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Abstract

Immunization is critical for reducing vaccine-preventable disease morbidity and mortality, yet
coverage disparities persist in low-resource settings. This mixed-methods study describes
characteristics of childhood immunization defaulters and explores barriers to vaccine adherence
in Khyber Pakhtunkhwa, Pakistan. We recruited 380 caregivers from three tehsils in District
Kohat of Khyber Pakhtunkhwa from February to July 2023, whose children under 2 years had
not completed the Expanded Program on Immunization (EPI)-recommended schedule. Quan-
titative data from validated questionnaires and immunization cards underwent descriptive and
regression analyses; qualitative interviews explored non-adherence reasons. Most respondents
were fathers (96.05%); 41.84% resided in rural areas. Initial coverage was high for BCG (97.89%)
and OPV0 (100%) but declined for Penta3 (26.05%) and Measles2 (4.21%). Most children
(73.95%) were under 4 months. Rural defaulters were more prevalent than urban (41.84%
vs. 34.47%, p < 0.001), and 89.47% hadmothers with ≤high school education.While 95.26% had
heard of vaccines, only 49.47% knew the EPI starting age. Defaulters with higher knowledge
progressed further through the schedule (AOR: 4.55, p = 0.05). Qualitative themes included poor
healthcare access, cultural norms, religious misconceptions, and migration disruptions. Inter-
ventions addressingmaternal education, rural access, and knowledge gaps are essential to reduce
immunization default.

Key results

• About 73.95% of defaulters are infants under 4 months, indicating failure to retain families
during the most intensive vaccination period when multiple clinic visits are required.

• Despite 95.26% having heard of vaccines, only 49.47% knew when to start EPI, and 39.74%
could name four vaccine-preventable diseases, revealing superficial awareness without
actionable knowledge.

• Rural residence, low maternal education, and limited healthcare access cluster together 88%
of children who defaulted on later vaccines (MR2) were rural residents with poorly educated
mothers living >5 km from facilities.

Introduction

Childhood vaccination is a vital public health measure that significantly reduces the burden of
vaccine-preventable diseases (VPDs) and improves child survival rates [1]. When children
receive all recommended doses on time, the risk of VPDs decreases considerably. However,
many caregivers fail to complete the vaccination schedule, resulting in a large number of children
becoming defaulters, defined as those who do not receive all recommended vaccinations before
their first birthday [2]. In low- and middle-income countries (LMICs), VPDs account for more
than 3million deaths among young children each year [3]. Owing to their low cost and long-term
health benefits, vaccination programmes such as the Expanded Program on Immunization (EPI)
remain a cornerstone of global public health strategies [4].Despite global efforts, vaccination coverage
has declined in recent years. Worldwide, immunization rates among children aged 0–23 months fell
from86% in 2019 to 81% in 2021, the lowest inmore than adecade,with themajority of unvaccinated
children residing in LMICs [5].Alarmingly, 58%of children at risk ofVPDshave not received a single
dose [6].
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In Pakistan, the EPI was launched in 1978 with support from the
World Health Organization (WHO), UNICEF, and other partners.
The programme currently provides children under 12 months with
vaccines against 12 VPDs, including tuberculosis, diphtheria, tet-
anus, pertussis, poliomyelitis, hepatitis B, Haemophilus influenzae
type b, pneumonia, meningitis, typhoid, rubella, measles, and
rotavirus diarrhoea [7]. Despite this, coverage remains suboptimal.
As of 2023, nearly 400,000 children in Pakistan had not received
their first dose of the pentavalent (Penta-1) vaccine [8]. According
to the National Demographic and Health Survey, only 66% of
children aged 12–23 months are fully immunized, highlighting
persistent and significant gaps in national coverage [9].

Although the benefits of immunization are well established,
defaulting remains amajor barrier to achieving optimal vaccination
rates [10]. Incomplete vaccination has been associated with mul-
tiple interrelated factors, including low socioeconomic status [11],
limited parental knowledge and negative attitudes [12], poor acces-
sibility of health services [13], parental employment constraints
[14], cultural and religious beliefs [15], and significant geographical
disparities [16]. Consequently, Pakistan’s vaccination rates con-
tinue to lag behind those ofmanyneighbouring countries [17]. Crit-
ical evidence gaps persist regarding additional barriers, such as
transportation challenges [18], perceptions of vaccine importance
[19], weaknesses in the vaccine supply chain and health infrastruc-
ture [20], and the specific roles of healthcare professionals and
maternal behaviours in vaccination adherence [21]. A better under-
standing of these multifaceted barriers is essential for designing
context-specific interventions and strengthening immunization pro-
grammes in resource-limited settings. However, limited evidence
exists regarding the specific characteristics of vaccine defaulters
and factors associated with their progression through immunization
schedules. Understanding the profile of defaulters, their knowledge
levels, and the contextual barriers they face can inform targeted
intervention strategies. This study, therefore, aims to determine the
sociodemographic and knowledge-related characteristics of child-
hood immunization defaulters between parental knowledge levels
and vaccination coverage patterns and explore barriers and facilita-
tors to vaccine adherence among caregivers of children under 2 years
in rural and urban areas of Khyber Pakhtunkhwa, Pakistan.

Methodology

A mixed-method study was conducted in Kohat District, Khyber
Pakhtunkhwa, Pakistan, from February to July 2023. The study
adopted a sequential explanatory design consisting of two phases.
The quantitative phase (cross-sectional) identified sociodemo-
graphic and knowledge-related determinants of childhood immun-
ization default, while the qualitative phase, using a phenomenological
approach, explored the underlying reasons for non-adherence.
Thismixed-method design allowed for an in-depth understanding of
both measurable and contextual factors influencing immunization
practices.

Ethical considerations

Ethical approval was obtained from the Institutional Review
Board of Khyber Medical University, Peshawar (KMU/IPHSS/
Ethics/2022/SO/0182), and administrative permission was granted
by theDistrict HealthAuthority of Kohat.Written and oral informed
consent were obtained from all participants prior to enrolment.
Participantswere informed about the study’s purpose, confidentiality

of information, voluntary participation, and their right to withdraw
at any stage without penalty.

Study population and setting

The study targeted caregivers of children under 2 years of age who
had not completed the full immunization schedule under Pakistan’s
EPI. An immunization defaulter was defined as a child who had
reached the recommended age for one or more vaccine doses
according to the national EPI schedule but had not received those
age-appropriate doses at the time of the survey, and no additional
grace period beyond the scheduled age was applied in determining
missed doses.

Parental defaulting refers to the caregiver’s failure to ensure the
timely completion of the EPI vaccination schedule for their child.
Caregivers employed in healthcare delivery or residing in the study
area for less than 12 months and children with severe illness were
excluded to reduce bias and ensure comparable exposure to local
health services.

The study was carried out in Kohat District, which comprises
four administrative tehsils: Kohat, Lachi, Gumbat, and Dara Adam
Khel. Three tehsils, Kohat, Lachi, and Gumbat, were randomly
selected. Each selected tehsil was further stratified into urban and
rural zones based on official administrative classifications, consid-
ering the availability of essential services. The district’s healthcare
network includes district and tehsil headquarters hospitals, rural
health centres (RHCs), and basic health units (BHUs), all providing
routine immunization under the EPI framework.

Sampling technique

Amultistage cluster sampling approach was used. In the first stage,
three of the four tehsils were selected randomly. In the second stage,
urban and rural strata within each tehsil were selected randomly. In
the third stage, EPI centres were chosen randomly from these strata
until the target sample size was reached, resulting in 41 EPI centres.
In the qualitative phase, a purposive subsample of caregivers from
the quantitative phase was selected. Only participants who had
consented to follow-up interviews were approached for in-depth
discussions.

Sample size

The sample sizewas calculated using theWHOsample size calculator,
assuming 66% (32) immunization coverage (Pakistan Demographic
and Health Survey 2017–2018), a 5% margin of error, and a 95%
confidence level. The required sample size was 380 caregivers. Add-
itionally, 16 caregivers were included for semi-structured qualitative
interviews. To account for potential non-response and incomplete
data, the recruitment target was inflated. Assuming an expected
response rate of approximately 90% (non-response ≈10%), the num-
ber of caregivers to approach was estimated as 380 ÷ 0.90 ≈ 422. For
operational feasibility, 420 caregivers were approached to ensure at
least 380 completed responses.

Data collection

Demographic details of defaulter children were obtained from
selected EPI centres. Caregivers were then contacted via home
visits. Informed consent was reconfirmed at each visit before data
collection. Quantitative data were collected through face-to-face
structured interviews using a validated questionnaire adapted from
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Cao et al. [22], which was adopted for the local context by pilot
testing. The questionnaire was administered in Pashto and Urdu,
the predominant local languages, by trained interviewers fluent in
both. It covered demographic characteristics of caregivers and
children, healthcare provider details, and immunization records.
Vaccination status was verified using immunization cards, where
available; in their absence, caregiver recall and hospital records were
used. For the qualitative phase, data were collected through semi-
structured interviews using an interview guide designed to capture
barriers to immunization adherence. Interviews were conducted at
participants’ homes or EPI centres, depending on participant pref-
erence. Each interview was audio-recorded, with field notes taken
simultaneously. Two trained interviewers (one male, one female)
with backgrounds in public health conducted the interviews, ensur-
ing cultural sensitivity and minimizing interviewer bias. A pilot
study with 20 participants was conducted prior to data collection to
test the feasibility, clarity, and flow of instruments. Based on
feedback, minormodifications weremade to the wording and order
of questions.

Data analysis

Quantitative phase

We used R (RStudio) for our data analysis. Statistical significance
was set at p ≤ 0.05.

Variables and covariates

Caregiver knowledge regarding immunization was assessed using
seven items covering VPDs, immunization schedules, and potential
side effects. Each correct response was assigned a score of 1, result-
ing in a composite knowledge score ranging from 0 to 7. For the
primary analysis, this score was dichotomized to define the binary
outcome variable Adequate Vaccination Knowledge. A predefined
cutoff of ≥5 correct responses (≥71%) was used to classify partici-
pants as having adequate knowledge (coded as 1) versus inadequate
knowledge (coded as 0). This threshold was selected to reflect a
substantial majority of correct responses, indicating a functional
level of understanding relevant for vaccination decision-making.
Caregiver age was categorized into three equal intervals to ensure
balanced group comparisons. The quantitative analysis focused on
two main outcomes: (1) vaccination coverage, measured as receipt
of age-appropriate vaccine doses (OPV1/ROTA1/PENTA1; OPV2/
ROTA2/PENTA2; OPV3/IPV1/PENTA3; MR1; MR2) among tar-
get children; and (2) caregiver knowledge related to immunization.
Associations between caregiver knowledge and vaccination uptake
were initially examined using chi-square tests. Binary logistic
regression was used to estimate crude associations, followed by
multivariable logistic regression to obtain adjusted estimates, with
caregiver knowledge specified as the dependent variable in the final
model. Covariate selection for the adjusted model followed a pre-
specified, theory-informed approach to minimize data-driven bias.
Covariates were selected a priori based on their established role as
potential confounders in the immunization literature, evidence of
association in bivariate analyses, and adequate cell counts in con-
tingency tables to ensure model stability. The final model reports
adjusted odds ratios (aORs) with 95% confidence intervals for the
main exposures of interest.

Qualitative phase

A qualitative phase was conducted to complement the quantitative
findings. A total of 16 semi-structured interviews were carried out in
the local language (Pashto) at participants’ homes. The interviews

were facilitated by a trained public health professional from the same
district who had received additional training in qualitative interview-
ing techniques specific to this study. Interviews were conducted until
thematic saturation was reached, defined as the point at which no
new codes or insights emerged from the data. The process was
iterative: after every few interviews, transcripts and field notes were
reviewed and discussed by the research team to identify emerging
patterns and assess whether additional interviews were likely to yield
new information. Saturation was determined when two consecutive
interviews produced no novel codes or themes. A senior qualitative
researcher oversaw this process through continuous review of tran-
scripts and memos to ensure analytical depth and completeness.

All interviews were audio-recorded with participant consent,
transcribed verbatim in Pashto, and translated into English where
required. The data were analysed using Braun and Clarke’s six-step
thematic analysis framework: familiarization, coding, searching for
themes, reviewing themes, defining themes, and writing up. Two
researchers independently coded transcripts to enhance reliability,
and discrepancies were resolved through discussion. Codes were
grouped into categories and synthesized into broader themes,
which were validated against the raw data to ensure accuracy.
NVivo 12 software was used to manage and organize the analysis.
To enhance rigor, intercoder agreement was checked on a subset of
transcripts, and direct participant quotations were used to illustrate
key themes.

Results

Quantitative part

A total of 380 caregivers of children under 2 years of age partici-
pated in the study. The majority resided in Tehsil Kohat (59.21%),
followed by Tehsil Lachi (21.05%) and Tehsil Gumbat (19.74%).
Fathers comprised 96.05% of respondents, while mothers and
grandparents made up only 1.58% and 2.37%, respectively. Male
children represented 60.53% of the sample, and most children
(68.69%) were aged 3–4 months. Fathers had higher levels of
education, with 43.95% have a college degree or higher, compared
to only 10.53% of mothers.

Rural residency was more prevalent (41.84%) compared to
urban (34.47%) and urban–rural fringe areas (23.68%). Immuniza-
tion coverage for BCG and OPV0 was high, at 97.89% and 100%,
respectively, but declined for subsequent vaccines, Penta1 at 95%,
falling to 26.05% for Penta3. Measles vaccination coverage was
particularly low, with Measles1 at 21.84% and Measles 2 at
4.21%. Overall, 73.68% of children defaulted on multiple vaccines,
particularly those under 4 months old (73.95%). Accessibility was a
major issue, with 60.79% living more than 5 km from a healthcare
facility and 62.37% reporting travel times of over 20 min. Children
of illiterate mothers were 2.4 times more likely to default on
vaccinations. While general awareness of vaccination was high
(95.26%), only 49.47% of respondents knew the correct starting
age for EPI services, and just 39.74% could identify four VPDs.
Health workers were the primary source of immunization infor-
mation (59.74%), followed by television (17.11%). Most respond-
ents (97.89%) possessed immunization cards, indicating strong
documentation practices. (Supplementary Table S1).

The heatmap Plot (Figure 1) visualizes vaccination status across
different vaccine types and stages, categorized as ‘Received’, ‘Not
Received’, and ‘Not Eligible’, with percentages represented by
colour intensity. The darker shades of blue indicate higher percent-
ages, reflecting better vaccination coverage. Notably, vaccines such
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as BCG and OPV-0 have the highest coverage, as evidenced by the
dominance of deep blue in the ‘Received’ category. Conversely,
vaccines like Measles 2 and Rotavirus 2 show relatively lower
coverage, with lighter blue shades in the ‘Received’ category and
more representation in the ‘Not Received’ category. The ‘Not
Eligible’ category, seen for some vaccines, likely represents infants
who had not yet reached the age for those vaccine doses at the time
of data collection. This is particularly evident for vaccines requiring
multiple doses or those scheduled for later stages, such as Measles
2 and Rotavirus 2.

Our study demonstrates significant associations between socio-
economic and geographic factors and immunization defaulting across
key vaccine types (Supplementary Table S2). Maternal education was
significantly associated with vaccine uptake (p = 0.014). Among
children defaulting on MR2, 69% (11/16) had mothers with only
primary education, while just 6.3% (1/16) had secondary education,
and none had college-level education. Paternal education also showed
a strong relationship (p= 0.001).AmongMR2defaulters, 69% (11/16)
had fathers with only secondary education, while only 19% (3/16) had
college and above education. Just 13% (2/16) had a high school
education, and nonewere illiterate. Residency significantly influenced
immunization status (p < 0.001). Among MR2 defaulters, 88%
(14/16) belonged to rural areas, whereas only 6.3% (1/16) each were
from urban and fringe urban-rural settings. Distance from healthcare

facilities was nearly significant (p = 0.052). Among MR2 defaulters,
38% (6/16) lived more than 10 km away from a health facility, 63%
(10/16) lived 5–10kmaway,while none livedwithin 5 km.Availability
of immunization cards was also a significant factor (p < 0.001).
Among MR2 defaulters, only 6.3% (1/16) lacked an immunization
card, whereas 94% (15/16) had one. Geographic terrain was signifi-
cantly associated with immunization status (p = 0.019). AmongMR2
defaulters, 69% (11/16) were from plain areas, 19% (3/16) from hilly
regions, and 13% (2/16) from mountainous areas.

Antigen-specific coverage revealed variation in default rates
across different vaccines. The highest completion rates were
observed for BCG at 89.1%, followed by DPT (3 doses) at 74.5%,
Polio (3 doses) at 72.3%, and Hepatitis B (3 doses) at 71.2%. In
contrast, the measles vaccine (first dose) showed the lowest cover-
age at 67.4%, indicating a notable drop-off in immunization adher-
ence as the schedule progresses.

Table 1 highlights the relationship between caregivers’ knowledge
about (low vs. high) vaccination coverage across various character-
istics of children, caregivers, and healthcare providers. Among child
characteristics, children aged over 12 months were more likely to
have caregivers with high knowledge (75%, p = 0.025), while gender
showed no significant association (p = 0.43). Regarding caregiver
characteristics, rural caregivers were more likely to have high know-
ledge (44%, p = 0.026), and fathers with college-level education or

Figure 1. Heatmap’s gradient coverage across different vaccine types and stages. BCG: bacillus Calmette–Guérin vaccine; Measles1 / Measles2: measles-rubella vaccine first and

second doses; OPV0 / OPV1 / OPV2: oral polio vaccine at birth, 6 weeks, and 10 weeks respectively; Polio1: inactivated polio vaccine (IPV); PENTA1 / PENTA2 / PENTA3: pentavalent

vaccine (DTP-HepB-Hib) at 6, 10, and 14 weeks; ROTA1 / ROTA2: rotavirus vaccine first and second doses.
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higher were significantly associated with high knowledge (53%,
p = 0.005). Healthcare provider factors, such as distance to facilities
(p = 0.014) and travel time (p = 0.020), were also significant. Longer

Table 1. Characteristics of respondents by level of vaccination knowledge (low

vs. high)

Characteristic

Low knowledge

N = 1831

High

knowledge

N = 1971 p-value2

Children characteristics

Age in months

Less than 4 months 146 / 281 (52%) 135 / 281 (48%) 0.025

4–8 months 0 / 0 (NA%) 0 / 0 (NA%)

8.1–12 months 33 / 83 (40%) 50 / 83 (60%)

More than

12 months

4 / 16 (25%) 12 / 16 (75%)

Gender 0.43

Male 115 / 230 (50%) 115 / 230 (50%)

Female 68 / 150 (45%) 82 / 150 (55%)

Respondent characteristics

Terrain

Mountain 2 / 8 (25%) 6 / 8 (75%) 0.27

Hill 9 / 23 (39%) 14 / 23 (61%)

Plain 172 / 349 (49%) 177 / 349 (51%)

Residency 0.026

Urban 75 / 183 (41%) 56 / 197 (28%)

Urban Rural fringe

area

36 / 183 (20%) 54 / 197 (27%)

Rural 72 / 183 (39%) 87 / 197 (44%)

Maternal education 0.071

Illiterate 7 / 13 (54%) 6 / 13 (46%)

Primary 36 / 98 (37%) 62 / 98 (63%)

secondary 26 / 48 (54%) 22 / 48 (46%)

High School 97 / 181 (54%) 84 / 181 (46%)

College & Above 17 / 40 (43%) 23 / 40 (58%)

Paternal education 0.005

Illiterate 3 / 3 (100%) 0 / 3 (0%)

Primary 8 / 9 (89%) 1 / 9 (11%)

secondary 34 / 91 (37%) 57 / 91 (63%)

High school 59 / 110 (54%) 51 / 110 (46%)

College & above 79 / 167 (47%) 88 / 167 (53%)

Use of mobile >0.99

No 7 / 15 (47%) 8 / 15 (53%)

Yes 176 / 365 (48%) 189 / 365 (52%)

Children characteristics

Ethnicity 0.97

Muslim 182 / 379 (48%) 197 / 379 (52%)

Non-Muslim 1 / 1 (100%) 0 / 1 (0%)

Birth place 0.70

Hospital 109 / 218 (50%) 109 / 218 (50%)

(Continued)

Table 1. (Continued)

Characteristic

Low knowledge

N = 1831

High

knowledge

N = 1971 p-value2

Health centre 70 / 153 (46%) 83 / 153 (54%)

Home 4 / 9 (44%) 5 / 9 (56%)

Resident status 0.91

Permanent resident 172 / 359 (48%) 187 / 359 (52%)

Migrant from

another city

3 / 6 (50%) 3 / 6 (50%)

Migrant from

another province

8 / 15 (53%) 7 / 15 (47%)

Healthcare provider characteristics

Immunization

provider

0.31

DHQ 92 / 175 (53%) 83 / 175 (47%)

BHU/RHC 52 / 121 (43%) 69 / 121 (57%)

Civil dispensary 33 / 74 (45%) 41 / 74 (55%)

Administration of

vaccines at home

6 / 10 (60%) 4 / 10 (40%)

Distance from home 0.014

<5 km 48 / 79 (61%) 31 / 79 (39%)

>5 km–10 km 109 / 231 (47%) 122 / 231 (53%)

>10 km 26 / 70 (37%) 44 / 70 (63%)

Traveling time 0.020

<20 min 47 / 76 (62%) 29 / 76 (38%)

20–40 min 109 / 237 (46%) 128 / 237 (54%)

>40 min 27 / 67 (40%) 40 / 67 (60%)

Availability of

immunization

book

>0.99

No 4 / 8 (50%) 4 / 8 (50%)

Yes 179 / 372 (48%) 193 / 372 (52%)

Defaulter for group of

vaccine types

0.044

OPV1, ROTA1 &

PENTA1

14 / 20 (70%) 6 / 20 (30%)

OPV2, ROTA2,

PENTA 2

64 / 126 (51%) 62 / 126 (49%)

OPV3, IPV 1 &

Penta3

67 / 134 (50%) 67 / 134 (50%)

MR1 34 / 84 (40%) 50 / 84 (60%)

MR2 4 / 16 (25%) 12 / 16 (75%)

1n / N (%).
2Pearson’s Chi-squared test/Fisher’s exact test: BHU: basic health unit; DHQ: district headquarter

hospital; EPI = Expanded Programme on Immunization; IPV: Inactivated Polio Vaccine; MR:

measles-rubella vaccine; OPV: oral polio vaccine; PENTA: pentavalent vaccine (DTP-HepB-Hib);

RHC: rural health centre; ROTA: rotavirus vaccine; VPD: vaccine-preventable disease.
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distances and travel times were linked to caregivers with high know-
ledge. Additionally, children in the low-knowledge group were more
likely to default on early-stage vaccines likeOPV1, Rota1, and Penta1
(70%, p= 0.044), whereas adherence to later-stage vaccineswas better
in the high-knowledge group (75%).

Univariate and multivariate logistic regression analyses were
conducted (Table 2) to evaluate factors associated with respond-
ents’ knowledge about vaccination. Maternal education did not
show a statistically significant association with knowledge in either
univariate or multivariate analysis. For instance, respondents with
college-level education and above had an odds ratio (OR) of 1.85
(95% CI: 0.49, 7.20; p = 0.4) in the multivariate model compared to
those who were illiterate. Resident status of the child also did not
significantly influence knowledge, with migrants from another city
showing an OR of 1.41 (95% CI: 0.24, 8.72; p = 0.7) and migrants
from another province an OR of 0.83 (95% CI: 0.27, 2.46; p = 0.7)
compared to permanent residents in the multivariate model. Travel
time to healthcare facilities, however, demonstrated a stronger
relationship with vaccination knowledge. Respondents traveling
more than 40 min to a healthcare facility were more likely to have
knowledge about vaccination, with an OR of 1.97 (95% CI: 0.96,
4.08; p = 0.06) compared to those traveling less than 20 min,
although this did not reach statistical significance in the multivariate
model. Importantly, respondents who had heard about vaccination

were nearly three times as likely to have vaccination knowledge (OR:
2.84; 95% CI: 0.98, 9.48; p = 0.06) compared to those who had not,
with a borderline significant p-value. Finally, defaulter status for
specific antigen groups showed varying levels of association.
Respondents whose children defaulted on MR2 were significantly
more likely to have vaccination knowledge, with an OR of 4.55 (95%
CI: 1.04, 23.5; p = 0.05) in the multivariate model.

Qualitative part

Following the quantitative survey, a qualitative component was
undertaken to explore the underlying reasons and contextual
narratives behind immunization behaviours. We conducted
semi-structured interviews with 16 caregivers. Table 3 summar-
izes the demographic profile of these participants, illustrating a
mix of genders, ages, residential backgrounds (urban/rural), and
familial roles. Thematic analysis of these interviews yielded rich
insights, with four major themes emerging:

Accessibility challenges

In summarizing the qualitative data, a prominent theme emerged
regarding challenges associated with accessing vaccination centres.
Communities residing in remote areas faced difficulties reaching
the centres at the scheduled vaccination times for their children.

Table 2. Determinants of adequate vaccination knowledge using unadjusted and adjusted odds ratios from logistic regression models

Characteristic

Univariate Multivariate

OR1 95% CI1 p- value AOR1 95% CI1 p-value

Maternal education

Illiterate – – – –

Primary 2.01 0.62, 6.69 0.2 1.99 0.58, 6.95 0.3

secondary 0.99 0.29, 3.48 >0.9 1.09 0.30, 4.10 0.9

High school 1.01 0.32, 3.25 >0.9 1.28 0.38, 4.45 0.7

College & above 1.58 0.45, 5.74 0.5 1.85 0.49, 7.20 0.4

Resident status child characteristics

Permanent resident – – – –

Migrant from another city 0.92 0.17, 5.03 >0.9 1.41 0.24, 8.72 0.7

Migrant from another province 0.80 0.28, 2.29 0.7 0.83 0.27, 2.46 0.7

Traveling time to healthcare provider

<20 min – – – –

20–40 min 1.90 1.13, 3.26 0.017 1.67 0.97, 2.90 0.06

>40 min 2.40 1.23, 4.75 0.011 1.97 0.96, 4.08 0.06

Have you ever heard about vaccination

No – – – –

Yes 2.94 1.08, 9.31 0.045 2.84 0.98, 9.48 0.06

Defaulter for group of types

OPV1, ROTA1 & PENTA1 – – – –

OPV2, ROTA2, PENTA 2 2.26 0.85, 6.73 0.12 1.96 0.70, 6.04 0.20

OPV3, IPV 1 & Penta3 2.33 0.88, 6.92 0.10 1.88 0.66, 5.86 0.20

MR1 3.43 1.25, 10.5 0.02 2.79 0.95, 8.96 0.06

MR2 7.00 1.70, 34.4 0.01 4.55 1.04, 23.5 0.05

1CI: confidence interval; IPV: inactivated polio vaccine; MR:measles-rubella vaccine; OPV: oral polio vaccine; OR: odds ratio; PENTA: pentavalent vaccine (DTP-HepB-Hib); ROTA: rotavirus vaccine.
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Participants cited various obstacles related to accessibility, includ-
ing long distances between their homes and the centres, insufficient
transportation options, and difficult geographical terrain.

Going to the vaccination centre along with a small kid is like a
long journey for us. It is not only the distance but also the availability
of the transport facility. (PR – 4, F,46).

These factors had an inverse impact on vaccination coverage,
resulting in an increased dropout rate and a higher number of
children becoming defaulters.

Effects of culture on a child’s vaccination

During the in-depth interviews, participants shared their perspectives
on how cultural norms impact vaccination coverage. Cultural norms
affect both acceptance and refusal of vaccination. Many participants
elaborated on how our cultural norms hinder the process of taking
healthy children for vaccination.

Our tradition tells us to treat children after illness, but why should
I take them to health facilities? Allowing them to receive a vaccine
injection without any illness could harm their health. Hence, I would
never risk making my child sick by vaccinating them without any
disease. (PR – 9, M, 35).

Impact of religious beliefs

Religious considerations emerged as a major theme during the
in-depth interviews.

Participants discussed how religious factors affect the completion
of the recommended vaccination schedule for children. Religious
beliefs significantly influence individuals’ perceptions, attitudes, and
behaviours towards adhering to the vaccination schedule.

Decisions about completing a child’s vaccinations are often
guided by religious leaders.

While in some cases, religious leaders played a positive role in
encouraging vaccination, in most instances, their influence was
negative. Participants mentioned that fatwas (religious decrees)
were issued against vaccination, stating that vaccinating a child or
adult is contrary to religious teachings.

If our religious leader supports the vaccination programme, I will
definitely complete my child’s vaccination schedule without any
hesitation. However, since he does not approve of children’s vaccin-
ations, I will not vaccinate my children anymore. (PR –12, M, 59).

Furthermore, some religious rituals conflicted with the vaccin-
ation schedule, leading to dropouts from the recommended vac-
cination schedule.

Migration-related challenges

One of the themes that emerged during the in-depth interviews was
the challenges related to migration. Families relocating from con-
flict areas face numerous obstacles in getting their children vaccin-
ated. Participants explained that being constantly on the move
makes it extremely difficult to manage children’s vaccinations.
Some participants mentioned losing the vaccination card during
their relocation, which led to the discontinuation of their child’s
vaccination schedule.

We recently moved to this area, and the transition was challen-
ging for us. Everything here is unfamiliar, and we don’t know where
to go to vaccinate our child. Additionally, it’s uncertain whether the
vaccinator will agree to vaccinate our child since we are new to this
area. (PR –16, F, 55).

Discussion

The objective of this study was to assess vaccination defaults among
children under 2 years in Kohat District, Pakistan, and to explore
sociodemographic and healthcare-related factors associated with
incomplete immunization.

The quantitative finding in our study revealed that children
younger than 4 months were significantly more likely to default
on early vaccines such as OPV1, ROTA1, and PENTA1, consistent
with national and regional evidence [23–24]. This highlights the
extreme vulnerability of infants in their first months of life and
emphasizes the need for targeted interventions during this critical
window. From qualitative insights, the predominance of fathers

Table 3. Demographic characteristics of the interview participants for qualitative data

S.No. Identification code Gender Age in years Relation with defaulter child Urban / Rural

1 PR – 1 Male 37 Father Urban

2 PR – 2 Male 53 Father Urban

3 PR – 3 Male 65 Grand father Rural

4 PR – 4 Female 46 Mother Urban

5 PR – 5 Male 41 Father Urban

6 PR – 6 Male 32 Father Urban

7 PR – 7 Male 65 Grand father Rural

8 PR – 8 Female 37 Mother Urban

9 PR – 9 Male 35 Father Urban

10 PR – 10 Female 21 Mother Urban

11 PR – 11 Male 30 Father Urban

12 PR – 12 Male 59 Grand father Urban

13 PR – 13 Male 31 Father Urban

14 PR – 14 Male 70 Grand father Rural

15 PR – 15 Male 35 Father Urban

16 PR – 16 Female 55 Mother Rural
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(96.05%) among respondents reflects cultural norms in Khyber
Pakhtunkhwa, where men commonly act as healthcare decision-
makers. This respondent profile showed a potential bias, asmothers
who are more directly involved in child health may provide distinct
perspectives on barriers to immunization.

This study emphasizes the importance of age, showing that
children younger than 4 months old are more likely to miss
necessary immunizations such as OPV1, ROTA1, and PENTA1.
According to earlier research, many Pakistani toddlers between the
ages of 12 and 24 months do not adhere to recommended immun-
ization schedules [25]. The most recent and comprehensive study
on routine immunization, the ‘Third Party Verification Immun-
ization Survey (TPVICS)’, conducted in Pakistan, also revealed that
5.9% of children under the age of two had never received any
vaccinations, and more than one in six had only received partial
vaccinations [26]. This highlights how vulnerable newborns are to
missing out on vital immunizations during their first 4 months of
life. One possible explanation for this significant correlation could
be the difficulties & significant obstacles that caregivers had to
overcome at this crucial time. Newborns frequently need more
frequent doctor visits and vaccination appointments, which adds
to the load for parents or guardians and may cause noncompliance.
The observed tendency may also be explained by logistical prob-
lems, a lack of knowledge, or parental worries about the safety of
immunizations for extremely young newborns [27].

It is important to notice both consistencies and divergences
between our findings and those found in the literature on vaccine
defaulter rates among home-born and institutionally born babies.
According to a study conducted in India by Schön M et al., women
who received more postnatal care had a higher percentage of
vaccine compliance, but infants born in public or private settings
were not more likely than those born at home to have received all
recommended vaccinations [28]. On the other hand, our results are
consistent with a study byMekuria DK et al. that foundmothers who
gave birth at home are linked to their children’s failure to comply
with immunization schedules [29]. This suggests that those who are
born at home could encounter difficulties or obstacles when trying to
follow the suggested immunization schedule. Those born at home, as
opposed to those born in medical facilities, may have trouble getting
timely and well-organized immunization services. A disorganized
healthcare environment may be a factor in mistakes made regarding
vaccination records, scheduling, or awareness.

The bulk of the non-adherent youngsters aremigrants fromother
cities, which further demonstrates the statistically substantial impact
of resident status and migration on compliance, according to our
results. This result is consistent with other studies that have shown
how susceptible immigrant groups are to vaccination defaults
[30]. Due to issues like restricted access to healthcare services,
unfamiliarity with the local healthcare system, and possible disrup-
tions in routine healthcare practices during the migration process,
studies in similar contexts have frequently reported higher default
rates among migrant populations [31]. Our findings support these
general patterns, but given the subtle variations in default rates, they
also highlight the necessity of context-specific treatments.

According to Bugavi et al., one factor influencing Pakistani chil-
dren’s inadequate immunization is the father’s kind ofwork [32].We
also discovered a similar pattern, wherein father unemployment and
working abroad were linked to increased rates of vaccine default.
Research conducted in a variety of contexts has regularly connected
parental occupation to vaccine default, typically identifying time
constraints, work-related restrictions, and financial issues as relevant
variables [33]. Our findings support the existing relationships but

also highlight the necessity for customized interventions given the
particular situations involving fathers without jobs and those who
work abroad. Possible reasons for the higher default rates among
unemployed fathers may include family life disruptions, socioeco-
nomic difficulties, or other stressors affecting healthcare priorities.
On the other hand, the observed tendency may be attributed to
various factors, including geographic separation, restricted access
to healthcare information, and logistical challenges in arranging
vaccination regimens across borders.

The significant correlation between vaccine default rates andnon-
mobile phone usage is consistent with previous research, which
frequently emphasizes the importance of communication channels
in healthcare adherence [34]. Research has indicated that those
without access to a cell phone could find it difficult to get appoint-
ment notices, reminders, and educational messages in a timely
manner, which increases the risk that they would miss vaccination
appointments. Our findings highlight the significance of investigat-
ing alternative communication tactics to close the communication
gap for those without mobile phones, such as community outreach
initiatives or the use of other accessible technology.

Our findings of characteristics connected to healthcare pro-
viders are consistent with larger conversations about the influence
of proximity on healthcare utilization in the literature [35]. As has
been seen in a number of healthcare settings, vaccine adherence
may be positively impacted by the ease of getting medical services
within a 5-km radius. This result raises the possibility that initia-
tives aimed at placing mobile units or immunization clinics in close
proximity to communities could be a useful tactic for lowering
default rates.

Our study has a few limitations that need to be considered. First,
because of budgetary limitations, we only admitted kids from one
Pakistani district. Including kids from other regions might have
improved our findings and allowed us to draw broader generaliza-
tions. Secondly, we were unable to verify whether the children who
were not eligible for immunizations because of their age had
received those specific vaccines.

Furthermore, it can be challenging to establish causal relation-
ships in these kinds of studies between vaccine defaulters and
independent variables. However, the results are helpful in directing
future studies and efforts to raise immunization rates in the area.

This study has several limitations that should be considered
when interpreting the findings. First, the cross-sectional design
precludes establishing causal relationships between the identified
determinants and immunization outcomes; longitudinal studies are
needed to confirm temporal associations and assess intervention
impacts. Second, while providing detailed insights into immuniza-
tion barriers in Kohat District, the findings may not be fully
generalizable to other regions of Pakistan due to variations in
healthcare infrastructure, cultural practices, and vaccine confi-
dence. Future multi-district or nationally representative studies
are recommended to enhance external validity. Third, vaccination
status was primarily based on caregiver report, which is susceptible
to recall bias. However, this concern is substantially mitigated by
the fact that 97.89% of participants provided verified immunization
cards for record confirmation. Finally, as noted in themethodology,
the precision of estimates for certain subgroups (e.g., specific
maternal education categories) is limited due to small sample sizes
within those strata, as reflected in the wide confidence intervals in
our regression analyses. This affects the stability of point estimates
for these particular variables but does not invalidate the primary
findings related to core exposures like travel time and vaccine
awareness. Our study had a high proportion of father respondents
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(96.05%), which may reflect cultural norms in Khyber Pakh-
tunkhwa where male family members often serve as primary
decision-makers for healthcare. This could introduce bias, as
mothers typically more involved in child healthcare may have
differing perspectives on immunization barriers. More studies
should actively engage mothers to capture a more comprehensive
understanding of vaccination decision-making dynamics. Although
the questionnaire was adapted from previously validated instru-
ments and pretested in a pilot study to ensure clarity, flow, and
cultural appropriateness, a full psychometric validation was not
undertaken due to time and resource constraints. Future research
could strengthen the tool’s reliability and construct validity
through formal validation procedures in similar populations.

The qualitative findings complemented the quantitative results
by providing contextual explanations for observed statistical pat-
terns. For instance, while quantitative analysis identified child age,
father occupation, and migration status as predictors of immun-
ization default, the qualitative interviews revealed that limited
maternal involvement, logistical challenges, and cultural percep-
tions of vaccine safety contributed to these patterns. Together, these
findings highlight how structural and sociocultural factors jointly
shape immunization behaviour.

Conclusion

The findings indicate that vaccination default is influenced by a
combination of socioeconomic, geographic, and knowledge-related
factors. Parental education, particularly maternal education, was
associated with improved immunization adherence, while children
living in rural and peri-urban areas were more likely to experience
vaccination default due to logistical barriers such as longer travel
distances and extended travel time to healthcare facilities.

Caregiver knowledge also played an important role in vaccination
behaviour. Although general awareness about vaccination was high,
gaps persisted in understanding the immunization schedule and
VPDs. The qualitative findings further highlighted contextual bar-
riers such as accessibility challenges, migration, and sociocultural
perceptions that influence adherence to the vaccination schedule.
Together, these results suggest that both structural and knowledge-
related determinants shape childhood immunization uptake.

Recommendations

Efforts to improve immunization rates should focus on enhancing
maternal education, addressing geographic accessibility in under-
served areas, and promoting targeted community outreach to
bridge knowledge gaps. These interventions have the potential to
reduce default rates and improve vaccination coverage across vul-
nerable populations.

Supplementary material. The supplementary material for this article can be

found at http://doi.org/10.1017/S0950268826101277.

Data availability statement. All the data generated and analysed in this

study are included in this article.

Acknowledgements. During the preparation of this work, the authors used

ChatGPT to improve language, grammar, and readability. After using this tool/

service, the authors reviewed and edited the content as needed and took full

responsibility for the content of the publication.

Authors contribution. J.A.: Conceptualization, data collection, and manu-

script drafting, K.U.: Methodology, data validation, and qualitative analysis, S.

A.: Supervision, manuscript review, and study design, F.A.K.: Statistical analysis,

manuscript drafting, and data interpretation, M.H.: Data curation and field

supervision, A.K.: Project administration, policy relevance, and manuscript

review, Z.H.: Overall supervision, critical revision, and final approval of the

manuscript.

Funding statement. This work was not supported by any funding agency.

Competing interests. No financial or non-financial competing interests.

Ethical approval & consent for participation. Ethical approval was given by

the Ethical Committee, Khyber Medical University, Peshawar, Pakistan. The

participants also gave written informed consent for participation in the study

and data sharing. All the procedures were performed according to the relevant

guidelines and regulations – Declaration of Helsinki.

References

[1] Bustreo F, Okwo-Bele J-M and Kamara L (2015) World Health Organ-

ization perspectives on the contribution of the global Alliance for vaccines

and immunization on reducing child mortality. Archives of Disease in

Childhood. 100(Suppl 1), S34–S37. https://doi.org/10.1136/archdischild-

2013-305693.

[2] Ewang BF, et al. (2020) Vaccination coverage under the expanded pro-

gram on immunization in southWest Cameroon. International Journal of

MCH and AIDS. 9, 242–251. https://doi.org/10.21106/ijma.308.

[3] Baron RC, et al. (2021) Factors influencing childhood immunisation

uptake in Africa: A systematic review. BMC Public Health 21, 1475.

https://doi.org/10.1186/s12889-021-11466-5.

[4] Bekele G, et al. (2024) Determinants of immunization defaulters among

children aged 12–23months in ambo town,Oromia, Ethiopia:A case–control

study. Human Vaccines & Immunotherapeutics. 20, 2338952. https://doi.

org/10.1080/21645515.2024.2338952.

[5] Ullah K, et al. (2022) Effects of the COVID-19 pandemic on the uptake of

routine immunization vaccines in Swat District in Pakistan. Avicenna.

2022(2), 11. https://doi.org/10.5339/avi.2022.11.

[6] Mansuri G andRaoV (2004) Community-based and -driven development:

A critical review. The World Bank Research Observer. 19(1), 1–39. https://

doi.org/10.1093/wbro/lkh012.

[7] Siddiqi N, et al. (2007) Assessment of EPI (expanded program of immun-

ization) vaccine coverage in a Peri-urban area. Journal of the Pakistan

Medical Association. 57, 391–395.

[8] UNICEF Pakistan 2023 WUENIC Pakistan 2023 Report. https://www.u

nicef.org/pakistan/media/6001/file/WUENIC%20Pakistan%202023.pdf.

pdf (accessed 26 February 2024).

[9] National Institute of Population Studies (NIPS) [Pakistan] and ICF

2019PakistanDemographic andHealth Survey 2017–18. Islamabad andRock-

ville: NIPS and ICF. https://dhsprogram.com/pubs/pdf/FR354/FR354.pdf.

[10] Benn CS, et al. (2020) Vaccinology: Time to change the paradigm? The

Lancet Infectious Diseases 20, e274–e283. https://doi.org/10.1016/S1473-

3099(19)30742-X.

[11] Gargano LM, et al. (2013) Impact of a physician recommendation and

parental immunization attitudes on receipt or intention to receive adoles-

cent vaccines. Human Vaccines & Immunotherapeutics. 9, 2627–2633.

https://doi.org/10.4161/hv.25823.

[12] Gowda C, et al. (2012) Understanding attitudes toward adolescent vac-

cination and the decision-making dynamic among adolescents, parents

and providers. BMC Public Health 12, 509. https://doi.org/10.1186/1471-

2458-12-509.

[13] Roper L, et al. (2021) Overview of the United States’ immunization

program. The Journal of Infectious Diseases. 224, S443–S451. https://doi.

org/10.1093/infdis/jiab310.

[14] Alshammari TM, et al. (2018) Parental perceptions, attitudes and accept-

ance of childhood immunization in Saudi Arabia: A cross sectional study.

Vaccine 36(1), 23–28. https://doi.org/10.1016/j.vaccine.2017.11.050.

[15] Kissi J, et al. (2022) Effects of coronavirus pandemic on expanded pro-

gram on immunization in Weija Gbawe municipality (Accra-Ghana).

Human Vaccines & Immunotherapeutics. 18, 2129830. https://doi.org/

10.1080/21645515.2022.2129830.

Epidemiology and Infection 9

https://doi.org/10.1017/S0950268826101277
Downloaded from https://www.cambridge.org/core. IP address: 185.78.9.185, on 08 Apr 2026 at 11:08:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

http://doi.org/10.1017/S0950268826101277
https://doi.org/10.1136/archdischild-2013-305693
https://doi.org/10.1136/archdischild-2013-305693
https://doi.org/10.21106/ijma.308
https://doi.org/10.1186/s12889-021-11466-5
https://doi.org/10.1080/21645515.2024.2338952
https://doi.org/10.1080/21645515.2024.2338952
https://doi.org/10.5339/avi.2022.11
https://doi.org/10.1093/wbro/lkh012
https://doi.org/10.1093/wbro/lkh012
https://www.unicef.org/pakistan/media/6001/file/WUENIC%20Pakistan%202023.pdf.pdf
https://www.unicef.org/pakistan/media/6001/file/WUENIC%20Pakistan%202023.pdf.pdf
https://www.unicef.org/pakistan/media/6001/file/WUENIC%20Pakistan%202023.pdf.pdf
https://dhsprogram.com/pubs/pdf/FR354/FR354.pdf
https://doi.org/10.1016/S1473-3099(19)30742-X
https://doi.org/10.1016/S1473-3099(19)30742-X
https://doi.org/10.4161/hv.25823
https://doi.org/10.1186/1471-2458-12-509
https://doi.org/10.1186/1471-2458-12-509
https://doi.org/10.1093/infdis/jiab310
https://doi.org/10.1093/infdis/jiab310
https://doi.org/10.1016/j.vaccine.2017.11.050
https://doi.org/10.1080/21645515.2022.2129830
https://doi.org/10.1080/21645515.2022.2129830
https://doi.org/10.1017/S0950268826101277
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


[16] Brown KF, et al. (2010) Factors underlying parental decisions about

combination childhood vaccinations including MMR: A systematic review.

Vaccine 28, 4235–4248. https://doi.org/10.1016/j.vaccine.2010.04.052.

[17] Shaikh BT, et al. (2018) Health system barriers and levers in implemen-

tation of the expanded program on immunization (EPI) in Pakistan: An

evidence informed situation analysis. Public Health Reviews. 39, 24. https://

doi.org/10.1186/s40985-018-0103-x.

[18] Harmsen IA, et al. (2013) Why parents refuse childhood vaccination:

A qualitative study using online focus groups.BMCPublic Health 13, 1183.

https://doi.org/10.1186/1471-2458-13-1183.

[19] Kara SS, et al. (2018) Parental vaccine knowledge and behaviours: A

survey of Turkish families. Eastern Mediterranean Health Journal. 24,

451–458. https://doi.org/10.26719/2018.24.5.451.

[20] Larson HJ, et al. (2016) The state of vaccine confidence 2016: Global

insights through a 67-country survey. eBioMedicine 12, 295–301. https://

doi.org/10.1016/j.ebiom.2016.08.042.

[21] Kirtland KA, et al. (2022) Estimating vaccination coverage for routinely

recommended vaccines among children aged 24 months and adolescents

aged 13 through 17 years using data from immunization information

Systems in the United States. Vaccine 40, 7559–7570. https://doi.org/

10.1016/j.vaccine.2022.10.070.

[22] Cao L, et al. (2018) Factors influencing the routine immunization status of

children aged 2-3 years in China. PLoS One 13(10), e0206566. https://doi.

org/10.1371/journal.pone.0206566.

[23] Kamal A, et al. (2023) Contextual factors influencing incomplete immun-

ization and investigation of its geospatial heterogeneity in Pakistan: A

cross-sectional study based on PDHS (2017-18). BMC Public Health 1620,

23. https://doi.org/10.1186/s12889-023-16508-8.

[24] Kols A, et al. (2018) Provincial differences in levels, trends, and determin-

ants of childhood immunization in Pakistan. Eastern Mediterranean

Health Journal. 24, 333–344. https://doi.org/10.26719/2018.24.4.333.

[25] JoachimGE, et al. (2024) Trends in childhood vaccination in Pakistan and

associated factors; 2006-2018. Vaccine 42, 795–800. https://doi.org/

10.1016/j.vaccine.2024.01.014.

[26] Aga Khan University 2021 Third-Party Validation of Immunization

Coverage Survey (TPVICS) Report. Karachi: Centre of Excellence in

Women and Child Health. https://www.aku.edu/coe-wch/Documents/

TPVICS%20Survey%20Report.pdf.

[27] Al-lela OQB, et al. (2014) Are parents’ knowledge and practice regarding

immunization related to pediatrics’ immunization compliance? A mixed

method study. BMCPediatrics. 14, 20. https://doi.org/10.1186/1471-2431-

14-20.

[28] Schön M, et al. (2022) How to ensure full vaccination? The Association of

Institutional Delivery and Timely Postnatal Care with childhood vaccin-

ation in a cross-sectional study in rural Bihar, India. PLOS Global Public

Health 2, e0000411. https://doi.org/10.1371/journal.pgph.0000411.

[29] Mekuria DK, et al. (2022) Determinants of default from full completion of

vaccination among children between 12 and 23 months old in Yilmana

Densa District, west Gojam zone, Ethiopia, 2019. Frontiers in Public

Health 10, 974858. https://doi.org/10.3389/fpubh.2022.974858.

[30] Scarso S, et al. (2023) Access to vaccination for newly arrived migrants:

Developing a general conceptual framework for understanding how to

improve vaccination coverage in European countries. International Journal

of Public Health. 68, 1605580. https://doi.org/10.3389/ijph.2023.1605580.

[31] Khai TS (2023) Socio-ecological barriers to access COVID-19 vaccination

among Burmese irregular migrantWorkers in Thailand. Journal of Migra-

tion and Health. 8, 100194. https://doi.org/10.1016/j.jmh.2023.100194.

[32] Bugvi AS, et al. (2014) Factors associated with non-utilization of child

immunization in Pakistan: Evidence from the demographic and health

survey 2006-07. BMCPublic Health 14, 232. https://doi.org/10.1186/1471-

2458-14-232.

[33] Ullah K, et al. (2024) Exploring the reasons for defaulting from childhood

immunization: A qualitative study in Pakistan. BMCPublic Health 24, 408.

https://doi.org/10.1186/s12889-024-17926-y.

[34] Kazi AM, et al. (2018) Effect of Mobile phone text message reminders on

routine immunization uptake in Pakistan: Randomized controlled trial.

JMIR Public Health and Surveillance. 4, e20. https://doi.org/10.2196/pub-

lichealth.7026.

[35] Sato R (2020) Association between access to a health facility and con-

tinuum of vaccination behaviors among Nigerian children. Human Vac-

cines & Immunotherapeutics. 16, 1215–1220. https://doi.org/10.1080/

21645515.2019.1678360.

10 Jannat Ashfaq et al.

https://doi.org/10.1017/S0950268826101277
Downloaded from https://www.cambridge.org/core. IP address: 185.78.9.185, on 08 Apr 2026 at 11:08:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1016/j.vaccine.2010.04.052
https://doi.org/10.1186/s40985-018-0103-x
https://doi.org/10.1186/s40985-018-0103-x
https://doi.org/10.1186/1471-2458-13-1183
https://doi.org/10.26719/2018.24.5.451
https://doi.org/10.1016/j.ebiom.2016.08.042
https://doi.org/10.1016/j.ebiom.2016.08.042
https://doi.org/10.1016/j.vaccine.2022.10.070
https://doi.org/10.1016/j.vaccine.2022.10.070
https://doi.org/10.1371/journal.pone.0206566
https://doi.org/10.1371/journal.pone.0206566
https://doi.org/10.1186/s12889-023-16508-8
https://doi.org/10.26719/2018.24.4.333
https://doi.org/10.1016/j.vaccine.2024.01.014
https://doi.org/10.1016/j.vaccine.2024.01.014
https://www.aku.edu/coe-wch/Documents/TPVICS%20Survey%20Report.pdf
https://www.aku.edu/coe-wch/Documents/TPVICS%20Survey%20Report.pdf
https://doi.org/10.1186/1471-2431-14-20
https://doi.org/10.1186/1471-2431-14-20
https://doi.org/10.1371/journal.pgph.0000411
https://doi.org/10.3389/fpubh.2022.974858
https://doi.org/10.3389/ijph.2023.1605580
https://doi.org/10.1016/j.jmh.2023.100194
https://doi.org/10.1186/1471-2458-14-232
https://doi.org/10.1186/1471-2458-14-232
https://doi.org/10.1186/s12889-024-17926-y
https://doi.org/10.2196/publichealth.7026
https://doi.org/10.2196/publichealth.7026
https://doi.org/10.1080/21645515.2019.1678360
https://doi.org/10.1080/21645515.2019.1678360
https://doi.org/10.1017/S0950268826101277
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	Barriers and facilitators of childhood immunization: sociodemographic and knowledge-related determinants among parents in rural and urban Khyber Pakhtunkhwa, Pakistan
	Key results
	Introduction
	Methodology
	Ethical considerations
	Study population and setting
	Sampling technique
	Sample size
	Data collection
	Data analysis
	Quantitative phase
	Variables and covariates
	Qualitative phase


	Results
	Quantitative part
	Qualitative part
	Accessibility challenges
	Effects of culture on a child’s vaccination
	Impact of religious beliefs
	Migration-related challenges


	Discussion
	Conclusion
	Recommendations

	Supplementary material
	Data availability statement
	Acknowledgements
	Authors contribution
	Funding statement
	Competing interests
	Ethical approval and consent for participation
	References


