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ABSTRACT

Objective: To quantitatively investigate the motivations, decision-making and experience of 
participants in controlled human infection studies. 
Design: Cross-sectional descriptive survey study.
Setting: Previous participants of controlled human infection studies at the Leiden Controlled Human 
Infection Center, control group of students from Leiden University.
Participants: 61 previous participants and 156 controls.
Measurements: Ranking of motivational and decisional factors, risk-propensity score and multiple-
choice questions on experience of trial participation and ethical aspects of controlled human 
infection studies. 
Results: Motivating factors for participants were contributing to science (80%), contributing to 
research that may benefit developing countries (72%) and the financial compensation (62%). For 
51% of participants a reason other than financial compensation was the most important 
motivational factor. Participants considered trust in the study team (70%), time investment (62%), 
severity of symptoms (52%), chance of developing symptoms (52%) and whether it is an easy way to 
make money (52%) in their decision to participate. Most controlled human infection participants 
(84%) were proud of their participation, would advise others to participate (89%) and would 
participate in a similar trial again (85%). Controlled human infection participants had a higher risk 
propensity score than students (4.37 vs 3.5, p<0.001). 
Conclusions: Although financial compensation is important, the motivations for participants in a 
controlled human infection study are diverse and participants make a balanced appraisal of risks and 
burden before participating.

Word count: 223 words

Article summary/strengths and limitations:
- First quantitative study on motivations and experiences of participants in controlled human 

infection studies
- Included multiple controlled human infection models with a relatively large group of 

participants, increasing generalizability
- Answers may have been biased by recall or social desirability
- Control group high percentage of missing answers on questionnaires, although all questions 

were answered by at least 85% of controls

Funding statement: This research received no specific grant from any funding agency in the public, 
commercial or non-for-profit sector.
Competing interests: The authors have no conflicts of interest to declare.
Data availability: All relevant data has been incorporated in the manuscript or added as 
supplementary material. 
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INTRODUCTION

Controlled human infection (CHI) trials are increasingly used as a tool in the development of novel 
vaccines and drugs against a wide array of pathogens.1 In these trials, volunteers are purposely 
infected with a pathogen in order to test the efficacy of new vaccines or medicines and to study 
host-pathogen interaction.2 CHI trials have boosted vaccine development against for example 
malaria3 and cholera,4 and generated valuable information on host-pathogen interactions in many 
other diseases. 2 Currently over 40 000 volunteers have participated in these studies,1 with 
exponentially increasing numbers over the past decades. Like phase 1 drug trials also including 
healthy volunteers CHI-studies lack individual benefit to the volunteer, requiring a thorough review 
of the balance of risks and burden to the participant versus the social and scientific benefits. 
Literature on the ethical debate of CHI-trials is growing, with particular emphasis on informed 
consent, undue influence by financial compensation and the right to withdraw.5-7

Alike the debate concerning phase I drug trials8 there is a fear that volunteers are only driven by 
money9 and as a result do not adequately weigh the risk and burden of participation10, the ‘money-
orientated risk-taker’. Participants in phase I trials score higher on sensation-seeking questionnaires 
compared to age- and sex-matched controls, adding to the notion that these volunteers have a 
‘reckless lifestyle’.11 12 However, recent research shows that phase I participants consider other 
arguments besides the financial compensation, such as curiosity, contributing to medical research, 
helping future patients and the risks involved.13 14 It is yet unknown if the same holds true for CHI-
participants. Following a recent publication15 public discussion has also focused on voluntariness of 
participation in these studies that often include medical students as participants who were 
presumed to have felt a pressure to participate, next to the already ongoing discussion about 
acceptability of risks and burdens. Qualitative data on motivation of participants recently collected 
in two separate studies with volunteers in controlled human malaria infection trials in the United 
States and Kenya. These data showed that participants had other motivations next to the financial 
incentive.16 17 However, quantitative data on motivations and experiences is lacking. Given the 
ongoing debate on the ethics of CHI-trials, a large scale assessment of the experiences and 
motivation of participants is needed to gain a better insight into the profile of the CHI-volunteer, 
their motivations and experiences. 
The Leiden Controlled Human Infection Center has conducted multiple CHI-trials in malaria, 
schistosomiasis and hookworm. This unique setup offers an ideal opportunity to fill the 
abovementioned knowledge gaps. Therefore we conducted a survey study in former participants of 
these trials, using students from the local university as a control group. The aim of this study is to 
quantitatively investigate the motivation, decision-making process and risk propensity of 
participants in CHI-trials compared to a control group. Furthermore, this study explores participants’ 
views on ethical questions in CHI-trials. 

METHODS
This cross-sectional descriptive survey was conducted amongst participants of CHI-trials performed 
at the Leiden Center for Controlled Human Infections and students of the Leiden University in 
October 2018.
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Participants
All participants of previously conducted CHI-trials with malaria, hookworm or schistosomiasis were 
invited to participate in an anonymous survey via email. CHI-trials were conducted between 
November 2016 and September 2018. Surveys were distributed and collected through the data 
management program Castor EDC.18 All participants had previously given their consent to be 
contacted again for further studies. CHI-participants received a 10 euro voucher as reward for 
completing the survey.
An anonymous paper survey was distributed amongst medical and biomedical students and local 
student societies to serve as control data. Controls did not receive compensation.
66 previous participants were eligible for participation. With an expected response rate of 80% we 
estimated that around 50 previous participants would return the survey. With an estimated one-
third of controls willing to participate in a CHI-trial we aimed to include 150 controls to have an 
equal proportion of participants and controls potentially willing to participate. 

Survey
The survey was designed by the researchers, based on previously published research13 14 and topics 
of ethical debate.5 The survey was pre-tested on participants of a trial where no controlled human 
infection was performed (surveys in supplement A).
CHI-participants (from here referred to as PP) reflected on their own experiences, whereas the 
control group (CC) were presented with two descriptions of CHI-trials on malaria and hookworm, 
based on previously conducted studies and asked if they would participate in one or both of these 
studies. PP and CC were asked to rate motivational factors and factors considered in the decision 
about participation. Each factor could be rated as not important, slightly important, considerably 
important or very important. From this, a ranking order of importance was compiled, ranking from 
the factor with the highest percentage of ‘important’ to the lowest. To analyse the relative 
importance of each factor the first and last two categories were pooled in order to compare the data 
with previous research by Grady et al.14 Next to this ranking CC and PP were also asked to identify 
which factor was the single most important. 
Attitudes towards risk-taking were investigated using the Risk Propensity Scale (RPS)19, a seven-item 
questionnaire consisting of statements on taking risks in daily life that are rated between 1 and 9. 
Higher scores represent a higher propensity to take risks. RPS scores were analysed as described by 
Meertens.19 Differences in mean scores were calculated using a two-sided t-test or one-way ANOVA 
and were adjusted for age and sex using a univariate analysis. 
Experiences of PP and opinions on ethical issues were examined using multiple-choice questions. 
Wherever relevant, CC were presented with similar questions. Answers were analysed using 
descriptive statistics. Differences in demographical characteristics were calculated using a Chi-square 
test, differences between CHI-models were calculated using Fisher’s exact or Kruskall-Wallis test. 

Calculations were made using SPSS vs 23.20 The IRB of the LUMC has reviewed and approved the 
protocol (P18.203). Patients or the public were not involved in the design, conduct, reporting or 
dissemination of this study. 
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RESULTS
61 of 66 CHI-participants and 156 students returned the survey. There were no missing answers in 
the questionnaires of PP, however many CC returned incomplete questionnaires. Nevertheless, since 
all questions were answered by at least 85% of controls, all questionnaires were included in the 
analysis (overview of all survey outcomes in Supplement B).
Baseline characteristics and demographics for both PP and CC are displayed in table 1. The majority 
of PP (67%) were students at the time of participation in their trial. Most PP had not previously taken 
part in medical research (72%) and 53% was employed or studying in a healthcare related field. In 
both groups the majority were female, although there were more women in the control group 
(p=0.063). CC were younger than PP (p<0.0001), most were recruited from the medical faculty. 
Of the CC, 69% would not participate in any of the CHI-trials (referred to as CN), whereas 22% would 
only participate in the malaria trial, 3% in only the hookworm trial and 6% in both (CP).

 CHI participants 

(n=61)

Controls 

(n=156)
Participation in trial for:

Schistosomiasis:
Hookworm:

Malaria:

 
16 (26%)
22 (36%)
23 (38%)

 N/A

Sex
Male:

Female:
Missing:

 
24 (39%)
37 (61%)

 
35 (26%)
98 (74%)
23

Age
< 18 yrs

18-24 yrs:
25-30 yrs:

>30 yrs:

 
0
38 (62%)
11 (18%)
12 (20%)

 
3 (2%)
145 (93%)
8 (5%)
0

Employment
Student:

Working:
Other: 

 
41 (67%)
19 (31%)
1 (2%)

 
156 (100%)

Previously participated in research
Yes:
No:

 
17 (28%)
44 (72%)

 N/A

Employed in healthcare or healthcare 
related study?

Yes:
No:

 

32 (52,5%)
29 (47,5%)

126 (80%)
30 (20%)

Would you participate in one of these 
controlled human infection trials?

Yes, both
Yes, only malaria

Yes, only hookworm:
No:

  N/A  

9 (6%)
35 (22%)
4 (3%)
108 (69%) 

Table 1. Demographic characteristics of study participants

Motivation
Motivation was investigated both by ranking several factors of importance and by identifying the 
single most important factor. PP considered “contributing to science” as an important or very 
important motivating factor (80%), followed by “contributing to developing countries” (72%) and the 
financial compensation (62%) (figure 1). This contrasted with the motivation of CP, where the largest 
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group found the financial compensation to be an important motivation to participate (91%), 
followed by “contributing to science” and “contributing to developing countries” (both 72%). 
However, both groups agreed that the single most important motivation was the financial 
compensation (49% of PP, 41% of CP), followed by “contributing to developing countries” in the PP 
(21%) and “contributing to science” and “interest in the subject” in the CP (both 15%). There were 
no apparent differences in motivation for participants from different CHI-models. 

Decision to participate
PP most often found trust in the study team important in their decision to participate (70%), 
followed by the time investment (62%), severity of symptoms, chance of developing symptoms and 
if they found it an easy to make money (all 52%). CN most often found the chance of developing 
symptoms and the severity of those symptoms important (96% and 95%). CP considered the same 
factors important (77% and 90% respectively) albeit slightly less than CN and also considered the 
time investment and ‘easy way to make money’. 
The single most important factor in the decision to participate varied between PP, naming the 
chance of developing symptoms (23%), severity of symptoms (21%) and time investment (20%). In 
contrast, for CC the severity of symptoms was most important (47% for CP, 53% for CN) (Figure 2). 
For CN the fear of developing symptoms was most often the reason not to participate (84%) and also 
the single most important reason (38%), “compensation was too low” for 78%, followed by “being 
infected with a worm” (78%) or “being infected by a parasite” (74%).

Assessment of symptoms and risks
The majority of PP (93%) considered the trial to be of no or little risk and the majority was not afraid 
of symptoms before the start of the trial (80%). For 10 PP their fear of symptoms increased during 
the trial, mainly because they saw other volunteers with symptoms or as one volunteer stated ‘we 
were working each other up the day of the malaria infection about the mosquito bites and what 
would happen’. For the others, fear of symptoms declined (n=8) or remained the same (n=43). PP 
scored the symptoms they experienced during the trial on a scale of 0-10, with 0 being no 
complaints at all, 10 complaints so severe they had to withdraw from the trial. The mean score was 
2.85 (SD 2.7, range 0-10) for all models, with no significant differences between CHI-models. 

Reaction of others
Many (80%) PP reported having had negative reactions about their trial participation, quoting 
reactions like: “Are you getting worms in your body?”, “You are taking a risk with your health” or 
“Isn’t that dangerous?”. However, 64% also received positive reactions, such as “That’s an important 
thing to support”, “That is very interesting research to participate in” and “That’s good money for 
little effort”. The responses of third parties largely did not influence their decision to participate 
(93%). All PP but one reported no outside pressure to participate in the study. The one PP who did, 
described no pressure to initially participate but reported that during the study when the PP could 
not meet some of the logistical demands of the study instead of dropping out completely PP was 
offered to miss out on some follow-up procedures in order to remain in the study for the primary 
endpoint. PP described to be glad to have been offered that proposition and was proud to have 
completed the study after all. 
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Opinion on ethical issues
PP and CC were asked their opinion about the concept of deliberate infection and the right to 
withdraw. For 77% of PP it was considerably or very important to always be able to withdraw. 
However, 95% replied that they found it understandable that in a CHI-trial immediate withdrawal is 
not always possible as this was done for their own safety or was acceptable if explained during the 
informed consent procedure. This was mirrored by CC, of which 92% considered the right to 
withdraw considerably or very important, and 94% felt it was understandable that this was not 
always immediately possible, citing similar reasons as PP. 
Both PP (100%) and CC (82%) found it acceptable for a physician to deliberately make them ill for the 
benefit of a trial. In both groups some commented that this was acceptable as this was what they 
voluntarily signed up for, as long as possible symptoms were explained to them before the trial. A 
minority of CC (18%) felt that this was not acceptable, because it breached the principle of ‘do no 
harm’ or provided burdens not outweighing the benefits. 

Financial compensation
Of the PP, 10 out of 61 would have participated without any financial compensation. The majority of 
PP (84%) felt that the compensation was good, 3 considered it too high. PP most often spent the 
financial compensation on a holiday (41%), followed by costs of daily life (20%) and savings (18%). PP 
view the compensation as an incentive to participate (56%), compensation for costs (50%) and 
payment for risk and burden (49%). CC mostly considered the compensation to be payment for risk 
and burden (85%). The majority of CN could not be convinced to participate for double the 
compensation (86%) and only 3 (3%) would change their mind about participation if both the 
compensation and the risks were doubled. CP were also unwilling to take more risk: only 5 of the 44 
(11%) would still participate if the risk was twice as high but compensation also twice as high, of all 
CC (Figure 3).

Looking back at participation
Remarkably, a large proportion (59%) of PP felt they had gained benefits from their participation 
other than the financial compensation, like increased knowledge about the conduct of clinical trials 
or the disease for which they participated, the pride of having contributed to important research, 
the experience of going through a trial with the other participants and the study team. One 
volunteer stated that he had ‘learned to get up early in the morning and improve my daily rhythm’. 
Most (84%) were proud of their participation, would advise others to participate (89%) and would 
participate in a similar trial again (85%) (Figure 4A). In retrospect, 80% felt that the benefits of the 
study outweighed the burden they experienced, and of the 20% who did not, 3 out of 12 stated they 
had experienced so little discomfort they did not have any burden. For 46% of volunteers the 
symptoms met their expectations, 36% experienced less symptoms than expected and 20% 
experienced more (Figure 4B). Even those participants who had more symptoms than expected 
evaluate their participation positively: 8 out of 12 felt proud of their participation and would advise 
others to participate, 10 out of 12 would themselves participate again (Figure 4C).
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Risk propensity scale 
PP had a significantly higher risk propensity score than CC (4.37 vs 3.5, p<0.001, adjusted for age and 
sex). CP also scored significantly higher than CN (4.0 vs 3.28, p=0.001). No evidence for differences 
between participants from different CHI-models, males or females or those with a health-care 
related job or education were observed.

DISCUSSION

This survey study is the first to quantitatively investigate the motivations and experiences of 
participants in CHI trials. These findings shed light onto the experiences and opinions of participants 
on issues that have been subject of extensive ethical debate.

We have found that, contrasting public belief, the largest group of volunteers felt that contributing 
to science and to research benefitting developing countries was an important motivation. It is 
important to note that all CHI’s were conducted for neglected tropical diseases, which may have 
biased this answer. For 51% of PP the financial compensation was not most important reason to take 
part. Interestingly, for 38% of PP financial compensation was not or only of little importance, and 10 
(16%) would have participated without any compensation. Our data convincingly shows that factors 
other than financial compensation are important motivators which are considered in the decision to 
participate. 

For the control group money was more often an important motivator to take part. Furthermore, 
both CP and CN found symptoms more important when deciding whether or not to participate. The 
importance of these factors may change from the moment of initial interest in the study through the 
actual decision to partake and experiencing the trial, reflecting a possible recall bias and 
consequently a more mixed motivational factors indicated by the PP. 

However, even though money was an important initial motivator, increased financial compensation 
could not persuade CC to participate if they initially declined participation. Those who would 
participate would generally not accept increased risk for more money. We have also found that a 
majority of PP has used their received compensation for leisure activities such as a vacation or put 
the money in their savings accounts. This indicates they do not have a direct financial need in daily 
life to take part but could spend the money for more luxury expenses. These findings are important 
in the light of the debate on the undue influence of financial compensation on the decision to 
participate. It shows that these potential participants cannot be swayed by more money to accept 
more risks and burden than they would initially and that actual participants were not forced to use 
the compensation for their daily living expenses. We acknowledge that without any compensation 
many would probably not participate but do conclude that the motivations of participants are much 
more varied than currently is given credit for and that the role of the financial compensation is not 
as important as presumed. 
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Another important issue in current debate is the acceptable risks and burden to participants and the 
risk-taking attitude of trial participants. This survey cannot answer what acceptable risks and 
burdens are, but can give important insight into what participants actually consider acceptable. 
Both PP and CP scored higher on the risk propensity score as compared to controls. Interestingly, the 
scores in both groups were lower than those of the original validating study for the RPS who had a 
mean score of 4.63 (SD 1.23, range 2.00-07.00),19 suggesting that the RPS varies considerably 
between different populations. Possible symptoms and risks were an important reason for CN to 
decline participation, whereas CP and PP apparently weigh the symptoms but find them acceptable. 
This higher acceptance of possible risks matches the higher risk-taking propensity, but does not 
mean that risks and burden are not considered. Even the majority of participants who experienced 
more symptoms than expected look back positively on their participation, are proud of their 
participation and would participate again. Combined with the finding that the large majority of PP 
felt the benefits outweighed the burdens of the study, the majority would participate again and 
would advise others to do so too and that many reported to have gained more benefits than the 
financial compensation alone, we conclude that at least for these studies the balance of burdens and 
risks was acceptable to the volunteers. 

This study did not specifically assess understanding and informed consent by the PP, however some 
conclusions on the success of informed consent and voluntariness can be drawn. All participants but 
one reported no pressure to participate. Although a reporting bias cannot be excluded PP were a 
heterogenous group of volunteers with diverse backgrounds, none of which connected to the 
research department. Most participants also indicate that the symptoms experienced were as 
expected or less, showing they had adequate expectations before starting with the trial. This is 
confirmed by the fact that most PP reported no change or a decrease in their fear of developing 
symptoms during the study. We have found no suggestion of pressure to participate and generally 
conclude PP were well informed about participation, although a more targeted survey would 
address this question more directly. 

This survey also illustrates PP’s and CC’s views on other issues of ethical debate in CHI-trials. The 
right to withdraw is considered very important by both groups, however most, including CN, agree 
that it is acceptable to put restrictions on this right if done for the safety of the volunteer and agreed 
beforehand. The majority of CC did not express ethical concerns about the concept of deliberate 
infection as they believe that the research will be performed in a safe manner and that risk and 
benefits are adequately weighed. This shows that if properly informed, participants are willing to 
accept some restrictions on the right to withdraw, highlighting the importance of complete and 
thorough informed consent procedures. 
 
When comparing PP to participants in phase I trials from a large-scale, international study by Grady 
et al,14 money seems to be a less important motivation for the participants in our survey compared 
to the phase I volunteers, of which 94% stated money as important or very important and of whom 
for almost 60% money was the most important motivation. In addition, our Dutch PP were 
motivated by other factors than Kenyan participants of a controlled human malaria infection trial, 
who were most often driven by the financial compensation and the health care provided by the trial 
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staff.17 The Kenyans were rewarded the wage of a day’s work for each day of participation to make 
up for lost income. This was different for the Dutch PP, who have universal access to healthcare and 
receive compensation for time spent and travel expenses. Participants from both countries, 
however, showed little concern about trial risks and showed high levels of trust in the study team. In 
a qualitative study amongst US controlled human malaria infection participants16 the participants 
similarly describe little concerns about the risks, trust in the study team as important and mixed 
motivations for participation. The differences between motivation of CHI-participants and phase I 
participants underscores the importance of investigating motivations of CHI-participants separate 
from phase I participants and shows that data from the latter group cannot be directly generalized 
to CHI-trials. The differences between the American, Kenyan and Dutch CHI-participants illustrate 
the influence of cultural differences and healthcare organization that remain important to address 
and separately investigate.

Recall bias may have distorted some of the answers to the questionnaires because of the long lag 
time between completion of the CHI-trial and filling out the survey for some volunteers. Some 
answers to questions in the PP group may also have been influenced by participation in the trial.  In 
addition, a social desirability and missing answers may have confounded the results, although 
surveys were processed anonymously and missing answers were evenly distributed among the 
questions. Notwithstanding, this study has included the largest sample size in CHI-participant 
surveys to date and covers several different CHI-models, thereby improving generalizability.

CONCLUSION
As the first study to quantitatively investigate the motivations and perceptions of participants in CHI-
trials, this survey is a crucial addition to the ongoing debate on CHI-trials. This study is amongst the 
first to add the voice of the participants to the current debate. We found that the motivation of CHI-
participants is much more varied than currently given credit to and observe that the influence of 
financial compensation is less than expected. Participants are able to make a balanced appraisal of 
risks and burdens that results in a mostly satisfactory experience of participation for them. Based on 
these findings we conclude that the current image of the CHI-participant as ‘money-oriented risk-
taker’ is not accurate and should therefore be nuanced to the CHI-participant as ‘deliberate decision-
maker’. 
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FIGURE LEGENDS
Figure 1: Ranking of motivational factors to participate in a CHI trial for PP (panel A) and CP (B). 
Single most important motivation factor for PP (C) and CP (D). 

Figure 2: Ranking of factors considered in the decision to participate by PP (A), CP (B) and CN (C). The 
single most important factor in the decision to participate for PP (D), CP (E) and CN (F). 

Figure 3. Opinion of PP on the amount of financial compensation (A) and how they used the 
compensation (B). View of PP (C) and CC (D) on why financial compensation is offered (multiple 
answers could be given). Opinion of CN to change their mind if compensation was twice as high (E) 
and opinion of CP if the compensation was twice as high and risk was twice as high (F).

Figure 4. General evaluation of PP looking back at their participation (A), assessment of symptoms 
when looking back (B) and general evaluation of PP who experienced mores symptoms than 
expected (C). 
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Supplement A: Surveys 

 
A. Questionnaire for participants in controlled human infection trials 

 
General: 

1. In which study did you participate? Malaria/Schistosomiasis/Hookworm 
2. Are you male or female? 
3. What is your age? 18-24/25-30/>30 
4. At the time of your participation in the trial were you: Student/Working/Unemployed 
5. Had you participated as a subject in medical research before? Yes/No 
6. Do you work in healthcare or do you follow a health-care related study? Yes/No 

 
Motivation: 

7. On a scale of 0 to 5 indicate how important the following factors were for your decision to 
participate (0=not important at all, 5=very important) 

Curiosity 0 1 2 3 4 5 
Contributing to science 0 1 2 3 4 5 
Helping people who are less well-off than me  0 1 2 3 4 5 
The financial compensation 0 1 2 3 4 5 
I’m interested in the subject 0 1 2 3 4 5 
Personal experience with the disease 0 1 2 3 4 5 
Other, namely ………… 

8. On a scale of 0 to 5 indicate how much did you weigh the following factors before deciding 
to participate? 
Severity of possible symptoms 0 1 2 3 4 5 
Chance to get symptoms 0 1 2 3 4 5 
How much time the study will cost 0 1 2 3 4 5 
Easy to make money 0 1 2 3 4 5 
Trust in the study team 0 1 2 3 4 5 
The fact that this is a study about parasites 0 1 2 3 4 5 
Reaction of people around you 0 1 2 3 4 5 

9. Did you discuss your participation with people around you? Yes/No 
a. If no: why not (open question) 
b. If yes: with whom? Parents/partner/friends/roommates/class 

mates/colleagues/others…… 
c. Did you receive positive reactions on your participation? Yes/No (space for open 

answers) 
d. Did you receive negative reactions on your participation? Yes/No (space for open 

answers) 
10. Did you feel pressurised to participate? Yes/No 

a. If yes: why? Needed the money/did not want to say no after signing up/pressure 
from the study team/other…… 

How was the infection experienced? 
11. How did you estimate the risk of this study before participating? (0=very low, 5=very high) 0 

1 2 3 4 5 
12. Before the infection took place, were you afraid of getting symptoms? Yes/No 
13. Has this changed during the course of the trial? Yes/No 

a. If yes, has your fear of symptoms increased or decreased? 
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14. How did you experience the moment of the infection itself? 
Positive/neutral/exciting/fearful/other 

15. On a scale of 0 to 5, indicate how you experienced being infected for this study (0=not at all, 
5=very much) 
Exciting 0 1 2 3 4 5 
Interesting 0 1 2 3 4 5 
Fearful 0 1 2 3 4 5 

Symptoms and trust in study team 
16. On a scale of 0 to 5 how would you rate your symptoms during this trial? (0=no symptoms, 

5=so bad I had to quit the trial) 
17. Were the symptoms as you had expected before the start of the trial? Yes/No, space for 

open answer 
18. Did you feel the symptoms and risks of this study weigh up to the possible benefits for you 

and for science? Yes/No, space for open answers 
19. Do you think it is acceptable that a doctor might make you ill as part of research? 

a. Yes, I trust that I will we well taken care of and that the research is safe 

b. Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

c. No, this goes against the principle that a doctor should do no harm 

d. Other, namely……………………………. 

Informed consent 
20. How important was the screening and presentation you received for your decision to 

participate? (0=not at all, 5=very important) 0 1 2 3 4 5 
a. What’s the most important thing you remember from the screening? Possible 

symptoms/risks of participation/when and how often to visit the trial centre/rules 
surrounding life style during the trial/other 

b. Did your opinion about the study change after talking to the trial physician about 
possible risks and symptoms? 

o Yes, afterwards I was relieved, I thought the symptoms would be more 
severe 

o Yes, I thought the complaints were less severe 
o No, the information in the letter was enough 
o Other ……. 

c. Can you briefly describe the purpose of the study you participated in? Open answer 

Right to withdraw 
21. An important part of a study protocol is that volunteers can always withdraw from a study. 

a. How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

b. In a controlled human infection trial it is often not possible to immediately withdraw 

from the study, because there needs to be a treatment and final check-up even after 

withdrawal, to ensure the safety of the volunteer. How do you feel about this? 

o That’s logical: this is done for your own safety and you know this 

before participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

Compensation 
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22. Would you participate in this trial is there was no financial compensation? Yes/No 

23. How do you view the compensation? 

a. As a compensation for time spent and travel costs 

b. As a compensation for the risk and discomfort of participation 

c. As motivation to participate 

24. What did you do with the money you received? (multiple options) Holiday/Electronics/Paid 
debts/Used it in daily life/Gave to charity/I’d rather not say/Other……. 

25. What did you think of the amount of the compensation? Alright/too high/too low 
26. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

27. Other than the financial compensation, do you feel you have benefitted from your 
participation? Yes/No If Yes, how?........................ 

Concluding 
28. Are you proud of your participation? 
29. Would you advise others to take part in a trial like this? Yes/No space for open answer 
30. Would you participate in another trial? Yes/No  

a. If no: why? Takes too much time/symptoms too severe/compensation too low/other 

 
B. Questionnaire – version for students 

1. What is your age? 

o <18 years old 

o 18-25 years old 

o >25 years old 

2. I am male/female 

3. Would you participate in a study investigating a new drug? Yes/no 

Malaria study: 

Wanted: healthy volunteers for a study into the efficacy of a new vaccine against malaria. Earlier 

research has shown that this vaccine can be administered safely to humans. Now, the effect on 

protection against malaria will be studied. After three vaccinations, volunteers are exposed to bites 

of a malaria mosquito. After these bites volunteers visit the trial centre daily for 14 days for check-up 

visits. At each visit volunteers are checked if they have developed malaria. If a volunteer becomes 

positive he or she is immediately treated. Possible side effects include itching after vaccination and 

after mosquito bites and headaches, fever, myalgia and a flu-like syndrome if a volunteer gets 

malaria. Including vaccinations and all check-up visits volunteers have to come to the trial centre 25 

times, for 15 minutes each. Compensation: €1200,- 

Hookworm study: 

Wanted: healthy volunteers for a study into hookworms. Hookworms are parasites measuring 1-2 

cm that live in the intestine. In children this infection can cause anaemia, protein deficiency and 

impaired cognitive and physical development. In order to treat this infection and develop a vaccine 

more research is needed. For this study volunteers are infected with hookworm. This is done by 

placing a gauze with water containing the larvae on the skin. The larvae cannot be seen with the 

naked eye. Possible symptoms are itching and a rash on the site of infection and abdominal 

complaints, such as abdominal pain and diarrhoea. Volunteers have to come to the trial centre 
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weekly for 16 weeks for a check-up visit of 15 minutes and have to hand in a stool sample every 

week. After the 16th week all volunteers are treated so the worms go away. Compensation: €1500,- 
4. Would you participate in (one of) these studies? 

o No, with neither of these  go to Q5, skip Q6 

o Yes, but only with the malaria trial  go to Q5, then to Q6 

o Yes, but only with the hookworm trial  go to Q5, then to Q6 

o Yes, with both studies  go to Q6 

5. If you do not want to participate in this study or these studies, how important are the 

following factors in your decision? (0=not at all, 5=very important) 

Takes too much time 0 1 2 3 4 5 
I think the risk is too great 0 1 2 3 4 5 
I’m afraid to get symptoms 0 1 2 3 4 5 
Compensation is too low 0 1 2 3 4 5 
The idea to be infected with a worm 0 1 2 3 4 5 
The idea to be infected with a parasite 0 1 2 3 4 5 
Other, namely ………….. 

6. If you do want to participate in (one of) these studies, how important are the following 
factors for you? (0=not at all, 5=very important) 

Curiosity 0 1 2 3 4 5 

Contributing to science 0 1 2 3 4 5 

Helping people who are less well-off than me  0 1 2 3 4 5 

The financial compensation 0 1 2 3 4 5 

I’m interested in the subject 0 1 2 3 4 5 

Personal experience with the disease 0 1 2 3 4 5 

Other, namely ………… 

7. When considering participation, how important are the following factors to you? (0=not at 

all, 5=very important) 

Severity of possible symptoms 0 1 2 3 4 5 

Chance to get symptoms 0 1 2 3 4 5 

How much time the study will cost 0 1 2 3 4 5 

Easy to make money 0 1 2 3 4 5 

Trust in the study team 0 1 2 3 4 5 

The fact that this is a study about parasites 0 1 2 3 4 5 

8. Do you think it is acceptable that a doctor might make you ill as part of research? 

o Yes, I trust that I will be well taken care of and that the research is safe 

o Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

o No, this goes against the principle that a doctor should do no harm 

o Other, namely……………………………. 

9. An important part of a study protocol is that volunteers can always withdraw from a study. 

How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

10. In a controlled human infection trial it is often not possible to immediately withdraw from 

the study, because there needs to be a treatment and final check-up even after withdrawal, 

to ensure the safety of the volunteer. How do you feel about this? 
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o That’s logical: this is done for your own safety and you know this before 

participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

11. Would you participate in this trial is there was no financial compensation? Yes/No 

12. How do you view the compensation? 

o As a compensation for time spent and travel costs 

o As a compensation for the risk and discomfort of participation 

o As motivation to participate 

13. If the compensation was twice as high, would you participate in the trial? Yes/No 

14. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

 

Room for additional remarks  

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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Supplement B: Complete Survey results  

 

Results for motivation and decision to participate are presented in figures 1 and 2 in the original 

article.  

 

Question   Participants Students 

Did you talk about your 

participation with other? 

Yes 

No 

56 (92%) 

5 (8%) 

N/A 

Did you receive positive reactions? Yes 

No 

36 (64%) 

20  (36%) 

N/A 

Did you receive negative reactions? Yes 

No 

45 (80%) 

11 (20%) 

N/A 

Were you influenced by the 

reactions? 

Yes 

No 

4 (7%) 

57 (93%) 

N/A 

Did you feel pressure to participate? Yes 

No 

1 

60  

N/A 

How did you assess the risk before 

participation? 

No risk 

Little risk 

Moderate risk 

High risk 

11 (18%) 

46 (75%) 

3 (5%) 

1 (2%) 

N/A 

Were you afraid of symptoms 

before the infection? 

Yes 

No 

12 (20%) 

49 (80%) 

N/A 

Did this change during the research? Yes 

No 

18 (30%) 

43 (70%) 

N/A 

In what way? Increased 

Decreased 

Increased: 10 

Decreased: 8 

N/A 

How did you experience moment of 

infection? 

Positive 

Neutral 

Exciting 

Frightening 

Other 

15 (24.5%) 

16 (26%) 

26 (42.5%) 

1 (2%) 

Other: 3 (5%)  

N/A 

Exciting 

 

Not 

A little 

Considerable 

Very 

22 (36%) 

28 (46%) 

10 (16%) 

1 (2%) 

N/A 

Interesting Not 

A little 

Considerable 

Very 

5 (8%) 

16 (26%) 

29 (48%) 

11 (18%) 

N/A 

Frightening Not 

A little 

Considerable 

42 (69%) 

19 (31%) 

0 

N/A 

Page 23 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 Ju

ly 2020. 
10.1136/b

m
jo

p
en

-2019-033796 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Very 0 

Severity of symptoms (scale 0-10) 

(SD) 

All 

Malaria 

Schistosomiasis 

Hookworm 

2.85 (2.7) 

2.0 (1.7) 

2.8 (2.7) 

3.8 (3.3)  

N/A 

Were symptoms like you expected 

before the trial started? 

Yes 

No 

28 (46%) 

33  (54%) 

N/A 

Did you feel the burden of the study 

weighs against the possible 

benefits? 

Yes 

No 

49 (80%) 

12 (20%) 

N/A 

Do you think it is acceptable a 

doctor might make you ill for this 

study? 

Yes 

No 

Missing 

61 (100%) 

0 

0 

124 (82%) 

27 (18%) 

5 

How important was the screening 

and information appointment in 

your decision to participate? 

Not 

A little 

Considerable 

Very 

11 (18%) 

26 (43%) 

12 (20%) 

 (12 (20%) 

N/A 

What was the most important thing 

you took from the screening? 

(Multiple answers possible) 

Possible symptoms 

Risks of participation 

How often are visits 

Rules for daily life 

Other 

31 (51%) 

31 (51%) 

28 (46%) 

17 (28%) 

4 (7%) 

N/A 

Did your opinion about the study 

change after the screening? 

Yes, I had worries that were 

answered 

Yes, I thought symptoms 

would be more severe 

No, the letter was sufficient 

Other 

19 (31%) 

 

4 (7%) 

 

35 (57%) 

 

3 (5%) 

N/A 

How important is it to you to always 

be able to withdraw from a study? 

Not 

A little 

Considerable 

Very 

Missing 

3 (5%) 

11 (18%) 

25 (41%) 

22 (36 %) 

0 

0 

12 (8%) 

48 (31%) 

94 (61%) 

2 

In CHI-trials it’s not always possible 

to immediately withdraw. How do 

you feel about this? 

That’s logical, it’s done for 

your own safety 

Feels like hampering 

freedom to with draw 

Other 

58 (95%) 

 

2 (3%) 

 

1 

146 (94%) 

 

7 (4.5%) 

 

1 (0.5%) 

If there was no compensation, 

would you have participated in this 

trial? 

Yes 

No 

10 (16%) 

51 (84%) 

4 (3%) 

150 (97%) 

How do you see the compensation? Compensation for costs 31 (50%) 38 (25%)  
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(multiple answers possible) Travel expenses 

Payment for risk and burden 

Motivation 

19 (31%) 

30 (49%) 

34 (56%) 

29 (19%) 

134 (87%) 

71 (46%) 

What did you do with the 

compensation? (multiple answers 

possible) 

Holiday 

Electronics 

Debts 

Daily life 

Charity 

I’d rather not say 

Other 

25 (41%) 

1 (2%) 

6 (10%) 

12 (20%) 

2 (3%) 

7 (11%) 

18 (30%) 

N/A 

The received compensation was: Too low 

Good 

Too high 

7 (11%) 

51 (84%) 

3 (5%) 

N/A 

Other than the financial 

compensation, did you have other 

benefits from participation? 

Yes 

No 

36 (59%) 

25 (41%) 

N/A 

Are you proud of your participation? Yes 

No 

51 (84%) 

10 (16%) 

N/A 

Would you advise others to 

participate in a trial like this? 

Yes 

No 

54 (88.5%) 

7 (11.5%) 

N/A 

Would you participate again in a 

similar trial? 

Yes 

No 

52 (85%) 

9 (15%) 

N/A 

Would you participate if 

compensation was twice as high? 

Yes 

No 

Maybe 

N/A 50 (33%) 

96 (64%) 

4 (3%) 

CN Yes 

No 

Maybe 

N/A 14 (13%) 

85 (83%) 

4 (4%) 

CP, only malaria Yes 

No 

Maybe 

N/A 25 (71%) 

10 (29%) 

0 

CP, only hookworm Yes 

No 

Maybe 

N/A 4 (100%) 

0 

0 

CP, both Yes 

No 

Maybe 

N/A 7 (87,5%) 

1 (12,5%) 

0 

Would you participate if the risk was 

twice as high but the compensation 

also twice as high?  

Yes 

No 

Maybe 

N/A 8 (5%) 

143 (94%) 

1 (1%) 

CN Yes 

No 

Maybe 

N/A 3 (3%) 

101 (97%) 

0 

Page 25 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 Ju

ly 2020. 
10.1136/b

m
jo

p
en

-2019-033796 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

CP, only malaria Yes 

No 

Maybe 

 3 (9%) 

31 (91%) 

0 

CP, only hookworm Yes 

No 

Maybe 

 0 

4 (100%) 

0 

CP, both Yes 

No 

Maybe 

 2 (22%) 

7 (78%) 

0 
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2

44 ABSTRACT
45
46 Objective: To quantitatively investigate the motivations, decision-making and experience of 
47 participants in controlled human infection studies. 
48 Design: Cross-sectional descriptive survey study.
49 Setting: Previous participants of controlled human infection studies at the Leiden Controlled Human 
50 Infection Center, control group of students from Leiden University.
51 Participants: 61 previous participants and 156 controls.
52 Measurements: Ranking of motivational and decisional factors, risk-propensity score and multiple-
53 choice questions on experience of trial participation and ethical aspects of controlled human 
54 infection studies. 
55 Results: Motivating factors for participants were contributing to science (80%), contributing to 
56 research that may benefit developing countries (72%) and the financial compensation (62%). For 
57 51% of participants a reason other than financial compensation was the most important 
58 motivational factor. Participants considered trust in the study team (70%), time investment (62%), 
59 severity of symptoms (52%), chance of developing symptoms (52%) and whether it is an easy way to 
60 make money (52%) in their decision to participate. Most controlled human infection participants 
61 (84%) were proud of their participation, would advise others to participate (89%) and would 
62 participate in a similar trial again (85%). Controlled human infection participants had a higher risk 
63 propensity score than students (4.37 vs 3.5, p<0.001). 
64 Conclusions: Although financial compensation is important, the motivations for participants in a 
65 controlled human infection study are diverse and participants make a balanced appraisal of risks and 
66 burden before participating.
67
68 Word count: 223 words
69
70
71 Article summary/strengths and limitations:
72 - First quantitative study on motivations and experiences of participants in controlled human 
73 infection studies
74 - Included multiple controlled human infection models with a relatively large group of 
75 participants, increasing generalizability
76 - Answers may have been biased by recall or social desirability
77 - Control group high percentage of missing answers on questionnaires, although all questions 
78 were answered by at least 85% of controls
79 - Control group were students, a more homogeneous population than the participants which 
80 consist of roughly 2/3 students. This difference may hamper comparison. 
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87 INTRODUCTION
88 Controlled human infection (CHI) trials are increasingly used in the development of novel vaccines 
89 and drugs against a variety of pathogens.1 In these trials, volunteers are purposely infected with a 
90 pathogen in order to test the efficacy of new vaccines or medicines and to study host-pathogen 
91 interaction.2 CHI trials have boosted vaccine development against for example malaria3 and cholera,4 
92 and generated valuable information on host-pathogen interactions in many other diseases. 2 
93 Currently over 40 000 volunteers have participated in these studies,1 with exponentially increasing 
94 numbers over the past decades. Like phase 1 drug trials also including healthy volunteers CHI-studies 
95 lack individual benefit to the volunteer, requiring a thorough review of the balance of risks and 
96 burden to the participant versus the social and scientific benefits. Literature on the ethical debate of 
97 CHI-trials is growing, with particular emphasis on informed consent, undue influence by financial 
98 compensation and the right to withdraw.5-7

99 Like the debate concerning phase I drug trials8 there is suspicion that volunteers are only driven by 
100 money9 10 and as a result do not adequately weigh the risk and burden of participation11, the 
101 ‘money-orientated risk-taker’. Participants in phase I trials score higher on questionnaires examining 
102 sensation-seeking behaviours compared to age- and sex-matched controls, adding to the notion that 
103 these volunteers are more prone to take, possibly ill-considered, risks in their lives.12 13 However, 
104 recent research shows that phase I participants consider other arguments besides the financial 
105 compensation, such as curiosity, contributing to medical research, helping future patients and the 
106 risks involved14 15. In response to a recent publication16 public discussion, particularly on social 
107 media, has also focused on voluntariness of participation since studies often include medical 
108 students as participants who were presumed to have felt pressure to participate, next to the 
109 ongoing discussion about acceptability of risks and burdens. Qualitative data on motivation of 
110 participants was recently collected in two studies with volunteers in controlled human malaria 
111 infection trials in the United States and Kenya. These showed that participants had other 
112 motivations next to the financial incentive.17 18 However, these studies only included small groups of 
113 participants (16 and 36 respectively) in a malaria trial, and quantitative data on motivations and 
114 experiences is lacking. Given the ongoing debate on the ethics of CHI-trials, a more quantitative 
115 assessment of the experiences and motivation of participants in a broader group of volunteers is 
116 needed to gain better insight into the profile of the CHI-volunteer, their motivations and 
117 experiences. 
118 In order to investigate whether participants in CHI-trials are different from the general population it 
119 is valuable to compare the participants to a control group. This also enables a longitudinal 
120 comparison of motivations and thought-processes of potential participants with those who have 
121 actually participated, providing a better insight into how volunteers come to their decision. 
122 The Leiden Controlled Human Infection Center has conducted multiple CHI-trials in malaria, 
123 schistosomiasis and hookworm. This unique setup offers an ideal opportunity to fill the 
124 abovementioned knowledge gaps. We therefore conducted a survey study in former participants of 
125 these trials, using students from the local university as a control group. The aim of this study is to 
126 quantitatively investigate the motivation, decision-making process and risk propensity of 
127 participants in CHI-trials compared to a control group. Furthermore, this study explores participants’ 
128 views on ethical questions in CHI-trials. 
129
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130 METHODS
131 This cross-sectional descriptive survey was conducted amongst participants of CHI-trials performed 
132 at the Leiden Center for Controlled Human Infections and students of the Leiden University in 
133 October 2018.
134
135 Participants
136 Participants of previously conducted CHI-trials with malaria, hookworm or schistosomiasis were 
137 invited to participate in an anonymous survey. Inclusion criteria were having undergone controlled 
138 human infection and previous consent to be contacted again for further studies. There were no 
139 exclusion criteria. All 66 previous participants were eligible for inclusion. CHI-trials were conducted 
140 between November 2016 and September 2018. Surveys were distributed and collected via e-mail 
141 through data management program Castor EDC.19 Participants who did not respond to the e-mail 
142 were sent one reminder. CHI-participants received a 10€ voucher as reward.
143 As control group students from the local university were included. This group has been selected as 
144 the majority of participants in CHI-studies at the study centre is recruited from this population. 
145 Students were handed an anonymous paper survey by the researchers during lectures at the medical 
146 faculty and during meetings of local student societies. Surveys were collected afterwards. Controls 
147 did not receive compensation.
148 With an expected response rate of 80% we estimated that around 50 previous participants would 
149 return the survey. Based on experiences in recruiting we estimated that one-third of students would 
150 be willing to participate in a CHI-trial, so in order to include an equal number of controls willing to 
151 participate to actual participants we aimed to include 150 controls. 
152
153 Survey
154 The survey was designed by the researchers, based on previously published research14 15 and topics 
155 of ethical debate.5 Motivational and decision-making factors were chosen based on the research by 
156 Grady et al15 and by identification of potential motivational factors through discussion with 
157 researchers involved in screening and recruitment of trial participants. Participants were allowed to 
158 add their own factors. Questions on ethical acceptability were formulated based on issues identified 
159 in literature as key concepts in CHI-trials 5-7 (surveys in supplement A).
160 CHI-participants (from here referred to as PP) reflected on their own experiences, whereas the 
161 control group (CC) were asked to consider participation in a malaria trial and a trial with hookworm 
162 to reflect the different types of studies conducted. CC were provided descriptions of the trials 
163 detailing study procedures, possible adverse events, number of visits and sample collections and the 
164 financial compensation (descriptions in supplement A). PP and CC were asked to rate motivational 
165 factors and factors considered in their decision about participation. Each factor could be rated as not 
166 important, slightly important, considerably important or very important. Next to this ranking CC and 
167 PP were also asked to identify the single most important factor. 
168 Attitudes towards risk-taking were investigated using the Risk Propensity Scale (RPS)20, a seven-item 
169 questionnaire consisting of statements on taking risks in daily life that are rated between 1 and 9. 
170 Higher scores represent a higher propensity to take risks. This questionnaire was selected as this is a 
171 concise questionnaire focussing on general risk-taking propensity in daily life. 
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172 Experiences of PP and opinions on ethical issues were examined using multiple-choice questions. 
173 Wherever relevant, CC were presented with similar questions. 
174
175 Statistical analysis
176 A ranking order of motivational and decision-making factors was compiled, ranking from the factor 
177 with the highest percentage of ‘important’ or ‘very important’ to the lowest. 
178 RPS scores were analysed as described by Meertens.20 Differences in mean scores were calculated 
179 using a two-sided t-test or one-way ANOVA and were adjusted for age and sex using a univariate 
180 analysis. Multiple-choice questions on the experiences of PP and ethical issues were analysed using 
181 descriptive statistics. Differences in demographical characteristics were calculated using a Chi-square 
182 test, differences between CHI-models were calculated using a one-way ANOVA for continuous data 
183 and Fisher’s exact or Kruskall-Wallis test for categorical data. 
184
185 Calculations were made using SPSS v23.21 The institutional review board of the Leiden University 
186 Medical Center where the study was performed reviewed the protocol and provided ethical 
187 approval (P18.203). 
188
189 Patient and public involvement
190 No patients were involved in this study. This study was designed to investigate healthy volunteers’ 
191 opinions and preferences. Volunteers were not involved in the design or recruitment process. 
192 Interested participants were presented the results during a meeting, participants will be provided 
193 the research article after publication. 
194
195 RESULTS
196 61 of 66 CHI-participants and 156 of 156 students returned the survey. There were no missing 
197 answers in the questionnaires of PP, however many CC returned incomplete questionnaires. 
198 Nevertheless, since all questions were answered by at least 85% of controls, all questionnaires were 
199 included in the analysis (All survey outcomes in Supplement B).
200 Baseline characteristics and demographics for both PP and CC are displayed in table 1. The majority 
201 of PP (67%) were students when participating in their trial. Most PP had not previously taken part in 
202 medical research (72%) and 53% was employed or studying in a healthcare-related field. In both 
203 groups the majority were female. CC were younger than PP (p<0.0001), most were recruited from 
204 the medical faculty. 
205 Of the CC, 69% would not participate in any of the CHI-trials (referred to as CN), whereas 22% would 
206 only participate in the malaria trial, 3% in only the hookworm trial and 6% in both (CP). 
207

 CHI participants 

(n=61)

Controls 

(n=156)
Participation in trial for:

Schistosomiasis (n=17):
Hookworm (n=26):

Malaria (n=23):

 
16 (26%)
22 (36%)
23 (38%)

 N/A
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Sex
Male:

Female:
Missing:

 
24 (39%)
37 (61%)

 
35 (22%)
98 (63%)
23 (15%)

Age
< 18 yrs

18-24 yrs:
25-30 yrs:

>30 yrs:

 
0
38 (62%)
11 (18%)
12 (20%)

 
3 (2%)
145 (93%)
8 (5%)
0

Employment
Student:

Working:
Other: 

 
41 (67%)
19 (31%)
1 (2%)

 
156 (100%)

Previously participated in research
Yes:
No:

 
17 (28%)
44 (72%)

 N/A

Employed in healthcare or healthcare 
related study?

Yes:
No:

 

32 (53%)
29 (47%)

126 (81%)
30 (19%)

Would you participate in one of these 
controlled human infection trials?

Yes, both
Yes, only malaria

Yes, only hookworm:
No:

 N/A  

9 (6%)
35 (22%)
4 (3%)
108 (69%) 

208 Table 1. Demographic characteristics of study participants
209
210 Motivation
211 Motivation was investigated both by ranking factors of importance and by identifying the single 
212 most important factor. PP considered “contributing to science” as an important (43%) or very 
213 important (38%) motivating factor, followed by “contributing to developing countries” (41% 
214 important, 31% very important) and the financial compensation (25% and 38% respectively) (figure 
215 1). However, when asked the single most important motivation, PP most often noted the financial 
216 compensation (49%) followed by “contributing to developing countries”(29%) . There were no 
217 apparent differences in motivation for participants from different CHI-models. 
218 For CP the financial compensation was most often important (39% important, 52% very important), 
219 followed by “contributing to science” (33% important, 39% very important) and “contributing to 
220 developing countries” (46% important, 26% very important). The single most important motivation 
221 was the financial compensation for 41% of CP and “contributing to science” and “interest in the 
222 subject” for 15%. 
223
224 Decision to participate
225 PP most often found trust in the study team important in their decision to participate (34% 
226 important, 36% very important) followed by the time investment (43% important, 20% very 
227 important), severity of symptoms (36% and 18%), chance of developing symptoms (31% and 23%) 
228 and “an easy to make money” (31% and 23%). The single most important factor in the decision to 
229 participate was highly variable, including the chance of developing symptoms (23%), severity of 
230 symptoms (21%) and time investment (20%). 
231 CC most often considered the chance of developing symptoms and severity of symptoms important, 
232 with CP also considering the time investment and “an easy way to make money”. The severity of 
233 symptoms was the single most important factor. (47% for CP, 53% for CN) (Figure 2). 
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234
235 Assessment of symptoms and risks
236 The majority of PP (57 out of 61, 93%) considered the trial to be of no or little risk and the majority 
237 was not afraid of symptoms before the start of the trial (49 of 61, 80%). For 10 PP their fear of 
238 symptoms increased during the trial, mainly because they saw other volunteers with symptoms or as 
239 one volunteer stated “we were working each other up the day of the malaria infection about the 
240 mosquito bites and what would happen”. For the others, fear of symptoms declined (n=8) or 
241 remained the same (n=43). PP scored the symptoms they experienced during the trial on a scale of 
242 0-10, with 0 being no complaints at all, 10 complaints so severe they had to withdraw from the trial. 
243 The mean score was 2.85 (SD 2.7, range 0-10) for all models, with no clear significant differences 
244 between CHI-models (p=0.078). 
245
246 Reaction of others
247 Many (80%) PP reported negative reactions about their trial participation, quoting reactions like: 
248 “Are you getting worms in your body?” or “You are taking a risk with your health”. However, 64% 
249 also received positive reactions, such as “That’s an important thing to support”, “That is very 
250 interesting research to participate in” and “That’s good money for little effort”. The responses of 
251 third parties largely did not influence their decision to participate (93%). All PP but one reported no 
252 outside pressure to participate in the study. The one participant who did, described no pressure to 
253 initially participate but reported that during the study when the participant could not meet some of 
254 the logistical demands of the study instead of dropping out completely participant was offered to 
255 miss out on some follow-up procedures in order to remain in the study for the primary endpoint. 
256 This participant described to be glad to have been offered that proposition and was proud to have 
257 completed the study after all. 
258
259 Opinion on ethical issues
260 PP and CC were asked their opinion about the concept of deliberate infection and the right to 
261 withdraw. For 77% of PP it was considerably or very important to always be able to withdraw. 
262 However, 95% replied they found it understandable that in a CHI-trial immediate withdrawal is not 
263 always possible as this was done for their own safety or was acceptable if explained during the 
264 informed consent procedure. PP also found it acceptable for a physician to deliberately make them 
265 ill for the benefit of the trial (100%). Some added that this was what they voluntarily signed up for, 
266 as long as possible symptoms were explained before the trial. CC generally had similar views: 94% 
267 felt it was understandable that it is not always possible to withdraw and 82% found it acceptable for 
268 a physician to deliberately make a person ill for the trial. 
269
270 Financial compensation
271 Of the PP, 10 out of 61 would have participated without any financial compensation. The majority of 
272 PP (84%) considered the compensation as good, 3 considered it too high. PP most often spent the 
273 financial compensation on a holiday (41%), followed by costs of daily life (20%) and savings (18%). PP 
274 view the compensation as an incentive to participate (56%), compensation for costs (50%) and 
275 payment for risk and burden (49%). The majority of CN could not be convinced to participate for 
276 double the compensation (86%) and only 3 (3%) would change their mind about participation if both 
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277 the compensation and the risks were doubled. CP were also unwilling to take more risk: only 5 of the 
278 44 (11%) would still participate if the risk was twice as high but compensation also twice as high 
279 (Figure 3).
280
281 Looking back at participation
282 Remarkably, a large proportion (59%) of PP felt they had gained benefits from their participation 
283 other than the financial compensation, like increased knowledge about the conduct of clinical trials 
284 or the disease for which they participated, the pride of having contributed to important research, 
285 the experience of going through a trial with the other participants and the study team. One 
286 volunteer stated that he had ‘learned to get up early in the morning and improve my daily rhythm’. 
287 Most (84%) were proud of their participation, would advise others to participate (89%) and would 
288 participate in a similar trial again (85%) (Figure 4A). In retrospect, 80% felt that the benefits of the 
289 study outweighed the burden they experienced, and of the 20% who did not, 3 out of 12 stated they 
290 had experienced so little discomfort they did not have any burden. For 46% of volunteers the 
291 symptoms met their expectations, 36% experienced less symptoms than expected and 20% 
292 experienced more (Figure 4B). Even those participants who had more symptoms than expected 
293 evaluate their participation positively: 8 out of 12 felt proud of their participation and would advise 
294 others to participate, 10 out of 12 would themselves participate again (Figure 4C).
295
296 Risk propensity scale 
297 PP had a significantly higher risk propensity score than CC (4.37 vs 3.5, p<0.001, adjusted for age and 
298 sex). CP also scored significantly higher than CN (4.0 vs 3.28, p=0.001). No evidence for differences 
299 between participants from different CHI-models, males or females or those with a health-care 
300 related job or education were observed.
301
302 DISCUSSION 
303
304 This survey study is the first to quantitatively investigate the motivations and experiences of 
305 participants in CHI trials. These findings shed light onto the experiences and opinions of participants 
306 on issues that have been subject of extensive ethical debate.
307
308 We have found that, contrary to commonly mentioned fears 10 22 , the largest group of volunteers 
309 felt that contributing to science and to research benefitting developing countries was an important 
310 motivation. For 51% of PP the financial compensation was not the most important reason to take 
311 part. Interestingly, for 38% of PP financial compensation was not or only of little importance, and 10 
312 (16%) would have participated without any compensation. Our data convincingly shows that factors 
313 other than financial compensation are important motivators which are considered in the decision to 
314 participate. 
315
316 When comparing to the control group, money is more often important for the latter. CC also gave 
317 more importance to the symptoms compared to PP. Possibly, the compensation is initially most 
318 important for a potential participant to be interested in the study, with motivations becoming more 
319 diverse after receiving more information about the study and through actual participation. In the 
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320 decision-making process CC gave more importance to the symptoms, which may reflect that during 
321 the first deliberations about participations the symptoms are an important decider, whereas with 
322 more information other factors are taken into account. 
323
324 The motivations of CHI-participants seem to be concurrent with findings in volunteers of phase I 
325 drug trials. Stunkel and Grady describe in a 2011 systematic review8 that although the financial 
326 compensation is usually necessary, it is not sufficient for participation, and note that risk is the 
327 deciding factor in participation. However, other large-scale studies in phase I drug-research 
328 participants,15 noted that money is the most important motivator in 60% of individuals, which is 
329 clearly more than we found. Possibly, the population (students, gender and age) might play a role in 
330 motivating factors as well as the nature of the trial. A survey of the motivations of individuals 
331 participating in Ebola and influenza vaccines is a good example of the latter, whereby almost 90% of 
332 participants found contributing to the health of others important 23. It is possible that both CHI-trials, 
333 especially those researching vaccines for Neglected Tropical Diseases and phase 1 trials for vaccines 
334 with similar expected public health benefits may attract volunteers with more altruistic motivations 
335 compared to phase I drug research in general. 
336
337 Differences in population may also be reflected within CHI-studies in different countries. Our Dutch 
338 PP were motivated by other factors than Kenyan participants of a controlled human malaria 
339 infection (CHMI) trial, who were most often driven by the financial compensation and the health 
340 care provided by the trial staff.18 The Kenyans were rewarded the wage of a day’s work for each day 
341 of participation to make up for lost income. This was different for the Dutch PP, who have universal 
342 access to healthcare and receive compensation for time spent and travel expenses. Participants from 
343 both countries, however, showed little concern about trial risks and showed high levels of trust in 
344 the study team. In a qualitative study amongst US CHMI participants17 the participants similarly 
345 describe little concerns about the risks, trust in the study team as important and mixed motivations 
346 for participation. The differences between the American, Kenyan and Dutch CHI-participants 
347 illustrate the influence of cultural differences and healthcare organization that remain important to 
348 address and separately investigate.
349
350 This study also provides more insight into the presence of undue influence by the financial 
351 compensation. We have found that a majority of PP has used their received compensation for 
352 leisure activities such as a vacation or put the money in their savings accounts. This indicates they do 
353 not have a direct financial need in daily life to take part but could spend the money for more luxury 
354 expenses. The control group also provides evidence that potential participants cannot be persuaded 
355 to participate for more money if they are not inclined to do so in the first place, or accept more risk 
356 for more money, even though the compensation is an important motivation to participate for them. 
357 We acknowledge that without any compensation many PP would probably not participate but do 
358 conclude that the motivations of participants are varied and that the role of the financial 
359 compensation is not as important as presumed. 
360
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361 Another important issue in current debate is the acceptable risks and burden to participants and the 
362 risk-taking attitude of trial participants. This survey cannot answer what acceptable risks and 
363 burdens are, but can give important insight into what participants actually consider acceptable. 
364 Both PP and CP scored higher on the RPS as compared to CN. Interestingly, the scores in both groups 
365 were lower than those of the original validating study for the RPS who had a mean score of 4.63 (SD 
366 1.23, range 2.00-07.00),20 suggesting that the RPS varies considerably between different 
367 populations. Possible symptoms and risks were an important reason for CN to decline participation, 
368 whereas CP and PP apparently weigh the symptoms but find them acceptable. This higher 
369 acceptance of possible risks matches the higher risk-taking propensity, but does not mean that risks 
370 and burden are not considered. Even the majority of participants who experienced more symptoms 
371 than expected look back positively on their participation, are proud of their participation and would 
372 participate again. Combined with the finding that the large majority of PP felt the benefits 
373 outweighed the burdens of the study, the majority would participate again and would advise others 
374 to do so too and that many reported to have gained more benefits than the financial compensation 
375 alone, we conclude that at least for these studies the balance of burdens and risks was acceptable to 
376 the volunteers. 
377
378 This study did not specifically assess understanding and informed consent by the PP, however some 
379 conclusions on the success of informed consent and voluntariness can be drawn. All participants but 
380 one reported no pressure to participate. Although a reporting bias cannot be excluded PP were a 
381 heterogenous group of volunteers with diverse backgrounds, none of which connected to the 
382 research department. Most participants also indicate that the symptoms experienced were as 
383 expected or less, showing they had adequate expectations before starting with the trial. This is 
384 confirmed by the fact that most PP reported no change or a decrease in their fear of developing 
385 symptoms during the study. We have found no suggestion of pressure to participate and generally 
386 conclude PP were well informed about participation, although a more targeted survey would 
387 address this question more directly. 
388
389 This survey also illustrates PP’s and CC’s views on other issues of ethical debate in CHI-trials. The 
390 right to withdraw is considered very important by both groups, however most, including CN, agree 
391 that it is acceptable to put restrictions on this if done for the safety of the volunteer and agreed 
392 beforehand. The majority of CC did not express ethical concerns about the concept of deliberate 
393 infection as they believe that the research will be performed in a safe manner and that risk and 
394 benefits are adequately weighed, showing an apparent acceptance of this kind of research even by 
395 those who would not participate. This shows that if properly informed, participants are willing to 
396 accept some restrictions on the right to withdraw, highlighting the importance of complete and 
397 thorough informed consent procedures. 
398  
399 Recall bias may have distorted some of the answers to the questionnaires because of the long lag 
400 time between completion of the CHI-trial and filling out the survey for some volunteers. Some 
401 answers to questions in the PP group may also have been influenced by participation in the trial. In 
402 addition, social desirability and missing answers may have confounded the results, although surveys 
403 were processed anonymously and missing answers were evenly distributed among the questions. 
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404 Notwithstanding, this study has included a reasonably large number of CHI-participants compared to 
405 previous studies and covers several different CHI-models, thereby improving generalizability.
406 The use of the control group has several limitations. The control group of students is more 
407 homogenous in age, education and healthcare background than the actual participants which 
408 impairs generalizability. Controls were furthermore offered a hypothetical participation, which may 
409 not be comparable to the actual decision to take part. However, participants are largely selected 
410 from the same population and this control group represents two-thirds of trial participants. We thus 
411 believe that the comparison is still of value. 
412
413 CONCLUSION
414 As the first study to quantitatively investigate the motivations and perceptions of participants, this 
415 survey is a crucial addition to the ongoing debate on CHI-trials. This study is amongst the first to add 
416 the voice of participants to the current debate. We found that the motivation of CHI-participants is 
417 highly varied with significant importance for altruistic motivations. Participants are able to make a 
418 balanced appraisal of risks and burdens that results in a mostly satisfactory experience of 
419 participation for them. Based on these findings we propose that the current image of the CHI-
420 participant as ‘money-oriented risk-taker’ is not accurate and may have to be nuanced to the CHI-
421 participant as ‘deliberate decision-maker’. 
422
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518 FIGURE LEGENDS
519 Figure 1: Ranking of motivational factors to participate in a CHI trial for PP (panel A) and CP (B). 
520 Single most important motivation factor for PP (C) and CP (D). 
521
522 Figure 2: Ranking of factors considered in the decision to participate by PP (A), CP (B) and CN (C). The 
523 single most important factor in the decision to participate for PP (D), CP (E) and CN (F). 
524
525 Figure 3. Opinion of PP (n=61) on the amount of financial compensation (A) and how they used the 
526 compensation (B). View of PP (C) and CC (D) on why financial compensation is offered (multiple 
527 answers could be given). Opinion of CN (n=103) to change their mind if compensation was twice as 
528 high (E) and opinion of CP (n=57) if the compensation was twice as high and risk was twice as high 
529 (F).
530
531 Figure 4. General evaluation of PP (n=61) looking back at their participation (A), assessment of 
532 symptoms when looking back (B) and general evaluation of PP who experienced mores symptoms 
533 than expected (C). 
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PP: Compensation was:

Too low (n=7)
Good (n=51)
Too high (n=3)

A B

C D

E F
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Where symptoms like you

expected before the trial?
Yes (n=28)

No, they were less (n=19)
No, they were more (n=12)

I had no expectations
(n=2)

0 25 50 75 10
0

Would you participate again?

Would you advise others to participate?

Are you proud of your participation?

Did you gain other benefits from participating?

%

Yes

No

0 25 50 75 10
0

Participate again?

Advise others?

Proud?

Benefits?

PP with more symptoms than expected:

%

A

B C
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Supplement A: Surveys 

 
A. Questionnaire for participants in controlled human infection trials 

 
General: 

1. In which study did you participate? Malaria/Schistosomiasis/Hookworm 
2. Are you male or female? 
3. What is your age? 18-24/25-30/>30 
4. At the time of your participation in the trial were you: Student/Working/Unemployed 
5. Had you participated as a subject in medical research before? Yes/No 
6. Do you work in healthcare or do you follow a health-care related study? Yes/No 

 
Motivation: 

7. On a scale of 0 to 5 indicate how important the following factors were for your decision to 
participate (0=not important at all, 5=very important) 

Curiosity 0 1 2 3 4 5 
Contributing to science 0 1 2 3 4 5 
Helping people who are less well-off than me  0 1 2 3 4 5 
The financial compensation 0 1 2 3 4 5 
I’m interested in the subject 0 1 2 3 4 5 
Personal experience with the disease 0 1 2 3 4 5 
Other, namely ………… 

8. On a scale of 0 to 5 indicate how much did you weigh the following factors before deciding 
to participate? 
Severity of possible symptoms 0 1 2 3 4 5 
Chance to get symptoms 0 1 2 3 4 5 
How much time the study will cost 0 1 2 3 4 5 
Easy to make money 0 1 2 3 4 5 
Trust in the study team 0 1 2 3 4 5 
The fact that this is a study about parasites 0 1 2 3 4 5 
Reaction of people around you 0 1 2 3 4 5 

9. Did you discuss your participation with people around you? Yes/No 
a. If no: why not (open question) 
b. If yes: with whom? Parents/partner/friends/roommates/class 

mates/colleagues/others…… 
c. Did you receive positive reactions on your participation? Yes/No (space for open 

answers) 
d. Did you receive negative reactions on your participation? Yes/No (space for open 

answers) 
10. Did you feel pressurised to participate? Yes/No 

a. If yes: why? Needed the money/did not want to say no after signing up/pressure 
from the study team/other…… 

How was the infection experienced? 
11. How did you estimate the risk of this study before participating? (0=very low, 5=very high) 0 

1 2 3 4 5 
12. Before the infection took place, were you afraid of getting symptoms? Yes/No 
13. Has this changed during the course of the trial? Yes/No 

a. If yes, has your fear of symptoms increased or decreased? 
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14. How did you experience the moment of the infection itself? 
Positive/neutral/exciting/fearful/other 

15. On a scale of 0 to 5, indicate how you experienced being infected for this study (0=not at all, 
5=very much) 
Exciting 0 1 2 3 4 5 
Interesting 0 1 2 3 4 5 
Fearful 0 1 2 3 4 5 

Symptoms and trust in study team 
16. On a scale of 0 to 5 how would you rate your symptoms during this trial? (0=no symptoms, 

5=so bad I had to quit the trial) 
17. Were the symptoms as you had expected before the start of the trial? Yes/No, space for 

open answer 
18. Did you feel the symptoms and risks of this study weigh up to the possible benefits for you 

and for science? Yes/No, space for open answers 
19. Do you think it is acceptable that a doctor might make you ill as part of research? 

a. Yes, I trust that I will we well taken care of and that the research is safe 

b. Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

c. No, this goes against the principle that a doctor should do no harm 

d. Other, namely……………………………. 

Informed consent 
20. How important was the screening and presentation you received for your decision to 

participate? (0=not at all, 5=very important) 0 1 2 3 4 5 
a. What’s the most important thing you remember from the screening? Possible 

symptoms/risks of participation/when and how often to visit the trial centre/rules 
surrounding life style during the trial/other 

b. Did your opinion about the study change after talking to the trial physician about 
possible risks and symptoms? 

o Yes, afterwards I was relieved, I thought the symptoms would be more 
severe 

o Yes, I thought the complaints were less severe 
o No, the information in the letter was enough 
o Other ……. 

c. Can you briefly describe the purpose of the study you participated in? Open answer 

Right to withdraw 
21. An important part of a study protocol is that volunteers can always withdraw from a study. 

a. How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

b. In a controlled human infection trial it is often not possible to immediately withdraw 

from the study, because there needs to be a treatment and final check-up even after 

withdrawal, to ensure the safety of the volunteer. How do you feel about this? 

o That’s logical: this is done for your own safety and you know this 

before participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

Compensation 
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22. Would you participate in this trial is there was no financial compensation? Yes/No 

23. How do you view the compensation? 

a. As a compensation for time spent and travel costs 

b. As a compensation for the risk and discomfort of participation 

c. As motivation to participate 

24. What did you do with the money you received? (multiple options) Holiday/Electronics/Paid 
debts/Used it in daily life/Gave to charity/I’d rather not say/Other……. 

25. What did you think of the amount of the compensation? Alright/too high/too low 
26. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

27. Other than the financial compensation, do you feel you have benefitted from your 
participation? Yes/No If Yes, how?........................ 

Concluding 
28. Are you proud of your participation? 
29. Would you advise others to take part in a trial like this? Yes/No space for open answer 
30. Would you participate in another trial? Yes/No  

a. If no: why? Takes too much time/symptoms too severe/compensation too low/other 

 
B. Questionnaire – version for students 

1. What is your age? 

o <18 years old 

o 18-25 years old 

o >25 years old 

2. I am male/female 

3. Would you participate in a study investigating a new drug? Yes/no 

Malaria study: 

Wanted: healthy volunteers for a study into the efficacy of a new vaccine against malaria. Earlier 

research has shown that this vaccine can be administered safely to humans. Now, the effect on 

protection against malaria will be studied. After three vaccinations, volunteers are exposed to bites 

of a malaria mosquito. After these bites volunteers visit the trial centre daily for 14 days for check-up 

visits. At each visit volunteers are checked if they have developed malaria. If a volunteer becomes 

positive he or she is immediately treated. Possible side effects include itching after vaccination and 

after mosquito bites and headaches, fever, myalgia and a flu-like syndrome if a volunteer gets 

malaria. Including vaccinations and all check-up visits volunteers have to come to the trial centre 25 

times, for 15 minutes each. Compensation: €1200,- 

Hookworm study: 

Wanted: healthy volunteers for a study into hookworms. Hookworms are parasites measuring 1-2 

cm that live in the intestine. In children this infection can cause anaemia, protein deficiency and 

impaired cognitive and physical development. In order to treat this infection and develop a vaccine 

more research is needed. For this study volunteers are infected with hookworm. This is done by 

placing a gauze with water containing the larvae on the skin. The larvae cannot be seen with the 

naked eye. Possible symptoms are itching and a rash on the site of infection and abdominal 

complaints, such as abdominal pain and diarrhoea. Volunteers have to come to the trial centre 
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weekly for 16 weeks for a check-up visit of 15 minutes and have to hand in a stool sample every 

week. After the 16th week all volunteers are treated so the worms go away. Compensation: €1500,- 
4. Would you participate in (one of) these studies? 

o No, with neither of these  go to Q5, skip Q6 

o Yes, but only with the malaria trial  go to Q5, then to Q6 

o Yes, but only with the hookworm trial  go to Q5, then to Q6 

o Yes, with both studies  go to Q6 

5. If you do not want to participate in this study or these studies, how important are the 

following factors in your decision? (0=not at all, 5=very important) 

Takes too much time 0 1 2 3 4 5 
I think the risk is too great 0 1 2 3 4 5 
I’m afraid to get symptoms 0 1 2 3 4 5 
Compensation is too low 0 1 2 3 4 5 
The idea to be infected with a worm 0 1 2 3 4 5 
The idea to be infected with a parasite 0 1 2 3 4 5 
Other, namely ………….. 

6. If you do want to participate in (one of) these studies, how important are the following 
factors for you? (0=not at all, 5=very important) 

Curiosity 0 1 2 3 4 5 

Contributing to science 0 1 2 3 4 5 

Helping people who are less well-off than me  0 1 2 3 4 5 

The financial compensation 0 1 2 3 4 5 

I’m interested in the subject 0 1 2 3 4 5 

Personal experience with the disease 0 1 2 3 4 5 

Other, namely ………… 

7. When considering participation, how important are the following factors to you? (0=not at 

all, 5=very important) 

Severity of possible symptoms 0 1 2 3 4 5 

Chance to get symptoms 0 1 2 3 4 5 

How much time the study will cost 0 1 2 3 4 5 

Easy to make money 0 1 2 3 4 5 

Trust in the study team 0 1 2 3 4 5 

The fact that this is a study about parasites 0 1 2 3 4 5 

8. Do you think it is acceptable that a doctor might make you ill as part of research? 

o Yes, I trust that I will be well taken care of and that the research is safe 

o Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

o No, this goes against the principle that a doctor should do no harm 

o Other, namely……………………………. 

9. An important part of a study protocol is that volunteers can always withdraw from a study. 

How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

10. In a controlled human infection trial it is often not possible to immediately withdraw from 

the study, because there needs to be a treatment and final check-up even after withdrawal, 

to ensure the safety of the volunteer. How do you feel about this? 
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o That’s logical: this is done for your own safety and you know this before 

participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

11. Would you participate in this trial is there was no financial compensation? Yes/No 

12. How do you view the compensation? 

o As a compensation for time spent and travel costs 

o As a compensation for the risk and discomfort of participation 

o As motivation to participate 

13. If the compensation was twice as high, would you participate in the trial? Yes/No 

14. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

 

Room for additional remarks  

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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Supplement B: Complete Survey results  

 

Results for motivation and decision to participate are presented in figures 1 and 2 in the original 

article.  

 

Question   Participants Students 

Did you talk about your 

participation with other? 

Yes 

No 

56 (92%) 

5 (8%) 

N/A 

Did you receive positive reactions? Yes 

No 

36 (64%) 

20  (36%) 

N/A 

Did you receive negative reactions? Yes 

No 

45 (80%) 

11 (20%) 

N/A 

Were you influenced by the 

reactions? 

Yes 

No 

4 (7%) 

57 (93%) 

N/A 

Did you feel pressure to participate? Yes 

No 

1 

60  

N/A 

How did you assess the risk before 

participation? 

No risk 

Little risk 

Moderate risk 

High risk 

11 (18%) 

46 (75%) 

3 (5%) 

1 (2%) 

N/A 

Were you afraid of symptoms 

before the infection? 

Yes 

No 

12 (20%) 

49 (80%) 

N/A 

Did this change during the research? Yes 

No 

18 (30%) 

43 (70%) 

N/A 

In what way? Increased 

Decreased 

Increased: 10 

Decreased: 8 

N/A 

How did you experience moment of 

infection? 

Positive 

Neutral 

Exciting 

Frightening 

Other 

15 (24.5%) 

16 (26%) 

26 (42.5%) 

1 (2%) 

Other: 3 (5%)  

N/A 

Exciting 

 

Not 

A little 

Considerable 

Very 

22 (36%) 

28 (46%) 

10 (16%) 

1 (2%) 

N/A 

Interesting Not 

A little 

Considerable 

Very 

5 (8%) 

16 (26%) 

29 (48%) 

11 (18%) 

N/A 

Frightening Not 

A little 

Considerable 

42 (69%) 

19 (31%) 

0 

N/A 
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Very 0 

Severity of symptoms (scale 0-10) 

(SD) 

All 

Malaria 

Schistosomiasis 

Hookworm 

2.85 (2.7) 

2.0 (1.7) 

2.8 (2.7) 

3.8 (3.3)  

N/A 

Were symptoms like you expected 

before the trial started? 

Yes 

No 

28 (46%) 

33  (54%) 

N/A 

Did you feel the burden of the study 

weighs against the possible 

benefits? 

Yes 

No 

49 (80%) 

12 (20%) 

N/A 

Do you think it is acceptable a 

doctor might make you ill for this 

study? 

Yes 

No 

Missing 

61 (100%) 

0 

0 

124 (82%) 

27 (18%) 

5 

How important was the screening 

and information appointment in 

your decision to participate? 

Not 

A little 

Considerable 

Very 

11 (18%) 

26 (43%) 

12 (20%) 

 (12 (20%) 

N/A 

What was the most important thing 

you took from the screening? 

(Multiple answers possible) 

Possible symptoms 

Risks of participation 

How often are visits 

Rules for daily life 

Other 

31 (51%) 

31 (51%) 

28 (46%) 

17 (28%) 

4 (7%) 

N/A 

Did your opinion about the study 

change after the screening? 

Yes, I had worries that were 

answered 

Yes, I thought symptoms 

would be more severe 

No, the letter was sufficient 

Other 

19 (31%) 

 

4 (7%) 

 

35 (57%) 

 

3 (5%) 

N/A 

How important is it to you to always 

be able to withdraw from a study? 

Not 

A little 

Considerable 

Very 

Missing 

3 (5%) 

11 (18%) 

25 (41%) 

22 (36 %) 

0 

0 

12 (8%) 

48 (31%) 

94 (61%) 

2 

In CHI-trials it’s not always possible 

to immediately withdraw. How do 

you feel about this? 

That’s logical, it’s done for 

your own safety 

Feels like hampering 

freedom to with draw 

Other 

58 (95%) 

 

2 (3%) 

 

1 

146 (94%) 

 

7 (4.5%) 

 

1 (0.5%) 

If there was no compensation, 

would you have participated in this 

trial? 

Yes 

No 

10 (16%) 

51 (84%) 

4 (3%) 

150 (97%) 

How do you see the compensation? Compensation for costs 31 (50%) 38 (25%)  
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(multiple answers possible) Travel expenses 

Payment for risk and burden 

Motivation 

19 (31%) 

30 (49%) 

34 (56%) 

29 (19%) 

134 (87%) 

71 (46%) 

What did you do with the 

compensation? (multiple answers 

possible) 

Holiday 

Electronics 

Debts 

Daily life 

Charity 

I’d rather not say 

Other 

25 (41%) 

1 (2%) 

6 (10%) 

12 (20%) 

2 (3%) 

7 (11%) 

18 (30%) 

N/A 

The received compensation was: Too low 

Good 

Too high 

7 (11%) 

51 (84%) 

3 (5%) 

N/A 

Other than the financial 

compensation, did you have other 

benefits from participation? 

Yes 

No 

36 (59%) 

25 (41%) 

N/A 

Are you proud of your participation? Yes 

No 

51 (84%) 

10 (16%) 

N/A 

Would you advise others to 

participate in a trial like this? 

Yes 

No 

54 (88.5%) 

7 (11.5%) 

N/A 

Would you participate again in a 

similar trial? 

Yes 

No 

52 (85%) 

9 (15%) 

N/A 

Would you participate if 

compensation was twice as high? 

Yes 

No 

Maybe 

N/A 50 (33%) 

96 (64%) 

4 (3%) 

CN Yes 

No 

Maybe 

N/A 14 (13%) 

85 (83%) 

4 (4%) 

CP, only malaria Yes 

No 

Maybe 

N/A 25 (71%) 

10 (29%) 

0 

CP, only hookworm Yes 

No 

Maybe 

N/A 4 (100%) 

0 

0 

CP, both Yes 

No 

Maybe 

N/A 7 (87,5%) 

1 (12,5%) 

0 

Would you participate if the risk was 

twice as high but the compensation 

also twice as high?  

Yes 

No 

Maybe 

N/A 8 (5%) 

143 (94%) 

1 (1%) 

CN Yes 

No 

Maybe 

N/A 3 (3%) 

101 (97%) 

0 
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CP, only malaria Yes 

No 

Maybe 

 3 (9%) 

31 (91%) 

0 

CP, only hookworm Yes 

No 

Maybe 

 0 

4 (100%) 

0 

CP, both Yes 

No 

Maybe 

 2 (22%) 

7 (78%) 

0 
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1

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract
Page 1, line 1 (title) and page 2 line 48 (abstract)

Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found
Page 2, lines 51-63

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Page 3, lines 93-117
Objectives 3 State specific objectives, including any prespecified hypotheses

Page 3, lines 125-128

Methods
Study design 4 Present key elements of study design early in the paper

Page 4, lines 131-133
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection
Setting and location: Page 4, lines 131-133
Dates: Page 4, line 133, 140

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants
Eligibility criteria: Page 4, lines 137-139
Selection: Page 4, lines 136-139, lines 143-144

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable
Page 4, lines 164-171

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there is 
more than one group
Page 5, lines 176-183

Bias 9 Describe any efforts to address potential sources of bias
Potential biases are discussed in the discussion. It was not possible to correct for 
biases beforehand. 
Discussion page 10 line 399-400, page 11 line 406-411

Study size 10 Explain how the study size was arrived at
Page 4, line 148-151

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why
Page 5, lines 176-183
(a) Describe all statistical methods, including those used to control for confounding
Page 5, line 176-183
(b) Describe any methods used to examine subgroups and interactions
Page 5, line 181-183
(c) Explain how missing data were addressed
Page 5, line 193-194

Statistical methods 12

(d) If applicable, describe analytical methods taking account of sampling strategy
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2

N/A
(e) Describe any sensitivity analyses
N/A

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed
Page 5 line 196
(b) Give reasons for non-participation at each stage
N/A

Participants 13*

(c) Consider use of a flow diagram
We consider this not to be relevant for the current study.
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders
Page 5, lines 200-206, table 1

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of interest
Information on number of missing data can be found in supplement B

Outcome data 15* Report numbers of outcome events or summary measures
For the primary outcome of motivational factors: Page 6 lines 211-222
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included
For Risk Propensity Score: Page 8, lines 297-298. Not applicable to other outcomes. 
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period
N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses
N/A

Discussion
Key results 18 Summarise key results with reference to study objectives

Page 8, lines 304-306, 308-314
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias
Page 10 lines 399-403, page 11 lines 406-411

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence
Page 11 lines 414-421

Generalisability 21 Discuss the generalisability (external validity) of the study results
Page 11 lines 404-405, 406-411

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
Page 12, lines 426-427

*Give information separately for exposed and unexposed groups.
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3

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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2

44 ABSTRACT
45
46 Objective: To quantitatively investigate the motivations, decision-making and experience of 
47 participants in controlled human infection studies. 
48 Design: Cross-sectional descriptive survey study.
49 Setting: Previous participants of controlled human infection studies at the Leiden Controlled Human 
50 Infection Center, control group of students from Leiden University.
51 Participants: 61 previous participants and 156 controls.
52 Measurements: Ranking of motivational and decisional factors, risk-propensity score and multiple-
53 choice questions on experience of trial participation and ethical aspects of controlled human 
54 infection studies. 
55 Results: Motivating factors for participants were contributing to science (80%), contributing to 
56 research that may benefit developing countries (72%) and the financial compensation (62%). For 
57 51% of participants a reason other than financial compensation was the most important 
58 motivational factor. Participants considered trust in the study team (70%), time investment (62%), 
59 severity of symptoms (52%), chance of developing symptoms (52%) and whether it is an easy way to 
60 make money (52%) in their decision to participate. Most controlled human infection participants 
61 (84%) were proud of their participation, would advise others to participate (89%) and would 
62 participate in a similar trial again (85%). Controlled human infection participants had a higher risk 
63 propensity score than students (4.37 vs 3.5, p<0.001). 
64 Conclusions: Although financial compensation is important, the motivations for participants in a 
65 controlled human infection study are diverse and participants make a balanced appraisal of risks and 
66 burden before participating.
67
68 Word count: 223 words
69
70
71 Article summary/strengths and limitations:
72 - First quantitative study on motivations and experiences of participants in controlled human 
73 infection studies
74 - Included multiple controlled human infection models with a relatively large group of 
75 participants, increasing generalizability
76 - Answers may have been biased by recall or social desirability
77 - Control group high percentage of missing answers on questionnaires, although all questions 
78 were answered by at least 85% of controls
79 - Control group were students, a more homogeneous population than the participants which 
80 consist of roughly 2/3 students. This difference may hamper comparison. 

81 Funding statement: This research received no specific grant from any funding agency in the public, 
82 commercial or non-for-profit sector.
83 Competing interests: The authors have no conflicts of interest to declare.
84 Data availability: All relevant data has been incorporated in the manuscript or added as 
85 supplementary material. 
86
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87 INTRODUCTION
88 Controlled human infection (CHI) trials are increasingly used in the development of novel vaccines 
89 and drugs against a variety of pathogens.1 In these trials, volunteers are purposely infected with a 
90 pathogen in order to test the efficacy of new vaccines or medicines and to study host-pathogen 
91 interaction.2 CHI trials have boosted vaccine development against for example malaria3 and cholera,4 
92 and generated valuable information on host-pathogen interactions in many other diseases. 2 
93 Currently over 40 000 volunteers have participated in these studies,1 with exponentially increasing 
94 numbers over the past decades. Like phase 1 drug trials also including healthy volunteers CHI-studies 
95 lack individual benefit to the volunteer, requiring a thorough review of the balance of risks and 
96 burden to the participant versus the social and scientific benefits. Literature on the ethical debate of 
97 CHI-trials is growing, with particular emphasis on informed consent, undue influence by financial 
98 compensation and the right to withdraw.5-7

99 Like the debate concerning phase I drug trials8 there is suspicion that volunteers are only driven by 
100 money9 10 and as a result do not adequately weigh the risk and burden of participation11, the 
101 ‘money-orientated risk-taker’. Participants in phase I trials score higher on questionnaires examining 
102 sensation-seeking behaviours compared to age- and sex-matched controls, adding to the notion that 
103 these volunteers are more prone to take, possibly ill-considered, risks in their lives.12 13 However, 
104 recent research shows that phase I participants consider other arguments besides the financial 
105 compensation, such as curiosity, contributing to medical research, helping future patients and the 
106 risks involved14 15. In response to a recent publication16 public discussion, particularly on social 
107 media, has also focused on voluntariness of participation since studies often include medical 
108 students as participants who were presumed to have felt pressure to participate, next to the 
109 ongoing discussion about acceptability of risks and burdens. Qualitative data on motivation of 
110 participants was recently collected in two studies with volunteers in controlled human malaria 
111 infection trials in the United States and Kenya. These showed that participants had other 
112 motivations next to the financial incentive.17 18 However, these studies only included small groups of 
113 participants (16 and 36 respectively) in a malaria trial, and quantitative data on motivations and 
114 experiences is lacking. Given the ongoing debate on the ethics of CHI-trials, a more quantitative 
115 assessment of the experiences and motivation of participants in a broader group of volunteers is 
116 needed to gain better insight into the profile of the CHI-volunteer, their motivations and 
117 experiences. 
118 In order to investigate whether participants in CHI-trials are different from the general population it 
119 is valuable to compare the participants to a control group. This also enables a longitudinal 
120 comparison of motivations and thought-processes of potential participants with those who have 
121 actually participated, providing a better insight into how volunteers come to their decision. 
122 The Leiden Controlled Human Infection Center has conducted multiple CHI-trials in malaria, 
123 schistosomiasis and hookworm. This unique setup offers an ideal opportunity to fill the 
124 abovementioned knowledge gaps. We therefore conducted a survey study in former participants of 
125 these trials, using students from the local university as a control group. The aim of this study is to 
126 quantitatively investigate the motivation, decision-making process and risk propensity of 
127 participants in CHI-trials compared to a control group. Furthermore, this study explores participants’ 
128 views on ethical questions in CHI-trials. 
129
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130 METHODS
131 This cross-sectional descriptive survey was conducted amongst participants of CHI-trials performed 
132 at the Leiden Center for Controlled Human Infections and students of the Leiden University in 
133 October 2018.
134
135 Participants
136 Participants of previously conducted CHI-trials with malaria, hookworm or schistosomiasis were 
137 invited to participate in an anonymous survey. Inclusion criteria were having undergone controlled 
138 human infection and previous consent to be contacted again for further studies. There were no 
139 exclusion criteria. All 66 previous participants were eligible for inclusion. CHI-trials were conducted 
140 between November 2016 and September 2018. Surveys were distributed and collected via e-mail 
141 through data management program Castor EDC.19 Participants who did not respond to the e-mail 
142 were sent one reminder. CHI-participants received a 10€ voucher as reward.
143 As control group students from the local university were included. This group has been selected as 
144 the majority of participants in CHI-studies at the study centre is recruited from this population. 
145 Before lectures at the medical faculty the anonymous paper survey was distributed to all students 
146 present and collected afterwards. Surveys were furthermore distributed during two meetings of 
147 local (non-medical) student societies, where the researchers handed students present the survey 
148 and collected them after completion. . Controls did not receive compensation.
149 With an expected response rate of 80% we estimated that around 50 previous participants would 
150 return the survey. Based on experiences in recruiting we estimated that one-third of students would 
151 be willing to participate in a CHI-trial, so in order to include an equal number of controls willing to 
152 participate to actual participants we aimed to include 150 controls. 
153
154 Survey
155 The survey was designed by the researchers, based on previously published research14 15 and topics 
156 of ethical debate.5 Motivational and decision-making factors were chosen based on the research by 
157 Grady et al15 and by identification of potential motivational factors through discussion with 
158 researchers involved in screening and recruitment of trial participants. Participants were allowed to 
159 add their own factors. Motivational factors in the survey were “curiosity”, “contributing to science”, 
160 “ contributing to developing countries”, “ financial compensation”, “ interest in the subject” and “ 
161 personal experience”. Factors in the decision making process were “ Severity of possible symptoms”, 
162 “chance of developing symptoms”, “time investment”, “ an easy way to make money”, “ trust in the 
163 study team” and “it’s research about parasites”. Questions on ethical acceptability were formulated 
164 based on issues identified in literature as key concepts in CHI-trials 5-7 (surveys in supplement A).
165 CHI-participants (from here referred to as PP) reflected on their own experiences, whereas the 
166 control group (CC) were asked to consider participation in a malaria trial and a trial with hookworm 
167 to reflect the different types of studies conducted. CC were provided descriptions of the trials 
168 detailing study procedures, possible adverse events, number of visits and sample collections and the 
169 financial compensation (descriptions in supplement A). PP and CC were asked to rate motivational 
170 factors and factors considered in their decision about participation. Each factor could be rated as not 
171 important, slightly important, considerably important or very important. Next to this ranking CC and 
172 PP were also asked to identify the single most important factor. 
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173 Attitudes towards risk-taking were investigated using the Risk Propensity Scale (RPS)20, a seven-item 
174 questionnaire consisting of statements on taking risks in daily life that are rated between 1 and 9 
175 (supplement B). Higher scores represent a higher propensity to take risks. This questionnaire was 
176 selected as this is a concise questionnaire focussing on general risk-taking propensity in daily life. 
177 Experiences of PP and opinions on ethical issues were examined using multiple-choice questions. 
178 Wherever relevant, CC were presented with similar questions. 
179
180 Statistical analysis
181 A ranking order of motivational and decision-making factors was compiled, ranking from the factor 
182 with the highest percentage of ‘important’ or ‘very important’ to the lowest. 
183 RPS scores were analysed as described by Meertens.20 Differences in mean scores were calculated 
184 using a two-sided t-test or one-way ANOVA and were adjusted for age and sex using a univariate 
185 analysis. Frequencies were calculated for the multiple-choice questions on the experiences of PP and 
186 ethical issues. Differences in demographical characteristics were calculated using a Chi-square test, 
187 differences between CHI-models were calculated using a one-way ANOVA for continuous parametric 
188 data and Kruskall-Wallis test for non-parametric data, and a Chi-square test for categorical data. A p-
189 value <=0.05 was considered statistically significant.
190
191 Calculations were made using SPSS v23.21 The institutional review board of the Leiden University 
192 Medical Center where the study was performed reviewed the protocol and provided ethical 
193 approval (P18.203). 
194
195 Patient and public involvement
196 No patients were involved in this study. This study was designed to investigate healthy volunteers’ 
197 opinions and preferences. Volunteers were not involved in the design or recruitment process. 
198 Interested participants were presented the results during a meeting, participants will be provided 
199 the research article after publication. 
200
201 RESULTS
202 61 of 66 CHI-participants and 156 of 156 students returned the survey. There were no missing 
203 answers in the questionnaires of PP, however many CC returned incomplete questionnaires. 
204 Nevertheless, since all questions were answered by at least 85% of controls, all questionnaires were 
205 included in the analysis (All survey outcomes in Supplement C).
206 Baseline characteristics and demographics for both PP and CC are displayed in table 1. The majority 
207 of PP (67%) were students when participating in their trial. Most PP had not previously taken part in 
208 medical research (72%) and 53% was employed or studying in a healthcare-related field. In both 
209 groups the majority were female. CC were younger than PP (p<0.0001), most were recruited from 
210 the medical faculty. 
211 Of the CC, 69% would not participate in any of the CHI-trials (referred to as CN), whereas 22% would 
212 only participate in the malaria trial, 3% in only the hookworm trial and 6% in both (CP). 
213

 CHI participants 

(n=61)

Controls 

(n=156)
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Participation in trial for:
Schistosomiasis (n=17):

Hookworm (n=26):
Malaria (n=23):

 
16 (26%)
22 (36%)
23 (38%)

 N/A

Sex
Male:

Female:
Missing:

 
24 (39%)
37 (61%)

 
35 (22%)
98 (63%)
23 (15%)

Age
< 18 yrs

18-24 yrs:
25-30 yrs:

>30 yrs:

 
0
38 (62%)
11 (18%)
12 (20%)

 
3 (2%)
145 (93%)
8 (5%)
0

Employment
Student:

Working:
Other: 

 
41 (67%)
19 (31%)
1 (2%)

 
156 (100%)

Previously participated in research
Yes:
No:

 
17 (28%)
44 (72%)

 N/A

Employed in healthcare or healthcare 
related study?

Yes:
No:

 

32 (53%)
29 (47%)

126 (81%)
30 (19%)

Would you participate in one of these 
controlled human infection trials?

Yes, both
Yes, only malaria

Yes, only hookworm:
No:

 N/A  

9 (6%)
35 (22%)
4 (3%)
108 (69%) 

214 Table 1. Demographic characteristics of study participants
215
216 Motivation
217 Motivation was investigated both by ranking factors of importance and by identifying the single 
218 most important factor. PP considered “contributing to science” as an important (43%) or very 
219 important (38%) motivating factor, followed by “contributing to developing countries” (41% 
220 important, 31% very important) and the financial compensation (25% and 38% respectively) (figure 
221 1). However, when asked the single most important motivation, PP most often noted the financial 
222 compensation (49%) followed by “contributing to developing countries”(29%) . There were no 
223 apparent differences in motivation for participants from different CHI-models. 
224 For CP the financial compensation was most often important (39% important, 52% very important), 
225 followed by “contributing to science” (33% important, 39% very important) and “contributing to 
226 developing countries” (46% important, 26% very important). The single most important motivation 
227 was the financial compensation for 41% of CP and “contributing to science” and “interest in the 
228 subject” for 15%. 
229
230 Decision to participate
231 PP most often found trust in the study team important in their decision to participate (34% 
232 important, 36% very important) followed by the time investment (43% important, 20% very 
233 important), severity of symptoms (36% and 18%), chance of developing symptoms (31% and 23%) 
234 and “an easy to make money” (31% and 23%). The single most important factor in the decision to 
235 participate was highly variable, including the chance of developing symptoms (23%), severity of 
236 symptoms (21%) and time investment (20%). 
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237 CC most often considered the chance of developing symptoms and severity of symptoms important, 
238 with CP also considering the time investment and “an easy way to make money”. The severity of 
239 symptoms was the single most important factor (47% for CP, 53% for CN) (Figure 2). 
240
241 Assessment of symptoms and risks
242 The majority of PP (57 out of 61, 93%) considered the trial to be of no or little risk and the majority 
243 was not afraid of symptoms before the start of the trial (49 of 61, 80%). For 10 PP their fear of 
244 symptoms increased during the trial, mainly because they saw other volunteers with symptoms or as 
245 one volunteer stated “we were working each other up the day of the malaria infection about the 
246 mosquito bites and what would happen”. For the others, fear of symptoms declined (n=8) or 
247 remained the same (n=43). PP scored the symptoms they experienced during the trial on a scale of 
248 0-10, with 0 being no complaints at all, 10 complaints so severe they had to withdraw from the trial. 
249 The mean score was 2.85 (SD 2.7, range 0-10) for all models, with no significant differences between 
250 CHI-models (p=0.228). 
251
252 Reaction of others
253 Many (80%) PP reported negative reactions about their trial participation, quoting reactions like: 
254 “Are you getting worms in your body?” or “You are taking a risk with your health”. However, 64% 
255 also received positive reactions, such as “That’s an important thing to support”, “That is very 
256 interesting research to participate in” and “That’s good money for little effort”. The responses of 
257 third parties largely did not influence their decision to participate (93%). All PP but one reported no 
258 outside pressure to participate in the study. The one participant who did, described no pressure to 
259 initially participate but reported that during the study when the participant could not meet some of 
260 the logistical demands of the study instead of dropping out completely participant was offered to 
261 miss out on some follow-up procedures in order to remain in the study for the primary endpoint. 
262 This participant described to be glad to have been offered that proposition and was proud to have 
263 completed the study after all. 
264
265 Opinion on ethical issues
266 PP and CC were asked their opinion about the concept of deliberate infection and the right to 
267 withdraw. For 77% of PP it was considerably or very important to always be able to withdraw. 
268 However, 95% replied they found it understandable that in a CHI-trial immediate withdrawal is not 
269 always possible as this was done for their own safety or was acceptable if explained during the 
270 informed consent procedure. PP also found it acceptable for a physician to deliberately make them 
271 ill for the benefit of the trial (100%). Some added that this was what they voluntarily signed up for, 
272 as long as possible symptoms were explained before the trial. CC generally had similar views: 94% 
273 felt it was understandable that it is not always possible to withdraw and 82% found it acceptable for 
274 a physician to deliberately make a person ill for the trial. 
275
276 Financial compensation
277 Of the PP, 10 out of 61 would have participated without any financial compensation. The majority of 
278 PP (84%) considered the compensation as good, 3 considered it too high. PP most often spent the 
279 financial compensation on a holiday (41%), followed by costs of daily life (20%) and savings (18%). PP 
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280 view the compensation as an incentive to participate (56%), compensation for costs (50%) and 
281 payment for risk and burden (49%). The majority of CN could not be convinced to participate for 
282 double the compensation (86%) and only 3 (3%) would change their mind about participation if both 
283 the compensation and the risks were doubled. CP were also unwilling to take more risk: only 5 of the 
284 44 (11%) would still participate if the risk was twice as high but compensation also twice as high 
285 (Figure 3).
286
287 Looking back at participation
288 Remarkably, a large proportion (59%) of PP felt they had gained benefits from their participation 
289 other than the financial compensation, like increased knowledge about the conduct of clinical trials 
290 or the disease for which they participated, the pride of having contributed to important research, 
291 the experience of going through a trial with the other participants and the study team. One 
292 volunteer stated that he had ‘learned to get up early in the morning and improve my daily rhythm’. 
293 Most (84%) were proud of their participation, would advise others to participate (89%) and would 
294 participate in a similar trial again (85%) (Figure 4A). In retrospect, 80% felt that the benefits of the 
295 study outweighed the burden they experienced, and of the 20% who did not, 3 out of 12 stated they 
296 had experienced so little discomfort they did not have any burden. For 46% of volunteers the 
297 symptoms met their expectations, 36% experienced less symptoms than expected and 20% 
298 experienced more (Figure 4B). Even those participants who had more symptoms than expected 
299 evaluate their participation positively: 8 out of 12 felt proud of their participation and would advise 
300 others to participate, 10 out of 12 would themselves participate again (Figure 4C).
301
302 Risk propensity scale 
303 PP had a significantly higher risk propensity score than CC (4.37 vs 3.5, p<0.001, adjusted for age and 
304 sex) (Figure 5). CP also scored significantly higher than CN (4.0 vs 3.28, p=0.001). No evidence for 
305 differences between participants from different CHI-models, males or females or those with a 
306 health-care related job or education were observed.
307
308 DISCUSSION 
309
310 This survey study is the first to quantitatively investigate the motivations and experiences of 
311 participants in CHI trials. These findings shed light onto the experiences and opinions of participants 
312 on issues that have been subject of extensive ethical debate.
313
314 We have found that, contrary to commonly mentioned fears 10 22 , the largest group of volunteers 
315 felt that contributing to science and to research benefitting developing countries was an important 
316 motivation. For 51% of PP the financial compensation was not the most important reason to take 
317 part. Interestingly, for 38% of PP financial compensation was not or only of little importance, and 10 
318 (16%) would have participated without any compensation. Our data convincingly shows that factors 
319 other than financial compensation are important motivators which are considered in the decision to 
320 participate. 
321
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322 A larger group of CC found the compensation important compared to PP, although as a single most 
323 important motivation for participation proportions were similar. CC also gave more importance to 
324 the symptoms compared to PP. Possibly, the compensation is initially most important for a potential 
325 participant to be interested in the study, with motivations becoming more diverse after receiving 
326 more information about the study and through actual participation. In the decision-making process 
327 CC gave more importance to the symptoms, which may reflect that during the first deliberations 
328 about participations the symptoms are an important decider, whereas with more information other 
329 factors are taken into account. 
330
331 The motivations of CHI-participants seem to be concurrent with findings in volunteers of phase I 
332 drug trials. Stunkel and Grady describe in a 2011 systematic review8 that although the financial 
333 compensation is usually necessary, it is not sufficient for participation, and note that risk is the 
334 deciding factor in participation. However, other large-scale studies in phase I drug-research 
335 participants,15 noted that money is the most important motivator in 60% of individuals, which is 
336 clearly more than we found. Possibly, the population (students, gender and age) might play a role in 
337 motivating factors as well as the nature of the trial. A survey of the motivations of individuals 
338 participating in Ebola and influenza vaccines is a good example of the latter, whereby almost 90% of 
339 participants found contributing to the health of others important 23. It is possible that both CHI-trials, 
340 especially those researching vaccines for Neglected Tropical Diseases and phase 1 trials for vaccines 
341 with similar expected public health benefits may attract volunteers with more altruistic motivations 
342 compared to phase I drug research in general. 
343
344 Differences in population may also be reflected within CHI-studies in different countries. Our Dutch 
345 PP were motivated by other factors than Kenyan participants of a controlled human malaria 
346 infection (CHMI) trial, who were most often driven by the financial compensation and the health 
347 care provided by the trial staff.18 The Kenyans were rewarded the wage of a day’s work for each day 
348 of participation to make up for lost income. This was different for the Dutch PP, who have universal 
349 access to healthcare and receive compensation for time spent and travel expenses. Participants from 
350 both countries, however, showed little concern about trial risks and showed high levels of trust in 
351 the study team. In a qualitative study amongst US CHMI participants17 the participants similarly 
352 describe little concerns about the risks, trust in the study team as important and mixed motivations 
353 for participation. The differences between the American, Kenyan and Dutch CHI-participants 
354 illustrate the influence of cultural differences and healthcare organization that remain important to 
355 address and separately investigate.
356
357 This study also provides more insight into the presence of undue influence by the financial 
358 compensation. We have found that a majority of PP has used their received compensation for 
359 leisure activities such as a vacation or put the money in their savings accounts. This indicates they do 
360 not have a direct financial need in daily life to take part but could spend the money for more luxury 
361 expenses. The control group also provides evidence that potential participants cannot be persuaded 
362 to participate for more money if they are not inclined to do so in the first place, or accept more risk 
363 for more money, even though the compensation is an important motivation to participate for them. 
364 We acknowledge that without any compensation many PP would probably not participate but do 
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365 conclude that the motivations of participants are varied and that the role of the financial 
366 compensation is not as important as presumed. 
367
368 Another important issue in current debate is the acceptable risks and burden to participants and the 
369 risk-taking attitude of trial participants. This survey cannot answer what acceptable risks and 
370 burdens are, but can give important insight into what participants actually consider acceptable. 
371 Both PP and CP scored higher on the RPS as compared to CN. Interestingly, the scores in both groups 
372 were lower than those of the original validating study for the RPS who had a mean score of 4.63 (SD 
373 1.23, range 2.00-07.00),20 suggesting that the RPS varies considerably between different 
374 populations. Possible symptoms and risks were an important reason for CN to decline participation, 
375 whereas CP and PP apparently weigh the symptoms but find them acceptable. This higher 
376 acceptance of possible risks matches the higher risk-taking propensity, but does not mean that risks 
377 and burden are not considered. Even the majority of participants who experienced more symptoms 
378 than expected look back positively on their participation, are proud of their participation and would 
379 participate again. Combined with the finding that the large majority of PP felt the benefits 
380 outweighed the burdens of the study, the majority would participate again and would advise others 
381 to do so too and that many reported to have gained more benefits than the financial compensation 
382 alone, we conclude that at least for these studies the balance of burdens and risks was acceptable to 
383 the volunteers. 
384
385 This study did not specifically assess understanding and informed consent by the PP, however some 
386 conclusions on the success of informed consent and voluntariness can be drawn. All participants but 
387 one reported no pressure to participate. Although a reporting bias cannot be excluded PP were a 
388 heterogenous group of volunteers with diverse backgrounds, none of which connected to the 
389 research department. Most participants also indicate that the symptoms experienced were as 
390 expected or less, showing they had adequate expectations before starting with the trial. This is 
391 confirmed by the fact that most PP reported no change or a decrease in their fear of developing 
392 symptoms during the study. We have found no suggestion of pressure to participate and generally 
393 conclude PP were well informed about participation, although a more targeted survey would 
394 address this question more directly. 
395
396 This survey also illustrates PP’s and CC’s views on other issues of ethical debate in CHI-trials. The 
397 right to withdraw is considered very important by both groups, however most, including CN, agree 
398 that it is acceptable to put restrictions on this if done for the safety of the volunteer and agreed 
399 beforehand. The majority of CC did not express ethical concerns about the concept of deliberate 
400 infection as they believe that the research will be performed in a safe manner and that risk and 
401 benefits are adequately weighed, showing an apparent acceptance of this kind of research even by 
402 those who would not participate. This shows that if properly informed, participants are willing to 
403 accept some restrictions on the right to withdraw, highlighting the importance of complete and 
404 thorough informed consent procedures. 
405  
406 Recall bias may have distorted some of the answers to the questionnaires because of the long lag 
407 time between completion of the CHI-trial and filling out the survey for some volunteers. Some 
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408 answers to questions in the PP group may also have been influenced by participation in the trial. In 
409 addition, social desirability and missing answers may have confounded the results, although surveys 
410 were processed anonymously and missing answers were evenly distributed among the questions. 
411 Notwithstanding, this study has included a reasonably large number of CHI-participants compared to 
412 previous studies and covers several different CHI-models, thereby improving generalizability.
413 The use of the control group has several limitations. The control group of students may not be a 
414 complete representation of the participant population as it is more homogenous in age, education 
415 and healthcare background than the actual participants which impairs generalizability. Controls were 
416 furthermore offered a hypothetical participation, which may not be comparable to the actual 
417 decision to take part. However, participants are largely selected from the same population and this 
418 control group represents two-thirds of trial participants. We thus believe that the comparison is still 
419 of value. 
420
421 CONCLUSION
422 As the first study to quantitatively investigate the motivations and perceptions of participants, this 
423 survey is a crucial addition to the ongoing debate on CHI-trials. This study is amongst the first to add 
424 the voice of participants to the current debate. We found that the motivation of CHI-participants is 
425 highly varied with significant importance for altruistic motivations. Participants are able to make a 
426 balanced appraisal of risks and burdens that results in a mostly satisfactory experience of 
427 participation for them. Based on these findings we propose that the current image of the CHI-
428 participant as ‘money-oriented risk-taker’ is not accurate and may have to be nuanced to the CHI-
429 participant as ‘deliberate decision-maker’. 
430
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526 FIGURE LEGENDS
527 Figure 1: Ranking of motivational factors to participate in a CHI trial for PP (panel A) and CP (B). 
528 Single most important motivation factor for PP (C) and CP (D). 
529
530 Figure 2: Ranking of factors considered in the decision to participate by PP (A), CP (B) and CN (C). The 
531 single most important factor in the decision to participate for PP (D), CP (E) and CN (F). 
532
533 Figure 3. Opinion of PP (n=61) on the amount of financial compensation (A) and how they used the 
534 compensation (B). View of PP (C) and CC (D) on why financial compensation is offered (multiple 
535 answers could be given). Opinion of CN (n=103) to change their mind if compensation was twice as 
536 high (E) and opinion of CP (n=57) if the compensation was twice as high and risk was twice as high 
537 (F).
538
539 Figure 4. General evaluation of PP (n=61) looking back at their participation (A), assessment of 
540 symptoms when looking back (B) and general evaluation of PP who experienced mores symptoms 
541 than expected (C). 
542
543 Figure 5: Risk Propensity Scale. Higher scores indicate a higher propensity to take risks. 
544 ** p<0.001, * p=0.001
545
546
547
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Supplement A: Surveys 

 
A. Questionnaire for participants in controlled human infection trials 

 
General: 

1. In which study did you participate? Malaria/Schistosomiasis/Hookworm 
2. Are you male or female? 
3. What is your age? 18-24/25-30/>30 
4. At the time of your participation in the trial were you: Student/Working/Unemployed 
5. Had you participated as a subject in medical research before? Yes/No 
6. Do you work in healthcare or do you follow a health-care related study? Yes/No 

 
Motivation: 

7. On a scale of 0 to 5 indicate how important the following factors were for your decision to 
participate (0=not important at all, 5=very important) 

Curiosity 0 1 2 3 4 5 
Contributing to science 0 1 2 3 4 5 
Helping people who are less well-off than me  0 1 2 3 4 5 
The financial compensation 0 1 2 3 4 5 
I’m interested in the subject 0 1 2 3 4 5 
Personal experience with the disease 0 1 2 3 4 5 
Other, namely ………… 

8. On a scale of 0 to 5 indicate how much did you weigh the following factors before deciding 
to participate? 
Severity of possible symptoms 0 1 2 3 4 5 
Chance to get symptoms 0 1 2 3 4 5 
How much time the study will cost 0 1 2 3 4 5 
Easy to make money 0 1 2 3 4 5 
Trust in the study team 0 1 2 3 4 5 
The fact that this is a study about parasites 0 1 2 3 4 5 
Reaction of people around you 0 1 2 3 4 5 

9. Did you discuss your participation with people around you? Yes/No 
a. If no: why not (open question) 
b. If yes: with whom? Parents/partner/friends/roommates/class 

mates/colleagues/others…… 
c. Did you receive positive reactions on your participation? Yes/No (space for open 

answers) 
d. Did you receive negative reactions on your participation? Yes/No (space for open 

answers) 
10. Did you feel pressurised to participate? Yes/No 

a. If yes: why? Needed the money/did not want to say no after signing up/pressure 
from the study team/other…… 

How was the infection experienced? 
11. How did you estimate the risk of this study before participating? (0=very low, 5=very high) 0 

1 2 3 4 5 
12. Before the infection took place, were you afraid of getting symptoms? Yes/No 
13. Has this changed during the course of the trial? Yes/No 

a. If yes, has your fear of symptoms increased or decreased? 
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14. How did you experience the moment of the infection itself? 
Positive/neutral/exciting/fearful/other 

15. On a scale of 0 to 5, indicate how you experienced being infected for this study (0=not at all, 
5=very much) 
Exciting 0 1 2 3 4 5 
Interesting 0 1 2 3 4 5 
Fearful 0 1 2 3 4 5 

Symptoms and trust in study team 
16. On a scale of 0 to 5 how would you rate your symptoms during this trial? (0=no symptoms, 

5=so bad I had to quit the trial) 
17. Were the symptoms as you had expected before the start of the trial? Yes/No, space for 

open answer 
18. Did you feel the symptoms and risks of this study weigh up to the possible benefits for you 

and for science? Yes/No, space for open answers 
19. Do you think it is acceptable that a doctor might make you ill as part of research? 

a. Yes, I trust that I will we well taken care of and that the research is safe 

b. Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

c. No, this goes against the principle that a doctor should do no harm 

d. Other, namely……………………………. 

Informed consent 
20. How important was the screening and presentation you received for your decision to 

participate? (0=not at all, 5=very important) 0 1 2 3 4 5 
a. What’s the most important thing you remember from the screening? Possible 

symptoms/risks of participation/when and how often to visit the trial centre/rules 
surrounding life style during the trial/other 

b. Did your opinion about the study change after talking to the trial physician about 
possible risks and symptoms? 

o Yes, afterwards I was relieved, I thought the symptoms would be more 
severe 

o Yes, I thought the complaints were less severe 
o No, the information in the letter was enough 
o Other ……. 

c. Can you briefly describe the purpose of the study you participated in? Open answer 

Right to withdraw 
21. An important part of a study protocol is that volunteers can always withdraw from a study. 

a. How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

b. In a controlled human infection trial it is often not possible to immediately withdraw 

from the study, because there needs to be a treatment and final check-up even after 

withdrawal, to ensure the safety of the volunteer. How do you feel about this? 

o That’s logical: this is done for your own safety and you know this 

before participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

Compensation 
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22. Would you participate in this trial is there was no financial compensation? Yes/No 

23. How do you view the compensation? 

a. As a compensation for time spent and travel costs 

b. As a compensation for the risk and discomfort of participation 

c. As motivation to participate 

24. What did you do with the money you received? (multiple options) Holiday/Electronics/Paid 
debts/Used it in daily life/Gave to charity/I’d rather not say/Other……. 

25. What did you think of the amount of the compensation? Alright/too high/too low 
26. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

27. Other than the financial compensation, do you feel you have benefitted from your 
participation? Yes/No If Yes, how?........................ 

Concluding 
28. Are you proud of your participation? 
29. Would you advise others to take part in a trial like this? Yes/No space for open answer 
30. Would you participate in another trial? Yes/No  

a. If no: why? Takes too much time/symptoms too severe/compensation too low/other 

 
B. Questionnaire – version for students 

1. What is your age? 

o <18 years old 

o 18-25 years old 

o >25 years old 

2. I am male/female 

3. Would you participate in a study investigating a new drug? Yes/no 

Malaria study: 

Wanted: healthy volunteers for a study into the efficacy of a new vaccine against malaria. Earlier 

research has shown that this vaccine can be administered safely to humans. Now, the effect on 

protection against malaria will be studied. After three vaccinations, volunteers are exposed to bites 

of a malaria mosquito. After these bites volunteers visit the trial centre daily for 14 days for check-up 

visits. At each visit volunteers are checked if they have developed malaria. If a volunteer becomes 

positive he or she is immediately treated. Possible side effects include itching after vaccination and 

after mosquito bites and headaches, fever, myalgia and a flu-like syndrome if a volunteer gets 

malaria. Including vaccinations and all check-up visits volunteers have to come to the trial centre 25 

times, for 15 minutes each. Compensation: €1200,- 

Hookworm study: 

Wanted: healthy volunteers for a study into hookworms. Hookworms are parasites measuring 1-2 

cm that live in the intestine. In children this infection can cause anaemia, protein deficiency and 

impaired cognitive and physical development. In order to treat this infection and develop a vaccine 

more research is needed. For this study volunteers are infected with hookworm. This is done by 

placing a gauze with water containing the larvae on the skin. The larvae cannot be seen with the 

naked eye. Possible symptoms are itching and a rash on the site of infection and abdominal 

complaints, such as abdominal pain and diarrhoea. Volunteers have to come to the trial centre 
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weekly for 16 weeks for a check-up visit of 15 minutes and have to hand in a stool sample every 

week. After the 16th week all volunteers are treated so the worms go away. Compensation: €1500,- 
4. Would you participate in (one of) these studies? 

o No, with neither of these  go to Q5, skip Q6 

o Yes, but only with the malaria trial  go to Q5, then to Q6 

o Yes, but only with the hookworm trial  go to Q5, then to Q6 

o Yes, with both studies  go to Q6 

5. If you do not want to participate in this study or these studies, how important are the 

following factors in your decision? (0=not at all, 5=very important) 

Takes too much time 0 1 2 3 4 5 
I think the risk is too great 0 1 2 3 4 5 
I’m afraid to get symptoms 0 1 2 3 4 5 
Compensation is too low 0 1 2 3 4 5 
The idea to be infected with a worm 0 1 2 3 4 5 
The idea to be infected with a parasite 0 1 2 3 4 5 
Other, namely ………….. 

6. If you do want to participate in (one of) these studies, how important are the following 
factors for you? (0=not at all, 5=very important) 

Curiosity 0 1 2 3 4 5 

Contributing to science 0 1 2 3 4 5 

Helping people who are less well-off than me  0 1 2 3 4 5 

The financial compensation 0 1 2 3 4 5 

I’m interested in the subject 0 1 2 3 4 5 

Personal experience with the disease 0 1 2 3 4 5 

Other, namely ………… 

7. When considering participation, how important are the following factors to you? (0=not at 

all, 5=very important) 

Severity of possible symptoms 0 1 2 3 4 5 

Chance to get symptoms 0 1 2 3 4 5 

How much time the study will cost 0 1 2 3 4 5 

Easy to make money 0 1 2 3 4 5 

Trust in the study team 0 1 2 3 4 5 

The fact that this is a study about parasites 0 1 2 3 4 5 

8. Do you think it is acceptable that a doctor might make you ill as part of research? 

o Yes, I trust that I will be well taken care of and that the research is safe 

o Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

o No, this goes against the principle that a doctor should do no harm 

o Other, namely……………………………. 

9. An important part of a study protocol is that volunteers can always withdraw from a study. 

How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

10. In a controlled human infection trial it is often not possible to immediately withdraw from 

the study, because there needs to be a treatment and final check-up even after withdrawal, 

to ensure the safety of the volunteer. How do you feel about this? 
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o That’s logical: this is done for your own safety and you know this before 

participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

11. Would you participate in this trial is there was no financial compensation? Yes/No 

12. How do you view the compensation? 

o As a compensation for time spent and travel costs 

o As a compensation for the risk and discomfort of participation 

o As motivation to participate 

13. If the compensation was twice as high, would you participate in the trial? Yes/No 

14. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

 

Room for additional remarks  

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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Supplement B: Risk Propensity Scale 

Adapted from: Meertens RM and Lion R. Measuring an individual's tendency to take risks: The Risk 

Propensity Scale. J Appl Social Psychol 2008;38(6):1506-20. 
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Supplement C: Complete Survey results  

 

Results for motivation and decision to participate are presented in figures 1 and 2 in the original 

article.  

 

Question   Participants Students 

Did you talk about your 

participation with other? 

Yes 

No 

56 (92%) 

5 (8%) 

N/A 

Did you receive positive reactions? Yes 

No 

36 (64%) 

20  (36%) 

N/A 

Did you receive negative 

reactions? 

Yes 

No 

45 (80%) 

11 (20%) 

N/A 

Were you influenced by the 

reactions? 

Yes 

No 

4 (7%) 

57 (93%) 

N/A 

Did you feel pressure to 

participate? 

Yes 

No 

1 

60  

N/A 

How did you assess the risk before 

participation? 

No risk 

Little risk 

Moderate risk 

High risk 

11 (18%) 

46 (75%) 

3 (5%) 

1 (2%) 

N/A 

Were you afraid of symptoms 

before the infection? 

Yes 

No 

12 (20%) 

49 (80%) 

N/A 

Did this change during the 

research? 

Yes 

No 

18 (30%) 

43 (70%) 

N/A 

In what way? Increased 

Decreased 

Increased: 

10 

Decreased: 8 

N/A 

How did you experience moment 

of infection? 

Positive 

Neutral 

Exciting 

Frightening 

Other 

15 (24.5%) 

16 (26%) 

26 (42.5%) 

1 (2%) 

Other: 3 

(5%)  

N/A 

Exciting 

 

Not 

A little 

Considerable 

Very 

22 (36%) 

28 (46%) 

10 (16%) 

1 (2%) 

N/A 

Interesting Not 

A little 

Considerable 

Very 

5 (8%) 

16 (26%) 

29 (48%) 

11 (18%) 

N/A 

Frightening Not 42 (69%) N/A 
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A little 

Considerable 

Very 

19 (31%) 

0 

0 

Severity of symptoms (scale 0-10) 

(SD) 

All 

Malaria 

Schistosomiasis 

Hookworm 

2.85 (2.7) 

2.0 (1.7) 

2.8 (2.7) 

3.8 (3.3)  

N/A 

Were symptoms like you expected 

before the trial started? 

Yes 

No 

28 (46%) 

33  (54%) 

N/A 

Did you feel the burden of the 

study weighs against the possible 

benefits? 

Yes 

No 

49 (80%) 

12 (20%) 

N/A 

Do you think it is acceptable a 

doctor might make you ill for this 

study? 

Yes 

No 

Missing 

61 (100%) 

0 

0 

124 (82%) 

27 (18%) 

5 

How important was the screening 

and information appointment in 

your decision to participate? 

Not 

A little 

Considerable 

Very 

11 (18%) 

26 (43%) 

12 (20%) 

 (12 (20%) 

N/A 

What was the most important 

thing you took from the screening? 

(Multiple answers possible) 

Possible symptoms 

Risks of participation 

How often are visits 

Rules for daily life 

Other 

31 (51%) 

31 (51%) 

28 (46%) 

17 (28%) 

4 (7%) 

N/A 

Did your opinion about the study 

change after the screening? 

Yes, I had worries that were 

answered 

Yes, I thought symptoms 

would be more severe 

No, the letter was sufficient 

Other 

19 (31%) 

 

4 (7%) 

 

35 (57%) 

 

3 (5%) 

N/A 

How important is it to you to 

always be able to withdraw from a 

study? 

Not 

A little 

Considerable 

Very 

Missing 

3 (5%) 

11 (18%) 

25 (41%) 

22 (36 %) 

0 

0 

12 (8%) 

48 (31%) 

94 (61%) 

2 

In CHI-trials it’s not always possible 

to immediately withdraw. How do 

you feel about this? 

That’s logical, it’s done for 

your own safety 

Feels like hampering 

freedom to with draw 

Other 

58 (95%) 

 

2 (3%) 

 

1 

146 (94%) 

 

7 (4.5%) 

 

1 (0.5%) 
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If there was no compensation, 

would you have participated in this 

trial? 

Yes 

No 

10 (16%) 

51 (84%) 

4 (3%) 

150 (97%) 

How do you see the 

compensation? (multiple answers 

possible) 

Compensation for costs 

Travel expenses 

Payment for risk and 

burden 

Motivation 

31 (50%) 

19 (31%) 

30 (49%) 

34 (56%) 

38 (25%)  

29 (19%) 

134 (87%) 

71 (46%) 

What did you do with the 

compensation? (multiple answers 

possible) 

Holiday 

Electronics 

Debts 

Daily life 

Charity 

I’d rather not say 

Other 

25 (41%) 

1 (2%) 

6 (10%) 

12 (20%) 

2 (3%) 

7 (11%) 

18 (30%) 

N/A 

The received compensation was: Too low 

Good 

Too high 

7 (11%) 

51 (84%) 

3 (5%) 

N/A 

Other than the financial 

compensation, did you have other 

benefits from participation? 

Yes 

No 

36 (59%) 

25 (41%) 

N/A 

Are you proud of your 

participation? 

Yes 

No 

51 (84%) 

10 (16%) 

N/A 

Would you advise others to 

participate in a trial like this? 

Yes 

No 

54 (88.5%) 

7 (11.5%) 

N/A 

Would you participate again in a 

similar trial? 

Yes 

No 

52 (85%) 

9 (15%) 

N/A 

Would you participate if 

compensation was twice as high? 

Yes 

No 

Maybe 

N/A 50 (33%) 

96 (64%) 

4 (3%) 

CN Yes 

No 

Maybe 

N/A 14 (13%) 

85 (83%) 

4 (4%) 

CP, only malaria Yes 

No 

Maybe 

N/A 25 (71%) 

10 (29%) 

0 

CP, only hookworm Yes 

No 

Maybe 

N/A 4 (100%) 

0 

0 

CP, both Yes 

No 

Maybe 

N/A 7 (87,5%) 

1 (12,5%) 

0 
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Would you participate if the risk 

was twice as high but the 

compensation also twice as high?  

Yes 

No 

Maybe 

N/A 8 (5%) 

143 (94%) 

1 (1%) 

CN Yes 

No 

Maybe 

N/A 3 (3%) 

101 (97%) 

0 

CP, only malaria Yes 

No 

Maybe 

 3 (9%) 

31 (91%) 

0 

CP, only hookworm Yes 

No 

Maybe 

 0 

4 (100%) 

0 

CP, both Yes 

No 

Maybe 

 2 (22%) 

7 (78%) 

0 
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1

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract
Page 1, line 1 (title) and page 2 line 48 (abstract)

Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found
Page 2, lines 51-63

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Page 3, lines 93-117
Objectives 3 State specific objectives, including any prespecified hypotheses

Page 3, lines 125-128

Methods
Study design 4 Present key elements of study design early in the paper

Page 4, lines 131-133
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection
Setting and location: Page 4, lines 131-133
Dates: Page 4, line 133, 140

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants
Eligibility criteria: Page 4, lines 137-139
Selection: Page 4, lines 136-139, lines 143-144

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable
Page 4, lines 164-171

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there is 
more than one group
Page 5, lines 176-183

Bias 9 Describe any efforts to address potential sources of bias
Potential biases are discussed in the discussion. It was not possible to correct for 
biases beforehand. 
Discussion page 10 line 399-400, page 11 line 406-411

Study size 10 Explain how the study size was arrived at
Page 4, line 148-151

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why
Page 5, lines 176-183
(a) Describe all statistical methods, including those used to control for confounding
Page 5, line 176-183
(b) Describe any methods used to examine subgroups and interactions
Page 5, line 181-183
(c) Explain how missing data were addressed
Page 5, line 193-194

Statistical methods 12

(d) If applicable, describe analytical methods taking account of sampling strategy
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2

N/A
(e) Describe any sensitivity analyses
N/A

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed
Page 5 line 196
(b) Give reasons for non-participation at each stage
N/A

Participants 13*

(c) Consider use of a flow diagram
We consider this not to be relevant for the current study.
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders
Page 5, lines 200-206, table 1

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of interest
Information on number of missing data can be found in supplement B

Outcome data 15* Report numbers of outcome events or summary measures
For the primary outcome of motivational factors: Page 6 lines 211-222
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included
For Risk Propensity Score: Page 8, lines 297-298. Not applicable to other outcomes. 
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period
N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses
N/A

Discussion
Key results 18 Summarise key results with reference to study objectives

Page 8, lines 304-306, 308-314
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias
Page 10 lines 399-403, page 11 lines 406-411

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence
Page 11 lines 414-421

Generalisability 21 Discuss the generalisability (external validity) of the study results
Page 11 lines 404-405, 406-411

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
Page 12, lines 426-427

*Give information separately for exposed and unexposed groups.
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3

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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44 ABSTRACT
45
46 Objective: To quantitatively investigate the motivations, decision-making and experience of 
47 participants in controlled human infection studies. 
48 Design: Cross-sectional descriptive survey study.
49 Setting: Previous participants of controlled human infection studies at the Leiden Controlled Human 
50 Infection Center, control group of students from Leiden University.
51 Participants: 61 previous participants and 156 controls.
52 Measurements: Ranking of motivational and decisional factors, risk-propensity score and multiple-
53 choice questions on experience of trial participation and ethical aspects of controlled human 
54 infection studies. 
55 Results: Motivating factors for participants were contributing to science (80%), contributing to 
56 research that may benefit developing countries (72%) and the financial compensation (62%). For 
57 51% of participants a reason other than financial compensation was the most important 
58 motivational factor. Participants considered trust in the study team (70%), time investment (62%), 
59 severity of symptoms (52%), chance of developing symptoms (52%) and whether it is an easy way to 
60 make money (52%) in their decision to participate. Most controlled human infection participants 
61 (84%) were proud of their participation, would advise others to participate (89%) and would 
62 participate in a similar trial again (85%). Controlled human infection participants had a higher risk 
63 propensity score than students (4.37 vs 3.5, p<0.001). 
64 Conclusions: Although financial compensation is important, the motivations for participants in a 
65 controlled human infection study are diverse and participants make a balanced appraisal of risks and 
66 burden before participating.
67
68 Word count: 223 words
69
70
71 Article summary/strengths and limitations:
72 - First quantitative study on motivations and experiences of participants in controlled human 
73 infection studies
74 - Included multiple controlled human infection models with a relatively large group of 
75 participants, increasing generalizability
76 - Answers may have been biased by recall or social desirability
77 - Control group high percentage of missing answers on questionnaires, although all questions 
78 were answered by at least 85% of controls
79 - Control group were students, a more homogeneous population than the participants which 
80 consist of roughly 2/3 students. This difference may hamper comparison. 

81 Funding statement: This research received no specific grant from any funding agency in the public, 
82 commercial or non-for-profit sector.
83 Competing interests: The authors have no conflicts of interest to declare.
84 Data availability: All relevant data has been incorporated in the manuscript or added as 
85 supplementary material. 
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87 INTRODUCTION
88 Controlled human infection (CHI) trials are increasingly used in the development of novel vaccines 
89 and drugs against a variety of pathogens.1 In these trials, volunteers are purposely infected with a 
90 pathogen in order to test the efficacy of new vaccines or medicines and to study host-pathogen 
91 interaction.2 CHI trials have boosted vaccine development against for example malaria3 and cholera,4 
92 and generated valuable information on host-pathogen interactions in many other diseases. 2 
93 Currently over 40 000 volunteers have participated in these studies,1 with exponentially increasing 
94 numbers over the past decades. Like phase 1 drug trials also including healthy volunteers CHI-studies 
95 lack individual benefit to the volunteer, requiring a thorough review of the balance of risks and 
96 burden to the participant versus the social and scientific benefits. Literature on the ethical debate of 
97 CHI-trials is growing, with particular emphasis on informed consent, undue influence by financial 
98 compensation and the right to withdraw.5-7

99 Like the debate concerning phase I drug trials8 there is suspicion that volunteers are only driven by 
100 money9 10 and as a result do not adequately weigh the risk and burden of participation11, the 
101 ‘money-orientated risk-taker’. Participants in phase I trials score higher on questionnaires examining 
102 sensation-seeking behaviours compared to age- and sex-matched controls, adding to the notion that 
103 these volunteers are more prone to take, possibly ill-considered, risks in their lives.12 13 However, 
104 recent research shows that phase I participants consider other arguments besides the financial 
105 compensation, such as curiosity, contributing to medical research, helping future patients and the 
106 risks involved14 15. In response to a recent publication16 public discussion, particularly on social 
107 media, has also focused on voluntariness of participation since studies often include medical 
108 students as participants who were presumed to have felt pressure to participate, next to the 
109 ongoing discussion about acceptability of risks and burdens. Qualitative data on motivation of 
110 participants was recently collected in two studies with volunteers in controlled human malaria 
111 infection trials in the United States and Kenya. These showed that participants had other 
112 motivations next to the financial incentive.17 18 However, these studies only included small groups of 
113 participants (16 and 36 respectively) in a malaria trial, and quantitative data on motivations and 
114 experiences is lacking. Given the ongoing debate on the ethics of CHI-trials, a more quantitative 
115 assessment of the experiences and motivation of participants in a broader group of volunteers is 
116 needed to gain better insight into the profile of the CHI-volunteer, their motivations and 
117 experiences. 
118 In order to investigate whether participants in CHI-trials are different from the general population it 
119 is valuable to compare the participants to a control group. This also enables a longitudinal 
120 comparison of motivations and thought-processes of potential participants with those who have 
121 actually participated, providing a better insight into how volunteers come to their decision. An 
122 additional benefit of a control group from the general population is there will be a proportion 
123 unwilling to participate. These controls provide a comparator in decisional factors and can give 
124 information on the acceptance of aspects of controlled human infections even by those unwilling to 
125 take part.  
126 The Leiden Controlled Human Infection Center has conducted multiple CHI-trials in malaria, 
127 schistosomiasis and hookworm. This unique setup offers an ideal opportunity to fill the 
128 abovementioned knowledge gaps. We therefore conducted a survey study in former participants of 
129 these trials, using students from the local university as a control group. The aim of this study is to 
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130 quantitatively investigate the motivation, decision-making process and risk propensity of 
131 participants in CHI-trials compared to a control group. Furthermore, this study explores participants’ 
132 views on ethical questions in CHI-trials. 
133
134 METHODS
135 This cross-sectional descriptive survey was conducted amongst participants of CHI-trials performed 
136 at the Leiden Center for Controlled Human Infections and students of the Leiden University in 
137 October 2018.
138
139 Participants
140 Participants of previously conducted CHI-trials with malaria, hookworm or schistosomiasis were 
141 invited to participate in an anonymous survey. Inclusion criteria were having undergone controlled 
142 human infection and previous consent to be contacted again for further studies. There were no 
143 exclusion criteria. All 66 previous participants were eligible for inclusion. CHI-trials were conducted 
144 between November 2016 and September 2018. Surveys were distributed and collected via e-mail 
145 through data management program Castor EDC.19 Participants who did not respond to the e-mail 
146 were sent one reminder. CHI-participants received a 10€ voucher as reward.
147 As control group students from the local university were included. This group has been selected as 
148 the majority of participants in CHI-studies at the study centre is recruited from this population. 
149 Before lectures at the medical faculty the anonymous paper survey was distributed to all students 
150 present and collected afterwards. Surveys were furthermore distributed during two meetings of 
151 local (non-medical) student societies, where the researchers handed students present the survey 
152 and collected them after completion. . Controls did not receive compensation.
153 With an expected response rate of 80% we estimated that around 50 previous participants would 
154 return the survey. Based on experiences in recruiting we estimated that one-third of students would 
155 be willing to participate in a CHI-trial, so in order to include an equal number of controls willing to 
156 participate to actual participants we aimed to include 150 controls. 
157
158 Survey
159 The survey was designed by the researchers, based on previously published research14 15 and topics 
160 of ethical debate.5 Motivational and decision-making factors were chosen based on the research by 
161 Grady et al15 and by identification of potential motivational factors through discussion with 
162 researchers involved in screening and recruitment of trial participants. Participants were allowed to 
163 add their own factors. Motivational factors in the survey were “curiosity”, “contributing to science”, 
164 “ contributing to developing countries”, “ financial compensation”, “ interest in the subject” and “ 
165 personal experience”. Factors in the decision making process were “ Severity of possible symptoms”, 
166 “chance of developing symptoms”, “time investment”, “ an easy way to make money”, “ trust in the 
167 study team” and “it’s research about parasites”. Questions on ethical acceptability were formulated 
168 based on issues identified in literature as key concepts in CHI-trials 5-7 (surveys in supplement A).
169 CHI-participants (from here referred to as PP) reflected on their own experiences, whereas the 
170 control group (CC) were asked to consider participation in a malaria trial and a trial with hookworm 
171 to reflect the different types of studies conducted. CC were provided descriptions of the trials 
172 detailing study procedures, possible adverse events, number of visits and sample collections and the 
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173 financial compensation (descriptions in supplement A). PP and CC were asked to rate motivational 
174 factors and factors considered in their decision about participation. Each factor could be rated as not 
175 important, slightly important, considerably important or very important. Next to this ranking CC and 
176 PP were also asked to identify the single most important factor. 
177 Attitudes towards risk-taking were investigated using the Risk Propensity Scale (RPS)20, a seven-item 
178 questionnaire consisting of statements on taking risks in daily life that are rated between 1 and 9 
179 (supplement B). Higher scores represent a higher propensity to take risks. This questionnaire was 
180 selected as this is a concise questionnaire focussing on general risk-taking propensity in daily life. 
181 Experiences of PP and opinions on ethical issues were examined using multiple-choice questions. 
182 Wherever relevant, CC were presented with similar questions. 
183
184 Statistical analysis
185 A ranking order of motivational and decision-making factors was compiled, ranking from the factor 
186 with the highest percentage of ‘important’ or ‘very important’ to the lowest. Differences between 
187 CC and PP were calculated using a  Fisher’s exact test. 
188 RPS scores were analysed as described by Meertens.20 Differences in mean scores were analysed 
189 using a linear regression model, adjusting for age, sex and health-care related education or job 
190 Frequencies were calculated for the multiple-choice questions on the experiences of PP and ethical 
191 issues. Differences in demographical characteristics were calculated using a Chi-square test, 
192 differences between CHI-models were calculated using a one-way ANOVA for continuous parametric 
193 data and Kruskall-Wallis test for non-parametric data, and a Chi-square test for categorical data. A p-
194 value <=0.05 was considered statistically significant.
195
196 Calculations were made using SPSS v23.21 The institutional review board of the Leiden University 
197 Medical Center where the study was performed reviewed the protocol and provided ethical 
198 approval (P18.203). 
199
200 Patient and public involvement
201 No patients were involved in this study. This study was designed to investigate healthy volunteers’ 
202 opinions and preferences. Volunteers were not involved in the design or recruitment process. 
203 Interested participants were presented the results during a meeting, participants will be provided 
204 the research article after publication. 
205
206 RESULTS
207 61 of 66 CHI-participants and 156 of 156 students returned the survey. There were no missing 
208 answers in the questionnaires of PP, although many CC did return incomplete questionnaires. 
209 Nevertheless, since all questions were answered by at least 85% of controls, all questionnaires were 
210 included in the analysis (All survey outcomes are provided in Supplement C).
211 Baseline characteristics and demographics for both PP and CC are  in Table 1. The majority of PP 
212 (67%) were students while participating in their trial. Most PP had not previously taken part in 
213 medical research (72%) and 53% were employed or studying in a healthcare-related field. In both 
214 groups the majority were female. CC were younger than PP (p<0.0001) and most were recruited 
215 from the medical faculty. 
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216 Of the CC, 69% would not participate in any of the CHI-trials (referred to as CN),  22% would only 
217 participate in the malaria trial, 3% only in the hookworm trial and 6% in both trials (CP). 
218

 CHI participants 

(n=61)

Controls 

(n=156)
Participation in trial for:

Schistosomiasis (n=17):
Hookworm (n=26):

Malaria (n=23):

 
16 (26%)
22 (36%)
23 (38%)

 N/A

Sex
Male:

Female:
Missing:

 
24 (39%)
37 (61%)

 
35 (22%)
98 (63%)
23 (15%)

Age
< 18 yrs

18-24 yrs:
25-30 yrs:

>30 yrs:

 
0
38 (62%)
11 (18%)
12 (20%)

 
3 (2%)
145 (93%)
8 (5%)
0

Employment
Student:

Working:
Other: 

 
41 (67%)
19 (31%)
1 (2%)

 
156 (100%)

Previously participated in research
Yes:
No:

 
17 (28%)
44 (72%)

 N/A

Employed in healthcare or healthcare 
related study?

Yes:
No:

 

32 (53%)
29 (47%)

126 (81%)
30 (19%)

Would you participate in one of these 
controlled human infection trials?

Yes, both
Yes, only malaria

Yes, only hookworm:
No:

 N/A  

9 (6%)
35 (22%)
4 (3%)
108 (69%) 

219 Table 1. Demographic characteristics of study participants
220
221 Motivation
222 Motivation was investigated both by ranking factors of importance and by identifying the single 
223 most important factor. PP considered “contributing to science” as an important (43%) or very 
224 important (38%) motivating factor, followed by “contributing to developing countries” (41% 
225 important, 31% very important) and the financial compensation (25% important,  38% very 
226 important) (figure 1). However, when asked the single most important motivation, PP most often 
227 noted the financial compensation (49%) followed by “contributing to developing countries”(29%) . 
228 There were no apparent differences in motivation for participants from different CHI-models. 
229 For CP the financial compensation was most often important (39% important, 52% very important, 
230 p=0.001 for comparison between PP and CP), followed by “contributing to science” (33% important, 
231 39% very important, p=0.48) and “contributing to developing countries” (46% important, 26% very 
232 important, p=0.9). The single most important motivation was financial compensation for 41% of CP 
233 and “contributing to science” and “interest in the subject” for 15% each. The single most important 
234 factors were not distributed significantly different between PP and CP. 
235
236 Decision to participate
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237 PP most often found trust in the study team important in their decision to participate (34% 
238 important, 36% very important) followed by the time investment (43% important, 20% very 
239 important), severity of symptoms (36% and 18%), chance of developing symptoms (31% and 23%) 
240 and “an easy way to make money” (31% and 23%). The single most important factor in the decision 
241 to participate was highly variable, including the chance of developing symptoms (23%), severity of 
242 symptoms (21%) and time investment (20%). 
243 CC most often considered the chance of developing symptoms and severity of symptoms important 
244 (p<0.001 for comparison between PP and CC), with CP also considering the time investment and “an 
245 easy way to make money”. The severity of symptoms was the single most important factor (47% for 
246 CP, 53% for CN) (Figure 2), which is significantly more often than for PP (p<0.001). 
247
248 Assessment of symptoms and risks
249 The majority of PP (57 out of 61, 93%) considered the trial to be of no or little risk and the majority 
250 were not afraid of symptoms before the start of the trial (49 of 61, 80%). For 10 PP their fear of 
251 symptoms increased during the trial, mainly because they saw other volunteers with symptoms or as 
252 one volunteer stated “we were working each other up the day of the malaria infection about the 
253 mosquito bites and what would happen”. For the others, fear of symptoms declined (n=8) or 
254 remained the same (n=43). PP scored the symptoms they experienced during the trial on a scale of 
255 0-10, with 0 being no complaints at all, 10 complaints so severe they had to withdraw from the trial. 
256 The mean score was 2.85 (SD 2.7, range 0-10) for all models, with no significant differences between 
257 CHI-models (p=0.228). 
258
259 Reaction of others
260 Many (80%) PP reported negative reactions about their trial participation, quoting reactions like: 
261 “Are you getting worms in your body?” or “You are taking a risk with your health”. However, 64% 
262 also received positive reactions, such as “That’s an important thing to support”, “That is very 
263 interesting research to participate in” and “That’s good money for little effort”. The responses of 
264 third parties largely did not influence their decision to participate (93%). All PP but one reported no 
265 outside pressure to participate in the study; the one exception was a participant who, while 
266 describing no pressure to initially participate, reported some during the study when the participant 
267 was unable to meet some of the logistical demands of the study. In response, the participant was 
268 offered the option of missing out on certain follow-up procedures in order to remain in the study for 
269 the primary endpoint, rather than dropping out altogether.  This participant described being glad to 
270 have been offered that proposition and was proud to have completed the study after all. 
271
272 Opinion on ethical issues
273 PP and CC were asked their opinion about the concept of deliberate infection and the right to 
274 withdraw. For 77% of PP it was considerably or very important to always be able to withdraw. 
275 However, 95% replied that they found it understandable that in a CHI-trial immediate withdrawal is 
276 not always possible if this was done for their own safety or that it was acceptable if explained during 
277 the informed consent procedure. PP also found it acceptable for a physician to deliberately make 
278 them ill for the benefit of the trial (100%). Some added that this was what they voluntarily signed up 
279 for, as long as possible symptoms were explained before the trial. CC generally had similar views: 
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280 94% felt it was understandable that it is not always possible to withdraw and 82% found it 
281 acceptable for a physician to deliberately make a person ill for the trial. 
282
283 Financial compensation
284 Of the PP, 10 out of 61 would have participated without any financial compensation. The majority of 
285 PP (84%) considered the compensation as good, and 3 considered it too high. PP most often spent 
286 the financial compensation on a holiday (41%), followed by costs of daily life (20%) and savings 
287 (18%). PP view the compensation as an incentive to participate (56%), compensation for costs (50%) 
288 and payment for risk and burden (49%). The majority of CN could not be convinced to participate for 
289 double the compensation (86%) and only 3 (3%) would change their mind about participation if both 
290 the compensation and the risks were doubled. CP were also unwilling to take more risk: only 5 of the 
291 44 (11%) would still participate if the risk was twice as high but compensation also twice as high 
292 (Figure 3).
293
294 Looking back at participation
295 Remarkably, a large proportion (59%) of PP felt they had gained benefits from their participation 
296 other than the financial compensation, like increased knowledge about the conduct of clinical trials 
297 or the disease for which they participated, the pride of having contributed to important research 
298 and the experience of going through a trial with the other participants and the study team. One 
299 volunteer stated that he had ‘learned to get up early in the morning and improve my daily rhythm’. 
300 Most (84%) were proud of their participation, would advise others to participate (89%) and would 
301 participate in a similar trial again (85%) (Figure 4A). In retrospect, 80% felt that the benefits of the 
302 study outweighed the burden they experienced, and of the 20% who did not, 3 out of 12 stated they 
303 had experienced so little discomfort they did not have any burden. For 46% of volunteers the 
304 symptoms met their expectations, 36% experienced fewer symptoms than expected and 20% 
305 experienced more (Figure 4B). Even those participants who had more symptoms than expected 
306 evaluate their participation positively: 8 out of 12 felt proud of their participation and would advise 
307 others to participate, 10 out of 12 would themselves participate again (Figure 4C).
308
309 Risk propensity scale 
310 PP had a significantly higher risk propensity score than CC (estimated difference 0,9, p<0.001)) 
311 (Figure 5). CP also scored significantly higher than CN (estimated difference 0.9, , p=0.001). No 
312 evidence for differences between participants from different CHI-models, males or females or those 
313 with a health-care related job or education were observed.
314
315 DISCUSSION 
316
317 This survey study is the first to quantitatively investigate the motivations and experiences of 
318 participants in CHI trials. These findings shed light onto the experiences and opinions of participants 
319 on issues that have been subject of extensive ethical debate.
320
321 We have found that, contrary to commonly mentioned fears 10 22 , the largest group of volunteers 
322 felt that contributing to science and to research benefitting developing countries was an important 
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323 motivation. For 51% of PP the financial compensation was not the most important reason to take 
324 part. Interestingly, for 38% of PP financial compensation was not or only of little importance, and 10 
325 (16%) would have participated without any compensation. Our data convincingly shows that factors 
326 other than financial compensation are important motivators which are considered in the decision to 
327 participate. 
328
329 A larger group of CC found the compensation important compared to PP, although as a single most 
330 important motivation for participation proportions were similar. CC also gave more importance to 
331 the symptoms compared to PP. Possibly, the compensation is initially most important for a potential 
332 participant to be interested in the study, with motivations becoming more diverse after receiving 
333 more information about the study and through actual participation. In the decision-making process 
334 CC gave more importance to the symptoms, which may reflect that during the first deliberations 
335 about participations the symptoms are an important decider, whereas with more information other 
336 factors are taken into account. 
337
338 The motivations of CHI-participants seem to be concurrent with findings in volunteers of phase I 
339 drug trials. Stunkel and Grady describe in a 2011 systematic review8 that although the financial 
340 compensation is usually necessary, it is not sufficient for participation, and note that risk is the 
341 deciding factor in participation. However, other large-scale studies in phase I drug-research 
342 participants,15 noted that money is the most important motivator in 60% of individuals, which is 
343 clearly more than we found. Possibly, the population (students, gender and age) might play a role in 
344 motivating factors as well as the nature of the trial. A survey of the motivations of individuals 
345 participating in Ebola and influenza vaccines is a good example of the latter, whereby almost 90% of 
346 participants found contributing to the health of others important 23. It is possible that both CHI-trials, 
347 especially those researching vaccines for Neglected Tropical Diseases and phase 1 trials for vaccines 
348 with similar expected public health benefits may attract volunteers with more altruistic motivations 
349 compared to phase I drug research in general. 
350
351 Differences in population may also be reflected within CHI-studies in different countries. Our Dutch 
352 PP were motivated by other factors than Kenyan participants of a controlled human malaria 
353 infection (CHMI) trial, who were most often driven by the financial compensation and the health 
354 care provided by the trial staff.18 The Kenyans were rewarded the wage of a day’s work for each day 
355 of participation to make up for lost income. This was different for the Dutch PP, who have universal 
356 access to healthcare and receive compensation for time spent and travel expenses. Participants from 
357 both countries, however, showed little concern about trial risks and showed high levels of trust in 
358 the study team. In a qualitative study amongst US CHMI participants17 the participants similarly 
359 describe little concerns about the risks, trust in the study team as important and mixed motivations 
360 for participation. The differences between the American, Kenyan and Dutch CHI-participants 
361 illustrate the influence of cultural differences and healthcare organization that remain important to 
362 address and separately investigate.
363
364 This study also provides more insight into the presence of undue influence by the financial 
365 compensation. We have found that a majority of PP has used their received compensation for 
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366 leisure activities such as a vacation or put the money in their savings accounts. This indicates they do 
367 not have a direct financial need in daily life to take part but could spend the money for more luxury 
368 expenses. The control group also provides evidence that potential participants cannot be persuaded 
369 to participate for more money if they are not inclined to do so in the first place, or accept more risk 
370 for more money, even though the compensation is an important motivation to participate for them. 
371 We acknowledge that without any compensation many PP would probably not participate but do 
372 conclude that the motivations of participants are varied and that the role of the financial 
373 compensation is not as important as presumed. 
374
375 Another important issue in current debate is the acceptable risks and burden to participants and the 
376 risk-taking attitude of trial participants. This survey cannot answer what acceptable risks and 
377 burdens are, but can give important insight into what participants actually consider acceptable. 
378 Both PP and CP scored higher on the RPS as compared to CN. Interestingly, the scores in both groups 
379 were lower than those of the original validating study for the RPS who had a mean score of 4.63 (SD 
380 1.23, range 2.00-07.00),20 suggesting that the RPS varies considerably between different 
381 populations. Possible symptoms and risks were an important reason for CN to decline participation, 
382 whereas CP and PP apparently weigh the symptoms but find them acceptable. This higher 
383 acceptance of possible risks matches the higher risk-taking propensity, but does not mean that risks 
384 and burden are not considered. Even the majority of participants who experienced more symptoms 
385 than expected look back positively on their participation, are proud of their participation and would 
386 participate again. Combined with the finding that the large majority of PP felt the benefits 
387 outweighed the burdens of the study, the majority would participate again and would advise others 
388 to do so too and that many reported to have gained more benefits than the financial compensation 
389 alone, we conclude that at least for these studies the balance of burdens and risks was acceptable to 
390 the volunteers. 
391
392 This study did not specifically assess understanding and informed consent by the PP, however some 
393 conclusions on the success of informed consent and voluntariness can be drawn. All participants but 
394 one reported no pressure to participate. Although a reporting bias cannot be excluded PP were a 
395 heterogenous group of volunteers with diverse backgrounds, none of which connected to the 
396 research department. Most participants also indicate that the symptoms experienced were as 
397 expected or less, showing they had adequate expectations before starting with the trial. This is 
398 confirmed by the fact that most PP reported no change or a decrease in their fear of developing 
399 symptoms during the study. We have found no suggestion of pressure to participate and generally 
400 conclude PP were well informed about participation, although a more targeted survey would 
401 address this question more directly. 
402
403 This survey also illustrates PP’s and CC’s views on other issues of ethical debate in CHI-trials. The 
404 right to withdraw is considered very important by both groups, however most, including CN, agree 
405 that it is acceptable to put restrictions on this if done for the safety of the volunteer and agreed 
406 beforehand. The majority of CC did not express ethical concerns about the concept of deliberate 
407 infection as they believe that the research will be performed in a safe manner and that risk and 
408 benefits are adequately weighed, showing an apparent acceptance of this kind of research even by 
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409 those who would not participate. This shows that if properly informed, participants are willing to 
410 accept some restrictions on the right to withdraw, highlighting the importance of complete and 
411 thorough informed consent procedures. 
412  
413 Recall bias may have distorted some of the answers to the questionnaires because of the long lag 
414 time between completion of the CHI-trial and filling out the survey for some volunteers. Some 
415 answers to questions in the PP group may also have been influenced by participation in the trial. In 
416 addition, social desirability and missing answers may have confounded the results, although surveys 
417 were processed anonymously and missing answers were evenly distributed among the questions. 
418 Notwithstanding, this study has included a reasonably large number of CHI-participants compared to 
419 previous studies and covers several different CHI-models, thereby improving generalizability.
420 The use of the control group has several limitations. The control group of students may not be a 
421 complete representation of the participant population as it is more homogenous in age, education 
422 and healthcare background than the actual participants which impairs generalizability. Controls were 
423 furthermore offered a hypothetical participation, which may not be comparable to the actual 
424 decision to take part. However, participants are largely selected from the same population and this 
425 control group represents two-thirds of trial participants. We thus believe that the comparison is still 
426 of value. 
427
428 CONCLUSION
429 As the first study to quantitatively investigate the motivations and perceptions of participants, this 
430 survey is a crucial addition to the ongoing debate on CHI-trials. This study is amongst the first to add 
431 the voice of participants to the current debate. We found that the motivation of CHI-participants is 
432 highly varied with significant importance for altruistic motivations. Participants are able to make a 
433 balanced appraisal of risks and burdens that results in a mostly satisfactory experience of 
434 participation for them. Based on these findings we propose that the current image of the CHI-
435 participant as ‘money-oriented risk-taker’ is not accurate and may have to be nuanced to the CHI-
436 participant as ‘deliberate decision-maker’. 
437
438 ACKNOWLEDGEMENTS
439 The authors are grateful to Jacqueline Janse, MSc for her help in developing the questionnaire and 
440 Castor database and to Clarize de Korne, MSc for her fruitful discussions and ideas on this subject. 
441 MH was supported by Dioraphte Foundation for another trial. Dioraphte Foundation was not 
442 involved in the design, execution or publication of the present study. 
443
444 AUTHOR CONTRIBUTIONS
445 MH devised the study and surveys, collected the data, analysed the data and drafted the manuscript
446 MdV critically reviewed the surveys, analysed the data and critically reviewed the manuscript
447 MR supervised the clinical trials, critically reviewed the surveys, analysed the data and critically 
448 reviewed the manuscript
449
450 JJ aided in developing the questionnaires and built the Castor Database used for data collection and 
451 analysis

Page 12 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 Ju

ly 2020. 
10.1136/b

m
jo

p
en

-2019-033796 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

12

452 CK commented on data collected in informal discussions and gave input for ideas in the manuscript
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537 Figure 2: Ranking of factors considered in the decision to participate by PP (A), CP (B) and CN (C). The 
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540 Figure 3. Opinion of PP (n=61) on the amount of financial compensation (A) and how they used the 
541 compensation (B). View of PP (C) and CC (D) on why financial compensation is offered (multiple 
542 answers could be given). Opinion of CN (n=103) to change their mind if compensation was twice as 
543 high (E) and opinion of CP (n=57) if the compensation was twice as high and risk was twice as high 
544 (F).
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546 Figure 4. General evaluation of PP (n=61) looking back at their participation (A), assessment of 
547 symptoms when looking back (B) and general evaluation of PP who experienced mores symptoms 
548 than expected (C). 
549
550 Figure 5: Risk Propensity Scale. Higher scores indicate a higher propensity to take risks. Symbols 
551 indicatie mean, errors bars indicate standard deviation. 
552 ** p<0.001, * p=0.001
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Supplement A: Surveys 

 
A. Questionnaire for participants in controlled human infection trials 

 
General: 

1. In which study did you participate? Malaria/Schistosomiasis/Hookworm 
2. Are you male or female? 
3. What is your age? 18-24/25-30/>30 
4. At the time of your participation in the trial were you: Student/Working/Unemployed 
5. Had you participated as a subject in medical research before? Yes/No 
6. Do you work in healthcare or do you follow a health-care related study? Yes/No 

 
Motivation: 

7. On a scale of 0 to 5 indicate how important the following factors were for your decision to 
participate (0=not important at all, 5=very important) 

Curiosity 0 1 2 3 4 5 
Contributing to science 0 1 2 3 4 5 
Helping people who are less well-off than me  0 1 2 3 4 5 
The financial compensation 0 1 2 3 4 5 
I’m interested in the subject 0 1 2 3 4 5 
Personal experience with the disease 0 1 2 3 4 5 
Other, namely ………… 

8. On a scale of 0 to 5 indicate how much did you weigh the following factors before deciding 
to participate? 
Severity of possible symptoms 0 1 2 3 4 5 
Chance to get symptoms 0 1 2 3 4 5 
How much time the study will cost 0 1 2 3 4 5 
Easy to make money 0 1 2 3 4 5 
Trust in the study team 0 1 2 3 4 5 
The fact that this is a study about parasites 0 1 2 3 4 5 
Reaction of people around you 0 1 2 3 4 5 

9. Did you discuss your participation with people around you? Yes/No 
a. If no: why not (open question) 
b. If yes: with whom? Parents/partner/friends/roommates/class 

mates/colleagues/others…… 
c. Did you receive positive reactions on your participation? Yes/No (space for open 

answers) 
d. Did you receive negative reactions on your participation? Yes/No (space for open 

answers) 
10. Did you feel pressurised to participate? Yes/No 

a. If yes: why? Needed the money/did not want to say no after signing up/pressure 
from the study team/other…… 

How was the infection experienced? 
11. How did you estimate the risk of this study before participating? (0=very low, 5=very high) 0 

1 2 3 4 5 
12. Before the infection took place, were you afraid of getting symptoms? Yes/No 
13. Has this changed during the course of the trial? Yes/No 

a. If yes, has your fear of symptoms increased or decreased? 
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14. How did you experience the moment of the infection itself? 
Positive/neutral/exciting/fearful/other 

15. On a scale of 0 to 5, indicate how you experienced being infected for this study (0=not at all, 
5=very much) 
Exciting 0 1 2 3 4 5 
Interesting 0 1 2 3 4 5 
Fearful 0 1 2 3 4 5 

Symptoms and trust in study team 
16. On a scale of 0 to 5 how would you rate your symptoms during this trial? (0=no symptoms, 

5=so bad I had to quit the trial) 
17. Were the symptoms as you had expected before the start of the trial? Yes/No, space for 

open answer 
18. Did you feel the symptoms and risks of this study weigh up to the possible benefits for you 

and for science? Yes/No, space for open answers 
19. Do you think it is acceptable that a doctor might make you ill as part of research? 

a. Yes, I trust that I will we well taken care of and that the research is safe 

b. Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

c. No, this goes against the principle that a doctor should do no harm 

d. Other, namely……………………………. 

Informed consent 
20. How important was the screening and presentation you received for your decision to 

participate? (0=not at all, 5=very important) 0 1 2 3 4 5 
a. What’s the most important thing you remember from the screening? Possible 

symptoms/risks of participation/when and how often to visit the trial centre/rules 
surrounding life style during the trial/other 

b. Did your opinion about the study change after talking to the trial physician about 
possible risks and symptoms? 

o Yes, afterwards I was relieved, I thought the symptoms would be more 
severe 

o Yes, I thought the complaints were less severe 
o No, the information in the letter was enough 
o Other ……. 

c. Can you briefly describe the purpose of the study you participated in? Open answer 

Right to withdraw 
21. An important part of a study protocol is that volunteers can always withdraw from a study. 

a. How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

b. In a controlled human infection trial it is often not possible to immediately withdraw 

from the study, because there needs to be a treatment and final check-up even after 

withdrawal, to ensure the safety of the volunteer. How do you feel about this? 

o That’s logical: this is done for your own safety and you know this 

before participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

Compensation 
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22. Would you participate in this trial is there was no financial compensation? Yes/No 

23. How do you view the compensation? 

a. As a compensation for time spent and travel costs 

b. As a compensation for the risk and discomfort of participation 

c. As motivation to participate 

24. What did you do with the money you received? (multiple options) Holiday/Electronics/Paid 
debts/Used it in daily life/Gave to charity/I’d rather not say/Other……. 

25. What did you think of the amount of the compensation? Alright/too high/too low 
26. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

27. Other than the financial compensation, do you feel you have benefitted from your 
participation? Yes/No If Yes, how?........................ 

Concluding 
28. Are you proud of your participation? 
29. Would you advise others to take part in a trial like this? Yes/No space for open answer 
30. Would you participate in another trial? Yes/No  

a. If no: why? Takes too much time/symptoms too severe/compensation too low/other 

 
B. Questionnaire – version for students 

1. What is your age? 

o <18 years old 

o 18-25 years old 

o >25 years old 

2. I am male/female 

3. Would you participate in a study investigating a new drug? Yes/no 

Malaria study: 

Wanted: healthy volunteers for a study into the efficacy of a new vaccine against malaria. Earlier 

research has shown that this vaccine can be administered safely to humans. Now, the effect on 

protection against malaria will be studied. After three vaccinations, volunteers are exposed to bites 

of a malaria mosquito. After these bites volunteers visit the trial centre daily for 14 days for check-up 

visits. At each visit volunteers are checked if they have developed malaria. If a volunteer becomes 

positive he or she is immediately treated. Possible side effects include itching after vaccination and 

after mosquito bites and headaches, fever, myalgia and a flu-like syndrome if a volunteer gets 

malaria. Including vaccinations and all check-up visits volunteers have to come to the trial centre 25 

times, for 15 minutes each. Compensation: €1200,- 

Hookworm study: 

Wanted: healthy volunteers for a study into hookworms. Hookworms are parasites measuring 1-2 

cm that live in the intestine. In children this infection can cause anaemia, protein deficiency and 

impaired cognitive and physical development. In order to treat this infection and develop a vaccine 

more research is needed. For this study volunteers are infected with hookworm. This is done by 

placing a gauze with water containing the larvae on the skin. The larvae cannot be seen with the 

naked eye. Possible symptoms are itching and a rash on the site of infection and abdominal 

complaints, such as abdominal pain and diarrhoea. Volunteers have to come to the trial centre 
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weekly for 16 weeks for a check-up visit of 15 minutes and have to hand in a stool sample every 

week. After the 16th week all volunteers are treated so the worms go away. Compensation: €1500,- 
4. Would you participate in (one of) these studies? 

o No, with neither of these  go to Q5, skip Q6 

o Yes, but only with the malaria trial  go to Q5, then to Q6 

o Yes, but only with the hookworm trial  go to Q5, then to Q6 

o Yes, with both studies  go to Q6 

5. If you do not want to participate in this study or these studies, how important are the 

following factors in your decision? (0=not at all, 5=very important) 

Takes too much time 0 1 2 3 4 5 
I think the risk is too great 0 1 2 3 4 5 
I’m afraid to get symptoms 0 1 2 3 4 5 
Compensation is too low 0 1 2 3 4 5 
The idea to be infected with a worm 0 1 2 3 4 5 
The idea to be infected with a parasite 0 1 2 3 4 5 
Other, namely ………….. 

6. If you do want to participate in (one of) these studies, how important are the following 
factors for you? (0=not at all, 5=very important) 

Curiosity 0 1 2 3 4 5 

Contributing to science 0 1 2 3 4 5 

Helping people who are less well-off than me  0 1 2 3 4 5 

The financial compensation 0 1 2 3 4 5 

I’m interested in the subject 0 1 2 3 4 5 

Personal experience with the disease 0 1 2 3 4 5 

Other, namely ………… 

7. When considering participation, how important are the following factors to you? (0=not at 

all, 5=very important) 

Severity of possible symptoms 0 1 2 3 4 5 

Chance to get symptoms 0 1 2 3 4 5 

How much time the study will cost 0 1 2 3 4 5 

Easy to make money 0 1 2 3 4 5 

Trust in the study team 0 1 2 3 4 5 

The fact that this is a study about parasites 0 1 2 3 4 5 

8. Do you think it is acceptable that a doctor might make you ill as part of research? 

o Yes, I trust that I will be well taken care of and that the research is safe 

o Yes, if it contributes to science and to finding a cure or treatment for a severe 

disease the benefits outweigh the disadvantages 

o No, this goes against the principle that a doctor should do no harm 

o Other, namely……………………………. 

9. An important part of a study protocol is that volunteers can always withdraw from a study. 

How important do you feel it is to be able to withdraw from a study at all times? (0=not at 

all, 5=very important) 0 1 2 3 4 5 

10. In a controlled human infection trial it is often not possible to immediately withdraw from 

the study, because there needs to be a treatment and final check-up even after withdrawal, 

to ensure the safety of the volunteer. How do you feel about this? 
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o That’s logical: this is done for your own safety and you know this before 

participation 

o That feels as a restriction to my freedom to withdraw from the trial 

o Other, namely …………………………………… 

11. Would you participate in this trial is there was no financial compensation? Yes/No 

12. How do you view the compensation? 

o As a compensation for time spent and travel costs 

o As a compensation for the risk and discomfort of participation 

o As motivation to participate 

13. If the compensation was twice as high, would you participate in the trial? Yes/No 

14. If the risk of severe symptoms was twice as high, but the compensation was also twice as 

high, would you participate? Yes/No 

 

Room for additional remarks  

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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Supplement B: Risk Propensity Scale 

Adapted from: Meertens RM and Lion R. Measuring an individual's tendency to take risks: The Risk 

Propensity Scale. J Appl Social Psychol 2008;38(6):1506-20. 
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Supplement C: Complete Survey results  

 

Results for motivation and decision to participate are presented in figures 1 and 2 in the original 

article.  

 

Question   Participants Students 

Did you talk about your 

participation with other? 

Yes 

No 

56 (92%) 

5 (8%) 

N/A 

Did you receive positive reactions? Yes 

No 

36 (64%) 

20  (36%) 

N/A 

Did you receive negative 

reactions? 

Yes 

No 

45 (80%) 

11 (20%) 

N/A 

Were you influenced by the 

reactions? 

Yes 

No 

4 (7%) 

57 (93%) 

N/A 

Did you feel pressure to 

participate? 

Yes 

No 

1 

60  

N/A 

How did you assess the risk before 

participation? 

No risk 

Little risk 

Moderate risk 

High risk 

11 (18%) 

46 (75%) 

3 (5%) 

1 (2%) 

N/A 

Were you afraid of symptoms 

before the infection? 

Yes 

No 

12 (20%) 

49 (80%) 

N/A 

Did this change during the 

research? 

Yes 

No 

18 (30%) 

43 (70%) 

N/A 

In what way? Increased 

Decreased 

Increased: 

10 

Decreased: 8 

N/A 

How did you experience moment 

of infection? 

Positive 

Neutral 

Exciting 

Frightening 

Other 

15 (24.5%) 

16 (26%) 

26 (42.5%) 

1 (2%) 

Other: 3 

(5%)  

N/A 

Exciting 

 

Not 

A little 

Considerable 

Very 

22 (36%) 

28 (46%) 

10 (16%) 

1 (2%) 

N/A 

Interesting Not 

A little 

Considerable 

Very 

5 (8%) 

16 (26%) 

29 (48%) 

11 (18%) 

N/A 

Frightening Not 42 (69%) N/A 
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A little 

Considerable 

Very 

19 (31%) 

0 

0 

Severity of symptoms (scale 0-10) 

(SD) 

All 

Malaria 

Schistosomiasis 

Hookworm 

2.85 (2.7) 

2.0 (1.7) 

2.8 (2.7) 

3.8 (3.3)  

N/A 

Were symptoms like you expected 

before the trial started? 

Yes 

No 

28 (46%) 

33  (54%) 

N/A 

Did you feel the burden of the 

study weighs against the possible 

benefits? 

Yes 

No 

49 (80%) 

12 (20%) 

N/A 

Do you think it is acceptable a 

doctor might make you ill for this 

study? 

Yes 

No 

Missing 

61 (100%) 

0 

0 

124 (82%) 

27 (18%) 

5 

How important was the screening 

and information appointment in 

your decision to participate? 

Not 

A little 

Considerable 

Very 

11 (18%) 

26 (43%) 

12 (20%) 

 (12 (20%) 

N/A 

What was the most important 

thing you took from the screening? 

(Multiple answers possible) 

Possible symptoms 

Risks of participation 

How often are visits 

Rules for daily life 

Other 

31 (51%) 

31 (51%) 

28 (46%) 

17 (28%) 

4 (7%) 

N/A 

Did your opinion about the study 

change after the screening? 

Yes, I had worries that were 

answered 

Yes, I thought symptoms 

would be more severe 

No, the letter was sufficient 

Other 

19 (31%) 

 

4 (7%) 

 

35 (57%) 

 

3 (5%) 

N/A 

How important is it to you to 

always be able to withdraw from a 

study? 

Not 

A little 

Considerable 

Very 

Missing 

3 (5%) 

11 (18%) 

25 (41%) 

22 (36 %) 

0 

0 

12 (8%) 

48 (31%) 

94 (61%) 

2 

In CHI-trials it’s not always possible 

to immediately withdraw. How do 

you feel about this? 

That’s logical, it’s done for 

your own safety 

Feels like hampering 

freedom to with draw 

Other 

58 (95%) 

 

2 (3%) 

 

1 

146 (94%) 

 

7 (4.5%) 

 

1 (0.5%) 
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If there was no compensation, 

would you have participated in this 

trial? 

Yes 

No 

10 (16%) 

51 (84%) 

4 (3%) 

150 (97%) 

How do you see the 

compensation? (multiple answers 

possible) 

Compensation for costs 

Travel expenses 

Payment for risk and 

burden 

Motivation 

31 (50%) 

19 (31%) 

30 (49%) 

34 (56%) 

38 (25%)  

29 (19%) 

134 (87%) 

71 (46%) 

What did you do with the 

compensation? (multiple answers 

possible) 

Holiday 

Electronics 

Debts 

Daily life 

Charity 

I’d rather not say 

Other 

25 (41%) 

1 (2%) 

6 (10%) 

12 (20%) 

2 (3%) 

7 (11%) 

18 (30%) 

N/A 

The received compensation was: Too low 

Good 

Too high 

7 (11%) 

51 (84%) 

3 (5%) 

N/A 

Other than the financial 

compensation, did you have other 

benefits from participation? 

Yes 

No 

36 (59%) 

25 (41%) 

N/A 

Are you proud of your 

participation? 

Yes 

No 

51 (84%) 

10 (16%) 

N/A 

Would you advise others to 

participate in a trial like this? 

Yes 

No 

54 (88.5%) 

7 (11.5%) 

N/A 

Would you participate again in a 

similar trial? 

Yes 

No 

52 (85%) 

9 (15%) 

N/A 

Would you participate if 

compensation was twice as high? 

Yes 

No 

Maybe 

N/A 50 (33%) 

96 (64%) 

4 (3%) 

CN Yes 

No 

Maybe 

N/A 14 (13%) 

85 (83%) 

4 (4%) 

CP, only malaria Yes 

No 

Maybe 

N/A 25 (71%) 

10 (29%) 

0 

CP, only hookworm Yes 

No 

Maybe 

N/A 4 (100%) 

0 

0 

CP, both Yes 

No 

Maybe 

N/A 7 (87,5%) 

1 (12,5%) 

0 
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Would you participate if the risk 

was twice as high but the 

compensation also twice as high?  

Yes 

No 

Maybe 

N/A 8 (5%) 

143 (94%) 

1 (1%) 

CN Yes 

No 

Maybe 

N/A 3 (3%) 

101 (97%) 

0 

CP, only malaria Yes 

No 

Maybe 

 3 (9%) 

31 (91%) 

0 

CP, only hookworm Yes 

No 

Maybe 

 0 

4 (100%) 

0 

CP, both Yes 

No 

Maybe 

 2 (22%) 

7 (78%) 

0 
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract
Page 1, line 1 (title) and page 2 line 48 (abstract)

Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found
Page 2, lines 51-63

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Page 3, lines 93-117
Objectives 3 State specific objectives, including any prespecified hypotheses

Page 3, lines 125-128

Methods
Study design 4 Present key elements of study design early in the paper

Page 4, lines 131-133
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection
Setting and location: Page 4, lines 131-133
Dates: Page 4, line 133, 140

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants
Eligibility criteria: Page 4, lines 137-139
Selection: Page 4, lines 136-139, lines 143-144

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable
Page 4, lines 164-171

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there is 
more than one group
Page 5, lines 176-183

Bias 9 Describe any efforts to address potential sources of bias
Potential biases are discussed in the discussion. It was not possible to correct for 
biases beforehand. 
Discussion page 10 line 399-400, page 11 line 406-411

Study size 10 Explain how the study size was arrived at
Page 4, line 148-151

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why
Page 5, lines 176-183
(a) Describe all statistical methods, including those used to control for confounding
Page 5, line 176-183
(b) Describe any methods used to examine subgroups and interactions
Page 5, line 181-183
(c) Explain how missing data were addressed
Page 5, line 193-194

Statistical methods 12

(d) If applicable, describe analytical methods taking account of sampling strategy
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N/A
(e) Describe any sensitivity analyses
N/A

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed
Page 5 line 196
(b) Give reasons for non-participation at each stage
N/A

Participants 13*

(c) Consider use of a flow diagram
We consider this not to be relevant for the current study.
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders
Page 5, lines 200-206, table 1

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of interest
Information on number of missing data can be found in supplement B

Outcome data 15* Report numbers of outcome events or summary measures
For the primary outcome of motivational factors: Page 6 lines 211-222
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included
For Risk Propensity Score: Page 8, lines 297-298. Not applicable to other outcomes. 
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period
N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses
N/A

Discussion
Key results 18 Summarise key results with reference to study objectives

Page 8, lines 304-306, 308-314
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias
Page 10 lines 399-403, page 11 lines 406-411

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence
Page 11 lines 414-421

Generalisability 21 Discuss the generalisability (external validity) of the study results
Page 11 lines 404-405, 406-411

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
Page 12, lines 426-427

*Give information separately for exposed and unexposed groups.
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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