion between HIV status and exposure time shows that the longer an individualis exposed to drugs the lesser are the 
han
es of be
oming infe
ted with hepatitis B, that is69% 
ompared to individuals who use drugs for a short period of time.

14



4.2 Hepatitis B modelTable 1: Parameter Estimates and Standard Errors for the �nal models for Hepatitis BParameter Model Type Estimate(SE) P-valueEver inje
ted drugs (ref : Never inje
ted drugs) Model 1 1.107(0.358) 0.002*Current inje
ting drugs (ref : Not 
urrent inje
ting drugs) Model 1 0.592(0.240) 0.013*Homosexual (ref : Non homosexual) Model 1 1.075(0.627) 0.0087*Been in prison (ref : Never been in prison) Model 1 1.277(0.362) 0.000*Share inje
tions (ref : No sharing inje
tion) Model 1 0.282(0.309) 0.362Share sni�ng materials (ref : Don't share sni�ng materials) Model 1 -0.335(0.297) 0.258HIV status (ref : HIV negative) Model 2 6.429(2.057) 0.002*Exposure time 0.064(0.035) 0.068HIV status * Exposure time -0.369(0.134) 0.006*Edu
ation level (ref : low edu
ation level) Model 1 -0.681(0.281) 0.015*Va

inated HBV (ref : No va

ination HBV) Model 2 1.777(1.468) 0.226Exposure time 0.144(0.068) 0.033*Exposure time* Va

inated HBV -0.140(0.086) 0.103Inter
ept (gender) Model 3 -1.823(0.409) 8.37E-06*Treatment 
entersCIC2(ref :AC+MSOC)1 Model 1 -1.504(0.615) 0.014*WGC+CGG+TG3 -0.411(0.350) 0.241PAAZH+PH4 -0.473(0.351) 0.178* Signi�
ant at 5% levelSE Standard error1 AC=Non-Residential day 
are 
entre,MSOC=Medi
al So
ial 
entres for drug users2 Crisis Intervention Centre3 CGG+WGC=Centres for Mental Health Care,TG=Therapeuti
 Community4 PAAZ=Psy
hiatri
 Unit within General Hospital,PH=Psy
hiatri
 HospitalFigures 2 - 4 show how the prevalen
e for the di�erent predi
tors 
hanges over time of exposurefor the di�erent models. In general, the sero-prevalen
e of HBV by exposure time for allpredi
tors was low where the majority of the predi
tors had sero-prevalen
e of 40% on average,ex
ept for homosexuals, sharing inje
tions and HIV positive IDUs. A higher prevalen
e ofHBV was observed in the following IDUs: those individuals who have ever inje
ted drugsbefore, 
urrent inje
ting drugs, being homosexual, being in prisons, not being va

inated forHBV, sharing inje
tions, sharing sni�ng materials, being HIV positive, being male, and beingin a parti
ular treatment 
enter. This implies that IDUs in those groups are at a high risk15



4.2 Hepatitis B modelof 
ontra
ting the infe
tion the longer they are exposed to drugs. The plots indi
ate that thesero-prevalen
e of HBV is almost zero on average for all predi
tors between exposure times 0 to15, then it suddenly in
reases rapidly between exposure times of around 15 and 20, whereafterit drops steadily downwards, as shown in Figure 2 - 4.
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Figure 2: Fitted sero-prevalen
e (solid lines) for HBV infe
tion. The dots are observedsero-prevalen
e and the dashed lines are 
on�den
e intervals.

16



4.2 Hepatitis B model
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Figure 3: Fitted sero-prevalen
e (solid lines) for HBV infe
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4.2 Hepatitis B model

0 5 10 15 20 25 30

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Hepatitis B Among Injecting Drug Users.

Exposure time (years), N = 971.

S
er

o−
pr

ev
al

en
ce

.

AC+MSOC.
CIC.
WGC+CGG+TG.
PAAZ+PH.

0 5 10 15 20 25 30
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0

Hepatitis B Among Injecting Drug Users.

Exposure time (years), N = 557.

S
er

o−
pr

ev
al

en
ce

. Vaccinated HBV.
No Vaccination HBV.

0 5 10 15 20 25 30

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Hepatitis B Among Injecting Drug Users.

Exposure time (years), N = 960.

S
er

o−
pr

ev
al

en
ce

. High Education.
Low Education.

0 5 10 15 20 25 30

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Hepatitis B Among Injecting Drug Users.

Exposure time (years), N = 971.

S
er

o−
pr

ev
al

en
ce

. Male.
Female.

Figure 4: Fitted sero-prevalen
e (solid lines) for HBV infe
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4.3 Hepatitis C model4.3 Hepatitis C modelThe hepatitis C Model was �tted under the same assumptions as mentioned in Se
tion 2 above.Therefore using the model sele
tion 
riteria des
ribed above, `being homosexual' was found notto be an important risk fa
tor for hepatitis C. The intera
tion between 
urrent inje
ting drugsand exposure time on drug was signi�
ant for hepatitis C.

19



4.3 Hepatitis C modelTable 2: Parameter Estimates and Standard Errors for the �nal models for Hepatitis CParameter Model Type Estimate(SE) P-valueEver inje
ted drugs (ref : Never inje
ted drugs) Model 1 2.871(0.327) <2e-16*Current inje
ting drugs (ref : Not 
urrent inje
ting drugs) Model 2 2.79(0.557) 5.48E-07*Exposure time 0.215(0.025) < 2e-16*Current inje
ting drugs*Exposure time -0.068(0.033) 0.0405*Homosexual(ref : Non homosexual) Model 2 2.196(1.245) 0.078Exposure time 0.173(0.018) <2e-16*Homosexual*Exposure time -0.159(0.091) 0.081Been in prison (ref : Never been in prison) Model 1 0.782(0.190) 3.73E-05*Share inje
tions (ref : No sharing inje
tion) Model 1 0.982(0.226) 1.35E-05*Inter
ept (gender) Model 3 0.586(0.287) 0.042*Share sni�ng materials (ref : Don't share sni�ng materials) Model 1 -0.436(0.209) 0.037*HIV status (ref : HIV negative) Model 1 1.905(0.621) 0.002*Edu
ation level (ref : low edu
ation level) Model 1 -0.794(0.180) 9.87E-06*Treatment 
entersCIC2(ref:AC+MSOC)1 Model 1 -0.59(0.262) 0.024*WGC+CGG+TG3 -0.812(0.250) 0.001*PAAZH+PH4 -0.536(0.242) 0.026** Signi�
ant at 5% levelSE Standard error1 AC=Non-Residential day 
are 
entre,MSOC=Medi
al So
ial 
entres for drug users2 Crisis Intervention Centre3 CGG+WGC=Centres for Mental Health Care,TG=Therapeuti
 Community4 PAAZ=Psy
hiatri
 Unit within General Hospital,PH=Psy
hiatri
 HospitalTable 2 above shows log odds estimates, standard errors and the p-values. From Table 2, takingthe exponent of the beta for ever inje
ted predi
tor, the odds of having hepatitis C infe
tionfor people who have ever inje
ted drugs is almost 18 times higher than for those who havenever inje
ted drugs (P <0.001). While also the odds of having hepatitis C for individualsin treatment 
entre 2 are at least 55.4% less than for those who are in treatment 
enter 1.The intera
tion between 
urrent inje
ting drugs and exposure time shows that the longer anindividual is exposed to drugs the lesser are the 
han
es of be
oming infe
ted with hepatitis Cthat is 93.4% 
ompared to individuals who use drugs for a short period of time.20



4.3 Hepatitis C modelFurthermore, for HCV models the assumption that the di�eren
e in prevalen
e among thegroups (say male and female) if it exists, does not depend only on the duration of the exposureon drugs (Model 1) but also on the group to whi
h IDUs belongs. This assumption was satis�edby the following predi
tors: ever inje
ted drugs, sharing sni�ng materials, history of being inprison, edu
ation levels, sharing inje
tions, HIV status and being in a parti
ular treatment 
en-ter. While 
urrent inje
ting and being homosexual 
an best be modelled with the assumptionsof Model 2 and gender with assumptions of Model 3.To get a better insight on how the prevalen
e 
hanges over time of exposure the models �ttedabove are presented graphi
ally below. Generally the sero-prevalen
e of drug users infe
ted withHCV in
reases with longer exposure time on drugs for all the predi
tors. The HCV prevalen
eis higher among all potential predi
tors 
ompared to HBV. A higher prevalen
e of HCV wasobserved in the following IDUs Individuals: those who have ever inje
ted drugs before, 
urrentinje
ting drugs, being in prisons, sharing inje
tions, not sharing sni�ng materials, being HIVpositive, low level of edu
ation, being male, and being in a parti
ular treatment 
enter. Thus,this implies that IDUs in those groups are at a high risk of 
ontra
ting the infe
tion the longerthey are exposed to drugs. The plots show that the prevalen
e of HCV in
reases steadily for allpotential predi
tors for longer exposure times. The median duration of the infe
tion, that is theduration of exposure at whi
h the sero-prevalen
e rea
hes 50% for the inje
ting drug user, 
anbe estimated to be between 15 to 17 years of exposure for all predi
tors as shown in Figures 5 - 7.
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4.3 Hepatitis C model
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Figure 5: Fitted sero-prevalen
e (solid lines) for HCV infe
tion. The dots are observedsero-prevalen
e and the dashed lines are 
on�den
e intervals.
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4.3 Hepatitis C model
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Figure 6: Fitted sero-prevalen
e (solid lines) for HCV infe
tion. The dots are observed sero-prevalen
e andthe dashed lines are 
on�den
e intervals.
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4.3 Hepatitis C model
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Figure 7: Fitted sero-prevalen
e (solid lines) for HCV infe
tion.The dots are observed sero-prevalen
e and thedashed lines are 
on�den
e intervals.
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5. Dis
ussion5 Dis
ussionThis was a study on HBV and HCV sero-prevalen
e in a sample of drug users in 
onta
t withtreatment 
entres or in prisons in Belgium, 2004 - 2005. The obje
tive was to estimate preva-len
e and also identify potential risk fa
tors that are asso
iated with HCV and HBV amonginje
ting drug users. The analysis was 
arried out on IDUs in the age group of 15 to 40 years.The out
ome variables studied are HBV and HCV status. HIV status was in
luded as a riskfa
tor be
ause it had a low sample size. A unique feature of this study was the re
ruitmentof IDU subje
ts whi
h was done on voluntary basis and all 
entres willing to parti
ipate 
ouldparti
ipate. The present study shows a high prevalen
e of blood borne viral hepatitis amongIDUs in Belgium. This 
on
urs with epidemiologi
al data whi
h indi
ates that IDUs representthe largest risk group for HCV infe
tion. Also, as the study 
onforms with literature statingthat hepatitis is usually higher among IDUs than in other 
omparable non-IDU populationstrata.Generalised additive models were applied to identify the possible risk fa
tor asso
iated withHBV - HCV from the 
ross-se
tional data. There is a signi�
ant di�eren
e in the observed sero-prevalen
e among the di�erent IDUs between the infe
tions. The HCV prevalen
e infe
tion isvery high a
ross the di�erent predi
tors 
ompared to HBV. For the HCV response, prevalen
ehas a positive asso
iation with the exposure time given any risk fa
tor. The reason may bethat sin
e HCV infe
tion has no 
ure nor va

ination for preventative purpose, therefore sero-prevalen
e is high among inje
ting drug users. However HBV prevalen
e seems to be zero fora number of years of exposure (0 to 15 years) time to drug user for all the risk fa
tors then itsuddenly rises and then drops.The HCV prevalen
e is high among Inje
ting drug users (IDUs), this may be viewed as anindi
ator of the sharing of inje
ting equipment, and 
onsequently as an indi
ator of HIV risk.This is in line with the graphi
al display of those predi
tors. Furthermore, this study is 
on-sistent with other studies in identifying a high prevalen
e of HCV infe
tion among IDUs, anda strong asso
iation with the duration of exposure time. The low sero-prevalen
e in the HBV25



5. Dis
ussioninfe
tion 
ould be attributed to good needle ex
hange pra
ti
es that 
ame into pla
e sin
e thebeginning of 2001 in Flanders. Also, sin
e the study took pla
e in 2004-2005, the drug users in-je
ting for less than 15 years did not parti
ipate to the big inje
ting parties in the mid eighties.This 
ould explain why the sero-prevalen
e for HBV infe
tion is almost zero between 0-15yearsof exposure despite HBV having a va

ine. The 
on�den
e intervals for homosexuals Figure 2bottom right side are quite wide for HBV infe
tion, the reason is that not many homosexuals areexposed for su
h a long period of time so the fun
tion is not a

urately estimated in this region.Sin
e for
e of infe
tion is one of the primary epidemiologi
al parameters of infe
tious diseases,the for
e of infe
tion for the di�erent HCV infe
tion models was estimated (see appendix �gures8 - 10). From the �gures, the for
e of infe
tion 
learly depends on the duration of drug use(exposure time). Also, it is seen that the longer an individual keeps using drugs, also the risk of
ontra
ting an infe
tion in
reases as well. Furthermore, drug users in di�erent 
ategories havedi�erent risks. Therefore, no matter the 
ategory the drug user belongs too, the risk of infe
tionremains throughout the period of drug use. The for
e of infe
tion for the di�erent models ofHBV was estimated but resulted into negative for
e of infe
tion at low and higher exposuretime. This 
an be related to sero-prevalen
e being non-monotone over the duration of exposure.In 
on
lusion, to develop appropriate prevention strategies, it is important to identify riskfa
tors asso
iated with HCV and HBV infe
tion among IDUs. The following risk fa
tors werenot signi�
ant to HBV infe
tion: share inje
tions, share sni�ng materials, being va

inatedfor HBV. Furthermore, being homosexual was not an important risk fa
tor for 
ontra
ting anyof the infe
tions. The intera
tion between HBV with HIV infe
tion was signi�
ant this 
ouldprobably be be
ause of the similar transmission modalities.
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7. Appendix7 Appendix Table 3: Risk fa
tors for HBV and HCVVariable Total HCV+(%) HBV+(%)HomosexualYes 23 6(0.98) 4(0.65)No 592 179(29.1) 52(8.46)PrisonNo 314 57(7.13) 10(1.25)Yes 485 208(26.03) 72(9.01)Ever IDUNo 277 11(1.33) 10(1.21)Yes 549 272(32.93) 78(9.44)Current IDUNo 482 96(11.96) 38(4.73)Yes 321 175(21.79) 47(5.85)Share Inje
tionNo 146 52(11.06) 17(3.62)Yes 324 196(41.7) 54(11.49)Share sni� materialNo 184 67(9.48) 22(3.11)Yes 523 129(18.25) 38(5.37)Treatment CenterAC+MSOC1 540 200(20.43) 67(6.84)CIC2 173 24(2.45) 3(0.31)WGC+CGG+TG3 134 29(2.96) 11(1.12)PAAZ+PH4 132 35(3.58) 11(1.12)1 AC=Non-Residential day 
are 
entre,MSOC=Medi
al So
ial 
entres for drug users2 Crisis Intervention Centre3 CGG+WGC=Centres for Mental Health Care,TG=Therapeuti
 Community4 PAAZ=Psy
hiatri
 Unit within General Hospital,PH=Psy
hiatri
 Hospital
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7. AppendixTable 4: Risk fa
tors for HBV and HCVVariable Total HCV+(%) HBV+(%)GenderFemale 195 63(6.44) 15(1.53)Male 784 225(22.98) 77(7.87)HIV statusNegative 960 273(27.89) 89(9.09)Positive 19 15(1.53) 3(0.31)Edu
ation LevelLow 641 222(22.96) 73(7.55)High 326 61(6.31) 18(1.86)Va

inated HBVNo 326 41(7.31)Yes 235 11(1.96)
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Figure 8: For
e of Infe
tion for Drugs Users infe
ted with HCV infe
tion.
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Figure 9: For
e of Infe
tion for Drugs Users infe
ted with HCV infe
tion.
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e of Infe
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ted with HCV infe
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