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Abstract

Introduction

Despite intensified global efforts to enhance immunization coverage, one in five
children continue to miss out on life-saving vaccines, leaving them vulnerable to

a range of vaccine-preventable diseases. In 2022, 14.3 million children failed to
receive even a single dose of the pentavalent vaccine (Penta-1) by their first birth-
day, classified as “zero-dose penta”. Additionally, some children have not received
any vaccinations at all and have had no contact with healthcare services—these
are referred to as “never-immunized” children. Collectively, both groups—zero-dose
penta and never-immunized children—are termed “true zero-dose” to emphasize
the critical need for targeted interventions that ensure no child is left behind in
immunization efforts.

Methods

We conducted a household (HH) survey from August 10 to December 19, 2022,

in Kashmore and Sujawal, two districts in Sindh, Pakistan, with low immunization
coverage. The survey targeted children aged 12-23 months who had not received
the Penta-1 vaccine by their first birthday. Our study aimed to determine the
community-based prevalence of zero-dose penta and never-immunized children,
compare their sociodemographic characteristics and immunization histories, and
identify predictors of these outcomes.
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Results

Of the 2,091 children surveyed, 497 (23.8%) were zero-dose penta, and 587 (28.1%)
were never-immunized. Together, these groups constitute 51.9% of the survey
population, referred to as ‘true zero-dose’. The remaining 1,007 (48.1%) were either
fully or partially immunized. Multivariate analysis indicated that absence of antenatal
care (ANC) significantly increased the risk of children being classified as zero-dose
penta (RRR=1.68; 95% CI: 1.04-2.72; p<0.035) and never-immunized (RRR=2.07;
95% ClI: 1.25-3.45; p<0.005). Furthermore, the absence of Lady Health Worker
(LHW) visits significantly increased the risk of children being classified as zero-dose
penta (RRR=2.55; 95% CI: 1.26-5.16; p<0.009), and the absence of vaccinator
visits significantly increased the risk of being never-immunized (RRR=4.44; 95% CI:
2.68-7.36; p<0.001).

Conclusion

Despite global efforts for achieving universal immunization, half of the surveyed
children remained true zero-dose, highlighting significant gaps in the ability of immu-
nization programs to reach underserved communities. To address this issue, it is
essential to enhance ANC coverage and leverage frontline health workers (FHWSs) to
identify and engage with clusters of zero-dose children effectively. These measures
will ensure that no child is left behind, advancing health equity and safeguarding
future generations.

Introduction

Despite intensified global efforts to enhance immunization coverage, one in five
children continue to miss out on life-saving vaccines, leaving them vulnerable to a
range of vaccine-preventable diseases [1]. In 2022, 14.3 million children failed to
receive even a single dose of the pentavalent vaccine (Penta-1) by their first birthday,
classified as “zero-dose penta” [2]. Additionally, some children have not received

any vaccinations at all and have had no contact with healthcare services—these are
referred to as “never-immunized” children [3]. Collectively, both groups—zero-dose
penta and never-immunized children—are termed “true zero-dose” to emphasize the
critical need for targeted interventions that ensure no child is left behind in immuni-
zation efforts. These infants are disproportionately found in low-resource settings,
including urban slums, remote rural areas, and conflict-affected settings, character-
ized by limited access to basic health services, inadequate sanitation facilities and
poverty [4]. AlImost two-thirds of these children in Gavi-supported nations reside in
households (HHs) with incomes below the international poverty line of US$ 1.90

per day [5]. The distinct category of never-immunized children presents additional
challenges, as their complete lack of interaction with healthcare systems makes
them difficult to identify and track, consequently placing them at a heightened risk of
contracting vaccine-preventable diseases [6]. While all never-immunized children are
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inherently zero-dose penta, the converse is not true—some zero-dose penta children might have received other vaccines
but missed the Penta-1 dose. The Immunization Agenda 2030 aims to halve the number of zero-dose penta children by
2030 and promises to leave no one behind with immunization by sustainably integrating never-immunized children into
standard vaccination programs [7].

In Pakistan, concerted efforts have substantially reduced the number of zero-dose penta children by 29%, yet the coun-
try still ranks ninth globally in terms of the number of zero-dose penta children (431,000) [2]. This is compounded by the
challenge that Pakistan ranks third globally for having the most never-immunized children [8]. The effectiveness of current
interventions is often limited by the lack of precise data to accurately assess the extent of zero-dose penta and never-
immunized children. A study in the Sindh province of Pakistan found that one in every ten children was zero-dose penta,
but this figure might be underrepresented due to the study’s methodology, which relied on data from children enrolled in
the provincial electronic immunization registry only, thereby excluding those who have never interacted with the health-
care system [9]. The gaps in data significantly hinder efforts to ensure equitable immunization access, leading to clusters
of unimmunized children. Beyond immediate health risks, high rates of zero-dose and never-immunized children have
broader implications. Unvaccinated children face increased risks of malnutrition, stunted growth, and cognitive impair-
ments, affecting their education and long-term productivity [10]. The healthcare system also bears the burden, as unvacci-
nated children require more intensive medical care, straining limited resources. Economically, frequent outbreaks increase
healthcare costs, reduce productivity, and slow national development [11]. Cultural beliefs and social norms also play a
significant role in vaccine hesitancy [12]. Misinformation, religious misconceptions, and distrust in healthcare providers
often discourage parents from immunizing their children [8]. In some communities, patriarchal structures limit mothers’
decision-making power regarding healthcare, further restricting vaccine uptake [13]. Additionally, past experiences with
coercive vaccination campaigns have fueled skepticism, making engaging with local leaders and building trust through
culturally sensitive communication strategies crucial [14].

To ensure no child is left behind in receiving immunizations, it is essential for stakeholders to accurately assess the
prevalence of zero-dose penta and never-immunized children, collectively referred to as ‘true zero-dose’, at a microgeo-
graphic level. A deeper understanding of the specific characteristics of these children and the factors contributing to their
exclusion from immunization programs is crucial. Gaining these insights is vital for developing context-specific strategies
and implementing targeted interventions, enabling effective reach to unimmunized children who are often concentrated in
overlooked or underserved communities.

We aimed to assess the community-based prevalence of zero-dose penta and never-immunized children aged 12—-23
months through a door-to-door HH survey in two low-coverage districts of Sindh Province, Pakistan. Furthermore, our
analysis identified socioeconomic risk factors associated with zero-dose penta and never-immunized children.

Methods
Site and population

Sindh Province, with a population of 55.3 million and a density of 392.8 individuals per square kilometer [15], has an
annual birth cohort of 1.9 million [16]. The province’s poverty index, a composite measure of multidimensional poverty, is
0.28, meaning that, on average, individuals experience 28% of the maximum possible deprivations across various indi-
cators. This index accounts for factors such as education, health, and living standards, making it a relevant measure for
assessing disparities in healthcare access, including immunization coverage. Notably, district-level variations range from
0.02 to 0.50, indicating substantial inequities, with some districts experiencing deprivation levels as high as 50% [17].
Pre-COVID-19, fixed immunization centres were responsible for 60% of all provincial immunizations, with the remaining
vaccinations provided through routine outreach [18]. However, post-pandemic, routine outreach, defined as immuniza-
tion sessions at non-fixed sites achievable within a day, accounts for nearly 60% of immunizations, complemented by
enhanced outreach that extends services beyond conventional boundaries to cover wider geographic areas [19].
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Geographically, Sindh province is segmented into six divisions and subdivided into 30 districts and 1,130 Union Coun-
cils (UCs) [20]. Districts Kashmore and Sujawal reported the lowest Penta-1 coverage, falling below the 10th percentile, at
50.0% and 48.1%, respectively (S1 Table) [21]. Kashmore, in the province’s north, has a population of 1.3 million, with a
45,000 annual birth cohort [16]. Approximately 77% of the district’s population resides in rural areas, and the literacy rate
is 31% [16]. The district comprises three towns and 37 UCs [20] and is serviced by 43 immunization clinics and 84 vacci-
nators. Sujawal district, northeast of Sindh, has a population of 0.91 million and an annual birth cohort of 32,000 [16]. It is
predominantly characterized by its rural setting where 89% of the district’'s population resides and reports a literacy rate of
25% [16]. The district encompasses five towns and 26 UCs [20], with immunization services facilitated by 55 vaccinators
operating across 32 immunization clinics. Both Kashmore and Sujawal districts face significant developmental challenges.
Kashmore, strategically located at the intersection of three provinces, struggles with socio-political instability, geographical
barriers, and weak law enforcement, resulting in high poverty, crime, and limited access to education and employment.
Similarly, Sujawal, despite its historical significance and location along the Indus River, suffers from inefficient governance,
inadequate infrastructure, and a fragile agricultural sector, further exacerbated by poor access to education and health-
care. Given these structural barriers, along with low Penta-1 coverage rates, both districts are high-risk areas for zero-
dose children, making them relevant for the purpose of our research [22,23]. Furthermore, we have included slum areas
in these districts in our study, identified based on the classification by Sindh Katchi Abadis Authority (SKAA). According to
the Sindh Katchi Abadis Act, 1987, an area can be declared a Katchi Abadi (slum) if it meets specific conditions, includ-
ing land ownership considerations, government approvals, and public utility exemptions. Once declared, a slum falls
under SKAA jurisdiction, subject to these conditions [24]. SKAA has identified 17 and 30 slums in Kashmore and Sujawal
districts, respectively [18]. Beyond these criteria, these areas are characteristic of the conventional definition of slums, “a
contiguous settlement where the inhabitants are characterized as having inadequate housing and basic services. Slums
are often not recognized and addressed by the public authorities as an integral or equal part of the city” [25].

Vaccination Schedule

Visits Child age Vaccines

First visit At birth 1) BCG 2) OPV-0 3) Hepatitis B-0

Second visit 6 weeks 1) Penta-1 2) OPV-1  3) PCV-1 4) Rota-1
Third visit 10 weeks 1) Penta-2 2) OPV-2 3) PCV-2 4) Rota-2
Fourth visit 14 weeks 1) Penta-3 2) OPV-3 3) PCV-3 4) IPV
Fifth visit 9 months 1) Measles-1 2)IPV-2 3)TCV

Sixth visit 15 months 1) Measles-2

Additions to the Expanded Programme on Immunization schedule include TCV on January 1, 2020, a second IPV dose
on May 3, 2021, and the rubella vaccine on November 15, 2021 [26].

Study design and procedure

We conducted a cross-sectional, door-to-door HH survey in two districts with low Penta-1 coverage, Kashmore and
Sujawal, over a period from August 10 to December 19, 2022. We visited 6,395 HHs in two districts across 9 UCs
(Kashmore:5; Sujawal:4), and included 2,094 children aged 12—23 months. A three-stage cluster sampling technique
was utilized. In the first stage, districts were sorted in ascending order based on Penta-1 coverage (based on coverage
rates reported in a third-party verification immunization survey) [21]. Two districts with the lowest pentavalent 1 cover-
age, Kashmore (50%) and Sujawal (48.1%), were selected from the four districts below the 10th percentile (S1 Table).
In the second stage, union councils (UCs) within each selected district were sorted in ascending order based on
Penta-1 coverage (based on coverage rates in the Provincial Electronic Immunization Registry) (S2 Table). From each
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district, one-third of the UCs with the lowest Penta-1 coverage were selected (Kashmore: 11 out of 33 UCs; Sujawal:

8 out of 25 UCs). Subsequently, half of these selected UCs were chosen via simple random sampling using STATA's
rand command (Kashmore: 5 out of 11 UCs; Sujawal: 4 out of 8 UCs). In the third stage, equal numbers of households
with zero-dose children aged 12-23 months were selected from each sampled UC (Kashmore: 82 households per UC;
Sujawal: 91 households per UC).

We initiated household sampling from the functional immunization center of each selected UC. A spin of a pen on the
ground was performed, and the enumeration teams moved in the direction the pen indicated when it came to a still posi-
tion. The enumeration teams then identified the first household and sampled the first residential structure on the right side
within the village. Subsequently, we selected the next household with an interval of five households, continuing until the
required sample size was achieved within each given location. We selected households with children aged 12—-23 months
who were both vaccinated and non-vaccinated with Penta-1. If the selected household was not eligible, i.e., did not con-
tain a child aged 12-23 months, the next door was selected and assessed for eligibility. In cases of two or more eligible
children in the same household (e.g., more than one child of the same mother in the eligible age group, or in an extended
family situation, etc.), all eligible children were enrolled. If there were two children aged 12—-23 months, one vaccinated
and the other non-vaccinated with Penta-1, then both were selected. If there were more than one functional immunization
centers in each UC, we selected the center located nearest to the geographical center of the UC.

The survey was conducted by trained enumerators through face-to-face interviews using a semi-structured question-
naire after seeking consent. Data on sociodemographic information of the HH, caregiver and child along with the immuni-
zation history of the child was collected.

Sample size/Power calculation

The sample size was calculated using WHO’s Sample Size Determination in Health Studies Software V2.0.21, targeting
a 95% confidence level and a 10% error margin around the zero-dose penta children prevalence estimates of 50% in
Kashmore and 52% in Sujawal. Populations of Kashmore and Sujawal were 1,090,336 and 779,062 [16], respectively,
with relative weights of 58% for Kashmore and 42% for Sujawal, derived from their population proportions. Adjusting for

a design effect of 2 and an anticipated non-response rate of 28%, the final sample size aimed for 909 zero-dose penta
children: 527 from Kashmore and 382 from Sujawal. We estimated 6,363 HHs (3,710 HHs in Kashmore and 2,653 HHs in
Sujawal) to be visited to reach this target (S3 Table).

Inclusion criteria

Caregivers of children aged 12—23 months who were living in the sampled households for a period of six months or more
were eligible for inclusion in this study.

Exclusion criteria

Caregivers of children aged less than 12 months or above 23 months and living for a period of less than six months in the
sampled households were excluded from the study.

Ethics

This study was approved by the Institutional Review Board of Interactive Research and Development under IRD_
IRB_2022_01_002. The IRB is registered with the U.S. Department of Health and Human Services Office for Human
Research Protections with registration number IRB 404 00005148.

A detailed verbal consent process was developed and translated into the local language to ensure accessibility. Enu-
merators explained the study objectives, procedures, benefits, and risks to each caregiver. Participants were provided
with the opportunity to read the consent form themselves, and if they were unable to do so, a relative or friend was asked

PLOS One | https://doi.org/10.1371/journal.pone.0330281 August 26, 2025 5/26




PLO\Sﬁ\\.- One

to read it aloud on their behalf. Enumerators ensured that participants fully understood the study, addressing any ques-
tions or concerns before proceeding. Only after confirming comprehension and obtaining explicit verbal agreement did the
enumerator proceed with the interview. If the caregiver declined, the next eligible household was approached.

Outcome definitions

The primary outcome was the prevalence of children among three categories: ‘zero-dose penta’, defined as those who did
not receive Penta-1 vaccine by their first birthday; ‘never-immunized’, defined as those who did not receive any of the 19
vaccines part of the WHO-recommended Expanded Programme on Immunization (EPI) vaccination schedule in Pakistan;
and ‘immunized’. The ‘immunized’ category was further divided into ‘age-appropriate immunized’, referring to children
who had received all vaccines or the vaccines for which they were age-eligible, and ‘under-immunized’, referring to chil-
dren who had not received all the vaccines for which they were age-eligible. ‘Zero-dose penta’ children were additionally
categorized into ‘covered’, indicating those who received the Penta-1 vaccine after 12 months of age, and ‘uncovered’,
referring to children who did not receive the Penta-1 vaccine by 23 months of age.

Statistical analysis

For summary measures, we presented categorical data using frequencies and percentages, and continuous data using
medians and interquartile ranges (IQR). We also documented the percentage of missing entries for each variable. Data
analysis was conducted using the survey package (svy) in STATA version 17.0, without applying a finite population cor-
rection. We used a similar technique as employed for weight assignment during sample size calculation. To evaluate the
association between categorical variables and immunization status, we applied the Pearson chi-square test or Fisher’s
exact test, as appropriate. Differences in the median values of continuous variables by zero-dose status were assessed
using Somer’s D test, with UCs treated as clusters. For analyses involving multiple responses, we transformed each
response option into a dummy variable and performed chi-square tests using svy procedures, with Bonferroni correction
applied to the alpha value to adjust for multiple comparisons. To identify predictors of immunization status, we conducted
both bivariate and multivariable multinomial logistic regression analyses. We employed a manual, bidirectional stepwise
selection process for model selection in the multivariable analysis, with gender locked-in as a covariate. First, a univari-
able analysis was conducted to evaluate each variable’s predictive power, with those demonstrating a p-value <0.20
considered for inclusion. The multivariable model started with an intercept-only model, and variables were added step-
wise based on statistical significance. At each step, the most significant variable from the univariable analysis was intro-
duced, and its impact was assessed in the presence of existing variables. Conversely, any variable in the model with a
p-value>0.10 was removed. This iterative process of adding and removing variables continued until no further variables
met the criteria for inclusion or exclusion, ensuring a refined final model. All statistical tests were two-sided, and a p-value
of less than 0.05 was considered statistically significant.

Results

Atotal of 2,070 HHs were included from 6,395 visited (Fig 1).

Among these included HHs, 2,094 children aged 12—-23 months were enrolled (Fig 2).

Three children were excluded due to missing data on the Penta-1 vaccine, resulting in a final analysis of 2,091 infants.
Of the 2,091 children surveyed, 497 (23.8%) were zero-dose penta, and 587 (28.1%) were never-immunized. Together,
these groups constitute 51.9% (1,084/2,091) of the survey population, referred to as ‘true zero-dose’. The remaining
48.1% (1,007/2,091) were immunized, with only 1.7% (17/1,007) achieving age-appropriate vaccination; the majority
(98.3%, 990/1,007) were under-immunized. In the zero-dose penta group, only 12.5% (62/497) were covered (achieved
coverage of Penta-1 vaccine by 12 months of age), while the remaining 87.5% (435/497) were uncovered (did not achieve
coverage of Penta-1 vaccine until 23 months of age).
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Total households visited (n=6,395)

Y

Y

Excluded n=1,069
Declined to participate (n=7)
No child <3 years of age (n=1,062)

# of eligible households (with <3

years child) (n=5,326) (

Y

# of households with children ages \

Excluded from analysis (n=3,256)
Age <12 months (n=2,141)
Age >=24 months (n=966)
Both age <12 and >=24 months (n=149)

12-23 months of age (analyzed)
(n=2,070)

Y

Househilds with one child 12-23 month of age
(n=2,046)

Fig 1. Schema for Households.

Y

Households with two children 12-23 months of age

(n=24)

https://doi.org/10.1371/journal.pone.0330281.9001

Immunized (n=1,007)
Kashmore District=727
Sujawal=280

Y Y

# of children aged 12-23 months (n=2,094)

Excluded (n=3)

#| Children with missing Penta-1 vaccination
| age (n=3)

y

Zero-dose Pentavalent! (n=497)
Kashmore District=327
Sujawal=170

J

Y

Never-immunized (n=587)

Kashmore District=311
Sujawal District=276

Age-appropriate (n=17)
Kashmore District=14
Sujawal District=3

Under-immunized (n=990)
Kashmore District=713
Sujawal District=277

Uncovered Zero-dose (n=435)
Kashmore District=268
Sujawal District=147

Covered Zero-dose (n=62)
Kashmore District=39
Sujawal District=23

1Zero-dose Pentavalent: a child of age 12-23 months (365-729 days) who did not receive Penta-1 by 12 months (365 days) of age

2Never-immunized: a child who has not received any of the 19 vaccines

3Age-appropriate: a child who has received all of the recommended vaccines (fully-immunized) or who has received all of the vaccines for which he/she was eligible for
4Under-immunized: a child who has not received all of the vaccines for which he/she was eligible for
SCovered Zero-dose: a child who has received Penta-1 after 12 months (365 days) of age

Fig 2. Schema for Children aged 12-23 months (365-729 days).
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Nearly half (49.8%, 1,042/2,091) of the enrolled children were girls. The gender disparity (difference in the pro-
portion of boys vs girls) in the zero-dose penta group was negligible (1,004 girls per 1,000 boys). However, for every
100 boys, 117 girls remained never-immunized, and for the immunized group, there were 86 girls vaccinated for
every 100 boys.

Table 1 presents the detailed sociodemographic characteristics of the study population. Notably, 95.1%
(1,989/2,091) of the enrolled children resided in slum areas. However, 88% of both zero-dose penta and
never-immunized children lived within a 5 km radius of EPI centers. A higher proportion of mothers were uneducated
compared to fathers (93.8%, 1,961/2,091 vs. 66.9%, 1,400/2,091). Educational attainment was assessed through
self-reported data, where participants indicated their highest level of completed education. Fathers were primarily
daily wage earners (79.8%, 1,669/2,091), whereas most mothers were homemakers (95.5%, 1,997/2,091). Decisions
regarding child health were commonly made jointly by both parents (59.2%, 1,237/2,091 for all health and 46.7%,
977/2,091 for vaccinations specifically). Children who were either immunized (50.0%, 503/1,007) or zero-dose penta
(50.5%, 251/497) predominantly spoke Balochi. In contrast, a higher proportion of never-immunized children (50.3%,
295/587) spoke Sindhi. The commute to the nearest healthcare facility, typically a government hospital (62.4%,
867/1,389), took approximately 30 minutes for most participants. Modes of transportation varied: caregivers of immu-
nized (40.8%, 272/666) and zero-dose penta (37.0%, 128/346) children primarily used motorbikes, while those with
never-immunized children (35.5%, 134/377) more often used rickshaws. Awareness of Lady Health Worker (LHW)
functions was significantly higher among caregivers of immunized children (56.2%, 566/1,007) compared to those of
zero-dose penta (43.9%, 218/497) and never-immunized children (41.4%, 243/587). Additionally, HHs that had never
been visited by LHWs had a higher proportion of zero-dose penta (55.9%, 278/497) and never-immunized children
(55.9%, 328/587).

Bivariate multinomial logistic regression analysis identified six factors associated with both zero-dose penta and
never-immunized cohorts. Children residing in slum areas had a significantly higher risk, 1.67 times for being zero-dose
penta (RRR=1.67; 95% CI:1.00-2.79; p<0.050) and 2.57 times for never being immunized (RRR=2.57; 95% CI:1.45—
4.54; p<0.001).

Parental education was a strong determinant of immunization status. Children with uneducated fathers had a two-
folded increased risk of being both zero-dose penta and nearly three times the risk of never immunized (zero-dose penta:
RRR=2.15; 95% CI:1.41-3.27; p<0.001; never-immunized: RRR=2.69; 95% CI:1.76—4.11; p<0.001). This risk was
further amplified when both parents were illiterate, increasing the likelihood of zero-dose penta by 3.03 times (zero-dose
penta: RRR=3.03; 95% CIl:1.33-6.91; p<0.008) and never-immunized status by 4.21 times (RRR=4.21; 95% Cl:1.84—
9.60; p<0.001).

Antenatal care (ANC) was another critical factor. Lack of ANC was associated with a 1.34-fold increased risk of being
zero-dose penta (RRR=1.34; 95% CI:1.07-1.67; p<0.009) and a 1.44-fold higher likelihood of never being immunized
(RRR=1.44; 95% CI:1.17-1.77; p<0.001).

Community-level factors also played a significant role. Caregivers unaware of local LHWs had a higher risk of having
zero-dose penta (RRR=1.78; 95% Cl:1.42-2.24; p<0.001) or never-immunized children (RRR=1.69; 95% CI:1.36-2.11;
p<0.001). Similarly, households never visited by an LHW had a 1.78 times increased risk of being zero-dose penta
(RRR=1.78; 95% Cl:1.42—-2.24; p<0.001) and a 1.71 times increased risk of never being immunized (RRR=1.71; 95%
Cl:1.38-2.12; p<0.001) (Table 2).

In the multivariable multinomial logistic regression model, lack of ANC remained the only significant predictor for
both zero-dose penta and never-immunized status (zero-dose penta: RRR=1.68; 95% Cl:1.04-2.72; p<0.035; never-
immunized: RRR=2.07; 95% CI:1.25-3.45; p<0.005). Among zero-dose penta children, additional significant factors
included parental illiteracy (RRR=3.85; 95% CI:0.99-23.23; p<0.052) and the absence of LHW visits (RRR=2.55; 95%
Cl:1.26-5.16; p<0.009).
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Table 1. Socio-demographic status of 12-23 months children enrolled in the study in Sujawal and Kashmore districts, Sindh by zero-dose

status (n=2,091).

Variables Children aged 12-23 months (365-729 days)

Immunized Zero-dose Never immunized Total P-value

n % n % n %
Total children 1,007 48.2 497 23.8 587 28.1 2,091 100.0 -
Area type
Slum 940 93.4 477 96.0 572 97.4 1,989 95.1 0.002
Non-slum 67 6.7 20 4.0 15 2.6 102 4.9
Child's sex
Boy 531 52.7 248 49.9 270 54.3 1,049 50.2 0.03
Girl 476 47.3 249 50.1 317 63.8 1,042 49.8
Marital status of parents
Currently married 996 98.9 489 98.4 576 98.1 2,061 98.6 0.522
Widow/widower 4 0.4 1 0.2 4 0.7 9 0.4
Divorced 1 0.1 0 0.0 0 0.0 1 0.1
Separated 0 0.0 2 0.4 1 0.2 3 0.1
Missing 6 0.6 5 1.0 6 1.0 17 0.8
Father's education
0 612 60.8 349 70.2 439 74.8 1,400 67.0 <0.001
1-5 87 8.6 40 8.1 47 8.0 174 8.3
6-8 27 2.7 9 1.8 19 3.2 55 2.6
9-10 86 8.5 43 8.7 26 4.4 155 7.4
>=11 115 11.4 31 6.2 30 5.1 176 8.4
Missing 80 7.9 25 5.0 26 4.4 131 6.3
Mother's education
0 924 91.8 473 95.2 564 96.1 1,961 93.8 0.001
1-5 35 3.5 6 1.2 4 0.7 45 2.2
6-8 13 1.3 0 0.0 3 0.5 16 0.8
9-10 9 0.9 3 0.6 0 0.0 12 0.6
>=11 10 1.0 2 0.4 4 0.7 16 0.8
Missing 16 1.6 13 2.6 12 2.0 2,091) 2.0
Parent's literacy
Both are illiterate 597 59.3 344 69.2 435 741 1,376 65.8 <0.001
Father illiterate only 11 1.1 2 0.4 2 0.3 15 0.7
Mother illiterate only 273 271 110 22.1 112 19.1 495 23.7
Both are literate 39 3.9 7 1.4 7 1.2 53 2.5
Missing 87 8.6 34 6.8 31 5.3 152 7.3
Father's occupation
Daily wager 765 76.0 418 84.1 486 82.8 1,669 79.8 <0.001
Self employed 82 8.1 25 5.0 39 6.6 146 7.0
Government employee 40 4.0 7 1.4 10 1.7 57 2.7
Private employee 35 3.5 10 2.0 7 1.2 52 2.5
Unemployed/ Unable to Work 50 5.0 12 2.4 17 2.9 79 3.8
Other, specify 28 2.8 21 4.2 20 3.4 69 3.3
Missing 7 0.7 4 0.8 8 1.4 19 0.9

(Continued)
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Table 1. (Continued)

Variables Children aged 12-23 months (365-729 days)

Immunized Zero-dose Never immunized Total P-value

n % n ‘ % n %
Mother's occupation
Daily wager 24 24 12 2.4 14 24 50 2.4 0.978
Homemaker 966 95.9 476 95.8 555 94.6 1,997 95.5
Other, specify 8 0.8 3 0.6 6 1.0 17 0.8
Missing 9 0.9 6 1.2 12 2.0 27 1.3
Education of head of household
0 528 52.4 303 61.0 354 60.3 1,185 56.7 <0.001
1-5 105 10.4 43 8.7 53 9.0 201 9.6
6-8 26 2.6 14 2.8 17 2.9 57 2.7
9-10 72 7.2 35 7.0 23 3.9 130 6.2
>=11 143 14.2 36 7.2 33 5.6 212 10.1
Missing 133 13.2 66 13.3 107 18.2 306 14.6
Occupation of head of household
Daily wager 668 66.3 361 72.6 404 68.8 1,433 68.5 0.002
Self employed 70 7.0 20 4.0 27 4.6 117 5.6
Government employee 37 3.7 8 1.6 10 1.7 55 2.6
Private employee 30 3.0 8 1.6 5 0.9 43 21
Unemployed/ Unable to Work 44 4.4 17 3.4 21 3.6 82 3.9
Other, specify 25 2.5 16 3.2 12 2.0 53 2.5
Missing 133 13.2 67 13.5 108 18.4 308 14.7
Number of children under 3 in a household
1 909 90.3 448 90.1 521 88.8 1,878 89.8 0.217
2 91 9.0 49 9.9 65 111 205 9.8
3 7 0.7 0 0.0 1 0.2 8 0.4
Family members in a household
1-3 186 18.5 94 18.9 95 16.2 375 17.9 0.581
4-6 556 55.2 270 54.3 324 55.2 1,150 55.0
7-9 217 21.6 98 19.7 131 22.3 446 21.3
>9 48 4.8 35 7.0 37 6.3 120 5.7
Did the (child's name)’s mother receive
antenatal care (ANC) during (child's
Yes 598 59.4 265 53.3 301 60.6 1,164 55.7 0.001
No 408 40.5 229 46.1 284 57.1 921 441
Don't know 1 0.1 3 0.6 2 0.4 6 0.3
Mother received COVID-19 vaccination
Yes 423 42.0 183 36.8 214 43.1 820 39.2 0.409
No 184 18.3 92 18.5 109 21.9 385 18.4
Don't know 1 0.1 0 0.0 0 0.0 1 0.1
Missing information 399 39.6 222 44.7 264 53.1 885 42.3
Father received COVID-19 vaccination
Yes 579 57.5 268 53.9 306 61.6 1,153 55.1 0.19
No 25 25 7 1.4 17 3.4 49 2.3
Don't know 4 0.4 0 0.0 0 0.0 4 0.2
Missing information 399 39.6 222 44.7 264 53.1 885 42.3

(Continued)
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Table 1. (Continued)

Variables Children aged 12-23 months (365-729 days)

Immunized Zero-dose Never immunized Total P-value

n % n % n %
Parents received COVID-19 vaccination
Both received 399 66.1 177 64.4 203 73.8 779 64.8 0.065
Mother only 23 3.8 6 2.2 11 4.0 40 3.3
Father only 180 29.8 91 33.1 103 37.5 374 31.1
None received 2 0.3 1 0.4 6 2.2 9 0.8

Median IQR Median IQR Median IQR Median IQR P-value
Number of children under 3 in a household | 1 45658.0 1 45658.0 1 45658.0 1 45658.0 0.402
Family members in a household 5 45754.0 5 45754.0 5 45754.0 5 45754.0 0.554
Age of father at the time of the survey 30 27-36 30 27-36 31 28-36 30 28-36 0.402
Age of mother at the time of the survey 28 25-32 28 25-32 29 25-33 28 25-32 0.278
Age of head of household at the time of the | 31 28-38 30 29-38 33 29-38 32 28-38 0.191
survey
General information n % n % n % n % P-value
Has your household been living in this village city since your birth?
Yes 993 98.6 484 97.4 575 98.0 2,052 98.1 0.246
No 14 1.4 13 2.6 12 2.0 39 1.9
If no, how long ago did your household migrate/start residing in current village/city
Less than six months 2 14.3 4 30.8 1 8.3 7 18.0 0.745
6-12 months 2 14.3 1 7.7 3 25.0 6 15.4
1-2 years 3 21.4 2 15.4 3 25.0 8 20.5
2-3 years 2 14.3 3 231 0 0.0 5 12.8
3—-4 years 2 14.3 1 7.7 2 16.7 5 12.8
4 years and above 3 21.4 2 15.4 3 25.0 8 20.5
What was the primary reason of your household migration in this village/city ?*
Better economic opportunity 7 50.0 2 15.4 4 33.3 13 33.3 0.243
Marriage 3 21.4 0 0.0 0 0.0 3 7.7 0.083
Accompany family 2 14.3 5 38.5 6 50.0 13 33.3 0.225
Study of any household member 0 0.0 0 0.0 1 8.3 1 2.6 0.318
Transferred on job 0 0.0 0 0.0 0 0.0 0 0.0 -
Escape from violence/natural disaster 1 71 1 7.7 1 8.3 3 7.7 0.963
Others 1 7.1 4 30.8 1 8.3 6 15.4 0.186
Don't know 0 0.0 1 7.7 0 0.0 1 2.6 0.346
Are there any members of your household who lived here in the past 10 years b
Yes 4 0.4 14 2.8 3 0.5 21 1.0 <0.001
No 995 98.8 481 96.8 578 98.5 2,054 98.2
Don't know 8 0.8 2 0.4 6 1.0 16 0.8
What was the main reason that household member(s) moved away?
Marriage 4 100.0 11 78.6 1 0.2 16 76.2 0.105
Accompany family 0 0.0 3 21.4 1 0.2 4 191
Transferred on job 0 0.0 0 0.0 1 0.2 1 4.8
Mother language
Sindhi 375 37.2 186 37.4 295 50.3 856 40.9 <0.001
Balochi 503 50.0 251 50.5 217 37.0 971 46.4
Others 129 12.8 60 121 75 12.8 264 12.6

(Continued)
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Table 1. (Continued)

Variables Children aged 12-23 months (365-729 days)
Immunized Zero-dose Never immunized Total P-value
n % n ‘ % n %
Religion
Muslim 998 99.1 490 98.6 580 98.8 2,068 98.9 0.623
Hindu 8 0.8 7 1.4 7 1.2 22 1.1
Others 1 0.1 0 0.0 0 0.0 1 0.1
Type of family structure
Nuclear 960 95.3 468 94.2 542 92.3 1,970 94.2 0.068
Joint 47 4.7 29 5.8 45 7.7 121 5.8
If joint, share the same kitchen
Yes 46 97.9 29 100.0 45 100.0 120 99.2 0.515
No 1 2.1 0 0.0 0 0.0 1 0.8
Household income
<=10,000 145 14.4 125 25.2 118 201 388 18.6 <0.001
10,001-20,000 109 10.8 69 13.9 120 20.4 298 14.3
20,001-30,000 18 1.8 13 2.6 17 2.9 48 2.3
30,001-100,000 5 0.5 2 0.4 7 1.2 14 0.7
>100,000 7 0.7 1 0.2 1 0.2 9 0.4
Don’t want to disclose 110 10.9 58 1.7 73 124 241 1.5
Don’t know 613 60.9 229 46.1 251 42.8 1,093 52.3
What is the structure of your house? (Observe and record)
Mud 707 70.2 385 77.5 479 81.6 1,571 75.1 <0.001
Brick and cement 140 13.9 46 9.3 51 8.7 237 11.3
Mixed 160 15.9 66 13.3 57 9.7 283 13.5
Do you own this house or it is rented?
Owned 863 85.7 439 88.3 515 87.7 1,817 86.9 0.029
Rented 6 0.6 9 1.8 9 1.5 24 1.2
Neither owned nor rented 138 13.7 49 9.9 63 10.7 250 12.0
Which of these facilities are available in your home?*
None 132 131 95 191 116 19.8 343 16.4 <0.001
Electricity 692 68.7 305 61.4 361 61.5 1,358 65.0 0.002
Radio 4 0.4 0 0.0 3 0.5 7 0.3 0.328
Television 81 8.0 27 5.4 25 4.3 133 6.4 0.020
Telephone/mobile 722 7.7 297 59.8 353 60.1 1,372 65.6 <0.001
Refrigerator 59 5.9 18 3.6 14 24 91 4.4 0.003
Air conditioner 17 1.7 2 0.4 2 0.3 21 1.0 0.007
Room cooler 12 1.2 5 1.0 3 0.5 20 1.0 0.417
Washing machine 62 6.2 21 4.2 20 3.4 103 4.9 0.050
Sofa 14 1.4 1 0.2 2 0.3 17 0.8 0.006
Computer 3 0.3 1 0.2 0 0.0 4 0.2 0.353
Sewing machine 44 4.4 16 3.2 17 2.9 77 3.7 0.3391
Camera 2 0.2 1 0.2 0 0.0 3 0.1 0.5327
Is this household or any household member registered with the Government’s Ehsaas/Benazir Income Support Program?
Yes 371 36.8 181 36.4 191 32.5 743 35.5 0.188
No 636 63.2 316 63.6 396 67.5 1,348 64.5

(Continued)
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Table 1. (Continued)

Variables Children aged 12-23 months (365-729 days)

Immunized Zero-dose Never immunized Total P-value

n % n ‘ % n %
Which Ehsaas Program, if yes **
Ehasaas kafaalat 274 73.9 120 38.0 135 34.1 529 71.2 0.166
Ehasaas emergency cash 13 3.5 7 2.2 16 4.0 36 4.9 0.031
Ehasaas nashounuma 4 1.1 4 1.3 1 0.3 9 1.2 0.316
Ehsaas rashan riayat 0 0.0 0 0.0 0 0.0 0 0.0 -
Ehsaas amdan 6 1.6 12 3.8 1 0.3 19 2.6 0.0002
Ehsaas Kafaalat for Special Persons 0 0.0 0 0.0 1 0.3 1 0.1 0.255
Bisp 116 31.3 64 20.3 73 18.4 253 34.1 0.206
Don't know 1 0.3 0 0.0 1 0.3 2 0.3 0.684
Do any household members have any functional difficulty/disability (seeing, hearing, communication, walking/ climbing, mental/
psychological)?
Yes 30 3.0 19 3.8 9 1.5 58 2.8 0.186
No 959 95.2 466 93.8 568 96.8 1,993 95.3
Don't know 18 1.8 12 2.4 10 1.7 40 1.9
Has there been any death of less than 5 years of age child in the household
Yes 19 1.9 10 2.0 5 0.9 34 1.6 0.197
No 988 98.1 487 98.0 582 99.2 2,057 98.4
What was the age of deceased?
0-7 days of life 10 1.0 5 50.0 3 60.0 18 52.9 0.14
8-28 days of life 2 0.2 4 40.0 0 0.0 6 17.7
29 days — 1 year of life 3 0.3 1 10.0 2 40.0 6 17.7
1-5 years of life 4 0.4 0 0.0 0 0.0 4 11.8
What was the reason of the death? (if 29 days to 5 years of life)
Fever 2 28.6 0 0.0 0 0.0 2 20.0 0.276
Injury/accident 1 14.3 1 100.0 1 50.0 3 30.0
Diarrhea 0 0.0 0 0.0 1 50.0 1 10.0
Cough/difficulty in breathing 1 14.3 0 0.0 0 0.0 1 10.0
Weak/underweight 3 42.9 0 0.0 0 0.0 3 30.0
Others, specify
How many times was the mother of [deceased child] pregnant?
1 1 8.3 0 0.0 1 33.3 2 8.3 0.243
2 5 41.7 5 55.6 0 0.0 10 41.7
3 1 8.3 3 33.3 1 33.3 5 20.8
4 3 25.0 0 0.0 1 33.3 4 16.7
6 2 16.7 0 0.0 0 0.0 2 8.3
7 0 0.0 1 11.1 0 0.0 1 4.2
If any child in your house becomes sick, who usually makes the decisions about seeking care?
Child's mother 116 11.5 67 13.5 94 16.0 277 13.3 <0.001
Child's father 228 22.6 142 28.6 178 30.3 548 26.2
Jointly by child's father and mother 656 65.1 279 56.1 302 51.5 1,237 59.2
Child's grandfather/mother 7 0.7 7 1.4 10 1.7 24 1.2
Others, specify 0 0.0 2 0.4 3 0.5 5 0.2

(Continued)
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Table 1. (Continued)

Variables Children aged 12-23 months (365-729 days)
Immunized Zero-dose Never immunized Total P-value
n % n ‘ % n %
If any child in your house becomes sick, from where do you seek advice or treatment for the child?*
Public medical sector
Govt.hospital 650 64.6 318 64.0 412 70.2 1,380 66.0 0.036
Rural health center 15 1.5 31 6.2 6 1.0 52 25 <0.001
Basic health unit 1M1 11.0 75 15.1 105 17.9 291 13.9 0.0002
Lady Health worker 0 0.0 0 0.0 0 0.0 0 0.0 -
Otherpublic sector 8 0.8 2 0.4 4 0.7 14 0.7 0.674
Private medical sector
Private hospital 450 44.7 181 36.4 206 35.1 837 40.0 0.0001
Private clinic 93 9.2 40 8.1 65 111 198 9.5 0.229
Chemist 0 0.0 0 0.0 1 0.2 1 0.1 0.306
Homeopath 78 7.8 39 7.9 87 14.8 204 9.8 <0.001
Dispenser/compounder 1 0.1 0 0.0 0 0.0 1 0.1 0.581
Others 0 0.0 0 0.0 1 0.2 1 0.1 0.247
Who usually makes the decisions about children’s vaccination in the house?
Child's mother 220 21.9 99 19.9 158 26.9 477 22.8 <0.001
Child's father 242 24.0 151 30.4 196 33.4 589 28.2
Jointly by child's father and mother 538 53.4 239 48.1 200 34.1 977 46.7
Child's grandfather/mother 6 0.6 5 1.0 8 1.4 19 0.9
Others, specify 1 0.1 3 0.6 25 4.3 29 1.4
Is there a health facility near your house?
Yes 666 66.1 346 69.6 377 64.2 1,389 66.4 0.147
No 336 33.4 148 29.8 203 34.6 687 32.9
Don't know 5 0.5 3 0.6 7 1.2 15 0.7
What is the type of this nearest health facility?
Government hospital 440 66.1 217 62.7 210 55.7 867 62.4 <0.001
Rural health centre 13 2.0 16 4.6 4 1.1 33 2.4
Basic health unit 170 25.5 98 28.3 135 35.8 403 29.0
Private hospital 36 5.4 9 2.6 26 6.9 71 5.1
Private clinic 4 0.6 4 1.2 0 0.0 8 0.6
Others, specify 3 0.5 2 0.6 2 0.5 7 0.5
How do you commute to the nearest health facility?
Walk 176 26.4 89 25.7 92 24.4 357 25.7 0.002
Rickshaw 179 26.9 107 30.9 134 35.5 420 30.2
Public bus 10 1.5 5 1.5 13 3.5 28 2.0
Taxi 14 2.1 12 3.5 17 4.5 43 3.1
Private car 6 0.9 1 0.3 8 21 15 1.1
Motorbike 272 40.8 128 37.0 110 29.2 510 36.7
Others, specify 9 1.4 4 1.2 3 0.8 16 1.2
How much time does it take for you to commute to the nearest health facility
Median IQR Median IQR Median IQR
Median (IQR) 30 15-30 30 20-35 30 20-35 30 20-30 0.006
(Continued)
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Table 1. (Continued)

Variables Children aged 12-23 months (365-729 days)
Immunized Zero-dose Never immunized Total P-value
n % n ‘ % n %
Is childhood immunization / vaccination service available at your nearest health facility?
Yes 569 56.5 283 81.8 283 48.2 1,135 81.7 <0.001
No 74 7.4 48 13.9 30 5.1 152 10.9
Don't know 23 23 15 43 64 10.9 102 7.3
Do you avail the childhood immunization services available at your nearest health facility?
Yes 566 56.2 273 96.5 195 68.9 1,034 91.1 <0.001
No 3 0.3 10 3.5 88 31.1 101 8.9
Why do you not avail the childhood immunization services at your nearest health facility ?#
Health facility is at distant 0 0.0 3 30.0 20 22.7 23 22.8 <0.001
Office hours coincides with centers 0 0.0 0 0.0 1 1.1 1 1.0 0.306
operational
Long waiting time 0 0.0 1 10.0 3 3.4 4 4.0 0.101
Unavailability of vaccines 1 33.3 2 20.0 6 6.8 9 8.9 0.065
Unavailability of vaccination staff 0 0.0 1 10.0 11 12.5 12 11.9 <0.001
Poor attitude of facility staff 0 0.0 1 10.0 1 1.1 2 2.0 0.377
Others 2 66.7 4 40.0 50 56.8 56 55.5 <0.001
Has a vaccinator ever visited your household?
Yes 275 27.3 129 26.0 91 15.5 495 23.7 <0.001
No 679 67.4 348 70.0 447 76.2 1,474 70.5
Don't know 53 5.3 20 4.0 49 8.4 122 5.8
When was the last time a vaccinator visited your house?
Median IQR Median IQR Median IQR Median IQR
Median (IQR) 60 30-90 65 30-90 90 60-150 60 30-120 0.002
Are you aware of the LHW functioning in your area?
Yes 566 56.2 218 43.9 243 41.4 1,027 491 <0.001
No 363 36.1 240 48.3 275 46.9 878 42.0
Don't know 78 7.8 39 7.9 69 11.8 186 8.9
Has an LHW ever visited your house?
Yes 530 52.6 198 39.8 226 38.5 954 45.6 <0.001
No 429 42.6 278 55.9 328 55.9 1,035 49.5
Don't know 48 4.8 21 4.2 33 5.6 102 4.9
When was the last time your household was visited by an LHW?
Median IQR Median IQR Median IQR
Median (IQR) 30 22251.0 30 15-60 30 14-60 30 13-60 0.249
Has an LHW ever provided information or counselled you on childhood immunization?
Yes 285 53.8 116 58.6 113 50.0 514 53.9 0.447
No 243 459 81 40.9 111 491 435 45.6
Don't know 2 0.4 1 0.5 2 0.9 5 0.5
Zero-dose child: a child of age 12—-23 months who did not receive Penta-1 by 12 months (365 days) of age.
3 Children with missing Penta-1 vaccination age were excluded from the analysis.
Alpha value: *0.00625; 20.0038; ** 0.007; ~ 0.005 and # 0.007.
https://doi.org/10.1371/journal.pone.0330281.t001
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Table 2. Factors associated with zero-dose and never-immunized children among 12-23 months children enrolled in Zero-dose survey in
Sujawal and Kashmore districts, Sindh (n=2,091).

Variables Bivariate multinomial logistic regression analysis Multivariable multinomial logistic regression analysis
(n=552)
Zerodose Never immunized Zerodose Never immunized
RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value 95% CI
Area type
Slum 1.67 |0.05 1 2.79 |2.57 |<0.001 |1.45|4.54
Non-Slum
Child's sex
Boy Ref Ref
Girl 1.11 |0.328 0.9 |1.39 1.32 0.008 1.08/1.63 |15 |0.07 0.97 |2.33 1.43 |0.114 0.92 | 2.22
Marital status
Currently Married 0.88 |0.877 0.17 |4.66 |0.58 |0.4 0.17 | 2.06
Widow/widower/Divorce/ Ref Ref
separate
Father's education
0 2.15 | <0.001 [1.41|3.27 |2.69 |<0.001 |1.76 | 4.1
1-5 1.52 |0.142 0.87 |2.67 | 1.84 1 0.029 1.06 | 3.17
6-8 1.25 |0.617 0.532.95 248 0.012 1.22 | 5.05
9-10 1.8 ]0.035 1.04 | 3.1 1.07 1 0.839 0.58 | 1.96
>=11
Mother's education
0 2.67 10.212 0.57 | 12.49 /| 1.41 | 0.563 0.44 | 4.59
1-5 0.88 | 0.891 0.15|5.19 1 0.24 0.075 0.05|1.16
6-8 0.51 | 0.441 0.09 | 2.86
9-10 1.89 |0.537 0.25|14.26
>=11 Ref Ref
Parent's literacy Ref Ref
Both are illiterate 3.03 | 0.008 1.33/6.91 |4.21 |0.001 1.84 9.6 3.85 | 0.052 0.99 |23.23 11.82 |0.132 0.74 | 10.09
Father illiterate only 0.82 10.818 0.154.53 (112 (0.9 0.2 |6.32 245 0471 0.25|19.47 10.56 |0.533 0.05|4.83
Mother illiterate only 1.98 | 0.113 0.85|4.59 |2.22 0.064 0.95|5.18 |3.18 1 0.100 0.77 1| 19.41 | 1.01 |0.565 0.39 | 5.68
Both are literate Ref Ref
Father's occupation
Daily Wager Ref Ref
Self Employed 0.56 | 0.017 0.34 0.9 0.71 | 0.098 0.47 | 1.06
Government Employee 0.34 | 0.009 0.15|0.77 |0.36 | 0.005 0.18 |0.73
Private Employee 0.53 | 0.082 0.26 | 1.08 | 0.28 | 0.003 0.12 | 0.64
Unemployed/ Unable to 0.45 1 0.014 0.230.85 |0.53 0.036 0.29 | 0.96
Work
Other, specify 1.33 | 0.351 0.73 2.4 1.04 1 0.886 0.58 | 1.88
Mother's occupation
Daily Wager Ref Ref
Homemaker 1 0.997 0.492.03 | 0.96 0.893 0.49 |1.87
Other, specify 0.87 | 0.852 0.19 3.9 1.27 1 0.708 0.36 | 4.48
Family members in a
household
3-Jan Ref Ref
6-Apr 0.94 1 0.698 0.711.26 |1.12 | 0.451 0.84 | 1.49

(Continued)
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Table 2. (Continued)

Variables Bivariate multinomial logistic regression analysis Multivariable multinomial logistic regression analysis
(n=552)
Zerodose Never immunized Zerodose Never immunized
RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI
9-Jul 0.89 | 0.505 0.631.26 |1.18 |0.324 0.85|1.65
>9 1.34 1 0.259 0.8 |2.25 |1.47 |0.148 0.87 | 2.46
Did the child's mother
receive antenatal care
(ANC) during pregnancy?
Yes Ref Ref
No 1.34 |0.009 1.07 | 1.67 |1.44 |0.001 117 |1.77 |1.68 |0.035 1.04 |2.72 [2.07 |0.005 1.25|3.45
Did child's mother receive
postnatal care after child's
birth?
Yes Ref Ref
No 1.26 | 0.093 0.96 |1.64 |1.38 |0.015 1.07 | 1.79
Mother received COVID-19
vaccination
Yes Ref Ref
No 1.18 1 0.309 0.86 |1.61 |1.19 |0.248 0.89 | 1.59
Father received COVID-19
vaccination
Yes Ref Ref
No 0.55 | 0.176 0.23 [1.31 |1.29 |0.44 0.67 | 2.49
Parents received COVID-
19 vaccination
Both received Ref Ref
Mother only 0.54 | 0.19 0.21/1.36 |0.93 | 0.856 0.44 | 1.97
Father only 1.16 1 0.37 0.84 159 |1.14 |0.382 0.85|1.54
None received 1.18 1 0.894 0.11 [13.2 |7.26 |0.02 1.37 | 38.55
Poverty score 0.99 |0.238 0.98 |1.01 |0.98 |0.013 0.97 |1
Age of father at the time of | 0.99 | 0.451 0.98 |1.01 |1.01 |0.273 0.99 | 1.02
survey
Age of mother at the time |1 0.565 0.98 1.01 | 1.01 1 0.275 0.99 | 1.03
of survey
Age of head of household |1 0.622 0.98 1.01 |1.01 1 0.029 1 1.03
at the time of survey
Number of children under |0.94 | 0.753 0.65/1.36 |1.06 |0.729 0.76 | 1.48
3 in a household
General information
Has your household been
living in this village city
since your birth?
Yes Ref Ref
No 1.93 1 0.116 0.85/4.39 |1.59 |0.246 0.73 1 3.48
Mother language
Sindhi Ref Ref Ref Ref
Balochi 1.08 | 0.525 0.85/1.36 |0.59 |<0.001 /0.47|0.74 |1.34 |0.334 0.74 |2.41 |0.34 |0.005 0.16 | 0.72
Others 0.99 | 0.959 0.69 |1.42 |0.77 |0.124 0.56 | 1.07 |1.29 |0.445 0.67 |2.47 |0.42 |0.036 0.19 /1 0.94
(Continued)
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Table 2. (Continued)

Variables Bivariate multinomial logistic regression analysis Multivariable multinomial logistic regression analysis
(n=552)
Zerodose Never immunized Zerodose Never immunized
RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI
Religion
Muslim Ref Ref
Hindu 1.82 |0.25 0.66 |5.04 1.6 |0.368 0.58 | 4.44
Others - - - - - - - -
Type of family structure
Nuclear Ref Ref Ref Ref
Joint 1.29 | 0.305 0.79 | 2.1 1.67 |0.019 1.09 |2.58 |0.96 | 0.946 0.3 |3.07 |2.73 |0.057 0.97 | 7.71
Household income
<=10,000 Ref Ref Ref
10,001-20,000 0.73 |0.116 0.49/1.08 |14 |0.068 0.98 |2
20,001-30,000 0.81 | 0.599 0.36|1.81 |1.14 1 0.73 0.55|2.37
30,001-100,000 0.49 |0.412 0.09 |2.68 |1.75 |0.345 0.55|5.63
>100,000 0.17 | 0.096 0.02 /1.37 |0.19 |0.124 0.02 | 1.57

What is the structure of
your house? (Observe and

record)

Mud 1.31 |0.089 |0.96 1.8 1.88 | <0.001 |1.36 2.6
Brick and cement 0.8 10.319 [0.51|1.24 |0.96 |0.86 0.61/1.5
Mixed Ref Ref

Do you own this house or

it is rented?

Owned Ref Ref

Rented 3 0.038 1.06 | 8.5 2.67 1 0.064 0.94|7.56

Neither owned nor rented 0.7 |0.046 0.49/0.99 0.78 |0.131 0.56 | 1.08

Is this household or any
household member reg-
istered with the Govern-
ment’s Ehsaas/Benazir
Income Support Program?

Yes Ref Ref
No 1.05 | 0.681 0.84 |1.32 | 1.23 1 0.068 0.98 | 1.53

Do any household mem-
bers have any functional
difficulty/disability (see-
ing, hearing, communica-
tion, walking/ climbing,
mental/ psychological)?
Yes 1.16 |0.711 0.53 2.51 |0.45 0.116 0.16 | 1.22
No Ref ref

Has there been any death
of less than 5 years of age
child in the household

Yes 1.16 | 0.711 0.53 /2.51 |0.45 |0.116 0.16 | 1.22
No Ref Ref

(Continued)
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Table 2. (Continued)

Variables Bivariate multinomial logistic regression analysis Multivariable multinomial logistic regression analysis
(n=552)
Zerodose Never immunized Zerodose Never immunized
RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI RRR | P-value | 95% CI

If any child in your house
becomes sick, who usu-
ally makes the decisions

about it
child's mother Ref Ref Ref
child's father 1.07 |0.738 0.74 154 109 0.534 0.64 |1.26 | 0.27 1 0.066 0.07 {1.09 1 0.18 |0.014 0.05|0.71

jointly by child's father and 0.74 1 0.072 0.531.03 |0.54 |<0.001 /0.39|0.73 |0.76 |0.556 0.31/1.88 |0.51 |0.215 0.18 | 1.47
mother

child's grandfather/mother 2.33 10.137 0.76 | 7.14 | 2.35 1 0.081 0.9 |6.13 | 0.64 0.717 0.05|7.37 |0.26 |0.297 0.02 | 3.26
or others

Who usually makes the
decisions about children's
vaccination in the house?
child's mother Red Ref Ref Ref
child's father 1.35 | 0.065 0.98 /1.85 |1.06 |0.685 0.8 (1.4 3.15 | 0.076 0.89 | 11.18 |6.76 | 0.002 1.98 | 23.07
jointly by child's father and 0.99 | 0.927 0.74 /1.31 |0.5 |<0.001 /0.38|/0.65 |1.15 |0.729 0.52 /255 |0.7 0.457 0.28 | 1.79
mother

child's grandfather/mother 2.53 | 0.099 0.84 7.62 |7.58 |<0.001 |3.2417.69  2.62 |0.505 0.15 | 44.54 | 23.27 | 0.020 1.65 | 327.65
and others

Is there a health facility
near your house?

Yes Ref Ref
No 0.87 1 0.229 0.68 | 1.1 1.16 1 0.173 0.94 | 1.44

Has a vaccinator ever vis-
ited your household?

Yes Ref Ref Ref Ref
No 1.11 |04 0.87 1 1.43 | 1.95 | <0.001 |[1.49 255 |1.25 |0.349 0.78 |2.01 |4.44 |<0.001 |2.68|7.36

Are you aware of the LHW
functioning in your area?

Yes Ref Ref Ref Ref
No 1.78 | <0.001 |[1.42 224 |1.69 <0.001 1.36|2.11

Has an LHW ever visited
your house?

Yes Ref Ref Ref Ref
No 1.78 | <0.001 [1.42 224 |1.71 |<0.001 |1.38|2.12 |2.55 0.009 1.26 |5.16 |1.14 |0.684 06 |22

https://doi.org/10.1371/journal.pone.0330281.t002

For the never-immunized group, key determinants included: mother tongue: Balochi-speaking children were 66% less
likely to be never-immunized compared to Sindhi-speaking children (RRR=0.34; 95% CI:0.16-0.72; p<0.005), family
structure: children in joint families had a higher risk compared to those in nuclear families (RRR=2.73; 95% CI:0.97-7.71;
p<0.057), decision-making authority: when fathers were the sole decision-makers for general health, the risk of a child
never being immunized increased by 6.76 times (RRR=6.76; 95% CI:1.98-23.07; p<0.002). However, paternal involve-
ment in general health decisions reduced the risk (RRR=0.18; 95% CI:0.05-0.71; p<0.014) and vaccinator visits: house-
holds that had never been visited by a vaccinator had a significantly higher risk (RRR=4.44; 95% CI:2.68—7.36; p<0.001)
(Table 2).
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Discussion

We found that 23.8% of children aged 12—23 months in two low-immunization coverage districts of Sindh, Pakistan, had
received zero doses of penta vaccine, and 28.1% were never-immunized. The absence of ANC during pregnancy was
significantly associated with an increased risk of both zero-dose pentavalent vaccination and never-immunization, with
children being 68% more likely to be zero-dose and twice as likely to be never-immunized. Furthermore, we observed that
engagement with frontline health workers (FHWSs) was a critical determinant of immunization status. HHs not visited by
LHWSs experienced a 2.55-fold increase in the prevalence of zero-dose penta children, and the likelihood of children being
never-immunized was 4.44 times higher in HHs without vaccinator visits. These findings underscore the importance of
strengthening ANC and community-based outreach programs to improve childhood immunization coverage in this region.

Our study uniquely captures the on-the-ground reality of true zero-dose children. Over half (51.9%) of the studied pop-
ulation were classified as true zero-dose, including both zero-dose penta and never-immunized children. This contrasts
with prior research that predominantly relies on existing data sources, such as Electronic Immunization Registries (EIRs)
and Demographic Health Surveys (DHS), which often mask the extent of children who have yet to make contact with
the health system. For example, our observed proportion of children not receiving Penta-1 by their first birthday (23.8%)
surpasses the estimate reported in the Pakistan Demographic Health Survey (PDHS) (19.4%), a discrepancy likely stem-
ming from our targeted approach focusing on specific, often marginalized populations. Furthermore, our findings reveal a
significantly higher prevalence of zero-dose penta children compared to the Government’s EIR, which reported only one in
ten children as zero-dose. This disparity underscores the limitations of relying solely on routine data, which may underes-
timate the true burden of under-immunization. Notably, the prevalence of zero-dose penta children in our survey exceeds
that in other Low and Middle-Income Countries (LMICs), including Bangladesh (1.5%), Nepal (11.1%), and Iraq (14.1%)
[27]. While Bangladesh has achieved high immunization coverage through robust community health programs and
effective use of digital health tools, Pakistan faces challenges related to security and access in remote regions. Despite
Nepal’s demographic similarities to Pakistan, its lower zero-dose pentavalent prevalence highlights the effectiveness of
its community health worker network and targeted campaigns. In contrast, Iraq’s conflict and displacement have severely
disrupted immunization services, while Pakistan’s challenges stem more from systemic weaknesses within its routine
program.

The fact that children in HHs not visited by LHWs were significantly more likely to be zero-dose suggests that the
program’s reach is limited. This could be due to factors such as insufficient LHW staffing, inadequate training, or chal-
lenges in accessing remote communities. The high number of never immunized children points to the fact that parents
are not being adequately counseled on the importance of vaccination, and points to a deficit in the LHW program. These
children, effectively left behind, represent Pakistan’s precarious position in the global immunization landscape and its
significant challenge in meeting IA 2030 targets. The high prevalence of true zero-dose children indicates that current
immunization strategies are failing to reach the most vulnerable populations, necessitating a shift towards more proactive
and community-centered approaches. The results suggest that the current electronic immunization registry, while helpful,
is not capturing the full picture of the children who have not yet contacted the health system. Therefore, more active case
finding and community-level data collection are required.

The notable gender disparity observed in the never-immunized and immunized cohorts suggests potential gender-
specific barriers to immunization access. In this context, gender disparities in childhood immunization are likely influenced
by deeply embedded societal norms and systemic barriers. In patriarchal communities, healthcare decisions often require
male approval, potentially limiting mothers’ autonomy and restricting girls’ access to vaccines [28]. Economic constraints
may further exacerbate this inequity, with financially strained HHs potentially prioritizing boys’ healthcare. Structural
and logistical challenges, such as conservative norms and safety concerns that discourage families from taking girls to
vaccination centers, and a shortage of female health workers limiting community outreach where male providers face
restrictions, could also contribute to gender-based disparities in immunization coverage [29]. Misinformation and religious
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misconceptions, including perceiving vaccines as unnecessary for girls or associating vaccines with sterility myths, may
fuel hesitancy [30]. Limited parental education could further reinforce these disparities, perpetuating inequitable immuniza-
tion coverage [12].

EIRs, while capturing a large proportion, often exceeding 90.0%, of the target population, primarily reflect children
already engaged with healthcare services, thus underestimating those never immunized or lost to follow-up, a limitation
observed in similar settings utilizing routine health information systems [8]. For instance, studies in Sub-Saharan Africa
have noted that relying solely on facility-based data overlooks marginalized populations who rarely access formal health-
care. In contrast, our door-to-door HH survey provides a more comprehensive assessment, capturing both zero-dose
pentavalent children and those entirely missed by the health system, mirroring the methodology used in Demographic and
Health Surveys (DHS) which are considered the gold standard for population-based health data. This community-based
approach, similar to those advocated by the WHO’s REACH initiative, delivers a detailed and accurate depiction of the
immunization landscape, enabling precise identification of at-risk populations. Consequently, this study enhances the
accuracy and inclusivity of immunization coverage assessments, addressing a critical gap in accurately identifying chil-
dren missed by EIRs.

Children born to mothers who did not receive ANC faced a significantly higher risk of missing vaccinations, with a
68.0% increased likelihood of not receiving the Penta-1 vaccine and a two-fold increase in the probability of being entirely
unvaccinated, compared to children whose mothers accessed ANC. These findings align with previous research; a Paki-
stani study reported a 40—-60% higher likelihood of full vaccination among children whose mothers had 3—4 ANC visits
compared to those with fewer visits [31], a finding consistent with studies across LMICs. For example, studies in Nigeria
[32] and Myanmar demonstrated an increased likelihood of full vaccination among children of mothers who attended at
least four ANC sessions, highlighting the consistent impact of ANC on improving childhood immunization coverage across
diverse settings. These findings underscore the critical role of ANC in promoting child immunization, likely due to the antic-
ipatory guidance and health education provided during these visits, which empowers mothers to make informed decisions
about their children’s health.

Our analysis indicates a significant association between missed vaccinations and marginalized communities residing
in urban slums, characterized by limited access to basic healthcare facilities, a phenomenon observed globally in rapidly
urbanizing settings [33]. This observation is consistent with findings from previous studies. Research conducted in infor-
mal settlements of Nairobi, Kenya, has demonstrated a high prevalence of zero-dose children, highlighting the challenges
faced by populations lacking formal residency and health services [34]. Similarly, a UNICEF report on India’s urban slums
revealed elevated rates of under-immunization [35], a trend mirrored in other South Asian megacities where rapid urban-
ization outpaces infrastructure development. Furthermore, studies in Latin American cities, such as Rio de Janeiro, Brazil,
have shown that social exclusion and limited access to outreach programs contribute to low immunization coverage
among slum-dwelling children. These results suggest that socioeconomic marginalization, exacerbated by urban poverty
and inadequate healthcare infrastructure, critically impacts immunization status, rendering children in these communities
disproportionately vulnerable to being excluded from vaccination programs [36]. This highlights the urgent need for tar-
geted interventions that address the specific challenges faced by urban slum populations, recognizing the diverse con-
texts within which marginalization occurs.

A significant association was observed between HHs not covered by FHWs, including LHWs and vaccinators, and
the increased risk of children remaining zero-dose pentavalent or never-immunized. Specifically, children in HHs without
LHW or vaccinator visits had a 14% increased risk of being zero-dose pentavalent and a 4.44-fold increased risk of being
never-immunized. These findings underscore the critical role of FHW engagement in preventing under-immunization,

a role consistently highlighted across diverse settings. For example, studies in Sub-Saharan Africa have demonstrated
that community health worker-led interventions significantly improve vaccine uptake, particularly in remote and under-
served populations. The substantially higher risk for never-immunized children highlights the necessity of strengthening
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outreach efforts in areas with a high prevalence of zero-dose and never-immunized cases, a challenge also observed in
conflict-affected regions where access to routine immunization services is severely limited. LHWSs, as trusted community
figures, can effectively address vaccine hesitancy, educate families on the benefits of immunization, and dispel myths
surrounding vaccines, a crucial function in settings with low health literacy. However, studies have demonstrated that the
effectiveness of LHWs in Pakistan is compromised by infrequent and substandard HH visits, posing significant challenges
to meeting global immunization targets, a finding echoed in evaluations of similar programs in other South Asian countries.
Therefore, policymakers should prioritize quality and supervision to optimize this critical community resource, ensuring
that FHWs are adequately trained and supported. Our findings are consistent with previous research demonstrating the
effectiveness of FHW-led interventions in improving childhood immunization rates. For example, a study in rural Bangla-
desh demonstrated that communities with active FHW outreach programs achieved higher vaccination coverage com-
pared to those with limited outreach [37], a result supported by similar studies in Nepal [38] and Ethiopia [39].

Our study revealed a significant association between ethnic and linguistic disparities and childhood immunization
rates, indicating that marginalized groups experience distinct barriers to vaccine access. Specifically, children from
Sindhi-speaking HHs were more likely to be never-immunized than those from Balochi-speaking HHs. This disparity
reflects broader issues of access and equity within the healthcare system, potentially rooted in cultural differences and
varying degrees of social integration. In the local context, distinct cultural practices and communication preferences may
influence health-seeking behaviors and the acceptance of immunization services. For instance, Sindhi-speaking commu-
nities usually have a more hierarchical social structure, where healthcare decisions are often deferred to elders or male
family members, potentially leading to delays or refusals of immunization for female children. Additionally, the prevalence
of traditional healing practices within these communities may influence perceptions of modern medicine and vaccine effi-
cacy. Conversely, Balochi-speaking communities, often characterized by a more nomadic or semi-nomadic lifestyle, might
face challenges related to access due to geographical remoteness and limited infrastructure. However, they might also
demonstrate a stronger reliance on community-based support networks, which could facilitate the dissemination of health
information and promote immunization uptake. Furthermore, differing levels of literacy and access to culturally appropriate
health information across these linguistic groups could contribute to the observed disparities. Research from developed
countries has consistently demonstrated variations in vaccination coverage among ethnic groups, often linked to sys-
temic obstacles such as inadequate access to healthcare services and a lack of culturally appropriate health information.
However, the specific influence of ethnicity on zero-dose pentavalent prevalence in Pakistan remains under-explored,
highlighting a critical area for further research. A deeper understanding of the cultural and systemic factors affecting
marginalized communities is essential for developing targeted interventions to reduce zero-dose pentavalent rates and
improve overall health equity.

To achieve global immunization targets and uphold the commitment of ‘Leave no one behind’, policymakers must
prioritize understanding the sociodemographic determinants of true zero-dose children. Our study underscores the critical
role of ANC programs in reducing zero-dose prevalence. Therefore, we recommend targeted interventions to strengthen
and expand access to ANC services, particularly in marginalized communities. Specifically, ANC programs should inte-
grate culturally sensitive immunization counseling, leveraging the established link between ANC attendance and vaccine
uptake. Furthermore, given the significant influence of parental education, especially maternal education, on childhood
immunization rates, we urge policymakers to invest in targeted educational interventions for girls and women, recognizing
the broader public health benefits beyond immunization. To enhance the identification and outreach to true zero-dose chil-
dren, we recommend strengthening community-based outreach programs in collaboration with partner organizations. This
should include the strategic deployment of mobile immunization vans to geographically isolated clusters with high num-
bers of unvaccinated children, as well as equipping community health workers (CHWSs), LHWSs, and vaccinators with tar-
geted training and resources to identify and engage these children in marginalized communities. These frontline workers
should be trained in culturally sensitive counseling techniques to address vaccine hesitancy and logistical barriers faced
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by caregivers. Moving forward, research efforts should transcend cross-sectional data collection to explore the complex
interplay of factors influencing immunization uptake. We advocate for the integration of qualitative and mixed-methods
approaches, including longitudinal studies, to elucidate the barriers faced by marginalized communities and identify causal
pathways. Future research should focus on determining the specific cultural and social norms that influence vaccine
acceptance in Sindhi-speaking versus Balochi-speaking communities, investigating how intersectional factors, such as
gender, socioeconomic status, and geographic location, interact to impact immunization access, and evaluating the most
effective community-led interventions for addressing vaccine hesitancy and improving immunization coverage among
urban slum populations. These research endeavors will enhance the accuracy and applicability of findings, ultimately
informing more effective and targeted public health interventions.

This study, while providing valuable insights into childhood immunization coverage in Sindh, Pakistan, is subject to several
limitations. Firstly, the data, collected from a specific subset of the population, may not fully represent the broader demo-
graphic, potentially introducing selection bias. Secondly, the reliance on maternal recall for key variables, including vacci-
nation status and ANC attendance, in cases where the date of birth was unknown, introduces the potential for recall bias,

a common limitation in HH surveys. While structured questionnaires and cross-verification were employed to minimize this
bias, minor inaccuracies may persist. Thirdly, the data collection period, coinciding with the severe floods of 2022, may have
impacted caregiver priorities and immunization behaviors, potentially confounding the observed associations. The wide-
spread flooding led to logistical challenges and restricted access to certain communities, necessitating a delay and extension
of the data collection period. Furthermore, the cross-sectional design of this study precludes the establishment of causal
relationships, and unmeasured confounders, such as socioeconomic status, parental education, and socio-cultural influ-
ences, that may have influenced the observed associations. Notably, the observed association between the absence of ANC
and increased risk of zero-dose pentavalent and never-immunized children should be interpreted with caution, considering
these methodological constraints. Despite these limitations, which are inherent in community-based research, the study’s
findings contribute valuable evidence to inform public health interventions. Future research should employ longitudinal and
mixed-methods designs to address these limitations, refine data collection methods, and explore causal pathways, thereby
enhancing the accuracy and applicability of results in shaping effective immunization strategies.

Conclusion

We found that one in every two children were true zero-dose (zero-dose penta: 23.8% and never-immunized: 28.1%) in
two low-coverage districts of Sindh, Pakistan, revealing significant vaccination gaps. Limited access to ANC and inade-
quate engagement with FHWs emerged as key contributors. Addressing these disparities through improved ANC access,
enhanced FHW care and consideration of community outreach efforts is crucial for achieving universal immunization,
aligning with the Immunization Agenda 2030’s zero-dose target.

Highlights
1. Half of the surveyed children were ‘true zero-dose,” comprising zero-dose penta (23.8%) and never immunized (28.1%)
children.

2. Mothers who did not receive ANC during pregnancy were 68% more likely to have children categorized as zero-dose
penta, and over twice as likely to have never-immunized children.

3. HHs with no LHW visits were 2.6 times more likely to have zero-dose penta children.
4. HHs with no vaccinator visits had a 4.4 times greater risk of having never-immunized children.

5. Increasing access to ANC and active engagement of FHWs emerge as potential channels to improve vaccination status
of zero-dose penta and never-immunized children.
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Evidence before this study

We searched PubMed, Google Scholar, Demographic and Health Surveys, the UNICEF Multiple Indicator Cluster
Surveys, and other survey series between 2018 and 2023 for publications in the past 6 years, using search terms
“Zero-dose”, “Unvaccinated”, “Household Survey” and “Factors associated with zero-dose children”. We found more
than 200 articles focusing on overall coverage and timeliness of routine immunizations in low and middle-income
countries including Pakistan. Less than 10 articles evaluated the prevalence of zero-dose children and their pre-
dictors in low and middle-income countries including Pakistan. All the articles were based on survey data collection
or sampling. Few articles investigated the prevalence of zero-dose children enrolled through a digital immunization

registry.

Added value of this study

To our knowledge, this is the first analysis to investigate the community-based prevalence of zero-dose children among
children aged 12—-23 months and identify their predictors in low-coverage districts of Sindh, Pakistan through a HH survey.
Based on data from 6,395 HHs and 2,091 children, the study aims to estimate the prevalence of zero-dose penta and
never-immunized children. Additionally, the research identifies the sociodemographic disparities in each group. The find-
ings explore the factors influencing the likelihood of a child belonging to either the zero-dose penta or never-immunized
group, through adjusted regression analysis.

Implications of all the available evidence

This study identifies a higher prevalence of zero-dose penta and never-immunized children in community settings than
reported by the Pakistan Demographic Health Survey (PDHS) and through administrative data. This highlights critical
gaps in achieving universal immunization. Our findings emphasize the need for targeted public health interventions, partic-
ularly in underserved populations, such as emphasizing the importance of ANC and engagement with FHWSs. Future strat-
egies must focus on data-driven methods to address these immunization disparities, supported by collaborative efforts to
strengthen health systems across socioeconomic and geographic divides.
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