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Abstract

Background: Approximately 75 percent of recently emerging infectious diseases that affect
humans are diseases of animal origin, and approximately 60 percent of all human pathogens
are zoonotic. Contact between humans and pets, livestock, poultry and other animals could
enable transmission of pathogens from animals to humans, which is the focus of this study.
The aim of this study is to evaluate factors that could affect the chance of having and

touching animals and the number of contacts between people.

Methods: Diary based design, social contact survey conducted for collecting information
about participants by random digit dialing on fixed and mobile telephone lines. The relative
odds of owning and touching animals between groups of a factor was analyzed using logistic
regression and the number of contacts between people was analyzed using weighted negative

binomial and Hierarchical zero-inflated negative binomial regression.

Results: More than, halve of participants own or touch animals. The mean and variance for
the number of contacts were 13.47 and 116.78 for individual survey data, respectively and it
was 15.66 and 125.89 for household survey data, implying over dispersed data. The relative
odds of owning animals differ substantially through the age, household size and educational
level of a participant whereas the relative odds of touching animals differ through age,
educational level and owning animal status of a participant. Finally, the number of contacts
between people was affected by owning animal status of a participant depending on the
weekdays or weekend days.

Conclusion: Participants, who own animals, have the highest chance to touch animals and
have a larger number of contacts with people as compared to those who do not own animals
such that pathogens will pass and cause illness easily from animals to humans, this may

enhance the spread of infectious diseases.

Keywords: Owning animals; Touching animals; Logistic regression; Number of contacts;

Negative binomial regression; Hierarchical zero-inflated negative binomial regression

Vi



1 Introduction

Mathematical models of infectious disease transmission have become indispensable tools for
understanding epidemic processes and for providing policy makers with an evidence based
decisions when empirical data are limited. The achievement of mathematical models in
informing important decisions to care for human and animal health has been demonstrated for
many diseases including pandemic influenza, severe acute respiratory syndrome, foot and

mouth disease, and new variant Creutzfeldt—Jakob disease (Grassly 2008).

Infectious diseases are illness in humans and animals caused by microbial pathogens — such
as bacteria, viruses, fungi or parasites. Many pathogens live inside and on the surface of our
body. They are normally harmless or even helpful, but some pathogens under certain
conditions may cause disease. Transmission of pathogens can occur in various ways including
physical contact, contaminated food and water, body fluids, objects, airborne inhalation, or
through vector organisms (Ryan 2004). In previous studies, infections directly transmitted
from person to person by the respiratory route have been of special interest for modeling
because of their ability to spread quickly and affect large numbers of people. The social
contact survey data were analyzed for estimating parameters in a transmission model of
contact between person to person (Horby et al. 2011, Hens et al. 2009, Mossong et al. 2008
and Ogunjimi et al. 2009). However, a number of infectious diseases can be transmitted from
animals to humans through human — animal interactions. The relationships between people
and animals, the ability of microorganisms to cross species barriers, and many other factors
that affect these interactions combine to facilitate the emergence and transmission of zoonotic
pathogens (Morse 2004).

Zoonoses are type of infectious diseases that can be transmitted between humans and animals.
The Centers for Disease Control and Prevention (2011-2012) report that approximately 75
percent of recently emerging infectious diseases that affect humans are diseases of animal
origin, and approximately 60 percent of all human pathogens are zoonotic. Most emerging
infections that affect humans are zoonotic in origin (Taylor et al. 2001) and there is evidence
about organisms that are able to infect both domestic animals and wildlife species are the
most likely to emerge as zoonoses (Cleaveland et al. 2001). Emerging diseases in both human
beings and animals with which they interact have potential implications that may extend

beyond local or national borders to a global arena (Jebara 2004.



Since the human immunodeficiency virus (HIV) commonly transmitted from person to
person, acquired immune-deficiency syndrome (AIDS) is not considered as zoonosis.
However, it is thought to have originated as zoonosis. Sharp et al. (2013) derived molecular
phylogenies of the two distinct types of human AIDS viruses — such as HIV-1 and HIV-2.
The paper indicated that HIV-1 most likely arose as a consequence of simian
immunodeficiency virus (SIV) transmission from chimpanzees to humans, with the most
likely chimpanzee source being West African Pan troglodytes troglodytes. HIVV-2 appears to
have resulted from cross-transmission of SIV between sooty mangabeys and humans in West
Africa.

Contact between humans and livestock, domestic pets and poultry is also common to occur in
daily life activities, which increases the likelihood of disease transmission. Yu et al. (2013)
found that poultry workers had a considerable risk of infection with H9 subtypes of avian
influenza virus in China. In addition, contact with pets has numerous positive benefits,
including opportunities for education and entertainment. However, many pet owners and
people in the process of choosing a pet have a higher risk of infection for many diseases. It is
often hard to determine patterns of human-animal interactions, which makes modeling the
spread of zoonoses difficult. Having access to research-based information about risk factors
for contact between humans and animals can help the researcher to deal transmission
probability of zoonoses. In this paper, consideration has been given to zoonotic infectious
diseases from animals to humans, however, reverse zoonoses also occur in which disease is

transmitted from human reservoir to animals.

This study aimed at assessing essential risk factors for owning, touching status of participants
with animals and the number of contacts between people which could enable for the
transmission of pathogens. In addition, the chance of touching animals given that someone
owned animals will be investigated and the effect of owning animals on the number of

contacts had a focus on this paper.



2 Survey Methods and Data

Survey methods used in this study are described under subsection 2.1 including method of
data collection, study area and how the data was collected. There are two different data sets.
The first data is collected by recruiting only one individual participant per household; it is
referred as individual survey data in different sections of this paper. The second data set is
referred as household data in which not only one person per household was recruited to take

part but also other members of the household were participated, unlike individual survey data.
2.1  Survey Methods

A social contact survey, which was diary based design, was conducted in the Flemish
geographic region of Belgium from September 2010 until February 2011. Participants were
recruited by random digit dialing on fixed and mobile telephone lines and sampling was
performed in order to achieve a representative geographical spread. All participants were
asked to fill in a paper diary recording their contacts during one randomly assigned day
without changing their usual behavior. No physical samples were collected as part of this
study and the ethical committee of the Antwerp University Hospital approved the study
protocol. A verbal consent was given prior to participation during the recruitment over the
phone. People who agreed verbally to participate were then sent a written questionnaire and
diary. The participants received and sent their questionnaires back by postal services (Willem
etal. 2012).

They were able to refuse participation even after verbal agreement by not filling in the
questionnaire and diary, and/or by not sending it back. The first page of the questionnaire
explained that their answers would be used anonymously for scientific research purposes at
the research centers. Thus, the fact that they filled in the questionnaire and diary and chose to
send it in functions as a written consent. It has been obtained similar verbal consent with
implicit written confirmation from the next of kin, caretakers or guardians on behalf of

dependent participants (e.g. Children).

What do we mean by a contact in this social contact survey? It defines two types of contacts.
The first type of contact defined when a participant has spoken in his/her presence in less than
three meters with someone, however, a call or contact via the internet does not consider as a
contact here. The second one is considered as contact when a participant had a physical

contact with someone. If a participant has touched someone (like give a hand, give a Kkiss,



hug, and casual contacts during sports etc.) even if it was without communication, it is also
considered as a contact. These contacts were meant to be relevant for sensitive major contact

types enabling pathogen transmission by close contact (Beutels et al. 2006).

Three types of diaries were used, adapted to the ages of the participants such as for children
up to 12 years, peoples in between 12 and 60 years old and people older than 60 years. For
example, the diaries for children (0-12 years) designed to be filled by proxy, and included
school contacts, which included separate instructions for schoolteachers, whereas the proxy
could also fill those for elderly. The diaries sent and collected by mail. Participants reminded
by phone to fill in the diary one day in advance and followed up the day after (Willem et al.
2012). Data were single entered in a computer database and checked manually. Based on the
type of diary, participants requested to fill the assigned date, their personal information (like
age, gender, educational level, province, household size) and owning and touching status of

participants with pets, livestock, poultry and animals in general.

2.2 Data

Both individual and household survey data summarized under table 1 by the number and
proportion of participants under each category of all variables included in the study. All the
variables mentioned under table 1 are included in both data sets. Depending on stages of
education in Belgium, which is the same in all communities the maximum education level of
a participant categorized as no education, primary school, secondary education, higher
education and missing. In addition, educational level of a child with (0-12) years of age was
replaced by the educational level of his/her mother. Participant's household size also
categorized as 1, 2, 3, 4, 5 and more, and missing for further analysis. Depending on the
assigned day, weekday indicator variable is called weekday if a day was Monday, Tuesday,

Wednesday, Thursday or Friday, if not it is called weekend day.

The public holidays or event days in Flanders, Belgium were on 27 September 2010; 31
October 2010; (01, 11 and 28) November 2010; (05, 12, 19, 25 and 31) December 2010 and
01 January 2011 during the survey period. Based on these dates, the assigned date categorized
as holiday (a date from the list of public holidays) or regular day (a date not from the list of
public holidays). The dot on table 1 indicates the corresponding category of a variable was not
included by the study design for the aforementioned data sets. For example, Brussels was not
included in the individual survey data whereas it was included in household survey data. The

owning and touching status are implying whether a participant own and touch animal or not,
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respectively. Finally, the number of contacts per participant was included as a variable in both
data sets. Under individual survey data, there were 1768 individual participants and 23,838
contact people in total. Under household survey data, there were 1344 participants in 342

households and 21052 people make contact with participants.



Table 1: The number and proportion of participants under different categories of variables

from individual and household survey data

Individual-Survey Data

Household-Survey

Data
Variables Categories Label  Number (Proportion) Number (Proportion)
Age (0-5) years 1 174 (9.84%) 200 (14.88%)
(6-11) years 2 128 (7.24%) 299 (22.25%)
(12-17) years 3 80 (4.52%) 170 (12.65%)
(18-44) years 4 626 (35.41%) 557 (41.44%)
(45-64) years 5 468 (26.47%) 118 (8.78%)
65+ years 6 292 (16.52%) :
Gender Female 1 947 (53.56%) 676 (50.30%)
Male 2 821 (46.44%) 668 (49.70%)
Educational Higher 1 791 (44.74%) 750 (55.80%)
level education
Secondary 2 809 (45.76%) 513 (38.17%)
education
Primary school 3 141 (7.98%) 62 (4.61%)
No education 4 10 (0.57%) 5 (0.37%)
Missing* 5 17 (0.96%) 14 (1.04%)
Province Antwerp 1 492 (27.83%) 353 (26.26%)
Limburg 2 265 (14.99%) 162 (12.05%)
East-Vlaanderen 3 410 (23.19%) 266 (19.79%)
Flemish-Brabant 4 259 (14.65%) 187 (13.91%)
West- 5 328 (18.55%) 224 (16.67%)
Vlaanderen
Missing 6 14 (0.79%) :
Brussels 7 . 152 (11.31%)
Household 1 1 98 (5.54 %) :
size 2 2 312 (17.65%) 25 (1.86%)
3 3 328 (18.55%) 224 (16.67%)
4 4 439 (24.83%) 683 (50.82%)
5+ 5 218 (12.33%) 412 (30.65%)
Missing 6 373 (21.10%) :
Owning Yes 1 1050  (59.39%) 916 (68.15%)
status No 2 706 (39.93%) 420 (31.25%)
Missing 3 12 (0.68%) 8 (0.60%)
Touching Yes 1 874 (49.43%) 712 (52.98%)
status No 2 850 (48.08%) 607 (45.16%)
Missing 3 44 (2.49%) 25 (1.86%)
Weekday Weekend days 0 424 (23.98%) 387 (28.79%)
indicator Weekdays 1 1344 (76.02%) 957 (71.21%)
Holiday Regular days 0 1656  (93.67%) 1330  (98.96%)
indicator Holidays 1 112 (6.33%) 14 (1.04%)

e  The educational level of a child from 0 up to 12 years old filled by the educational level of his/her mother.



2 Statistical Methodology

Referring to table 1, 0.68 and 2.49 percent of total participants were not replying about their
owning and touching status, respectively from individual survey data. Since owning and
touching status of participants with animals are binary responses, which can be yes/no after
excluding missing category, there will be a descriptive analysis using mosaic plot for
contingency tables, chi-square test of independence and logistic regression under this section.
Keep in mind that deleting missing values is not a solution for missing data problem,
however, the effect of deleting few missing values here assumed to be minimal. Since the
number of contacts per participant from the individual survey data is count data type and
independent then Poisson, negative binomial and zero-inflated negative binomial regression
will be fitted and compared (Mossong et al. 2008, Hens et al. 2009). Finally, the number of
contacts from household survey data is count data type and correlated since it is taken from
the same household, the extension of Poisson and negative binomial regression by including

random effects called hierarchical model will be fitted and compared.
3.1 Modeling Touching and Owning Status

From social contact survey data, participants were asked to fill their status of owning and
touching animals during the assigned day. Since participants who owned and touched animals
expected to have a higher chance to receive microbial pathogens causing different infectious
disease, owning and touching status of participants were modeled using two different logistic
regressions including different risk factors like number of contacts, age, gender, educational
level, household size, province of participants and etc. for both models.The essential step
under modeling was the decision of which risk factor has to be kept in the logistic regression
model has always been challenging. It is helpful first to study the effect on the outcome
variable of each predictor by itself using graphical presentation and contingency tables. Many
model selection procedures exist, no one of which is always best (Agresti 2002). Other
criteria besides significance tests can help select a good model in terms of estimating
quantities of interest. The best known is Akaike information criterion (AIC) which judges a
model of how close it fitted values tend to be true values, in terms of a certain expected
value. Akaike showed that a model that minimizes AIC is the optimal model that tends to
provide better estimates of certain characteristics of the true model, such as cell probabilities.

Therefore, AIC will be used for variable selection procedure in this paper.



AIC=-2(maximized log likelihood) + 2* (number of parameters in the model)

Let as assume here, owning status (Y;) is 1 if a participant owns an animal, otherwise 0 and
touching statues (Y;) is 1 if a participant touches an animal, otherwise 0. In logistic regression
the linear predictor and probability of success are related through logit link function. Given
that = (X;) = P (Y = 1|X = ;) is the probability of owning or touching animals with respective
to the type of response used given that predictor X=x; in the model.

logit(1(X;)) = Bo * Xo + By * Xy + B * Xp + -+ + By * X 1)
Where X, = 1, Xi = (X1, X, ...,Xk) are the explanatory variables and S,=intercept and pS; ,
B, ..., B are regression parameters for the effect of possible risk factors like age, gender,

education level etc.
3.2  Modeling Number of Contacts from Individual Survey Data

The response of interest under this section, i.e. the participant's number of contacts within a
day, is a count data type and a Poisson distribution seems a plausible assumption. However,
the Poisson distribution assumes equality of mean and variance that was a severe limitation of
Poisson models, a property that is rarely fulfilled in practice. Therefore, it was better to
consider the negative binomial distribution, which explicitly models over-dispersion, i.e. the

variance is allowed to be larger than the mean (Hens et al. 2009).

Often, over-dispersion is caused by an excess variation between response probabilities or
counts, possibly originating from omitting important explanatory predictors (Hilbe 2007,
Agresti, 2002). A mixture model is a flexible way to account for over dispersion. At a fixed
setting of the predictors used, given the mean ()), the distribution of number of contacts (Y) is
Poisson, but the mean itself varies according to some distribution. Suppose that given A, Y has
a Poisson distribution with mean A, and A has a gamma distribution, Gamma (k, p). The

gamma probability density function for A is

_ /W KA 41
1 ) = F()ep( )A , for A= 0 )
This gamma distribution has E(A) = u, var(A) = pu*2 / x. The parameter k>0 describes the
shape. The density is skewed to the right, but degrees of skewness decreases as k increases.
Marginally, the gamma mixture of the Poisson distributions yields the negative binomial

distribution for Y. Its probability mass function is given below (3)

PCY = yilk,p) = L9 (—)K( - —K) i,where y; =0,1,2, ... (3)

FIr(yj+1) “p+x



The negative binomial distribution has E(y;|x;) = u, Var(Y) = p+ p”2/k. The mean of y;

can be formulated using linear predictors (x;) with log link function, given as follows:

log(E(yilx)) = Bo + Bkxi 4
Where, B, is intercept; k=1, 2 ... number of predictors and B, 's are regression parameters.

The index k=1 is called the dispersion parameter. As k= close to zero, gamma distribution
has Var() close to zero and it converges to a distribution that has Var (Y) close to p and it
converges to the Poisson distribution with mean p. In order to handle post-stratification with
respect to age and household size, they are known factors to influence contact behavior,

individual observations weighted based on 2000, Belgium census data.

Hens et al. (2009) mentioned that empirical count data frequently not only characterized by
over-dispersion but also excess zeros. Zero-inflated count models provide a parsimonious yet
powerful way to model this type of situation. Such models assume that the data are a mixture
of two separate data generation processes: one generates only zeros, and the other is either a
Poisson or a negative binomial data-generating process. The result of a Bernoulli trial is used
to determine which of the two processes generates an observation. A standard negative
binomial model would not distinguish between these two processes, but a zero-inflated model
allows for this complication. The weighted negative binomial regression in (3) would be

contrasted with its zero-inflated (ZINB) version. The latter is found by replacing (3) by

m(z) + (1 — T[(Zi))P(Y = 0]x;) ify; =0
(1 - m(z)) P(Y = yilxy) ify; >0

The mean for y; with log link function and probability 7; with logit link function given as

Pu(Y =yilww) = { ©)

follows, respectively:

log(E(yilxi)) = Bo + Bxx; and logit(r(z)) = ap + az; (6)

Where = denotes the probability of the zeros-governing process and the P (Y=yilx;) denotes
the negative binomial density function in (3). Where, B, and a, are intercepts; k=1, 2 ...
number of predictors and B, 's and ay's are regression parameters. Note that the covariate
vector z; used to allow this probability to depend on covariates, which may differ from x;. If
=0, the zero-inflated negative binomial model simplifies to the negative binomial model.

Comparing different models and variable selection were done using AIC.



3.3 Modeling Number of Contacts from Household Survey Data

Let y;; be the number of contacts of the j™ participant from the i"" household where j=1,2, ...,
1344 and i=1,2,..., 342, and let X;; denote a corresponding covariate mentioned under table 1
like age, gender, household size and etc. The number of contacts from household survey data
is correlated count data. As mentioned in section 3.2, count data follow Poisson distribution,
which is the starting model, mostly encountered over dispersion problem. In order to capture
different sources of heterogeneity in the data like over dispersion, zero-inflation and
correlation among observations of the same household, the Poisson model extended to
different mixture models. Models for correlated over dispersed count data have been studied
well in the last decade (Dobbie and Welsh, 2001; Yau and Lee, 2001; Molenberghs et al.,
2007). On the one hand, marginal models accommodate correlated over dispersed data by
either ignoring the data dependency during estimation and, correcting afterwards through
robust sandwich estimates or by means of generalized estimating equations using the so-
called working correlation matrices into the model-fitting algorithm (Hall and Zhang, 2004;
Lee et al., 2006; Rose et al., 2006). On the other hand, it is intuitively also appealing to extend
the zero-inflated models with cluster/subject specific random effects to account

simultaneously for excess zeros and intra-cluster correlation among measurements.

In this study, negative binomial (see equation 4) and zero-inflated negative binomial (see
equation 6) regression models, respectively will be extended to hierarchical negative binomial
(HNB) and hierarchical zero-inflated negative binomial (HZINB) regression models by
including random effects (only random intercepts here), finally a model with minimum AIC
will be selected.

As discussed in Molenberghs et al. (2007, 2010), random effects can be applied to models for
over dispersed count data, for example, a random intercept can be introduced in the model for

the mean structure of the negative binomial model, leading to HNB.

Let b; random intercept assumed normally distributed with mean zero and variance a,% then
using log link function the expected of y;; given that x;; and b; in the model for HNB is given

using equation (7):

log (E(Yij|xij;bi)) = (Bo + bi) + Brxjj (7)

ZINB extended to HZINB for considering hierarchical/correlated data with the inclusion of

subject specific random effects in both components of equation 6. The mean for y;; with log

10



link function and mixture probability m;; with logit link function given under equation 8,

respectively:

log (E(Y1j|Xij;bi)) = (Bo + b;) + Bixij and logit(m;;(zij,a;)) = (a + a;) + ez (8)

Where, b;~N(0, 0,2) and a;~N(0, 6,2); z;j's are covariates, which may or may not be the
same with x;;; By and ay are intercepts; k=1,2,..., number of covariates and B, 's and ay's are

regression parameters. Lee et al. (2006) and Yau et al. (2003) use independent random effects
whereas in this study shared random effects used by assuming a; = cxb; for some

proportionality constant ¢, implying that 6,2 = c?*oy,2.

Notice: Household survey data was used only for fitting HNB and HZINB models.

11



4 Results

Under this section, first, exploratory data analysis are presented using summary measures and
plots of proportions that were obtained from a cross - tabulation of different variables versus
owning (see figure 1) and touching (see figure 2) status of participants with animals. Second,
two fitted logistic regressions for owning (see table 2) and touching (see table 3) status were
presented from individual survey data. Third, the number of contacts from individual survey
data is modeled and compared using Poisson, weighted negative binomial and zero-inflated
negative binomial regression. Finally, the number of contacts from household survey data is
analyzed using HNB and HZINB models, and compared. R-software used for analysis of
section 4.1, 4.2, 4.3 and 4.4 and SAS has been used for section 4.5.

4.1 Exploratory Data Analysis

In order to visualize the degree of touching and owning animals, the types of animals were
grouped into four categories — such as pets (including cat, dog and fish), livestock (including
horse, sheep, cow and pig), poultry (including chicken, turkey and pigeon) and other animals
(including animals which were not specified in the list). From 1768 participants, 503
participants close to 28.45 percent own cat, 437 participants close to 24.72 percent own dog
and 267 participants close to 15.05 percent own fish. As a result, the number of participants
who own pets is 905 almost 51.19 percent of the total participants. Additionally, 552
participants own only pets which is 31.22 percent of all participants (see table 6, 7, 8, 9 and
10 in appendix for detail). Besides owning status, participants asked to fill the questionnaire
about their touching status of animal. Based on this, 450 participants around 25.45 percent
touch cat; 491 participants around 27.77 percent touch dog and 6 participants around 0.34
percent touch fish. 812 participants touch pets around 45.93 percent of total participants and
693 participants touch only pets, who are almost 39.20 percent of the total participants.

Livestock are domesticated animals raised in agricultural site to produce commodities such as
food, fiber and labor including horse, sheep, cow and pig. Based on the social contact survey
data in this study, 264 participants close to 14.93 percent own horse, 21 participants close to
1.19 percent own sheep, 18 participants close to 1.02 percent own cow and 9 participants
close to 0.51 percent own pig. Among all participants, 82 participants close to 4.64 percent
own livestock and 5 participants close to 0.28 percent had only livestock. In addition, 32

participants close to 1.81 percent touch horse, 6 participants close to 0.34 percent touch sheep,
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10 participants close to 0.56 percent touch cow and 1 participant close to 0.06 percent touch
pig from total participants. In total, 45 participants touch livestock, which is around 2.55
percent of total participants. There are 5 participants who touch only livestock almost 0.28
percent of total participants (see table 6, 7, 8, 9 and 10 in appendix for detail). There is a
reduction in the number of participants, who touch livestock as compared to who own

livestock.

Furthermore, 53 participants close to 3.00 percent own chicken, 5 participants close to 0.28
percent own turkey, 23 participants close to 1.30 percent own pigeon and 326 participants
close to 18.44 percent own other animals. Along with owning status of poultry and other
animals, 29 participants close to 1.64 percent touch chicken, no participant touch turkey, 10
participants close to 0.56 percent touch pigeon, and 117 participants close to 6.62 percent
touch other animals. 706 participants have not owned and 852 participants have not touched
animals. Detail information about the number and proportion of participants who own and

touch different animals is presented (see table 6, 7, 8, 9 and 10 in appendix).

Figure 1: The proportion of participants who own animals over their age, gender, household

size, educational level and province
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Under figure 1, the name of the contingency table given at the top of each plot, a vertical bar
in each plot correspond to a particular category of a variable in the x-axis. The labels of the
variables have mentioned on the top of the corresponding vertical bar (see table 1 from
section 2.2 for labels of variables). In the y-axis, the owning status given with black color for

yes (1) and gray color for no (2).



Figure 2: The proportion of participants who touch animals versus age, gender, province,

educational status, owning status, weekday indicator and holiday variables
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Under figure 2, on the y-axis the touching status given with black color for yes (1) and gray
color for no (2), on the x-axis independent variables are given with labels of their category.
The labels of the variables are mentioned on the top of the corresponding vertical bar (see

table 1 from section 2.2 for labels of variables).

As we can see from figure 1, the proportion of participants who own animals is highly
pronounced under 6-11 years old participants. The proportion of participants who own
animals of 65+ years old participants is the lowest. The insight of getting non-significant
result between male and female participants on the owning status is very high. The proportion
of having animals is increasing as household size increases. The educational level and
province of participants are not showing clear insight about their significant effect on the

owning status.




Based on figure 2, age and owning status have shown clear insight about their effect on
touching status. The effect of gender, weekday indicator and holiday variables gives the
impression of non-significant result on touching status. However, the effect of household size

and educational level on touching status has no clear insight.

Chi-squared test for independence used to get an insight about the association of owning
status with age, gender, educational level, province and household size, and also touching
status with age, gender, educational level, owning status, province, household size, weekday
and holiday indicator variables. As expected from figure 1, the chi-square test (p-value<0.05
for all) gives the impression that age, household size and educational level of participant will
be important variable for modeling owning status. Nevertheless, gender and province of a
participant have no significant effect on owning status based on the chi-square test.
Furthermore, age, household size, educational level and owning status of participants have
shown significant effect on touching status (p-value<0.05 for all) whereas, gender, province,
weekday and holiday indicator variables are not significant. Like any significance test, chi-
squared tests of independence have limited usefulness. A small P-value indicates strong
evidence of association but provides little information about the nature or strength of the
association (Agresti, 2002). Therefore, two multiple logistic regressions had fitted in the next
subsections in order to overcome some of the gaps, which are not answered by chi-square test
and figure 1 and 2.

4.2  Modeling Owning Status

The owning status of participants taken as dichotomized outcome variable (i.e. Yes/no) after
excluding 12 (0.68%) observations with missing category of owning status. Given this
outcome, a multiple logistic regression was fitted with covariates — such as the number of
contacts, age, gender, educational level, province and household size. The model selection
was done based on AIC providing that possible two-way interactions in the model. A model
with the minimum AIC of 2200 was chosen as final model and summarized under table 2
including age, household size and educational level. Given the final model, the residual
deviance and Pearson residuals divided by residual degree of freedom are close to one
indicating that the model had a good fit. Additionally, Hosmer Lemshow goodness of fit test

gives p-value=0.55 suggesting that there is no evidence to reject the model.
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Table 2: Parameter estimates, standard error and odds ratio with 95% confidence interval of

logistic regression for owning status

Covariate Category Parameter estimate OR 95% CI OR
(S.E) [Lower : upper]
Age 0-5 years 1.00
6-11 years 0.85 (0.27) 2.34 [1.38:3.94]
12-17 years 0.49 (0.32) 1.63 [0.86 : 3.07]
18-44 years 0.54 (0.18) 1.71 [1.19: 2.46]
45-64 years 0.52 (0.20) 1.69 [1.13:2.52]
65 + years -0.50 (0.32) 0.61 [0.32:1.14]
Household size 1 1.00
2 0.76 (0.24) 2.15 [1.35:3.43]
3 1.23 (0.24) 3.42 [2.12:5.51]
4 1.45 (0.24) 4.25 [2.64 : 6.83]
5 and above 1.49 (0.27) 4.45 [2.62 : 7.58]
Missing 0.56 (0.31) 1.75 [0.95: 3.23]
Educational level Higher education 1.00
Secondary education 0.48 (0.11) 1.62 [1.30:2.02]
Primary school 0.38 (0.23) 1.46 [0.94:2.27]
No education 0.78 (0.70) 2.18 [0.55: 8.63]
Missing 0.36 (0.56) 1.43 [0.48: 4.27]

e Intercept =-1.19 (S.E=0.28). Where, OR = odds ratio and S.E= standard error

From table 2, the relative odds of owning animals for (6-11) years of age participants was
higher than other age group participants reference to (0-5) years of age participants, which is
significantly different from one. For elderly participants (i.e. 65 years and above), the chance
of owning animals on the logit scale decreased by 0.5 units controlling other variables in the
model. However, the odds of owning animals under (12-17) years and 65 and above years of
age group participants was not significantly different from (0-5) years of age participants. The
relative odds of having animals is increasing when household size is also increasing in
reference to participants with one household size. Controlling other covariates, the odds of
having animals for participants under secondary education is 1.62 times than the odds of
having animals for participants under higher education. The odds ratio of having animals for
secondary education relative to higher education is significantly different from one whereas

the primary education and no education levels are not significant.
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4.3  Modeling Touching Status

The second multiple logistic regression was performed using touching status of participants as
dichotomized outcome variable (i.e. Yes/no) after excluding 44(2.49%) observations with
missing category of touching status, and including covariates — such as the number of
contacts, age, gender, educational level, province, household size, owning status, week day
indicator and holiday variables. The model selection was done based on AIC providing that
possible two-way interactions in the model. A model with minimum AIC of 1641 chosen as
final model including age, educational level and owning status, summarized under table 3. In
the final model, both residual deviance and Pearson residual divided by residual degree of
freedom become close to one and Hosmer Lemshow goodness of fit test give p-value=0.26

indicating that no evidence to reject the model.

Table 3: Parameter estimates, standard errors and odds ratio with 95% confidence interval of

logistic regression for touching status

Covariate Category Parameter OR 95%  Confidence
Estimate (S.E) Interval for OR
Age 0-5 years 1.00
6-11 years -0.20 (0.28) 0.82 [0.47 : 1.43]
12-17 years 0.23 (0.36) 1.26 [0.62 : 2.55]
18-44 years 0.62 (0.22) 1.85 [1.21:2.85]
45-64 years 0.52 (0.23) 1.69 [1.07 : 2.65]
65 + years -0.16 (0.27) 0.85 [0.50: 1.45]
Educational level Higher education 1.00
Secondary education 0.41 (0.13) 151 [1.16 : 1.96]
Primary school 0.10 (0.27) 111 [0.65:1.89]
No education 0.80 (0.91) 2.22 [0.38:13.15]
Missing 0.15 (0.73) 1.16 [0.28 : 4.84]
Owning status Yes 1.00
No -3.07 (0.14) 0.05 [0.04 0.06]

e Intercept = 0.60 (S.E=0.198), where, OR=0ddSs ratio and S.E= standard error

Under table 3, the logistic regression with dichotomous touching status of participants is
summarized using odds ratio of touching animals given three covariates — such as age,
educational level and owning status of participants. The odds of touching animals for (18-44)
and (45-64) years of age participants relative to the odds of touching animals for (0-5) years
of age participants is higher than the other age group participants. In addition, the odds ratio
of touching animals for (6-11), (12-17), and 65 and above years old participants relative to

(0-5) years of age participants was not significantly different from one. The relative odds of
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touching animals for all educational levels of participants in reference to higher education was
higher than one. However, the odds ratio of touching animals for participants under secondary
education referencing participants under higher education is the only educational level that
gives significant result. The probability of touching animals given a participant own animal
was 0.65 after controlling the level of other covariates at their reference group in the model.

This showed that a participant who own animals has higher chance to touch animals.

4.4 Modeling Number of Contacts from Individual Survey Data

Under this section, the number of contacts — that is count data type modeled using Poisson
regression assuming a data without over-dispersion, negative binomial (NB) regression with
over-dispersion parameter and zero-inflated negative binomial (ZINB) regression assuming a
data with over-dispersion and excesses zero counts. The Poisson regression model assumes
that the data are equally dispersed, which means the conditional variance equals the
conditional mean. The Poisson model has been criticized for its restrictive property that the
conditional variance equals the conditional mean. In real life, count data characterized by
over-dispersion — that is, the variance exceeds the mean. The negative binomial regression
model is a generalization of the Poisson regression model that allows for over-dispersion by

introducing an unobserved heterogeneity term for each observation.

Figure 3: The observed number of contacts on histogram (see grey color) and Poisson
approximation (see red color)
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Figure 3 provides an insight about over dispersion since the Poisson approximation for
number of contacts by their sample mean (see red dashed line) deviates from the observed
number of contacts. The mean and variance for the number of contacts was 13.47 and 116.78,
respectively— suggesting that the data had over-dispersion since the sample variance was very
large as compared to the mean. Based on this insight, negative binomial regression model was
used for variable selection — given that age, gender, educational level, household size,
touching status, owning status, province, holiday and weekday indicator of participants,
including possible two-way interactions in the model. Model selection (variable selection in
regression is a special case) is a bias versus a variance tradeoff, and this is the statistical
principle of parsimony. Inference under models with too few parameters or variables can be
biased, while with models having too many parameters or variables, there may be poor
precision or identification of effects that are, in fact, spurious. These considerations call for a
balance between under and over fitted models—the so-called model selection problem
(Forster 2000). The variable selection was done using AIC. A model, which contains age,
household size, educational level, owning status, province, weekday indicator, holiday
indicator, and interaction effect of owning status and weekday indicator, was selected with
minimum AIC of 12115.

After having the selected variables, Poisson regression, NB and ZINB were fitted and
compared using AIC. The over dispersion parameter is significant since its 95% CI [2.18:
2.55] is not including O (see table 4). Therefore, it is plausible to use the negative binomial
distribution than Poisson distribution. There are 16 (0.90%) participants without contact with
anyone on the assigned day, which is the number of contacts was zero for these participants.
The model comparison confirmed by the minimum AIC — such that the AIC for Poisson, NB
and ZINB was 18358, 12115 and 12117, respectively. The AIC values for NB and ZINB are
close to each other likewise the curves for NB and ZINB predicted number of contacts are
close to the actual data where as Poisson prediction deviate from the data (see figure 4 in
appendix). Therefore, the most parsimonious weighted negative binomial regression fitted and
summarized under table 4 to look at the effect of covariates on the number of contacts.

As we can see from table 4, participants aged from (6 -11) and (12-17) years had the highest
observed mean for the number of contacts , while participants aged from 65 years and above
had the lowest observed mean for the number of contacts. After building negative binomial
regression, the highest relative number of contacts was under participants aged (12-17) years

while the lowest was under participants aged from 65 years and above relative to (0-5) years
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of age participants. The relative number of contacts with 65 and above years old participants
was significantly different and below 1.00 — implying that the number of contacts for 65 and
above years old participants is lower than for (0-5) years old participants. Given the results
under table 4, the larger average number of contacts from the observed data is belonging to
the larger household size. This has been confirmed from the result of negative binomial
regression using a relative number of contacts, as a result, the relative number of contacts for
participants with three, four and five and above household size relative to participants with

one household size is significantly different and above one.

Moreover, the average number of contacts from observed data was falling down when
educational level of the participants was decreasing from higher education to no education.
After taking participants with higher education as reference, the relative number of contacts
for participants with secondary education, primary school and no education is significantly
different and below one. The effect of owning status of participants on the number of contacts
will depend on the level of weekday indicator (i.e. Week or weekend days). The relative
number of contacts for participants who do not own animals relative to participants who own
animals was 0.81 during the weekend days, after controlling other covariates. Limburg
showed the largest average and relative number of contacts between people relative to
Antwerp than other provinces. In addition, the average and relative number of contacts during
the holidays was lower than regular days.
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Table 4: Observed mean and standard deviation (S.D) for the number of contacts: estimated

relative number of contacts (RNC) with 95% confidence interval (CI) from weighted negative

binomial regression

Covariates Category Mean (S.D) RNC 95% CI for RNC
[Lower : Upper]

Age 0-5 years 13.79 (11.40) 1.00

6-11 years 20.41 (13.06) 1.42 [1.18 :1.71]

12-17 years 19.59 (15.03) 1.57 [1.28 :1.92]

18-44 years 13.90 (10.11) 1.08 [0.93 :1.25]

45-64 years 12.86 (9.85) 1.02 [0.87 :1.19]

65 + years 8.72  (8.10) 0.65 [0.52 : 0.81]
Household size 1 10.69 (8.61) 1.00

2 12.71 (9.53) 1.14 [0.98 :1.32]

3 13.64 (9.75) 1.24 [1.07 :1.44]

4 1595 (11.99) 1.36 [1.17 :1.58]

5+ 18.06 (12.30) 1.52 [1.29 :1.78]

Missing 9.04 (8.72) 1.39 [1.14 :1.68]
Educational level Higher education 14.73 (11.25) 1.00

Secondary education 12,70 (10.17) 0.87 [0.81 :0.94]

Primary school 1153 (10.81) 0.78 [0.67 :0.90]

No education 550 (5.91) 0.46 [0.28 :0.78]

Missing 14.38 (14.40) 1.04 [0.74 :1.49]
Owning Status Yes 14.30 (11.19) 1.00

No 12.28 (10.09) 0.81 [0.70 :0.93]
Province Antwerp 12.76  (9.92) 1.00

Limburg 14.80 (11.68) 1.27 [1.14 :1.42]

East-Vlaanderen 13.38 (10.51) 1.02 [0.93 :1.13]

Flemish-Brabant 13.61 (11.28) 1.05 [0.94 :1.17]

West-Vlaanderen 13.92 (11.33) 1.14 [1.03 :1.26]

Missing 5.07 (4.75) 0.61 [0.40 : 0.96]
Weekday indicator Weekend day 12.40 (10.69) 1.00

Week day 13.84 (10.82) 0.99 [0.90 :1.10]
Holiday indicator Regular day 13.73 (10.93) 1.00

Holiday 9.93 (7.93) 0.82 [0.71 :0.95]
Owning:  weekday No : Weekday 12.77 (10.23) 121 [1.03 :1.42
indicator*

e  Estimate of intercept is 2.34 with standard error of 0.094

e  Estimate of dispersion parameter is 2.37 and standard error is 0.094 with 95% confidence interval of [2.18 : 2.55]

e  *indicates interaction between two covariates
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45  Modeling Number of Contacts from Household Survey Data

The number of contacts from household survey data are correlated each other since
observations are clustered in the same household. The mean and variance for the number of
contacts from household survey data was 15.66 and 125.89, respectively, in which the data
showed sense of over-dispersion since the sample variance was very large as compared to the
mean. There are 6 participants with zero number of contacts; their coverage is 0.45 percent
from 1344 participants. Both HNB and HZINB were fitted within the maximum likelihood
framework using the SAS procedure NLMIXED. Variable selection was based on AIC and
using HNB model; moreover, HNB and HZINB were compared based on AIC. Initial values
were obtained from ZINB for intercept and regression parameters of both component of
HZINB (see equation 6) and the initial value for the variance of random intercept was
obtained from HNB using SAS procedure GLIMMIX. Estimation was done by maximum
likelihood framework using Adaptive Gaussian Quadrature. After imposing different
combination of age, gender, educational level, province, household size, owning status,
touching status, weekday indicator and holiday indicator explanatory variables with possible
two-way interactions in HNB model, a model with age, household size, owning status,
weekday indicator, holiday indicator and interaction effect between owning status and
weekday indicator has a minimum AIC (i.e. 9334). The AIC for HZINB using the selected
variables was 9332. Both models have very closed AIC but HZINB had smaller AIC than
HNB, therefore, HZINB is used for further discussion about the effect of explanatory

variables.

There was no a single covariate plays a role in explaining the model for mixture probability
m;; (see table 5). Therefore, the logit component of HZINB modeled only using averaged
intercept (o, ) and random intercept (a;). In the log scale component of HZINB, age,
household size, owning status, weekday indicator, holiday indicator, and interaction between
owning status and weekday indicator variables were important to model the correlated
number of contacts. However, there was no significant evidence to support the effect of
gender, province and educational level on the number of contacts. In order to interpret the
regression parameters under HZINB, it is necessary to condition on b;. The expected number
of contacts on the log-scale will for 45-64 years old participant in reference to 0-5 years of
age participant conditional on b; is not significant. However, the expected number of contacts
on the log-scale for 6-11 years, 12-17 years and 18-44 years old participant in reference to 0-5

years old participant is significant, given that b;.

22



Table 5: Parameter estimates standard errors (SE) and 95% confidence interval (CI) of zero-

inflated negative binomial with shared random effects (HZINB) model.

Model for log (E(yij |Xij’ bi))

Effect (reference) Estimate (SE) 95% ClI
[Lower : Upper]

Intercept (B,) 2.26 (0.18) [1.90 :2.62]

Age (0-5 years)

6-11 years 0.19 (0.05) [0.08 : 0.29]

12-17 years 0.17 (0.06) [0.05 : 0.29]

18-44 years 0.11 (0.04) [0.02 : 0.20]

45-64 years -0.01 (0.07) [-0.15 :0.12]

Household size (2)

3 0.07 (0.18) [-0.28 :0.42]

4 0.14 (0.17) [-0.20 :0.48]

5+ 0.37 (0.18) [0.02 :0.72]

Owning-status (Yes)

No -0.30 (0.11) [-0.51 :-0.08]

Missing -0.71 (0.43) [-1.57 :0.14]

Weekday-Indicator (Weekend days)

Weekday 0.15 (0.08) [-0.001 : 0.30]

Holiday-Indicator (Regular days)

Holiday -0.53 (0.28) [-1.07 :0.01]

Owning-status x Weekday-Indicator

No : Weekday 0.27 (0.13) [0.02 :0.53]

Missing : Weekday 0.92 (0.50) [-0.06 :1.90]

Dispersion (k™) 0.16 (0.01)

Variance of b; (o,2) 0.21 (0.02)

Proportionality factor (c) 1.14 (2.96)

Model for IOglt(T[U (Zi]'! ai))

Intercept (ay) -6.98 (1.38) [-9.70 :-4.26]

In the same fashion with the result obtained from individual survey data, the number of
contacts increased with the increase in the household size conditional on b; in HZINB model.
Besides, the effect of owning animals on the number of contacts from household survey data
depends on the level of weekday indicator, like in the individual survey data. People have less

contact during holidays as compared to regular days.
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5 Discussion

Infectious diseases can be considered to spread over social networks of people or animals. To
mitigate their spreading we need to understand microbial pathogens, social and behavioral
factors and the social structure of infection. Pathogens can be transmitted from one host to the
other through airborne, direct or indirect physical contact, contaminated food or water, sexual
contact or vector borne etc. Social contact survey has proved an indispensable approach for
understanding epidemics of infectious disease (Masuda et al. 2013). Recruitment for social
contact surveys is difficult because participants must be willing to give information about
their social behavior. The contact survey conducted as part of this study as well required
participants to complete a survey anonymously, without changing their usual behavior. When
conducting a survey, having a representative sample of the population is of paramount
importance, as a result, post-stratification adjusted weights were used to compensate for

having representative sample.

Like people, animals also carry germs and viruses which can pass from animals to humans
called zoonotic illnesses like HIV-AIDS and avian influenza virus. In this study, almost half
of the participants own or touch pets. People derive a lot of joy and solace from their pets.
Even though, pets also carry certain bacteria, viruses, parasites, and fungi that can cause
illness if transmitted to humans. However, not all illnesses are transmitted to humans which
are common among house pets such as: distemper, canine parvovirus, and heartworms.
Humans got these animals-borne diseases when they are bitten or scratched or have contact
with an animal's waste, saliva, or dander. Besides pets, people own and touch livestock,
poultry and other animals which could carry different transmissible pathogens that cause
illness in humans. Estimating transmission parameter and the basic reproduction number in
mathematical models is the crucial step for modeling the spread of zoonotic illnesses even it

is hard to determine animal-human interactions easily.

In this study, different factors assessed for owning status, touching status and number of
contacts between people that could enable transmission of different pathogens from animals
to humans. The chance of owning and touching animals for 65 and above years old
participants is lower than participants with other age levels. This result is strange because
people are connecting them with pets as they grow older in reality of getting pleasure and to

boost their morale and optimism.
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However, participants aged from 18 up to 64 years have higher odds of touching animals; so,
they are highly exposed for zoonotic illnesses. The odds of owning animals is increasing with
the increase in household size but household size is not significant for touching status.
Participants who involve under higher education have the lowest chance to own and touch. As

expected, there is a higher chance to touch animals given that a person has owned animals.

Given the individual contact survey data, one person per household was recruited to take part.
As mentioned under data and survey method section, contact was defined in two ways in this
study: first, when a person has spoken in his/her presence in less than three meters with
someone and second, when a person had physical contact with someone. Both types of
contact could enable pathogen transmission by close contact. Based on this reasoning, the
number of contacts for each participant got focus in this study. As a result, the average and
relative number of contacts with (6 -11) and (12-17) years old participants were considerably
higher than other age group participants. As expected, pathogen transmission will be higher
for larger household size since the average and relative number of contacts is increasing with
the increase in household size. Educated people have higher social contact than people who
are illiterate. One of the most important findings of this study is that the effect of owning
status on the number of contacts between people. Consequently, the effect of owning animals
on the number of contacts depends on weekday indicator. The relative number of contacts for
participants who have not owned animals versus who have owned animals is below one
during weekend days. Considering provinces, the average and relative number of contacts in
Limburg are larger than Antwerp, East-Vlaanderen, Flemish-Barabant and West-VIaanderen.

People also show a higher number of contacts during regular days than holidays.

From the household contact survey data, there is no sufficient evidence to support effect of
gender, educational level and province on the correlated number of contacts. However, the
effect of age, household size, owning status, holiday indicator and interaction between
owning status and weekday indicator has shown important role on number of contacts in line

with the result from individual survey data.
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6 Conclusion

In summary, age, household size and educational level of participants had a significant effect
on owning animals, however, no evidence to support the effect of the number of contacts,
gender and province. In addition, touching status is explained by age, educational level and
owning status of participants while the number of contacts, household size, gender, province,
weekday and holiday indicator have not shown evidence to support their effect on touching
status. Finally, we observe a significant effect of age, household size, owning status, holiday
indicator and interaction between owning status and weekday indicator on the number of
contacts from both individual and household survey data. Educational level and province of a
participant plays important role on the number of contacts from individual survey data,
however, there is no supporting clue about the effect of both variables on the number of
contacts from household survey data. However, there is no evidence to support the effect of

gender on the number of contacts on both individual and household survey data.
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Appendix

Table 6: Categorical frequency distribution for possible combination of owning or touching
pets, livestock, poultry and other animals

Possibilities of either owning or Number (proportion) of Number (proportion) of
touching pets, lives stocks, poultry participants who owned participants who touched

and other animals animals animals

None of them 706  (39.93%) 850 (48.08%)
Pets only 552 (31.22%) 693 (39.20%)
Livestock only 5 (0.28%) 5 (0.28%)
Poultry only 40  (2.26%) 11 (0.62%)
Other only 66  (3.73%) 42 (2.38%)
Pets and livestock only 21 (1.19%) 28  (1.58%)
Pets and poultry only 84  (4.75%) 17 (0.96%)
Pets and other only 123 (6.96%) 59  (3.34%)
Livestock & poultry only 1 (0.06%) 0 (0.00%)
Livestock & other only 2 (0.11%) 1 (0.06%0)
Poultry & other only 28  (1.58%) 3 (0.17%)
Pets, livestock & poultry only 21 (1.19%) 3 (0.17%)
Pets, livestock & other only 9 (0.51%) 8 (0.45%)
Pets, poultry & other only 75 (4.24%) 4 (0.23%)
Livestock, poultry & other only 3 (0.17%) 0 (0.00%)
All of them 20  (1.13%) 0 (0.00%)
Missing 12 (0.68%) 44 (2.49%)

Table 7: The number and proportion of participants who owned cat, dog, horse, chicken,
turkey, sheep, pigeon, pig, cow, fish, and other animals

Animals Number (proportion) of participants owning animals
No Yes Missing

Cat 1253 (70.87%) 503 (28.45%) 12 (0.68%)
Dog 1319 (74.60%) 437  (24.72%) 12 (0.68%)
Horse 1703  (96.32%) 53  (3.00%) 12 (0.68%)
Chicken 1492  (84.39%) 264  (14.93%) 12 (0.68%)
Turkey 1751  (99.04%) 5 (0.28%) 12 (0.68%)
Sheep 1735 (98.13%) 21 (1.19%) 12 (0.68%)
Pigeon 1733 (98.02%) 23 (1.30%) 12 (0.68%)
Pig 1747  (98.81%) 9 (0.51%) 12 (0.68%)
Cow 1738  (98.30%) 18 (1.02%) 12 (0.68%)
Fish 1490 (84.27%) 267 (15.05%) 12 (0.68%)
Other 1430 (80.88%) 326  (18.44%) 12 (0.68%)
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Table 8: The number and proportion of participants who owned pets, livestock, poultry and
other animals

Number (proportion) of participants owning animals

No Yes Missing
Pets 851 (48.13%) 905 (51.19%) 12 (0.68%)
Livestock 1674 (94.68%) 82 (4.64%) 12 (0.68%)
Poultry 1484 (83.94%) 272 (15.38%) 12 (0.68%)
Other 1430 (80.88%) 326 (18.44%) 12 (0.68%)

Table 9: The number and proportion of participants who touched cat, dog, horse, chicken,
turkey, sheep, pigeon, pig, cow, fish and other animals

Number(proportion) of participants touching animals

No Yes Missing
Cat 1274 (72.06%) 450 (25.45%) 44 (2.49%)
Dog 1233  (69.74%) 491 (27.77%) 44 (2.49%)
Horse 1692  (95.70%) 32 (1.81%) 44 (2.49%)
Chicken 1695 (95.87%) 29 (1.64%) 44 (2.49%)
Turkey 1724 (97.51%) 0  (0.00%) 44 (2.49%)
Sheep 1718  (97.17%) 6  (0.34%) 44 (2.49%)
Pigeon 1714 (96.95%) 10 (0.56%) 44 (2.49%)
Pig 1723  (97.45%) 1 (0.06%) 44 (2.49%)
Cow 1714 (96.95%) 10 (0.56%) 44 (2.49%)
Fish 1718  (97.17%) 6  (0.34%) 44 (2.49%)
Other 1610 (90.89%) 117 (6.62%) 44 (2.49%)

Table 10: The number and proportion of participants who touched pets, livestock, poultry,
and, other animals

Number of participants touching animals (proportion)

No Yes Missing
Pets 912  (51.58%) 812 (45.93%) 44 (2.49%)
Livestock 1679 (94.97%) 45  (2.55%) 44 (2.49%)
Poultry 1686 (95.36%) 38  (2.15%) 44 (2.49%)
Other 1607 (90.89%) 117 (6.62%) 44 (2.49%)
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Figure 4: The observed number of contacts on a histogram and predicted number of contacts
on Poisson (see black color), negative binomial (see red color) and zero-inflated negative
binomial (see green color) regression curves
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Figure 5: The observed number of contacts on a histogram and predicted number of contacts
on hierarchical negative binomial (see red color) and hierarchical zero-inflated negative
binomial (see green color) regression curves
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Table 11: Summary of logistic regression for owning status including all covariates and
possible two-way interactions

Coefficients Parameter Standard Z-value P-value
Estimate  Error
Intercept -1.52 0.36 -4.253 2.11E-05 ***
Number of contacts (Count) 0.02 0.02 1.057 0.29029
Age:6-11 years 1.18 0.48 2.467 0.01364 *
Age:12-17 years 1.09 0.53 2.072 0.03831 *
Age:18-44 years 0.67 0.30 2.223 0.02623 *
Age:45-64 years 0.43 0.32 1.339 0.18068
Age:65 + years -0.18 0.41 -0.444 0.65685
Gender: male 0.10 0.11 0.937 0.34857
Household size :2 0.74 0.24 3.076 0.00209 **
Household size :3 1.20 0.25 4.871 1.11E-06 ***
Household size :4 1.39 0.25 5.693 1.25E-08 ***
Household size :5+ 1.43 0.28 5.214 1.84E-Q7 ***
Household size :missing 0.58 0.32 1.831 0.06715
Education: Secondary 0.53 0.12 4.564 5.02E-06 ***
Education: Primary school 0.39 0.23 1.718 0.08579
Education: No education 0.93 0.71 1.300 0.19346
Education: Missing 0.50 0.57 0.890 0.37366
Province: Limburg -0.09 0.17 -0.570 0.56897
Province: East-Vlaanderen 0.28 0.15 1.922 0.05463
Province: Flemish-Brabant 0.25 0.17 1.454 0.14595
Province: West-Vlaanderen 0.12 0.16 0.754 0.45068
Province: Missing 1.03 0.58 1.789 0.07354
Age (6-11 years): count -0.02 0.02 -0.968 0.33326
Age (12-17 years): count -0.03 0.02 -1.531 0.12565
Age (18-44 years): count -0.01 0.02 -0.672 0.50168
Age (45-64 years): count 0.01 0.02 0.334 0.73861
Age (65 + years): count -0.04 0.02 -1.812 0.06991
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Table 12: Summary of logistic regression for touching status including all covariates and

possible two-way interactions

Coefficients Parameter  Standard Z-value P-value
Estimate Error
Intercept 1.34 0.47 2.87 0.00410 **
Number of contacts (Count) -0.003 0.006 -0.43 0.66681
Age:6-11 years -0.16 0.29 -0.56 0.57743
Age:12-17 years 0.22 0.37 0.60 0.54558
Age:18-44 years 0.58 0.23 2.50 0.01235 *
Age:45-64 years 0.56 0.25 2.20 0.02755 *
Age:65 + years 0.57 0.42 1.35 0.17583
Gender: male -0.68 0.56 -1.22 0.22144
Household size :2 -0.20 0.42 -0.48 0.63263
Household size :3 -0.46 0.42 -1.09 0.27718
Household size :4 -0.40 0.42 -0.96 0.33766
Household size :5+ -0.36 0.46 -0.78 0.43594
Household size : missing -1.36 0.51 -2.67 0.00759 **
Education: Secondary 0.43 0.14 3.09 0.00198 **
Education: Primary school 0.13 0.29 0.437 0.66223
Education: No education 0.99 0.89 1.10 0.27013
Education: Missing 0.30 0.73 0.41 0.68010
Owning status: No -3.11 0.15 -21.27 < 2E-16 ***
Province: Limburg -0.22 0.21 -1.08 0.28099
Province: East-Vlaanderen -0.13 0.18 -0.72 0.47209
Province: Flemish-Brabant -0.06 0.20 -0.28 0.77805
Province: West-Vlaanderen -0.11 0.19 -0.58 0.55967
Province: Missing 0.09 0.72 0.13 0.89636
Weekday indicator: weekday -0.21 0.15 -1.38 0.16902
Holiday indicator: holiday -0.12 0.27 -0.44 0.65967
Gender(male): Household size (2) 0.50 0.64 0.78 0.43430
Gender(male): Household size (3) 0.69 0.63 1.09 0.27401
Gender(male): Household size (4) 0.68 0.61 111 0.26838
Gender(male): Household size (5+) 0.35 0.65 0.54 0.59189
Gender(male):Household-size (missing) 0.99 0.64 1.55 0.12151
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Table 13: Summary of weighted negative binomial regression for the number of contacts
including all covariates and possible two-way interactions

Coefficients Parameter ~ Standard  Z-value P-value
Estimate Error
Intercept 2.35 0.11 20.91 < 2E-16***
Age:6-11 years 0.35 0.09 3.69 0.000226***
Age:12-17 years 0.45 0.10 4.42 9.85E-06***
Age:18-44 years 0.07 0.07 0.97 0.330576
Age:45-64 years 0.01 0.08 0.17 0.863984
Age:65 + years -0.43 0.10 -4.16 3.17E-05***
Gender: male -0.03 0.04 -0.75 0.452345
Household size :2 0.13 0.08 1.72 0.086183
Household size :3 0.21 0.08 2.80 0.005072**
Household size :4 0.31 0.08 4.05 5.13E-05***
Household size :5+ 0.42 0.08 5.12 3.09E-Q7***
Household size :missing 0.32 0.09 3.47 0.000520***
Education: Secondary -0.14 0.04 -3.62 0.000292***
Education: Primary school -0.26 0.07 -3.61 0.000301***
Education: No education -0.77 0.26 -3.01 0.002655**
Education: Missing 0.04 0.18 0.21 0.831665
Owning status: No -0.21 0.072 -2.94 0.003283**
Province: Limburg 0.24 0.06 4.33 1.47E-Q5***
Province: East-Vlaanderen 0.02 0.05 0.46 0.645889
Province: Flemish-Brabant 0.05 0.06 0.82 0.410808
Province: West-Vlaanderen 0.13 0.05 2.59 0.009739**
Province: Missing -0.50 0.22 -2.26 0.023850 *
Weekday indicator: weekday -0.005 0.05 -0.09 0.931204
Holiday indicator: holiday -0.20 0.08 -2.66 0.007857**
Owning status (No):
Weekday indicator (weekdays) 0.19 0.08 2.37 0.017919*
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