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ABSTRACT

Lebanon grapples with the pressing challenge of pediatric antibiotic misuse. To tackle this issue, we conducted a
cross-sectional study in Beirut aimed at assessing caregivers' knowledge and practices regarding children's
antibiotic suspensions. A total of 113 caregivers were interviewed at pharmacies to evaluate their comprehension
of medication instructions, dosing accuracy, storage/disposal practices, and satisfaction with pharmacist
counseling. Results indicated that while 67.3 % of caregivers demonstrated a clear understanding of medication
instructions and 63.7 % followed proper reconstitution, concerning practices surfaced. Notably, 71.7 % of
caregivers stored leftover suspensions in kitchens. However, 56.6 % correctly disposed of them. Widespread use
of cold mineral water as a diluent (66.4 %) contradicts guidelines. Pharmacists played a crucial role, with 69.1 %
of caregivers receiving counseling, yet averaging only 3.7 minutes, suggesting room for improvement. Significant
correlations emerged between accurate understanding and proper reconstitution (p < 0.001). These findings
highlight the need for clearer instructions for caregivers, educational initiatives on appropriate storage and
disposal, and enhanced training for pharmacists. Addressing these aspects can improve health outcomes in
Lebanon and contribute to the global fight against antibiotic resistance.
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INTRODUCTION

Antimicrobial resistance (AMR) has been deemed a
global health emergency by the World Health
Organization (WHO) and the United Nations (UN)
General Assembly (1). It poses a threat to the life-saving
power of antibiotics, causing millions of deaths annually,
particularly in low- and middle-income countries (2,3).
Factors contributing to this issue include misuse, limited
diagnostic methods, and the presence of antibiotics in the
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environment (4). Addressing this requires improved
infection prevention, increased diagnostic accessibility,
and antibiotic stewardship (5).

In Lebanon, antibiotic misuse is widespread, ranging
from 42 % to 63 %, with 22 % self-prescribing and 7 %
following non-medical advice, straining public healthcare
systems and fueling the emergence of AMR (6,7). This
rising problem of AMR poses a critical challenge in the
treatment of common infections, particularly for children
with underdeveloped immune systems and those living in
poverty (8,9). Optimizing antibiotic use, especially for
children, is crucial to reduce treatment failures, minimize
side effects, and promote better long-term health outcomes
(10). Similarly, a study in Jordan by Ayyash et al. revealed
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that, despite a good level of knowledge regarding
antibiotics, misconceptions and improper use persisted,
emphasizing the need for focused educational efforts to
address these practices (11). Likewise, research by Sonji
et al. in Lebanon highlighted a knowledge-practice gap
among pharmacy students regarding food labels, further
underscoring the importance of addressing such gaps
through targeted education (12).

The COVID-19 pandemic in Lebanon has led to increased
antibiotic use, emphasizing the urgency of awareness and
control measures (13). While urban residents in Lebanon
generally have a good understanding of antibiotics, due to
better access to healthcare facilities and educational
resources, Beirut faces particular challenges due to
misconceptions, which necessitate educational campaigns to
curb misuse and combat AMR (14,15).

There is a significant research gap regarding the
appropriate usage and teaching of antibiotic suspensions.
Recent research indicates that caregivers often lack
understanding of the correct amount and duration of
antibiotic administration for children. For example, some
caregivers may discontinue the antibiotic course once the
child's symptoms improve, which can lead to inadequate
treatment and potentially contribute to AMR (16-18).
Additionally, there is a lack of comprehensive information
on the proper instruments and practices for administering
antibiotic suspensions to children, leading to either
ineffective therapy or unnecessary exposure to antibiotics
(19,20). Improper storage and disposal methods can
reduce antibiotic effectiveness and contribute to
environmental pollution (21,22). Furthermore, the impact
of antibiotic suspensions on the development of AMR has
not been adequately studied (23,24).

This study tackles pediatric antibiotic misuse in Beirut,
Lebanon, where knowledge gaps exist regarding caregiver
practices for antibiotic suspensions. To bridge this gap and
optimize antibiotic use, we assessed caregiver knowledge
and practices concerning reconstitution, storage, dosing,
and disposal. We also evaluated their understanding of
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medication instructions, storage conditions, and disposal
methods for antibiotic suspensions, and investigated the
role of pharmacist counseling on caregiver knowledge and
practices related to antibiotic use. This comprehensive
approach aims to inform interventions that will ensure
optimal health outcomes for children in Beirut.

METHODOLOGY

Study Design and Data Collection

This study utilized a cross-sectional design to evaluate
caregiver knowledge and practices concerning antibiotic
suspensions in children. Data was collected through face-
to-face questionnaires administered to 113 customers at
community pharmacies in Beirut, Lebanon. A convenience
sampling method was used to recruit participants who
were visiting pharmacies to purchase or pick up antibiotic
suspensions for children. Data collection occurred
between November 2022 and June 2023.

Inclusion/Exclusion Criteria

The selection of research participants was based on
predetermined inclusion and exclusion criteria. Eligible
participants were individuals who were purchasing an
antibiotic suspension for a child under 12 years old and
were at least 18 years old. Additionally, participants
needed to demonstrate their ability to comprehend the
questions and respond in either Arabic or English. This
requirement was put in place to ensure consistent data
collection that could be accessed by a wider audience. To
accommodate the participants' preferred language, the
questionnaire was administered in both Arabic and
English. Out of the 113 people surveyed, 48 responded in
Arabic, and 65 responded in English. Conversely, the
study excluded individuals who were unable to understand
the questionnaire due to cognitive or language limitations.

Sample Size

This study employed a convenience sampling method
for participant recruitment. A power analysis was
conducted before data collection to determine the
necessary sample size to detect a moderate effect size with
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a high level of statistical power. The analysis targeted an
effect size of 0.5 for the primary outcome measure (patient
satisfaction) and a desired alpha level of 0.05. This
indicated a sample size of 86 participants would be
required to achieve a power level of 0.90. A total of 113
caregivers of children in Beirut, Lebanon, participated in
the study, exceeding the target sample size and further
strengthening the generalizability of the findings.

Ethical Considerations

This study was approved by the Institutional Review
Board of Lebanese International University (LIU), and
written informed consent was obtained from all
participants before data collection.

Questionnaire Design

The study utilized a face-to-face questionnaire
designed to assess various aspects of caregivers'
knowledge and practices regarding antibiotic suspensions
for children with a particular focus on understanding
factors affecting satisfaction with pharmacist counseling.
The questionnaire was developed based on a review of
previous studies (25,26) and covered various domains.
These domains included demographic information
(age, gender, education level, child relationship) to
understand the participant pool. Additionally, it assessed
caregivers' ability to read and understand pamphlet
instructions for medication use. Furthermore, the
questionnaire explored practices related to reconstituting,
administering, and storing antibiotic suspensions to
determine adherence to proper procedures. Finally, it
included questions to assess caregiver satisfaction with
pharmacist counseling, such as the time spent discussing
medications, the adequacy of information provided, and
caregivers' perceptions of the pharmacist's attentiveness
and communication skills. By analyzing responses to these
questions, we aimed to identify which aspects of
pharmacist counseling (e.g., time spent, information
adequacy, communication skills) contribute most to
caregiver satisfaction. A 5-point Likert scale was used to
measure satisfaction with different aspects of the
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counseling received by caregivers, ranging from 1
(strongly  disagree/dissatisfied) to 5  (strongly
agree/satisfied). The mean score of all responses was then
calculated to obtain an overall satisfaction score.

To ensure accessibility for Beirut's diverse population,
the questionnaire was translated into Arabic by two
bilingual translators. Discrepancies were resolved through
consensus meetings and a third bilingual translator
performed a back-translation. The research team compared
the back-translation to the original English version to
ensure accuracy.

Data Collection

Data was collected by a single trained research assistant
who conducted all interviews with the participants. This
approach was chosen to maintain consistency in data
collection procedures and to minimize variability in how
questions were asked and responses were recorded.

Validity and Reliability

The questionnaire was assessed for content validity by
a panel of experts in pharmacy and pediatrics. The internal
consistency of the questionnaire was evaluated using
Cronbach's alpha coefficient, which was deemed
acceptable (>0.8) for all domains.

Assessment of Interviewers' Practices

To evaluate the interviewers' practices, their actions
were compared with the instructions on the drug boxes and
package inserts for each antibiotic used. This was done by
observing the interviews and reviewing the completed
questionnaires. Any discrepancies were noted and
addressed with the interviewers to ensure consistency.

Pharmacist counseling was assessed by asking
participants to recall the information they received from
the pharmacist about the antibiotic suspension. Patient
satisfaction was measured using a 5-point Likert scale for
various aspects of the care they received.

Statistical Analysis

Statistical analysis was conducted using Statistical
Package for the Social Sciences (SPSS) version 26.0
software. Descriptive  statistics (means, standard
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deviations, frequencies, and percentages) were used to
summarize the data. One-sample t-tests were employed to
assess whether caregivers' mean satisfaction scores
significantly differed from a neutral satisfaction point (3.0)
for various aspects of pharmacist interactions. Correlation
analysis was used to examine the relationships among
different satisfaction measures. The level of significance
was set at p < 0.05.

RESULTS
The participants in this study (n=113) were primarily

females (76.1 %), representing mothers caring for their
children (62.8 %). Ages ranged from 20 to 41 years, with
the largest group belonging to the more than 41 age (33.6
%). Educational attainment showed a high level of
qualification, with over half (54.9 %) holding university
degrees. Employment indicated that most
participants (70.8 %) were currently employed. Family
size primarily consisted of one to three children (86.7 %),
with the majority of children falling above the age of five
(58.4 %) (Table 1).

status

Table 1. Socio-demographic characteristics of caregivers

Characteristics

Frequency(Percentage)

Gender

Male 27(23.9 %)
Female 86(76.1 %)
Relation to the patient

Father 23(20.4 %)
Mother 71(62.8 %)
Brother/sister 12(10.6 %)
Other 7(6.2 %)
Age

Less than 20 yo 7(6.2 %)
20 to 30 yo 31(27.4 %)
31to 40 yo 37(32.7 %)
More than 41 yo 38(33.6 %)

Education level

School Education

51(45.1 %)

University Education 62(54.9 %)
Work

Yes 80(70.8 %)
No 33(29.2 %)
Number of children

1 27(23.9 %)
2 50(44.2 %)
3 21(18.6 %)
More than 3 15(13.3 %)
Child’s age (years old)

Less than 1 yo 8(7.1 %)
1to3yo 16(14.2 %)
3to5yo 23(20.4 %)
More than 5 yo 66(58.4 %)

Table 2 provides a comprehensive overview of
recommended reconstitution methods, water choices, and
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storage conditions. Only two-thirds (63.7 %) followed the
recommended gradual addition technique, which involves
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adding water in stages with shaking. Practices such as
direct addition (15.9 %) and halfway split (20.4 %) were
also observed. Cold mineral water emerged as the
preferred diluent for most participants (66.4 %), followed
by hot mineral water (14.2 %) and boiled and cooled
mineral water (10.6 %) (Table 2).

Kitchen cabinets (71.7 %) were the most common
location chosen for storing antibiotic powder, followed by
living rooms (28.3 %) (Table 2). Participants' estimates for
storage duration varied. Some estimated a two to three-
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year lifespan (33.6 %), while others estimated shorter
durations (12.4 % believing less than a week) or longer
lifespans (16.8 % assuming one year). Reconstituted
suspensions were primarily stored in the refrigerator (65.5
%) (Table 2). Beliefs about reconstituted suspension
lifespan also varied. Over half (56.6 %) believed it lasted
seven days, but some had different estimations: 15.9 %
thought two to three days, and 7.1 % believed it lasted
more than a month.

Table 2. Methods, Water Choices, and Storage Conditions for Powder & Reconstituted Suspension

Practice | Frequency(Percentage) Recommended
Reconstitution Method
Gradual Addition (Tap bottle to loosen the powder, add half Yes
the volume of water, shake well, add remaining water, shake
well) 72(63.7 %)
Direct Addition (Add all water, shake well) 18(15.9 %) No
Halfway Split (add half the volume of water, shake well, add No
remaining water, dispense without shaking) 23(20.4 %)
Water Choices
Boiled and cooled tap water 4(3.5 %) Yes
Boiled and cooled mineral water 12(10.6 %) No
Cold tap water 3(2.7 %) No
Cold mineral water 75(66.4 %) No
Distilled water 3(2.7 %) Yes
Hot mineral water 16(14.2 %) No
Storage Locations of Antibiotic Powder
Kitchen cabinets 81(71.7 %) No
Living rooms 32(28.3 %) No
Storage Temperature of Powder
25°C 80(70.8 %) Yes
37°C 8(7.1 %) No
18°C 25(22.1 %) No
Shelf Life of Powder
Less than 1 week 14(12.4 %) No
1 week 33(29.2 %) No
1 year 19(16.8 %) No
2 to 3 years 38(33.6 %) Yes
More than 3 years 9(8 %) No
Storage Temperature of Reconstituted Powder
Refrigerator 74(65.5 %) Yes
Room temperature 39(34.5 %) No
Shelf Life of Reconstituted Powder
2 to 3 days 18(15.9 %) No
7 days 64(56.6 %) Yes
10 to 14 days 23(20.4 %) No
More than a month 8(7.1 %) No
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Table 3 presents caregiver practices in administering
antibiotic showing frequencies and
percentages related to various aspects of administration
and dosing tools. The majority of caregivers demonstrated
consistent behaviors in reading instructions (67.3 %) and
understanding provided information (67.3 %). When it
came to selecting dosing tools, syringes were the preferred
choice, used by 34.5 % of participants. However, a
significant number of caregivers also mentioned using
medicinal spoons (30.1 %), household teaspoons (17.7 %),
and household cups (4.4 %) for administering antibiotic
suspensions. In terms of dosing practices and hygiene,
almost all caregivers (96.5 %) reported following
recommended hygiene practices for dosing tools, such as
washing hands and following cleaning instructions.

suspensions,

Table 3: Caregiver Practices in Antibiotic
Suspension Administration

| Frequency(Percentage)
Category
Reading instructions 76(67.3 %)
Understanding provided | 76(67.3 %)
info
Choice of dosing tools
Syringes 39(34.5 %)
Medicinal spoons 34(30.1 %)
Medicinal cups 15(13.3 %)
Household teaspoons 20(17.7 %)
Household cups 5(4.4 %)
Dosing Practices
Dosing tools hygiene*
Yes 109(96.5 %)
No 4(3.5 %)

* Washing hands, following cleaning instructions

A one-sample t-test was employed to assess whether
caregivers' mean satisfaction scores significantly differed
from a neutral satisfaction point. Caregivers reported a
mean satisfaction score of 3.7 for the time pharmacists
dedicated to discussing medications, significantly higher
than the neutral point of 3.0 (p=0.001). Similarly, the
adequacy of counseling yielded a mean score of 3.66, also
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significantly higher than neutral (p=0.002). These results
indicate that both time spent and counseling adequacy are
key factors enhancing caregiver satisfaction. Correlation
analysis supported these findings, with strong positive
correlations for time spent (coefficient=0.62, p=0.001) and
counseling adequacy (coefficient=0.51, p=0.001).
contrast, moderate correlations were found for medical
history inquiry (coefficient=0.45) and antibiotic follow-up
(coefficient=0.38), with non-significant t-test results
(p=0.123 and p=0.210, respectively). This study revealed
positive trends, with a high percentage of participants
receiving counseling on crucial topics: 69.1 % on side
effects, 75.5 % on administration frequency, and 66.4 %
on reconstitution techniques. Notably, 90.5 % of
caregivers learned about the importance of shaking the
medication, a vital step for proper medication dispersal.

In

DISCUSSION

The proper use of antibiotics is crucial for combating
AMR, a significant global health threat, particularly in
pediatric populations (27). Antibiotic reconstitution
practices, particularly the seemingly simple step of tapping
the bottle to loosen the powder, require greater attention
than previously recognized (28). While a large majority
(63.7 %) followed the recommended "gradual addition"
method, a considerable number of caregivers (36.3 %)
used potentially methods.  Studies by
Kumarasinghe et al. and Parihar et al. found even higher
percentages (46.3 % and 65.0 %, respectively) of
participants who did not shake the reconstituted
suspension before each dose (28,29). Failing to shake the
suspension can lead to uneven distribution of medication,
potentially causing inaccurate dosing and
effectiveness (30). Deviation from the recommended
reconstitution method was observed, with some caregivers
adding all the water at once (15.9 %) or half at a time (20.4
%), raising concerns about accurate dosing. This finding is
consistent with both Al-Ramahi et al. (deviations in adding
water) and Olorukooba et al. (issues with reconstitution

inaccurate

reduced
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techniques) (31,32). Educational initiatives focusing on
reconstitution techniques and suspension shaking are
crucial for caregivers to ensure safe and effective antibiotic
use in children (23).

A concerning trend was identified in the water choices
used for reconstituting antibiotic suspensions. Only a small
percentage (3.5 %) used the recommended boiled and
cooled tap water or distilled water (2.7 %), while the
majority (66.4 %) adopted cold mineral water. This
deviates from recommendations that advocate for distilled
or boiled and cooled tap water (33). The use of water
sources like cold tap water (2.7 %) and hot mineral water
(14.2 %) is particularly worrying. Studies have shown that
unboiled tap water can contain bacteria, and the
composition of mineral water can impact the effectiveness
of some antibiotics (34,35). Our findings align with Aika
et al., who discovered that a majority of caregivers (71.7
%) believe that hot or warm water can be used to
reconstitute antibiotics (26). However, they contrast the
findings of Al-Ramahi et al. who reported that 75.5 % of
mothers were using boiled and cooled tap water in line
with recommendations (31). Olorukooba et al. also
observed that 59.4 % of caregivers use bottled water,
emphasizing the importance of educating individuals on
best practices in different regions (32).

A positive finding is that the majority of caregivers
stored the powder at the recommended temperature of
25°C (70.8 %). However, improper storage locations like
kitchen cabinets (71.7 %) and living rooms (28.3 %) were
concerning. Similar findings regarding improper storage
locations were reported by Alsabra et al. and contrast with
the results of Al-Ramahi et al. (18.0 % in the kitchen and
12.0 % in dining rooms) (31,36). Exposure to heat, light,
or moisture in these locations can degrade the medication
(22,37). Assignificant portion of caregivers underestimated
the shelf life of both the powder and reconstituted
suspension. This aligns with the findings of Hu et al. in the
uneducated group (38). In the study conducted by Al-
Ramabhi et al., 56.5 % of caregivers stored reconstituted

-96 -

Sonji et al.

suspensions in the refrigerator (31). Our study identified
that 43.4 % of caregivers held misconceptions regarding
the shelf life of antibiotic suspensions. This finding aligns
with Olorukooba et al., where over 60 % of caregivers did
not keep reconstituted suspensions in the refrigerator (32).
Reconstituted dry powder suspensions typically remain
stable in the refrigerator for a specified period, usually
seven to ten days (39). Misunderstanding shelf life can
lead to the use of expired medication, potentially reducing
its effectiveness (40).

It is encouraging to note that a high percentage of
caregivers (67.3 %) reported reading medication instructions
and understanding the information provided. This aligns with
the findings of Qu et al., where more than 90 % of parents
believed that reading instructions carefully before using
antibiotics was necessary (41). Both pharmacists and doctors
provided guidance (55.4 % and 44.6 %, respectively), but it is
essential to encourage patients to actively seek and
comprehend information from both leaflets and healthcare
professionals for optimal medication management. These
findings are consistent with Al-Ramabhi et al., where 86.8 %
of mothers reported reading instructions, with pharmacists
and doctors being the primary sources of advice (31). Aika et
al. also found that caregivers were open to education on
antibiotic use, resulting in a significant improvement in
knowledge and practices after an educational session (26).
Similarly, Tadesse et al. reported that 54.3 % of patients were
satisfied with pharmacy services (42). These findings are
contrasted by a study conducted by Machongo et al. at Zomba
Central Hospital in Malawi, who found that caregivers often
have limited knowledge about antibiotic use and resistance
(21). This lack of knowledge leads to inappropriate practices
such as self-medication, using leftover antibiotics, and buying
antibiotics without a prescription. Public awareness,
community-led interventions, and targeted education are
crucial for educating caregivers about medication
management, requiring collaboration between pharmacists
and physicians (43).

The findings indicated a concerning diversity in dosing
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tool selection. Syringes were the most commonly used
tool, followed by medicinal spoons and household
teaspoons. The preference for syringes somewhat aligns
with findings from other studies where syringes were the
most common device used in children aged 1 to 5 years old
(44-46). However, a significant number of caregivers in
our study also reported using alternative methods like
medicinal spoons, household teaspoons, and household
cups. This is inconsistent with recommendations that stress
the use of calibrated syringes for accurate dosing,
particularly for medications like antibiotics where precise
measurement is crucial (47). Educational interventions
should stress the importance of accurate dosing devices,
especially for younger children, and caregivers should use
the provided dosing tool to prevent errors (48).

A positive finding of this study was that 96.5 % of
caregivers practiced good hygiene when using dosing
tools. This aligns with the emphasis on handwashing and
proper cleaning procedures highlighted in medication
safety guidelines set by organizations like the WHO (49).
Similar high rates of hygiene practices were reported in a
study by Wana et al., who found that the majority of
caregivers followed proper handwashing procedures
before administering medication to children (50). This
consistency highlights the potential effectiveness of
educational interventions that emphasize hygiene practices
alongside medication administration techniques (51).

The study identified positive trends in caregiver
satisfaction with pharmacist counseling. Caregivers
reported significantly higher satisfaction scores for both
the time spent discussing medications and the adequacy of
counseling, with high percentages of caregivers receiving
counseling topics  like effects,
administration frequency, and reconstitution techniques.
The effectiveness of pharmacist counseling in promoting
proper medication administration was highlighted. These
results are consistent with findings from similar studies.
For example, a study at Woldia Comprehensive
Specialized Hospital revealed that patients who received

on crucial side
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comprehensive counseling from pharmacists exhibited
significantly higher satisfaction levels (42). Furthermore,
a study by Lock et al. on the effects of pharmacist-led
counseling on  pediatric  antibiotic  suspension
reconstitution among rural parents highlighted that the
adequacy of counseling was a significant predictor of
correct antibiotic use (52). Another study by Hu et al.
demonstrated significant improvements in caregivers'
knowledge of antibiotic use following educational
interventions, particularly emphasizing the effectiveness
of one-on-one education over group sessions (38).

LIMITATIONS

This study provides valuable insights into caregiver
knowledge and practices regarding antibiotic suspensions
in Beirut, Lebanon. However, it is important to
acknowledge some limitations. The participants were
recruited through convenience sampling at pharmacies,
which may have introduced selection bias. Additionally,
the findings are specific to Beirut and may not be
generalizable to other regions with different healthcare
systems, cultural practices, or socioeconomic disparities.
Furthermore, relying solely on self-reported practices
through questionnaires may lead to recall bias. Participants
might not accurately remember specific actions or may
tend to underreport certain behaviors. Finally, the study
did not comprehensively explore certain factors that could
influence caregiver knowledge and practices, such as
access to healthcare professionals or preferred sources of
information on medication use. Despite these limitations,
the study's adequate sample size and focused methodology
enhance its statistical power and value for future research
and intervention development.

CONCLUSION

This study conducted in Beirut, Lebanon, found that
caregivers generally understood medication instructions
and followed prescribed dosages. However, they often
deviated from recommended practices, such as using cold



Caregiver Views and Practices ...

mineral water for reconstitution and not following proper
techniques. Storage practices also did not meet optimal
recommendations. To minimize antibiotic resistance, a
comprehensive approach is recommended, including
educational campaigns, strengthening pharmacist training,
and incorporating visuals into medication leaflets. These
interventions can promote responsible antibiotic use
among caregivers, improving health outcomes and
mitigating the global threat of antibiotic resistance.
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