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Abstract: Advances in vaccinology have resulted in various new vaccines being introduced into
recommended immunization schedules. Armenia introduced the rotavirus vaccine (RV) and the
pneumococcal conjugate vaccine (PCV) into its national schedule in 2012 and 2014, respectively.
Using data from the Armenia Demographic and Health Survey, the uptake of the RV and the PCV
among children aged younger than three years was estimated. Multilevel logistic regression models
were used to evaluate individual- and community-level factors associated with uptake. Intra-cluster
correlations were estimated to explain variations in uptake between clusters. The uptake proportionof
each RV dose were 90.0% and 86.6%, while each PCV dose had values of 83.5%, 79.4%, and 75.5%,
respectively. Non-uptake was highest among children less than 6 months old, children with one
sibling, children from a wealthy family, or children whose living distance to a health clinic was
problematic. Significant variability in non-uptake due to cluster differences was found for both
RV doses (30.5% and 22.8%, respectively) and for the second PCV dose (53.9%). When developing
strategies for new vaccine implementation, characteristics of the child, such as age, siblingship,
and distance to a health clinic or residence, should be considered. Further exploration of cluster
differences may provide insights based on the increased uptake of these and other new vaccines.

Keywords: vaccinations; childhood vaccinations; childhood immunizations; new vaccines; Armenia

1. Introduction

New vaccine introductions (NVIs) into recommended immunization schedules have
increased in recent years due to advances in vaccinology, further expanding the scope
of vaccine-preventable diseases and, in turn, decreasing morbidity and mortality rates
attributable to these diseases. NVIs have been shown to reduce disease burden, not
only among those vaccinated, but also in the overall population [1–3]. In order to en-
sure a proper level of protection and reduce disease burden in the community, examin-
ing the initial implementation and uptake of these NVIs is crucial in informing future
vaccination activities.

Although national immunization programs, health systems, and disease burdens
differ between countries, there are several factors that have been found to be commonly
associated with NVIs. Immunization programs have been shown to have a positive effect
on health systems due to increased technical assistance and an anticipated decrease in
disease burden [4–7]. Unfortunately, NVIs have also been observed to have a negative
impact on health systems as a result of inadequate planning and, consequently, logistical
issues and vaccine shortages [7]. A proper assessment of NVIs should include examining
factors associated with uptake to identify potential areas for interventions in order to
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increase coverage. Previously established factors include structural issues related to im-
munization programs [8–10], residence [11–15], socioeconomic status [13,16–18], parental
education [14,16], and siblingship [12,16,18–20]. The COVID-19 pandemic has greatly
impacted individuals’ wellbeing and further revealed the importance of understanding
drivers of vaccine uptake. Although the factors that have thus far been identified with the
uptake of a COVID-19 vaccine have varied, the pandemic has demonstrated that vaccine
uptake is a nuanced area of concern that must be regularly examined to ensure strong
uptake and proper protection in the community [21–24].

With the support of Gavi, as part of the Vaccine Alliance, a global health partnership
aimed at increasing access to immunizations in poor countries, the rotavirus vaccine (RV)
was introduced in Armenia in 2012, with a recommendation of two doses delivered at 6
and 12 weeks of age. Initial evaluative studies found that, in the two years following the
introduction of the RV, reported coverage was 90.4% for the first dose and 91.3% for the
second dose [25]. Studies have also shown that the introduction of the RV in Armenia
drastically reduced rotavirus-related hospitalizations in children under one year of age, as
well as across all age groups, presumably due to conferred herd immunity [26]. Armenia
also introduced a pneumococcal conjugate vaccine (PCV) in 2014 with a recommendation
of three doses delivered at 6, 12, and 18 weeks of age [25]. The uptake and potential impact
of the PCV among children living in Armenia have yet to be examined.

To better plan for immunization programs and further reduce the burdens of rotavirus
and pneumococcal diseases in Armenia, our objectives were to (1) quantify uptake of the
RV and the PCV among children living in Armenia in 2015–2016 and (2) examine the
individual- and community-level factors associated with the non-uptake of each dose of
the vaccines. Accomplishing these objectives may identify areas of improvement and foci
for interventions.

2. Materials and Methods

The Armenian Demographic and Health Survey (ADHS) is a serial, nationally repre-
sentative sample survey that has been conducted by the National Statistical Service and
the Ministry of Health of Armenia since 2000, and is part of MEASURE DHS, a worldwide
USAID-sponsored project. The 2015–2016 ADHS implemented a two-stage sample design
to reach the target sample sizes [27]. In the first stage, clusters were selected from a list of
enumeration areas covering Armenia that was provided by the National Statistical Service
of Armenia. In the second stage, a complete listing of households in each selected cluster
provided the sampling frame from which households were chosen. Women from these
selected households were eligible if they were between the ages of 15 and 49 years and
if they were either permanent residents or visitors from the night before. Those eligible
provided verbal informed consent to participate in the svey.

This project was a secondary analysis of an existing de-identified data set from the
ADHS and was determined by The George Washington University Institutional Review
Board to not be human research. The analytic sample for this analysis consisted of all
living children aged 0 to 35 months with documented birthdates. The subsamples for each
vaccination were composed of children eligible for that particular vaccination and dose
based on the recommendations of Armenia’s National Immunization Program schedule
and the year the vaccine was introduced.

Vaccination information was collected for all children under three years of age in each
household. Documentation of immunization was obtained either from child health cards,
which were maintained by local health facilities, or immunization passports, which were
kept by the child’s parent or guardian. Data were collected from both sources if available.
If neither was available, vaccination history reported by the mother was recorded. If
there was no vaccination documentation and the mother could not recall any details, the
vaccination was decidedly not administered, as per ADHS documentation.

Uptake, defined as the documented receipt of each of the doses of the RV and the PCV,
was assessed by determining the weighted proportion of children who had received each
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dose. Frequencies, proportions, and 95% confidence intervals (CIs) for the estimates of
uptake of each dose of the RV and the PCV were calculated.

Multivariable multilevel logistic regression models were used to examine the indi-
vidual and contextual factors associated with RV and PCV non-uptake, defined as those
without a documented date of vaccination, among children with vaccination cards and
those eligible for the particular vaccination. Potential factors, based on a literature review,
included individual-level factors such as the child’s sex, age, siblingship, and birth order,
as well as the mother’s age, education, employment status, antenatal care, and place of
delivery, and the household’s wealth index. Contextual or community-level factors, such
as distance to health clinic (categorized as “not a big problem” and “big problem” by
the ADHS), place of residence, and region, were also considered. Multicollinearity was
assessed by examining the variance inflation factor (VIF) using less than five as criteria
to rule out multicollinearity. Birth order and siblingship were found to be multicollinear,
resulting in birth order being excluded from subsequent analyses. Wealth index, a com-
posite measure created by the ADHS using principal component analysis, was based on
a household’s ownership of certain assets, housing construction materials, and access to
water and sanitation. For the purposes of this analysis, wealth index was further grouped
into three categories: poorer/poorest as low, middle as middle, and richer/richest as high.
Armavir, due to its size and composition as the largest province in Armenia with both rural
and urban regions, was the reference for these analyses.

Prior to determining the final multilevel multivariable model, individual-level factors
and community-level factors were evaluated in separate models. The final multivariable
multilevel logistic regression model included factors that were significant in the individual-
and community-level models. Fixed effects were assessed by the adjusted odds ratios
(aORs) with 95% CIs. The intra-cluster correlations (ICCs) were estimated to explain the
measures of variation between clusters (random effects) based on a null model and each
of the aforementioned multivariable models. ICCs were calculated using the following
formula: τ00/[τ00 + (π2/3)], where τ00 is the covariance parameter estimate generated from
the model. The fit of each of the models was assessed by examining the log likelihood
and Akaike information criterion (AIC) statistics. Based on the literature [18], potential
interactions between the wealth index and residence were assessed, and a significant
interaction was found in the models for the RV; thus, stratified analyses were conducted.

All tests were two-sided and p < 0.05 was used to define statistical significance. Due
to the study design of the ADHS, all statistical methods utilized techniques and included
weights where possible to account for the complex sampling design. All analyses were
performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). No imputation for
missing data was performed.

3. Results

In accordance with the introduction of each of the vaccines, the ADHS had information
on 1017 children born after 2012 for the analysis of RV uptake and 371 children born after
2014 for the analysis of PCV uptake. Demographic and other select characteristics of the
children and their mothers based on vaccine type are presented in Table 1.
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Table 1. Demographic characteristics of all eligible living children aged 0 to 35 months based on select vaccinations (Armenia, 2015–2016).

RV
(N = 1017)

PCV
(N = 371)

n Weighted % (95%CI) n Weighted % (95%CI)

Sex
Male 534 51.1 (48.0–54.2) 197 50.2 (44.6–55.8)
Female 483 48.9 (45.8–52.0) 174 49.8 (44.24–55.4)
Age (in months)
0–5 163 15.9 (13.5–18.2) 163 43.8 (38.4–49.2)
6–11 179 17.8 (15.3–20.3) 177 48.6 (43.0–54.2)
12–17 183 16.7 (14.5–19.0) 31 7.6 (4.5–10.7)
18–23 162 16.6 (13.8–19.5) -
24–29 190 19.0 (15.9–22.2) -
30–35 140 13.9 (11.0–16.8) -
Siblingship
None 360 35.6 (32.2–39.0) 155 42.4 (36.4–48.3)
1 440 42.8 (39.1–46.6) 147 38.3 (32.4–44.2)
2+ 217 21.6 (18.6–24.5) 69 2.3 (14.7–24.0)
Birth Order
1 432 42.5 (39.4–45.6) 158 42.9 (37.0–48.8)
2 380 37.2 (34.0–40.4) 145 38.0 (32.2–43.9)
3+ 205 20.3 (17.6–23.0) 68 19.0 (14.5–23.6)
Age of mother (in years) (mean, (sd); 95%CI for mean) 27.6 (0.2) 27.3–28.0 27.0 (0.3) 26.4–27.7
Educational level of mother
Basic 65 6.7 (4.0–9.4) 18 5.3 (2.4–8.1)
Secondary 425 38.8 (35.0–42.6) 151 37.7 (32.5–43.0)
Higher 527 54.5 (50.6–58.4) 202 57.0 (51.8–62.1)
Employment status of mother
Unemployed 824 80.7 (77.6–83.7) 298 79.6 (74.7–84.4)
Employed 193 19.3 (16.3–22.3) 73 20.4 (15.6–25.3)
Antenatal care a

Less than 4 visits or don’t know 32 3.4 (2.0–4.8) 11 2.8 (1.2–4.4)
At least 4 visits 892 96.6 (95.2–98.0) 353 97.2 (95.6–98.8)
Place of delivery b

Public hospital/maternity center 971 95.7 (94.1–97.3) 352 95.3 (92.0–98.5)
Private hospital/maternity center 39 4.3 (2.6–5.9) 14 4.7 (1.5–8.0)
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Table 1. Cont.

RV
(N = 1017)

PCV
(N = 371)

n Weighted % (95%CI) n Weighted % (95%CI)

Wealth index c

Poorest 206 19.4 (16.1–22.6) 60 15.3 (11.3–19.2)
Poorer 215 19.7 (16.8–22.7) 89 22.4 (17.9–27.0)
Middle 215 18.3 (15.1–21.5) 71 16.3 (12.3–20.3)
Richer 189 17.7 (14.2–21.2) 77 20.5 (15.2–25.9)
Richest 192 24.9 (19.0–30.8) 74 25.4 (18.1–32.7)
Distance to health clinic
Not a big problem 899 89.7 (87.3–92.0) 333 91.0 (87.7–94.3)
Big problem 118 10.3 (8.0–12.7) 38 9.0 (5.7–12.3)
Place of residence
Urban 576 58.0 (54.1–61.9) 219 61.2 (57.1–65.2)
Rural 441 41.9 (38.0–45.8) 152 38.8 (34.8–42.9)
Region
Yerevan 160 30.5 (25.9–35.1) 57 29.7 (24.0–35.4)
Aragatsotn 44 3.3 (2.4–4.3) 19 4.5 (3.4–5.6)
Ararat 119 10.4 (8.2–12.6) 32 6.7 (5.1–8.2)
Armavir 124 11.7 (9.5–13.9) 49 12.2 (10.0–14.5)
Gegharkunik 50 4.2 (3.2–5.2) 21 4.7 (3.7–5.8)
Lori 50 5.2 (3.9–6.6) 20 5.9 (4.7–7.1)
Kotayk 136 13.6 (10.9–16.3) 54 15.1 (12.2–17.9)
Shirak 100 9.6 (7.8–11.3) 38 9.9 (7.9–12.0)
Syunik 59 3.5 (2.8–4.3) 25 4.0 (3.0–5.0)
Vayots Dzor 69 2.0 (1.5–2.5) 18 1.4 (1.0–1.8)
Tavush 106 5.9 (4.5–7.3) 38 5.7 (4.5–7.0)

CI: confidence interval; RV: rotavirus vaccine series; PCV: pneumococcal conjugate vaccine series. a Antenatal care missing in 93 for the RV and 7 for the PCV. b Place of delivery missing
in 7 for the RV and 5 for the PCV. c Composite measures generated by principal component analysis based on the household’s ownership of certain assets, housing construction materials,
and access to water and sanitation.
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Health cards were available for 93.3% of children eligible for the RV and 93.0% of
children eligible for the PCV. Table 2 displays the vaccination information for all living
children under three years of age based on vaccination type. Among the children eligible
for the RV, 90.0% had received the first dose (RV1) and 86.6% had received the second dose
(RV2). Among the children eligible for the PCV, 83.5% had received the first dose (PCV1),
79.4% had received the second dose (PCV2), and 57.5% had received the third dose (PCV3).

Table 2. Vaccination information among all living children aged 0 to 35 months eligible for select
vaccinations (Armenia, 2015–2016).

Received
n

Weighted %
(95%CI)

Method Reported
n

Weighted % (95%CI)

Not Received
n

Weighted %
(95%CI)

Date Recorded on
Card

Reported by
Mother

Marked on Card
(No Date)

RV1 a

(N = 1017)
905

90.0 (87.9–92.1)
860

84.4 (81.5–87.3)
44

4.0 (2.3–5.7)
1

0.1 (0–0.4)
97

9.8 (7.8–11.8)
RV2 b

(N = 958)
821

86.6 (83.8–89.5)
784

82.0 (78.8–85.2)
35

2.9 (1.7–4.1)
2

0.2 (0–0.5)
123

13.1 (10.4–15.9)
PCV1 c

(N = 371)
307

83.5 (79.0–88.0)
293

78.7 (73.8–83.5)
13

3.2 (1.3–5.2)
1

0.4 (0–1.1)
59

16.2 (11.8–20.7)
PCV2 d

(N = 313)
248

79.4 (73.7–85.2)
238

75.2 (69.2–81.2)
8

2.2 (0.7–3.8)
2

0.7 (0–1.7)
60

20.2 (14.5–25.8)
PCV3 e

(N = 285)
162

57.5 (50.9–64.2)
160

55.5 (48.9–62.1)
1

0.5 (0–1.4)
1

0.5 (0–1.5)
118

41.6 (35.0–48.3)

RV1: rotavirus vaccine, dose 1; RV2: rotavirus vaccine, dose 2; PCV1: pneumococcal conjugate vaccine, dose 1;
PCV2: pneumococcal conjugate vaccine, dose 2; PCV3: pneumococcal conjugate vaccine, dose 3. a RV1 missing in
15 children. b RV2 missing in 16 children. c PCV1 missing in 5 children. d PCV2 missing in 5 children. e PCV3
missing in 5 children.

Table 3 presents the final multilevel models for both RV doses stratified by urban–
rural residence. Among the children living in urban areas, lower odds of RV1 non-uptake
were observed in older children when compared with children aged 0 to 5 months (6 to
11 months: aOR = 0.34, 95%CI: 0.14–0.84; 12 to 17 months: aOR = 0.18, 95%CI: 0.04–0.77; 18
to 23 months: aOR = 0.16, 95%CI: 0.05–0.48; 24 to 29 months: aOR = 0.26, 95%CI: 0.09–0.77;
30 to 35 months: aOR = 0.30, 95%CI: 0.11–0.85). Children living in urban areas with one
sibling were also found to have an increased odds of non-uptake compared with children
with none (aOR = 1.86, 95%CI: 1.03–3.33). For children living in rural areas, RV1 non-uptake
was highest in children from the richest families (aOR = 4.40, 95%CI: 1.41–13.70), while
children living in Lori had almost nine times the odds of non-uptake compared with those
living in Armavir (aOR = 8.74, 95%CI: 1.47–52.13).

For RV2, among the children living in urban areas, older age was again associated with
lower odds of non-uptake (6 to 11 months: aOR = 0.30, 95%CI: 0.12–0.75; 12 to
17 months: aOR = 0.17, 95%CI: 0.06–0.53; 18 to 23 months: aOR = 0.14, 95%CI: 0.04–0.47;
24 to 29 months: aOR = 0.22, 95%CI: 0.06–0.78; 30 to 35 months: aOR = 0.24, 95%CI: 0.08–0.72).
Additionally, among the children living in urban areas, those whose mothers viewed distance to
the health clinic as a big problem had almost three times the odds of non-uptake as those who
did not (aOR = 2.94, 95%CI: 1.09–7.89). Among the children living in rural areas, non-uptake
was highest in wealthier children, with those in the high wealth index category having almost
four times the odds of non-uptake (aOR = 3.76, 95%CI: 1.56–9.05).
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Table 3. Factors associated with the non-uptake of the rotavirus vaccine series among eligible children
aged 0 to 35 months (Armenia, 2015–2016).

RV1
(N = 1017)

RV2
(N = 958)

Urban
aOR (95%CI)

Rural
aOR (95%CI)

Urban
aOR (95%CI)

Rural
aOR (95%CI)

Sex
Male Ref
Female 0.59 (0.33–1.04)
Age (in months)
0–5 Ref Ref Ref
6–11 0.34 (0.14–0.84) * 0.71 (0.23–2.22) 0.30 (0.12–0.75) *
12–17 0.18 (0.04–0.77) * 0.38 (0.11–1.33) 0.17 (0.06–0.53) *
18–23 0.16 (0.05–0.48) * 0.30 (0.07–1.41) 0.14 (0.04–0.47) *
24–29 0.26 (0.09–0.77) * 0.19 (0.07–0.52) * 0.22 (0.06–0.78) *
30–35 0.30 (0.11–0.85) * 0.50 (0.15–1.69) 0.24 (0.08–0.72) *
Siblingship
None Ref
1 1.86 (1.03–3.33) *
2+ 0.83 (0.37–1.90)
Wealth Index
Low Ref Ref
Middle 1.40 (0.55–3.56) 2.07 (0.78–5.48)
High 4.40 (1.41–13.70) * 3.76 (1.56–9.05) *
Distance to health clinic
Not a big problem Ref
Big problem 2.94 (1.09–7.89) *
Region
Yerevan - 0.94 (0.36–2.45) -

Aragatsotn <0.001
(<0.001–<0.001) ** 1.11 (0.18–6.96) <0.001 (<0.001–<0.001)

**
Ararat 0.85 (0.24–3.04) 0.68 (0.21–2.19) 1.20 (0.49–2.98)
Armavir Ref Ref Ref
Gegharkunik 0.25 (0.03–2.00) 2.58 (0.72–9.20) 0.56 (0.12–2.70)
Lori 8.74 (1.47–52.13) * 1.26 (0.30–5.38) 4.40 (0.90–21.58)
Kotayk 0.55 (0.12–2.63) 0.11 (0.02–5.38) 0.50 (0.09–2.66)
Shirak 0.36 (0.08–1.57) 0.34 (0.07–1.70) 0.35 (0.10–1.20)
Syunik 0.74 (0.15–3.67) 1.28 (0.48–3.40) 0.56 (0.06–4.93)
Vayots Dzor 0.88 (0.21–3.77) 0.69 (0.16–2.92) 1.70 (0.60–4.81)
Tavush 1.12 (0.36–3.49) 1.70 (0.56– 5.20) 0.77 (0.28–2.12)

RV1: rotavirus vaccine, first dose; RV2: rotavirus vaccine, second dose; aOR: adjusted odds ratio; CI: confidence
interval. * p < 0.05; ** p < 0.0001.

Table 4 presents the final multilevel models for each PCV dose. For PCV1, non-uptake
was highest in the youngest children, those with one sibling, and those whose parents
viewed distance to the health clinic as a problem. Compared with those aged 0 to 5 months,
lower odds of non-uptake were seen among children aged 6 to 11 months (aOR = 0.20,
95%CI: 0.07–0.61) and children aged 12 to 17 months (aOR = 0.07, 95%CI: 0.005–0.88).
Children with one sibling had almost three times the odds of not receiving PCV1 compared
with those with no siblings (aOR = 2.96, 95%CI: 1.21–7.24) and children whose mothers
defined the distance to the health clinic as a big problem had almost 11 times the odds of
non-uptake (aOR = 10.93, 95%CI: 1.11–107.68). Children living in Aragatsotn were more
likely to have received PCV1 compared with those living in Armavir (aOR = 0.02, 95%CI:
<0.001–0.58). The non-uptake of PCV2 was highest in those with one sibling and in those
whose parents viewed distance to the health clinic as a problem. Children with one sibling
had over three times the odds of non-uptake compared to those with none (aOR = 3.18,
95%CI: 1.33–7.58) and those who reported distance to the health clinic as a big problem
had about nine times the odds of non-uptake (aOR = 9.10, 95%CI: 2.30–26.10). Compared
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with Armavir, children living in Aragatsotn (aOR = 0.02, 95%CI: <0.001–0.44), Kotayk
(aOR = 0.14, 95%CI: 0.02–0.94), and Shirak (aOR = 0.12, 95%CI: 0.02–0.70) had lower odds
of not receiving PCV2. Only age was found to be associated with the non-uptake of PCV3,
again with non-uptake being lower in children aged 6 to 11 months (aOR = 0.08, 95%CI:
0.03–0.22) and children aged 12 to 17 months (aOR = 0.03, 95%CI: 0.01–0.18) compared with
children aged 0 to 5 months.

Table 4. Factors associated with the non-uptake of the pneumococcal conjugate vaccine series among
eligible living children aged 0 to 35 months (Armenia, 2015–2016).

PCV1
(N = 371)

aOR (95%CI)

PCV2
(N = 313)

aOR (95%CI)

PCV3
(N = 285)

aOR (95%CI)

Gender
Male Ref
Female 2.07 (0.95–4.51)
Age (in months)
0–5 Ref Ref
6–11 0.20 (0.07–0.61) * 0.08 (0.03–0.22) **
12–17 0.07 (0.005–0.88) * 0.03 (0.01–0.18) *
Siblingship
None Ref Ref
1 2.96 (1.21–7.24) * 3.18 (1.33–7.58) *
2+ 0.65 (0.18–2.37) 1.15 (0.34–3.88)
Educational level of mother
Basic Ref
Secondary 0.14 (0.02–1.03)
Higher 0.14 (0.02 -1.03)
Wealth Index
Low Ref
Middle 0.79 (0.26–2.41)
High 1.81 (0.63–5.24)
Distance to health clinic
Not a big problem Ref Ref
Big problem 10.93 (1.11–107.68) * 9.10 (2.30–36.10) *
Region
Yerevan 0.71 (0.11–4.70) 0.89 (0.19–4.09)
Aragatsotn 0.02 (<0.001–0.58) * 0.02 (<0.001–0.44) *
Ararat 0.08 (0.01–1.25) 0.23 (0.04–1.26)
Armavir Ref Ref
Gegharkunik 0.90 (0.07–11.83) 1.76 (0.27–11.34)
Lori 4.20 (0.49–35.77) 2.32 (0.40–13.42)
Kotayk 0.21 (0.02–1.73) 0.14 (0.02–0.94) *
Shirak 0.26 (0.03–2.51) 0.12 (0.02–0.70) *
Syunik 0.80 (0.08–8.15) 2.79 (0.60–13.08)
Vayots Dzor 0.37 (0.03–4.80) 1.11 (0.19–6.64)
Tavush 0.36 (0.03–4.37) 0.29 (0.04–1.96)

PCV1: pneumococcal conjugate vaccine, first dose; PCV2: pneumococcal conjugate vaccine, second dose; PCV3:
pneumococcal conjugate vaccine, third dose; aOR: adjusted odds ratio; CI: confidence interval. * p < 0.05;
** p < 0.0001.

Significant between-cluster variability was found for both RV doses among the chil-
dren living in urban areas (Table 5). For RV1, 30.5% of the total variance in the odds of not
receiving the vaccination was due to the variability between clusters (τ = 1.4416, p = 0.03),
while 22.8% of the total variance in the odds of not receiving RV2 was due to the variability
between clusters (τ = 1.3324, p = 0.02). For the second PCV dose, 53.9% of the total vari-
ance in the odds of not receiving the vaccination was due to variability between clusters
(τ = 3.8479, p = 0.03). All other null ICC estimates were not significant.
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Table 5. Intra-cluster correlations (ICCs) for the multilevel logistic regression model based on the
uptake of the rotavirus vaccine (RV) series and the pneumococcal conjugate vaccine (PCV) series
among eligible living children aged 0 to 35 months (Armenia, 2015–2016).

Null Model

Model with
Individual-

Level Factors
Only

Model with
Community-
Level Factors

Only

Final
Multivariable

Model

RV1—Urban 0.3047 * 0.3552 * 0.2616 * 0.3588 *
RV1—Rural 0.3161 0.4880 0.1470 0.1870
RV2—Urban 0.2282 * 0.2941 * 0.2272 * 0.2557 *
RV2—Rural 0.2099 0.3117 0.0544 0.0574
PCV1 0.3475 0.5029 0.2119 0.5082
PCV2 0.5391 * 0.4389 0.3664 0.2352
PCV3 0.3371 0.3849 0.1902 0.5106 *

PCV1: pneumococcal conjugate vaccine, first dose; PCV2: pneumococcal conjugate vaccine, second dose; PCV3:
pneumococcal conjugate vaccine, third dose. * p < 0.05. ICC = τ00/[τ00 + (π2/3)], where τ00 is the covariance
parameter estimate generated from the model.

4. Discussion

The 2015–2016 ADHS is the first data collection cycle after the RV and the PCV
were added into Armenia’s National Immunization Schedule providing an opportunity
to examine the initial uptake of both vaccines. The uptake of the RV was found to be
high, but the uptake of the PCV was much lower. The initial uptake of the RV was in line
with coverage levels of the other childhood vaccinations (tuberculosis (BCG), diphtheria–
tetanus–pertussis (DTP), polio (Pol), and measles containing vaccine (MCV)), which ranged
from 76.1% for the third dose of DTP to 91.7% for BCG in the 2015–2016 ADHS. PCV uptake,
although lower, followed the same pattern as the other vaccines which require a course of
three vaccinations (DTP and Pol). This may suggest that the two NVIs examined in this
study are on track to have relatively high coverage levels once they become more established
components of the National Immunization Schedule. Although more time has passed since
the introduction of the RV compared to the PCV, which may have affected uptake, other
factors (such as those examined in this study) may also be involved. Administering the RV
orally as opposed to intramuscularly may be a reason for the differences in uptake, as this
mode of delivery can be more appealing, especially in light of the multiple vaccinations
children receive at the recommended ages. The high initial uptake of both RV doses is
encouraging for the prospects of increasing PCV uptake. PCV1 and PCV2 are due at the
same times as RV1 and RV2, demonstrating that mothers are interacting with the healthcare
system around the recommended time. In an effort to increase the uptake of the PCV,
healthcare providers can utilize this interaction with mothers and stress the importance
of receiving all vaccinations as recommended in an attempt to overcome any potential
apprehension among mothers during their visits.

When examining the factors associated with the non-uptake of the RV, a significant
interaction between residence and wealth index was found, suggesting an inequity based
on wealth index in accessing immunization resources among children living in rural regions
in Armenia. Previous research on this topic is mixed, with differences possibly explained
by donor assistance in low- and middle-income countries that support immunization
campaigns targeted towards children from poorer households [13,18]. Due to support from
Gavi during the initial implementation of NVIs, children living in the low wealth index
category may have been targeted by campaigns, leaving those in the high wealth index
category without the same resources, thus resulting in an observed disparity in uptake.
Immunization services should ensure that resources are equitably available regardless of
economic background to overcome such potential issues.

A number of other factors were found to be significantly associated with the
non-uptake of both NVIs, in line with previous studies examining the uptake of
vaccinations [12,13,16–20]. For several of the vaccinations, non-uptake was highest in
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the youngest children, implying that children are receiving their vaccinations later than
recommended. Future studies should examine the timeliness of these vaccinations,
specifically among urban children, to gain a better understanding of the dynamics
behind these differences. Similar to previous studies [12,16,18–20], siblingship was
also found to be a significant factor for some vaccinations, which may be reflective of
the competing priorities that mothers with multiple children face. Additionally, the
results indicate that the distance to a health facility is associated with the non-uptake
of both the RV and the PCV. Distance to a health facility may be seen as a barrier to
accessing healthcare services since it requires more time and resources than someone
may have available. Potential strategies to overcome these issues that ought to be
considered are mobile vaccination clinics or vaccination services in schools. These
could address the barriers of distance and provide a much-needed service to these
women and children.

The non-uptake of both NVIs also varied throughout the regions. This finding was in
line with multiple studies that have found residence to be a factor in vaccination uptake
and coverage [11–15]. Stratified analyses for the RV resulted in small sample sizes which
may have led to imprecise confidence intervals for some estimates. Different methods of
combining regions in an effort to strengthen the ability of these analyses in order to detect
regional variations in uptake were examined, yet none were found to be sensible. Taking
this into consideration, regions were kept in the models as there may be province-level
characteristics that impact uptake. Further studies on how these NVIs were implemented
in each region may provide more insight as to why these differences were seen.

Multilevel logistic regression models also allowed us to examine the effect of clustered
sampling on the uptake of NVIs by calculating the ICC. For both doses of the RV, there was
evidence of significant variability in the odds of non-uptake due to intra-cluster differences
among children living in urban areas. For the PCV series, only PCV2 demonstrated
significant variability. The observed decreases in the ICCs for RV1 and RV2 in rural areas
and for PCV2 suggest that the included factors explain some of the variability in the non-
uptake of these vaccinations between clusters. For both doses of the RV, among children
living in urban areas the ICC did not decrease after adding explanatory variables. The
inclusion of individual- and community-level factors should have had an impact on the
ICCs since they are expected to explain some of the variance in the outcome of the model.
The lack of an observed change indicates that factors other than those which were included
in this analysis may be responsible for intra-cluster variability. Further studies on the
differences between clusters could provide helpful information for future NVIs.

There are some limitations to this analysis that are important to consider. Vaccination
data were based solely on the information recorded by trained field workers from cards
completed by healthcare professionals, and the accuracy of this transcription is unknown.
A vaccine that is not documented may be delayed but eventually received. Additionally,
the sample was restricted to only those with documented vaccination information in order
to curb recall bias, but this does usually introduce potential bias if having a vaccination
card is associated with being vaccinated. Since most children presented health cards to the
survey staff, this may not have been the case. There were some vaccinations reported by
mothers that were not considered to be received, as there was no documented date, in an
effort to have a conservative estimate of the uptake. The frequency of a child having only
a maternal report of receipt of a vaccination was low and thus should not have a major
impact on the estimates. Therefore, by restricting analyses to children with health cards
and considering only those with a documented date of vaccination as received, uptake may
be underestimated. Additionally, the 2015–2016 ADHS only allows for a relatively short
timeframe when evaluating NVI implementation, and more time between introduction
and analysis may be needed to provide a better understanding of uptake. Nonetheless, this
study provides a baseline for future studies centered around the uptake of the RV and the
PCV and sheds light on the mechanisms behind NVIs. Potential factors were limited to
what was collected in the ADHS, and, consequently, other factors not evaluated may be
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associated with the uptake of the RV and the PCV. Furthermore, due to the small sample
sizes in some regions, which limited the ability to evaluate the association of regions with
non-uptake, associations observed should be taken as an indication for further studies with
larger sample sizes in each region in order to obtain more conclusive results. Lastly, due to
the cross-sectional nature of the data, causal inferences cannot be made, and factors that
are found to be significant should thus be classified in association with the non-uptake of
the RV and the PCV.

5. Conclusions

Using the most recent ADHS data, we were able to examine the uptake and associated
factors of the two most recent NVIs among children living in Armenia. Although uptake
was high for the RV, there is room for improvement for the PCV series, especially the third
dose. Future studies should examine the impact of these vaccinations on the occurrence of
related diseases in Armenia and assess the timing of each dose of both vaccines in order
to provide more information on the uptake and coverage of these NVIs. A deeper look
into other potential factors, such as structural factors, as well as maternal attitudes and
knowledge, may offer insights that could be used to strengthen NVI activities among
children living in Armenia. A better understanding of the uptake of the RV and the PCV
is crucial in order to promote optimal coverage when using these vaccinations and better
protect the children, as well as the general population, in Armenia.

Author Contributions: Conceptualization, A.A., S.Q. and M.M.R.; Methodology, A.A., H.Y. and
M.M.R.; Formal analysis, A.A.; Writing—original draft, A.A.; Writing—review & editing, H.Y., S.Q.
and M.M.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study as
it was determined that this project does not meet the definition of human subjects research.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mackenzie, G.A.; Hill, P.C.; Jeffries, D.J.; Hossain, I.; Uchendu, U.; Ameh, D.; Ndiaye, M.; Adeyemi, O.; Pathirana, J.;

Olatunji, Y.; et al. Effect of the introduction of pneumococcal conjugate vaccination on invasive pneumococcal disease in
The Gambia: A population-based surveillance study. Lancet Infect. Dis. 2016, 16, 703–711. [CrossRef] [PubMed]

2. Ngabo, F.; Tate, J.E.; Gatera, M.; Rugambwa, C.; Donnen, P.; Lepage, P.; Mwenda, J.M.; Binagwaho, A.; Parashar, U.D. Effect
of pentavalent rotavirus vaccine introduction on hospital admissions for diarrhoea and rotavirus in children in Rwanda: A
time-series analysis. Lancet Glob. Health 2016, 4, e129–e136. [CrossRef] [PubMed]

3. Gheorghita, S.; Birca, L.; Donos, A.; Wasley, A.; Birca, I.; Cojocaru, R.; Melnick, A.; Ciobanu, S.; Mosina, L.; Cortese, M.M.; et al.
Impact of Rotavirus Vaccine Introduction and Vaccine Effectiveness in the Republic of Moldova. Clin. Infect. Dis. 2016, 62,
S140–S146. [CrossRef] [PubMed]

4. Hull, B.P.; Menzies, R.; Macartney, K.; McIntyre, P.B. Impact of the introduction of rotavirus vaccine on the timeliness of other
scheduled vaccines: The Australian experience. Vaccine 2013, 31, 1964–1969. [CrossRef] [PubMed]

5. Janusz, C.B.; Mutua, M.K.; Wagner, A.L.; Boulton, M.L. New Vaccine Introduction and Childhood Vaccination Timeliness in Two
Urban, Informal Settlements in Nairobi, Kenya. Am. J. Trop. Med. Hyg. 2021, 105, 245–253. [CrossRef] [PubMed]

6. Schweitzer, A.; Pessler, F.; Akmatov, M.K. Impact of rotavirus vaccination on coverage and timing of pentavalent
vaccination—Experience from 2 Latin American countries. Hum. Vaccines Immunother. 2016, 12, 1250–1256. [CrossRef]
[PubMed]

7. Wang, S.A.; Hyde, T.B.; Mounier-Jack, S.; Brenzel, L.; Favin, M.; Gordon, W.S.; Shearer, J.C.; Mantel, C.F.; Arora, N.; Durrheim, D.
New vaccine introductions: Assessing the impact and the opportunities for immunization and health systems strengthening.
Vaccine 2013, 31, B122–B128. [CrossRef]

8. Olayinka, F.; Ewald, L.; Steinglass, R. Beyond new vaccine introduction: The uptake of pneumococcal conjugate vaccine in the
African Region. Pan Afr. Med. J. 2017, 27 (Suppl. S3), 3. [CrossRef]

https://doi.org/10.1016/S1473-3099(16)00054-2
https://www.ncbi.nlm.nih.gov/pubmed/26897105
https://doi.org/10.1016/S2214-109X(15)00270-3
https://www.ncbi.nlm.nih.gov/pubmed/26823214
https://doi.org/10.1093/cid/civ1209
https://www.ncbi.nlm.nih.gov/pubmed/27059348
https://doi.org/10.1016/j.vaccine.2013.02.007
https://www.ncbi.nlm.nih.gov/pubmed/23422140
https://doi.org/10.4269/ajtmh.21-0006
https://www.ncbi.nlm.nih.gov/pubmed/33999852
https://doi.org/10.1080/21645515.2015.1127486
https://www.ncbi.nlm.nih.gov/pubmed/26833132
https://doi.org/10.1016/j.vaccine.2012.10.116
https://doi.org/10.11604/pamj.supp.2017.27.3.11531


Vaccines 2023, 11, 1719 12 of 12

9. Suarez-Castaneda, E.; Burnett, E.; Elas, M.; Baltrons, R.; Pezzoli, L.; Flannery, B.; Kleinbaum, D.; de Oliveira, L.H.; Danovaro-
Holliday, M.C. Catching-up with pentavalent vaccine: Exploring reasons behind lower rotavirus vaccine coverage in El Salvador.
Vaccine 2015, 33, 6865–6870. [CrossRef]

10. Tricarico, S.; McNeil, H.C.; Cleary, D.W.; Head, M.G.; Lim, V.; Yap, I.K.S.; Wie, C.C.; Tan, C.S.; Norazmi, M.N.; Aziah, I.; et al.
Pneumococcal conjugate vaccine implementation in middle-income countries. Pneumonia 2017, 9, 6. [CrossRef]

11. Flannery, B.; Samad, S.; de Moraes, J.C.; Tate, J.E.; Danovaro-Holliday, M.C.; de Oliveira, L.H.; Rainey, J.J. Uptake of oral
rotavirus vaccine and timeliness of routine immunization in Brazil’s National Immunization Program. Vaccine 2013, 31, 1523–1528.
[CrossRef] [PubMed]

12. Moran, E.B.; Wagner, A.L.; Asiedu-Bekoe, F.; Abdul-Karim, A.; Schroeder, L.F.; Boulton, M.L. Socioeconomic characteristics
associated with the introduction of new vaccines and full childhood vaccination in Ghana, 2014. Vaccine 2020, 38, 2937–2942.
[CrossRef] [PubMed]

13. Mvula, H.; Heinsbroek, E.; Chihana, M.; Crampin, A.C.; Kabuluzi, S.; Chirwa, G.; Mwansambo, C.; Costello, A.; Cunliffe, N.A.;
Heyderman, R.S.; et al. Predictors of Uptake and Timeliness of Newly Introduced Pneumococcal and Rotavirus Vaccines, and of
Measles Vaccine in Rural Malawi: A Population Cohort Study. PLoS ONE 2016, 11, e0154997. [CrossRef] [PubMed]

14. Ntenda, P.A.M.; Mwenyenkulu, E.T.; Putthanachote, N.; Nkoka, O.; Mhone, T.G.; Motsa, M.P.S.; Tizifa, T. Predictors of uptake of
newly introduced vaccines in Malawi—Monovalent human rotavirus and pneumococcal conjugate vaccines: Evidence from the
2015–16 Malawi demographic and health survey. J. Trop. Pediatr. 2018, 65, 287–296. [CrossRef] [PubMed]

15. Salamanca, B.V.; Hagerup-Jenssen, M.E.; Flem, E. Uptake and timeliness of rotavirus vaccination in Norway: The first year
post-introduction. Vaccine 2016, 34, 4684–4689. [CrossRef] [PubMed]

16. Braeckman, T.; Theeten, H.; Lernout, T.; Hens, N.; Roelants, M.; Hoppenbrouwers, K.; Van Damme, P. Rotavirus vaccination
coverage and adherence to recommended age among infants in Flanders (Belgium) in 2012. Eurosurveillance 2014, 19, 20806.
[CrossRef] [PubMed]

17. Dubé, E.; Bettinger, J.A.; Halperin, B.; Bradet, R.; Lavoie, F.; Sauvageau, C.; Gilca, V.; Boulianne, N. Determinants of parents’
decision to vaccinate their children against rotavirus: Results of a longitudinal study. Health Educ. Res. 2012, 27, 1069–1080.
[CrossRef]

18. MacDonald, S.E.; Bell, C.A.; Simmonds, K.A. Coverage and Determinants of Uptake for Privately Funded Rotavirus Vaccine in a
Canadian Birth Cohort, 2008–2013. Pediatr. Infect. Dis. J. 2016, 35, e177–e179. [CrossRef]

19. Hadjipanayis, A.; Efstathiou, E.; Michaelidou, K.; Papaevangelou, V. Adherence to pneumococcal conjugate vaccination schedule
and uptake rate as compared to the established diphtheria-tetanus-acellular pertussis vaccination in Cyprus. Vaccine 2018, 36,
5685–5691. [CrossRef]

20. Panozzo, C.A.; Becker-Dreps, S.; Pate, V.; Funk, M.J.; Stürmer, T.; Weber, D.J.; Brookhart, M.A. Patterns of Rotavirus Vaccine
Uptake and Use in Privately-Insured US Infants, 2006–2010. PLoS ONE 2013, 8, e73825. [CrossRef]

21. Viswanath, K.; Bekalu, M.; Dhawan, D.; Pinnamaneni, R.; Lang, J.; McLoud, R. Individual and social determinants of COVID-19
vaccine uptake. BMC Public Health 2021, 21, 818. [CrossRef] [PubMed]

22. Adu, P.; Popoola, T.; Medvedev, O.N.; Collings, S.; Mbinta, J.; Aspin, C.; Simpson, C.R. Implications for COVID-19 vaccine uptake:
A systematic review. J. Infect. Public Health 2023, 16, 441–466. [CrossRef] [PubMed]

23. Temsah, M.-H.; Alhuzaimi, A.N.; Aljamaan, F.; Bahkali, F.; Al-Eyadhy, A.; Alrabiaah, A.; Alhaboob, A.; Bashiri, F.A.; Alshaer, A.;
Temsah, O.; et al. Parental Attitudes and Hesitancy About COVID-19 vs. Routine Childhood Vaccinations: A National Survey.
Front. Public Health 2021, 9, 752323. [CrossRef]

24. McElfish, P.A.; Willis, D.E.; Shah, S.K.; Bryant-Moore, K.; Rojo, M.O.; Selig, J.P. Sociodemographic Determinants of COVID-19
Vaccine Hesitancy, Fear of Infection, and Protection Self-Efficacy. J. Prim. Care Community Health 2021, 12, 21501327211040746.
[CrossRef] [PubMed]

25. Alliance, G.T.V. Joint Appraisal Report, Armenia. 2015. Available online: https://www.gavi.org/sites/default/files/document/
joint-appraisal-armenia-2015pdf.pdf (accessed on 1 March 2020).

26. Sahakyan, G.; Grigoryan, S.; Wasley, A.; Mosina, L.; Sargsyan, S.; Asoyan, A.; Gevorgyan, Z.; Kocharyan, K.; Avagyan, T.;
Lopman, B.; et al. Impact and Effectiveness of Monovalent Rotavirus Vaccine in Armenian Children. Clin. Infect. Dis. 2016, 62
(Suppl. S2), S147–S154. [CrossRef]

27. National Statistical Service; Ministry of Health; The DHS Program ICF. Armenia Demographic and Health Survey 2015–2016; National
Statistical Service: Yerevan, Armenia; Ministry of Health: Yerevan, Armenia; The DHS Program ICF: Rockville, MD, USA, 2017.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.vaccine.2015.07.092
https://doi.org/10.1186/s41479-017-0030-5
https://doi.org/10.1016/j.vaccine.2013.01.004
https://www.ncbi.nlm.nih.gov/pubmed/23313652
https://doi.org/10.1016/j.vaccine.2020.02.065
https://www.ncbi.nlm.nih.gov/pubmed/32139314
https://doi.org/10.1371/journal.pone.0154997
https://www.ncbi.nlm.nih.gov/pubmed/27152612
https://doi.org/10.1093/tropej/fmy050
https://www.ncbi.nlm.nih.gov/pubmed/30085260
https://doi.org/10.1016/j.vaccine.2016.08.017
https://www.ncbi.nlm.nih.gov/pubmed/27522178
https://doi.org/10.2807/1560-7917.ES2014.19.20.20806
https://www.ncbi.nlm.nih.gov/pubmed/24871757
https://doi.org/10.1093/her/cys088
https://doi.org/10.1097/INF.0000000000001125
https://doi.org/10.1016/j.vaccine.2018.08.021
https://doi.org/10.1371/journal.pone.0073825
https://doi.org/10.1186/s12889-021-10862-1
https://www.ncbi.nlm.nih.gov/pubmed/33910558
https://doi.org/10.1016/j.jiph.2023.01.020
https://www.ncbi.nlm.nih.gov/pubmed/36738689
https://doi.org/10.3389/fpubh.2021.752323
https://doi.org/10.1177/21501327211040746
https://www.ncbi.nlm.nih.gov/pubmed/34427126
https://www.gavi.org/sites/default/files/document/joint-appraisal-armenia-2015pdf.pdf
https://www.gavi.org/sites/default/files/document/joint-appraisal-armenia-2015pdf.pdf
https://doi.org/10.1093/cid/ciw045

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

