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egies such as increasing the number of vaccination days and modifying hours.

Background Urban childhood immunization programs face unique challeng-
es in access, utilization, and demand due to frequent population movement
between and within localities, sprawling informal settlements, and population
heterogeneity. We conducted a cross-sectional household survey in the Western
Area Urban district, Sierra Leone, stratified by slums and non-slums as defined
by the United Nations Development Program.

Methods Based on data from child vaccination cards, weighted vaccination
coverage was estimated from 450 children aged 12-36 months (household re-
sponse rate=83%). Interviews with 444 caregivers identified factors related to
accessing routine immunization services. Factors associated with coverage in
bivariate analyses were examined in multivariate models using backward step-
wise procedure.

Results Coverage was similar in slums and non-slums for 3-doses of diphthe-
ria-tetanus-pertussis-hepatitis B-Haemophilus influenzae type b (pentavalent) vac-
cine (86%, 92%) and second dose of measles vaccine (33%, 29%). In a multi-
variate logistic regression model, incomplete pentavalent vaccine coverage was
associated with being second or later birth order (adjusted odds ratio (aOR) =4.5
(95% confidence interval (C)=1.4-14.9), a household member not approving
of childhood vaccinations (aOR=7.55, 95% CI=1.52-37.38), self-reported de-
lay of child receiving recommended vaccinations (aOR=4.8,95% CI=1.0-22.1),
and living in a household made of natural or rudimentary materials (aOR=3.5,
95% CI=1.2-10.6). Overall, the majority (>70%) of caregivers reported occu-
pation as petty trader and <50% reported receiving vaccination information via
preferred communication sources.

Conclusions Although vaccination coverage in slums was similar to non-slums,
study findings support the need for targeted interventions to improve coverage,
especially for the second dose of measles vaccine to avoid large scale measles out-
breaks. Strategies should focus on educating household members via preferred
communication channels regarding the importance of receiving childhood vac-
cinations on time for all offspring, not just the first born. Vaccination coverage
could be further improved by increasing accessibility through innovative strat-

Atlanta GA 30329 The Expanded Program on Immunization (EPI) was established by WHO in 1974
USA to ensure all children had access to routinely recommended vaccines that pre-
ngwb@cdc.gov vent morbidity and mortality from six diseases [1,2]: tuberculosis, polio, mea-
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sles, diphtheria, tetanus, and pertussis. Since 2008, there has been a global reduction in deaths due
to vaccine-preventable diseases (VPDs) among children under the age of five. Nevertheless, according
to the World Health Organization (WHO), in 2008 alone, there were more than 1.5 million deaths
among this age group due to VPDs, 46% of whom lived in Africa [3]. Despite efforts to make vaccines
available and accessible to all eligible children around the world, almost 20 million children were un-
der- or unvaccinated in 2018 [3,4].

Sierra Leone established the national EPI in 1978 and the program now includes vaccines against five
additional diseases: yellow fever, rotavirus, hepatitis B, Haemophilus influenzae type b, and pneumococ-
cal disease [5]. From 1986-1990, national coverage of routine vaccinations (from WHO and UNICEF),
including the third dose of diphtheria-tetanus-pertussis-containing vaccine (DTPcv), increased from
6% to 75% in Sierra Leone during the final phase of the Universal Child Immunization initiative [6].
Vaccine coverage declined, however, during the 1991-2002 country’ civil conflict and the 2014-2015

Ebola Virus outbreak [7]. As of 2018, national routine coverage with three doses of DTPcv and the
first dose of measles-containing vaccine (MCV1) were estimated to be 90% and 80%, respectively [7].
Along with numerous health systems-related setbacks caused by the Ebola outbreak, suboptimal rou-
tine vaccination coverage remains a major public health concern in Sierra Leone. Despite reported im-
provements in coverage following the Ebola outbreak, the country has experienced multiple measles
outbreaks, including one as recently as June 2018 [8]. To prevent measles outbreaks by achieving herd
immunity within the population, it is estimated that coverage of at least 95% for two doses of MCV
needs to be sustained [4].

Almost 15% of Sierra Leone’s population resides in Western Area Urban (WAU) district where the coun-
try’s capital Freetown is located [9]. Compared to rural areas, urban areas like Freetown may be as-
sumed to have higher uptake of essential health care services including immunization, given the great-
er geographic accessibility to health facilities and availability of diverse information sources and social
networks. However, the opposite is often true [10]. Vaccination coverage in WAU from the Multiple
Indicator Cluster Survey (MICS) (86% for the third dose of DTPcv and 81% for MCV1), was similar
to the 2018 national coverage [11]. Urban immunization programs face unique challenges, such as
frequent population movement between and within localities, sprawling of informal settlements, and
heterogeneity of the population [12]. Informal settlements and slum communities within urban areas
have populations with generally low socioeconomic status which may result in gaps and inequities in
the uptake of health services, particularly for childhood immunizations [13]. To the best of our knowl-
edge, no data were previously available to determine if coverage varied by slum and non-slum areas of
WAU district, Sierra Leone as of 2017. Slums were defined by the United Nations Development Pro-
gram as having: lack of basic services, sub-standard housing or illegal and inadequate building struc-
tures, overcrowding and high density, unhealthy living conditions and hazardous locations, insecure
tenure, irregular and informal settlements [14].

Our primary research question of interest was to understand the relationship between a childs resi-
dence (slum and non-slum) and their vaccination status. We conducted a cross-sectional household
survey in WAU district, stratified by designated slum and non-slums to estimate vaccination coverage
among children 12-36 months old and identify factors contributing to underutilization of, and barri-
ers to accessing routine immunization services. The objective was to provide actionable data to guide
the Sierra Leone Ministry of Health and Sanitation (MoHS) to improve access, demand, and utilization
of immunization services by tailoring and strengthening immunization services in Freetown and other
similar urban settings in the country.

METHODS

Study setting and population

In WAU district, routine childhood vaccinations are administered by trained health care workers at
fixed sites within health facilities, as well as through outreach visits, and designated routine immu-
nization days in a central community location. The current childhood vaccination schedule in Sier-
ra Leone follows the recommended WHO vaccination schedule. It includes a birth dose of bacillus
Calmette-Guérin (BCG) and oral polio vaccine (OPV); doses of OPV, diphtheria-tetanus-pertussis-hep-
atitis B-Haemophilus influenzae type b (pentavalent) vaccine, pneumococcal, and rotavirus vaccine at
6 weeks, 10 weeks, and 14 weeks of age; yellow fever vaccine and MCV1 at 9 months; and MCV2 at
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15 months of age. Pneumococcal vaccine, rotavirus vaccine, and MCV2 were all introduced into the
national schedule within the past eight years (2011, 2012, and 2015, respectively) [5]. As a result of
MCV2 introduction, the Sierra Leone MoHS and global partners have placed a renewed emphasis on
strengthening child health interventions during the second year of life.

Study design

A household survey was conducted with eligible caregivers of children aged 12-36 months in WAU
district, Sierra Leone from March 4 to April 8, 2019. Two-stage probability sampling methodology was
used to randomly select 58 enumeration areas (EA) from the 2015 Sierra Leone Census, stratified by
setting (29 slum EAs and 29 non-slum EAs according to the designated definition), and simple random
sampling was used to select 10 eligible households (physical structures or dwellings) per EA from a
newly created EA household line listing (Appendix S1 in the Online Supplementary Document). All
eligible children within a household were selected for inclusion in the study, and their primary caregiv-
ers were selected for interviews. The data collection teams visited the selected EAs at varying times of
the day, including mornings, afternoons, and evenings to increase the chances of locating eligible par-

ticipants on the enumerated list. If a caregiver was not present, data collectors returned to the house-
hold up to three times at another time of the day or on a different day. Households with unreachable
caregivers were not replaced or substituted. Individuals were eligible to participate if they were aged
15 years and older, living in residential households in the selected EAs for the past 6 months, and were
primary caregivers of children aged 12-36 months.

Data collection

Caregivers of children aged 12-36 months were interviewed near their households, using a tablet-based
respondent questionnaire. Key topics included knowledge of available immunization services, access to
information and services, barriers and facilitators to vaccination-seeking behavior including attitudes
toward vaccines, and influencers at household, community and societal levels. Data from the child’s
vaccination card was abstracted and entered into tablets to ascertain the immunization status of the
child. Caregiver recall was also collected those children without vaccination cards.

Ethics approval and consent

The survey was approved by Columbia University Medical Center’s Institutional review board, the
Centers for Disease Control and Prevention (CDC) Office of the Associate Director for Science, Cen-
ter for Global Health, and Sierra Leone’s MoHS institutional review board. Written or thumb-printed
(for illiterate participants) informed consent was obtained from participants in either English or Krio.
If the caregiver was <18 years, the parent of the caregiver was asked to consent, and minor assent was
obtained. Caregivers were excluded from the survey if they were unable or unwilling to provide con-
sent. Participation was voluntary, and the objectives, length of survey, and risks/benefits of participa-
tion were explained to individuals prior to enrollment.

Statistical analysis

Descriptive statistics were used to summarize demographic data, as well as access, demand, and utiliza-
tion of childhood vaccinations in slum and non-slums of WAU. From collected vaccination card data,
estimations of vaccination coverage and the corresponding 95% confidence intervals of point estimates
were made using complex survey procedures that accounted for the two-stage cluster design and sam-
pling weights [15]. A timeliness analysis to assess whether children had received all of their vaccinations
within 24 months of age was conducted among all children who were age-eligible (15 months or old-
er) for MCV2 — the final vaccine dose in the national childhood immunization schedule. ¥* tests were
used to examine differences between slum and non-slums in uptake of various scheduled vaccines, ac-
cess-related determinants, and attitudes toward vaccination. A multivariable logistic regression model
was fit to the data to examine the odds of incomplete pentavalent vaccination status among children
of caregivers who resided in slum communities compared to those residing in non-slum communities.
Variables considered for inclusion in the model were significantly associated (P<0.05) with either geo-
graphic location (slum vs non-slum) or complete vaccination coverage of pentavalent vaccine in the
bivariate analysis. When using a manual backward stepwise procedure, these variables were retained
in the multivariate analysis if they remained significant at the 0.05 level. All analyses were completed
in STATA 14 (StataCorp, College Station TX, USA).
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RESULTS

Enrollment

A total of 4275 structures comprising 7869 households were enumerated in the 58 randomly selected EAs, of
which 1268 households were determined to be eligible for inclusion in the study. At least 80% of households
in each EA provided household listing information. Data collection teams visited 535 households selected
from a created list of eligible households; 277 (52%) were in slums and 258 (48%) were in non-slums (Fig-
ure 1). Questionnaires were completed from 443 households with an overall response rate of 83%. Eligible
caregivers, infants, or entire households who had moved out of the area since enumeration (72%) comprised
the majority of the non-responders. Of the 443 completed households, 454 caregivers of 470 children aged
12-36 months were interviewed. There were 10 children and their caregivers excluded from analyses due to
being age-ineligible (Table 1). Therefore, the final analysis included data from 444 caregivers and 460 chil-
dren (240 children from 236 households in slums and 220 children from 207 households in non-slums).

Number of households visited™®

N=535
Slum=277 | | Non-slum=258

Non-response reasons

Absent 4 11
Refused 1 3
Deaf/did not speak the language o 1
Household moved out of enumeration area 12 15
Caregiver/infant moved out of caregiver area 22 17
Caregiver was deceased 1 1
Infant was deceased L] 1
Errer during enumeration 2 1

Slum=236 | | Non-slum=207

Number of households enrolled

N=443

Figure 1. Households included in the analysis and reasons for exclusion, (unweighted), household survey, WAU
district, Sierra Leone, 2019. *Visited households are defined as all eligible households (physical structures or
dwellings) that were visited by data collection teams up to three times. WAU — Western Area Urban

Tahle 1. Caregivers and eligible children included in the analysis by slum and non-slum areas, (unweighted),
household survey, Western Area Urban district, Sierra Leone, 2019

Stum, v (%) Non-stum, n (%) Tora, N

Number of caregivers interviewed 240 (53) 214 (47) 454
First enrolled caregiver within household 236 (53) 207 (47) 443
Second enrolled caregiver within household 4 (36) 7 (66) 11

Number of caregivers included in analysis* 234 (53) 210 (47) 444
Number of participating children 246 (52) 224 (48) 470
First enrolled child within household 236 (53) 207 (47) 443
Second enrolled child within household 6 (38) 10 (62) 16
Third enrolled child within household 4 (36) 7 (66) 11

Number of eligible children enrolled* 240 (52) 220 (48) 460

‘WAU — Western Area Urban
*10 children and caregivers were enrolled and interviewed but excluded during the analysis phase because the children were not
between 12-36 months of age either at the time of enumeration or at the time of interview.
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Demographic characteristics of children and caregivers

The median age of participating children was 24 months in slums and 25 months in non-slums (Table
2). Forty-six percent (n=109) and 53% (n=117) of these children were female in slum and non-slums,
respectively. The median birth order of participating children was second for both slum and non-slums,
and the majority of participating caregivers were mothers (90% and 89%, respectively). The median ma-
ternal age was 26 years in both areas (Table 2). The majority of mothers in slum and non-slums were
married (67% (n=156) and 64% (n=134), respectively), Muslim (78% (n=182) and 62% (n=119), re-
spectively), and considered themselves to be petty traders (67% (n=156) and 54% (n=113), respective-
ly). A smaller proportion of mothers in slums reported completing junior secondary school or higher
compared to mothers in non-slums (45% and 60%, respectively).

Household characteristics

Although household size ranged from 1-23 individuals, median size was five in both slum and non-
slums (Table 2). Most households (82% (n=195) in slums and 74% (n=153) in non-slums) had access
to piped or dug well water but did not have these potable water sources in their homes or on their land
(729% (n=143] in slums and 74% (n=122) in non-slums) (Table S1 in the Online Supplementary Doc-
ument). Almost a quarter (24%, n=56) of homes in slums used a bucket, hanging toilet or plastic bag
as toilet facilities, compared to 5% (n=10) of households in non-slums. A greater proportion of house-
holds in non-slums had electricity, a radio, television, mobile phone, and refrigerator than households
in slums; 43% (n=88) and 29% (n=69), respectively. A greater proportion of non-slums also had rudi-
mentary or finished walls, floors, and roof compared to households in slums (94% (n=207) and 89%
(n=213), respectively).

Access to and utilization of routine immunization

Caregiver access and utilization of routine immunization did not differ significantly between slum and
non-slums. Caregivers in both areas reported similar travel time from their home to vaccination sites and
similar wait times at vaccination sites (Table S2 in the Online Supplementary Document). More than
one quarter (34%-40%) of all caregivers reported that transportation time to vaccination sites was “too
much time”. When asked about preferred location for an additional vaccination site, the majority of care-
givers reported that they would like a site close to home (88%-90%) compared to close to work or the
market. In both areas, 79% of caregivers reported that wait time at vaccination sites was =30 minutes and
149%-22% of caregivers viewed this as “too much time”. Half of all caregivers (50%) reported having to
pay health care workers for routine immunization services, even though services are supposed to be free
of charge. One in ten caregivers reported attending a vaccination site but having to return home without
their child being vaccinated. Among caregivers returning home without getting their children vaccinat-
ed, the three main reasons reported for missed opportunities for vaccination were: “not enough children

»

to open a vaccination vial”, “vaccines were not available”, and “it was not a scheduled vaccination day”.

Very few caregivers self-reported refusing recommended vaccinations for their child (2%-6%); however,
36%-37% of caregivers self-reported delaying vaccination for their child (Table S2 in the Online Supple-
mentary Document). Of the 17 caregivers who self-reported vaccine refusal, 10 cited fear of vaccination
side effects (Table S3 in the Online Supplementary Document). Of the 163 caregivers who self-report-
ed vaccine delay, the top three reasons were: lack of time to take child, child or caregiver were sick, and
fear of vaccination side effects.

Current and preferred sources of information about vaccines

Sixty-two percent of caregivers in slums and 75% of caregivers in non-slums received information about
childhood vaccinations from health facilities. However, only 43% of caregivers in slums and 47% of
caregivers in non-slums reported that health facilities were their preferred source of information (data
not shown). Caregivers in both areas reported that household visits, radio programming, and communi-
ty-based events were their preferred modes of communication relating to childhood vaccination.

Perceptions of childhood vaccination

Perceptions of childhood vaccination were similar among caregivers in slum and non-slums. A high pro-
portion of caregivers (=90%) in both slum and non-slums reported that they believe vaccines are good for
their children, are safe, and protect their children against diseases (Table S4 in the Online Supplementa-
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Table 2. Child, caregiver, and household characteristics comparing slum to non-slum areas (unweighted), house-
hold survey, Western Area Urban district, Sierra Leone, 2019

Child characteristics

Slum (n=240)

Non-slum (n=220)

n or (median) (Range) or %

n or (median) (Range) or %

Median age of child in months* 4 (13-41) (25) (12-39]
Median birth order @ 1-10) @) (1-8]
First birth order 63 47% 71 53%
Sex (female) 109 46 117 53

Caregiver/parent characteristics
Caregiver (respondent) type:

Slum (n=234)

Non-slum (n=210)

n or (median) (Range) or %

n or (median) (Range) or %

Mother 210 90 186 89
Father 4 2 0 0
Grandmother 14 6 17 8
Grandfather 0 0 1 <1
Other family membert 5 2 6 3
Median maternal age 26) (18-46) 26) (17-48]
Mother no longer alive 0 0 1 <1
Maternal marital status:

Married 156 67 134 64
Living with partner 39 17 24 11
Divorced/separated or widowed 7 3 6 2
Never married/never lived with partner 31 13 45 22
Maternal education status:

Mother never attended school 73 32 35 17
Mother attended some or completed primary school 55 24 83 23
Mother completed junior secondary school or higher 103 45 126 60
Paternal education status:

Father never attended school 44 21 32 16
Father attended some or completed primary school 27 13 16 8
Father completed junior secondary school or higher 136 66 146 75
Maternal religion:

Christian 50 21 80 38
Muslim 182 78 119 62
Paternal religion:

Christian 53 23 58 28
Muslim 176 77 150 72
Maternal employment:

Petty trader 156 67 113 54
Private business owner 14 6 25 12
Unemployed 27 12 43 21
Student 8 3 12

Medical or health professional 2 1 5 2
Other (laborer, teacher, government or NGO employee)# 26 12 11 5
Paternal employment:

Petty trader 29 13 20 10
Laborer 74 32 54 26
Private business owner 40 17 37 18
Government employee 18 8 26 12
Public transportation or Okada/Keke driver 22 10 19 9
Unemployed 5 2 12 6
NGO employee 5 2 9 4
Teacher 3 1 7 3
Other (farmer, medical professional, solider, student)¥ 33 14 25 12

Household level characteristics

Median household size

Slum (n=236)

Non-slum (n=207)

n or (median) (Range) or %
(5) (2-23)

n or (median) (Range) or %
5) (1-20]

Median number of living children in household

(2) (1-8)

@ (1-6]

NGO - non-governmental organization

*Age at time of enumeration, calculated from date of birth on the vaccination card. If vaccination card was unavailable, it was cal-

culated from date of birth based on caregiver recall.

FOther family members include: aunt, cousin, niece, nephew, or sibling.

#Categories with <2% were grouped into “Other”.
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ry Document). When caregivers were asked whether they would encourage others to get their children
vaccinated, 67% in slums and 73% in non-slums responded, “very much.” Less than 80% of caregivers
in both areas reported that parents and trusted leaders in the community “very much” approved and val-
ued childhood vaccinations.

Vaccination coverage

Vaccination card retention at the time of interview was similar in slum and non-slums (75% and 76%,
respectively) (Table 3). Using vaccination card data only, BCG vaccination coverage was high in both ar-
eas (298%). Overall, pentavalent vaccination coverage was similar between slum and non-slums; 97% for
the first dose, 91% for two doses, and 86% for all three doses in slums and 96% for the first dose, 94%
for two doses, and 92% for all three doses in non-slums. Similar to pentavalent vaccine coverage, there
was an observed drop in coverage between the first and second measles doses; coverage was similar in
slums and non-slums, with coverage for MCV2 (32%-33%) lower than coverage for MCV1 (75%-77%).

Tahle 3. Vaccination coverage of children ages 12-36 mo and characteristics comparing slum to non-slum areas (weighted), house-
hold survey, Western Area Urban district, Sierra Leone, 2019*

VIACCINATION COVERAGE

Swm (v = 2381) Non-stum (v = 220) Tora (v = 458)
% or (mean) 95% CIL % or (mean) 95% CI % or (mean) 95% CI

Mean age of most recent vaccination in months (recall) (1) 11-12 11 11-12 an 11-12
Owns vaccination card:

Yes, available 75 69-81 76 70-80 76 71-80
Yes, not seen 19 15-25 17 13-22 17 14-22
No 6 3-10 7 3-15 7 4-14
Vaccination coverage by card n=180 n=170 n=350

BCG vaccination 98 94-99 100 98-100 99 98-100
Pental 97 94-99 96 83-100 96 86-99
Received two doses of penta 91 85-95 94 84-98 94 86-97
Received all three penta doses 86 80-91 92 83-97 91 84-96
MCV1 75 66-83 79 66-86 77 68-85
MCV2# 33 25-42 32 21-46 32 22-44
Received BCG, all penta doses and 2 measles doses¥ 33 25-42 29 19-42 29 20-40
Received BCG, all penta doses and 2 measles doses by 24

monthss 22 16-30 20 14-29 20 15-28
No vaccinations 1 1-5 0 - <1 <1-1
Received all recommended vaccinations¥ (recall) 54 43-63 53 41-64 53 43-62

CI — confidence interval, BCG - Bacillus Calmette-Guérin; Penta - pentavalent vaccine (diphtheria-tetanus-pertussis-hepatitis B-Haemophilus influenzae

type b), MCV1 — measles-containing vaccine, 1% dose; MCV2 — measles-containing vaccine, 2™ dose
*No significant differences at P<0.05 level
FMissing data from two participants.

#All recommended vaccines include BCG, Pental-3, MCV1-2, and 4 doses of oral polio vaccine.
§Only children =15 months were included in the analysis.

According to caregiver recall, 54% of children in slums and 53% of children in non-slums received all rec-
ommended vaccines in the national routine schedule; however, according to vaccination card data, only
33% of children in slums and 29% of children in non-slums received BCG, three doses of pentavalent,
and two doses of measles vaccine. Of the caregivers who reported that their child received all recommend-
ed vaccines, only 8% (95% Cl=3%-18%) had vaccination cards with documented receipt of MCV2. In
comparison, 60% (95% Cl=44%-74%) received MCV1, and 86% (95% Cl=74%-93%) received the third
dose of pentavalent vaccine (data not shown). Less than one quarter of all age-eligible children received
these doses on time (by 24 months of age) (Table 3). Among children with vaccination cards (n=350),
1% of children in slums and 0% of children in non-slums had never been vaccinated. Similar trends in
vaccination coverage, by card and recall, among the 12 to 23 month-old birth cohort were observed (Ta-
ble S5 in the Online Supplementary Document).

Factors associated with vaccination coverage

In bivariate analyses, failure to complete the pentavalent vaccination series (from vaccination card only)
was significantly associated with second or higher birth order of the child, paternal education of prima-
1y school or less, living in a house without a flush or pour toilet, and living in a house with natural floor,
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roof, and wall materials (Table 4). Failure to complete the pentavalent vaccination series was significantly
higher among children with caregivers who knew a child in their family or community with vaccine side
effects in the last 12 months and those who self-reported delaying recommended vaccinations for their
children (Table 5). Children who had not received three doses of pentavalent vaccine had caregivers who
less frequently perceived that their spouses and household members “very much” approved of childhood
vaccination and had caregivers who less frequently reported being confident in their ability to take their
child for vaccination visits, (P<0.01 and P=0.02, respectively) (S5 Table). Children were also less likely
to have received three doses of pentavalent vaccine series if their caregivers less frequently perceived that
they lived in a community where people valued childhood vaccination and approved of childhood vac-
cination (P=0.03 and P=0.01, respectively).

Tahle 4. Demographic and socioeconomic factors associated with receiving three doses of pentavalent vaccine
among children who had a vaccination card at the time of interview* (weighted), household survey, WAU district,
Sierra Leone, 2019

ALL THREE PENTAVALENT VACCINE DOSES P-vaLue

% 95% CI
Urban setting:
Slum 86 80-91
Non-slum 92 83-97 0-18
Gender of child:
Female 94 83-98
Male 88 79-94 0.2
Maternal education level:
Never attended school 89 73-96
Attended some or completed primary school 87 72-94 0.28
Completed junior secondary school or higher 94 83-98
Paternal education level
Never attended school 79 58-91
Attended some or completed primary school 95 87-98 0.03
Completed junior secondary school or higher 94 85-98
Maternal religion:
Christian 95 86-98
Muslim 90 79-95 0.4
Paternal religion:
Christian 95 84-99
Muslim 90 81-95 0.33
Child birth order:
1¢ born o8 95-99
>2" born 88 77-94 <0001
Maternal marital status:
Married or living together 90 80-95
Divorced, separated or widowed 94 61-99 0.02
Never married or lived together 98 93-100
Type of toilet:
Flush or pour flush toilet 98 95-99 0.002
Pit Latrine, bucket, hanging toilet or plastic bag 88 77-94
Household amenities composite variable (electricity, mobile phone, radio, television and refrigerator):
Has household amenities 92 77-97
Does not have household amenities 91 85-95 0-93
Main material of house (floor, roof and walls):
Natural materials 68 28-92 001
Rudimentary or finished materials 94 91-96

WAU — Western Area Urban, CI — confidence interval
*n=350 children 12-36 months with vaccination card.

Children who were age-eligible but had incomplete measles vaccination were more likely to have a moth-
er and father who reported being Muslim; incomplete coverage was 66% (95% CI=53%-78%) among
children with Muslim mothers compared to 47%, 95% Cl=30%-64%) among Christian mothers and
64% (95% Cl=50%-76%) among children with Muslim fathers compared to 42%, 95% CI=26%-60%)
among Christian fathers (data not shown). Children with incomplete measles vaccination were also more
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likely to live in a house without amenities including electricity, a television, radio, mobile phone, refrig-
erator (70%, 95% Cl=52%-83%) compared to 43%, 95% Cl=33%-55% (data not shown). Additionally,
children whose caregivers delayed their vaccination were more likely to have incomplete measles vacci-
nation coverage (34%, 95% CI=23%-47%) compared to 11% (5%-22%) (data not shown).

Table 5. Caregiver characteristics, perceptions, and decisions associated with receiving three doses of pentavalent
vaccine among children who had a vaccination card at the time of interview* (weighted), household survey, WAU
district, Sierra Leone, 2019

ALL THREE PENTAVALENT VACCINE DOSES

% 95% CI
Transportation time from home to vaccination site:
<30 min 92 83-97
30 min-1 h 92 82-97
>l h 93 68-99
Perception of time to reach usual vaccination site
About right 94 86-98
A short time o1 83-95
Too much time 93 77-98
‘Waiting time at vaccination site:
<30 min 82 57-94
30 min-1 h 96 91-98
>l h 94 85-98
Perception of wait time at vaccination site:
About right 95 90-98
A short time 89 79-95
Too much time 89 67-97
Payment to health care worker:
Nothing 95 87-98
1000-5000 Leones 92 85-96
>6000 Leones 90 75-96
Knowledge of child in family or community with vaccine side effects within last 12 mo:
Yes 70 37-91
No 93 87-96
Self-reported refusal of recommended vaccination:
Yes 75 39-94
No 93 87-96
Self-reported delays in receiving recommended vaccination:
Yes 81 63-92
No 97 92-99

WAU — Western Area Urban, CI — confidence interval
*n=350 children 12-36 months with vaccination card.

In a multivariate analysis, the following covariates were most closely associated with incomplete pentava-
lent vaccination series: being born second or later (adjusted odds ratio (aOR)=4.5, 95% CI=1.4-14.9),
living in a household where a spouse, partner or household member does not approve of childhood vacci-
nations (aOR=7.55,95% CI=1.52-37.38), caregiver self-reporting delay of child receiving recommended
vaccinations (aOR=4.8, 95% CI=1.0-22.1), and living in a household made of natural or rudimentary
materials (aOR=3.5, 95% CI=1.2-10.6) (Table 6).

Table 6. Logistic regression model examining factors associated with incomplete pentavalent vaccine coverage
(n=41) among children ages 12-36 months living in Western Area Urban district, Sierra Leone (weighted), house-
hold survey, 2019

Di NOT RECEIVE ALL THREE DOSES OF PENTAVALENT VACCINE® Opbos Ratio ~ 95% CONFIDENCE INTERVAL P-varue

Living in a slum enumeration area 1.8 0.70-4.8 0.21
Child birth order (1 vs >2"9) 4.5 1.4-14.9 0.01
Caregiver perceives that household member does not approve of vaccination 8.7 2.2-34.2 0.002
Self-reported delays in receiving recommended vaccination 4.8 1.02-22.1 0.05
Main materials of household (natural vs rudimentary or finished) 3.5 1.2-10.6 0.03

*From vaccination card data only.

www.jogh.org ® doi: 10.7189/jogh.10.010420 9 JUNE 2020 ¢ VOL. TONO. 1 « 010420



Feldstein et al.

DISCUSSION

Although we did not find any differences in vaccination coverage between slum and non-slums in a large
urban area (WAU district) in Sierra Leone, our findings show that overall, almost 1 in 4 children had not
received MCV1 and only 1 in 3 children received MCV2 vaccination. Based on the results of this survey,
barriers to accessing and utilizing routine immunization services in both areas fell into four categories: 1)
sociodemographic characteristics of the family, 2) caregiver perceptions of family and community beliefs,
attitudes, and behaviors toward vaccination, 3) vaccination session scheduling, and 4) facility-based ex-
periences and missed opportunities for vaccination. Of potential barriers identified, factors most closely
associated with low vaccination coverage in multivariate analysis were a child being born second or later,
caregivers perceived lack of support for vaccination from their spouse/partner or other household mem-
bers, self-reported delay of child receiving recommended vaccinations, and living in a household made of
natural or rudimentary materials.

Vaccination coverage estimates from this study for the third dose of pentavalent vaccine and MCV1 are
consistent with recent estimates from other assessments in WAU district [7,11]. Findings from prior stud-
ies in sub-Saharan Africa aimed to identify predictors of vaccination coverage in urban areas and found
the following: low or no maternal education level, low socioeconomic status, time constraints, past be-
haviors of delaying vaccination, and negative perceptions of vaccination were consistently associated with
lower coverage across multiple studies [16-21]. In our study, the proportion of children who received all
vaccines on time (within 24 months of age) is also low (20%) and delaying vaccination can increase the
risk of child deaths due to a VPD. In comparison, two studies in urban areas of sub-Saharan Africa found
a higher proportion of fully vaccinated children (55% in informal settlements in Nairobi, Kenya in 2014.
and 44% in Benin City, Nigeria in 2005) [19,22].

Our finding that coverage of all routine vaccinations was similar between children in slums and non-slums
was surprising. Populations within urban areas move between and within localities, and often create in-
formal settlements, which results in heterogeneity of the population [12]. These informal settlements and
slum communities within urban areas typically have gaps and inequities in the uptake of health services,
particularly for childhood vaccinations. To our knowledge, this is the first time that differences in vacci-
nation coverage have been examined between slum and non-slums within an urban setting in any African
country, and although we did not identify differences in coverage, it is important to continue to assess these
areas because of varying contexts and country-specific factors.

Caregivers in slums and non-slums had similar experiences, attitudes, and perceptions towards child-
hood vaccinations. More than one-third of all caregivers delayed vaccination for their child and thought
that the time it took to reach their usual vaccination site was too long. While most caregivers believed
that vaccines were safe and provided protection against diseases, approximately one quarter or more
reported that parents and trusted leaders in their community were not likely to approve of childhood
vaccinations and that the caregivers would not be likely to encourage other caregivers to get their child
vaccinated. Further qualitative research could help shed light on how to improve confidence among
caregivers to get their children vaccinated and to increase support for routine vaccination among mem-
bers in the community.

To improve vaccination coverage in this urban setting of Sierra Leone, it is imperative to not only engage
and educate mothers and fathers but all household members and community members in dialog, through
communication channels that caregivers reported preferring (household visits, radio programming, and
community-based events, in addition to health facilities). Consideration should also be given to the unique
or more common media options that exist in this urban setting for sharing immunization information. Ed-
ucation about childhood vaccination should include why vaccines are important, how they protect against
severe diseases, and risk communication about adverse events following immunization [23]. Because MCV2
coverage is so low, special attention should be brought to the importance of measles vaccination through
preferred communication channels to avoid a large scale measles outbreak. Moreover, trusted local leaders
(formal and informal) should be identified within diverse urban social networks and be engaged to sup-
port and role-model positive vaccination attitudes and behaviors in the community. Health facilities could
consider strengthening ties with local places of worship, particularly with mosques, to reinforce vaccina-
tion messaging and provide vaccination reminders after prayer services. All communication and education
messages regarding routine immunization should be developed using simple language and tested to ensure
caregivers with varying degrees of education understand.
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Vaccination coverage could be further improved by ensuring routine immunization services are free of
charge, increasing the number of vaccination days, modifying hours, and exploring different types of out-
reach activities to ensure caregivers have flexibility as to when and where they bring their child for vacci-
nation. The majority of caregivers reported that maternal occupation was “petty trader”. Thus, the market
place as the most common location for petty trading should be targeted for vaccination outreach activities
and demand promotion.

Educating health care workers to open vials, even if it is likely to result in some wastage could also
improve coverage and enhance the relationship between the caregiver and health provider. A national
policy of opening vials despite wastage and ensuring a steady supply of vaccines are needed to support
this kind of health care worker education and reduce missed opportunities for vaccination [24,25].
Furthermore, more than one-third of caregivers reported delayed vaccination and delaying was associ-
ated with not getting vaccinated. In addition to encouraging health care workers to open vials when a

caregiver brings a child for a vaccination session, strengthening defaulter tracking, and utilizing local
community health volunteers to do so, may help to ensure that caregivers return at a later date with
their child. Clear and positive communication between the provider and caregiver during vaccination
sessions is also essential to ensure that the provider has fully addressed any vaccine barriers or hesi-
tancy, such as vaccine side effects [26,27].

Limitations

There were certain limitations to this study. EA maps, provided by Statistics Sierra Leone, lacked suf-
ficient attributes to accurately identify boundaries and structures. Thus, some households may have
been included or excluded inaccurately from an EA during listing. Steps were taken to mitigate inac-
curate inclusion/exclusion during listing by collaborating with the cartography unit of Statistics Sier-
ra Leone to conduct detailed sketch mapping of each EA before listing. The gap in time between enu-
meration and the household survey may have increased our non-response rate due to the mobility of
households out of and between EAs during that time period. Additionally, although slum and non-
slum status were defined by the United Nations Development Program, status of certain areas may have
changed since the designation, resulting in misclassification. This study was not powered to examine
vaccination coverage by birth cohort and thus we were unable to discern whether factors associated
with low vaccination coverage differed by year and comparison to the 2017 MICS data should be done
so with caution. Lastly, almost one quarter (24%) of caregivers did not have their child’s vaccination
card available. This may have introduced bias because the analysis of factors associated with coverage
only included children with vaccination cards.

CONCLUSIONS

Findings from this survey highlight barriers faced by caregivers to access and utilize childhood immuni-
zation services in slum and non-slums in WAU, Sierra Leone. As a next step, the Sierra Leone MoHS and
global health partners will collaborate on implementing key interventions to address identified challeng-
es to childhood vaccination in WAU.
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