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Abstract

Although the Safe Motherhood Initiative is currently a global priority, the implica-
tions of maternal self-medication for meeting Safe Motherhood and Sustainable
Development Goal 3 objectives in low- and middle-income countries has yet to be
addressed. Although local medical doctors are an influential stakeholder group, able
to determine health policy, how they view and feel about the problem of antimicrobial
self-medication during pregnancy is not well understood. Thus, this study explores
physicians’ views and sentiments regarding antibiotic self-medication in pregnant
women from a West African country. We used mixed qualitative and quantitative ana-
lytic approaches. Semi-structured interviews were conducted with 25 medical doctors
working in three tertiary hospitals. Thematic analysis was employed to identify key
perspectives, while sentiment analysis was used to determine the emotional tone,
based on an open-source pre-trained machine learning model for natural language
processing. Several checks for methodological rigour were performed, including
reviewing records of over 800 email conversations, and conducting respondent
validation. Seven distinct themes emerged depicting views on antimicrobial treat-
ment (e.g., easy availability of antibiotics), patient behaviour (e.g., use of medicinal
herbs) and policy guidelines on antibiotics stewardship (lack of clear protocols). The
prevailing sentiment portrayed a predominantly neutral demeanour towards antibi-
otic self-medication during pregnancy (x2 (1, N=1484) = 1314.858, p<0.001), with
an unusually high number of neutral labels, compared with positive (z=-36.058,
p<0.001) and negative (z=-36.410, p<0.001) categories. The results of this
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investigation can provide useful information for managing antibiotic self-medication in
pregnant women from resource-deprived regions where medical doctors are influ-
ential stakeholders. Our findings can be used to tailor local Safe motherhood policy
initiatives on antimicrobial stewardship during pregnancy such that they address
physician’s concerns and sentiments, including insufficient clinical practice guidelines
and an ostensible lack of urgency.

Introduction

In 1987 the World Bank, in collaboration with World Health Organisation (WHO) and
United Nations Population Fund (UNFPA), launched the Safe Motherhood Initiative
(SMI) to help raise global awareness about the impact of maternal mortality and
morbidity [1]. The primary goal of SMI is to achieve a significant reduction in mater-
nal mortality [2]. To achieve this goal the United Nation’s (UN) 193 Member States
launched Sustainable Development Goals (SDGs) at a major summit in September
2015. SDG-3, which aims to ensure healthy lives and promote well-being for all,
includes specific targets for maternal, neonatal and child mortality [3,4]. Although
the SMI has been a global priority in recent years, the implications of maternal
self-medication (i.e., using non-prescribed drugs in pregnancy) on meeting SDG-3
initiatives in low- and middle-income countries (LMICs) have yet to be addressed.

Self-medication with antibiotics is a world-wide problem [5-9]. It is a particular con-
cern during pregnancy [10,11], especially in LMICs, where use of medication without
a doctor’s prescription is a common practice. Taking non-prescribed medicines during
pregnancy, including the use of herbal medicines, can increase the risk of pregnancy
complications, which in turn may lead to maternal death [12]. Self-medication can
affect both the foetus and the mother and result in detrimental outcomes for the
foetus including teratogenicity (malformations), foetal toxicity, low birth weight, pre-
mature birth, respiratory problems as well as death [13]. Self-medication with herbal
medicines is a particular concern, since the practice is shrouded in secrecy [14,15].
Herbal substances present various risks to foetal development including unknown
biochemical ingredients, potential drug-herbal medicine interactions, and decaying or
adulterated herbal remedies [16—18]. A very recent literature review found that avail-
able data on the harmful effects is widely heterogeneous [19]. One reason for this
ambiguity is the wide variety of substances used as herbal medicines in sub-Saharan
Africa, with inadequate scientific data on their chemical composition and pregnancy-
related effects [17,20]. Data suggests a typical medicinal herb (e.g., plant extract)
may contain over 150 chemical ingredients, making identification of adverse effects
and drug interactions difficult [16]. Thus, it is recommended that all herbal medicines
are used with extreme caution during pregnancy [14,15].

Over 50% of antibiotics consumed in developing countries involve self-medication
(e.g., purchased over the counter) [21]. A systematic review and meta-analysis of 13
published articles on self-medication in pregnancy (N=6202 pregnant women) found
an overall prevalence rate of 32% (95% ClI, 22% - 44%), with one in five women
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(20.9%) self-medicating with antibiotics [10]. Another systematic review and meta-analysis of 65 studies featuring 42,615
pregnant women worldwide found a self-medication prevalence rate of 44.50% (95% CI, 38.92-50.23). The highest
prevalence rate was in Australia (77.42% (95% CI: 77.27-82.80%)) while the lowest was in Asia (33.17% (95% CI: 25.22-
42.22%)) [22]. Maternal self-medication is particularly problematic in LMICs, with the highest prevalence rates found in
Nigeria (72.4%) [10]. In addition to readily available over-the-counter drugs [23], pregnant women in LMICs also have
access to herbal medicines [24]. The prevalence of herbal medicinal use during pregnancy ranges from 9.2% to 90.2% in
some LMICs [25]. Prevalence among African women is as high as 80%, based on a systematic review of data from 11,858
women based in 12 African countries [26].

Reducing the risk of harm from medication misuse during pregnancy is a global policy priority [27]. Global policy
documents on antibiotic stewardship, including the WHO’s Antimicrobial Stewardship toolkit [28] focus on prescribing
(e.g., monitoring pharmacy dispensing data; hospital drug purchase data; nursing chart administrative data (paper);
electronic drug administrative data; e-prescribing records), and do not offer much practical guidance on how to manage
self-medication (e.g., use of antibiotics purchased over the counter, or provided by a family relative) [28]. Developing and
implementing policies and formal procedures that effectively address maternal self-medication in LMICs requires insights
and commitment from health professionals [29].

While medical doctors have significant dominance over health care policy in LMICs, including antimicrobial stewardship
[30] their views on antibiotics misuse is not well understood. Thus, there has been a growing body of research to better
understand and improve how health professionals perceive and manage medication use in patients [31-33]. How physi-
cians, a major stakeholder group, view the problem of antibiotic self-medication during pregnancy, especially in LMICs, is an
important scientific question to consider. LMICs often lack clear guidelines for managing antibiotic misuse in pregnant women
[34], and existing studies on antimicrobial misuse during pregnancy have primarily assessed patient data [35—-37], including
qualitative research [38]. Doctors can offer unique insights on maternal self-medication with antibiotics that go beyond the
patient-focused feedback documented in previous studies [10,35,36,38], and help train, and support health professionals to
improve antimicrobial stewardship in maternity care globally. Although previous research has examined the views of patients
regarding medication use [39—42], including qualitative studies [43—45], doctors’ perspectives have rarely been examined.
The few existing studies targeting health professionals were not specific to pregnant women living in a LMIC [31,32,42].

The high prevalence of antibiotic self-medication during pregnancy in LMICs [10,36] is aggravated by inadequate anti-
microbial stewardship policies [29]. Given the link between antibiotic use and birth complications [46,47], doctors can offer
unique insights on maternal antimicrobial self-medication that help improve patient outcomes [10,35,36,38], and support
antibiotic stewardship in maternity care settings. Since medical doctors have considerable influence on health care policy in
developing regions, including antimicrobial stewardship [30], we sought to address the following research question; what are
medical doctor’s perspectives on antibiotic self-medication during pregnancy in a LMIC? To adequately address this ques-
tion, it is important to capture both views and sentiments. Whereas the former typically depicts opinion and judgement, senti-
ments convey emotional tone (i.e., ‘positive’, ‘neutral’ or ‘negative’ outlook) [48—50], and can be a significant factor in patient
care, clinical decisions, and policy making [51-53]. We engaged physicians across three tertiary hospitals in a LMIC, notably
staff at the O&G departments. Our goal was to help advance the SMI agenda by providing evidence-based insights that
can be used to tailor local policy initiatives on antimicrobial stewardship during pregnancy [10], to ensure they adequately
address physician’s views and sentiments, and help identify solutions adaptable to the local health system and context [54].

Materials and methods
Ethics statement

Ethical approval was obtained from the appropriate UK University Research Ethics Committee (LUMU UREC, minimal risk
registration number - 22/PSY/066). Ethics approval was granted in writing on 07/11/2022, to cover a period of five years
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from the date granted. Written informed consent was obtained from all subjects prior to participation. To maintain confiden-
tiality (protect participant’s private information from being shared without permission) fake names or ID codes were used
during interview notetaking and transcription. All interview recordings, and transcripts were kept in password-protected
cloud storage, and only authorised team members had access to identifiable data. Although complete anonymity (keeping
participants’ identity secret) was not possible in face-to-face interviews, data anonymity was ensured by not linking inter-
viewees’ identity to the data in any way. Personal information (e.g., names, emails, WhatsApp numbers) were removed
from interview transcripts or reports, and consent forms were stored separately from interview data, to prevent linking.
Furthermore, no interviews were conducted in identifiable personal spaces (like homes), and personal characteristics that
could lead to re-identification (e.g., job title, hospital affiliation) were excluded from reports.

Sample recruitment

Participants comprised 25 medical doctors recruited from three university teaching hospitals in Nigeria, one located in the
Southeast, and the other hospitals based in the northern part of the region. Recruitment was implemented by the head

of the O&G departments at each hospital, who consulted with colleagues, and then forwarded a list of 147 medical staff
available to be interviewed, including 131 medical doctors (see Fig 1). Of this number, 98 doctors were invited for inter-
view, 26 responded, and 25 (17% of the original staff list) were interviewed. A majority of the sample (83.33%) was male.
The final sample size of 25 was based on several different justifications: (a) saturation, (b) pragmatic considerations, (c)
richness, and volume of data, and (d) threats from sample size insufficiency (e.g., generalisability) [55].

Firstly, the saturation process was based on a subjective criterion: new information threshold [56]. By the 25" inter-
view, no (0%) novel information was emerging from the data, beyond what had already been learned from initial earlier
interviews. Pragmatic considerations included time constraints imposed by the fix-term contract of the research assistant
responsible for transcribing interviews [57]. Furthermore, the 25 interviews produced data with sufficient richness and vol-
ume for meaningful analyses, with close to (or over) 2000 words generated per interview. Regarding threats from sample
size insufficiency, our primary concern was generalisability [55]. Although we aimed to recruit from three hospitals located
in ethnically diverse regions, allowing some degree of nomothetic generalisability (i.e., potential to draw inferences from
the sample to the broader population of doctors), in addition to the more conventional idiographic approach used in qual-
itative research (capturing the unique individual experiences of the doctors) [58], most interviewees (20 (83.33%)) were
ultimately recruited from the south-eastern hospital.

Data collection

Data collection took approximately seven months to complete. The first interview took place on 16/02/2023 while the final
interview was conducted on 18/08/2023. All interviews were conducted remotely, using Zoom Video Communications
(Inc) software [59]. The interviewer wore headphones (Logitech USB Headset Stereo H570e), with a built-in microphone,
for best audio quality. To standardise the interviews each participant was asked fourteen core semi-structured questions,
allowing new ideas to be explored further. Some examples of these questions are presented in Table 1. The precise word-
ing for some questions was modified slightly by the interviewer, for more clarity, and/or better pronunciation.

Several days prior, and again on the day of the interview, the interviewee was sent a Zoom link (via email or
WhatsApp), to join the meeting. At the beginning of a session the interviewer clicked the recording button, activating Zoom
cloud recording, which comes standard with all Zoom accounts, and allows recordings to be viewed, shared, and down-
loaded later. The interview was then conducted. Participants had been sent a participant information sheet and consent
form prior to the session. Before beginning the interview, the interviewer first obtained oral consent. If the interviewee had
not completed and returned their consent form, a new consent form was displayed via screen sharing, and completed by
the interviewer, on the doctors’ behalf. Participants had the right to terminate the meeting at any point. At the end of the
session, the recording was automatically saved as both an MP4 (video and audio) and MV4 (audio only) file.
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Staff available to
be interviewed . .
(n=147) Ineligible
(n=16(10.88%))
Major reason for ineligibility:
v Not a medical doctor (e.g. nurse,
Eligible midwife, medical assistant).

Medical doctors
(n=131(89.11%))

> Exclusion
None. All medical doctors were eligible.

Invited for

interview
(n =98 (66.66%))
Invitation sent via
email and/or
WhatsApp. A Zoom
link was included
with each invitation.

No response or declined
(n =72 (48.97%))
Most of the doctors in this group (69)
failed to respond. The rest (3) declined.

Responded
(n =26 (17.68%))

Exclusion
None

Interviewed
(n=125(17%))
Final sample size was based on saturation, pragmatic
considerations, richness/volume of data and generalisability.
One nurse was later interviewed, but this data was excluded.

Fig 1. Flow diagram showing recruitment process.

https://doi.org/10.137 1/journal.pgph.0004794.9001

On average, each interview lasted about 20—40 minutes. Digital file sizes for interview recordings ranged from 12MB
to 247.8MB for MP4 recordings, and 3.29MB to 31.2MB for M4A files. The wide disparity in file sizes partly reflects delays
due to technical glitches experienced by the doctors, including faulty microphone or speaker setup, slow or unreliable
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Table 1. Selection of interview questions.

1) As far as you are aware, are they pregnant women taking antibiotics that have NOT been prescribed for them? (e.g., taking antibiotics provided by a
family member, without you knowing)? [how/when/expand?]

2) As far as you are aware, are they pregnant women taking herbal preparations or alternative medications that may work like antibiotics? [e.g., herbs,
leaves, or soils, to treat injuries or wounds, for example? how/when/expand?]

3) Are you aware of any existing methods to detect/ identify self-medication with antibiotics by pregnant women?

4) Are you aware of any method/ strategy/ guideline/ protocol to detect side effects of antibiotic self-medication in pregnant women? [If yes, expand
further]

5) Antibiotics can cause side effects (e.g., stomach upset). Do you think presence of such side effects in a patient is clear evidence that the patient is
taking antibiotics? [how/when/expand?]

6) Are you aware/ do you know any methods/guideline/protocol to manage antibiotic self-medication among pregnant women.

https://doi.org/10.1371/journal.pgph.0004794.t001

internet connection, lost connectivity, delay in joining the session, and other interruptions. Interviewees facing repeated
or severe technical issues were asked to disable their camera/video function, so the interview was conducted using only
audio. Some glitchy sessions ended prematurely, due to lost connectivity, or were terminated by the interviewee. In both
cases, the interviewee was invited to reconnect. The interviewer often needed to repeat questions, due to differences in
accents and/or poor audio, prolonging the duration of the interview. Following data analysis, three participants were con-
tacted via email, to provide feedback on emerging themes.

Data analysis

Thematic analysis was used to explore themes as it avoided the constraints of more structured analytic methods, such as
grounded theory [60]. We first adopted a six-phase analytic approach [61]. The phases were implemented in a linear fash-
ion, albeit with some overlap, and moving back and forth to verify codes or themes. Using step-by-step guidelines from the
literature, this thematic analytic process was further adapted with two additional steps, to create a conceptual model [62].

A research assistant transcribed the audio data to text. The research team shared emails on how best to code the data,
including initial coding, to identify distinct concepts, ideas, or topics in each line of text, highlighting lines of text in different
colours (each colour capturing a particular concept/code), listing codes in a separate column, and creating categories.
Selected interview recordings and their transcripts were later reviewed by a researcher not originally involved in transcrib-
ing the data, to ensure transcripts correctly captured the interview recordings. As this study aimed to address a specific
research topic — medical doctor’s perspectives on antibiotic misuse during pregnancy — thematic analysis was conducted
using a theoretical (top-down, or deductive) rather than inductive (bottom up) approach. Thus, rather than coding every
line of data, we sometimes coded only segments of data that captured something interesting about the research topic
[62]. Three researchers (HK, KU, RS) independently coded separate batches of interview transcripts. They examined the
codes generated from their batch of interview transcripts, to see if they fitted together into themes. Again, this process was
completed independently.

The validity of emerging themes was confirmed by additional checks. Two researchers (HK, KU) independently reviewed
codes and themes identified, to determine if they made sense, and resolve any queries. They read interviewee statements
associated with each code and/or theme and considered whether the data really did support it. Six specific issues were con-
sidered (see Table 2). Final definition of themes was based on their content, with our focus on the ‘essence’ of each theme,
and potential for overlap and/or presence of subthemes [53]. The primary determination was that potential subthemes (e.g.,
‘side effects’, ‘herbal self-medication’) had sufficient data and unique content, to be classed as major themes. Also, there was
no definitive overarching theme. We used a psychological framework applied to medication use as the basis for defining and
interpreting emerging themes and any underlying concepts [62]. We reviewed the work of others [63] to help conceptualise
themes, with the goal of addressing the research question, and underscoring the study’s contribution to knowledge [62].
There was ongoing reflection and engagement with the data, including revisiting concepts.
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Table 2. Selected issues highlighted during independent review of codes and themes.

Issues considered Reviewer feedback

1. Do the themes make sense? Feedback from both reviewers suggested the themes made sense.

2. Does the data support the themes? Reviewer feedback indicated agreement that the data supported emerging themes.

3. Am | trying to fit too much into a theme? ‘Detection’ as a concept incorporated the largest number of codes, per interview, but the

underlying text was relevant.

4. If themes overlap, are they really separate themes? | The concepts ‘use of herbal medicines’ and ‘self-medication’ partly overlapped, but distinct
content and volume of data justified separate themes.

5. Are there themes within themes (subthemes)? Reviewers agreed no subthemes materialised. ‘Guidelines’ were occasionally referenced
within other themes but emerged a dominant facet across the dataset.

6. Are there other themes within the data? Two additional concepts emerged (e.g., ‘cultural mindsets’), but each was attributable to just
one interviewee.

https://doi.org/10.1371/journal.pgph.0004794.t002

The researchers performed several robustness checks: reviewing records of over 800 email conversations (spanning
approximately 10 months (from February to November, 2023), between members of the research team, on the data
collection and analysis process, to help track our decision making, and ensure consistency (e.g., ensuring codes/themes
generated by one researcher are reviewed by a different colleague) [64]; considering negative or conflicting perspectives
by examining quotations that seemed to contradict emerging themes [65]; conducting triangulation, by comparing the data
with results from previous studies using a quantitative approach [66]; checking for clarity of thought, by examining initial
suppositions documented in our initial research proposal (application for research funding), to reflect on how early pre-
sumptions converged with or diverged from emerging themes [67]; conducting respondent validation, whereby the head of
one O&G department checked the accuracy of themes, to identify any issues that need correction and/or elaboration and
determine whether our conclusions reflect their experiences [64].

We used Boardflare’s analytic software for text in Excel spreadsheets to analyse participants ‘sentiments [68]. The
analysis is performed locally using a pretrained open-source transformer machine learning (ML) model for natural lan-
guage processing (NLP): we selected the Twitter-roBERTa-base for Sentiment Analysis model, which generates ‘Posi-
tive’, ‘Negative’, and ‘Neutral’ output labels for each word or sentence, together with a confidence score [69]. This model
has been pretrained on data containing 124 million twitter messages. This content generally encapsulates unformatted,
informal and colloquial language, similar to everyday conversation, and hence is especially suited to text that includes
unrehearsed, casual, and grammatically flawed speech, slang and other forms of spontaneous ‘everyday’ language [70].
We opted for ‘document-level’ rather than ‘sentence-level’ sentiment analysis: the former assesses any sentiment-bearing
text, whereas the latter evaluates sentences [71]. Although sentence-level can provide useful insights, it may introduce
additional errors and complexities, notably ‘overfitting’ (the model detects artificial patterns in the sentence that don’t
reflect the prevailing sentiment) and risk of misinterpretation (the model misunderstands sentences, resulting in sentiment
labels) [72], especially given the easily misunderstood linguistic ambiguities present the current interview transcripts [73].

ChatGPT assisted with data cleaning: a bespoke set of Al instructions (inputs) were used to remove unsuitable text,
such as formatting inconsistencies, and irrelevant information, thereby improving the performance of the text analytic
model [74]. For example, ChatGPT was instructed to remove unwanted abbreviations, sentences starting with the word
‘interviewer’, and interviewer phrases describing undecipherable interviewee statements (e.g., ‘unclear speech’, ‘mum-
bled speech’ or ‘overlapping speech’), or technological irregularities (e.g., ‘signal distortion’). Where appropriate, these Al
instructions were customised and/or tailored to individual transcripts, to address any unique or unusual transcript-specific
phrases, or grammatical distortions. For example, the identity of each interviewee (represented by a code on their tran-
script) was unique, and ChatGPT had to be specifically instructed to remove each distinct identifier. We did not extract
nouns and adjectival phrases because these were deemed to relate directly to the discussion, and sentiments expressed

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004794  September 12, 2025 7121



https://doi.org/10.1371/journal.pgph.0004794.t002

! Global Public
PL'CEE\\\'HeOIIth

(e.g., the noun ‘patient’ refers to a person who self-medicates during pregnancy, which in turn may convey a certain
sentiment) [70]. In addition to using ChatGPT for data cleaning, almost all transcripts had to be further edited manually, to
remove unrelated or irrelevant text (e.g., discussing consent or reimbursement procedures). A One-Way Chi-square test
and One-Sample Wald-Wolfowitz Runs test for randomness were used to analyse the sentiment categories generated
from Boardflare’s ML/NLP software. The analysis was performed separately on data from each interview transcript. We
applied a Bonferroni correction (p<0.002), to help control for increased type 1 error rates.

Results
Perspectives on maternal antimicrobial self-medication

Seven major themes emerged depicting three broad opinions relating to antibiotic treatment, patient behaviour, and clini-
cal practice guidelines. These domains are summarised in Table 3.

Views on antimicrobial treatment. Antibiotic prescribing was a key aspect of antenatal care, with most doctors reporting
many years of clinical experience. There was some variability regarding the frequency of prescribing, years of experience
prescribing, distribution of antibiotics, setting in which antibiotics are prescribed, and the medical conditions antibiotics are
prescribed for, including vaginal discharge, urinary tract infections, and upper respiratory tract infection.

“Yes, occasionally when they have urm *unclear word* vaginal discharge *unclear speech* vaginal discharge
and so prescribe antibiotics for *unclear word*”.

[Participant 12 (L: 38)]

Participants noted the easy availability of antibiotics, remarking that pregnant women can obtain antimicrobial drugs from
multiple sources, including the hospital pharmacy and over-the-counter drug vendors in the community.

“Mostly over the counter drug erm pharmacies um small business um drug vendors *unclear word*, | would
say um it’s not as restricted, so they tend to get It a bit more freely than you think”.

[Participant 11 (L: 73)]

Participants highlighted the possible side effects of taking antibiotics, including non-prescribed medication. These adverse
reactions included congenital abnormalities and other pregnancy complications. However, most doctors noted that pres-
ence of side effects alone was not sufficient proof that a patient was self-medicating with antibiotics. Further clinical
assessment was necessary, including history taking, to detect the cause(s) of side effects.

“Erm there’s some women actually that we know that use drugs in early pregnancy and they have malformed
foetus’s babies delivered preterm or sometimes they have miscarriage and then some obvious abnormality...,
But then it’s difficult to pin down on the real cause of this is result of antibiotics”.

[Participant 15a (L:208,210)]
Views on patient behaviour. Self-medication with antibiotics during pregnancy was seen as a common practice, with

several doctors describing it as an accepted practice they try to discourage. Various motivating factors were identified
including pressure or encouragement from friends or family to take antibiotics and needing to alleviate illness symptoms.

“Urm it happens maybe urm with friends might have taken some antibiotics and urm will tell the other ones
that okay I had similar problem this what | took”.

[Participant 14 (L: 57)]
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Table 3. Emerging themes and descriptions.

Perspectives Emerging Themes

Elucidatory quotes

Antimicrobial treatment Theme 1: Prescribing antibiotics

“I've been doing that for the past I've been practising for 14 years, so I've been
doing that [prescribing antibiotics] for 14 years”.

[Participant 6 (L: 47)]

“When | started, when | was a younger doctor prescribe it on daily basis..., yes
but now as a senior doctor maybe twice in a week”

[Participant 14 (L: 15, 17)]

Theme 2: Easy availability of antibiotics

“Will normally get from the drug companies store in our hospital pharmacy so
they source it from the hospital pharmacy”.

[Participant 18 (L: 67)]

“In most cases the patients buy it from the hospital pharmacy, when the hospi-
tals out of it they buy it from outside pharmaceuticals”

[Participant 7 (L: 65)]

Theme 3: Side effects

“Yes, yes, I've seen that. The woman was having a lot of nausea from taking
antibiotics that wasn’t prescribed”. [Participant 6 (L: 104)]

“They come with *unclear word* symptoms that you know they must have taken
some antibiotics although most of the time if its not the doctor that prescribed
they are very silent about it they will not come out and say this is where | got this
drug from or ive taken antibiotics except if you dig deep”

[Participant 14 (L:128)]

Patient behaviour Theme 4: Self-medication with antibiotics

“Yeah, yeah sometimes they they do self-prescription, especially where we work,
| work in Nigeria. Most times some patients do self-prescription *unclear word*
before coming to the hospital to show you the antibiotics they are taking, but we
try as much as possible to discourage them from doing self-prescription because
of its harmful effects”.

[Participant 10 (L: 74)]

“They come to hospital they’ll come the hospital and say they have taken certain
antibiotics but they are still having the symptoms”

[Participant 18 (L: 77)]

Theme 5: Herbal self-medication

“Urrm mmm over here women take herbal medications though, but | don’t think
they see that it work as an antibiotic they just take it for their illness or for their
ailment”.

[Participant 20 (L: 35)]

“Um they just have some local herbs that do not have *unclear speech* biolog-
ical, | mean urm how do you call it now, that we don’t know the name but the
local villages where they get the herbal concoction, they have their name”
[Participant 15a (L:127)]

Theme 6: Detecting self-medication

“Yes, from history and examination, you'll know, they will tell you what they’'ve
taken..., you may do some investigations, check their liver function, check their
*unclear* function test and so on”.

[Participant 6 (L:164,165)]

“Uh like you mentioned a questionnaire | don’t know if there’s any tool that will
be able to do that maybe | don’t know I'm not aware there’s anyone available
but | think if a questionnaire can be designed whereby a woman that requires
antibiotics so a woman that presents with symptoms of infection will be able to
go through the questionnaire *unclear words* will be able to to inform the health
worker if this woman has been taking over the counter antibiotics”

[Participant 22 (L: 59)]

Guidelines Theme 7: Lack of guidelines

“We don’t have such guideline [to manage antibiotic self medication in pregnant
women]”.

[Participant 18 (L:248)]

“In this country there is no guideline like that [when women self medicate with
antibiotics]”.

[Participant 7 (L:131)]

https://doi.org/10.1371/journal.pgph.0004794.t003
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Participants believed pregnant women often used herbal medicines, with some doctors discouraging the practice.
Although one interviewee felt herbal usage was rare, most participants suggested it was a common practice amongst
pregnant women. Different types of locally prepared herbs, often unnamed, were used. These products were not nec-
essarily treated as an alternative to antibiotics, but rather simply employed to treat illness symptoms. The high cost of
medicines was considered a motivating factor.

“Yes, we have a very large urrr local traditional population that actually prefer herbal medications some of
them don’t prefer herbal medication but because of costs of *unclear word* medicines they *unclear word* go
with urr they have urr some of those traditional preparations”.

[Participant 25 (L: 67)]

Many doctors relied on their clinical experience, direct questioning, and/or history taking, to determine if a pregnant
woman was taking unprescribed antibiotics. Nevertheless, most were receptive to the idea of a practical diagnostic point-
of-care test for detecting self-medication, for example a questionnaire and/or technological device. It was critical that such
a test was portable, affordable, and did not require electricity.

“Yes, the dangers are many so it would be good to have such a test. So that such women were identified they
would be counselled and not have bad side effects or adverse effects and reduce morbidity and mortality
rates. So, it would be good to have such tests...., Yes, something that is portable would be good, a point of
care test...., it would not require electricity, that would be good”.

[Participant 1 (L:122,128)]

Views on guidelines. Some participants expressed a lack of clear policy guidance on how to manage self-medication
during pregnancy. Although interviewees did mention various guidelines used in antenatal care, including labour ward and
drug prescribing protocols, they were not aware of any regulations specific to antimicrobial self-medication. Some doctors
referenced foreign standards, for example RCOG (Royal College of Obstetrics and Gynaecology) guidelines, but not in
relation to self-medication. This recurring theme did not appear to overlap convincingly with any iliness representation
from the CSM.

“No, I cannot say for now. There are no guideline, | am aware there is a guideline on safety of drugs, categories
of drugs used in pregnancy by the *unclear word* CDC, categories, category 1, 2, 3. That one | am aware, but
guidelines no, | am not aware of any guideline”.

[Participant 1 (L:131)]

“mmmm ummm no I’'m not aware of any guideline..., for managing antibiotic um side effects of um self-
medication..., okay I’'ve not actually come across that”.

[Participant 20 (L:107,113)]

Sentiments towards maternal antimicrobial self-medication

In total we analysed 1484 lines of text, ranging from single word/responses to full phrases and sentences, using Board-

flare’s analytic software in Excel [68]. This analysis generated a column of sentiment labels (‘negative’, ‘neutral’, ‘positive’)
corresponding to lines of text from each interview transcript. We then used a One-Sample Chi-square test to compare the
combined total of all observed sentiment categories to the null hypothesis (i.e., labels occur with equal probabilities). This

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004794  September 12, 2025 10/21




. Global Public
PLOS " Health

analysis revealed a distinct pattern, whereby the vast majority (77.7%) of sentiment categories were ‘neutral’, compared
with ‘negative’ (12%) and ‘positive’ (10.3%) labels, (x2 (1, N=1484) = 1314.858, p<0.001). Fig 2 illustrates the distribu-
tion of sentiments for all lines of text combined. To check if the sequence of sentiment categories is random or denotes a
pattern, we performed a One-Sample Wald-Wolfowitz Runs test for randomness. To conduct this test, we organised the
sentiment labels into binary data (neutral/positive; neutral/negative; positive/negative). The observed patterns were signifi-
cantly different from what would be predicted under the null hypothesis of randomness (see Table 4), depicting an abnor-
mally high rate of ‘neutral’ labels, compared with ‘positive’ (z=-36.058, p<0.001) and ‘negative’ (z=-36.410, p<0.001)
categories. There were also significantly more ‘negative’ compared with ‘positive’ labels (z=-18.111, p<0.001), from what
can be expected randomly.

Discussion

This is the first study to explore the opinions and sentiments of medical doctors from a LMIC regarding maternal self-
medication with antibiotics, using both qualitative and sentiment analysis. Although the investigation assessed interview
data from 2023, recent systematic reviews suggest self-medication remains a persistent problem in LMICs, especially
Africa [75], with high prevalence rates amongst pregnant women [22]. To the best of our knowledge this study hitherto
remains the only qualitative analysis of physician’s perspectives on the problem of maternal self-medication in African
country. While past studies have examined health professionals’ views on patient’s medication use [31,32,42], there has
been limited research relating specifically to pregnant women. Key findings from the present data, such as the widespread
availability of antibiotics and practice of self-medication, including the use of herbal medicines during pregnancy in Nige-
ria, are supported by more recent evidence published since 2023 [76,77]. We found that the doctors expressed views
regarding patient behaviour, antimicrobial treatment, and clinical practice guidelines, but also displayed a predominantly
neutral sentiment towards the topic of discussion. Overall, these findings extend previous research on medication misuse
in pregnant women from LMICs, particularly Sub-Saharan Africa [10,24,35-38].

Self-medication, especially with medicinal herbs, was a significant concern, supporting previous research showing the
practice is widespread in LMICs [17,78,15], often to relieve illness symptoms [79]. The doctors believed use of herbal
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Fig 2. Bar chart showing total distribution of sentiment labels across all transcripts.

https://doi.org/10.1371/journal.pgph.0004794.9002
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Table 4. Summary of Wald-Wolfowitz Runs test for randomness of sentiment labels.

Summary statistics Neutral vs positive Neutral vs negative Positive vs negative
Total N 1306 1331 331

Test Statistic 2 2 2

Standard Error 7.464 8.442 9.031

Standardised Test Statistic (z) -36.058 -36.410 -18.111

Sig (2-sided test) < 0.001 < 0.001 < 0.001

https://doi.org/10.1371/journal.pgph.0004794.t004

medicines during pregnancy is endemic amongst pregnant women [35,36,38]. Although there was no consensus regard-
ing the type and/or biochemical content of herbs used, limited access to antibiotics (e.g., due to high financial cost) was
believed to be a factor encouraging reliance on traditional medicines. While certain herbs do have antimicrobial proper-
ties, a typical medicinal substance may contain numerous unknown chemical ingredients, hampering assessment of the
adverse pharmacological effects [16]. Thus, the doctors did not recommend herbal medicinal use during pregnancy [18].
While this position may highlight the potential conflict between herbal medicinal use and antibiotic stewardship [80], espe-
cially in relation to maternal health [18], use of herbal products is nevertheless considered by some professionals to be a
vital part of antimicrobial treatment [81].

Detecting and monitoring medication misuse was a challenge. While many doctors relied on history taking, and/or
recording side effects that might indicate antibiotic use, most accepted the need for a cost-effective and practical point-
of-care diagnostic tool for detecting self-medication in antenatal care settings. Although doctors in Western countries
can measure the level of antibiotics in the blood, using a rapid blood test [82—85], this procedure is invasive and requires
expensive biomedical equipment and materials (e.g., biosensors and clinical microbiology laboratories) which may be
unaffordable in poor countries [86—88]. Thus, what is needed is an affordable test that can be easily administered, with
minimal technological or resource requirements. Pregnant women living in LMICs often rely on resource-deprived primary
healthcare centres lacking the staff, equipment, and tools to deploy expensive resource-intensive diagnostic tools [89].

Antibiotics as a form of antimicrobial treatment was a distinct topic. The ease with which pregnant women obtain anti-
biotics without a prescription (i.e., the availability of antibiotics) was particular concern. Previous research has shown that
medicinal drugs are readily available in LMICs, (e.g., from local traditional healers, family members, or over-the-counter
sales) [6,35,90]. Naturally occurring herbal products are also easily accessible [24]: they can be obtained from multiple
sources, including friends and family, or local traditional healers (native doctors) [17,20,91]. Finally, the doctors discussed
the potential side effects of antibiotic misuse during pregnancy, which also reflects treatment beliefs [92]. Their view
that the presence of side effects alone did not demonstrate self-medication seemed to depict an interesting conceptual
domain, perhaps unique to health professionals, given that the average patient is unlikely to be familiar with the pharma-
cology of antimicrobial side effects [93].

Lack of clinical practice guidelines specific to self-medication during pregnancy was underscored. This view seemed
to encapsulate organisational rather than individual-level themes (e.g., workplace rules, procedures, standards). Cur-
rent antibiotic stewardship policy focuses on prescribing [28], and there is limited policy guidance on how to manage
self-medication [34], including methods for detecting antimicrobial misuse. These policy gaps are evident in WHO policy
documents on antibiotic use in LMICs, including the WHO’s Antimicrobial Stewardship toolkit [28]. Although some doctors
relied on foreign guidelines on antimicrobial stewardship (e.g., RCOG), procedures specific to a particular geographical
context may be necessary, given resource challenges, cultural considerations, and other societal constraints unique to a
particular region [29].

The importance of sentiment in clinical settings is well documented [50-53]. The dominance of apparently neutral
sentiment observed here may have both unfavourable and beneficial interpretations. On the one hand, it may signal
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that self-medication during pregnancy isn’'t viewed by local doctors as an especially important or noteworthy concern
requiring urgent action [48,49]. This presumed apathy seems to echo published literature highlighting a lack of serious
initiatives to address maternal self-medication in many LMICs [10]. A lack of urgency may have both clinical and pol-

icy implications, for example affecting the exigency with which medical doctors discuss the issue with patients, and/or
lobby for clearer guidelines on antimicrobial stewardship [52]. On the other hand, neutral sentiment may suggest doctors
understand and are familiar with the problem of maternal self-medication, for example use of herbal medicines [10,94],
and hence do feel the need to give undue attention to it [49]. Furthermore, a neutral demeanour may also imply a ratio-
nal (non-emotional) approach to the problem, for example in how they view their interactions with patients or manage
side effects [48].

Negative sentiments were sparse but noteworthy, often alluded to themes already documented in the literature, such as
common illnesses for which antibiotics need to be prescribed (e.g., urinary or respiratory tract infections) [95], the serious-
ness of self-medication [10], side effects of antibiotic misuse (e.g., rashes) [96], uncertainty about ingredients contained
in medicinal herbs [94], lack of effective methods for detecting self-medication [97], and/or the need for specific guidelines
on managing antimicrobial self-medication [98]. Positive demeanour, albeit more sporadic compared with negative sen-
timent, often signalled endorsement of the idea of a non-invasive tool or test to detect maternal self-medication, despite
the challenges [97]. The preponderance of negative labels, relative to positive sentiment, is a pattern that may have wider
implications for patient engagement and necessitates further inquiry [99].

Strengths and limitations

This study has several limitations. The sample size and composition are problematic as we only interviewed a limited
number of medical doctors, mostly from one tertiary hospital (83.33% of participants were recruited from the southeast-
ern region). Future research needs to recruit from diverse settings, including rural clinics, community health centres, and
hospitals, to enhance generalisability. Furthermore, while doctors are a key stakeholder group, exerting considerable
influence on health care delivery [30], research suggests most pregnant women in LMICs, particularly those living in rural
areas, have limited access to a doctor [100]. Over two-thirds (72%) of pregnant women are cared for by a worker without
formal medical training, such as a traditional birth assistant [101]. Many pregnant women only visit a health facility (e.g.,
a rural clinic) in an emergency [100], suggesting medical doctors may have limited opportunity to thoroughly investigate
medication misuse. Women who do consult with a doctor are unlikely to share their self-medication habits, due to con-
cerns about disapproval, and other cultural factors [17,90,102]. Thus, future research needs to interview other stakeholder
groups with unique insights on self-medication in pregnancy.

Another possible limitation is the use of a deductive (top-down) approach to thematic analysis, driven by the research
topic. It is possible that an inductive (bottom-up) approach based primarily on the data, rather than a preconceived
research question, would have generated novel constructs not captured by the (rather more conceptually restricted)
deductive approach. For example, two minor concepts emerged that didn’t evolve into major themes — one referencing
established cultural mindsets on medication use, while the other highlighted the role of independent organisations who
supply antibiotics without the need for a doctor’s prescription. It is possible these ideas might have evolved into major
themes had we used an inductive approach, unconstrained by an a priori focus on specific narratives.

The limitations of sentiment analysis using ML/NLP models has been well documented, including an inability to under-
stand context, or detect irony or sarcasm [70,72,74]. The prevalence of neutral sentiments may simply denote model
limitations, such as the inability to capture contextual nuances and colloquial language. Interviews often used ambiguous
context-dependent language containing slang, linguistic quirks, and cultural nuances that contribute to inaccurate interpre-
tations. For example, the meaning of (and sentiments associated with) the term ‘self-medication’ in relation to medicinal
herbs may be strongly dependent on context, since some African doctors view patient use of herbal medicines as accept-
able [103]. Such ambiguity can confuse sentiment analysis models and leads to errors in interpretation. Another problem
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is that most ML/NLP models are trained on conventional English text [69], meaning the accuracy of sentiment labels will
be lower for words, phrases or expressions that are not standard or widely recognised [104].

Despite these constraints, the robustness of our findings was confirmed through a series of checks for methodologi-
cal rigour (Noble & Smith, 2015). First, although the limited sample size has implications for data interpretation, we have
been transparent on sample selection, and the methodological justifications used, including saturation, pragmatic consid-
erations, richness, and volume of data, and sample size insufficiency (e.g., generalisability) [55]. While recruitment was
mostly from one hospital, negating nomothetic generalisability, the data still offers idiographic insights (i.e., captures the
unique individual experiences of the doctors), as expected in qualitative research [58].

Second, we conducted meticulous record keeping, in the form of hundreds of email conversations between members
of the research team, which documented data collection and analytic procedures. This provided a clear decision trail,
ensuring our methods were consistent, and transparent [64]. All interviews were recorded using the same software (e.g.,
Zoom), and stored in the same location (cloud recording), and in similar formats (MP4 and MV4). To enhance accuracy
in data interpretation, selected interview recordings, and their transcripts, were reviewed by a researcher not originally
involved in transcribing the information, to ensure the recorded dialogue was accurately captured in the transcripts.
Third, we examined differences across interviewee experiences, to ensure conflicting perspectives are considered [65],
including concepts mentioned by just one interviewee (e.g., cultural mindsets), and conflicting accounts within themes
(e.g., ambiguity regarding the prevalence of herbal self-medication, and at least one doctor had not encountered patients
who self-medicate). Careful examination of the ‘cultural mindset’ theme highlighted a concern about the widespread and
potentially worrying inclination amongst some pregnant women to self-medicate with antibiotics whenever they feel unwell
[Participant 6 (L:111]). Such indiscriminate use of antimicrobial medicine has been highlighted in the literature [105], and
discussed in a cultural context [106]. These considerations highlight a potentially complex interface between antibiotic
misuse, culture, and gender that needs to be better understood (e.g., women feeling more susceptible to infection due to
inadequate access to hygienic menstrual products, and/or their role as primary care givers, which may involve cooking in
poorly ventilated areas, or menial household tasks that increase exposure to bacteria) [107]. Fourth, we performed data
triangulation [64], by comparing our findings with outcomes from previous quantitative research [66]. This process demon-
strated some correspondence, for example the widespread use of medicinal herbs [23].

Fifth, we demonstrated clarity in thought from initial preconceptions to subsequent inferences [67], by assessing how
emerging themes and sentiments compared with our initial suppositions documented in the application for research
funding. For example, the lack of policy guidance on antibiotic stewardship in pregnancy, a factor contributing to negative
sentiment, reflected our initial presuppositions. Sixth, data collection and thematic analysis were conducted by research-
ers from four different ethnic backgrounds (Nepalese, Jewish, Nigerian, Indian,), helping reduce cultural bias during the
process [67]. Two researchers conducted independent checks, to verify initial coding, and emerging themes. Finally, we
conducted respondent validation, to verify the accuracy of the findings and identify any points that need correcting or
clarifying [64].

Implications

Although the SMl is currently a global priority, with various regional, national, and international strategies implemented to
address maternal and child health [1,2], the implications of maternal self-medication for meeting Safe Motherhood and
SDG-3 objectives in LMICs has yet to be addressed [12]. Since medical doctors are an influential stakeholder group [30],
with influence on health policy [29], their views and sentiments on maternal self-medication are relevant to meeting SDG-3
targets. The current findings encapsulate the scale of the challenge.

Firstly, doctors are keenly aware pregnant women self-medicate with antibiotics, suggesting a readiness to engage with
any regional or global SMI campaigns to improve medication safety during pregnancy. Secondly, a focus on antimicrobial
prescribing in tertiary hospitals, combined with a lack of clear policy guidelines for managing self-medication, may hamper
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coordinated campaigns to improve medication safety during pregnancy. Third, lack of practical point-of-care diagnostic
tools to detect and monitor maternal self-medication, in a challenging environment, means LMIC doctors often have no
way of collecting baseline data, and tracking changes in antibiotic misuse, over time, to gauge the impact of any SMi
initiatives promoting safe motherhood [108—111], and the longer-term impact on rates of birth defects, and maternal, neo-
natal and child mortality [2]. LMICs often lack a coordinated and comprehensive surveillance system on medication safety
during pregnancy [108—111]. Fourth, the dominance of a neutral sentiment may have clinical implications for doctor-patient
interactions regarding antimicrobial self-medication, detecting antibiotic misuse in patients, and physicians’ motivation to
improve antimicrobial stewardship and/or develop clear protocols [52]. As a major stakeholder group, medical doctors are
essential for generating regional or international debate on antimicrobial stewardship in pregnancy [29], with particular
focus on self-medication [35,36,38], so a neutral demeanour (e.g., lack of urgency) may be both problematic (e.g., failure
to discuss self-medication with patients) and beneficial (e.g., a rational/non-emotional approach to the problem) [48,49].

Overall, several key actionable recommendations can be derived based on the current findings. While these sug-
gestions apply specifically in a Nigerian context, they may also have some relevance in other LMICs where maternal
self-medication is a public health concern:

1. Physicians need clearer guidelines or regulatory oversight on how to manage antibiotic self-medication during preg-
nancy, including the widespread use of herbal medicines. Such regulations need to be tailored specifically to self-
medication, as a distinct and separate priority from the practice of prescribing.

2. The WHO’s Antimicrobial Stewardship toolkit [16] currently focuses on prescribing, with nine recommendations for
improving how antibiotics are prescribed, but makes no mention of self-medication (see pages 31 — 32). Thus, this
manual needs to be urgently amended to including action plans that directly address antimicrobial self-medication,
especially for LMICs with high rates of maternal self-medication.

3. Physicians may require specific training on how to detect antimicrobial self-medication during pregnancy, for example
based on history taking, and/or recording of side effects. Such training initiatives must include guidance on the devel-
opment and/or deployment of cost-effective and practical point-of-care diagnostic tools for detecting self-medication
during antenatal care (e.g., screening questionnaires).

4. A sense of urgency amongst physicians regarding maternal self-medication is crucial for driving change, especially in
the face of challenges such as lack of guidelines and methods of detection. As medical doctors have significant dom-
inance over health care policy in LMICs, they can take steps to foster this urgency, for example by voicing concerns
during interactions with patients, local media, and government officials.

5. Local SMl initiatives to promote antimicrobial stewardship during pregnancy need to address physician’s views and
emotional disposition, especially the paucity of guidelines and apparent lack of urgency.

Conclusions

Medication safety in pregnancy is integral to the SMI global agenda and SDG-3 initiatives in LMICs. Although medical
doctors living in LMICs are an influential stakeholder group, how they view and feel about the challenge of antimicrobial
self-medication during pregnancy has not been well understood. This is the first study to explore this topic in a West Afri-
can context, using both qualitative and sentiment analysis. We found that views on patient behaviour (e.g., use of herbal
medicines), antimicrobial treatment (e.g., antibiotic availability, side effects), and clinical practice guidelines, and prevail-
ing neutral sentiment (suggesting apathy), captured how local doctors regard pregnant women'’s use of non-prescribed
antibiotics. These findings highlight several actionable recommendations to improve antimicrobial stewardship during
pregnancy, including the need for clearer WHO guidelines to tackle self-medication especially in pregnant women from
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LMICs, cost-effective and practical methods for detecting maternal self-medication, and SMI initiatives on antimicrobial
stewardship during pregnancy that address physician’s concerns and emotional disposition, including the lack of regula-
tory oversight and an apparent lack of urgency.

Supporting information

S1 File. Interview transcripts (anonymised). Transcript 4 (CODES & THEMES by KU).pdf. Transcript 6 (CODES

& THEMES by KU).pdf. Transcript 7 (CODES & THEMES, by KU).pdf. Transcript 8 (CODES & THEMES by KU).pdf.
Transcript 9 (CODES & THEMES by KU).pdf. Transcript 10 (CODES & THEMES by KU).pdf. Transcript 11 (CODES &
THEMES, by KU).pdf. Transcript 12 (CODES & THEMES by KU).pdf. Transcript 13 (CODES & THEMES by KU).pdf.
Transcript 14 (CODED & THEMES by KU).pdf. Transcript 15_b (CODED & THEMES by KU). pdf. Transcript 16 (CODES
& THEMES by KU).pdf. Transcript 17 (CODES & THEMES by KU).pdf. Transcript 18 (CODES & THEMES by KU).pdf.
Transcript 19 (CODES & THEMES by HK).pdf. Transcript 20 (CODES & THEMES by HK).pdf. Transcript 21_b (CODES &
THEMES by HK).pdfTranscript 22 (CODES & THEMES by HK).pdf. Transcript 25 (CODES & THEMES by HK).pdf. Tran-
script 27 (CODES & THEMES by HK).pdf. Transcript Sn1 (CODES & THEMES by RS).pdf Transcript Sn6 (pt3) (CODES
& THEMES by RS).pdf. Transcript Sn15_a (CODES & THEMES by RS).pdf. Transcript SN17 (pt3) (CODES & THEMES
by RS).pd. Transcript Sn21_a (CODES & THEMES by RS).pdf.

(ZIP)

Acknowledgments

We would like to thank the Impact Officers at Liverpool John Moores University (Research and Innovation Services) for
their support.

Author contributions

Conceptualization: Kanayo Umeh, S Adaji, GU Eleje.

Data curation: Kanayo Umeh, M Sacks.

Formal analysis: Kanayo Umeh, M Sacks, R Singh, H Karuppuchamy.

Funding acquisition: Kanayo Umeh.

Investigation: Kanayo Umeh, S Adaji, M Sacks, R Singh, H Karuppuchamy.

Methodology: Kanayo Umeh, S Adaiji, GU Eleje, EO Umeh, S Ushie, CG Okafor, CB Oguejiofor.
Project administration: Kanayo Umeh, S Adaji, GU Eleje, S Bature, U Bawa, N H Madugu, M Sacks.
Supervision: Kanayo Umeh, S Adaji, M Sacks.

Validation: Kanayo Umeh, M Sacks.

Writing — original draft: Kanayo Umeh.

Writing — review & editing: Kanayo Umeh, S Adaji.

References

1. Gazi R, Hossain S, Zaman K, Koehimoos TP. Community mobilization for safe motherhood. Cochrane Database of Systematic Reviews.
2018;9:CD009091.

2. Dayyabu A, Magashi MK. From safe motherhood to sustainable development goals: unmet targets; what are we missing?. Donald School Journal of
Ultrasound in Obstetrics and Gynecology. 2023;14(1):76-8.

3. UN WOMEN. SDG 3: Ensure healthy lives and promote well-being for all at all ages. UN Women. https://www.unwomen.org/en/news/in-focus/wom-
en-and-the-sdgs/sdg-3-good-health-well-being. 2023.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004794  September 12, 2025 16/21



http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004794.s001
https://www.unwomen.org/en/news/in-focus/women-and-the-sdgs/sdg-3-good-health-well-being
https://www.unwomen.org/en/news/in-focus/women-and-the-sdgs/sdg-3-good-health-well-being

! Global Public
PLON' Health

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

WHO. Targets of Sustainable Development Goal 3. WHO. 2023. https://www.who.int/europe/about-us/our-work/sustainable-development-goals/
targets-of-sustainable-development-goal-3

Lin L, Sun R, Yao T, Zhou X, Harbarth S. Factors influencing inappropriate use of antibiotics in outpatient and community settings in China: a
mixed-methods systematic review. BMJ Glob Health. 2020;5(11):e003599. https://doi.org/10.1136/bmjgh-2020-003599 PMID: 33184066

Donkor ES, Tetteh-Quarcoo PB, Nartey P, Agyeman IO. Self-medication practices with antibiotics among tertiary level students in Accra, Ghana: a
cross-sectional study. Int J Environ Res Public Health. 2012;9(10):3519-29. https://doi.org/10.3390/ijerph9103519 PMID: 23202760

Ray |, Bardhan M, Hasan MM, Sahito AM, Khan E, Patel S, et al. Over the counter drugs and self-medication: A worldwide paranoia and a trouble-
some situation in India during the COVID-19 pandemic. Ann Med Surg. 2022;78.

Aslam A, Zin CS, Jamshed S, Ab Rahman NS, Ahmed SI, Pallos P, et al. Self-medication with antibiotics: prevalence, practices and related factors
among the Pakistani public. Antibiotics-Basel. 2022;11(6).

Baracaldo-Santamaria D, Trujillo-Moreno MJ, Pérez-Acosta AM, Feliciano-Alfonso JE, Calderon-Ospina C-A, Soler F. Definition of self-medication:
a scoping review. Ther Adv Drug Saf. 2022;13:20420986221127501. https://doi.org/10.1177/20420986221127501 PMID: 36211626

Mohseni M, Azami-Aghdash S, Gareh Sheyklo S, Moosavi A, Nakhaee M, Pournaghi-Azar F, et al. Prevalence and Reasons of Self-Medication in
Pregnant Women: A Systematic Review and Meta-Analysis. Int J Community Based Nurs Midwifery. 2018;6(4):272—-84. PMID: 30465000

Pereira G, Surita FG, Ferracini AC, Madeira CD, Oliveira LS, Mazzola PG. Self-medication among pregnant women: prevalence and associated
factors. Front Pharmacol. 2021;12:659503. https://doi.org/10.3389/fphar.2021.659503

Gbagbo FY, Nkrumah J. Implications of self-medication in pregnancy for Safe Motherhood and Sustainable Development Goal-3 in selected Gha-
naian communities. Public Health Pract (Oxf). 2020;1:100017. https://doi.org/10.1016/j.puhip.2020.100017 PMID: 36101688

Rahmani A, Hamanajm SA, Fallahi A, Gheshlagh RG, Dalvand S. Prevalence of self-medication among pregnant women: A systematic review and
meta-analysis. Nurs Midwifery Stud. 2019;8(4):169-75.

Sichalwe MM, Mhinte SR, Kimaro RR. Motivations for Herbal Medicine use During Pregnancy and Childbirth in Butiama District, Tanzania: A Phe-
nomenological Qualitative Study. Health Sci Rep. 2025;8(6):e70895. https://doi.org/10.1002/hsr2.70895 PMID: 40510525

El Hajj M, Holst L. Herbal Medicine Use During Pregnancy: A Review of the Literature With a Special Focus on Sub-Saharan Africa. Front Pharma-
col. 2020;11:866. https://doi.org/10.3389/fphar.2020.00866 PMID: 32581815

Gouws C, Hamman JH. What are the dangers of drug interactions with herbal medicines?. Expert Opin Drug Metab Toxicol. 2020;16(3):165-7.
https://doi.org/10.1080/17425255.2020.1733969 PMID: 32079422

Mudonhi N, Nunu WN. Traditional medicine utilisation among pregnant women in sub-saharan african countries: A systematic review of literature.
Inquiry-J Health Car. 2022;59.

Sarecka-Hujar B, Szulc-Musiol B. Herbal medicines - are they effective and safe during pregnancy?. Pharmaceutics. 2022;14(1).

Lewicki S, Skopinska-Rézewska E, Batan BJ, Kalicki B, Patera J, Wilczak J, et al. Morphofunctional Renal Alterations in Progeny of Mice
Fed Rhodiola kirilowii Extracts or Epigallocatechin During Pregnancy and Lactation. J Med Food. 2017;20(1):86-92. https://doi.org/10.1089/
jmf.2016.0126 PMID: 27935764

Okaiyeto K, Oguntibeju OO. African herbal medicines: adverse effects and cytotoxic potentials with different therapeutic applications. Int J Env Res
Pub He. 2021;18(11).

Ocan M, Obuku EA, Bwanga F, Akena D, Richard S, Ogwal-Okeng J, et al. Household antimicrobial self-medication: a systematic review and
meta-analysis of the burden, risk factors and outcomes in developing countries. BMC Public Health. 2015;15:742. https://doi.org/10.1186/s12889-
015-2109-3 PMID: 26231758

Bouqgoufi A, Laila L, Boujraf S, Hadj FAE, Razine R, Abouqgal R, et al. Prevalence and associated factors of self-medication in worldwide pregnant
women: systematic review and meta-analysis. BMC Public Health. 2024;24(1):308. https://doi.org/10.1186/s12889-023-17195-1 PMID: 38279083

Yusuff KB, Omarusehe L-D. Determinants of self medication practices among pregnant women in Ibadan, Nigeria. Int J Clin Pharm.
2011;33(5):868-75. https://doi.org/10.1007/s11096-011-9556-4 PMID: 21881933

Ugboko HU, Nwinyi OC, Oranusi SU, Fatoki TH, Omonhinmin CA. Antimicrobial importance of medicinal plants in Nigeria. Scientific World Journal.
2020;2020:7059323.
Bougoufi A, Lahlou L, Ait El Hadj F, Abdessadek M, Obtel M, Khabbal Y. Prevalence, motivation, and associated factors of medicinal herbs con-

sumption in pregnant women from Eastern Mediterranean Regional Office: a systematic review. Pharm Biol. 2023;61(1):1065-81. https://doi.org/10
.1080/13880209.2023.2229388 PMID: 37452524

Shewamene Z, Dune T, Smith CA. The use of traditional medicine in maternity care among African women in Africa and the diaspora: a systematic
review. BMC Complement Altern Med. 2017;17(1):382. https://doi.org/10.1186/s12906-017-1886-x PMID: 28768534

Hodkinson A, Tyler N, Ashcroft DM, Keers RN, Khan K, Phipps D, et al. Preventable medication harm across health care settings: a systematic
review and meta-analysis. BMC Med. 2020;18(1):313. https://doi.org/10.1186/s12916-020-01774-9 PMID: 33153451

WHO. Antimicrobial stewardship programmes in health care facilities in low- and middle-income countries: a WHO practical toolkit. 2019. https://
apps.who.int/iris/bitstream/handle/10665/329404/9789241515481-eng.pdf

Fadare JO, Ogunleye O, lliyasu G, Adeoti A, Schellack N, Engler D, et al. Status of antimicrobial stewardship programmes in Nigerian tertiary health-
care facilities: Findings and implications. J Glob Antimicrob Resist. 2019;17:132—6. https://doi.org/10.1016/j.jgar.2018.11.025 PMID: 30557686

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004794  September 12, 2025 17121



https://www.who.int/europe/about-us/our-work/sustainable-development-goals/targets-of-sustainable-development-goal-3
https://www.who.int/europe/about-us/our-work/sustainable-development-goals/targets-of-sustainable-development-goal-3
https://doi.org/10.1136/bmjgh-2020-003599
http://www.ncbi.nlm.nih.gov/pubmed/33184066
https://doi.org/10.3390/ijerph9103519
http://www.ncbi.nlm.nih.gov/pubmed/23202760
https://doi.org/10.1177/20420986221127501
http://www.ncbi.nlm.nih.gov/pubmed/36211626
http://www.ncbi.nlm.nih.gov/pubmed/30465000
https://doi.org/10.3389/fphar.2021.659503
https://doi.org/10.1016/j.puhip.2020.100017
http://www.ncbi.nlm.nih.gov/pubmed/36101688
https://doi.org/10.1002/hsr2.70895
http://www.ncbi.nlm.nih.gov/pubmed/40510525
https://doi.org/10.3389/fphar.2020.00866
http://www.ncbi.nlm.nih.gov/pubmed/32581815
https://doi.org/10.1080/17425255.2020.1733969
http://www.ncbi.nlm.nih.gov/pubmed/32079422
https://doi.org/10.1089/jmf.2016.0126
https://doi.org/10.1089/jmf.2016.0126
http://www.ncbi.nlm.nih.gov/pubmed/27935764
https://doi.org/10.1186/s12889-015-2109-3
https://doi.org/10.1186/s12889-015-2109-3
http://www.ncbi.nlm.nih.gov/pubmed/26231758
https://doi.org/10.1186/s12889-023-17195-1
http://www.ncbi.nlm.nih.gov/pubmed/38279083
https://doi.org/10.1007/s11096-011-9556-4
http://www.ncbi.nlm.nih.gov/pubmed/21881933
https://doi.org/10.1080/13880209.2023.2229388
https://doi.org/10.1080/13880209.2023.2229388
http://www.ncbi.nlm.nih.gov/pubmed/37452524
https://doi.org/10.1186/s12906-017-1886-x
http://www.ncbi.nlm.nih.gov/pubmed/28768534
https://doi.org/10.1186/s12916-020-01774-9
http://www.ncbi.nlm.nih.gov/pubmed/33153451
https://apps.who.int/iris/bitstream/handle/10665/329404/9789241515481-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/329404/9789241515481-eng.pdf
https://doi.org/10.1016/j.jgar.2018.11.025
http://www.ncbi.nlm.nih.gov/pubmed/30557686

PLO%- Global Public

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Health

Lassa S, Saddig M, Owen J, Burton C, Balen J. Power Dynamics Among Health Professionals in Nigeria: A Case Study of the Global Fund Policy
Process. Int J Health Policy Manag. 2022;11(12):2876-85. https://doi.org/10.34172/ijhpm.2022.6097 PMID: 35461207

Green W, Shahzad MW, Wood S, Martinez Martinez M, Baines A, Navid A, et al. Improving junior doctor medicine prescribing and patient safety:
An intervention using personalised, structured, video-enhanced feedback and deliberate practice. Br J Clin Pharmacol. 2020;86(11):2234—46.
https://doi.org/10.1111/bcp.14325 PMID: 32343422

Chiedozie C, Murphy ME, Fahey T, Moriarty F. How many medications do doctors in primary care use? An observational study of the DU90% indi-
cator in primary care in England. BMJ Open. 2021;11(3):e043049.

Wang B, Manskow US. Health professionals’ experience and perceived obstacles with managing patients’ medication information in Norway:
cross-sectional survey. BMC Health Services Research. 2024;24(1):68.

Oli AN, Onyeaso N, Emencheta SC, Ofomata CM, Kretchy J-P, Okhamafe A, et al. Evaluating antimicrobial prescribing in a Tertiary Healthcare
Institution in Nigeria. J Pharm Policy Pract. 2021;14(1):99. https://doi.org/10.1186/s40545-021-00380-1 PMID: 34847964

Abasiubong F, Bassey EA, Udobang JA, Akinbami OS, Udoh SB, Idung AU. Self-Medication: potential risks and hazards among pregnant women
in Uyo, Nigeria. Pan Afr Med J. 2012;13:15. PMID: 23308320

Sina OJ, Omole JG, Ibikunle MA. Determinants of self-medication among pregnant women in Ekiti state, Nigeria. Journal of Health and Social
Issues. 2017;6(1):148-54.

Edet CK, Wegbom Al, Samuel KG, Sapira-Ordu L, Jaja ID, Ene-Peter J, et al. Prevalence and factors influencing self-medication among pregnant
women attending antenatal clinics in urban tertiary hospitals in Nigeria. BioMed. 2023;3(1):166—76.

Babatunde OA, Adeoye IA, Usman AB, Umeokonkwo CD, Fawole Ol. Pattern and determinants of self-medication among pregnant women attend-
ing antenatal clinics in primary health care facilities in Ogbomoso, Oyo State, Nigeria. JIEPH. 2021;4(7):1-19.

Kucukarslan SN. A review of published studies of patients’ illness perceptions and medication adherence: lessons learned and future directions.
Res Social Adm Pharm. 2012;8(5):371-82. https://doi.org/10.1016/j.sapharm.2011.09.002 PMID: 22986176

Alfian SD, Annisa N, Perwitasari DA, Coelho A, Abdulah R. The role of iliness perceptions on medication nonadherence among patients with hyper-
tension: A multicenter study in indonesia. Front Pharmacol. 2022;13:985293. https://doi.org/10.3389/fphar.2022.985293 PMID: 36225558

Alharbi S, Alhofaian A, Alaamri MM. lliness Perception and Medication Adherence among Adult Patients with Type 2 Diabetes Mellitus: A Scoping
Review. Clin Pract. 2023;13(1):71-83. https://doi.org/10.3390/clinpract13010007 PMID: 36648847

Wang Y, Veltkamp DMJ, van der Boog PJM, Hemmelder MH, Dekker FW, de Vries APJ, et al. lliness Perceptions and Medication Nonadherence
to Immunosuppressants After Successful Kidney Transplantation: A Cross-Sectional Study. Transpl Int. 2022;35:10073. https://doi.org/10.3389/
ti.2022.10073 PMID: 35185376

Kragting M, Pool-Goudzwaard AL, Coppieters MW, O’Sullivan PB, Voogt L. lliness perceptions in people with chronic and disabling non-specific
neck pain seeking primary healthcare: a qualitative study. BMC Musculoskelet Disord. 2024;25(1):179. https://doi.org/10.1186/s12891-024-07302-7
PMID: 38413876

McDonald S, Blackie LER. A Theoretical Qualitative Investigation Exploring lliness Perceptions and Decision-Making About COVID-19 in an Ethni-
cally Diverse UK-Based Sample. Patient Prefer Adherence. 2023;17:473-89. https://doi.org/10.2147/PPA.S389660 PMID: 36844799

Moosa AS, Leng NSY, Kum CL, Tan NC. A qualitative research study on the illness perception of chronic pruritus in older Asian adults based on the
Common-Sense Model of self-regulation. Health Expect. 2021;24(5):1801-11. https://doi.org/10.1111/hex.13320 PMID: 34309980

Sachdeva P, Patel BG, Patel BK. Drug use in pregnancy; a point to ponder!. Indian J Pharm Sci. 2009;71(1):1-7. https://doi.org/10.4103/0250-
474X.51941 PMID: 20177448

Fan H, Gilbert R, O’Callaghan F, Li L. Associations between macrolide antibiotics prescribing during pregnancy and adverse child outcomes in the
UK: population based cohort study. BMJ. 2020;368.

Gasper K, Spencer LA, Hu D. Does neutral affect exist? How challenging three beliefs about neutral affect can advance affective research. Fron-
tiers in Psychology. 2019;10:2476. https://doi.org/10.3389/fpsyg.2019.02476

Gasper K. A Case for Neutrality: Why Neutral Affect is Critical for Advancing Affective Science. Affect Sci. 2023;4(3):458—-62. https://doi.
org/10.1007/s42761-023-00214-0 PMID: 37744984

Heyn LG, Lokkeberg ST, Ellington L, van Dulmen S, Eide H. Understanding the role of positive emotions in healthcare communication - A realist
review. Nurs Open. 2023;10(6):3447-59.

Kozlowski D, Hutchinson M, Hurley J, Rowley J, Sutherland J. The role of emotion in clinical decision making: an integrative literature review. BMC
Med Educ. 2017;17(1):255. https://doi.org/10.1186/s12909-017-1089-7 PMID: 29246213

Brezulianu A, Burlacu A, Popa IV, Arif M, Geman O. Not by Our Feeling, But by Other’s Seeing: Sentiment Analysis Technique in Cardiology-An
Exploratory Review. Front Public Health. 2022;10:880207.

Moses JD, Arnold-Forster A, Schotland SV. Introduction: Healthcare Practitioners’ Emotions and the Politics of Well-Being in Twentieth Century
Anglo-America. J Hist Med Allied Sci. 2023;78(4):341-51. https://doi.org/10.1093/jhmas/jrad023 PMID: 37145418

Solnes Miltenburg A, Kvernflaten B, Meguid T, Sundby J. Towards renewed commitment to prevent maternal mortality and morbidity: learning from
30 years of maternal health priorities. Sex Reprod Health Matters. 2023;31(1):2174245. https://doi.org/10.1080/26410397.2023.2174245 PMID:
36857112

PLOS Global Public Health | https://doi.org/10.137 1/journal.pgph.0004794  September 12, 2025 18721



https://doi.org/10.34172/ijhpm.2022.6097
http://www.ncbi.nlm.nih.gov/pubmed/35461207
https://doi.org/10.1111/bcp.14325
http://www.ncbi.nlm.nih.gov/pubmed/32343422
https://doi.org/10.1186/s40545-021-00380-1
http://www.ncbi.nlm.nih.gov/pubmed/34847964
http://www.ncbi.nlm.nih.gov/pubmed/23308320
https://doi.org/10.1016/j.sapharm.2011.09.002
http://www.ncbi.nlm.nih.gov/pubmed/22986176
https://doi.org/10.3389/fphar.2022.985293
http://www.ncbi.nlm.nih.gov/pubmed/36225558
https://doi.org/10.3390/clinpract13010007
http://www.ncbi.nlm.nih.gov/pubmed/36648847
https://doi.org/10.3389/ti.2022.10073
https://doi.org/10.3389/ti.2022.10073
http://www.ncbi.nlm.nih.gov/pubmed/35185376
https://doi.org/10.1186/s12891-024-07302-7
http://www.ncbi.nlm.nih.gov/pubmed/38413876
https://doi.org/10.2147/PPA.S389660
http://www.ncbi.nlm.nih.gov/pubmed/36844799
https://doi.org/10.1111/hex.13320
http://www.ncbi.nlm.nih.gov/pubmed/34309980
https://doi.org/10.4103/0250-474X.51941
https://doi.org/10.4103/0250-474X.51941
http://www.ncbi.nlm.nih.gov/pubmed/20177448
https://doi.org/10.3389/fpsyg.2019.02476
https://doi.org/10.1007/s42761-023-00214-0
https://doi.org/10.1007/s42761-023-00214-0
http://www.ncbi.nlm.nih.gov/pubmed/37744984
https://doi.org/10.1186/s12909-017-1089-7
http://www.ncbi.nlm.nih.gov/pubmed/29246213
https://doi.org/10.1093/jhmas/jrad023
http://www.ncbi.nlm.nih.gov/pubmed/37145418
https://doi.org/10.1080/26410397.2023.2174245
http://www.ncbi.nlm.nih.gov/pubmed/36857112

! Global Public
PLON' Health

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.
65.

66.

67.

68.
69.
70.

7.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size sufficiency in interview-based studies: systematic analysis
of qualitative health research over a 15-year period. BMC Med Res Methodol. 2018;18(1):148. https://doi.org/10.1186/s12874-018-0594-7 PMID:
30463515

Guest G, Namey E, Chen M. A simple method to assess and report thematic saturation in qualitative research. PLoS One. 2020;15(5):e0232076.
https://doi.org/10.1371/journal.pone.0232076 PMID: 32369511

Shepard MP, Carroll RM, Mahon MM, Moriarty HJ, Feetham SL, Deatrick JA, et al. Conceptual and pragmatic considerations in conducting a sec-
ondary analysis. An example from research of families. West J Nurs Res. 1999;21(2):154—67. https://doi.org/10.1177/01939459922043802 PMID:
11512174

Beltz AM, Wright AGC, Sprague BN, Molenaar PCM. Bridging the Nomothetic and Idiographic Approaches to the Analysis of Clinical Data. Assess-
ment. 2016;23(4):447-58. https://doi.org/10.1177/1073191116648209 PMID: 27165092

Archibald MM, Ambagtsheer RC, Casey MG, Lawless M. Using Zoom Videoconferencing for Qualitative Data Collection: Perceptions and Experi-
ences of Researchers and Participants. International Journal of Qualitative Methods. 2019;18.

Chapman AL, Hadfield M, Chapman CJ. Qualitative research in healthcare: an introduction to grounded theory using thematic analysis. J R Coll
Physicians Edinb. 2015;45(3):201-5. https://doi.org/10.4997/JRCPE.2015.305 PMID: 26517098

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 2006;3:77—101.

Naeem M, Ozuem W, Howell K, Ranfagni S. A step-by-step process of thematic analysis to develop a conceptual model in qualitative research.
International Journal of Qualitative Methods. 2023;22.

Hagger MS, Orbell S. The common sense model of illness self-regulation: a conceptual review and proposed extended model. Health Psychol Rev.
2022;16(3):347—77. https://doi.org/10.1080/17437199.2021.1878050 PMID: 33461402

Long T, Johnson M. Rigour, reliability and validity in qualitative research. Clinical Effectiveness in Nursing. 2000;4(1):30-7.

Morse JM, Barrett M, Mayan M, Olson K, Spiers J. Verification strategies for establishing reliability and validity in qualitative research. International
Journal of Qualitative Methods. 2002;1(2):13-22.

Slevin E. Enhancing the truthfulness, consistency, and transferability of a qualitative study: using a manifold of two approaches. Nurse Research.
2002;7:79-197.

Sandelowski M. Rigor or rigor mortis: the problem of rigor in qualitative research revisited. ANS Adv Nurs Sci. 1993;16(2):1-8. https://doi.
org/10.1097/00012272-199312000-00002 PMID: 8311428

BOARDFLARE. Sentiment analysis, Boardflare. https://www.boardflare.com/tasks/nlp/sentiment

Hugging Face. Cardiffnlp/twitter-roberta-base-sentiment-latest. https://huggingface.co/cardiffnlp/twitter-roberta-base-sentiment-latest

Qi Y, Shabrina Z. Sentiment analysis using Twitter data: a comparative application of lexicon- and machine-learning-based approach. Soc Netw
Anal Min. 2023;13(1):31. https://doi.org/10.1007/s13278-023-01030-x PMID: 36789379

Choi G, Oh S, Kim H. Improving Document-Level Sentiment Classification Using Importance of Sentences. Entropy (Basel). 2020;22(12):1336.
https://doi.org/10.3390/e22121336 PMID: 33266520

Sentiment analysis: steps & challenges in 2025. https://research.aimultiple.com/sentiment-analysis/. 2025. 2023.

Latif AS. The Importance of Understanding Social and Cultural Norms in Delivering Quality Health Care-A Personal Experience Commentary. Trop
Med Infect Dis. 2020;5(1):22. https://doi.org/10.3390/tropicalmed5010022 PMID: 32033381

Guo M, Wang Y, Yang Q, Li R, Zhao Y, Li C, et al. Normal workflow and key strategies for data cleaning toward real-world data: viewpoint. Interact
J Med Res. 2023;12(e44310).

Gashaw T, Yadeta TA, Weldegebreal F, Demissie L, Jambo A, Assefa N. The global prevalence of antibiotic self-medication among the adult popu-
lation: systematic review and meta-analysis. Syst Rev. 2025;14(1):49. https://doi.org/10.1186/s13643-025-02783-6 PMID: 40012022

Dim OF, Anene-Okeke CG, Ukwe CV. Knowledge, attitude and use of herbal medicine among pregnant women attending antenatal care in nsukka,
Nigeria. Afr Health Sci. 2024;24(4):182-91. https://doi.org/10.4314/ahs.v24i4.24 PMID: 40190519

Alabi ED, Rabiu AG, Adesoji AT. A review of antimicrobial resistance challenges in Nigeria: The need for a one health approach. One Health.
2025;20:101053. https://doi.org/10.1016/j.onehlt.2025.101053 PMID: 40370425

Ahmed SM, Nordeng H, Sundby J, Aragaw YA, de Boer HJ. The use of medicinal plants by pregnant women in Africa: A systematic review. J Eth-
nopharmacol. 2018;224:297-313. https://doi.org/10.1016/j.jep.2018.05.032 PMID: 29842963

Kaingu CK, Oduma JA, Kanui TI. Practices of Traditional Birth Attendants in Machakos District, Kenya. Journal of Ethnopharmacology.
2011;137(1):495-502.

de Sousa Lima CM, Fujishima MAT, de Paula Lima B, Mastroianni PC, de Sousa FFO, da Silva JO. Microbial contamination in herbal medicines: a
serious health hazard to elderly consumers. BMC Complementary Medicine. 2020;20(1):17. https://doi.org/10.1186/s12906-020-02836-5

Anand U, Jacobo-Herrera N, Altemimi A, Lakhssassi N. A Comprehensive Review on Medicinal Plants as Antimicrobial Therapeutics: Potential
Avenues of Biocompatible Drug Discovery. Metabolites. 2019;9(11):258. https://doi.org/10.3390/metabo9110258 PMID: 31683833

Llor C, Bjerrum L. Antimicrobial resistance: risk associated with antibiotic overuse and initiatives to reduce the problem. Ther Adv Drug Saf.
2014;5(6):229-41. https://doi.org/10.1177/2042098614554919 PMID: 25436105

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004794  September 12, 2025 19/21



https://doi.org/10.1186/s12874-018-0594-7
http://www.ncbi.nlm.nih.gov/pubmed/30463515
https://doi.org/10.1371/journal.pone.0232076
http://www.ncbi.nlm.nih.gov/pubmed/32369511
https://doi.org/10.1177/01939459922043802
http://www.ncbi.nlm.nih.gov/pubmed/11512174
https://doi.org/10.1177/1073191116648209
http://www.ncbi.nlm.nih.gov/pubmed/27165092
https://doi.org/10.4997/JRCPE.2015.305
http://www.ncbi.nlm.nih.gov/pubmed/26517098
https://doi.org/10.1080/17437199.2021.1878050
http://www.ncbi.nlm.nih.gov/pubmed/33461402
https://doi.org/10.1097/00012272-199312000-00002
https://doi.org/10.1097/00012272-199312000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8311428
https://www.boardflare.com/tasks/nlp/sentiment
https://huggingface.co/cardiffnlp/twitter-roberta-base-sentiment-latest
https://doi.org/10.1007/s13278-023-01030-x
http://www.ncbi.nlm.nih.gov/pubmed/36789379
https://doi.org/10.3390/e22121336
http://www.ncbi.nlm.nih.gov/pubmed/33266520
https://research.aimultiple.com/sentiment-analysis/
https://doi.org/10.3390/tropicalmed5010022
http://www.ncbi.nlm.nih.gov/pubmed/32033381
https://doi.org/10.1186/s13643-025-02783-6
http://www.ncbi.nlm.nih.gov/pubmed/40012022
https://doi.org/10.4314/ahs.v24i4.24
http://www.ncbi.nlm.nih.gov/pubmed/40190519
https://doi.org/10.1016/j.onehlt.2025.101053
http://www.ncbi.nlm.nih.gov/pubmed/40370425
https://doi.org/10.1016/j.jep.2018.05.032
http://www.ncbi.nlm.nih.gov/pubmed/29842963
https://doi.org/10.1186/s12906-020-02836-5
https://doi.org/10.3390/metabo9110258
http://www.ncbi.nlm.nih.gov/pubmed/31683833
https://doi.org/10.1177/2042098614554919
http://www.ncbi.nlm.nih.gov/pubmed/25436105

! Global Public
PLON' Health

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Ndieyira JW, Kappeler N, Logan S, Cooper MA, Abell C, McKendry RA, et al. Surface-stress sensors for rapid and ultrasensitive detection of
active free drugs in human serum. Nat Nanotechnol. 2014;9(3):225-32. https://doi.org/10.1038/nnano.2014.33 PMID: 24584276

Chen Q, Andersson A, Mecklenburg M, Xie B. Fast determination of antibiotics in whole blood. Clin Microbiol Infect. 2013;19(9):869-74. https:/
doi.org/10.1111/1469-0691.12074 PMID: 23190049

Pauter K, Szultka-Mlynska M, Buszewski B. Determination and identification of antibiotic drugs and bacterial strains in biological samples. Mole-
cules. 2020;25(11).

Bogavac-Stanojevic N, Jelic-lvanovic Z. The Cost-effective Laboratory: Implementation of Economic Evaluation of Laboratory Testing. J Med
Biochem. 2017;36(3):238—42. https://doi.org/10.1515/jomb-2017-0036 PMID: 30568540

McNerney R. Diagnostics for Developing Countries. Diagnostics (Basel). 2015;5(2):200-9. https://doi.org/10.3390/diagnostics5020200 PMID:
26854149

Yadav H, Shah D, Sayed S, Horton S, Schroeder LF. Availability of essential diagnostics in ten low-income and middle-income countries: results
from national health facility surveys. Lancet Glob Health. 2021;9(11):e1553—60. https://doi.org/10.1016/S2214-109X(21)00442-3 PMID: 34626546

Dahab R, Sakellariou D. Barriers to accessing maternal care in low income countries in Africa: a systematic review. Int J Env Res Pub He.
2020;17(12).

Opoku R, Yar DD, Botchwey CO-A. Self-medication among pregnant women in Ghana: A systematic review and meta-analysis. Heliyon.
2022;8(10):e10777. https://doi.org/10.1016/j.heliyon.2022.e 10777 PMID: 36217484

James PB, Wardle J, Steel A, Adams J. Traditional, complementary and alternative medicine use in Sub-Saharan Africa: a systematic review.
BMJ Global Health. 2018;3(5).

Leventhal H, Phillips LA, Burns E. The Common-Sense Model of Self-Regulation (CSM): a dynamic framework for understanding illness
self-management. J Behav Med. 2016;39(6):935-46. https://doi.org/10.1007/s10865-016-9782-2 PMID: 27515801

Mohsen S, Dickinson JA, Somayaiji R. Update on the adverse effects of antimicrobial therapies in community practice. Can Fam Physician.
2020;66(9):651-9. PMID: 32933978

Wang H, Chen Y, Wang L, Liu Q, Yang S, Wang C. Advancing herbal medicine: enhancing product quality and safety through robust quality con-
trol practices. Front Pharmacol. 2023;14:1265178. https://doi.org/10.3389/fphar.2023.1265178 PMID: 37818188

Havers FP, Hicks LA, Chung JR, Gaglani M, Murthy K, Zimmerman RK, et al. Outpatient Antibiotic Prescribing for Acute Respiratory Infections
During Influenza Seasons. JAMA Netw Open. 2018;1(2):e180243. https://doi.org/10.1001/jamanetworkopen.2018.0243 PMID: 30646067

Muteeb G, Rehman MT, Shahwan M, Aatif M. Origin of Antibiotics and Antibiotic Resistance, and Their Impacts on Drug Development: A Narrative
Review. Pharmaceuticals (Basel). 2023;16(11):1615. https://doi.org/10.3390/ph16111615 PMID: 38004480

van Gelder MMHJ, de Jong LAA, Te Winkel B, Olyslager EJH, Vorstenbosch S, van Puijenbroek EP, et al. Assessment of medication use during
pregnancy by Web-based questionnaires, pharmacy records and serum screening. Reprod Toxicol. 2019;84:93-7. https://doi.org/10.1016/j.repro-
tox.2019.01.002 PMID: 30615926

Bankar NJ, Ugemuge S, Ambad RS, Hawale DV, Timilsina DR. Implementation of Antimicrobial Stewardship in the Healthcare Setting. Cureus.
2022;14(7):e26664. https://doi.org/10.7759/cureus.26664 PMID: 35949742

Grand-Guillaume-Perrenoud JA, Origlia P, Cignacco E. Barriers and facilitators of maternal healthcare utilisation in the perinatal period among
women with social disadvantage: A theory-guided systematic review. Midwifery. 2022;105:103237. https://doi.org/10.1016/j.midw.2021.103237
PMID: 34999509

Ntoimo LFC, Okonofua FE, Igboin B, Ekwo C, Imongan W, Yaya S. Why rural women do not use primary health centres for pregnancy care:
evidence from a qualitative study in Nigeria. BMC Pregnancy Childbirth. 2019;19(1):277. https://doi.org/10.1186/s12884-019-2433-1 PMID:
31382908

Nigeria Demographic and Health Survey 2018. Abuja and Rockville: NPC. 2019.

Girmaw F, Sendekie AK, Mesfin B, Kassaw AT. Self-medication practices among pregnant women in Ethiopia. J Pharm Policy Pract.
2023;16(1):74. https://doi.org/10.1186/s40545-023-00584-7 PMID: 37337251

Mutombo PN, Kasilo OMJ, James PB, Wardle J, Kunle O, Katerere D. Experiences and challenges of African traditional medicine: lessons from
COVID-19 pandemic. BMJ Global Health. 2023;8(8).

Maher ZK, Erskine ME, Byrd AS, Harring JR, Edwards JR, et al. African American English and Early Literacy: A Comparison of Approaches to
Quantifying Nonmainstream Dialect Use. Lang Speech Hear Serv Sch. 2021;52(1):118-30. https://doi.org/10.1044/2020_LSHSS-19-00115 PMID:
33464979

Estany-Gestal A, Salgado-Barreira A, Vazquez-Lago JM. Antibiotic Use and Antimicrobial Resistance: A Global Public Health Crisis. Antibiotics
(Basel). 2024;13(9):900. https://doi.org/10.3390/antibiotics 13090900 PMID: 39335073

Otaigbe I, Elikwu CJ. Drivers of inappropriate antibiotic use in low- and middle-income countries. JAC Antimicrob Resist. 2023;5(3):dlad062.
https://doi.org/10.1093/jacamr/dlad062 PMID: 37265987

Batheja D, Goel S, Charani E. Understanding gender inequities in antimicrobial resistance: role of biology, behaviour and gender norms. BMJ
Global Health. 2025;10(1).

PLOS Global Public Health | https://doi.org/10.137 1/journal.pgph.0004794  September 12, 2025 20/ 21



https://doi.org/10.1038/nnano.2014.33
http://www.ncbi.nlm.nih.gov/pubmed/24584276
https://doi.org/10.1111/1469-0691.12074
https://doi.org/10.1111/1469-0691.12074
http://www.ncbi.nlm.nih.gov/pubmed/23190049
https://doi.org/10.1515/jomb-2017-0036
http://www.ncbi.nlm.nih.gov/pubmed/30568540
https://doi.org/10.3390/diagnostics5020200
http://www.ncbi.nlm.nih.gov/pubmed/26854149
https://doi.org/10.1016/S2214-109X(21)00442-3
http://www.ncbi.nlm.nih.gov/pubmed/34626546
https://doi.org/10.1016/j.heliyon.2022.e10777
http://www.ncbi.nlm.nih.gov/pubmed/36217484
https://doi.org/10.1007/s10865-016-9782-2
http://www.ncbi.nlm.nih.gov/pubmed/27515801
http://www.ncbi.nlm.nih.gov/pubmed/32933978
https://doi.org/10.3389/fphar.2023.1265178
http://www.ncbi.nlm.nih.gov/pubmed/37818188
https://doi.org/10.1001/jamanetworkopen.2018.0243
http://www.ncbi.nlm.nih.gov/pubmed/30646067
https://doi.org/10.3390/ph16111615
http://www.ncbi.nlm.nih.gov/pubmed/38004480
https://doi.org/10.1016/j.reprotox.2019.01.002
https://doi.org/10.1016/j.reprotox.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/30615926
https://doi.org/10.7759/cureus.26664
http://www.ncbi.nlm.nih.gov/pubmed/35949742
https://doi.org/10.1016/j.midw.2021.103237
http://www.ncbi.nlm.nih.gov/pubmed/34999509
https://doi.org/10.1186/s12884-019-2433-1
http://www.ncbi.nlm.nih.gov/pubmed/31382908
https://doi.org/10.1186/s40545-023-00584-7
http://www.ncbi.nlm.nih.gov/pubmed/37337251
https://doi.org/10.1044/2020_LSHSS-19-00115
http://www.ncbi.nlm.nih.gov/pubmed/33464979
https://doi.org/10.3390/antibiotics13090900
http://www.ncbi.nlm.nih.gov/pubmed/39335073
https://doi.org/10.1093/jacamr/dlad062
http://www.ncbi.nlm.nih.gov/pubmed/37265987

! Global Public
PLON' Health

108. Bello CB. Adherence to medication administration guidelines among nurses in a health facility in South-West Nigeria. The Pan African medical
journal. 2021;40:56.

109. Avong YK, Jatau B, Kayode GA, Ukpabi B, Avong EB, Okuma J. Findings from a drug safety surveillance programme in Nigeria. Lancet Glob
Health. 2019;7:S46-S.

110. Igboeli NU, Adibe MO. Pattern and safety of drug prescriptions among antenatal women in Nigeria. Int J Epidemiol. 2015;44:220-.

111.

Lawal BK, Aliyu AA, Ibrahim Ul, Maiha BB, Mohammed S. Medication safety practices in healthcare facilities in Kaduna State, Nigeria: a study
protocol. Ther Adv Drug Saf. 2020;11:2042098620927574. https://doi.org/10.1177/2042098620927574 PMID: 32587679

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004794  September 12, 2025

21/21


https://doi.org/10.1177/2042098620927574
http://www.ncbi.nlm.nih.gov/pubmed/32587679

