S1 Text. Model formulation

We considered a respondent-driven recruitment process,and modelled it as a multi-type discrete time
branching process. The process can be described as follows. Let W denote the wave, i.e., the number of steps
the branchingprocess has completed up until that moment. At each wave, there arerecruiters that will invite
new individuals. By definition, we let the process startfrom W = 0. Inthis initial wave, we sampleindividuals
from the population,and usethem as seeds to initiatethe recruitment process (i.e., seeds are the initial
recruiters).Each seed caninvitea number of individualsto join the study, after which then eachinvitee may
decide to acceptthe invitation or not. Those that accept, the so-called ‘recruitees’, form wave W=1 and may
then proceed to invite new individuals. Those new recruitees will end up inwave W = 2. This recruitment
processis repeated until wave W = w,,,,. Inour model, w,,,, was determined either by extinction of the

process or by if the total number of recruitees exceeded a given bound N; set to 1000 recruitees.
The branchingprocess depended on the followingfactors:

e The characteristics R of the recruiters. The recruiters and their recruitees come from a heterogeneous
population,i.e., a population containing individuals with different characteristics. In general, a
participanti ischaracterized by a vector R; = (R;y, ..., Rig), where R;y, ..., R;, are g covariates for
participanti.Inour simulation model, we consider covariates in the form of sex, age groups and
education level (as categorical variables).Sex included two categories (females, males), age groups
three categories (0-39 years, 40-59 years, and 60 years and older) and educational level two categories
(lower than academic education and academic education).

e The maximum number of invitations per recruiter ¢ (c = 0,1, ...).c is a constantthatis equal for all
recruiters and for all waves.

e The number of invitations sent out per recruiter ] (j = 0,1, ..., c). The number of invitations isa
random variable thattakes values between 0 and the maximum c. The number of invitations depends
on sex, age and education of the recruiter.

e The number of accepted invitations per recruiter M (m = 0,1, ..., j). The number of accepted
invitations isa randomyvariablethattakes values between 0 and the number of invitations j.The
number of invitations accepted depends on sex, age and education of the recruiter.

e The characteristics R of the recruitees. The characteristics of recruitees in wave W are dependent on
the characteristics of the recruiterin W - 1 to reflect correlations between recruiter —recruitee pairs in

their characteristics, butassumingindependence of the three characteristics.

Inthis study, we assume that the number of invitations sentby recruiter i, the accepted number of invitations
for recruiter i and the characteristics of the recruitees aredetermined by the recruiter characteristics R; (see
“The characteristics of the recruitees” below). In practice, the number of accepted invitations likely also
depends on the characteristics of thoseinvited. However, no data on all invitees were currently availablein the
data set [1, 2], so we made the simplifyingassumption thatthe accepted number of invitations depends on the

recruiter characteristics only.



The number of invitations successfully sent out
We assumed that the number of invitations J; for recruiter i follows a beta-binomial distribution with

parameters a and 8 that depend on R; of recruiter i:

Ji~Betabin (aRi,ﬁRi). (1)

The rationalefor a beta-binomial distributionisthatitis capable of reproducing bimodal distributions that
were observed inthe data: the most frequently observed number of invitations occurred atzero and at the
maximum value c, with any number of invitations in between occurring much less often. The corresponding

probability density functionis given by:
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where B is the beta function. The expected valueof J; (which is comparableto the reproduction number of the

branchingprocess ifallinvitationsareaccepted)is:
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The number of invitations accepted
Given that j invitations were sent, the number of invitations accepted M; for recruiter i is assumed to follow a

binomial distribution:

M;~Bin(j, pg,), 4

where the parameter PR, that describes the probability of acceptation,is dependent on the characteristics of

the recruiter R;. The probability density function and expected valueof M; respectivelyare given by:
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The probability thatrecruiter i recruited m individualsinto the sampleis given by:
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The expected number of recruitees recruited by recruiter / with characteristicR;is then given by:
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Let Ny, be the number of recruiters inwave W. The expected number of recruitees inwave W + 1, Ny, 4, is

given by:
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The characteristics of the recruitees

The characteristics of R, of a recruitee k belonging to recruiter i areassumed to be dependent on the
characteristics of i. Ideally, we would use the joint probability distribution P(Ryy = g1, -, Rigg = Tikqg | R)
to characterizethis relationship. The available data were however not enough to estimate this jointdistribution
with sufficient precision; many covariatecombinations (Ryy = %ikq, s Rigg = Tigq) hadtoofew, or even no,
observations. To constructa crediblejoint probability distribution, we assumethat the probability distribution

of each covariateare mutuallyindependent:

q
P(Ryaq = Tig1s o Rigg = Tiq | Ri) = HP(Rikt =7 | Ry, (10)
t=1
where P(R;,, = 7 | R;) is the probability distribution of covariate R, and can be estimated

straightforwardly fromthe data. Since we only have three covariates in our study, this equation reduces to:

P(Sex = sy, Agey = ay, Education;, =ey | R;) = P(Sexy = sy, | Ri) X

P(Agey, = a; | R) x P(Educationy = ey |R;) (11)

Influenza vaccine belief

As anillustration of the applicability of the simulation model, we added influenza vaccinebelief as a categorical
variableto the model. Hereby we assumed that vaccinebeliefs are determined by individual characteristics and
do not influencethe recruitment process, i.e., recruiters do not inviterecruitees with a specificvaccinebelief. A
logistic regression model was used to estimate the probability ofanindividual, with a certain sex, age and
educational level, of havinga positive or negative beliefabout the influenza vaccine (see supplementary S4-S6
Tables). Vaccinebeliefs of individuals were determined based on randomdraws from the estimated probability

distributions, where the probability distributions depended on the sex, age and educational level of individuals.
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