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A Questionnaire-based Study Exploring Participant 
Perspectives in a Perinatal Human Challenge Trial
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Background: Pregnant women have historically been excluded from most 
medical research, including human challenge studies. The proof-of-concept 
Lactamica 9 human challenge study investigated whether nasal inoculation 
of pregnant women with commensal bacteria leads to horizontal transmis-
sion to the neonate. Given the unique practical and ethical considerations of 
both human challenge studies and interventional research involving preg-
nant women and their newborns, we sought to investigate the motivations, 
concerns and experiences of these volunteers.
Methods: Pre- and post-participation questionnaires were given to all par-
ticipants in the Lactamica 9 study. These fully anonymized qualitative and 
Semi-quantitative questionnaires used forced Likert scales, word associa-
tion and free-text questions.
Results: Pre- and post-participation questionnaires were completed by 
87.1% (27/31) and 62.5% (15/24) of eligible participants, respectively. 
Almost all pre-participation respondents agreed with altruistic motivations 
for participation, and most concerns were related to discomfort from study 
procedures, with few concerned about the theoretical risks of inoculation to 
themselves (5/27; 18.5%) or their baby (6/27; 22.2%). Participants most fre-
quently associated the study intervention with the terms “bacteria,” “natu-
ral,” “protective” and “safe.” For the post-participation questionnaire, 93.3% 
(14/15) found all study procedures acceptable, and qualitative feedback was 
almost entirely positive, with particular emphasis on the research team’s 
flexibility, approachability and friendliness.

Conclusions: The successful completion of the Lactamica 9 study demon-
strates that human challenge research in healthy pregnant women can be 
acceptable and feasible. Participants’ initial concerns of potential discom-
fort were outweighed by predominantly altruistic motivations and percep-
tion of the intervention as “natural.”

Key Words: participant perspectives, research in pregnancy, human chal-
lenge, microbiome
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Human challenge trials involve the intentional exposure of 
healthy participants to an infectious agent. When conducted 

appropriately, human challenge research has proven to be a safe and 
valuable approach to investigating the pathophysiology, prevention 
and management of infectious diseases. These studies have been 
useful in expediting efficacy testing of immunizations against influ-
enza,1 typhoid2 and cholera.3 The recent development of human 
challenge models for Bordetella pertussis, SARS-CoV-2, malaria, 
and group A streptococcus offers exciting prospects for novel vac-
cine development.4

Human challenge research, however, suffers from a contro-
versial history of abhorrent unethical practice, including infection 
of unknowing or even unwilling vulnerable volunteers with anthrax, 
chlamydia, cholera, malaria, tetanus, tuberculosis, typhoid and viral 
hepatitis.5 The latter half of the twentieth century saw widespread 
introduction of research ethics legislation,6 and the World Health 
Organization recently introduced guidance on ethical conduct of 
human challenge trials,7 with additional international standards 
currently in development regarding the manufacture of infections 
agents.8 Thus, recent, and ongoing human challenge models have 
been developed under ethical scrutiny, with participant and public 
safety of paramount consideration.

As with human challenge trials, research involving pregnant 
women and their neonates presents unique ethical and practical 
considerations. Following several high-profile catastrophes related 
to untested medications and research trials in pregnant women in 
the 1960s and 1970s,9–11 pregnant women were labeled as a “vul-
nerable group” and subsequently largely excluded from medical 
research.12 Some have argued, however, that prolonged exclusion 
from research has paradoxically left women at greater risk, with 
safety and efficacy data in pregnancy lacking for up to 91% of 
available medications.13,14 As such, there has been a recent trend 
in the scientific community toward greater inclusion of pregnant 
women in research.15,16

The Lactamica 9 study is the first ever respiratory human 
challenge trial performed in pregnancy, in which pregnant women 
were inoculated nasally with Neisseria lactamica, and mother-
infant pairs were followed up until 15-week postpartum.17 Nasal 
inoculation with N. lactamica, a non-pathogenic commensal of the 
upper respiratory tract, is a safe and well-characterized human chal-
lenge model.18 N. lactamica colonization kinetics,19,20 cellular and 
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humoral immune responses,21 and genomic microevolution have 
been investigated previously,22 with no serious adverse reactions to 
date following inoculation of over 400 healthy nonpregnant adults. 
N. lactamica has an inverse relationship with N. meningitidis car-
riage and invasive disease,23,24 and N. lactamica inoculation reduces 
N. meningitidis carriage in human challenge volunteers from 18% 
to 8%,19 raising the question of whether it could be used clinically 
to reduce N. meningitidis carriage and even disease. As invasive 
meningococcal disease is most common in the first year of life25 
and as infant upper respiratory microbes are derived at least in part 
from their mother’s upper respiratory tract,26 the Lactamica 9 study 
aimed to establish if nasal inoculation in pregnancy results in neo-
natal N. lactamica colonization after birth.17

Given the historical context and ongoing ethical and prac-
tical considerations of both human challenge trials and research 
in pregnancy. The aim of this questionnaire-based study was to 
investigate participant motivations, concerns and experiences, 
and to assess the acceptability of human challenge research in this 
group. By expanding our understanding of these issues, we hope to 
improve recruitment, communication and study conduct in similar 
future research.

METHODS

Lactamica 9 Study Overview
This questionnaire-based study was nested within the Lac-

tamica 9 human challenge trial (ClinicalTrials.gov NCT04784845), 
the protocol for which has been published separately.17 Details of 
the questionnaires were incorporated into the Lactamica 9 trial’s 
ethical approval (London Central Research Ethics Committee, 21/
RP/0373) and consent procedures (see consent form, Supplemental 
Digital Content 1 http://links.lww.com/INF/F169).

Recruitment to the single-center Lactamica 9 study was pri-
marily through letters mailed by research midwives to potentially 
eligible women in the second and third trimester of pregnancy, as 
well as advertisements on social media and in the maternity hospi-
tal (Figure 1). Inclusion criteria were adult age (over 18 years old), 
singleton pregnancy, and absence of life-limiting, craniofacial or 
neuroanatomical anomalies on 20-week ultrasound scan. Individu-
als with significant immunosuppression, recent or planned use of 
antibiotics or immunosuppressants, or any serious pregnancy com-
plications were excluded.

The Lactamica 9 trial involved 6 study visits: screening visit 
1 (34–37 weeks gestation), inoculation visit 2 (36–38 weeks gesta-
tion), birth visit 3 (0–24 hours postpartum) and follow-up visits 4, 
5 and 6 (at 1-, 4- and 15-week postpartum, respectively). Eligible 
participants were inoculated nasally with 105 colony-forming units 
N. lactamica; participants already naturally colonised with N. lac-
tamica at screening were not inoculated but were followed up (vis-
its 3–6) exactly as for inoculated volunteers. Maternal upper res-
piratory swabs were collected at all visits, as well as infant swabs at 
visits 3–6. Additional optional samples included breastmilk (visits 
3–6), umbilical cord blood (visit 3), venous blood from the infant 
(visits 5 and 6) and mother (visit 6) and upper respiratory swabs 
from household contacts under 5 years old (visit 6). Participants 
were compensated up to £100 for participation, and visits were con-
ducted at the participant’s home or the Clinical Research Facility, 
depending on participant preference.

Pre- and Post-participation Questionnaires
All Lactamica 9 study participants were asked to complete 

a questionnaire at screening visit 1 (34–37 weeks gestation) and 
follow-up visit 5 (4 weeks postpartum). Both questionnaires were 
optional, and failure to complete either or both did not affect study 

eligibility. Each questionnaire was designed to take less than 5 min-
utes to complete, and participants could complete questionnaires 
immediately after the visit or in their own time. To ensure anonym-
ity, questionnaires were returned to the study team in blank sealed 
envelopes, and those returned via email had identifiable participant 
details removed by a study administrator before forwarding on to 
the study team.

The pre-participation questionnaire asked participants to 
rank their agreement (using a forced four-point Likert scale from 
strongly agree to strongly disagree) with a list of statements regard-
ing their motivations and concerns about study participation. Par-
ticipants were also asked which descriptive words and interventions 
they most closely associated with N. lactamica inoculation (see full 
questionnaire, Supplemental Digital Content 2, http://links.lww.
com/INF/F170).

The post-participation questionnaire focused on the par-
ticipants’ experiences during the Lactamica 9 trial, and the toler-
ability of study procedures. Participants were again asked to rank 
their agreement, this time with a list of statements regarding study 
design and conduct. This questionnaire also collected free-text 
qualitative feedback from participants.

Quantitative and qualitative questionnaire data were 
extracted in duplicate by 2 members of the research team from 
paper-based source forms to an electronic spreadsheet. Where 
respondents selected more answers than stated by the question, 
these were included in the analysis as non-integer values with 
relative apportionment applied for aggregation. For example, if 
a respondent selected 4 answers (rather than 3), or 2 options on 
a Likert scale (agree and disagree), each answer would be given 
a relative apportionment of 0.75 and 0.5 participant responses 
respectively. In cases where respondents did not answer questions, 
this was excluded from denominator values. Free-text qualitative 

FIGURE 1.  Recruitment poster for the Lactamica 9 study.
Ethically approved wording reflective of that used in all 
Lactamica 9 recruitment materials, including mailed letters, 
emails, and social media posts.
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responses were analyzed blindly by 2 authors, and recurring themes 
were agreed by consensus discussion.

RESULTS
The Lactamica 9 study pre-screened 39 participants of 

which 31 participants were recruited, of whom 24 (77.4%) com-
pleted the study. Participants were withdrawn because of ineli-
gibility for inoculation, unrelated peripartum complications, or 
participant choice to leave the study (Figure 2). Of those eligible 
to complete the questionnaires, 27/31 (87.1%) and 15/24 (62.5%) 
responded to the pre- and post-participation questionnaires, respec-
tively. Most respondents 25/27 (92.6%) were recruited via the 1268 
letters mailed by research midwives, with the remaining respond-
ents recruited via word of mouth and another unspecified medium. 
Applying this ratio to all 39 pre-screened participants, it can be 
estimated that response rate from letters sent was 2.8%.

Because of anonymization, precise respondent demograph-
ics are unknown, and it was not possible to pair completed pre- and 
post-participation questionnaires. However, demographic, and clin-
ical data from all 31 enrolled participants reveal median maternal 
age 33.5 years (range 23.1–39.9 years) and overwhelmingly White 
ethnicity (93.5%). Of the 28 participants that completed birth visit 
3, 89.3% (25/28) delivered vaginally and 85.7% (24/28) initiated 
breastfeeding, while 87.5% (21/24) reported ongoing breastfeeding 
at study completion (15-week postpartum). Maternal venous blood 
samples were obtained from 75% of 24 women (Visit 6), compared 
with 58% of their infants (at either Visit 5 or 6 or both).

Respondents mostly agreed with altruistic statements (Fig-
ure 3), with 100% (27/27) reporting motivation to contribute to sci-
ence and the NHS, and 97% (25.5/27) to help protect other babies 
and mothers from infection. In addition, 97% (26/27) agreed that 
learning about the research topic was part of their motivation for 
participating. There was less agreement with statements of self-
interest that referred to financial and health benefits to the partici-
pant and their neonate.

Pre-participation Concerns About Volunteering
Respondents reported most concern about the discomfort 

sampling would cause to their baby, with 92.6% (25/27) and 51.9% 
(14/27) agreeing that collecting blood and respiratory swabs was 
a concern, respectively (Figure 3). Few agreed with statements of 
perceived health risks of N. lactamica to themselves (18.5; 5/27) 
or their baby (22.2%; 6/27). Only 7.7% (2/26) of respondents were 
concerned about potential discomfort to themselves of the inocula-
tion procedure itself.

When asked to select 3 words, from an unranked list of four-
teen words, to describe N. lactamica inoculation, most respondents 
selected “bacteria” (62.5%; 16.25/26), “natural” (49.0%; 12.75/26), 
“protective” (45.2%; 11.75/26) and “safe” (34.6%; 9/26). No 
respondents selected the words “unnatural” or “unknown” (Fig-
ure 4).

When asked to select which medical intervention, they felt 
N. lactamica inoculation was most like from 4 unranked options 
provided, the most popular was “probiotic supplements that you 
can buy over-the-counter” (42.3%; 11/26), followed by “bacteria 

FIGURE 2.  Adjusted CONSORT flow diagram for single-arm clinical trial.
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FIGURE 3.  Pre-participation participant motivations and concerns assessed using forced 4-point Likert scale.
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used in laboratory experiments” (30.8%; 8/26) and “vaccinations 
in a national public health programme” (23.1%; 6/26). Only 1 
respondent (3.8%; 1/26) viewed “antibiotics prescribed by a doc-
tor” as the intervention most like N. lactamica inoculation.

Post-participation Perceptions of Study Conduct 
and Acceptability

All 15 post-participation questionnaire respondents agreed 
that the study procedures, risks and aims were explained in suf-
ficient detail, and that the study team were easy to contact and 
approachable with concerns. All respondents were satisfied with 
the collection of samples from their babies, and found their own 
swabs and inoculation acceptable, while only 1 participant disa-
greed that the collection of breast milk was tolerable (Figure 5).

Free-text qualitative feedback with regards to study conduct 
and participant experience was overall very positive. Respondents were 

complimentary about the research team’s approachability and friendli-
ness, as well as the flexibility of study visit scheduling and location:

“Very approachable staff and easy appointment. All the 
team made it easy to ask questions. Felt very at ease”
“Good communication, friendly staff”
“How lovely everyone has been, so friendly and 
approachable. Thank you. Also, how flexible appoint-
ments were.”

When asked to state 1 thing that respondents did not like 
about the study design and conduct, only 2 negative comments 
were provided:

“Length of time of 2 antenatal hospital visits”
“Compensation for mileage”

FIGURE 4.  Word association between N. lactamica inoculation and an unranked list of words.

FIGURE 5.  Post-participation perceptions of study acceptability assessed using forced 4-point Likert scale.
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DISCUSSION
Ethical approval and institutional sponsorship of the Lac-

tamica 9 study indicate that human challenge trials in pregnancy 
can be scientifically and ethically acceptable. Moreover, over-
whelmingly positive qualitative and quantitative feedback and high 
participant retention suggest that such studies can also be accept-
able to healthy pregnant women. Participants’ initial concerns 
appeared to focus on direct discomfort to the neonate arising from 
study procedures but were seemingly outweighed by predominantly 
altruistic motivations for volunteering, research team conduct and 
aspects of study design. A “natural” or “probiotic” perception of 
the N. lactamica inoculum was common within the group. Addi-
tionally, the estimated response rate from recruitment letters aligns 
closely to those reported in the literature,27–29 indicating a reason-
able level of acceptability among the target population.

Well-cited barriers to retention in clinical trials in pregnancy 
and childhood include parental concerns regarding discomfort of 
study procedures, mistrust in researchers and logistical difficulties 
with participation.30,31 It is possible that the Lactamica 9 study’s 
design and conduct may have helped allay such concerns: potentially 
uncomfortable blood taking was optional; most study visits were con-
ducted at the participants’ preferred location and time; and the inocu-
lum was delivered intranasally rather than intramuscularly, which is 
known to carry higher levels of acceptability in vaccine trials.32,33 
Study conduct was also clearly important, with respondents citing 
the approachability, communication and flexibility of the research 
team as important in making participation a positive experience.

Perceived acceptability of participation is also closely tied 
to an individual’s initial motivations and is thought to derive from 
a complex relationship between altruism and self-interest.34 Emo-
tional drivers are known to facilitate participation in research, and 
the research context of serious childhood illness (in this case infant 
meningococcal disease) may have been particularly emotive to 
pregnant prospective participants.35

The perception of the intervention itself may have been an 
additional facilitator of acceptability, with around half of the par-
ticipants viewing N. lactamica inoculation as “natural” or akin to 
probiotics. As the research team were careful not to use these terms 
in recruitment materials (Figure  1) or during the screening visit 
before pre-participation questionnaire completion, it appears that 
participants may have had preconceived ideas about the nature of 
the intervention, and an awareness of probiotics as a concept. Indeed, 
self-selection of a population already primed to view the interven-
tion as “natural” may have facilitated their overall impression of 
study acceptability. “Naturalness” is known to be viewed positively 
by patients and study participants: individuals are more likely to 
take medications that are seen as natural rather than synthetic36,37 
and perceive natural interventions as safer than synthetic ones.38 A 
2016 series of 5 large studies posing hypothetical choices between 
identically safe and efficacious synthetic and natural drugs found 
that 79% of participants would prefer to take the natural option and 
would consider it safer, and 20% preferred a natural drug even if 
it were less safe or effective than a synthetic alternative.39 This bias 
towards “naturalness” may partly explain the low safety concerns 
from respondents in this trial.

While the prevailing view throughout most of the last cen-
tury was that bacteria are harmful, a more nuanced scientific and 
social discourse has emerged recognizing that bacteria can be both 
detrimental and beneficial to human health.40 This shift is high-
lighted by recent exponential growth in interest and investment in 
probiotics (live microorganisms that, when administered in ade-
quate amounts, aim to confer a health benefit on the host).41,42 There 
have also been calls for greater engagement of social scientists in 
research focused on probiotics and human microbiota (the overall 

community of living microorganisms on and inside a host43).44,45 
The potential for impressions of naturalness to impact acceptabil-
ity of research and even clinical interventions must be considered 
when communicating with stakeholders, to ensure that risk and 
consent discussions are not unduly influenced (inadvertently or dis-
ingenuously) by preconceived ideas.

To our knowledge, this is the first study investigating the 
acceptability of pregnant women participating in a human chal-
lenge trial. The study design allowed for assessment of motivations 
and concerns both before and after study participation, facilitating 
distinction between preconceived ideas and those based on study 
participation and childbirth. The questionnaires were limited prin-
cipally by the relatively small sample of demographically similar 
participants. Indeed, it is worth noting that maternal age at birth 
was greater than for mothers in the general UK population (33.5 
years compared with 30.7 years46), and breastfeeding rates were 
higher than the UK average (87.5% reported any breastfeeding 
at 15-week postpartum, compared with only 55% at 6 weeks47), 
although it is not clear if these differences were statistically sig-
nificant. Because of the self-selected nature of the respondents, 
their acceptance of the intervention and overall study may not be 
generalizable to other pregnant women in the United Kingdom or 
internationally, or even the whole cohort of study participants, as 
not all women responded to the post-participation questionnaire. 
Further work is required to understand how cultural differences 
may affect the acceptability of such studies. In addition, partici-
pants’ responses to questions using Likert scales were limited to 
the options provided, although free-text qualitative feedback pro-
vided additional valuable insights. Further work would be required 
in a demographically diverse group to assess the wider acceptabil-
ity of such trials in pregnant women.

CONCLUSION
This human challenge study in pregnancy has been deemed 

acceptable by the ethics committee, academic sponsor and 
research participants. The women participating in the study were 
predominantly concerned about direct discomfort to their neo-
nate rather than the perceived risks of bacterial inoculation. The 
acceptability of the study may be partly because of perceptions of 
the intervention as “natural” or akin to probiotics. These findings 
reaffirm the need for clinical and social scientists to consider the 
acceptability of research and clinical interventions involving live 
biological products and particularly the role of “naturalness” as a 
facilitator.
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