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Abstract
 The range and amount of volunteer infection studies, known asBackground:

Controlled Human Infection Model (CHMI) studies, in Low-Middle Income
Countries (LMICs) is increasing with rapid technological advancement,
world-class laboratory facilities and increasing capacity development initiatives.
However, the ethical issues these studies present in LMICs have not been
empirically studied. We present findings of a descriptive social science study
nested within a malaria volunteer infection study, on-going at the time of writing,
at the KEMRI-Wellcome Trust Research Programme (KWTRP) on the Kenyan
Coast.

 The study included non-participant observations, five groupMethods:
discussions with more than half of the CHMI study participants, two in-depth
interviews with study team members, and an exit questionnaire administered to
the participants.

 Participants understood the key elements of the study, including thatResults:
they would be deliberately infected with malaria parasites and may get malaria
as a result, there would be regular blood draws, and they would spend up to 24
days in a residence facility away from their homes. The greatest motivation for
participation was the monetary compensation of 20 USD per overnight stay
given as a lump-sum at the end of their residency stay. Also appreciated were
the health screening tests prior to enrolment and the positive relations with the
study team. Concerns raised included the amount and regularity of blood draws
experienced, and concerns that this type of research may feed into on-going
rumours about research generally.

With the increasing range and number of CHMI studies beingConclusion: 
conducted in LMICs, current ethical guidance are inadequate. This study 
highlights some of the ethical issues that could emerge in these settings,

emphasizing the heavy responsibility placed on research review and regulatory
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emphasizing the heavy responsibility placed on research review and regulatory
systems, researchers and funders, as well as the importance of carefully
tailored community engagement and consent processes.

Keywords
Ethics, CHMI Volunteer Infection studies, risks, informed consent, malaria,
developing countries
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Introduction
Controlled Human Malaria Infection (CHMI) studies – also 
referred to as volunteer infection or Challenge studies - involve 
the deliberate infection of healthy volunteers with malaria 
parasites to assess the efficacy of potential vaccine and drug  
candidates and to understand the innate and acquired protection 
against malaria parasites1,2. Vaccine development is a lengthy, 
complex and resource intensive process and CHMI studies in 
endemic populations are therefore being proposed to hasten the 
identification and development of potential vaccine candidates  
by studying natural immunity. CHMI studies have been con-
ducted in non-malaria endemic areas to provide a faster and 
more cost-effective way of testing vaccine candidates compared  
to large scale clinical trials involving numerous human  
subjects1,3,4.

Few CHMI studies have been conducted in Africa for reasons 
such as: lack of supportive infrastructure to produce and store 
infectious material that would be used in the healthy volun-
teers; inadequate clinical trial facilities that would be necessary 
for these types of studies; and inadequate expertise to conduct 
such studies safely1,2. However, these limitations have started  
to be addressed2,5–7. In addition, the development of aseptic, 
purified, cryopreserved, infectious Plasmodium falciparum  
sporozoites (PfSPZ) for infection, also referred to as PfSPZ 
challenge, enables Challenge studies to be conducted in areas 
where infectious mosquitoes would be difficult to produce or 
import1,2,8. In the last 6 years, at least 7 CHMI studies have  
been conducted in Africa: in Tanzania2, Kenya8, and Gabon1; 
with 4 on-going in Kenya (ClinicalTrials.gov; NCT02739763), 
Equatorial Guinea (NCT02859350), and Mali (NCT02996695; 
NCT02627456)9.

CHMI studies promise to accelerate vaccine development, but 
the ethical issues need careful consideration, particularly in  
contexts where the population might have low exposure to scien-
tific elements of research, vast unmet health needs, constrained 
health care systems and in cases where many families are strug-
gling socio-economically. The intentional infection of healthy 
volunteers with a disease-causing pathogen has the potential 

to raise concerns among the public who generally do not expect 
this of medicine and medical research4,10,11. It is therefore  
particularly important to ensure that such studies are conducted 
within well considered, transparent guidelines and regulatory 
processes11, and also that any discomfort associated with the 
infection is appropriately addressed4. Challenge studies also 
often do not directly benefit the individual medically, although 
there may be an indirect benefit from health screening and 
medical care. Rather, the benefit is at societal level through  
scientific innovation and improved public health4,12. These  
societal benefits must be balanced against protecting participant 
rights and interests4,12.

Challenge studies often require participants to stay in in-patient 
settings to allow close monitoring of safety, prevent infection 
to others, and – sometimes - the participant’s environment 
to be controlled1,4. The time lost through in-patient stays can  
significantly inconvenience participants and prevent them from  
engaging in their usual activities1. Individuals without stable jobs 
or who are economically underprivileged might be dispropor-
tionally attracted, raising concerns about potential exploitation4. 
Relatedly, although it is recognized that participants should 
be appropriately compensated for inconvenience and lost 
wages, payments should not ‘unduly influence’ participants, 
such that they do not carefully consider the potential risks and  
discomforts, or even conceal relevant medical history to  
maximize chances of participation4.

For many of the above reasons, information requirements for  
Challenge studies are often complex and long. Researchers there-
fore often target participants with higher levels of education 
as most likely to give informed consent1,2,8. However, this might 
introduce a new dilemma of excluding those with low formal  
education. Another consent related issue for Challenge studies is 
that some studies may condition or limit the right to withdraw for 
the individual participants’ (or others’) safety. Miller and Grady 
have argued that while limitations on freedoms could be restricted 
to eliminate these risks, their right to withdraw from further 
study procedures should be respected4. Investigators should con-
sider in advance the processes to follow (for instance the provi-
sion of emergency treatment) should a participant abruptly express  
a wish to leave. Persuasion may be justifiable where participant 
safety is an issue, but coercion to maintain participation in 
research must be avoided, and deprivation of liberty is never 
an option4. In this article we present one of the first stud-
ies from a Low-Middle Income Country (LMIC) exploring the  
experiences and perceptions of participants in a Challenge 
study. We discuss the ethical issues emanating from the  
participants’ involvement and consider the implications for  
conducting CHMI studies in LMICs.

Methods
Study context
KEMRI-Wellcome Trust Research Programme (KWTRP)1, 
where the CHMI study is being conducted, is a long-standing 
internationally recognized health research programme in Kenya 

1Also referred to as the KEMRI C entre for Geographic Medicine, Coast  
(KEMRI_CGMRC)

            Amendments from Version 1

In response to the reviewer’s comments we have revised 
the manuscript. In the methodology section, we have added 
information on how the data from the observations was utilized 
in the study. In the results section, we have included illustrative 
quotes from the clinical staff members who were interviewed to 
complement quotes from the CHMI study participants. In the 
discussion section, we have added a definition of minimal risks 
and comments regarding the need to re-think high education 
levels as a criterion into CHMI studies in LMIC settings. We have 
revised the conclusion section to acknowledge the availability of 
frameworks by which to evaluate CHMI studies. For comments 
and suggestions that required clarification and extra information 
but were beyond the scope of the current manuscript, these have 
been discussed in detail in the referee comments section.
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with its headquarters on the Kenyan Coast (Kilifi), and offices 
in Nairobi (Kenya) and Mbale (Uganda). A range of multi-
disciplinary research relevant to local, national and regional  
needs and priorities is undertaken across these sites. This 
research spans four broad scientific themes: vaccines; genom-
ics and infectious disease transmission; clinical research; and 
health systems and research ethics. World-class laboratory 
facilities with the latest technology, and a vibrant community  
engagement platform13 support the research activities undertaken 
at the Programme. An integrated Kilifi Health and Demo-
graphic Surveillance System has been running for over 15 years  
involving over 280,000 residents living in around the Kilifi 
County Hospital14 so as to recruit participants from a range of 
malaria transmission settings. A collaborative working arrange-
ment with the County Hospital management has made possi-
ble long-term strategic support in health facilities, and research 
is integrated into the health care system. The Kilifi CHMI  
participants were drawn from specific locations of the KHDSS. 
All studies conducted by the Programme are approved 
by local, national and sometimes international scientific  
and ethics review committees.

The Controlled Human Malaria Infection study in Kenya
The current CHMI study in Kenya follows on from a previous 
CHMI study that we conducted in Nairobi in 20128. The aim 
of the current CHMI study is to assess human immunity to  
P. falciparum using sporozoites (PfSPZ Challenge) administered 
by direct venous inoculation. The study intends to screen 2000 
individuals and eventually enroll 200 participants (aged between 
18 and 45 years) with prior exposure to malaria and varying  
levels of immunity from three sites - western Kenya 
(Ahero), coastal Kenya (Kilifi) and central Kenya (Nairobi) 
(ClinicalTrials.gov; NCT02739763). The study so far has 
included three challenge events. Two of the three challenge 
events at the Kilifi site have been conducted and completed 
involving 101 participants with the third currently ongoing. The 
social science study was built around the 2nd challenge event. 
114 participants were screened in the 2nd Challenge event for  
eligibility at the KWTRP; 64 (49 male; 15 female) participants 
were enrolled in to the study. Table 1 below summarizes the  
CHMI study procedures.

The enrolled participants were in residence for an average of  
18 days (range 15 – 24 days) at a guesthouse within Pwani Uni-
versity (a local university about 2.5km away from KWTRP). 
The length of residence depended on the time to meet the crite-
ria for treatment of malaria (at which point they were treated 
for 3 days and then discharged when clear of parasites);  
or treatment at day 21 because of not reaching the set criteria. 
The three-day course of anti-malaria drug (the recommended 
artemether-lumefantrine) was administered by the clinical 
team and directly observed. A total of 412mls of blood per  
individual was drawn over a period of 3 months.

Community and stakeholder engagement was undertaken prior 
to and throughout the CHMI study. This included information 
sharing sessions with key stakeholders - hospital administra-
tion, health facility staff, local administrative leaders (chiefs 
and assistant chiefs), Pwani-University Administration, and 

with KEMRI-Community Representatives – a network of about 
220 people elected by the local residents to consult on research 
activities15. Barazas2 were used to provide general information  
about the study to the population in the three sub-locations 
where the Kilifi participants were recruited from. Interested 
adults were invited for further information giving sessions 
at the nearest health facility. At the health facility, the study  
clinician further explained the study to groups of up to 15 
potential participants using information in consent forms (see  
Supplementary File 1); followed by one-on-one sessions 
with each interested potential participant for clarification of 
any questions. The potential participants were then invited to  
undergo a test of understanding (see Supplementary File 2), 
where they were required to get all 9 questions correct in 
two attempts. Two people did not pass the test and therefore 
were not enrolled into the study. Information continued to  
be provided to enrolled participants throughout the study. Further 
engagement with participants facilitated by the Community 
Liaison Group (CLG)3 continued while in residence, and 
included an open day at the Research Programme, a tour of  
the Labs, and talks with researcher and with CLG members.

Social science sub-study
The social science study was nested in the 2nd Challenge 
event at the Kilifi site and was undertaken between January 
and April 2017. The social scientists were not part of the 
study team but worked closely with the study team. They were  
introduced to the participants by the study team. MN spent  
considerable time with CHMI participants and the study team  
members to build good rapport given the sensitivity of the study,  
and to be familiar with the study procedures. She observed 
information giving sessions, screening and all Challenge pro-
cedures. The data from the observations provided insight 
into the activities of the trial and facilitated the development 
of the interview and FGD question guides. Interviews were  
conducted between 7th – 14th days post-challenge: Two focus 
group discussions (FGDs) with 14 female participants, three 
FGDs with 22 male participants, and two in-depth interviews 
(IDIs) with study team members were held using semi-structured 
topic guides (see Supplementary Files 3 and Supplementary  
Files 4). The study participants were selected purposively to  
ensure diversity in views based on gender, age and education levels. 
The study team selection was based on convenient sampling.

A semi-structured questionnaire was administered by clinicians 
to all participants attending day-35 post-challenge follow-up 
visit. The questionnaire data has not been included in this man-
uscript but will be utilized in a larger body of social science  
work going on within the Challenge studies at KWTRP.

All interviews were audio-recorded, transcribed, translated 
into English and managed using NVivo 10 software. A thematic  

2Large-scale open public meetings often convened by the local administrators 
(chiefs or assistant chiefs).
3A group of 6 experienced community facilitators lead by a Head of  
Community Engagement who coordinate and implement all engagement  
activities at the Programme
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Table 1. The Controlled Human Infection Model (CHMI) study procedures.

Stage Procedures

Pre-screening •     Community and stakeholder engagement 
•     Information giving sessions (several sessions) 
•     Seeking consent; 
•     Test of understanding (only those who pass are enrolled)

Screening •     Pulse, blood pressure, respiratory rate and temperature measurements taken 
About 20mls mls blood sample taken for the following laboratory assays 
•     Haematology: Full Blood Count, screen for sickle cell trait. 
•     Biochemistry: Sodium, Potassium, Urea, Creatinine, Albumin, ALT and bilirubin. 
•     Diagnostic serology: HIV antibodies, Hepatitis B. 
•     Immunological assays of prior exposure to malaria 
•     Diagnostic Malaria Tests 
Urinalysis, and for women pregnancy test 
Electrocardiograms (ECGs) for evidence of heart disease. 
Medical and social history and clinical assessment

Day before 
Challenge (C-1)

•     59 mls venous blood sample for repeat of screening tests 
•      Clinical assessment of any new medical issues or symptoms; and including height and weight measurements,
•     Urine analysis for women to determine if pregnant 
•     Enrolment into in-patient facility

Challenge day •     Pulse, blood pressure, respiratory rate and temperature measurements taken 
•     3,200 parasites injected intravenously 
•      Volunteers observed for 1 hour after injection before returning to in-patient facility (at Pwani University)

Day 5 post 
challenge

•     32 mls of blood sample for immunological analyses

Days 1–6 Post 
Challenge

•     Volunteers in residence, presence of clinical staff throughout to monitor for adverse events

Days 7–14 Post 
Challenge

•     Clinical assessment; Volunteers asked about any symptoms of malaria 
•      Venous blood samples (each 4ml) taken twice daily (i.e. morning and evening) for PCR for P. falciparum 
•      In addition, on day 7th, 9th and 14th, additional blood volumes are taken; 33mls each on day 7th and 14th and 32 mls 

on day 9th for immunological assays
•     2 ml blood sample taken at 9th day for biochemistry

Day 15–21 post 
challenge

•     Once daily venous blood sample of 4mls 
•     Clinical assessment

If diagnosed 
with malaria at 
any time

•     41ml Blood sample for various tests 
•      Start anti-malaria treatment; For three days, observation, once daily blood sample (4mls) taken to check 

clearance of parasites
•      5mls blood sample taken at 72 hours to check if parasites cleared and full blood count; then discharged and 

reminded of post-35 day follow-up visit

Day 35 Post 
Challenge

•     All volunteers reviewed in the nearest clinic 
•     Clinical assessments performed and AEs assessed. 
•     Venipuncture performed (51 mls of blood) for immunological assays and full blood count

content approach was used to analyse the data, with an iterative 
process of coding building into categories and themes that 
were then applied to the entire dataset. The analysis was prima-
rily conducted by MN and DK with the support of the other  
authors in an iterative process. The themes were developed 
both deductively (from major themes in the interview/FGD 
guides) and inductively (from the emerging issues in the tran-
scripts). Some of the themes included, informed consent proc-
esses, motivations for participation (compensation and health 
benefits), perceptions of the trial and the challenge model, 
experiences in the trial and in-patient facility and decision  
making and negotiations with significant others.

Ethical review
This social science sub-study was reviewed and approved by 
the Kenya Medical Research Institute (KEMRI) Scientific and  

Ethics Review Unit (KEMRI/SERU/CGMRC/029/3190) and the 
Oxford Tropical Research Ethics Committee (OxTREC 2-16). 
Written informed consent was sought from participants for  
all interviews (IDIS and FGD) and for audio-recording.

Results
Participants’ characteristics
Over half of the CHMI participants (36 out of 64) participated 
in the social science sub-study. Table 2 below shows the charac-
teristics of the 36 respondents. Most of the respondents (34%) 
were 21–30 years old; all males had at least 5 years of school-
ing while 2 of the females had less than 3 years of schooling. 
For this particular Challenge event, participants who had very 
low levels of schooling could also correctly answer the test of  
understanding questions thus showing an understanding of the 
study and its procedures.
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The informed consent processes
In all the FGDs, participants appreciated the study information  
provided, the processes of seeking consent followed and the 
many opportunities to discuss the study and ask questions. 
However, a participant noted that even though the clinical 
team was approachable and friendly, they were busy and could  
not always optimally respond to issues.

 [FGD4 P9: … someone being at work maybe you draw 
blood or are dealing with the files, and someone asks you 
a question…Someone answers in a rush such that you  
cannot understand. Seems like they have a lot of issues in 
their minds, it’s required that you at least set aside some  
time to answer the question well.] (Male; 38 years; 8 years 
education)

A concern raised by participants in all the FGDs was infor-
mation about blood volumes. Although they acknowledged 
that information had been given and informed consent docu-
ments provided, participants felt that using visuals to explain 
the blood volumes and their frequency would have enhanced  
comprehension. This suggestion was fed back to the team  
who immediately acted on the recommendation.

 [FGD5 P6: …the first time we were told [about blood vol-
ume], but most of us did not understand, but I later, I had to 
request for the form again, I went through it again, XXX1 
[clinician] brought it to me, I saw on my side the proce-
dures were ok, then later yesterday in a meeting still, XXX2 
[another clinician] did this thing practically, at the meet-
ing, …she brought a cup of water, a spoon and a syringe, 
so she measured and placed there, so we were able to verify 
that it was ok. So, I no longer have any doubts] (Male;  
32 years; 12 years education)

 [IDI2: I think physically seeing the tubes and the process, 
it would have really helped if they would have been  
mentally prepared, to see that this is the volume and the 
blood will be taken and kept in this tube, and the number of 
tubes will be this… if we could have really explained it in 
pictorial or a short film so that they know] (Study team  
member).

The community engagement processes, both prior to enrolling 
in the study and afterwards, were highly appreciated as they 
addressed rumours that participants had heard about the research 
centre. These rumours have been widely documented13,16 and 
given the sensitivities of the study the study team were aware 
that they were likely to flare-up again, contributing to the  
careful community engagement process described above. 

 [FGD2 P5: I am also impressed because where we come 
from we are told that people are bled and it’s not known 
where blood is taken, but when we were told we are going 
to the lab I was very keen to know what happens. And when 
I came out [of the lab tour] I was really satisfied, I am now 
longing to go home and have someone tell me blah! Blah!,  
so that I can explain to them everything that I have seen, that 
there is no unfairness whatsoever.] (Female; 24 years; 12 years 
education)

Participant perceptions of the study and infection model
In all FGDs, participants seemed to understand that they were 
taking part in a research study, they had been injected with 
malaria parasites and would get malaria as a result. Partici-
pants understood the aim was to study their immunity against 
the malaria parasites; and that the study would contribute  
to vaccine development.

Table 2. Characteristics of participants in the social science sub-study.

Characteristic Female (n=14) 
39%

Male (n=22) 
61%

Total (n=36)

Age, years

21 – 25 4 8 12

26 – 30 4 6 10

31 – 35 3 2 5

36 – 40 2 3 5

41 – 45 1 2 3

Level of  education (years completed in school) 

No formal Education 1 0 1

Adult education/1–2 years 1 0 1

Primary Education:              3–4 years 3 0 3

5–8 years 5 11 16

Secondary education:      9–10 years 1 1 2

11–12 years 3 10 13
* Missing age information from 1 male participant
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 [FGD3 P1: … this word malaria challenge…what I under-
stood…it’s about a malaria vaccine that is needed, so 
the biggest agenda for all these things that are going on 
is about malaria vaccine…The blood that is being taken 
will continue to be investigated then eventually to be  
able to get malaria vaccine] (Male; 39 years; 12 years  
education)

Although CHMI differs from other clinical trials and interven-
tion studies, participants were not particularly worried. Poten-
tial worries were alleviated by several factors: knowledge that 
malaria is curable; living in a malaria endemic area where 
there is much experience of having malaria, and knowing that 
treatment would be provided if necessary. In addition, they  
had seen that those in the 1st Challenge event appeared to 
be well; they had assurances from the study team that this 
type of study had been safely conducted elsewhere in Africa;  
and they had 24-hour monitoring by clinical staff:

 [FGD5 P4: I was injected with malaria, I haven’t been 
sick for four years and I don't know how serious the condi-
tion will be. However, I just volunteered and it’s because 
we spend the night with them here, a nurse is here day and 
night. I knew that if my head starts to pain I will go to her/him  
for them to see how they can help.](Male; 24 years; 8 years 
education)

Participants said that they were not worried about being injected 
with the malaria parasites, but said they would be concerned 
about being injected with a less familiar disease-causing organ-
ism. That the latter was not happening required participants’  
trust in the researchers: 

 [FGD1 P8: …[my neighbour] told me, “how do you know 
it’s only malaria, what if you are injected with HIV”? I told 
her that I have been tested, I have enrolled in the study, 
I know I don’t have the HIV virus and I don’t have any ill-
ness, they have done a medical test, if now I get HIV I’ll 
know it’s them…That day when I was injected she came back  
to me, and told me “you have already been injected with  
HIV” …] (Female; 23 years; 12 years education)

When asked if they would participate in future Challenge  
studies, most respondents said that they would if the illness was 
curable; most spontaneously mentioning that they would not  
participate in an HIV challenge study. 

Motivation for research participation
Three main reasons for participating in the study were the 
monetary compensation (payment) provided, the health care  
benefits, and wanting to contribute to the health of communities.

Compensation for time for the in-patient stay was paid at a rate 
of 2000 Kenya Shillings (US$20) per overnight stay. Time 
compensation at most research studies at the Programme is 
based on a government daily wage rate for unskilled labour 
which is 350 Kenya shillings (US$3.5) per day. Although  

compensation was a key motivating factor for many partici-
pants to join, some participants indicated that the amounts were  
similar overall to their daily casual labour earnings.

 [FGD1 P8: I normally sell clothes, I did my calculations, per 
day if I go to the market, I sometimes make more than 3000, 
but sometimes, like now, there is no money You…make like 
1000, sometimes you make like 800 shillings, so I…thought 
these 2000 shillings everyday are better, If I manage to stay for 
those 24 days, I will have gotten a lot more money than going 
to the market, so I decided to come here] (Female; 23 years;  
12 years education)

The difference in this case is the predictability of the amount 
per day and the lump sum payment at the end of the in-patient 
stay; a total of Ksh. 48,000 (USD $480). Many participants 
indicated that they would use this income to develop their 
families, pay school fees, pay-off debts, buy livestock, go for  
vocational training, open businesses and build houses. The  
participants seemed to understand that the cash provided was 
compensation for the time away from other productive work and 
the high levels of inconvenience in the study as opposed to a  
payment. Many had made a calculated decision based on what  
they stood to gain:

 [FGD2 P1: …I have a child who is finishing (Primary) 
school and because you cannot get all that money together 
at once for doing shopping for him, and if I come here 
I will get the cash at once, which I will use for him to start 
(Secondary) school, that’s why I decided to come here ...]  
(Female; 32 years; 6 years education)

 [FGD5 P3: I have already set a budget for the money; 
every coin is allocated and if I get malaria today it will  
have disrupted my plans.] (Male; 25 years; 5 years  
education)

The allure of the cash compensation was also expressed by 
those who had not been enrolled after screening in the 1st chal-
lenge event of the study, but were enrolled for the 2nd event. 
They carefully monitored progress of the study, hopeful that  
they would be eligible, and were disgruntled when they were  
not: 

 [FGD1 P7: There is one [person] who got really angry… 
he was told since he smokes a lot he cannot participate. 
He called XXX1 and said, “From today I will not partici-
pate in any KEMRI study and I don’t want my children to 
participate in any study, from today and all the days of my 
life” so it’s like he got angry because he was not allowed  
to participate] (Female; 28 years; 12 years education)

Although the cash compensation was a great motivator for 
research participation, participants were however apprehen-
sive and uncomfortable when presented with a hypothetical 
increase or decrease in the level of monetary compensation 
offered. If there had not been any monetary compensation, many  
felt that they would not have participated in the study;
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 [FGD3 P2: …the vaccine is important, but if you had been 
told that you are coming to look at the vaccine, free of 
charge, there is nothing you will get, there would be no  
people willing to join] (Male, 27 years, 8 years education)

However, if the amount of monetary compensation had 
been too high, several participants mentioned that such high  
compensation would have introduced suspicions about the study.

 [FGD2 P3: it would give me worries [If compensa-
tion was higher]…I would be thinking, why am I being 
given ten thousand [USD 100], for doing what exactly? 
I am being taken there, what are they going to do to me to  
even get that ten thousand?] (Female; 36 years; 2 years  
Adult education)

The second motivating influence were the study health care 
including screening tests, most of which were very expen-
sive and not available in the public health care facilities (such 
as ECG, liver function tests); and the presence of clinical staff 
to attend to the participants throughout. A few suggested that 
the screening should be extended to the wider community to  
maximize the health benefit.

 [FGD2 P3: …I wouldn’t have been able to cater for the 
investigations that have been done on my body, before I was 
enrolled to be injected with the malaria parasites. There 
is a thorough investigation, I will have my heart tested, I 
will be told how my liver is, how my kidneys are, I will be 
told everything…I will not be able to do it on my own, that 
I look for money for this to be done? I can’t…that’s why  
people were very happy.] (Female; 36 years; 2 years Adult  
education)

The third motivating influence, often mentioned alongside 
the above ones, was wanting to contribute to science, or to 
find a vaccine that would be beneficial to future generations. 
Other participants felt their participation was important as a 
way of supporting the research Programme and its work; to 
ensure it achieved its objectives which were viewed as being  
beneficial to the community. 

 [FGD1 P7: …all the studies that have been done by KEMRI, 
I have never participated in even one, so when this study 
came it was my opportunity to participate, so that we can 
improve health so that was my most important reason…I  
did not qualify in the studies that were happening previously.] 
(Female; 28 years; 12 years education)

Negotiating participation with significant others
In this area, women generally bear greater responsibility for 
day to day family and child care than men17,18. Participant moth-
ers sought help from their relatives (grandparents, siblings and 
spouses) to care for their children and families before join-
ing the study. One female participant mentioned that she had 
to take her children out of school so they could live with her  
mother during the study, leading to family disagreements:

 [FGD2 P4: …trouble ensued with my mother, [she said] 
why should the children stop going to school? You don’t 

want to see money pass you by...you are willing to go get 
injections, you are not even sure how the disease will 
affect you, but you have decided, you are ready to have the  
children miss school…] (Female; 32 years; 3 years education)

Some of the participants indicated that they had not dis-
closed to their significant others about their participation in the  
challenge study. This was because they felt that the prevailing 
rumours about the research Programme itself and the unfamiliar 
study they were being recruited into would most probably 
lead to their decisions not being respected, and might contrib-
ute to strained relations at home. A few had explained their  
absence from home as being away for a training seminar in 
Kilifi, while some who had disclosed their involvement in the 
study minimized the information they gave about it, especially  
regarding the blood sampling (due to rumours).

 [FGD5 P4: On the first day, I told them that I was going for 
a job interview…. I went home a few days ago where I told 
them there is a one-month seminar at Pwani [University], 
you won’t see me if I succeed but if I don’t succeed then 
you will see me here in the evening…Am now in Kilifi and 
we are communicating via phone call that I am attending a  
seminar.] (Male; 24 years; 8 years education)

The female participants described having to discuss with their 
spouses before consenting to the study. For some participants 
who live with their parents, in their descriptions, it was clear 
that their parents’ opinions about research participation was 
highly respected even though they themselves were adults  
and would have been perceived able to make their own decisions. 

 [FGD1 P7: ….my father was worried…when my sister was 
called she had to get permission from our father because 
she is still a young girl…so I told my father that what he 
had heard was not true. I informed him that there is no one 
who got any problem, that’s when he gave my sister per-
mission…explained to him until he understood that’s when  
he allowed my sister to come.] (Female; 28 years; 12 years 
education)

Participant experiences in the study
Most participants were generally happy with the way the study 
was conducted and how well they were taken care of while 
in the study. The guesthouse where participants were in resi-
dence was rated favourably. Although the university is based 
in a busy part of town, the participants’ movement outside the 
premises was restricted to avoid contracting malaria from mos-
quitoes. While most of the men felt restricted within the facility,  
women were more positive, describing it as an opportunity to  
rest and relax.

The use of contraceptives as a requirement for participation in 
the study was explored only with the female FGDs. Most were 
comfortable with using contraceptives during the study having 
used them previously, and understood they were necessary 
to prevent pregnancies during the study which could be risky 
for the unborn child. However, some felt that contraceptive 
use was encouraged to prevent pregnancy while staying in the  
in-patient facility, and a few worried about the longer-term  
consequences:
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 [FGD1 P8: I don’t have a child yet…when you use these 
family planning measures it may get to a point when you 
are trying to get a child you may have some complications  
[Female; 23 years; 12 years education]

The main concern for both men and women was on the  
frequency and volumes of blood samples and the discomfort 
of the constant blood draws. Despite this concern, the partici-
pants were pleased with the cordial and open relationship they 
shared with the study clinical team who were described as 
approachable, friendly, and always willing to help and respond 
to issues. The participants appreciated the opportunity to meet  
new people and make friendships, including with fellow  
participants.

 [FGD2 P1: And this study has built a very good rela-
tion among different people…we’ve been having that close 
brotherhood, brotherhood which is not by blood but we’ve 
become one friend one brother…We didn’t know each other, 
but now I can call this one and sit with her or the other one 
and continue chatting and laughing as if we are at home.]  
(Female; 32 years; 6 years education)

 [IDI 1:  … we tried to keep a close relationship with the 
participants…we could even find time, we sit with them 
and chat, if we are free, they had some games out there, 
we’d sit with them and play a game or two, with that 
they become free with you and they will let you know if  
they have issues.](Study team member)

Discussion
The range and amount of CHMI studies being conducted in 
LMIC settings is increasing with rapid technological advance-
ment, world class laboratory facilities and increasing capacity 
development initiatives1,2,8. However, the ethical issues that 
these studies present in these contexts have not been empirically 
studied. This article presented findings of a descriptive social  
science study embedded within an on-going malaria Challenge  
study on the Kenyan Coast. Here we discuss several ethical  
issues emerging from the findings.

Risks and burdens in Challenge studies
There are debates on the level of risk involved in challenge stud-
ies, particularly when conducted in settings endemic for the 
pathogen under investigation11; a debate that is likely to inten-
sify with the increasing number of Challenge studies in LMICs. 
Research entails some risk to participants, which may range from 
minimal risk (where delegated review may be considered by 
IRBs)19,20 through to high levels of risk, e.g. when testing poten-
tial therapeutic agents against serious disease. Minimal risks have 
been defined by Evers et al. (2015), as risks that would expose  
individuals to no greater likelihood of insult or injury than those 
encountered in everyday life or in a routine medical or psycho-
logical examination21. Phase I studies and Challenge studies must  
minimize risk, since they enrol healthy participants and include 
considerable levels of discomfort and inconveniences3,4. Dis-
comforts may be experienced during study procedures such as 
during blood draws; burdens and inconveniences may include 
time taken up by study activities such as being away from  

family. Measures to minimize risks and harms include a rigorous 
ethics review, strong emphasis on ensuring appropriate research 
design, trained personnel to conduct study procedures, appro-
priate levels of compensation for burdens and inconvenience, 
and maximizing the social value of the research to science11,19. 
In addition, it is imperative that the participants understand  
all the key elements of the study, including types and levels 
of risks and benefits. Participants in the social science study 
seemed to understand these key elements of the CHMI study, 
and that there would be no immediate therapeutic benefits  
directly related to the study.

Deliberately infecting healthy volunteers with a disease-causing 
pathogen has been described as a potential moral dilemma  
particularly for clinician researchers whose primary responsibil-
ity is to cure rather than cause disease11. This practice can also 
potentially damage or ruin the reputation of doctors if the par-
ticipants and wider community do not understand the reasons 
for such a study and the safety procedures in place11. While in  
our study we did not specifically explore this risk, discus-
sions with participants and study team members did indicate 
that injecting people with the malaria parasite was unfamiliar. It 
was discussed alongside on-going rumours about the research 
Programme in the community and may have contributed to  
some participants not informing their relatives about their 
participation. Participants’ concerns about study safety also  
contributed to their active surveillance of the well-being of 
participants who had participated in the previous Challenge  
events, seeing that they were well seemed to allay some con-
cerns. Hope and MacMillian (2004) have noted that deliberately 
infecting health volunteers could also undermine the reputa-
tion of the health sector11. Wider reputational impacts of this  
study is an area that we are further investigating in the on-going 
Challenge study.

Community engagement and consent processes
Challenge studies often target participants with higher lev-
els of education to ensure comprehension of the complex  
information1,2,4,8. Those we interviewed had mixed education levels 
including several who had not attended school but who passed 
the test of understanding administered before enrolment into the 
study. Our study shows that in our setting, high education levels 
might be an unnecessary exclusionary criterion, given the par-
ticipant’s ability to grasp and understand the information despite 
their lower education levels.  Rethinking this criterion becomes 
important, in this and similar settings where the targeted pool 
in the general population has low education levels. A series of 
steps of community engagement and consent processes were  
followed by the Study team, which strengthened information 
sharing, provided forums for questions and answers, and gave 
opportunities for potential participants to consult widely before  
making a final decision. Empirical studies have shown that 
ensuring participants can access information and ask questions 
in a range of different contexts enhances retention of informa-
tion and comprehension1,4. Participants in challenge studies 
spend significant time at the in-patient setting, offering a great 
opportunity for the study team to build relationships, strengthen  
communication, and reiterate study information as well as 
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other health related information. Given the necessarily complex 
nature of information that needs to be covered in CHMI consent 
forms, innovative ways for seeking and enhancing understanding  
of the information should be explored. In this case, the use of 
visual aids to demonstrate volume of blood that would be drawn,  
and the regularity of blood draws was appreciated once it was  
introduced into the information giving sessions.

Levels of compensation in challenge studies
We found that financial compensation was one of the strongest 
motivations for participating in the study. Given recognized  
concerns about balancing appropriate compensation against undue 
risk22–24, the CHMI study team drew on guidelines in the pro-
gramme which were developed in consultation with community 
representatives and consulted widely within the research pro-
gramme regarding the levels and types of compensation to pro-
vide. The daily amount provided was in line with average earning 
for the local community to whom the study was relevant, as was 
reported in the interviews. One specific ethical concern related 
to levels of compensation, but not yet explored in CHMI studies, 
is the potential for interest in financial compensation to crowd 
out other important research information such as risks of the  
research24. However, in this study, various information shar-
ing sessions and community engagement processes appeared 
to minimise this issue. In addition, the test of understanding 
appeared to ensure that those enrolled in the study understood 
its key elements. Another specific ethical concern related to 
financial compensation is that participants may be unduly influ-
enced to join the study. As Koen et al. have said, inducement 
can be ethically justifiable, even if it contributes to participants 
doing something that they might  otherwise not have done25.  
Indeed, benefits in many studies are designed to encourage  
participation. However, they note that inducement becomes  
‘undue’ where an excessive offer distorts decision-making, lead-
ing to individuals participating against their better judgment.  
Earlier research in Kilifi, undertaken to inform programme  
guidelines on study benefits, highlights a range of additional 
challenges that might be associated with giving high levels of  
benefits or payments to study participants, including commer-
cialization of the community-researcher relationship, generating  
family and intra-community conflict and  undermining research 
activities with more limited access to funding, including  
by the Ministry of Health itself22. In the interviews, participants 
indicated that they did not regret joining the study. They were  
also aware of their right to withdraw if they felt the study  
was no longer suitable for them. However, we will continue  
assessing the impacts and implications of these levels of  
compensation over time, including any longer-term implications  
on the other studies that are conducted in the setting.

Limitation of the study/future research ideas
This study focused on participants and study team members’ 
perceptions of a malaria Challenge study conducted on the  
Kenyan Coast. Follow up studies with a wider range of stakehold-
ers including Ethics Review Committees (ERCs), community 
leaders, current and previous Challenge participants, commu-
nity members and researchers will be important to explore some 

of the issues the current study was not able to address. This  
includes issues around the concept of deliberately infecting par-
ticipants, implications of financial compensation on family  
dynamics, and alternative levels and types of benefits and  
compensation for CHMI studies. It would also be valuable to 
nest new studies in other disease Challenge studies and commu-
nities across LMICs to contextualize the emerging ethical issues  
and make generalizable statements on the ethical issues for  
CHMI studies in LMICs.

Conclusion
There are strong reasons to conduct CHMI studies in LMICs. 
There is however sparse literature on ethical issues for CHMI 
studies in LMICs, and none of the literature has specifically 
explored the perceptions of participants in such studies. In addi-
tion, current ethical frameworks and guidance documents focus 
on clinical trials and minimal risk studies. There are currently a 
few recent specific guidance for studies that involve the deliber-
ate infection of  healthy volunteers in LMICs26,27. However, our 
research suggests that there are a myriad of ethical issues that are 
likely to emerge with proliferation of CHMI studies in LMICs, 
and that particular care is needed in ethical review to ensure that 
communities are not exploited. There is currently no threshold 
of risks and inconveniences set for more than minimal risk 
studies; participants could therefore bear considerably higher  
burdens and risks for participation in these settings than in others  
because of the need for the attractive offers such studies 
can provide. As with any research, these studies need a 
strong and well-considered rationale for conducting them, 
and place a heavy burden of responsibility on ethics review  
committees, funders, researchers and research organiza-
tions. The specific ethical issues related to forms and types of  
benefits and compensation for these types of studies also needs  
further discussion and investigation.
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This is a timely and important study given the increasing interest in conducting controlled human malaria
infection studies in LMIC. It was conducted within the framework of ongoing CHMI studies at KEMRI,
which has a long-standing, internationally recognised health research program. The authors aimed to
identify ethical considerations that are uniquely relevant to studies that involve purposefully infecting
healthy volunteers in LMIC. Data was collected via focus group discussions with study staff and an exit
questionnaire.  

Given the limited specific ethical guidance for studies that fall outside the categories of “clinical trials” and
“minimal risk”, it will be important to consider the findings of this current study when designing and
planning future CHMI studies. This current study also provides a framework for the conduct of similar
social science evaluations within other CHMI studies. As the infrastructure for CHMI (and potentially other
challenge models) are established in new communities and new LMICs, it will be of great interest to
identify common and disparate ethical issues across the different populations.  

I have a few questions and comments for the authors.
Introduction, 1  paragraph, last sentence. It is worth noting that CHMI studies in non-malaria
endemic countries have shown to be a useful tool for the screening of pre-erythrocytic vaccine
candidates. A recent review  discusses considerations for the similar testing of blood-stage
vaccine candidates. Malaria-naïve individuals in non-endemic countries are highly clinically
sensitive to low levels of blood-stage parasites and thus may require drug treatment soon after
challenge, prior to when vaccine efficacy may be apparent. This may result in prematurely
discarding a vaccine candidate. In the presence of pre-existing Plasmodium-specific immune
responses in malaria endemic areas, where clinical thresholds are known to be much higher, such
a vaccine may be shown to be highly efficacious. Thus, CHMI in malaria endemic countries may
also play a critical role in enabling assessment of blood-stage vaccine candidates in early and late
phase trials. 
 
There is discussion throughout the document about lack of ethical guidance on studies that are
beyond “minimal” risk. I may have missed it, but is it definitively stated in the introduction what
minimal risk is and that these challenge studies do not meet these criteria? This would be
helpful. Evers et al 2015 provide the std definition which may be useful: “Minimal risk may be
defined as no greater likelihood of insult or injury than that encountered in daily life or in a routine
medical or psychological examination (Council of Europe 2012; FDA and HHS regulations), or

alternatively, at most, a very slight and temporary detrimental impact on the health of the research
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alternatively, at most, a very slight and temporary detrimental impact on the health of the research
participant (Council of Europe 2005).”
 
The complex nature of CHMI studies and the risks of being involved present a challenge in terms
of providing information and ensuring that the potential participants are truly able to give informed
consent (particularly if there are variable levels of education). The questionnaire that was used to
confirm understanding of the study is hopefully a robust tool to identify individuals who do not
understand the study and can therefore not give true informed consent for participation. There is a
comment in the introduction (Page 3, 2  column) that “researchers often target participants with
higher levels of education as most likely to give informed" and the dilemma of excluding those with
low formal education. It is interesting to note (and maybe this should be highlighted) that this may
be unnecessarily exclusionary as at least in this current study, participants who had very low levels
of schooling could also correctly answer the test of understanding questions.
 
The statement “Participants said that they were not worried about being injected with the malaria
parasites, but said they would be concerned about being injected with a less familiar
disease-causing organism”. It is interesting that familiarity with malaria was one of the factors that
influenced participation and again, maybe this should be highlighted. If researchers are wanting to
conduct studies with less familiar organisms in LMIC, this would need to be considered when
designing tools for participant recruitment.
 
Was participation influenced at all by potentially finding out that they may be infected with other
organisms eg HIV? I noted in the PICF, that it is stated that they will be referred to counselling if this
is the case. In areas where HIV is a major issue, it would be interesting to know how much this was
influencing the decision to participate. On Page 12, first column and first participant quote “FGD1
P8 That day when I was injected she came back and told me “you have already been injected with
HIV””. This sounds like at least one participant was told they were infected with HIV via the
blood-screening process at the start of the study.
 
On page 7, there are a lot of participant quotes indicating that the payment played an important role
in the decision to participate. One participant even worried about when drug treatment was being
initiated as he had already pre-allocated the full amount of monetary compensation. To fully
appreciate the role of payment, it would be interesting to know if during the study, it was found that
a participant had withheld information about medication, medical conditions etc that would make
them ineligible to participate. I realise it is a small sample size, but was this examined?
 
On page 8, bottom of first column. There is some discussion about people not disclosing to their
family that they had participated due to concerns about their reaction. Does this raise additional
ethical issues given the studies are more than “minimal risk” e.g. what if there was some sort of
study-related health issue that arose after they were discharged from the facility/study or if a major
health issue arose during the study that would require the family to be informed? Given they were
housed in the same facility – were the participants co-mingling i.e. could they identify each other
and would this cause any disadvantage to those participants e.g. those who had chosen not to
disclose their involvement to their family.  It would be interesting to discuss this.
 
In the discussion, page 9, first column, 3  paragraph. It is stated ”Participants’ concern about
study safety also contributed to their active surveillance of the well-being of participants who had
participated in the previous Challenge events, seeing that they were well seemed to allay some
concerns”. Does this mean that they were aware of who the previous participants were or were

they informed generally of participant progress by the study team?  If the former, again, does this
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they informed generally of participant progress by the study team?  If the former, again, does this
raise additional ethical issues?
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Thank you for highlighting the important contribution our study makes. We appreciate your
comments and suggestions to helping improve this manuscript. We have responded to the issues
raised below.
 
I have a few questions and comments for the authors.
 
Introduction, 1  paragraph, last sentence. It is worth noting that CHMI studies in non- malaria
endemic countries have shown to be a useful tool for the screening of pre-erythrocytic vaccine
candidates. A recent review  discusses considerations for the similar testing of blood-stage
vaccine candidates. Malaria-naïve individuals in non-endemic countries are highly clinically
sensitive to low levels of blood-stage parasites and thus may require drug treatment soon after
challenge, prior to when vaccine efficacy may be apparent. This may result in prematurely

discarding a vaccine candidate. In the presence of pre-existing Plasmodium-specific immune
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discarding a vaccine candidate. In the presence of pre-existing Plasmodium-specific immune
responses in malaria endemic areas, where clinical thresholds are known to be much higher, such
a vaccine may be shown to be highly efficacious. Thus, CHMI in malaria endemic countries may
also play a critical role in enabling assessment of blood-stage vaccine candidates in early and late
phase trials. 

Response:
 
We agree that vaccine responses and protective efficacy may be different in adults in
malaria endemic settings, and that this is of scientific interest, in addition to studies of

 naturally acquired immunity as done here.

There is discussion throughout the document about lack of ethical guidance on studies that are
beyond “minimal” risk. I may have missed it, but is it definitively stated in the introduction what
minimal risk is and that these challenge studies do not meet these criteria? This would be
helpful. Evers et al 2015 provide the std definition which may be useful: “Minimal risk may be
defined as no greater likelihood of insult or injury than that encountered in daily life or in a routine
medical or psychological examination (Council of Europe 2012; FDA and HHS regulations), or
alternatively, at most, a very slight and temporary detrimental impact on the health of the research
participant (Council of Europe 2005).”

Response:
 
Thank you for this advice and we have included the definition of minimal risks in the

 discussions section (page 9)

The complex nature of CHMI studies and the risks of being involved present a challenge in terms
of providing information and ensuring that the potential participants are truly able to give informed
consent (particularly if there are variable levels of education). The questionnaire that was used to
confirm understanding of the study is hopefully a robust tool to identify individuals who do not
understand the study and can therefore not give true informed consent for participation. There is a
comment in the introduction (Page 3, 2  column) that “researchers often target participants with
higher levels of education as most likely to give informed" and the dilemma of excluding those with
low formal education. It is interesting to note (and maybe this should be highlighted) that this may
be unnecessarily exclusionary as at least in this current study, participants who had very low levels
of schooling could also correctly answer the test of understanding questions. 

Response: 
 
Thank you for this very useful comment. We have added a sentences in the discussion
section (page 9) to reflect the suggestion but also a caution that it could be that education
standards might be important in some types of studies. In our case, malaria is fairly
common and people are familiar with it. However some of the elements of the study are
unfamiliar (e.g. deliberately being infected). An emphasis we have highlighted in the
discussion section is the importance of careful and well thought-out information giving
sessions and community engagement. 
 

The statement “Participants said that they were not worried about being injected with the malaria

parasites, but said they would be concerned about being injected with a less familiar
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parasites, but said they would be concerned about being injected with a less familiar
disease-causing organism”. It is interesting that familiarity with malaria was one of the factors that
influenced participation and again, maybe this should be highlighted. If researchers are wanting to
conduct studies with less familiar organisms in LMIC, this would need to be considered when
designing tools for participant recruitment. 

Response: 
 
We agree. When working with less familiar organisms/pathogens, concerted efforts
should be made to create awareness about the resulting illness from the pathogens to
potential participants and communities. In addition, participants should be provided with
time to potentially consult widely, and allow people to participate based on the knowledge
and whether they feel comfortable to participate in a study that involves that kind of
organism. In this case, the test of understanding was a useful tool. 
 
Was participation influenced at all by potentially finding out that they may be infected with other
organisms e.g. HIV? I noted in the PICF, that it is stated that they will be referred to counselling if
this is the case. In areas where HIV is a major issue, it would be interesting to know how much this
was influencing the decision to participate. On Page 12, first column and first participant quote
“FGD1 P8 That day when I was injected she came back and told me “you have already been
injected with HIV””. This sounds like at least one participant was told they were infected with HIV
via the blood-screening process at the start of the study. 

Response: 
 
The benefits of getting a full body ‘health check’ from the screening process was one of
the important motivating factors for most of the participants, however, there was no
specific mention about HIV screening being particularly appreciated. Within the study
context, HIV testing and counselling services are offered free of charge at public health
Institutions. There seemed to be greater mention of the other tests which would be
expensive to do in public and private clinics/hospitals e.g. checking the heart, the liver
etc. 
 
For the participant in FGD1 P8 – The conversation was around the general mistrust
around research and research scientists’ intentions. The participant shared with a friend
about her research participation in the malaria study and that they were injected with
malaria parasites. The participant’s friend raised questions around the uncertainty of
whether the injection was actually malaria or something else such as HIV which is more
dangerous and without cure.  In the discussion section, we discuss the importance of
careful community engagement activities that provide a platform for community members
and research participants (page 9). This allows them to raise issues and concerns that
can be addressed to clear any misunderstandings and misconceptions about on-going
research and research activities in general. 
 
On page 7, there are a lot of participant quotes indicating that the payment played an important role
in the decision to participate. One participant even worried about when drug treatment was being
initiated as he had already pre-allocated the full amount of monetary compensation. To fully
appreciate the role of payment, it would be interesting to know if during the study, it was found that
a participant had withheld information about medication, medical conditions etc that would make

them ineligible to participate. I realise it is a small sample size, but was this examined? 
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them ineligible to participate. I realise it is a small sample size, but was this examined? 

Response: 
 
Based on our findings, there was no indication that people withheld information regarding
their health to gain entry into the study. The screening processes also checked for recent
use of medications.  However, this is an area we are keen to continue monitoring as more
CHMI studies are conducted in our settings, including findings from an on-going social
science exploring social implications of involvement for healthy volunteers in CHMI
studies. We hope that the on-going study will shed more light on some of these other
issues that this study was not able to explore. 
 
On page 8, bottom of first column. There is some discussion about people not disclosing to their
family that they had participated due to concerns about their reaction. Does this raise additional
ethical issues given the studies are more than “minimal risk” e.g. what if there was some sort of
study-related health issue that arose after they were discharged from the facility/study or if a major
health issue arose during the study that would require the family to be informed? Given they were
housed in the same facility – were the participants co-mingling i.e. could they identify each other
and would this cause any disadvantage to those participants e.g. those who had chosen not to
disclose their involvement to their family.  It would be interesting to discuss this. 

Response:
 
The participants were invited from 3 locations in Kilifi and during the study, all
participants were housed at the same boarding facility and spent time together during
their stay. Some of the participants knew each other before joining the study since they
had been recruited from the same localities. 
 
The finding that some people had not fully disclosed to their families or significant others
that they were involved in the CHMI study was interesting and unexpected. We were not
able to follow-up the implications of this non-disclosure of information but on-going social
science work in Kilifi is currently exploring this in more depth.  
 
In the discussion, page 9, first column, 3  paragraph. It is stated ”Participants’ concern about
study safety also contributed to their active surveillance of the well-being of participants who had
participated in the previous Challenge events, seeing that they were well seemed to allay some
concerns”. Does this mean that they were aware of who the previous participants were or were
they informed generally of participant progress by the study team?  If the former, again, does this
raise additional ethical issues? 

Response: 
 
Confidentiality and privacy is emphasized by the trial team during the informed consent
processes, but there’s anecdotal information that individuals participating in clinical
studies often share information about their own participation with others either in their
families or with friends. In this study, some participants mentioned that they were advised
by others who had participated in the previous cohort to join the next study. See excerpts
from the FGDs  below (these are not included in the manuscript):
 

[FGD3:P5: Among those who came in the last phase…when they came back they looked

rd
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[FGD3:P5: Among those who came in the last phase…when they came back they looked
for us and told us that it would have been better if we had accepted, that we were lied to
[by those spreading rumours]. All the same there are other phases coming if we choose to
join that’s fine, if we don’t then it’s up to us.]  ( FGD with men)
 
[FGD4 P8: I was not worried because I also had my wife who participated last year.  I knew
there were no risks or worries that you were being injected with a disease or whatever. 

 Not at all, in fact I was so happy.] (FGD with men)
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 Christine Grady
Clinical Center, Department of Bioethics, National Institutes of Health, Bethesda, MD, USA

Thank you for the opportunity to review this interesting manuscript. Acknowledging that controlled human
infection or challenge studies are increasingly being proposed or conducted in LMIC, these authors set
out to better understand some of the ethical issues by exploring the perspectives and experiences of
volunteers in a malaria challenge study in Kenya. They found that most of their respondents had a
reasonable understanding of key elements of the study and were motivated primarily by the financial
compensation. Respondents expressed concerns about the amount of blood drawn and about how this
kind of research might affect public views of research in general.

The topic is clearly relevant and timely, as more CHIM studies are being proposed or conducted in LMIC.
The study methodology used was appropriate and described clearly, the research team is experienced
and very good at this type of research. In their methods, they describe observation as well as focus
groups with research participants and in-depth interviews with two staff members. In the results, they
report themes that emerged including the informed consent process, participant perceptions of the study
and infection model, motivations for participation, negotiating participation with significant others, and
participant experiences. They illustrated each of these themes with quotes from one of the focus group
participants. They divide their discussion into risks and burdens, community engagement and consent,
and levels of compensation. 

Overall, I think this is an important and well-described study. I have a few questions and suggestions for
improving the manuscript. First, I could not tell whether they report any results of the in-depth interviews
with staff or of the observation, the results all seem to be from focus group participants. Is that the case?
Were there any insights from the staff member interviews? Second, I wonder if the authors could
comment on the influence of gender. The majority of volunteers in the CHIM study was male. Yet, 14 of
the 15 female challenge study participants participated in focus groups and many fewer of the male
participants (22/49). Female participants had less education than the males. In reported results, quotes
(12 v. 7) were more often from the female focus group participants than from males. Please comment on
this.  

The first section of the discussion is about risks and burdens in challenge studies, I agree that it may be
the most important ethical issue to consider. Yet, it was interesting to me that in the reported results, the

participants seemed more concerned about blood draws than about being injected with malaria. Is that
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participants seemed more concerned about blood draws than about being injected with malaria. Is that
correct? Could this discrepancy be addressed?

Lastly, the authors conclude that there is a need for specific guidance or frameworks for CHIM. Two
recent papers offer some guidance (in addition to the papers that they already cited): 1) Bambery et al.
(2016)  and 2) Gordon et al. (2017) .
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Overall, I think this is an important and well-described study. I have a few questions and
suggestions for improving the manuscript. First, I could not tell whether they report any results of
the in-depth interviews with staff or of the observation, the results all seem to be from focus group
participants. Is that the case? Were there any insights from the staff member interviews?

Response:

The social science study utilized observations, Interviews and Focus Group Discussions
(FGDs). The observations were mainly around the informed consent processes and
participant engagement activities. The information gathered provided the researcher with
insights into the clinical trial activities and facilitated the development of the interviews
and FGDs question guides and supported analysis. A statement has been added to
illustrate the use of the observation data (Page 4). 

The interviews were conducted with only two staff members in the study.  In the analysis,
insights from the staff were mainly in agreement with the findings from the participants in
the FGDs. We have now added a few illustrative quotes from the study team into the
manuscript (Page 6 and 8). 

:Question

Second, I wonder if the authors could comment on the influence of gender. The majority of
volunteers in the CHIM study was male. Yet, 14 of the 15 female challenge study participants
participated in focus groups and many fewer of the male participants (22/49). Female participants
had less education than the males. In reported results, quotes (12 v. 7) were more often from the
female focus group participants than from males. Please comment on this.  

Response

Although we had not set out to explore gender related issues in the study, we identified a
few gender differences in the analysis. These differences are briefly mentioned in
different sections of the manuscript, mainly in the results section, although they were not
pooled together since, a discussion on gender related issues was beyond the scope of
the current study. Some of the areas we have mentioned gender-related issues are
around, decision making for research participation, family and child care responsibilities
for women, use of contraceptives by women while in the study and the more positive
views around  being in-patient at the facility compared to the men. We however, hope to
interrogate these issues further in subsequent planned social science work in this setting.

In the manuscript, it seems that the quotes by women were more than those of the males
Whilst we had many quotes across the FGDs, we selected quotes that best illustrated the
findings; and may inadvertently ended up with more female quotes than those of the
males. Subsequent studies on this area that are looking at gender issues in CHMI studies
will provide more information on this area. 

Question:

The first section of the discussion is about risks and burdens in challenge studies, I agree that it
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The first section of the discussion is about risks and burdens in challenge studies, I agree that it
may be the most important ethical issue to consider. Yet, it was interesting to me that in the
reported results, the participants seemed more concerned about blood draws than about being
injected with malaria. Is that correct? Could this discrepancy be addressed?

Response:

This is a very good point, which we also noted in our findings (page 6: Participants
perception of the study and infection model) and in our discussion. There are several
reasons we think that the participants may have had more concerns about the blood
draws than the risk of getting malaria as a result of being injected with the pathogens. We
suppose that the regularity and discomfort/pain of regular blood draws were more visible
and acutely felt by every participant in the study; and that might have contributed to how
these were discussed in the FGDs. With regards to malaria, however, the study was
conducted in a malaria endemic area where there is high chance that those participating
in the CHMI study may have experienced malaria at one point in their lives, and so they
knew what it would feel like if one did get sick. In addition, the fact that they were closely
monitored for malaria and immediately treated if found to have malaria, may have in way
(we think) allayed their concerns about the disease; and their perceptions of the risks
associated with it. A subsequent study has explored this area in detail and the findings
will be published separately.

Lastly, the authors conclude that there is a need for specific guidance or frameworks for CHIM.
Two recent papers offer some guidance (in addition to the papers that they already cited): 1)
Bambery et al. (2016)  and 2) Gordon et al. (2017) .
 
Thank you for the references. We have revised the conclusion section to acknowledge the
availability of a few guidelines and frameworks with which to evaluate CHMI studies in
LMICs. 
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