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Abstract of Dissertation

Coverage, Timeliness, and Uptake of Childhood Vaccinations in Armenia

Background: To ensure that a population is properly protected from vaccine-
preventable disease (VPDs), vaccinations must be continually monitored. Armenia
recommends all children receive a vaccine against tuberculosis (BCG), three doses of a
diphtheria, tetanus and pertussis vaccine (DTP), three doses of a polio vaccine (Pol) and a
measles-containing vaccine (MCV) in their first year. Recently added recommendations
include two doses of a rotavirus vaccine (RV) and three doses of a pneumococcal
conjugate vaccine (PCV). Because of limited data on vaccination coverage and
timeliness among children in Armenia, we examined trends in coverage of the
recommended vaccinations from 2000 to 2016, timing of these vaccinations in 2015-16
and uptake of RV and PCV among children in Armenia.

Methods: This analysis was based on the Armenia Demographic and Health
Survey (ADHS) and included vaccination data on children aged 0-35 months at the time
of the survey. First, trends of coverage of the recommended vaccinations were assessed
using logistic regression adjusted for explanatory variables with significant trends. Next,
the timing of recommended vaccinations in 2015-16 were examined using the Kaplan-
Meier method and Cox proportional hazards models with a shared gamma frailty to
determine factors associated with timeliness. Lastly, the uptake of the recommended
doses of RV and PCV in 2015-16 were examined and multivariable multilevel logistic
regression models were used to assess the associated factors.

Results: All recommended vaccinations saw significant changes in coverage over
time, with 2005 displaying the lowest coverage among all data collection cycles. Poll
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and Pol2 experienced the largest improvements, and DTP3 had the lowest coverage rates
among the children throughout the years. The proportion of children with delayed
vaccinations increased with subsequent doses, with 51.9% and 48.5% having a delayed
DTP3 and Pol3, respectively. Factors associated with delayed vaccinations included
female gender, certain regions of residence, previously delayed vaccinations, poorer
wealth index and lower educational level of mother. There were no differences in timing
of vaccinations between survey clusters. RV uptake was high with 90.0% and 86.6%
having received RV1 and RV2, respectively. PCV uptake was lower, with 83.5% having
received PCV1, 79.4% PCV2, and 57.5% PCV3. An interaction was found between
wealth index and residence resulting in stratified analyses for RV. Age, siblingship,
wealth index, distance to the health clinic and region of residence were found to have
varying associations with the doses in the RV and PCV series. Significant variability
between clusters was found for both doses of RV, as well as PCV2.

Conclusion: Coverage of all recommended vaccinations increased from 2000 to
2016 in Armenia, although there were fluctuations over the years. While coverage was
generally high, a large proportion of children under three experienced delays in receiving
the recommended vaccinations. Uptake of both doses of RV was substantial; uptake of
PCV was much lower. Continued monitoring of coverage, timeliness and uptake of
childhood vaccinations is recommended to ensure children in Armenia are properly
protected from the associated VPDs. In order to gain additional insights, future studies

should examine knowledge and attitudes towards vaccinations.
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Chapter 1: Introduction

Vaccinations have been described as one of the greatest achievements in public
health due to their effective control, elimination, and eradication of numerous infectious
diseases. They have been instrumental in the reduction of global childhood morbidity
and mortality, especially over the past century. Nevertheless, vaccine-preventable
diseases (VPDs) persist and continue to have an impact worldwide.!? The factors
responsible for this persistence must be examined in order to continue to reduce VPD
morbidity and mortality globally.

For immunizations to have optimal impact, high vaccination coverage must be
achieved within the population. Not only does this ensure that individuals are protected
themselves, but it also provides for herd immunity, the concept that indirect protection is
provided to those who are susceptible owing to a high proportion of vaccinated
individuals who are thus unable to carry or transmit the disease.> The Global Vaccine
Action Plan, created in 2012 by the member states of the World Health Assembly set a
goal of 90% coverage for all vaccines by 2020.* According to the World Health
Organization (WHO), global vaccination coverage has remained at 85-86% for the past
few years with an additional 1.5 million deaths worldwide that could have been avoided
by improved immunization coverage.®> This makes vaccination coverage an important
and, most importantly, modifiable factor in combating VPDs.

Successful control of VPDs not only requires high coverage with an effective
vaccine but also requires that vaccines are administered in a timely manner according to a
specified schedule.® Vaccine schedules have been developed taking into account a

number of factors including age-specific biological responses to immunizations, age-



specific risks for complications and potential interactions with the body’s immune
system.” Delays in the administration of vaccines allow for longer periods of
susceptibility which can lead to serious consequences, as well as potentially diminished
vaccine effectiveness.® Vaccines administered before the recommended time period can
have a weakened effect or truncated duration of protection as maternal antibodies may
still be present in the child’s immune system.” Although countries and agencies strive for
universal coverage, high coverage rates do not necessarily imply correctly timed
vaccinations.” !° Therefore, in determining the impact of vaccinations in a community, it
is important to focus not only on coverage, but timing as well.

Over time, scientific advances have materialized in vaccine development resulting
in new vaccines being introduced into immunization schedules and programs. New
vaccines are essential in continuing to reduce VPD-associated morbidity and mortality,
and have been shown to reduce disease burden not only in children but in the population
as a whole.!'"!3> With a growing number of vaccines, and the rise of vaccine hesitancy
worldwide, it is essential to examine the uptake of these new vaccines. Uptake of new
vaccines is dependent on a number of factors, and these factors can vary by country, as
well as within a country, as resources and societal norms vary regionally.!* > In order to
understand and promote uptake, identifying factors associated with uptake and, more
importantly, non-uptake is critical to create targeted immunization messaging and
campaigns to those still susceptible.

According to WHO’s Strategic Advisory Group of Experts (SAGE) on
Immunization, the majority of vaccine-preventable deaths worldwide now occur in

middle-income countries.!® These countries represent nearly three-quarters of the



world’s poorest individuals with a birth cohort three times that of low-income countries.
Therefore, as part of the efforts to decrease VPD morbidity and mortality, special focus
should be placed on middle-income countries.

The Republic of Armenia, a former Soviet Republic situated in the Caucuses
between Europe and Asia, 1s a middle-income country with a population of 2,951,776 in
2018."7 With the collapse of the Soviet Union and regaining its independence, Armenia
focused on reorganizing its health care system from a centralized system to a more
decentralized model expanding services to include privatized healthcare facilities,
centralized public funding, strengthened primary health care services and continued
development of the public health care system.

Armenia has adopted the WHO guidelines on immunizations which include a
Bacillus Calmette—Guérin (BCG) vaccine against tuberculosis, three doses of a
diphtheria, tetanus and pertussis vaccine (DTP), three doses of a polio vaccine (Pol) and
one dose of a measles-containing vaccine (MCV) during the first year of life.!®!” The
Ministry of Health also requires three doses of hepatitis B vaccine (Hep B), two doses of
a rotavirus vaccine (RV) and three doses of a pneumococcal conjugate vaccine (PCV) in
a child’s first year. According to the Demographic and Health Survey conducted by the
United States Agency for International Development (USAID) in Armenia (ADHS) in
2015-2016, 89% of children age 24-35 months had received all the WHO recommended
vaccinations.'” This is a decrease of 3% from the previous ADHS in 2010. To better
understand and potentially curb this decrease, it is important to look at coverage,

timeliness, and uptake of childhood vaccinations in the country.



Aside from the ADHS, to date, there has been only one study looking at
immunizations, specifically coverage and timing, in Armenia, which was conducted in
2010.2° The authors found that coverage and the proportion of correctly timed
vaccinations increased over time. Since this study was conducted, there has been another
round of ADHS data collection in 2015-2016 as well as policies enacted that may have
had an effect on vaccination indicators, providing an opportunity to further examine
childhood vaccinations in Armenia. This dissertation is comprised of three studies that
utilized data collected over the years from the ADHS to address this gap in the literature
and gain a better understanding of childhood vaccinations in Armenia. The first study
examined trends in coverage over time, from 2000 to 2016, of the recommended
immunizations among children in Armenia. This provides an overview as well as
potential insight on the trends in vaccination coverage in the country. The second study
assessed age-specific coverage and factors associated with the timing of vaccinations
among children in Armenia. Factors associated with the timing can provide insight on
disparities among sub-groups of children that may otherwise not be evident when
examining vaccinations on a national level. Assessing timeliness also provides a more
in-depth understanding of under-vaccination in children that is generally overlooked. The
third study explored the uptake of newly introduced vaccines among children in Armenia.
By examining uptake of newly introduced vaccines and identifying possible associated
factors, resources can be more properly placed to aid in promoting uptake among those
still unimmunized. The three studies were developed and conducted to provide a

comprehensive overview of the state of childhood vaccinations in Armenia.



Chapter 2: Background and Specific Aims

2.1 Global Overview of Vaccine Preventable Diseases and Vaccines

The term vaccine-preventable disease refers to a disease for which a vaccine has been
developed and proved to be effective in the prevention of the disease. The Global
Vaccine Action Plan outlined 26 diseases with vaccines that are supported by WHO:
measles, rubella, cholera, meningococcal disease, influenza, diphtheria, mumps, tetanus,
hepatitis A, pertussis, tuberculosis, hepatitis B, pneumococcal disease, typhoid fever,
hepatitis E, poliomyelitis, tick-borne encephalitis, haemophilus influenza type b, rabies,
varicella/herpes zoster, human papillomavirus, rotavirus gastroenteritis, yellow fever,
Japanese encephalitis, malaria, and dengue fever.*

Vaccines have had a significant impact on the morbidity and mortality of VPDs
globally just in the past few decades. The effect of vaccines on VPDs can be most
poignantly seen in the eradication of smallpox. In 1966, the World Health Assembly,
which is the decision-making body of WHO, voted to establish a smallpox eradication
program.?! This provided for logistical and monetary support in smallpox vaccination
programs as well as surveillance activities. When the eradication campaign began, 30
countries had endemic smallpox. Through the efforts of national programs and with the
support of WHO, smallpox was declared eradicated in 1980.

There have been other noteworthy advances in reducing VPD morbidity and
mortality in addition to the eradication of smallpox. Following the success of the
smallpox eradication program, the World Health Assembly established the Global Polio
Eradication Initiative in 1988, with the goal of global eradication by 2020. Although this

goal has not yet been met, the poliomyelitis vaccines have led to a decrease of over 99%



in polio incidence globally since 1988 leaving only 2 countries with endemic polio,
Afghanistan and Pakistan.?? Eradication is usually the end goal, but even when
eradication is not achieved routine vaccination activities have diminished the
consequences of many VPDs. For example, according to the Centers for Disease Control
and Prevention (CDC), deaths due to measles decreased worldwide from 546,800 in 2000
to 114,900 in 2014, a 79% decline.”* These are just some of the many achievements in
reducing VPD-associated global morbidity and mortality that have resulted from WHO-
supported initiatives implemented through country-specific immunization programs and
various immunization campaigns.

In 1974, the Expanded Programme on Immunization (EPI) was established
through a World Health Assembly resolution in order to develop policies and support
immunization programs worldwide.?* The program’s objective at its inception was to
ensure diphtheria, pertussis, tetanus, poliomyelitis, measles and tuberculosis vaccines
were available to every child by 1990. To support the efforts of this program and
standardize activities globally, WHO established a recommended immunization schedule
which includes a dose of BCG, three doses of a DTP-containing vaccine, three doses of a
polio vaccine (Pol) and a measles-containing vaccine (MCV) during the first year of
life.> The schedule was created taking into consideration age-specific factors such as
biological response to the vaccine and risk for disease.” These guidelines have served as
the basis for national governments to establish their own immunization policies and
schedules. Since the establishment of EPI and the WHO schedule, many countries have

also included other vaccinations into their national programs, such as those for hepatitis



B, rotavirus, pneumococcal conjugate, yellow fever, and haemophilus influenzae type b
(Hib).

When EPI was first founded, less than 5% of children younger than one year of
age in developing countries were receiving the third doses of a DTP vaccine and a
poliomyelitis vaccine. As of 2018, 86% of infants received the third dose of DTP with
129 countries reporting at least 90% coverage.’ Recognizing the importance and impact
of vaccines, specifically on mortality rates of children under 5 years old, the Global
Vaccine Action Plan (GVAP) was developed and endorsed by the World Health
Assembly and immunization-related organizations. Labeling 2011-2020 the Decade of
Vaccines, GVAP has stated that its mission is “to extend, by 2020, and beyond, the full
benefit of immunization to all people, regardless of where they are born, who they are or
where they live”.* In pursuit of this mission, the action plan for this time period includes
a number of goals with associated targets to be reached by 2020. The first is to achieve a
world free of poliomyelitis with a target of certified eradication by 2018. The second
goal is to meet global and regional elimination targets by eliminating measles and rubella
in at least five WHO regions. The third goal is to achieve 90% coverage at the national
level and 80% coverage in each district or administrative unit. The fourth goal is to
introduce at least one new vaccine in all low-income and middle-income countries,
license at least one new vaccine and one platform delivery technology. And finally, the
fifth goal is to surpass the Millennium Development Goal 4 target for reducing child
mortality. Under GVAP’s plan, a total of 24.6 million to 25.8 million future deaths
worldwide could be averted during this decade: 14.1 million due to the measles vaccine,

5.3-6.0 million due to the hepatitis B vaccine, 1.4-1.7 million due to the Hib vaccine, 1.6-



1.8 million due to the pneumococcal conjugate vaccine, 0.8-0.9 million due to the
rotavirus vaccine, 0.5 million due to the human papillomavirus vaccine, 0.03-0.04 million
due to the yellow fever vaccine, 0.03 million due to the meningococcal A vaccine, 0.07
million due to the Japanese encephalitis vaccine and 0.4 million due to the Rubella
vaccine.

WHO'’s Strategic Advisory Group of Experts on Immunization (SAGE) assessed the
GVAP proposal in 2018 and found that although the number of vaccinated children was
the highest ever recorded in 2017 (116.2 million), the global coverage of both the third
dose of a DTP containing vaccine (DTP3) and the first dose of a measles-containing
vaccine have remained stagnant at 85%.!® Unvaccinated and under-vaccinated children,
such as the 19.4 million infants that did not receive the third dose of DTP in 2018, 60%
of which lived in 10 countries, have been the driving force behind this stagnation.’
SAGE also concluded that the goals set out by GVAP would most likely not be met by
2020.'S The third dose of a DTP vaccine is commonly examined as an indicator of
vaccination activities. Only 63% of countries reached or surpassed the target of 90%
coverage of DTP3 nationally in 2017, although this is an increase from 60% in 2016.%
Of the children who did not receive DTP3, 69% didn’t receive any DTP vaccination
while 31% received one or two doses but did not complete the DTP series.?
Additionally, there were 11 countries who previously had 90% coverage that did not meet
that target in 2017.'° Although there have been gains in some indicators, the stagnation
in coverage rates merits further examination to identify areas of improvement to ensure

coverage targets are not only met but surpassed.



As would be expected, vaccination coverage rates vary between countries as well as
regions owing to varying resources and schedules. Many low- and middle-income
countries have had coverage rates similar to, if not better than, some high-income
countries due to the support of programs such as Gavi, the Vaccine Alliance. But this
may be changing, with a growing concern that the loss of Gavi-backed programs in
middle-income countries may leave governments struggling to support their national
immunization activities. This concern is compounded by the fact that the majority of
vaccine-preventable deaths occur in middle-income countries.' With a varying range of
reasons for sub-optimal vaccination coverage, including growing vaccine skepticism
globally and conflicts and natural disasters leading to migration and unstable living
conditions, it is important to identify and address the exact gaps in vaccinations in a
country-specific manner to continue reducing VPD-associated morbidity and mortality

worldwide.

2.2 VPDs and Vaccines in Armenia
2.2.1 VPD-related morbidity and mortality

VPD-related morbidity and mortality has decreased in Armenia since gaining its
independence in 1991. Following the collapse of the Soviet Union and the establishment
of the Republic of Armenia, the country experienced a precarious period which had an
impact on the health system and, thus, citizen’s health. Once the country stabilized,
health indicators, including rates of VPDs, showed progress.

In 2002, WHO declared the European region, which includes Armenia, polio-

free.?” Because of the geographic location of Armenia and the potential networks to



polio-endemic countries, polio vaccination is still part of the nation’s immunization
program. In 2018, according to WHO, there were 19 reported cases of measles in
Armenia, up from only 1 reported in 2017.%% This apparent control of measles, until most
recently, is due to amplified immunization efforts following a nation-wide measles
epidemic in 2004 and 2005 during which 1,783 cases and 2,281 cases were recorded each
year respectively.?® The epidemic occurred across age-groups and was purportedly due
to reduced vaccine effectiveness, delays in receipt of both doses of a measles-containing
vaccine, and variations in coverage levels over time.?’ With the focused vaccination
campaigns during this time period of a measles-rubella vaccine targeting males and
females based on age and irrespective of vaccination status, since 2007, there has been a
steady decline in incidence of not only measles but also rubella. In 2006, according to
WHO, there were 13,500 cases of rubella recorded in Armenia.’® In 2018, there were
none. Mumps has also been steadily declining from 11,380 cases in 1999 to 4 reported
cases in 2018, although there was a slight jump to 8 cases in 2017.?%3 Pertussis is one
VPD where the reported cases have fluctuated over the years with an increase most
recently: 1in 2011, 851in 2014, 15 in 2016, 77 in 2017 and 160 in 2018.3° This
vacillation and recent rise of reported cases is cause for worry and suggests a more in-
depth look at pertussis prevalence, incidence and vaccination efforts is necessary.
Following an outbreak of diphtheria in 1995, Armenia combatted the epidemic and there
have been no reported cases in Armenia since 2009.28-° In 2015, of the deaths among
children under 5 years old, 11% were due to pneumonia and 1% were due to diarrheal
disese.’! Rotavirus surveillance started in 2009 when Armenia became part of a WHO-

supported rotavirus surveillance network.>? At that time, rotavirus occurred seasonally
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and accounted for 40-60% of diarrhea-related hospital admissions among children less
than 5 years old. In 2015, the proportion of acute gastroenteritis related admissions
dropped to 10% among children less than 5 years old. Hepatitis B is considered low-
level endemic in Armenia with a prevalence of 2-2.5%, although after the introduction of
the vaccine, incidence decreased among both adults and children.?* Armenia has one of
the highest burdens of TB and multi-drug resistant TB in the region. The National TB
Control Programme, with the support of WHO, implemented control methods that had a
significant impact on TB in Armenia with incidence decreasing from 73 to 36 per
100,000 people and mortality rates dropping from 11 to 1.2 per 100,000 people from

2010-2017.3+3°

2.3 Armenia’s National Immunization Program

Immunization services fall under the scope of the Ministry of Health (MOH) with
the State Hygiene and Anti-Epidemic Inspection (SHAEI) responsible for supervision of
immunization activities and the Centre for Disease Control and Prevention (NCDC)
regulating vaccine management, vaccination monitoring and surveillance of vaccine-
preventable diseases. ?° Armenia is currently in the transition phase of Gavi support, with
the official end in 2017.3! Gavi was the main funder of vaccination activities in Armenia,
and thus the transition period is a concern for the country. In response, the government
has allocated an increased budget for immunization activities to support the National
Immunization Program. Vaccinations in the national schedule are free of charge with the

costs covered by the government and donors.
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The Ministry of Health has implemented the WHO immunization schedule, with a
few additions and changes relevant to this dissertation (Appendix A, Supplementary
Table 2-1): the Hib-containing pentavalent vaccine (DTP-HepB-Hib) in 2009, two doses
of the rotavirus vaccine in 2012 and three doses of the pneumococcal conjugate vaccine
in 2014.

Routine immunization activities in Armenia occur through either fixed sites or
outreach efforts.?” Primary health care facilities, like polyclinics or ambulatories, and
maternal hospitals are examples of fixed sites administering vaccinations. Outreach
efforts refer to sessions when vaccinations are occurring more infrequently, typically
once a week or once a month, usually in more rural regions where a medical doctor is not
always present. Thus, it has been reported that shortages of doctors in more isolated
areas, lack of transportation, small populations of young children in a region, and
remoteness of a region negatively affect these outreach efforts and potentially the
timeliness of receipt of vaccines for children. In response, the National Immunization
Program implemented the “Reach Every District” strategy in 2003 in an effort to
strengthen immunization activities in each region. Immunization remains a top priority

for the Ministry of Health and the Republic of Armenia.

2.4 Vaccination Coverage
2.4.1 Description and importance of childhood vaccination coverage

Vaccination coverage, or the proportion of a population vaccinated, is a key
metric when evaluating immunization activities and subsequent protection from VPDs.

Monitoring vaccination coverage rates is an approach to assessing immunization
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programs and ensuring vaccinations are administered. Vaccination coverage rates can
also shed light on issues with access to health care to the extent that high coverage rates
indicate decent access to health care, whereas low rates may imply poor health-related
services.

There are two main ways to assess vaccination coverage in a population: an
administrative method and a survey method.*® 3’ The administrative method uses
reported immunization-related data, such as doses administered, and estimates
coverage as the number of doses administered divided by the number of people in the
target population. The target population is dependent upon the guidelines set by a
nation’s immunization program. Doses administered can be determined by either
electronic registries or through reports of vaccinations delivered. *-*° Coverage
estimates based on administrative data can potentially be biased and are often found to
be unreliable.’”- - 4! Electronic registries need access to technologies, such as
computers and the internet, that may not always be available and are prone to errors
including missing, delayed, duplicate or deleted entries. Reports of vaccinations
delivered are also problematic, with the possibility of over-reporting, if incentives are
involved, or under-reporting, if vaccines are delivered in the public sector. With
estimates of the target population potentially based on inaccurate census estimates,
coverage estimates based on administrative data may provide inaccurate numerators as
well as incorrect denominators.*® In light of these potential pitfalls in the
administrative method, many turn to the survey method to assess coverage. The
survey method uses household, community-based surveys, such as the Multiple

Indicators Cluster Survey (MICS) and the DHS to obtain records of vaccinations,
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usually verifying information using vaccination records and documented vaccinations.
These survey methods also allow for a more in-depth analysis by collecting
information on demographic and socioeconomic factors as well. Due to these
advantages, many use the survey method to evaluate immunization activities and
coverage.

High coverage not only ensures that an individual is protected, but is fundamental
for population-level immunity, or what is known as “herd immunity”. “Herd immunity”,
also referred to as “indirect protection” or “herd effect”, is the concept that vaccinations
not only protect the individual who is vaccinated but also susceptible people around them
by conferring immunity and decreasing the risk of transmission of disease.*“? The larger
the proportion of immune individuals, the less likely non-immune individuals will be
exposed to a disease. The necessary proportion of the population, or threshold, is based
on the basic reproduction number, Ro, which is the number of secondary cases from one
case during their infectious period.® Due to the different dynamics of VPDs, thresholds
vary from 75-86% for mumps to 92-94% for pertussis.*® While these herd immunity
thresholds are important markers, from a public health perspective, immunization
campaigns should aim for complete coverage taking into account the potential for issues
with vaccine effectiveness, waning immunity, incorrectly administered vaccines and
vaccine refusals.®

High coverage rates have been increasingly difficult to reach and maintain, as can
be seen in the stagnation of global vaccination rates of DTP3.'® A number of reasons can
be attributed to the difficulty in reaching and preserving high coverage rates.

Humanitarian crises, such as conflicts and natural disasters, disrupt a nation’s health
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delivery system and result in highly mobile populations. In 2017, it is estimated that 13

t.16

million children were under-vaccinated due to conflict.'® True estimates of coverage rates

are difficult to obtain due to the volatile nature of the situations. Vaccine hesitancy has
also risen globally, with only 7 countries reporting no vaccine hesitancy in 2017.16-4%46
It is important to consider vaccine hesitancy when examining coverage, as it can have a
direct impact on rates and coverage. Vaccine hesitancy is also a cause for concern as
people with similar beliefs tend to cluster together and live in the same communities, thus
resulting in pockets of low coverage which are susceptible to outbreaks. The changing
geopolitical and global societal environment is something that must be taken into
consideration when assessing coverage and evaluating immunization activities regionally,
nationally, and globally.
2.4.2 Factors associated with childhood vaccination coverage
2.4.2.1 Socioeconomic status

Socioeconomic status or household wealth is one of the most cited factors
associated with coverage. Studies have found that children from wealthy families or with
high socioeconomic status are more likely to be vaccinated.*’>! These families tend to
have more access to care and are usually more engaged with the health care system, thus
allowing for more opportunities for vaccination. There are some exceptions to this
pattern; for example, one study found that families in Afghanistan with low
socioeconomic backgrounds were more likely to be vaccinated.”® The authors of this
study conjectured that this may be due to a national health plan that provides services to
the rural poor, resulting in increased immunization rates among the poorer children.

Another study also found an interaction between wealth and literacy, with literacy
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significantly associated with full vaccination status among richer household.> From
these studies it can be gathered that in countries that provide services, especially to the
economically disadvantaged, vaccination rates tend to be higher among poor children,
whereas in countries that may not provide such services vaccination coverage tends to be
higher among the wealthier, implying access to services as a potential underlying factor.
2.4.2.2 Maternal education

Maternal educational level is also a factor commonly associated with coverage
and uptake of vaccinations in children. There is a general consensus that children of
mothers with some education, whether it be primary school or higher, are more likely to
be vaccinated than those whose mothers did not receive any formal education 2% 485052, 54
Mothers with formal education have higher literacy rates and are more easily targeted by
immunization campaigns. These women may also feel more comfortable, due to their
educational background, discussing the plan for their child’s health care with a physician.
Thus, educated women tend to be more knowledgeable about VPDs and vaccinations and
may be more likely to vaccinate their children.
2.4.2.3 Pregnancy-related health services

Receipt of pre- or post-natal care, receipt of vaccinations during pregnancy, and
place of delivery have also been found to be associated with childhood vaccination
coverage. Delivery at a healthcare facility, either public or private, as opposed to a home
delivery, has been found to be significantly associated with higher childhood vaccination
coverage.*> 3> Similarly associated with higher vaccination coverage was a mother’s
attendance of antenatal care visits or postnatal check-ups. **3* 3! Receipt by a mother of

a tetanus vaccine during pregnancy has also been found to be associated with better
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vaccination coverage rates in children.*® These findings strengthen the notion that any
interaction by mothers with health care services provide stepping stones to continue
health-seeking behaviors for themselves as well as their children. Efforts should be made
to support women'’s interaction with the healthcare system while they are pregnant as
these are opportunities to provide information and services related to immunization.
2.4.2.4 Residence

A person’s place of residence, whether at the national level or regionally within a
nation, has been found to be associated with vaccination coverage as well. Studies have
found differences between nations, as would be expected from the varying nature of
immunization policies, schedules, resources and geopolitical climate.’> 3¢ Other studies
have examined area of residence (rural vs. urban) and its association with vaccination
coverage. 23334 Some have found that urban children have higher vaccination rates,
citing the ease of access to available services in urban regions as a driving factor.>% >’
Others have found that children in rural regions have higher vaccination rates due to an
increased emphasis from immunization campaigns to deliver services to poorer children
or those far from health centers.’? %% The association between place of residence and
vaccination coverage remains country specific and should be examined as such.
2.4.2.5 Siblingship

Another factor frequently examined is siblingship, or number of children in the
household, and its effect on immunization in children. Some studies have found that the
fewer children in the household, the more likely a child is vaccinated.®" > Households
with fewer children may allow time for the mother or caregiver to follow up on the health

needs of each child more easily. For these reasons, siblingship is a factor associated with
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coverage that should be examined as it can potentially provide information for targeted
immunization activities.
2.4.3 Childhood vaccination coverage in Armenia

From ADHS reports, vaccination coverage of all WHO-recommended
vaccinations combined has fluctuated over the cycles of data collection: 91% in 2000,
78% in 2005, 92% in 2010 and 89% in 2015-2016.'% %! To date, while Armenia has been
included in some studies looking at global vaccination coverage and one study has
focused specifically on Armenia, none have examined coverage using the most recent
ADHS data. Schweitzer et al. found that vaccination coverage for three doses of DTP
increased significantly between 2000 and 2010 from 92% to 96% respectively (p-values
for trend: <0.0001 for DTP1, <0.0001 for DTP2 and 0.001 for DTP3). They also found
that coverage of the first dose of the measles-containing vaccine had significantly
increased as well to 95% in 2010 (p-value for trend: <0.0001).

Another study examining full immunization coverage in low- and middle-income
countries found that in 2010 coverage in Armenia in the poorest quintile was 88.3% and
was 90.2% in the richest quintile.’® They also found that coverage was minimally
different based on area of residence (90.9% in urban vs. 92.3% in rural), as well as based
on gender (91.3% for males vs. 91.7% for females). Although coverage is higher than
other middle-income countries, the fluctuation and slight decrease seen from the most

recent DHS warrants additional examination.

2.5 Vaccination Timeliness

2.5.1 Description and importance of timeliness of childhood vaccinations
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Vaccination coverage has long been the goal of immunization programs and, as
coverage expands worldwide, other elements that influence the effectiveness of
vaccinations have become a greater focus for immunization programs and activities.
Timeliness is one such element. It is increasingly considered an important indicator of
vaccination status among children, as receipt of the vaccinations by a certain age does not
necessarily imply appropriate administration and protection.

Vaccination schedules, such as the one recommended by WHO, are created to
ensure maximum benefits of protection while minimizing risk of disease or adverse
effects. Vaccines are designed to prepare the immune system to combat a disease and
protect the individual. Therefore, because of the evolving immune system starting at
birth, vaccines are scheduled to be delivered at a time when the body’s immune response
can trigger the necessary cascade of events to hopefully provide life-long immunity.

Each vaccine’s schedule of delivery is based on when the immune system can accept the
elements in the vaccine, the waning of maternal antibodies and their potential interactions
with the vaccine, and the age when the disease most impacts morbidity and mortality.5> A
vaccine given too early may not elicit the correct immune response, while one given too
late allows for disease acquisition when the child may be most vulnerable leading to
potentially serious consequences. For example, studies have found that delays in
pertussis vaccination administration are a risk factor for pertussis-related hospital
admissions and if pertussis vaccinations were administered on time, related incidence,
hospitalization, deaths and costs could be reduced.®***® Incorrectly timed vaccinations,
intentionally or not, have also been responsible for outbreaks and the reemergence of

certain diseases such as measles and Hib.®”"”° Additionally, timeliness has been shown to
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have an impact on herd immunity more so than individual risk factors.”! These studies
highlight the importance of following the national guidelines on timing of vaccinations to
decrease VPD-related morbidity and mortality.

Timeliness can be characterized as either up-to-date or age-appropriate. Studies
examining up-to-date vaccinations set a cutoff, usually 1 or 2 years of age, and determine
if a child has received all recommended immunizations by that age.”>”> This method of
measuring up-to-date vaccinations includes children who fell behind schedule but
eventually caught up, yet doesn’t take into account the amount of time the child was
susceptible to a VPD. One of the first studies to examine this differentiation between up-
to-date and age-appropriate vaccinations found that, among their sample of preschool
children in Baltimore, the proportion of children vaccinated at age-appropriate times was
at least 37% lower than the proportion found to be up-to-date at 2 years of age.”®
Furthermore, they found that 80% of children who did not receive the first dose of a DTP
or polio vaccine at the appropriate age were not up-to-date at age two. Researchers have
increasingly focused on examination of age-appropriate vaccinations as a better method
of assessing timeliness and identifying places for interventions and immunization activity
strengthening.® 7" Therefore, to properly address the issue of timeliness of
vaccinations, age-appropriate receipt of each vaccination should be examined.

2.5.2 Factors associated with timeliness of childhood vaccinations
2.5.2.1 Siblingship

Siblingship and rank in the family are factors that are commonly cited as related
to timeliness of childhood vaccinations. Children born into large families with multiple

siblings have been shown to be more likely to have delayed vaccinations.5 64 74. 7. 77. 80
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Rank in the family (i.e. first-born) has also been examined with studies finding that the
higher the rank of the child, the more likely they are to be unimmunized.’ ®!- %> Families
with multiple children have many concurrent issues to handle and maintaining
immunization schedules may not be the highest priority. These are important factors to
address as having multiple children in a household who are un- or under-immunized may
pose an increased risk of transmission of VPDs.
2.5.2.2 Maternal education

As seen with coverage, maternal education is a factor commonly associated with
timeliness of childhood vaccinations. Although studies may categorize education
differently, they have found, in general, that mothers with lower education levels were
more likely to have children without timely vaccinations.*’- ¢4 78 80.83 Although maternal
characteristics are usually examined in these studies, paternal characteristics also may
play a role. One study looked at father’s education and found that illiterate fathers were
more likely to have children with delayed vaccinations than fathers with some
education.”® Low education can lead to subpar communication with health staff and low
health literacy, resulting in parents or guardians not fully understanding the necessity of
the immunization schedule.
2.5.2.3 Maternal age

Maternal age has also been found to be a risk factor for delayed vaccinations,
although the findings are mixed. Some studies have found that younger mothers are

64,74 while another found that

more likely to have children with delayed vaccinations,
older mothers were more likely.” Younger mothers as a risk factor for ill-timed

vaccinations may be explained by their lack of experience with pediatric care and the
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corresponding immunization schedule. Older mothers may be a risk factor that could be
tied to siblingship, as older mothers may have more children and more responsibilities or
competing priorities. In either case, it has been demonstrated that maternal age may be a
factor associated with timeliness of childhood vaccinations.
2.5.2.4 Maternal employment

Maternal employment status is another factor found to be associated with
timeliness of vaccinations that has mixed results. Unemployed mothers were found to be
more likely to have children with delayed vaccinations, possibly linking employment
status to education level.”® Other studies have found that mothers who are employed
were more likely to have children with untimely vaccinations.®®® These findings may
be explained by the fact that mothers who are working may be unavailable to keep up
with all the appointments per the immunization schedule. Maternal employment status
may also be linked to education level and socioeconomic status, and thus should be
examined with that in mind.
2.5.2.5 Pregnancy-related health services

The location where the child was born has also been found to be associated with
timeliness of vaccinations. Unsurprisingly, children who were born in a hospital or
health facility were more likely to have timely vaccinations.’” 8% % Relatedly, mothers
who had insufficient antenatal care were less likely to have children who received their
vaccination per the schedule.” Both of these factors demonstrate how contact with the
health care system at some stage impacts future health-related actions. Although prenatal

care or delivery in a hospital do not necessarily imply future health system contact, it
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does reveal a mother’s willingness and ability to access care, which should be capitalized
upon in vaccination campaigns.
2.5.2.6 Socioeconomic status

Socioeconomic status or family income is one of the most commonly cited factors
associated with vaccination timeliness. Overwhelmingly, all studies found that children
from families that are poor or considered to have low socioeconomic status were more
likely to experience delays in their vaccinations & 77- %83 However, one of these studies
looked at the potential interaction between socioeconomic status and education on
timeliness of vaccination and found no effect.®® Poverty can affect access to care in
multiple ways, including issues with transportation and financial concerns, and may
present caregivers with competing burdens that gain priority over their children’s
immunization appointments. Many national immunization programs have considered this
factor and provide vaccinations at low or no cost in an attempt to mitigate the effect of
socioeconomic status on vaccination timeliness.
2.5.2.7 Residence

Similar to findings of factors associated with coverage, household location has
also been identified as a factor associated with timing of childhood vaccinations. Studies
have found that children living in rural areas are more likely to have delayed
vaccinations.”” 3 These studies cite issues related to access to care as the driving force
for the difference between rural and urban children’s vaccination timeliness. Conversely,
one study found that, in Senegal, living in urban areas was associated with delays in
childhood vaccinations.*’ Interestingly, travel time to a health clinic was examined as a

potential factor associated with timeliness and was found to not be significant. ¢ This can
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be explained by immunization campaigns and activities that reach out to children where
they reside, thus effectively negating the influence of travel distance on timeliness of
receipt of vaccinations. Rural and urban differences in vaccination timeliness can thus be
linked to access to care and services provided in each area based on country of residence.
2.5.2.8 Timing of other vaccinations

Studies have also examined the effect of timing of vaccinations on the timeliness
of subsequent ones and found that children who had delayed vaccinations recorded were
more likely to have subsequent vaccinations delayed as well.”** 32 Co-administration, that
is delivering multiple vaccinations at one time, has also been found to have an effect on
timing with one study demonstrating that co-administration of vaccinations earlier in the
schedule had a positive effect on the timing of subsequent vaccinations.®” These findings
further support the notion that appropriate contact with the health care system suggests
proper health-seeking behavior, and that encouraging timely receipt of childhood
vaccinations early in life may help ensure timeliness in the future.
2.5.2.9 Gender

Gender has been noted by a few studies as a factor associated with delayed
vaccinations. Male children are more likely than female children to experience delays
with later DTP vaccinations (DTP3 and DTP4), although the association was not found
with other vaccines. 77 These are interesting findings and require further examination in
order to determine additional differences that may help explain the difference in
timeliness between male and female children.

2.5.3 Timeliness of childhood vaccinations in Armenia
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Based on DHS data, in 2015-2016 in Armenia, 84.4% of children age 12-23 months
had received the WHO-recommended vaccines by the appropriate age.!” That proportion
drops as children get older with 67.1% of children age 24-35 months vaccinated by the
appropriate age.'” A study examining vaccination timeliness among four former Soviet
Republics, based on data from 1996-2000, found that Armenia was one of the most
affected by vaccination delays and suggested that the issue with timeliness diminished the
value of up-to-date coverage that was observed in the country.”! Schweitzer et al. found
that the proportion of children with a correctly timed first dose of the measles-containing
vaccine increased from 39% in 2000 to 62% in 2010 and that the timing of DTP1 also
increased from 46% to 66% in the same time period. 2° They also found that living in
urban areas was associated with delayed vaccinations, while children of younger mothers
were more likely to have received vaccinations in a timely manner. The differences in
residence were further broken down into “marzes” or regions which revealed that both
DTP3 and the measles-containing vaccine were more likely to be delayed in children in
the Armavir and Syunik regions than in the capitol city, Yerevan. Siblingship was also
found to be associated with timeliness, with children with a higher birth order more likely
to have delayed vaccinations. Others have recognized the potential problem with
timeliness in Armenia and have asserted that better-educated mothers in urban areas were
more likely to skip vaccinations. ®® These studies suggest that although coverage may
seem to be high in Armenia, children have not received their vaccinations in the ideal

time periods to confer optimal protection for themselves and those around them.
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2.6 New Vaccine Introductions (NVIs) — Rotavirus and Pneumococcal Conjugate
Vaccines
2.6.1 Description and impact of NVIs

Since the EPI program was established, advances in vaccine development have
been achieved resulting in new and effective vaccines. These new vaccines traditionally
have been introduced in low- and middle-income countries long after the introduction in
high-income countries. But with the support of WHO and GAVI, vaccines are being
introduced into countries of all economic backgrounds more rapidly.®® The following
vaccines have been added to their recommended schedules by many national
immunizations programs: Hib, hepatitis B, pneumococcal conjugate (PCV), rotavirus
(RV), human papillomavirus (HPV), rubella and a second dose of a MCV. The first new
vaccine recommended by WHO in 1992 was the hepatitis B vaccine that is now included
in 190 countries, of which 61% have implemented a dose at birth following WHO
recommendations to prevent perinatal hepatitis B transmission. WHO next
recommended the Hib vaccine be included in all national routine infant vaccination
schedules in 2006. By the end of 2018, 191 countries had included Hib into their
universal immunization schedules.>*° PCV was recommended by WHO in 2007 in all
countries, but prioritized among countries with high pneumonia prevalence and high
under-5 mortality rates. By 2018, 134 countries had followed WHO’s recommendation
and introduced PCV into their national immunization schedules. In 2009, rotavirus
vaccination was recommended to be included, similarly, with a focus on countries with
high rotavirus gastroenteritis morbidity and mortality. This vaccine has seen a lower

inclusion rate of 46% of countries adopting the recommendation.”® Also in 2009, HPV
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was recommended for adolescent girls where cervical cancer prevention was a priority,
resulting in countries adding the recommendation to their respective vaccination
schedules by the end of 2018.> A second dose of a measles-containing vaccine was
recommended by WHO in 2009 as well to be given during the second year of life. By the
end of 2018, 171 countries had followed this recommendation and included a second
dose of MCV into their national immunization schedules.® Although the rubella vaccine
has been in circulation since its licensure in 1969, only 85 countries had included it in
their national vaccination schedules by 1996. Due to the combination measles-rubella
vaccines, by 2018, 168 countries had included it in their national schedules resulting in
69% global coverage.> With a growing number of vaccines being developed and
recommended, it is essential to recognize the country-specific importance and impact of
each of the vaccines to maximize benefits and minimize the toll on the immunization
program and children.

The adoption of new vaccines into an existing immunization program is
associated with several concerns. For the introductions to be successful, the existing
immunization program and health system must already be robust so that the NVIs do not
produce a substantial burden and detract from the services already being provided. It is
important to take into consideration the financial stress of NVIs, country-specific disease
burden and the potential of vaccine hesitancy either at the local or national level.?* Many
countries institute National Immunization Technical Advisory Groups (NITAGs) in order
to aid in the informed decision making process by providing independent review and
guidance.*”°! NITAGs, along with other organizations and governments, have been

instrumental in the implementation and evaluation of NVIs.
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As new vaccines are introduced into national immunization schedules, evaluation
of the initial implementation is a crucial step in informing future activities and
maximizing the impact of the vaccine. Although NVI impact should be considered
country-specific, as national immunization programs, health systems, disease burden, and
governmental policies differ widely between countries, there are a number of factors that
have been shown to be commonly associated with vaccine introductions globally. NVIs
have been shown to be associated with a positive effect on the health system thanks to
increased technical assistance to the immunization program and anticipation of decreased
disease burden.”? These positive effects have been demonstrated by studies that show
that after the introduction of the rotavirus vaccine, for example, the timing of other
vaccinations have improved.’*** There have also been documented negative effects of
NVIs, specifically due to inadequate planning resulting in vaccine shortages and
logistical problems. These findings highlight the need for sufficient evaluation of NVIs
in order to ensure the vaccine is delivered to the target population efficiently and
effectively.

NVI effectiveness and impact are important to measure, especially in low- and
middle-income countries where resources may be constrained.'* Impact is usually
depicted by assessing disease burden before and after introduction of the vaccine. RV
and PCV are two of the most recent NVIs and have both demonstrated having a positive
impact on decreasing disease burden when introduced. For example, to examine the
impact of the rotavirus vaccine, studies have looked at rotavirus gastroenteritis-associated
hospitalizations and mortality pre- and post-vaccine introduction. Low-and middle-

income countries, following rotavirus vaccination implementation, experienced decreases
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in related hospitalizations by approximately 54% to 81% and a reduction in deaths by
about 30% to 40%.'% 15 Infants tend to bear the highest burden of rotavirus-related
disease, and studies have found that the greatest reductions in morbidity post-vaccine
introduction have been seen in infants.!!: %939 Children too old to receive the vaccine
have also experienced reductions in rotavirus morbidity and mortality supporting the
notion that rotavirus vaccination provided for herd immunity.'?3? There have been
similar results when evaluating the impact of PCV on invasive pneumococcal disease.
After the introduction of PCV into the national immunization program in Gambia, a low-
income country, experienced a reduction of 55% of invasive pneumococcal disease
among children 2-23 months and 56% in children 2 to 4 years.'*> South Africa, a middle-
income country, saw a decrease of 62% in the incidence of pneumococcal disease in
children 0-59 months.”” And in high income countries, like Denmark and England, during
the post-vaccine period, among children less than 2 years old, invasive pneumococcal
disease decreased by 71% and 89% respectively.’® * These studies clearly demonstrate
the positive impact on decreasing disease burden NVIs can have and highlight the
importance of ensuring NVIs are properly implemented.
2.6.2 Factors associated with uptake of NVIs
2.6.2.1 Structural

As mentioned previously, proper uptake of newly introduced vaccines depends
upon structural and systemic factors. Studies have documented that shortages in
rotavirus stock have contributed to less than ideal rotavirus vaccine uptake.'?” This may
seem obvious, but it highlights the fact that proper assurances must be made prior to

vaccine rollout in order to ensure high uptake. Similar structural issues have been
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reported for PCV implementation including inadequate preparation, insufficient supply
and cold chain capacity, poor communication with organizations, and public and bad data
collection systems. '°' Another study examining PCV uptake in middle-income countries
found that there was a significant difference in uptake between upper-middle income
countries and lower-middle income countries (48%), owing to unsuccessful transitions
out of GAVI-support which left governments unprepared to continue the immunization
activities on their own.!?? These structural factors are important to note, as uptake of
NVIs is dependent on vaccines being available for the children to access.
2.6.2.2 Residence

Residence has been shown to contribute to not only vaccination coverage and
timeliness, but also uptake of NVIs. Studies have found that for both RV and PCV,
children who lived further from the health center or clinic were less likely to have been
vaccinated in the initial stages of the immunization campaigns.!®® Furthermore, studies
have found that there are regional differences in uptake of PCV among children in both
low-income and high-income countries, as well as with RV in middle-income
countries.!®1% These regional differences seem to be due to disparities in access to
health care and highlight the need for targeted campaigns for NVIs to ensure high uptake
among children typically hard to reach in order to confer herd immunity in the
population.
2.6.2.3 Socioeconomic status

Socioeconomic status has also been shown to be associated with uptake of NVIs.
Children from poorer families are less likely to have received rotavirus vaccinations in

high-income countries.!?”- 1% Yet, some studies looking at uptake among low- and
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middle-income countries did not find any significant association with socioeconomic
status and RV or PCV uptake.!® The differences in the association between uptake and
socioeconomic status among countries may be explained by donor support in low- and
middle-income countries allowing for immunization campaigns to focus on children from
poorer households. The lack of association reported between uptake and socioeconomic
status in low- and middle-income countries may not persist as countries lose donor
support, such as transitioning out of GAVI assistance. One study also found an
interaction between socioeconomic status and residence, with higher incomes having a
positive effect on rotavirus vaccinations in urban areas, but not having an effect in rural
areas.'” Thus, it is important to dissect this association and determine which children are
in need of vaccination services to ensure proper uptake of the rotavirus and
pneumococcal conjugate vaccinations.
2.6.2.4 Parental education

Parental education often plays a role in the health of their children and has been
shown to be associated with uptake of NVIs. Children of mother’s with lower education
levels have been shown to be less likely to have been vaccinated with RV and PCV
during the initial rollout campaigns. !°* Conversely, another study demonstrated that
children of fathers with lower education levels were more likely to have been vaccinated
with the rotavirus vaccine.!® It is important to address the education level of the main
caregiver as they are the ones who ultimately make the decision to vaccinate their child.
2.6.2.5 Siblingship

Siblingship is another factor that multiple studies have shown to be associated

with uptake of NVIs. For the rotavirus vaccine, children who had siblings were found to
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be less likely to have been vaccinated with the rotavirus vaccine, yet conversely, children
who had siblings were shown to be more likely to have been received PCV. 103 108-110
Moreover, children who were the first born were found to be more likely to have received
rotavirus and pneumococcal conjugate vaccinations. ''% ' As with timeliness and
coverage, parents with multiple children may have a multitude of responsibilities making
it difficult to keep up with changes to vaccine schedules. Thus, siblingship is a factor to
consider when examining uptake of NVIs in a population.
2.6.3 Uptake of rotavirus and pneumococcal conjugate vaccines in Armenia

With GAVI support, a rotavirus vaccine (Rotarix) was introduced in Armenia in
September 2012 targeting children born after that date with a recommendation of two
doses at 6 and 12 weeks. According to a report by GAVI, coverage of two doses of the
rotavirus vaccine was 90.4% in 2013 and 91.3% in 2014.''> Although this is less than the
target of 95% coverage, the rate is high compared to the other countries in the region
especially in consideration of the strict age restrictions for delivering the vaccine. A
study looking at the impact and effectiveness of the vaccine found that RV did in fact
reduce rotavirus-related diarrhea hospital admissions.*? Since 2009, Armenia has
participated in a WHO-supported rotavirus surveillance network in the region by
conducting sentinel surveillance. Using this surveillance data, the study found the
greatest decline, compared to the pre-vaccine period, to be among children under one
year of age with a decrease in rotavirus hospitalizations of 48% in the first year post-
vaccine introduction and greater than 75% in the subsequent years. Furthermore, the
epidemiology of rotavirus infection shifted among children under five towards an older

age group. Interestingly, a reduction in rotavirus-related hospitalizations among age
ge group gly P gag
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groups too old to be vaccinated was also observed implying these vaccination efforts
resulted in some herd immunity.

Armenia also introduced a pneumococcal conjugate vaccine (PCV10) into the
national immunization schedule in 2014 with a recommendation of 3 doses delivered at 6,
12 and 18 weeks.'!? Since 2012 Armenia has conducted sentinel surveillance as part of a
WHO-supported network for invasive bacterial VPDs (IB-VPD) including streptococcus
pneumoniae, Neisseria meningitidis, and Haemophilus influenza.''> There is yet to be a
study published using the surveillance data to examine the impact of PCV on related
hospitalizations as the vaccine is a relatively new introduction. According to the 2015-
2016 DHS, 61.2%, 57.7% and 51.5% of children age 12-23 months had received each of
the three doses of PCV, respectively.!” PCV does not have the strict cutoff age
restrictions, such as those implemented for RV, rendering this discrepancy in uptake
proportions as noteworthy and warranting further investigation.

To date there are no studies looking at the factors associated with rotavirus vaccine
and pneumococcal conjugate vaccine uptake among children in Armenia. In 2015, an
examination of causes of mortality among children under five years of age revealed that
11% of deaths were due to pneumonia, 5% of deaths were due to sepsis or meningitis and
1% of deaths were due to diarrheal disease.!!'* These necessitate an examination of the
uptake and associated factors of rotavirus and pneumococcal conjugate vaccines in

Armenia.
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2.7 Specific Aims
This dissertation sought to address the gap in the literature on current indicators of
childhood vaccinations in Armenia and, hopefully, to provide relevant information to
inform future immunization activities. Data from ADHS collected in Armenia between
2000 and 2016 were used to address the following specific aims:
2.7.1 Aim 1 - Trends in childhood vaccination coverage in Armenia from 2000-
2016
To examine trends in WHO-recommended vaccination coverage of children in Armenia
age 0 to 35 months from 2000 to 2016.
Vaccination coverage has not been examined since 2010, and although it had
increased between the previous two iterations of the ADHS, there was a slight
decrease in the most recent report. It is assumed that coverage is high in
Armenia, but considering the fluctuating rates and to ensure that coverage is at an
optimal level, it is essential to look at the trends of coverage from 2000-2016 of
each of the essential vaccines. Therefore, we examined the trends in coverage
from 2000-2016 of the WHO-recommended vaccinations in the first year of life
among children age 0 to 35 months in Armenia.
2.7.2 Aim 2 — Timeliness of childhood vaccinations in Armenia in 2015-2016
To assess the timeliness of WHO-recommended vaccinations and to explore the factors
associated with timely receipt of these vaccinations among children age 0 to 35 months in
Armenia in 2015-2016.
Timeliness has been identified as an area of concern for childhood vaccinations in

Armenia and there are no recent studies examining timeliness using the most
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recent ADHS data. Therefore, we assessed the age-appropriate timeliness of the
WHO-recommended vaccinations in a child’s first year of life among children age
0 to 35 months in Armenia using the 2015-2016 ADHS data. In view of that fact
that examining aspects known to be associated with delayed vaccinations can
provide information to improve timeliness, we also assessed factors associated
with age-appropriate receipt of the WHO-recommended vaccinations among
children in Armenia age 0 to 35 months using the 2015-2016 ADHS data.

2.7.3 Aim 3 — Uptake of childhood vaccinations newly introduced in Armenia in

2015-2016

To evaluate the uptake of rotavirus and pneumococcal conjugate vaccinations and to

explore the individual and contextual factors associated with non-uptake since their

introduction into the National Immunization Schedule among children age 0-35 months

in Armenia in 2015-2016.
The 2015-2016 ADHS is the first to include vaccination information since the
introduction of the rotavirus and pneumococcal conjugate vaccines into the
National Immunization Schedule providing an opportunity to examine uptake of
both. For that reason, we explored the uptake of the rotavirus and pneumococcal
conjugate vaccination series among children age 0 to 35 months in Armenia using
the 2015-2016 ADHS data. Since uptake of a vaccine varies by individuals,
families and regions as resources and societal norms vary by community, we also
examined individual and contextual factors associated with non-uptake of the
rotavirus and pneumococcal conjugate vaccinations among children age 0 to 35

months in Armenia using the 2015-2016 DHS data.
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3.1 Abstract

Background: Vaccination coverage is a key metric when evaluating immunization
activities and subsequent protection from vaccine-preventable diseases (VPDs). There
have been few studies focused on vaccination coverage among children in Armenia, with
the most recent based on data from 2010. Examining trends in coverage is vital to ensure
proper protection among the population against VPDs and to potentially inform future
immunization activities in Armenia. To this end, we examined trends in WHO-
recommended childhood vaccination coverage in Armenia from 2000 to 2016 using data

from the Armenian Demographic and Health Survey (ADHS).

Methods: Data from the ADHS conducted in 2000, 2005, 2010 and 2015-16 were used
to examine trends in coverage of WHO-recommended vaccinations during the first year
of life of all living children under three years of age in Armenia, which included a
vaccine against tuberculosis (BCQG), three doses of a diphtheria, tetanus and pertussis
vaccine (DTP), three doses of a polio vaccine (Pol) and one dose of a measles-containing
vaccine (MCV). Coverage levels of each dose of the WHO-recommended vaccinations
by year were measured by determining the weighted proportion of eligible children who
had documented receipt of the vaccination. Trends of coverage levels were assessed
using logistic regression adjusted for explanatory variables with significant trends. The
changes over time of each of the vaccinations between subsequent data collection cycles,

as well as over the entire period, were also calculated.
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Results: All vaccinations saw significant changes in coverage over time. The 2005
ADHS reported the lowest coverage rates for all recommended vaccinations among
ADHS data collection cycles. BCG coverage remained relatively high over the years,
ranging from 85.2% to 93.0%. DTP3 had the lowest coverage rates among the children
sampled throughout the years, ranging from 59.6% in 2005 to 79.1% in 2010. The first
two doses of the polio series (Poll and Pol2) had the largest improvement in coverage
over time, while DTP3 and Pol3 both experienced the smallest growth in coverage over
time (3.8% and 2.9%, respectively). Comparing the last two data collection cycles,
decreases in coverage were seen for Pol3 (-5.0%), DTP3 (-3.8%), MCV (-2.7%) and

BCG (-1.4%).

Conclusion: Coverage of all WHO-recommended vaccinations increased from 2000 to
2016, although there were fluctuations over the years with DTP3 and Pol3 both
experiencing the smallest growth in coverage over time. Most recently, there were also
slight reductions seen in coverage rates for BCG, DTP3, Pol3 and MCV. A more
thorough examination of contextual factors that influence uptake of these vaccinations,
specifically the third dose of the DTP and Pol series, would provide important insight in
bolstering immunization programs and activities to increase coverage of all WHO-

recommended vaccinations among children in Armenia.
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3.2 Introduction

Vaccines have been recognized as one of the most important public health
achievements owing to their significant impact on associated morbidity and mortality.
Vaccination coverage, or the proportion of a population vaccinated, is a key metric when
evaluating immunization activities and subsequent protection from vaccine-preventable
diseases (VPDs). To protect a population from VPDs, people must be vaccinated, and
high vaccination coverage must be achieved within the population. Optimal levels of
coverage to ensure protection in a population have been defined by the World Health
Organization (WHO), in their Global Vaccine Action Plan, as 90% at the national level
and 85% at the regional level.*

High coverage not only ensures that an individual is protected, but is fundamental
for population-level immunity, or what is known as herd immunity. Herd immunity, also
referred to as “indirect protection” or “herd effect”, is the concept that vaccinations, by
conferring immunity and decreasing the risk of transmission of disease, not only protect
the individuals who are vaccinated but also those around them who may be susceptible to
the disease.*** The larger the proportion of immune individuals, the less likely non-
immune individuals will be exposed to a disease.

Monitoring vaccination coverage rates is not only a means to ensure that vaccines
are being administered and that there is proper protection in the population, but also
allows for assessing immunization program activities. Nevertheless, vaccination
coverage is dependent on several factors beyond the capabilities of an immunization

program. Factors that have previously been shown to be related to coverage include

socioeconomic status, 47> 20, 48-50, 52, 54

maternal education, pregnancy-related health
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services, 4 4% 31:52.54.55 regidence, 3% 9% 3559 and siblingship. °!: 3% % Additionally, high
coverage rates have been found to be increasingly difficult to reach and maintain across
the globe due to a number of reasons, including conflicts, natural disasters and a growing
vaccine hesitancy movement.'® 446 These changing geopolitical and global societal
factors would also inevitably impact vaccination coverage and immunization activities
within a given country, thus highlighting the need for continuous evaluation of
vaccination coverage in a population.

Armenia, a middle-income country located in the Caucasus, follows the WHO
guidelines on immunizations and recommends one dose of a Bacillus Calmette—Guérin
(BCG) vaccine against tuberculosis administered at birth, three doses each of a
diphtheria, tetanus and pertussis vaccine (DTP) and a polio vaccine (Pol) administered at
6, 12 and 18 weeks and one dose of a measles-containing vaccine (MCV) administered at
one year of age.'®!° Added to the National Immunization Schedule more recently and
recommended by the Ministry of Health in a child’s first year are four doses of a hepatitis
B vaccine at birth, 6, 12 and 18 weeks, two doses of a rotavirus vaccine at 6 and 12
weeks, and three doses of a pneumococcal conjugate vaccine at 6, 12 and 18 weeks.
Vaccinations in Armenia’s National Immunization Schedule are free of charge and are
offered either through fixed sites, such as polyclinics, or through outreach efforts.*’

To date, while Armenia has been included in some studies looking at global
vaccination coverage, there has been only one study focused specifically on Armenia.
The authors of that study found that vaccination coverage for 3 doses of DTP and the first
dose of MCV had significantly increased from 2005 to 2010.2° There have been no

studies looking at trends in childhood vaccination coverage in Armenia thereafter.
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Although it is assumed that coverage is high, it is important to examine trends in
coverage of the WHO-recommended vaccinations to ensure that there is proper
protection among the population against these VPDs and potentially inform
immunization activities in Armenia. To this end, we examined trends in coverage of
WHO-recommended vaccinations during a child’s first year of life in Armenia from 2000
to 2016 using data from the Demographic and Health Survey (DHS) conducted in

Armenia.

3.3 Methods

The Armenia Demographic and Health Survey (ADHS) is a serial, nationally
representative sample survey that has been providing information on population and
health issues in Armenia since 2000 in five-year increments. It is conducted by the
National Statistical Service (NSS) and the Ministry of Health (MOH) of Armenia and is
part of MEASURE DHS, a worldwide USAID-sponsored project. A two-stage sample
design was implemented to reach the target sample sizes.!” In the first stage, primary
sampling units (PSUs) or clusters were selected with probability proportional to
population size (PPS) by systematic selection from a sampling frame consisting of a list
of enumeration areas (EAs) based on either the Data Base of Addresses and Households
from the NSS (for the 2000 ADHS) or the Armenia Population and Housing Census
(2001 Census for the 2005 and 2010 ADHS, and 2011 Census for the 2015-16 ADHS).
Households were then catalogued, and this listing served as the sampling frame for the
second stage. Women were eligible if they were between the ages of 15 and 49 and were

either permanent residents or visitors from the night before. From a subsample of one-
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third of the households for the 2000, 2005 and 2010 ADHS and one-half of the
households for the 2015-16 ADHS, men were selected and deemed eligible for the survey
if they were between the ages of 15 and 54 (for the 2000 ADHS) or 15 and 49 (for the
2005, 2010 and 2015-16 ADHS) and were either permanent residents or visitors present
from the night before. Those eligible provided verbal informed consent to participant in
the survey.

Using the women’s questionnaire, vaccination information was collected for all
children under 5 years of age for the 2000, 2005, and 2010 ADHS and for all children
under 3 years of age for the 2015-2016 ADHS. Vaccination information in Armenia is
kept by a variety of methods. Child health cards are maintained by local health facilities
while immunization passports are cards kept by the child’s parent or guardian. In each
ADHS data collection year, vaccination information was collected from both sources if
available. If a mother did not have an immunization passport, she was asked to recall the
child’s immunizations for the 2005, 2010 and 2015-16 ADHS, but not for the 2000 data
collection cycle. Once interviews in a cluster were complete, the supervisor, with the
consent of the mother, recorded the information from the health cards at the local clinic
for the children in the sample. Vaccination dates were based on health cards, unless a
health card was not present for a child, in which case the immunization passport was used
to document vaccination dates if available. If there was no documentation for a vaccine
and the mother could not recall if the vaccination was given, then the vaccine was
considered not administered per DHS documentation. Vaccinations with a documented

date were considered administered for this analysis.
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This analysis was a secondary analysis of an existing de-identified data set from
the DHS and was determined not human research by the George Washington University
Institutional Review Board. The analytic sample for this analysis consisted of all living
children age 0 to 35 months with documented birth and vaccination dates. As not all
children are eligible for each of the vaccinations based on their age at the time of the
survey, the subsamples for each vaccination were composed of children eligible for the
particular vaccination based on the recommendations by Armenia’s National
Immunization Program schedule.

Coverage levels of each dose of the WHO-recommended vaccinations by year
were assessed by determining the weighted proportion of eligible children who had
documented receipt of the vaccination. These coverage levels for each vaccination were
then used as the data points to examine trends in coverage over the years. Trends among
the potential explanatory variables, which included the demographic characteristics of the
children and their mothers, were assessed using logistic regression for categorical
variables and ANOVA for continuous variables. Trends of coverage levels were assessed
using logistic regression adjusted for explanatory variables with significant trends.
Trends examined by logistic regression were deemed significant based on the Score test.
Additionally, the change over time between subsequent data collection cycles (i.e. change
from 2000 to 2005, 2005 to 2010, 2010 to 2015-16) as well as over the entire period
ADHS collected data (change from 2000 to 2015-16) were calculated. The percent
change over time was calculated using the following formula: (% vaccinatedsurvey year - %

VaCCinatedprevious survey year)/ (% VaCCinatedprevious survey year).
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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 to account for the complex sampling design. All analyses were
performed using SAS Version 9.4 (SAS Institute Inc., Cary, NC). No imputation for

missing data was performed.

3.4 Results

The ADHS collected information on 915 children age 0 to 35 months in 2000,
883 children in 2005, 926 children in 2010 and 1,037 children in 2015-2016.
Demographic characteristics of the study populations for each of the ADHS collection
years are presented in Table 3-1. Siblingship fluctuated over time among the ADHS
samples, with 37.9% of children in 2000 having reported one sibling to 42.8% of children
in 2015-2016 (p=0.04). The average age of mothers also increased among the ADHS
samples, from 25.4 years in 2000 to 27.6 years in 2015-2016 (p<0.0001). Women
reported increased educational attainment in 2015-2016, with 54.2% of the sample
attaining a higher education compared to 17.5% in 2000 (p<0.0001). There was also a
slight increase in employed mothers over the years from 16.1% in 2000 to 19.1% in
2015-16 (p<0.0001). Almost all women sought at least 4 antenatal care visits in 2015-
2016 (96.4%) compared to 62.7% in 2000 ( p<0.0001) and no women reported delivering
at home in 2015-16, which is a decrease from the 7.7% in 2000 (p<0.0001). There were
also slight differences observed in place of residence with an increase in urban residents
in the sample from 51.5% in 2000 to 57.9% in 2015-16 (p=0.04). Representation in the

samples from the different regions also fluctuated over the years, with an increase
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observed of those living in Yerevan, the capitol, in 2015-16 (30.2% versus 5.2% in
2000), Kotayk (13.8% versus 6.8% in 2000), and Shirak (9.6% versus 3.7% in 2000), and
a decrease in Aragatsotn (12.9% versus 3.3% in 2000), Gegharkunik (9.5% versus 4.3%)
and Tavush (28.6% versus 6.0% in 2000) (p<0.0001).

Health cards were reported as seen by ADHS staff in 92.6% of children in the
2000 ADHS, 98.6% of children in the 2005 ADHS, 95.4% of children in the 2010 ADHS
and 97.3% of children in the 2015-2016 ADHS. The source of vaccination information
on the samples of children from each year are presented in Table 3-2.

Coverages of each of the WHO-recommended vaccinations are reported in Table
3-3 with percent change in each of the vaccinations over time reported in Table 3-4. All
vaccinations saw significant changes in coverage over time. All vaccinations
demonstrated increases in coverage rates from 2000 to 2016, yet the 2005 ADHS
reported the lowest coverage rates of recommended vaccinations among all ADHS data
collection cycles (Appendix B, Supplementary Figure 3-1). The first two doses of the
polio series (Poll and Pol2) exhibited the largest improvements in coverage (10.6% and
10.7%, respectively) among children 0 to 35 months from 2000 to 2016 (Figures 3-6 and
3-7). DTP1 and DTP2 experienced similar enhancements among the samples of children
over time, with 10.0% and 10.3% increases in coverage, respectively (Figures 3-2 and 3-
3). Comparing the last two data collection cycles, Pol3 coverage underwent the biggest
decrease from 81.3% to 77.2% (Figure 3-8). DTP3 coverage (Figure 3-4) also decreased
in this period by 3.8%, as did MCV (2.7%) and BCG (1.4%) (Figure 3-1). BCG
coverage remained relatively high throughout the years, with the greatest coverage

(93.0%) reported in 2010. In contrast, coverage of DTP3 was the lowest of all the
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vaccinations examined among the children sampled throughout the years ranging from

59.6% 1n 2005 to 79.1% in 2010.

3.5 Discussion

Overall, coverage of all WHO-recommended vaccinations increased over the period
during which the DHS collected data in Armenia. The most dramatic increases in
coverage were seen in the first two doses of both the DTP and polio vaccination series,
whereas the third doses of both vaccines experienced much smaller increases in coverage
over time among the children in each sample population. Despite the general increases
observed, coverages of BCG, DTP3, Pol3 and MCV decreased between the two most
recent data collection cycles of the ADHS. BCG was the only vaccination that achieved
the 90% coverage target.

One of the most striking findings is that among coverage of all vaccinations over the
data collection cycles, 2005 reported the lowest coverages for each vaccination. This is
concerning and a further examination into the basis of the low vaccination coverage in
2005 should be conducted. The 2005 ADHS utilized as its sampling frame the 2001
Population Census, which was the first census conducted in Armenia since gaining its
independence from the Soviet Union. It is possible that due to the novelty of the 2001
Population Census there were issues with implementation, leading to errors in sampling
and thus potentially biased data in the 2005 ADHS. However, the 2010 ADHS also used
the 2001 Population Census and the results from that year did not have any striking
findings that would warrant suspicion. Additionally, a measles outbreak occurred in

Armenia in 2004 and 2005, which would suggest that coverage of MCV was in fact lower
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in the preceding years. Targeted vaccination campaigns were implemented as a response,
which resulted in the vaccination of 96% of the 900,000 eligible individuals.''> The
increase in coverage of MCV, as well as the other vaccinations, in the 2010 ADHS may
thus reflect these efforts. It would be important to examine the contextual factors
surrounding immunization efforts and the National Immunization Program in Armenia
from 2000 to 2005 to better understand the observed drop in coverage. By identifying
underlying elements that influenced the reductions in vaccination coverage, programs can
adapt and provide a more effective strategy in future immunization efforts.

The third doses of both the DTP and polio vaccination series experienced much
smaller increases in coverage over the data collection cycles of the ADHS when
compared to the earlier doses. BCG and MCV also had slight increases in coverage over
the data collection cycles, although their relatively high coverage rates throughout did not
allow for much improvement. The smaller growth in DTP3 and Pol3 coverage highlights
the fact that vaccinations later in a series tend to be less well-received. This could be due
to multiple factors, such as competing life priorities, less interaction of the mother and
child with the health care system or less emphasis placed on later vaccinations. A more
comprehensive examination into the factors related to low uptake of DTP3 and Pol3
should be carried out to improve coverage of these vaccinations.

Although coverage fluctuated for all recommended childhood vaccinations
throughout the years, the slight decreases seen between the two most recent data
collection cycles (2010 and 2015-16) in BCG, DTP3, Pol3 and MCV are concerning.
Another data collection cycle and continued monitoring of vaccination coverage is

necessary to determine if this is truly a downward trend or a mere fluctuation in data.
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As with any study, there are some strengths and limitations. The use of ADHS data
itself comes with implicit strengths and limitations. ADHS, due to its study design,
provides nationally representative data. The methods are well-established and have been
standardized allowing for the comparison of data from different collection cycles.
Vaccination data was based solely on information recorded on child health cards.
Although most of the children did have valid health cards, the accuracy of the
information is dependent on the correctness and completeness of the vaccination card
information. Potential recall bias was minimized by restricting the samples to only those
with documented receipt of a vaccination, although this does introduce potential bias if
having a vaccination card is associated with being vaccinated, which may artificially
inflate vaccination coverage estimates. The study was focused on the WHO-
recommended vaccinations due to the consistency with which they have been
recommended in Armenia over the study period. While the recommended vaccinations
have been consistent, the vaccines with which the schedule is implemented have changed.
Specifically, the required DTP-included series was implemented with a DTP vaccine in
the 2000, 2005 and part of the 2010 data collection years, but was replaced with the DTP-
Hep B-Hib pentavalent vaccine following the recommendation of the Ministry of Health
in 2009. This change could potentially discourage mothers from vaccinating their
children due to the novelty of the vaccine. Although this is a possibility, this would have
been made apparent with decreases in coverage for all three doses of the DTP vaccine,
which was not observed.

This study provides an overview of the trends seen in coverage of WHO-

recommended vaccinations during the first year of life among children in Armenia using
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all available ADHS data. Coverage rates were shown to have increased from 2000 to
2015-16, although there were fluctuations over the years with coverage of DTP3 and Pol3
both experiencing the smallest growth over this time. Moreover, slight reductions in
coverage rates were seen for BCG, DTP3, Pol3 and MCV in the most recent ADHS data
when compared to the previous data collection cycle warrants some concern. A more
thorough examination of contextual factors that influence uptake of these vaccinations,
specifically of the third doses of the DTP and Pol series, would provide important insight
to bolster immunization programs and activities to, in turn, increase coverage of all

WHO-recommended vaccinations among children in Armenia.
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Table 3-1. Demographic characteristics of living children age 0 to 35 months in Armenia, 2000-2016

2000 ADHS 2005 ADHS 2010 ADHS 2015-16 ADHS  p-valuet
N=915 N=883 N=926 N=1037
n n n n
Weighted % (95% CI) Weighted % (95% CI) Weighted % (95% CI)  Weighted % (95% CI)
Sex 0.05
Male 524 478 492 546
57.0 (53.8 - 60.2) 55.2(51.1-59.2) 519(47.2-56.6) 51.3(48.3-54.4)
Female 391 405 434 491
43.0(39.8—-46.2) 448(40.8—48.9) 48.1(43.4-52.7) 48.7(45.6-51.7)
Age (in months) 0.88
0-5 157 160 156 654
16.9 (14.4-19.7) 17.4 (14.2 -20.6) 149 (12.4-17.4) 17.1 (14.7-19.6)
6-11 160 141 162 642
17.1 (14.6 — 19.7) 17.3 (14.2-20.4) 17.0 (13.9-20.1) 17.5(15.1-19.9)
12-17 154 129 174 640
17.8 (15.1 -20.4) 143 (11.4-17.3) 18.8 (15.4—-22.1) 16.5(14.2-18.7)
18-23 151 148 150 611
16.3 (13.6 — 19.0) 17.8 (14.5-21.2) 16.6 (13.6-19.8) 16.4(13.5-19.2)
24-29 143 156 149 638
16.0 (13.4 - 18.6) 18.9 (15.4 -23.4) 169 (12.6 -21.2) 18.7(15.6 -21.8)
30-35 150 144 134 570
159 (13.4-18.4) 14.2 (10.8 — 17.6) 15.7(18.7-25.6) 13.8(11.0-16.7)
Missing - 5 1 -
Siblingship 0.003
None 302 337 370 368
34.3 (30.6 — 38.0) 38.1(33.7—-42.5) 39.0(34.9-43.2) 355(32.2-38.9)
1 334 377 408 448
37.9 (34.0 —41.8) 42.1(37.3-46.8) 443(39.3-49.3) 42.8(39.1-46.5)
2+ 279 169 148 221

27.8(24.2-31.3)

19.8 (16.0 — 23.6)
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Birth Order
1

2
3+

Wealth Index
Poorest

Poorer

Middle

Richer

Richest

Age of mother (in years)
(mean, (sd); 95%CI for
mean)

Educational level of
mother

Basic

Secondary

Higher

Employment status of
mother

364
41.2 (37.7 - 44.7)
299
33.7 (30.5 - 36.8)
252
25.1 (21.9 - 28.3)

N/A
N/A
N/A
N/A
N/A

25.4(0.2)
25.1-26.0

3
0.2 (0.0 — 0.6)
770
82.3 (78.7 — 85.7)
142
17.5 (14.1 - 21.0)

419

47.6 (43.7-51.4)
308

34.1 (30.5-37.7)
156

18.3 (14.9-21.7)

161
17.5 (13.4-21.6)
190
20.7 (16.4 —25.1)
199
19.4 (15.5 - 23.2)
193
22.7 (18.6 - 26.9)
140
19.6 (15.1 — 24.1)
26.0 (0.2)
25.5-26.5

3
0.9 (0.0 2.1)
690
75.9 (71.6 — 80.2)
190
23.2(18.8 - 27.6)
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434
45.9 (42.4 - 49.4)
354
38.7 (35.1 — 42.4)
138
153 (12.4 - 18.3)

162
19.9 (14.9 — 24.9)
204
20.8 (16.5—25.1)
201
19.9 (16.0 — 23.7)
220
21.2 (16.6 — 25.8)
139
18.3 (14.0 — 22.6)
26.4 (0.2)
26.0 —26.9

48
4.8 (3.1 -6.6)
349
38.8 (33.8 — 43.9)
529
56.3 (51.1 - 61.5)

440
42.3 (39.2 - 45.4)
388
37.2 (34.0 — 40.5)
209
20.4 (17.7-23.1)

207
19.1 (15.7 - 22.5)
223
20.1 (16.9 - 23.2)
219
18.3 (15.0 - 21.5)
191
17.6 (14.0 - 21.2)
197
25.0 (18.8-31.1)
27.6 (0.2)
27.2-28.0

65
6.6 (3.9 -9.2)
435
39.2 (35.2 - 43.1)
537
54.2 (50.0 — 58.4)

0.002

0.42

<0.0001

<0.0001

<0.001



Unemployed
Employed

Missing

Antenatal care by mother
Less than 4 visits or don’t
know

At least 4 visits

Missing

Place of delivery

Public hospital/maternity
center

Private hospital/maternity
center

Home

Missing

Place of residence
Urban

Rural

Region
Yerevan

Aragatsotn

Ararat

760

83.9 (80.8 — 87.0)
155

16.1 (13.0 - 19.2)

333
37.2(32.2 - 42.2)
487
62.7 (57.8 — 67.7)
63

846
92.3 (89.4 - 95.2)
1
0.1(0.0-0.2)
68
7.7 (4.8 - 10.6)

406

51.5 (45.7 — 57.3)
509

48.5 (42.6 — 54.3)

79
52(3.3-7.0)
100
12.9 (8.3 - 17.5)
71
9.0 (5.3 - 12.7)

775
88.9 (85.6 — 92.2)
108
11.1 (7.8 - 14.4)

237
27.5(23.1-31.9)
547
72.4 (68.0 — 76.9)
99

861
97.6 (96.2 — 99.0)
10
0.9 (0.2 - 1.6)
11
1.5 (0.3 -2.7)
1

607
62.7 (55.9 — 69.5)
276
37.3 (30.4 — 44.1)

90

6.0 (2.7 -9.2)
89

9.1 (4.5-13.7)
80

8.0 (4.7—11.4)

52

803
87.8 (85.0 — 90.7)
122
12.2 (9.3 - 15.0)
1

57
6.1 (4.1-8.1)
790
93.9 (91.9 — 95.9)
79

886
95.5 (91.7 — 99.2)
37
4.5(0.8-8.2)
1
0.02 (0—0.1)
1

596

57.5 (50.5 — 64.6)
330

42.4 (35.4 - 49.4)

73
4.7(1.5-17.9)
70
73 (2.8-11.7)
83
9.4 (5.4—13.3)

842
80.9 (77.9 — 83.9)
195
19.1 (16.1 - 22.1)

35
3.6(2.1-5.1)
909
96.4 (94.9 — 97.9)
93

991
95.8 (94.2 — 97.4)
39
42 (2.6 -5.8)
0

1

586

57.9 (52.1 - 63.7)
451

42.0 (36.3 — 47.8)

161
30.2 (24.2 - 36.2)
44
33(1.7-4.9)
122
10.4 (7.0 — 13.8)

<0.0001

<0.0001

0.04

<0.0001



Armavir 104 86 93 124
11.7 (7.4 -16.0) 7.539-11.1) 7.6 (4.2-10.9) 11.5(7.9-15.2)
Gegharkunik 70 51 61 52
9.5(5.3-13.7) 6.3 (3.2-9.5) 7.6 (4.6 —10.6) 43(2.6-5.9)
Lori 40 80 103 51
52(2.7-17.6) 8.7(54-11.9) 10.3 (6.5 —14.1) 523.3-7.2)
Kotayk 48 54 97 141
6.8 (3.6 —10.0) 553.1-7.9) 10.4 (6.4 — 14.5) 13.8 (9.5-18.2)
Shirak 59 74 68 102
3.7(1.6 -5.8) 4.2 (2.4-6.0) 4.0(2.4-5.6) 9.6 (6.5-12.7)
Syunik 77 37 67 59
2.1(1.2-3.1) 1.0 (0.4-1.6) 2.7(1.0-4.4) 3.5(2.2-4.98)
Vayots Dzor 84 74 82 71
533.3-7.4) 4.0 (2.2-5.8) 4.6 (2.3-6.8) 2.0(1.2-2.9)
Tavush 183 168 129 110
28.6 (24.2 —33.0) 39.7(32.6 —46.7) 31.4(24.4-38.3) 6.0 (3.6 —8.4)

BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine;
DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio

vaccine; MCV: measles-containing vaccine.
* Composite measure generated by principal component analysis based on household’s ownership of certain assets, housing
construction materials and access to water and sanitation.
tp-value is based on the Score test in the logistic regression analyses for categorical variables and ANOVA for the continuous

variable.
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Table 3-2. Vaccination information for living children age 0 to 35 months old in Armenia, 2000-2016

on card

75.9 (72.7 - 79.1)

68.9 (64.8 — 73.1)

54

82.1 (78.4 — 85.8)

2000 ADHS 2005 ADHS 2010 ADHS 2015-16 ADHS
N=915 N=883 N=926* N=1037%
n n n n
Weighted % (95% CI) Weighted % (95% CI) Weighted % (95% CI) Weighted % (95% CI)
BCG
Vaccination date recorded 803 751 860 947
on card 88.1 (85.2-91.0) 85.2 (81.2-89.1) 93.0(90.6 -95.4) 91.7 (89.5-93.9)
Vaccination reported by 1 102 50 69
mother 0.1(0.0-0.4) 11.7 (8.0-15.3) 5.9(3.6-8.1) 6.6 (4.6 — 8.6)
Vaccination marked on 5 0 0 1
card (no date) 0.6 (0.0-1.3) 0.1(0.0-0.4)
Not received 106 29 15 20
11.1 (8.4—-13.8) 3.0(1.4-4.6) 1.1(0.3-1.8) 1.5(0.8-2.3)
Don’t know 0 1 1 0
0.1(0.0-0.4) 0.1(0.0-0.3)
DTP1
Vaccination date recorded 719 636 783 895
on card 79.7 (76.7 — 82.6) 73.7 (69.5 — 78.0) 86.3 (82.9-89.7) 87.7 (85.0-90.4)
Vaccination reported by 0 76 50 48
mother 8.9 (5.6-12.3) 5.8(3.7-1.8) 5.1(3.3-6.9)
Vaccination marked on 0 0 0 1
card (no date) 0.1(0.0-0.4)
Not received 184 142 71 63
20.3 (17.4 —23.3) 15.4 (12.2 - 18.6) 7.1 (4.9-9.3) 6.0 (4.4-17.6)
Don’t know 0 16 9 12
2.0 (0.8—-3.1) 0.8 (0.2-1.5) 1.0 (0.3 -1.8)
DTP2
Vaccination date recorded 666 568 718 830

83.7 (80.8 — 86.5)



Vaccination reported by
mother

Vaccination marked on
card (no date)

Not received

Don’t know

DTP3

Vaccination date recorded
on card

Vaccination reported by
mother

Vaccination marked on
card (no date)

Not received

Don’t know

Poll

Vaccination date recorded
on card

Vaccination reported by
mother

Vaccination marked on
card (no date)

Not received

Don’t know

Pol2

0
0

209
24.1 (20.8 - 27.3)
0

616
73.3 (70.1 - 76.6)
0

0

229
26.7(23.4-29.9)
0

727
80.5 (77.6 — 83.4)
0

0
176

19.5 (16.5 - 22.4)
0

35
54(2.6-8.1)
0

198
21.3 (17.9-24.7)
37
44(2.8-6.0)

486
59.6 (55.0 — 64.2)
25
3.8 (1.7-5.9)
0

255
32.5 (28.4 — 36.5)
34
41(2.5-5.7)

645
74.9 (70.7 — 79.1)
83
10.1 (6.9 — 13.3)
0

130
13.7 (10.7 - 16.8)
12
1.2 (0.4 -2.1)

55

39
4.5(2.5-6.4)
0

109

11.1 (8.6 — 13.7)
20

2.2(1.1-3.6)

661
79.1 (75.0 — 83.2)
33
3.8(1.9-5.7)
0

124
13.8 (10.9 - 16.7)
33
3.2(1.9 - 4.6)

797
87.7 (84.8 — 90.5)
56
7.2 (4.7-9.6)
0

53
4.5(3.1-5.9)
7
0.7 (0.1-1.2)

43
43(2.7-5.9)
2
0.2 (0.0-0.5)
104
10.7 (8.5 — 13.0)
12
1.1 (0.3 - 1.8)

733
76.1 (72.9 — 79.4)
33
3.4 (1.9 -5.0)

1
0.1 (0.0 — 0.4)
181
19.1 (16.2 — 22.0)
12
1.1(0.3-1.9)

908
89.0 (86.6 — 91.5)
55
54(3.6-72)

1
0.1(0.0-0.4)
51
4.9 (3.5-6.3)
4
0.4 (0.0 - 1.0)



Vaccination date recorded
on card

Vaccination reported by
mother

Vaccination marked on
card (no date)

Not received

Don’t know

Pol3

Vaccination date recorded
on card

Vaccination reported by
mother

Vaccination marked on
card (no date)

Not received

Don’t know

MCV

Vaccination date recorded
on card

Vaccination reported by
mother

Vaccination marked on
card (no date)

Not received

Don’t know

679
77.6 (74.5 — 80.6)
0

0

196
22.4(19.4 - 25.5)
0

632
75.0 (71.7 - 78.2)
0

0

213
25.0 (21.8 - 28.2)
0

482
81.3 (77.5 - 85.1)
0

0
116

18.7 (14.9 — 22.5)
0

572
69.0 (64.4 — 73.6)
42
5.9(3.0-8.9)
0

193
21.7 (17.6 — 25.8)
31
3.3(2.0-4.7)

484
59.2 (54.2 — 64.2)
27
45(2.1-6.8)

0

262
33.4 (28.7 - 38.1)
27
2.9(1.6-4.2)

420

71.2 (65.3 — 77.2)
71

11.8 (8.2 — 15.3)
0

72
12.8 (9.1 - 16.6)
14

744
84.6 (81.0 — 88.2)
47
6.0 (3.8—8.1)
0
81
8.3 (6.1 —10.5)
10
1.1 (0.3~ 1.9)
684
81.3 (77.4-85.1)
35
4.6 (2.5-6.8)
0
116
13.5 (10.6 — 16.5)
5
0.5 (0.0 — 1.1)
522
85.9 (82.4 — 89.4)
40
7.3 (4.5-10.2)
0
37
54(3.4-17.5)
7

847
85.9 (83.1 — 88.7)
49
4.7 (3.1-6.4)
2
0.2 (0.0-0.5)
90
8.6 (6.6—10.7)
4
0.5 (0.0 - 1.0)

746
77.2 (74.0 - 80.3)
40
42(2.6-5.8)

1
0.1 (0.0 — 0.4)
170
17.9 (15.2 - 20.7)
4
0.5 (0.0 - 1.1)

563
83.6 (80.1 — 87.0)
44
6.2(3.9-8.4)
0

64
9.4 (7.1-11.8)
5
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4.2 (1.5-6.8) 1.3(0.2-2.5) 0.8 (0.0—1.6)
BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine;
DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio
vaccine; MCV: measles-containing vaccine.
*Vaccination information missing 1 for DTP1, DTP2, DTP3, Poll, and MCV, 5 for Pol2 and 6 for Pol3.
tVaccination information missing 1 for DTP2, DTP3 and MCV.
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Table 3-3. Trends in vaccination coverage among living children age 0 to 35 months in Armenia, 2000-2016*

2000 ADHS 2005 ADHS 2010 ADHS 2015-16 ADHS p-valuet
N N N N

Weighted % (95% CI)  Weighted % (95% CI)  Weighted % (95% CI)  Weighted % (95% CI)
BCG 803 751 860 947 <0.0001

88.1(852-91.0) 852(81.2—-89.1) 93.0(90.6—-954) 91.7(89.5-93.9)
DTP1 719 636 783 895 <0.0001
(1 missing for 2010)  79.7 (76.7-82.6)  73.7 (69.5—-78.0) 86.3(82.9-89.7)  87.7(85.0—-90.4)
DTP2 666 568 718 830 <0.0001
(1 missing for 2010 759 (72.7-79.1) 68.9 (64.8—-73.1) 82.1(78.4—-85.8) 83.7(80.8 —86.5)
and 2015)
DTP3 616 486 661 733 <0.0001
(1 missing for 2010  73.3 (70.1 —=76.6)  59.6 (55.0-64.2) 79.1 (75.0-83.1)  76.1(72.9-79.4)
and 2015)
Poll 727 645 797 908 <0.0001
(1 missing for 2010)  80.5(77.6 -83.4) 74.9(70.7-79.1) 87.7(84.8—-90.5)  89.0 (86.6 —91.5)
Pol2 679 572 744 847 <0.0001
(5 missing for 2010)  77.6 (74.5-80.6) 69.0 (64.4—-73.6) 84.6(81.0-88.2)  85.9(83.1-88.7)
Pol3 632 484 684 746 <0.0001
(6 missing for 2010)  75.0 (71.7-78.2) 59.2(54.2-64.2) 81.3(77.4-85.1) 77.2(74.0-80.3)
MCV 482 420 522 563 0.001
(1 missing for 2010 81.3(77.5-85.1) 71.2(653-77.2) 859(82.4-89.4) 83.6(80.1-87.0)
and 2015)

BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP
vaccine; DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose

of polio vaccine; MCV: measles-containing vaccine.
*Coverage defined as documented receipt of the vaccination.

tp-value is based on the Score test in the logistic regression analyses for each vaccination adjusted for siblingship, maternal age,

maternal education, maternal employment, antenatal care, place of delivery, region, residence.
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Table 3-4. Percent change over time of vaccination coverage among living children age 0 to 35 months in Armenia, 2000-2016
2000 to 2005 2005 to 2010 2010 to 2015-2016 Over all years
% % % (2000 to 2015-16)

%

BCG -3.3 9.1 -1.4 4.1

DTP1 -7.5 17.1 1.6 10.0

DTP2 -9.2 19.2 1.9 10.3

DTP3 -18.7 32.7 -3.8 3.8

Poll -7.0 17.1 1.5 10.6

Pol2 -11.1 22.6 1.5 10.7

Pol3 -21.1 37.3 -5.0 2.9

MCV -12.4 20.6 -2.7 2.8

BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine;

DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio
vaccine; MCV: measles-containing vaccine.
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Figure 3-1. Trends in coverage of the BCG vaccine among children age 0 to 35
months in Armenia
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BCG: Bacillus Calmette—Guérin vaccine against tuberculosis.
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Figure 3-2. Trends in coverage of the first dose of a DTP vaccine (DTP1) among
children age 0 to 35 months in Armenia
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DTP1: first dose of DTP vaccine.
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Figure 3-3. Trends in coverage of the second dose of a DTP vaccine (DTP2) among
children age 0 to 35 months in Armenia
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DTP2: second dose of DTP vaccine.
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Figure 3-4. Trends in coverage of the third dose of a DTP vaccine (DTP3) among
children age 0 to 35 months in Armenia
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DTP3: third dose of DTP vaccine.
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Figure 3-5. Trends in coverage of the first dose of a polio vaccine (Poll) among
children age 0 to 35 months in Armenia
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Poll: first dose of polio vaccine.
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Figure 3-6. Trends in coverage of the second dose of a polio vaccine (Pol2) among
children age 0 to 35 months in Armenia
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Pol2: second dose of polio vaccine.
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Figure 3-7. Trends in coverage of the third dose of a polio vaccine (Pol3) among
children age 0 to 35 months in Armenia
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Pol3: third dose of polio vaccine.
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Figure 3-8. Trends in coverage of the measles-containing vaccine (MCV) among

children age 0 to 35 months in Armenia
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Chapter 4: Study 2

TIMELINESS OF CHILDHOOD VACCINATIONS IN ARMENIA, 2015-2016

Anya Agopian, MPH'; Heather Young, PhD, MPH!; Scott Quinlan, PhD'; Madeline

Murguia Rice, PhD!

! Department of Epidemiology, Milken Institute School of Public Health, George

Washington University, 950 New Hampshire Ave NW 5" Floor, Washington, DC 20052
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4.1 Abstract

Background: Successful control of vaccine preventable diseases not only requires high
coverage but also requires that vaccines are administered in a timely manner. Prior
studies have examined the timing of vaccinations in Armenia and found that although
vaccination coverage is high, children are not receiving the vaccinations in a timely
manner. This study aims to further elucidate the timing and associated factors of

childhood vaccinations among children in Armenia in 2015-2016.

Methods: Data from the Armenia Demographic and Health Survey (ADHS) from 2015-
2016 were used to examine the timing of WHO-recommended vaccinations during the
first year of life of all living children under three years of age, which included a vaccine
against tuberculosis (BCQG), three doses of a diphtheria, pertussis and tetanus vaccine
(DTP), three doses of a polio vaccine (Pol) and a measles-containing vaccine (MCV).
The Kaplan-Meier method was used to assess age-appropriate receipt of vaccinations.
Cox proportional hazards models with a shared gamma frailty to account for clustered

sampling were used to determine factors associated with timely vaccinations.

Results: Vaccination coverage was high ranging from 80.6% for the third dose of DTP to
98.4% for BCG, yet the proportion of children with delayed vaccinations increased with
each dose in a series, with 51.9% and 48.5% having a delayed receipt of the third doses
of DTP and Pol respectively. Factors associated with delayed vaccinations included

female gender, certain regions of residence, previously delayed vaccinations, poorer
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wealth index and lower educational level of mother. There were no differences in timing

of vaccinations between clusters.

Conclusions: Although coverage was generally high, a high proportion of children under
three in Armenia experienced delays in receiving the recommended

vaccinations. Continued focus on adherence to the immunization schedule is necessary
to ensure optimal coverage and protection for children in Armenia from vaccine

preventable diseases.
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4.2 Introduction

Vaccination coverage has long been the goal of immunization programs but as
coverage expands worldwide focus has shifted to other elements that influence the
effectiveness of vaccinations. One such element is timing, which is increasingly
considered an important indicator of vaccination status among children as the receipt of
vaccines by a certain age does not necessarily imply age-appropriate administration and
protection.

Vaccination schedules are created in order to ensure maximum benefits of
protection while minimizing risk of disease or adverse effects. Each vaccine’s schedule
of delivery is based on when the immune system can accept the elements in the vaccine,
the waning of maternal antibodies and their potential interactions with the vaccine, and
the age when the disease most impacts morbidity and mortality.®? Thus, delays in the
administration of vaccines allow for longer periods of susceptibility that can lead to
serious consequences and potentially diminished vaccine effectiveness. ® 3¢ Incorrectly
timed vaccinations, intentionally or not, have been found to be associated with increased
vaccine preventable disease (VPD) incidence, hospitalizations, and outbreaks, as well as
the reemergence of certain diseases.®’”’° Timing has also been shown to have an impact
on herd immunity providing further support for optimal vaccination coverage and timing
in the effort to curb VPDs.”!

Timing can be characterized as either age-appropriate or up-to-date. Studies
examining up-to-date vaccinations set a cutoff, usually one or two years of age, and
determine if a child has received all recommended immunizations by that age.””> This

method of measuring up-to-date vaccinations includes children who fell behind schedule
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but eventually caught up, yet doesn’t take into account the amount of time the child was
susceptible to a VPD. Researchers have increasingly focused on the examination of age-
appropriate vaccinations as a better method of assessing timing and identifying
opportunities for interventions and immunization activity strengthening.% 7”7 The
assessment of age-appropriate vaccinations also provides estimates of coverage at the
recommended ages for each vaccination, thus allowing for an opportunity to determine if
coverage of each vaccination reaches optimal levels of 90% at the national level and 85%
at the regional level.* Numerous factors have previously been found to be associated with
vaccination timing, including siblingship, maternal education, maternal age, maternal
employment, pregnancy-related health services, socioeconomic status, residence, timing
of other vaccinations, and gender.%% 74 77- 78, 80-85

Armenia, a middle-income country located in the Caucasus, follows the World
Health Organization (WHO) guidelines on immunizations and recommends a Bacillus
Calmette—Guérin (BCG) vaccine against tuberculosis administered at birth, three doses of
a diphtheria, tetanus and pertussis vaccine (DTP) and three doses of a polio vaccine (Pol)
both administered at 6, 12 and 18 weeks and a measles-containing vaccine (MCV)
administered at one year of age.'® ! The Ministry of Health also requires three doses of
a hepatitis B vaccine, three doses of a pneumococcal vaccine and two doses of a rotavirus
vaccine. According to the Demographic and Health Survey conducted by the United
States Agency for International Development (USAID) in Armenia in 2015-2016
(ADHS), 84.4% of children age 12 to 23 months had received all WHO-recommended
vaccines by the appropriate age.!” That proportion drops as children get older with 67.1%

of children age 24 to 35 months vaccinated by the appropriate age.'” Additional studies
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have noted concerns regarding vaccination timing in Armenia suggesting that although
coverage may seem to be high, children are not receiving vaccinations at the ideal time to
confer optimal protection for themselves and those around them. 2% 7188

Aside from the ADHS, to date, there has been only one study looking specifically
at vaccination timing in Armenia conducted in 2010.2° There has since been another
round of data collection for ADHS in 2015-2016, providing an opportunity to continue to
examine childhood vaccinations in Armenia. In order to obtain a more current depiction
of vaccinations, we sought to evaluate the age-appropriate timing of WHO-recommended

vaccinations and the factors associated with vaccination timing among children under

three years of age in Armenia using the 2015-2016 ADHS data.

4.3 Methods

The ADHS is a serial nationally representative sample survey that has been
providing information on population and health issues in Armenia since 2000. It is
conducted by the National Statistical Service (NSS) and the Ministry of Health (MOH) of
Armenia and is part of MEASURE DHS, a worldwide USAID-sponsored project. A
two-stage sample design was implemented to reach the target sample sizes.!” In the first
stage, primary sampling units (PSUs) or clusters were selected with probability
proportional to population size (PPS) by systematic selection from a sampling frame
consisting of a list of enumeration areas (EAs) based on the 2011 Armenia Population
and Housing Census. Households were then catalogued, and this listing served as the

sampling frame for the second stage. Women were eligible if they were between the ages
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of 15 and 49 and were either permanent residents or visitors from the night before. Those
eligible provided verbal informed consent to participate in the survey.

Vaccination information was collected for all children under three years of age in
each selected household. Child health cards are maintained by local health facilities.
Immunization passports are cards kept by the child’s parent or guardian. Data were
collected from both sources if available. If a mother did not have an immunization
passport, she was asked to recall the child’s vaccinations. If there was no documentation
for a particular vaccination and the mother could not recall if the child received it then it
was considered not administered per ADHS documentation.

This analysis was a secondary analysis of an existing de-identified data set from
the ADHS and was determined not human research by the George Washington University
Institutional Review Board. The analytic sample for this analysis consisted of all living
children age 0 to 35 months with documented birth and vaccination dates. As not all
children are eligible for each of the vaccinations based on age at the time of the survey,
the subsamples for each vaccination were composed of children eligible for that
particular vaccination based on the recommendations by Armenia’s National
Immunization Program schedule.

Timing was determined by comparing observed age of receipt to the
recommended age of receipt for each vaccine dose. Age at vaccination was calculated
based on the documented birthdate and vaccinated dates. Timing was categorized as early
if the documented date was before the recommended age of receipt per Armenia’s
National Immunization Program schedule, on-time if the documented date was at or up to

4 weeks after the recommended age, or delayed if the documented date was more than 4
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weeks past the recommended age of receipt regardless of interval between doses.
Sensitivity analyses were also conducted to examine the effect of different time frames (2
weeks after and 6 weeks after the recommended age) on vaccination timing.

Survival analysis methods were used to assess timing of childhood vaccinations
and associated factors. First, the age-specific cumulative vaccination coverage for each
of the WHO-recommended vaccinations was estimated using the Kaplan-Meier method.
The Kaplan-Meier method has been used in previous studies to describe age-appropriate
receipt of vaccinations.?* 4> 116: 117 Qurvival analysis, typically used to model time to
event data, provides a better estimate of timing as it takes into account different lengths
of individual observation periods allowing for a more appropriate assessment of delay in
age-appropriate vaccinations as opposed to up-to-date coverage. The events of interest
were receipt of each of the WHO-recommended vaccinations. If a child had not received
the vaccination by the time of the survey, she or he was considered censored. F(z), the
cumulative event function at time ¢, was computed as the time to event, that is the age (in
weeks) of the child until vaccination. The survival function, S(#), denotes the proportion
of children who had not been vaccinated at a certain age, and thus F(?) = 1 — S(?) is the
cumulative probability of being vaccinated by age #. Consequently, the Kaplan-Meier
method provides information on the coverage levels at the recommended ages while also
allowing for an estimate of the age at which optimal coverage is achieved for each
vaccination.

Cox proportional hazards models were used to determine factors associated with
timely vaccinations defined as any vaccination given within 4 weeks of the recommended

age. Factors associated with the third dose of DTP (DTP3), third dose of Pol (Pol3) and
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MCYV were examined as these vaccines represent important milestones in the
immunization schedule. Potential covariates were based on the literature review and
included the following: gender, siblingship, birth order, wealth index, age of mother,
educational level of mother, employment status of mother, antenatal care by mother,
place of delivery, place of residence, region of residence and delays in previous
vaccinations. Wealth index is a composite measure created by DHS using principal
component analysis and is based on a household’s ownership of certain assets, housing
construction materials and access to water and sanitation. For the purposes of this
analysis, early vaccinations were combined with timely vaccinations in order to be able to
parse out those that were delayed. For each vaccination and potential covariate,
bivariable Cox proportional hazards regression models were used to estimate the hazard
ratios (HRs) and 95% confidence intervals (Cls) of having a timely vaccination.
Variables found to be significant at the p<0.10 level in the bivariable models were
included in the multivariable models for each vaccination separately. To account for the
potential effects of sample clustering on timing, Cox proportional hazards models with a
gamma shared frailty were used throughout the analysis as a means to incorporate cluster
(313 total) as a random effect in the model.!'® Potential covariates were examined for
multicollinearity and interactions. Multicollinearity was assessed by examining the
variance inflation factor (VIF) based on criteria of less than 5 to rule out
multicollinearity. Birth order and siblingship were found to be multicollinear, resulting in
birth order being excluded from subsequent analyses. Based on the literature,
interactions between wealth index and maternal education were tested.>* 1%

Additionally, the proportional hazards assumption was tested by including time-
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dependent covariates in the model, as well as examining Schoenfeld residuals and the log
survivor function.

All significance tests were two-sided. Due to the study design of the ADHS,
statistical methods utilized techniques to account for the complex sampling design such
as including weights for the analysis of demographic characteristics, vaccination
information and Kaplan-Meier curves. All analyses were performed using SAS Version

9.4 (SAS Institute Inc., Cary, NC). No imputation for missing data was performed.

4.4 Results

The ADHS contained information on 1,037 children under three years of age.
The demographic and other select characteristics of the children and their mothers are
presented in Table 4-1. A little over half were male (51.3%), with 64.5% having at least
one sibling and 42.3% the first-born child. There were 12 sets of twins. Among the
mothers, all had some education with 54.2% having achieved higher education yet a
majority did not work (80.1%). Almost all mothers had at least four antenatal care visits
(96.4%) and delivered at a public hospital or maternity center (95.8%). Over half of the
children lived in urban areas (57.9%).

Health cards were seen by field workers for 93.2% of children. Vaccination
information on each vaccine is presented in Table 4-2. Among children who were
reported to have been vaccinated, having a documented date of vaccination for the
various vaccinations ranged from 76.2% to 91.7%.

Vaccination delays increased with the vaccinations recommended later in the first

year of life (Table 4-3; Appendix C, Supplementary Figure 4-1). BCG had the highest
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proportion of children with timely vaccinations (99.0%). For both the DTP and polio
series, the proportion of children with delayed vaccinations increased with each
subsequent vaccination, with 51.9% having a delayed DTP3 and 48.5% having a delayed
Pol3. Of the children eligible for and receiving MCV, 20.2% were delayed with a
median age of receipt of 61.1 weeks. Sensitivity analyses using the different definitions
for timely vaccinations resulted in slight differences in proportions of children
vaccinated.

Age-appropriate coverage levels for each of the vaccines are depicted in Figure 4-
1. BCG was the only vaccine with optimal coverage at the recommended age (96.2%).
The remaining vaccines all had considerable delays in vaccination administration. With a
recommended age of receipt at 6 weeks, DTP1 reached optimal coverage of 90% at 78
weeks, while the first dose of the polio vaccine reached 90% coverage at 28 weeks. The
remainder of the vaccinations in the DTP series never reached a coverage level of 90%.
For the polio series, 90% coverage was achieved at 83 weeks for Pol2 (recommended at
12 weeks), but never for Pol3. Coverage of MCV also never reaches 90%.

In multivariable models, several risk factors were associated with the timing of
DTP3, Pol3 and MCV (Table 4-4). Certain regions of residence were found to be
significantly associated with timely receipt of vaccinations. Compared to children in
Yerevan, children in the Tavush region were less likely to have received DTP3 in a
timely manner (aHR: 0.56, 95% CI: 0.31-0.99), while children in Gegharkunik were
more likely to have received Pol3 in a timely manner (aHR: 2.50, 95%CI: 1.41-4.43) and
children in Lori were more likely to have a timely MCV (aHR: 1.89, 95% CI: 1.03-3.46).

Delays in the vaccinations earlier in the series were significant factors for delayed DTP3
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and Pol3 vaccinations. Children who had delayed receipt of the second dose of DTP
were less likely to have received the third dose on time (aHR: 0.05, 95%CI: 0.03-0.09).
The results were similar for the polio series, with those with a delayed first dose and
second dose less likely to have a documented timely third dose (aHR: 0.48, 95%CI: 0.24-
0.97 and aHR: 0.07, 95% CI:0.04-0.13, respectively). Additionally, gender was found to
be a significant factor in the timing of the MCV vaccination, with females less likely to
have received the vaccination in a timely manner (aHR: 0.76, 95%CI: 0.63-0.93). The
models also included an interaction between wealth index and education (for DTP3:
p=0.0228; for Pol3: p=0.0486; for MCV: p=0.0353). Children in the richest wealth index
were more likely to receive timely vaccinations compared to those in the poorest wealth
index among those with mothers with a secondary educational level for DTP3 (aHR:
1.84; 95%CI:1.05-3.21), among those with mothers with a higher educational level for
Pol3 (aHR: 1.77; 95%CI:1.03-3.03), and among those with mothers with a basic
education level for MCV (aHR: 8.00; 95%CI: 2.31-27.73).

Factors that were included in the final models were examined for proportionality
for each of the three vaccinations (DTP3, Pol3, and MCV). Wealth index and maternal
education were found to not be time-dependent. From the time children were eligible to
receive the vaccinations, no clear patterns were seen among the Schoenfeld residuals for
any of the covariates.

The multivariable models examining the factors associated with timely receipt of
DTP3, Pol3 and MCV also included a gamma frailty term to account for the effect of
clustering. The variances of the frailty terms for DTP3, Pol3 and MCV were not

significant implying that there was no difference in timing of vaccinations by cluster.
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4.5 Discussion

The study utilized data from the most recent ADHS to assess vaccination timing
and associated factors. Many children had health cards and did receive vaccinations, but
delays were seen in the receipt of nearly all WHO-recommended vaccinations in the first
year of life. As children got older, the vaccination delays increased in the DTP and polio
series, with nearly half of the children reporting delayed receipt of DTP3 and Pol3. Age-
appropriate coverage also fell short, with BCG as the only vaccination that had optimal
coverage at the recommended age. Region of residence, previously delayed vaccinations,
gender and wealth index by educational level of mother were found to be factors
associated with timely receipt of some vaccinations in the first year of life.

While coverage levels were found to be relatively high for all WHO-
recommended vaccinations examined, most were far from optimal and major delays in
the receipt of some of the vaccinations were observed. BCG was found to be the only
vaccination with coverage and timing at recommended levels. BCG is recommended at
birth, and since almost all the children were delivered in a health facility, the findings
suggest that these facilities in Armenia are properly following the vaccination guidelines.
It also highlights the fact that there are systems in place that are capable of delivering
vaccines in a timely manner.

The measles-containing vaccine, although still not at optimal levels for the
recommended age, has also shown improvement in timing.?® This may be due in part to
amplified immunization efforts following a nation-wide measles epidemic in 2004-

2005.%° The epidemic occurred across age-groups and was purportedly due to reduced
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vaccine effectiveness, delays in receipt of both doses of MCV, and variations in coverage
levels over time.? The efforts of the focused measles-rubella vaccination campaigns
during this time, which targeted males and females based on age and irrespective of
vaccination status, can be seen as a possible contributing factor to the continued
improvement in coverage and timing of MCV among children in Armenia. Similar
efforts could prove to be fruitful in enhancing the timing of other childhood vaccinations
in Armenia.

Nevertheless, major delays in the DTP and polio series were found. While
children less than three years of age generally received the first doses of the DTP and
polio series in a timely manner, the subsequent doses of both were received with delays.
It is encouraging to see that there have been advancements in the timely receipt of these
vaccinations, but, as it can be seen, there is still a need for improvement.?® It is not
uncommon for vaccinations recommended later on in the schedule to be administered
with delays, as competing life priorities come into play within families. Yet, it is
imperative that children receive these vaccines at the proper times in order to ensure
protection when they are the most vulnerable.

Due to the major delays observed for the third dose of the DTP and polio series as
well as the recommended age and importance of the measles vaccine, factors associated
with the timing of these vaccinations were examined. Delays in the earlier vaccinations
in the series were found to be the most significant factors in the delayed receipt of the
third dose of both the DTP and polio vaccines. This is in agreement with previous
studies that found that children who had delayed vaccinations documented were more

likely to have subsequent vaccinations delayed as well.”** 32 Although a previous delay in
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immunizations would seem to imply a delay in subsequent doses since the metric is based
on age, most children were well beyond the minimum recommended interval for
subsequent doses. These findings support the notion that appropriate contact with the
health care system promotes proper health-seeking behaviors and that encouraging timely
receipt of childhood vaccinations early in life may help ensure timing in the future.

Females were less likely than male children to have received the MCV
vaccination on time. This discrepancy may be due to the values placed on sex and gender
in Armenia, where there is a tendency for males to be regarded more highly. This
common and generally accepted belief may be permeating into children’s healthcare,
resulting in delayed vaccinations for female children. A few regions were found to be
associated with children receiving timely vaccinations, but there was no clear pattern by
region or vaccination. Future studies should perform more in-depth examinations of
regional vaccination rates to identify potential disparities that could be addressed with
immunization activities and programs.

Several factors previously established by other studies to be associated with
delayed childhood vaccinations were examined, yet most were found not to be
significantly associated with the timing of DTP3, Pol3 and MCV. This can be seen as
informative in and of itself, highlighting the fact that timely receipt of these vaccinations
may not be dependent on these factors and, therefore, reasons for the delays in these
vaccinations should be sought elsewhere. There was also little variability amongst the
mothers in terms of employment and educational attainment, which may have contributed
to the lack of significance. There was no information in the ADHS on maternal

knowledge of vaccinations, their importance and the recommended immunization
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schedule. Future studies should examine these as potential factors in the delayed receipt
of these childhood vaccinations. Significant interactions between wealth index and
maternal educational level were found when examining the factors associated with the
timing of DTP3, Pol3 and MCV. As wealth index and educational level could influence
maternal knowledge and attitudes towards vaccinations, further examination could prove
to be helpful in the pursuit of improving timing of childhood vaccinations.

Due to the complex sampling methods used in the ADHS, the Cox proportional
hazards models included a shared gamma frailty in order to account for the potential
effects clustering may have on the estimates of the factors associated with timing. The
frailty term accounts for the random effects, or unobserved heterogeneity, between
subjects within a cluster. The results suggest that clustering does not affect the timing of
DTP3, Pol3 and MCV, which seems to be in agreement with the findings of the factors
associated with timely vaccinations.

This study is one of a few that have examined the timing of childhood
vaccinations in Armenia and the first utilizing the most recent ADHS data. The ADHS
provides nationally representative data allowing this study to provide more recent
generalizable coverage and timing estimates of childhood vaccinations among children
under three years of age in Armenia.

There are, of course, some limitations to this study. The use of ADHS data itself
comes with inherent strengths and limitations. Most information collected is based on
self-report, which can be subject to several biases, such as recall and social desirability
biases. In order to curb this for the outcome of interest, vaccination data was based solely

on information recorded on child health cards. Although most of the children did have
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valid health cards, the accuracy of the information is dependent on the correctness and
completeness of the vaccination card information, as well as the accuracy with which
field staff recorded the dates. Coverage rates of each of the vaccinations determined by
the Kaplan-Meier method were based on records from children who had documented
receipt of the vaccination. This may have led to an overestimation of true coverage rates,
although most children did present health cards which were the basis for determining
receipt of a vaccination. Timing ranges, in this case of four weeks, may also pose
incorrect estimates of timing. Sensitivity analyses were conducting with differing ranges
for timing (at two and six weeks), and slight differences in estimates were seen
(Appendix C, Supplementary Tables 4-1 and 4-2). Although this warrants further
investigation, four weeks is a standard limit and most other studies examining timing
follow this threshold when evaluating vaccination timing, allowing the results to be
comparable to other studies. Additionally, the potential factors associated with delayed
vaccination were limited to what was collected in the ADHS. There may be factors
associated with vaccination delays, such as structural issues related to vaccine supplies or
immunization program implementation, and, as previously mentioned, maternal
knowledge and attitudes on vaccinations not captured by this analysis. Lastly, due to the
cross-sectional nature of the data, causal inferences cannot be made, and the factors that
were found to be significantly associated with delays are classified as such.

Although Armenia has experienced improvements in the timely receipt of the
WHO-recommended childhood vaccinations, there are still considerable delays seen in
most of the vaccinations. The findings warrant increased attention in order to prevent

outbreaks or the reemergence of these preventable childhood diseases. Continued
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examination of age-appropriate receipt of vaccinations would prove to be useful in
monitoring the timing of childhood vaccinations. Specific focus should be placed on
increasing the timing of the earlier doses of the DTP and polio vaccinations through
either increased education or targeted campaigns as these are significant factors in the
delay of the third doses of both vaccines. Additional education for mothers, particularly
on the importance of and need for timely receipt of these vaccinations, can also

potentially improve age-appropriate coverage among children in Armenia.
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Table 4-1. Demographic characteristics of the study population of living children
age 0 to 35 months in Armenia, 2015-2016 (n=1,037)

N Weighted %
Gender
Male 546 51.3
Female 491 48.7
Age, months
Otol1 360 34.6
12 to 23 345 32.8
24 to 35 332 32.5
Siblingship
None 368 35.5
1 448 42.8
2 or more 221 21.7
Birth order
1 440 42.3
2 388 37.2
3 or more 209 20.4
Wealth index}
Poorest 207 19.1
Poorer 223 20.1
Middle 219 18.3
Richer 191 17.6
Richest 197 25.0
Age of mother, years 27.6 (0.2) 27.3-28.0
(weighted mean, sd)
Educational level of mother
No education 0 -
Basic 65 6.6
Secondary 435 39.2
Higher 537 54.2
Employment status of mother
Employed 195 19.1
Unemployed 842 80.1
Antenatal care received by
mother
At least 4 visits 909 96.4
Less than 4 visits or don’t know 35 3.6
Missing values 93 -
Place of delivery
Public hospital/maternity center 991 95.8
Private hospital/maternity 39 4.2
center
At home 0 -
Missing values 7 -

Place of residence
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Urban 586 57.9

Rural 451 42.0
Region

Yerevan 161 30.2
Aragatsotn 44 33
Ararat 122 10.4
Armavir 124 I1.5
Gegharkunik 52 43
Lori 51 5.2
Kotayk 141 13.8
Shirak 102 9.6
Syunik 59 3.5
Vayots Dzor 71 2.0
Tavush 110 6.0

1 Composite measure generated by principal component analysis based on household’s
ownership of certain assets, housing construction materials and access to water and
sanitation.
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Table 4-2. Vaccination information for the study population of living children age 0 to 35 months in Armenia, 2015-16

Received Method Reported Not Received
N (Weighted % ) N (Weighted %) N (Weighted % )
Date recorded Reported by Marked on
on card mother card (no date)
BCG 1017 (98.4) 947 (93.1) 69 (6.7) 1(0.1) 20 (1.5)
(n=1037)
DTP1+ 944 (93.9) 895 (94.4) 48 (5.5) 1(0.1) 63 (6.1)
(n=1007)
DTP2+ 875 (89.1) 830 (94.9) 43 (49) 2(0.2) 104 (10.8)
(n=979)
DTP3+ 767 (80.6) 733 (95.5) 33(4.3) 1(0.2) 181 (19.3)
(n=948)
Poll¥ 964 (95.1) 908 (94.1) 55(5.7) 1(0.1) 51(4.9)
(n=1015)
Pol2¥ 898 (91.3) 847 (94.6) 49 (5.2) 2(0.2) 90 (8.7)
(n=988)
Pol3¥ 787 (82.0) 746 (94.7) 40 (5.2) 1(0.2) 170 (18.0)
(n=957)
MCV+ 607 (90.5) 563 (93.1) 44 (6.9) 0 64 (9.5)
(n=671)

BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine; DTP3: third dose of DTP

vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio vaccine; MCV: measles-containing vaccine.
tVaccination information missing in 12 for DTP1, 13 for DTP2, 13 for DTP3, 4 for Poll, 4 for Pol2, 4 for Pol3 and 6 for MCV.
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Table 4-3. Timing of vaccinations among living children age 0 to 35 months with documented vaccination dates in Armenia,

2015-16
Vaccine Recommended Earlyt Age On Timef Age Delayedf Age
Age N Vaccinated N Vaccinated N Vaccinated
Weighted % Early Weighted % On Time Weighted % Delayed
(95% CI) Median (95% CI) Median (95% CI) Median
(range) (range) (range)
In weeks In weeks In weeks
BCG Birth N/A N/A 938 0 9 8.5
99.0 (0-4) 1.0 (6 —23)
(98.3-99.7) (03-1.7)
DTP1 6 weeks 33 3.2 688 6.6 174 12.8
3.7 (0-5) 77.1 (6-10) 19.2 (11-83)
(22-5.3) (73.4 - 80.8) (15.6 —22.7)
DTP2 12 weeks 37 9.6 480 13.5 313 19.0
4.9 5-11) 59.1 (12-16) 359 (17 —-83)
(3.1-6.8) (55.1-63.2) (31.8 —40.0)
DTP3 18 weeks 29 14.9 302 20.0 402 26.0
4.1 (10-17) 44.0 (18-22) 51.9 (23-112)
(24-5.8) (39.2-48.7) (47.3 -56.5)
Poll 6 weeks 33 3.2 725 6.6 150 12.5
3.9 (0-5) 80.0 (6-10) 16.1 (11-96)
(2.2-5.6) (77.0 - 83.1) (13.3-18.8)
Pol2 12 weeks 39 9.6 506 13.5 302 18.8
53 5-11) 60.9 (12-16) 33.8 (17-102)
34-72) (57.3 -64.6) (30.1 -37.5)
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Pol3 18 weeks 30 15 326 19.9 390 25.7

43 (10-17) 47.2 (18 —22) 48.5 (23 - 116)
(2.5 6.0) (42.3 - 52.1) (43.7 - 53.4)
MCV 52 weeks 33 30.5 416 52.4 114 61.1
5.8 (0-51) 74.0 (52 - 56) 20.2 (57 - 119)
(3.4-8.2) (69.5 — 78.4) (16.3 - 24.1)

CI: confidence interval; BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2:
second dose of DTP vaccine; DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio

vaccine; Pol3: third dose of polio vaccine; MCV: measles-containing vaccine.
tEarly vaccinations defined as those received before recommended age, on-time vaccinations defined as those received or up to 4
weeks after the recommended age, and delayed vaccinations defined as those received more than 4 weeks after the recommended

age.
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Table 4-4. Factors associated with timely receipt of vaccinations among living children age 0 to 35 months with

documented vaccination dates in Armenia, 2015-16

DTP3+} Pol3+} MCV+

aHR (95%CI) aHR (95%CI) aHR (95%CI)
Gender
Male - - Ref
Female - - 0.76 (0.63-0.93)*
Wealth index by educational level of mother
Basic
Poorest Ref Ref Ref
Poorer 0.33 (0.04-2.59) 0.28 (0.04-2.21) 1.65 (0.48-5.67)
Middle 0.32 (0.09-1.15) 0.37 (0.12-1.17) 0.76 (0.26-2.27)
Richer 0.55 (0.07-4.38) 0.59 (0.13-2.72) 0.97 (0.12-7.64)
Richest 1.37 (0.17-10.87) 1.11 (0.14-8.80) 8.00 (2.31-27.73)*
Secondary
Poorest Ref Ref Ref
Poorer 1.02 (0.62-1.68) 1.05 (0.65-1.70) 0.99 (0.67-1.45)
Middle 1.38 (0.83-2.31) 1.24 (0.74-2.07) 0.57 (0.36-0.88)*
Richer 0.60 (0.31-1.18) 0.63 (0.33-1.19) 0.97 (0.62-1.54)
Richest 1.84 (1.05-3.21)* 1.75 (1.00-3.05) 0.81 (0.49-1.34)
Higher
Poorest Ref Ref Ref
Poorer 0.83 (0.47-1.47) 0.96 (0.55-1.66) 0.73 (0.43-1.23)
Middle 0.64 (0.36-1.15) 0.73 (0.41-1.28) 0.82 (0.50-1.32)
Richer 1.37 (0.78-2.41) 1.52 (0.88-2.62) 0.99 (0.60-1.62)
Richest 1.34 (0.77-2.34) 1.77 (1.03-3.03)* 0.95 (0.57-1.59)

Place of delivery
Public hospital/maternity center

Ref
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Private hospital/maternity center
Region
Yerevan
Aragatsotn
Ararat
Armavir
Gegharkunik
Lori

Kotayk
Shirak
Syunik
Vayots Dzor
Tavush
Delayed vaccinations
DTPI

On time
Delayed
DTP2

On time
Delayed
Poll

On time
Delayed

Pol 2

On time
Delayed

0.54 (0.27-1.08)

Ref
1.33 (0.75-2.37)
0.96 (0.58-1.58)
1.22 (0.77-1.94)
1.74 (0.94-3.23)
0.92 (0.45-1.91)
1.39 (0.92-2.11)
1.01 (0.64-1.58)
0.88 (0.45-1.73)
0.64 (0.37-1.13)
0.56 (0.31-0.99)*

Ref
0.79 (0.41-1.50)

Ref

0.05 (0.03-0.09)**

Ref
1.30 (0.75-2.28)
0.98 (0.60-1.60)
1.17 (0.74-1.82)
2.50 (1.41-4.43)*
1.06 (0.56-2.00)
1.45 (0.96-2.18)
1.01 (0.66-1.55)
0.77 (0.39-1.51)
0.71 (0.41-1.24)
0.64 (0.38-1.09)

Ref
0.48 (0.24-0.97)*

Ref

0.07 (0.04-0.13)**

Ref
1.51 (0.87-2.62)
1.35(0.91-1.99)
1.09 (0.73-1.61)
1.06 (0.59-1.91)
1.89 (1.03-3.46)*
0.88 (0.60-1.28)
1.37 (0.92-2.04)
0.68 (0.40-1.17)
0.97 (0.62-1.51)
1.04 (0.69-1.57)

Ref
0.87 (0.36-2.10)

Ref
0.41 (0.16-1.04)

Ref
0.99 (0.40-2.45)

Ref
1.79 (0.71-4.55)

aHR: adjusted hazard ratio; CI: confidence interval; DTP3: third dose of DTP vaccine; Pol3: third dose of Pol vaccine;

MCV: measles-containing vaccine.
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+ DTP3 and Pol3 recommended at 18 weeks; MCV recommended at 12 months (52 weeks). Factors significant at the
p<0.10 level in the bivariable models included in each model.
*p<0.05; **p<0.0001.
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Figure 4-1. Reverse Kaplan-Meier curves for estimated cumulative vaccination coverage among living children
age 0 to 35 months with documented vaccination dates in Armenia, 2015-16
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BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine;
DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio
vaccine; MCV: measles-containing vaccine.
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5.1 Abstract

Background: New vaccine introductions (NVIs) have been shown to reduce disease
burden not only in those vaccinated but also in the general population. Robust uptake of
these N'VIs is necessary to ensure proper protection in the population. Armenia
introduced the rotavirus vaccine (RV) in 2012, with a recommended two doses at 6 and
12 weeks of age, and the pneumococcal conjugate vaccine (PCV) in 2014 with a
recommendation of three doses at 6, 12 and 18 weeks of age. Due to the potential of
these vaccinations to decrease related morbidity and mortality, uptake of RV and PCV
were examined, as well as individual and contextual factors associated with non-uptake,

in an effort to better understand uptake of NVIs among children in Armenia.

Methods: Data from the Armenia Demographic and Health Survey (ADHS) from 2015-
2016 were used to examine the uptake of each of the recommended doses of RV and
PCV among children less than 3 years old. Uptake was defined as the documented
receipt of each of the vaccinations. Multivariable multilevel logistic regression models
were used to examine the individual- and community-level factors associated with non-
uptake of RV and PCV. Intra-cluster correlations (ICCs) were also estimated to explain

the measures of variation between clusters.

Results: RV uptake was high among eligible children with 90.0% having received the
first dose of the rotavirus vaccine (RV1) and 86.6% the second dose (RV2). PCV uptake
was lower than RV uptake among eligible children with 83.5% having received the first

dose (PCV1), 79.4% the second dose (PCV2), and 57.5% the third dose (PCV3). An
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interaction was found between wealth index and place of residence resulting in stratified
analyses for RV. Among children living in urban areas, older age was associated with a
lower odds of non-uptake of RV1 and RV2. Conversely, having one sibling was
associated with a higher odds of non-uptake of RV1 as was defining distance to the
health clinic as a big problem for RV2. Among children living in rural areas, older age
again was associated with a lower odds of non-uptake of RV1, yet a higher odds of non-
uptake was identified in children in the richer and richest wealth indices for both RV1
and RV2. For PCV, older age was associated with lower odds of non-uptake of PCV1
and PCV3, having one sibling was associated with a higher odds of non-uptake of PCV1
and PCV2, and problematic distance to the health clinic was associated with higher odds
of non-uptake of PCV1 and PCV2. Odds of non-uptake of all vaccinations varied
throughout the regions. Significant variability between clusters was found for both doses

of RV and PCV2.

Conclusions: High levels of uptake were observed for both doses of RV, yet uptake of
PCV was less encouraging. The interaction seen between wealth index and residence
resulting in children in rural regions in the richer and richest wealth indices being
significantly less likely to have received both doses of RV suggests an inequity in
resources among children in these regions. Factors found to be associated with non-
uptake of all doses of RV and PCV included age, siblingship, distance to health clinic and
region of residence and should be taken into consideration when developing
immunization strategies for NVI uptake. The ICCs revealed some cluster variability for a

few vaccinations and doses but not all, suggesting the need for exploration of other
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factors that could explain these differences. Future studies should also focus on the
timeliness of each of the doses to better describe uptake of these NVIs among children in

Armenia.
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5.2 Introduction

Advances in the development of vaccines have led to new vaccinations being
introduced into immunization schedules, further expanding the scope of vaccine-
preventable diseases (VPDs) and thus providing an opportunity to reduce associated
morbidity and mortality. New vaccine introductions (NVIs) have been shown to reduce
disease burden not only in children, but also in the overall population. !'"!* In order to
ensure that NVIs are implemented in a way to have this desired effect, evaluation of the
initial stages and examination of uptake are crucial steps in understanding NVIs and
potentially informing future activities.

Although NVI impact should be considered country-specific, as national
immunization programs, health systems, disease burden, and governmental policies differ
widely between countries, there are a number of factors that have been found to be
commonly associated with vaccine introductions globally. NVIs have been shown to be
associated with a positive effect on health systems because of increased technical
assistance to immunization programs and anticipated decrease of disease burden.”? These
positive effects have been demonstrated by studies that show that after the introduction of
the rotavirus vaccine (RV), for example, the timing of other vaccinations also
improved.”®** There have also been documented negative effects of NVIs, specifically
due to inadequate planning resulting in vaccine shortages and logistical problems. These
findings highlight the need for sufficient evaluation of NVIs to ensure the vaccine is
delivered to the target population efficiently and effectively. Moreover, proper evaluation
of NVIs also includes examining factors associated with uptake in order to identify

potential areas of intervention to increase vaccination coverage. Previously established
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factors include structural issues related to immunization programs, residence,

103, 107-109 104, 108 108-111

socioeconomic status, parental education, and siblingship.

With the support of Gavi, the Vaccine Alliance, RV was introduced in Armenia in
September 2012 targeting children born after that date with a recommendation of two
doses at 6 and 12 weeks of age. In the subsequent two years, coverage of the two doses
was reported to be 90.4% and 91.3%, respectively.!'?> The ideal coverage of any
vaccination, as defined by the World Health Organization, is 90% nationally and 85%
regionally, thus Armenia seems on track to maintain this goal as time progresses.* Using
surveillance data, one study found that the introduction of RV reduced rotavirus-related
hospitalizations most drastically in children under one year, although there was a
reduction across age groups potentially by conferred herd immunity from the high rates
of uptake.> Armenia also introduced a pneumococcal conjugate vaccine (PCV) series
into the national immunization schedule in 2014 with a recommendation of three doses
delivered at 6, 12 and 18 weeks of age.!'? Due to the relatively new introduction, there is
yet to be an examination of uptake and potential impact of PCV among children in
Armenia.

To better plan for immunization programs and further reduce the burdens of
rotavirus and pneumococcal diseases among not only children in Armenia but the
population at large, it is imperative to understand the factors associated with the uptake of
these NVIs. We aimed to better understand NVIs in Armenia by examining the uptake of
the rotavirus and pneumococcal conjugate vaccination series among children in Armenia

in 2015-2016. Since uptake is dependent on a variety of factors which may vary by

region as resources and societal norms may differ, we also examined the individual and
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contextual factors associated with the non-uptake of the rotavirus and pneumococcal
conjugate vaccinations. By exploring uptake and identifying factors associated with non-
uptake, we hope to elucidate potential areas of focus for immunization programs in
Armenia to further increase vaccine uptake and subsequently reduce morbidity and

mortality associated with rotavirus and pneumococcal diseases.

5.3 Methods

The Armenian Demographic and Health Survey (ADHS) is a serial, nationally
representative sample survey that has been providing information on population and
health issues in Armenia since 2000. It is conducted by the National Statistical Service
(NSS) and the Ministry of Health (MOH) of Armenia and is part of MEASURE DHS, a
worldwide USAID-sponsored project. A two-stage sample design was implemented to
reach the target sample sizes.!” In the first stage, primary sampling units (PSUs) or
clusters were selected with probability proportional to population size (PPS) by
systematic selection from a sampling frame consisting of a list of enumeration areas
(EAs) based on the 2011 Armenia Population and Housing Census. Households were
then catalogued, and this listing served as the sampling frame for the second stage.
Women were eligible if they were between the ages of 15 and 49 and were either
permanent residents or visitors from the night before. From a subsample of one-half of
the households, men were selected and deemed eligible for the survey if they were
between the ages of 15 and 49 and either permanent residents or visitors present from the
night before. Those eligible provided verbal informed consent to participant in the

survey.
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Vaccination information was collected in the women’s questionnaire for all
children under three years of age in each selected household. There are two sources of
vaccination documentation in Armenia: child health cards, which are maintained by local
health facilities, and immunization passports, which are cards kept by the child’s parent
or guardian. Data was collected from both sources if available. If a mother did not have
an immunization passport, she was asked to recall the child’s vaccinations. If there was
no documentation for a vaccination and the mother could not recall if the child received
it, it was considered not administered per ADHS documentation.

This analysis was a secondary analysis of an existing de-identified data set from
the ADHS and was determined not human research by The George Washington
University Institutional Review Board. The analytic sample for this analysis consisted of
all living children age 0 to 35 months with documented birth and vaccination dates and
was restricted to the years when the vaccines were made available (2013 for RV and
2015 for PCV). As not all children are eligible for each of the vaccinations, the
subsamples for each vaccination were composed of children eligible for that particular
vaccination and dose based on the recommendations by Armenia’s National
Immunization Program schedule.

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

Taking into account the complex sampling employed during data collection,

multivariable multilevel logistic regression models were used to examine the individual-
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and community- level factors associated with RV and PCV non-uptake. Potential factors
were based on a literature review and included the following: sex, age, siblingship, birth
order, wealth index, age of mother, educational level of mother, employment status of
mother, antenatal care by mother, place of delivery, distance to health clinic, place of
residence, region of residence and delays in previous vaccinations. Although Yerevan,
the capital and most populous region of Armenia, is typically the reference for models
such as the ones used, due to its lack of rural regions, Armavir, the largest province, was
chosen as reference for this analysis. Multicollinearity was assessed by examining the
variance inflation factor (VIF) based on criteria of less than 5 to rule out
multicollinearity. Birth order and siblingship were found to be multicollinear resulting in
birth order being excluded from subsequent analyses. Wealth index is a composite
measure created by DHS using principal component analysis and is based on a
household’s ownership of certain assets, housing construction materials and access to
water and sanitation. For the purposes of this analysis, children were further grouped into
three categories: poorer/poorest, middle and richer/richest.

Multivariable multilevel logistic regression was used to evaluate factors
associated with non-uptake of each dose in the series of each the vaccinations. Prior to
determining the final multivariable model, we first evaluated a model that contained only
the individual-level factors and another model that contained only the community-level
factors. The final multivariable multilevel logistic regression model included the factors
that were significant in the individual- and community-level models. The adjusted odds
ratios (aORs) with 95% CIs depict the measures of association (fixed effects). The intra-

cluster correlations (ICCs) were estimated to explain the measures of variation at the
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community level (random effects; variability due to between cluster differences) based on
a null model (no explanatory variables) and each of the aforementioned multivariable
models. The ICC was calculated using the following formula: too/t00 + (1%*/3), where 00
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, potential interactions between wealth index and
residence were assessed with the inclusion of multiplicative interaction terms in
multivariable models.'” A significant interaction was found between wealth index and
region of residence for the models for both doses of the rotavirus vaccine, 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). No

imputation for missing data was performed.

5.4 Results

The ADHS contained information on 1,037 children under three years of age.
Based on the introduction of each of the vaccines, the samples were further restricted to
all living children born after 2012 for RV (n=1,017) and after 2014 for PCV (n=372). The
demographic and other select characteristics of the children and their mothers by vaccine
are presented in Table 5-1. For the rotavirus vaccination, among children eligible for the

vaccination series, roughly half were male (51.1%), with 64.4% having at least one
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sibling and 42.5% the first-born child. Among their mothers, all had some education
with 54.5% having achieved higher education yet a majority did not work (80.7%),
almost all had at least four antenatal care visits (96.6%) and delivered at a public hospital
or maternity center (95.7%), and most stated that the distance to health facility was not a
big problem (89.7%). For the pneumococcal conjugate vaccinations, among eligible
children, similarly, half were male (50.2%), with 40.6% having at least one sibling and
42.9% the first-born child. Among their mothers, all had some education with 57.0%
having achieved higher education yet, again, a majority did not work (79.6%), had at
least four antenatal care visits (97.2%) and delivered at a public hospital or maternity
center (95.3%), and most stated that the distance to health facility was not a big problem
(91.0%).

Health cards were seen in 93.3% of children for the rotavirus vaccinations and
93.0% of children for the pneumococcal conjugate vaccinations. Table 5-2 displays the
vaccination information for all living children under three years of age by each
vaccination and dose. Among children eligible for the rotavirus vaccinations, 90.0% had
received the first dose of the rotavirus vaccine (RV1) and 86.6% had received the second
dose (RV2) (Appendix D, Supplementary Figure 5-1). Among children eligible for the
pneumococcal conjugate vaccinations, 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)
(Appendix D, Supplementary Figure 5-1).

Table 5-3 presents the final multilevel models for the first and second doses of
RV by urban and rural residences. For RV1, among children living in urban areas, older

age was associated with a lower odds of non-uptake ranging from a 84% reduced odds in
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18 to 23 month old children (aOR=0.16, 95%CI:0.05-0.48) to a 66% reduced odds in 6 to
11 month old children (aOR=0.34, 95%CI:0.14-0.84), compared with children O to 5
months. Children with one sibling had an 86% increased odds of non-uptake compared
to those with none (aOR=1.86, 95%CI:1.03-3.33). For children living in rural areas,
factors associated with an higher odds of non-uptake of RV1 included wealth index, with
children classified in the richer and richest wealth indices having over 4 times the odds of
non-uptake compared with children classified as poorer or poorest (aOR=4.40, 95%CI:
1.41-13.70), and region, with those living in Lori having almost 9 times the odds of non-
uptake compared with those living in Armavir (aOR=8.74, 95%CI: 1.47-52.12). Factors
associated with a lower odds of non-uptake of RV1 in rural areas included age with
children 24 to 29 months having 81% lower odds than children 0 to 6 months
(aOR=0.19, 95%CI:0.07-0.52) and living in Aragatsotn compared to Armavir
(aOR=<0.001, 95%CI: <0.001-<0.001).

Among children living in urban areas, older age was again associated with lower
odds of non-uptake of RV2 ranging from 86% reduced odds among 18 to 23 month old
children (aOR=0.14, 95%CI:0.04-0.47) to 70% reduced odds among children 6 to 11
months old (aOR=0.30, 94%CI:0.12-0.75) when compared to children 0 to 6 months, as
was region with children living in Kotayk having 89% reduced odds of non-uptake
compared with those in Armavir (aOR=0.11, 95%CI:0.02-5.38). Higher odds of non-
uptake of RV2 was associated with defining distance to the health clinic as a big problem
(aOR=2.94, 95%CI:1.09-7.89). Among children living in rural areas, children in the
richer and richest wealth indices had almost 4 times the odds of non-uptake of RV2

compared with children in the poorer and poorest wealth indices (aOR=2.94, 95%CI:
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1.56-9.05). Living in Aragatstotn compared with Armavir was associated with a lower
odds of non-uptake of RV2 (aOR=<0.001, 95%CI: <0.001-<0.001).

Table 5-4 presents the final multilevel models for the first, second and third dose
of PCV. For PCV1, age was associated with non-uptake with children 6 to 11 months
having 80% reduced odds of non-uptake (aOR=0.20, 95%CI: 0.07-0.61) and children 12
to 17 months having 93% reduced odds (aOR=0.07, 95% CI1:0.005-0.88) compared to
children 0 to 5 months old. Similar to RV1 and RV2, children living in Aragatsotn were
more likely to have been vaccinated and had 98% reduced odds of non-uptake of PCV1
compared with those living in Armavir (aOR=0.02, 95%CI: <0.001-0.58). On the other
hand, children with one sibling had almost three times the odds of non-uptake of PCV1
compared to 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 of PCV1 compared to those whose mothers didn’t report distance as
an issue (aOR=10.93, 95%CI: 1.11-107.68). For PCV2, siblingship was again found to
be a factor in non-uptake with children with one sibling having over three times the odds
of non-uptake compared to those without any siblings (aOR=3.218, 95%CI:1.33-7.58).
Children whose mothers reported that the distance to the health clinic was a big problem
had about nine times the odds of non-uptake of PCV2 compared to those whose mothers
reported that it wasn’t a big problem (aOR=9.10, 95%CI: 2.30-26.10). Compared 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 a lower
odds of non-uptake of PCV2. Only age was found to be associated with non-uptake of

PCV3 with children 6 to 11 months having 92% lower odds (aOR=0.08, 95%CI: 0.03-
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0.22) and children 12 to 17 months having 97% lower odds (aOR=0.03, 95% CI=0.01-
0.18) compared with children 0 to 5 months.

For the rotavirus vaccinations, significant between-cluster variability was found
for both doses among children living in urban areas (Table 5-5). For RV1, in the null
model with no explanatory variables, 30.5% of the total variance in the odds of not
receiving the vaccination was due to the variability between clusters (1=1.4416, p=0.03).
The inclusion of individual and community-level factors did not result in a decrease in
the ICC. Furthermore, 22.8% of the total variance in the odds of not receiving RV2 was
due to the variability between clusters among those living in an urban area (1=1.3324,
p=0.02). Similar to RV1, the inclusion of additional factors did not decrease the ICC. No
significant cluster effect was observed for RV1 and RV2 in rural areas; however, the
ICCs did decrease between the null and full models. For the second dose of PCV, 53.9%
of the total variance in the odds of not receiving the vaccination was due to variability
between clusters (1=3.8479, p=0.03), which was lower and no longer significant after the
inclusion of individual and community-level factors (23.5%). All other null ICC

estimates were not significant.

5.5 Discussion

The 2015-2016 ADHS survey is the first ADHS data collection cycle after the
rotavirus and pneumococcal conjugate vaccines were added into Armenia’s National
Immunization schedule and thus provided an opportune occasion to examine uptake of
both NVIs. Uptake of the rotavirus vaccine was high with 90.0% of children eligible for

RV1 and 86.6% of children eligible for RV2 having received the respective vaccinations.
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Uptake of the pneumococcal conjugate vaccine was found to be less promising, with
83.5% of eligible children having received PCV1 with even less than optimal uptake of
PCV2 (79.4%) and PCV3 (57.5%). The higher uptake seen for RV may be because it is
administered orally, as opposed to the intramuscular PCV. This mode of delivery may be
more appealing to a mother, especially in light of the multiple vaccinations children
receive at the recommended ages. As is evident in these results, uptake drops with the
subsequent doses in a vaccination series. This is common in vaccination series as
competing life priorities may affect caregivers as the child gets older and further away
from regular doctor’s visits. The high uptake of RV1 and RV2 is encouraging, as PCV1
and PCV?2 are due at the same time, demonstrating that mothers are interacting with the
healthcare system around the time PCV is due. Healthcare providers should stress the
importance of receiving the full series of vaccinations as NVIs may cause apprehension
among mothers due to the novelty of the vaccines or the addition to an already long list of
vaccination recommendations.

We focused on the non-uptake of NVIs as this can provide information on the
reasoning for a child not getting vaccinated and, consequently, offer insights into
opportunities to intervene. When examining the factors associated with non-uptake of
the rotavirus vaccinations, a significant interaction between residence and wealth index
was found demonstrating a significant effect of wealth index among children in rural but
not in urban areas. Specifically, in rural areas those in the richer and richest wealth
indices were significantly less likely to have received RV1 and RV2 than those in the
poorer and poorest wealth index. This suggests an inequity in accessing immunization

resources among children in rural regions in Armenia. Previous research on this topic is
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mixed with studies looking at uptake among low- and middle-income countries that did
not find any significant associations with socioeconomic status and RV or PCV uptake,
while another found higher incomes having a positive effect on rotavirus vaccinations in
urban areas, but no effect in rural areas.'®> % The differences in the association between
uptake and socioeconomic status may be explained by donor support in low- and middle-
income countries allowing for immunization campaigns targeted towards children from
poorer households. This may be the case in Armenia, which had support from Gavi for
the introduction of the rotavirus vaccine. Children among the poorest and poorer wealth
indices may have been targeted by the campaigns, while those in the richer and richest
wealth indices were left to access health services on their own. Thus, children in the
higher wealth indices may have been left without the same resources resulting in the
disparity in NVI uptake in rural areas.

Other significant factors for the non-uptake of the rotavirus vaccine series include
age, siblingship, distance to health clinic and region of residence. Age was found to be
significantly associated with both RV1 and RV2 among children from urban regions.
Those in the older age groups were less likely to not have received the vaccinations. This
may in part be due to children receiving their vaccinations later in life. Since these
vaccinations are recommended during the 0 to 5 month time period, and those children
were more likely to not have received RV1 and RV2, it would be important to examine
the timeliness of these vaccinations, specifically among urban children, to be able to get a
better understanding of the dynamics behind these differences. There were differences
by region where children in urban areas living in Kotayk were less likely than their

counterparts in Armavir to have non-uptake of RV2, whereas those in rural areas living in
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Aragatsotn were less likely to have not received both vaccinations. Sample sizes varied
throughout the regions, especially with the stratification conducted for analyses of factors
associated with RV uptake, and the resulting smaller sample sizes 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 to detect regional variations
in RV and PCV 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, which was one of the driving factors to conduct
multilevel modeling in this analysis. Further examination into how these NVIs were
implemented in each region specifically may provide more insight as to why these
differences were seen.

Age, siblingship, distance to health clinic and region of residence were found to be
associated with non-uptake of PCV. Similar to RV, children 0 to 5 months were more
likely to have not received PCV1 and PCV3 than their older counterparts. This is
worrisome since the vaccinations are recommended during this age range. This may also
be suggestive of children not receiving the vaccinations on time and thus a further
examination into the timing of the vaccinations in the PCV series is warranted.
Additionally, children who had one sibling were more likely to not have received PCV1
and PCV2. Mothers with multiple children have a wide range of responsibilities which
may cause vaccinations to descend on their list of priorities. Distance to a health facility
was also found to be associated with PCV1 and PCV2, with those stating that distance
was a big problem significantly more likely to not have received the vaccinations. This is

a structural issue that must be further examined and addressed. Distance to a health clinic
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can be a barrier to accessing health care services since it requires more time and
resources than someone may have or be willing to give. Some potential ways to
overcome the problems of distance to a health facility and competing priorities are
mobile vaccination clinics or vaccination services in schools, which would address the
barriers of distance and transportation and provide a much needed service to these
women and children. There were also some differences in non-uptake of PCV seen by
region of residence. Children living in Aragatsotn were more likely to have received
each of the doses of PCV compared with their counterparts in Armavir. Again, a more
in-depth look at how NVIs were implemented in the regions may provide a framework
for bolstering their vaccination services.

Multilevel logistic regression models allowed for us to also examine the effect of
cluster on uptake of NVIs among this sample of children in Armenia by calculating the
ICC. For both RV1 and RV2, there was evidence of significant differences due to intra-
cluster variability among children living in urban areas. However, for the PCV series,
only PCV2 demonstrated significant variability in the odds of non-uptake due to
clustering. For RV1 and RV2 in urban areas, the ICC did not decrease after adding
explanatory variables. Inclusion of individual- and community-level factors should have
had an impact on ICC since they are expected to explain some of the variance in the
outcome of the model. The lack of a change indicates that other factors may be
responsible for intra-cluster variability than those which were included for the purposes
of this analysis. We did however observe a decrease in the ICCs for RV1 and RV2 in
rural areas, and for PCV2, suggesting that these individual- and community-level factors

explain some of the variability in non-uptake of these vaccinations between clusters.
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There are some limitations to this analysis that are important to consider. Vaccination
data were based solely on information recorded on child health cards. This information
was recorded by trained field workers from cards that were completed and kept by health
care professionals. But the accuracy of this information is dependent on the correctness
and completeness of the vaccination card information, as well as the accuracy with which
field staff recorded the dates. For example, a vaccine that is not documented may be
delayed but may eventually be received. Thus, uptake may be underestimated. The
sample was restricted to only those with documented vaccination information. This helps
potentially curb recall bias but does introduce potential bias if having a vaccination card
is associated with being vaccinated. This may not have been the case since most children
presented health cards to staff. Another potential limitation is that RV and PCV were
introduced in 2012 and 2014 respectively. Therefore, the 2015-2016 ADHS provides for
a relatively short timeframe for NVI implementation. To address this, the subsamples for
analysis of each vaccination were based on the date introduced and included children
born in the year following introduction and after in order to allow time for mothers and
the healthcare system to adjust to changes in the recommended immunization schedules.
More time between introduction and analysis may be needed to provide a better
understanding of uptake of NVIs; nonetheless, this study provides a baseline for future
examinations of uptake. ~As previously mentioned, the potential factors associated with
non-uptake of RV and PCV were limited to what was collected in the ADHS, therefore
the analysis does not encompass all possible factors, such as structural issues,
immunization service factors, maternal attitudes and knowledge of vaccinations or other

community level factors that were not captured by the ADHS. Consequently,
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interpretation of the results should not limit findings as the only factors associated with
the uptake of RV and PCV. The number of children sampled varied throughout the
regions, especially after stratification, resulting in small sample sizes which limited the
ability to evaluate the association of regions with non-uptake. Associations observed
between regions and non-uptake of either of the vaccinations should be taken as an
indication of a need for further examination with larger sample sizes in each region in
order to obtain more conclusive results. Additionally, 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 as associated with non-uptake of RV and PCV.

Using the most recent ADHS data, we were able to examine the uptake of each of the
doses of the two most recent NVIs as well as associated factors for non-uptake among
children in Armenia. Although uptake was high for the rotavirus vaccinations, there is
room for improvement for the pneumococcal conjugate vaccination, especially the third
dose. Future studies should assess the timing of each of the doses to examine whether it
influenced the findings of this analysis, as well as to provide more information on the
uptake and coverage of these NVIs. Moreover, a further examination into other potential
factors that were not captured by the ADHS may offer insights that could be used to
strengthen NVI activities among children in Armenia. The rotavirus and pneumococcal
conjugate vaccines can help decrease associated morbidity and mortality, and thus
understanding uptake of these NVIs is crucial to promote and increase coverage of these

vaccinations to better protect the children, as well as general population, in Armenia.
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Table 5-1. Demographic characteristics of all living children age 0 to 35 months eligible for select vaccinations,

Armenia 2015- 2016

RV (N=1017) PCV (N=371)
n Weighted % n Weighted % (95%
(95%CI) CI)

Sex

Male

Female

Age (in months)
0-5

6-11

12-17

18-23

24-29

30-35
Siblingship
None

1

2+

Birth Order

1

2

3+

Wealth Index*
Poorest

Poorer

Middle

Richer

Richest

Age of mother (in years)
(mean, (sd); 95%CI for mean)

534
483

163
179
183
162
190
140

360
440
217

432
380
205

206
215
215
189
192

27.6(0.2)

51.1 (48.0 — 54.2)
48.9 (45.8 — 52.0)

15.9 (13.5 - 18.2)
17.8 (15.3 - 20.3)
16.7 (14.5 — 19.0)
16.6 (13.8 — 19.5)
19.0 (15.9 — 22.2)
13.9 (11.0 - 16.8)

35.6 (32.2 — 39.0)
42.8 (39.1 — 46.6)
21.6 (18.6 — 24.5)

42.5(39.4 — 45.6)
37.2(34.0 — 40.4)
20.3 (17.6 — 23.0)

19.4 (16.1 - 22.6)
19.7 (16.8 — 22.7)
18.3 (15.1 - 21.5)
17.7 (14.2 -21.2)
24.9 (19.0 - 30.8)

27.3-28.0
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197
174

163
177
31

155
147
69

158
145
68

60
89
71
77
74

27.0(0.3)

50.2 (44.6 — 55.8)
49.8 (44.24 — 55.4)

43.8 (38.4—-49.2)
48.6 (43.0 — 54.2)
7.6 (4.5-10.7)

42.4 (36.4 — 48.3)
38.3 (32.4 — 44.2)
2.3 (14.7 - 24.0)

42.9 (37.0 - 48.8)
38.0 (32.2 - 43.9)
19.0 (14.5 — 23.6)

153 (11.3-19.2)
22.4(17.9 - 27.0)
16.3 (12.3 - 20.3)
20.5 (15.2 - 25.9)
25.4 (18.1 —32.7)

26.4-27.17



Educational level of mother

Basic 65 6.7 (4.0-9.4) 18 53(24-8.1)
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 by mothert

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 i

Public hospital/maternity center 971 95.7 (94.1 - 97.3) 352 95.3(92.0-98.5)
Private hospital/maternity center 39 43((2.6-59) 14 4.7(1.5-8.0)
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 33(24-43) 19 453.4-5.6)
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 50 423.2-5.2) 21 4.7(3.7-5.8)
Lori 50 523.9-6.6) 20 59@.7-17.1)
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 59M4.5-173) 38 57(4.5-17.0)
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CI: confidence interval; RV: rotavirus vaccine series; PCV: pneumococcal conjugate vaccine series.

*Composite measure generated by principal component analysis based on household’s ownership of certain assets, housing
construction materials and access to water and sanitation.

tAntenatal care missing in 93 for Rota and 7 for PCV.

IPlace of delivery missing in 7 for Rota and 5 for PCV.
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Table 5-2. Vaccination information among all living children age 0 to 35 months for select vaccinations, Armenia 2015-2016

Received Method Reported Not Received
N N N
Weighted % (95% CI) Weighted % (95% CI) Weighted % (95% CI)
Date recorded Reported by Marked on
on card mother card (no date)
RV1* 905 860 44 1 97
(n=1016) 90.0 (87.9-92.1) 84.4 (81.5-873) 4.0(23-5.7) 0.1(0-0.4) 9.8(7.8-11.8)
RV27 821 784 35 2 123
(n=958) 86.6 (83.8 —89.5) 82.0(78.8—-85.2) 29(1.7-4.1) 0.2(0-0.5) 13.1(10.4-15.9)
PCV1i 307 293 13 1 59
(n=371) 83.5(79.0 — 88.0) 78.7(73.8—83.5) 3.2(1.3-52) 0.4((0-1.1) 16.2 (11.8—-20.7)
PCV2§ 248 238 8 2 60
(n=313) 79.4 (73.7-85.2) 75.2(69.2-81.2) 2.2(0.7-3.8) 0.7 (0-1.7) 20.2 (14.5-25.8)
PCV3q 162 160 1 1 118
(n=285) 57.5(50.9-64.2) 55.5(48.9-62.1) 0.5(0-14) 0.5(0-1.5) 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.
*RV1: missing 1, 14 don’t know.
TRV2: missing 2, 14 don’t know.
tPCV1: 5 don’t know.
§PCV2: 5 don’t know.
PCV3: 5 don’t know.
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Table 5-3. Factors associated with non-uptake of the rotavirus vaccine series among eligible living children age
0 to 35 months, Armenia 2015-2016

RV1 RV2
Urban Rural Urban Rural
aOR (95% CI) aOR (95% CI) aOR (95% CI) 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
Poorest/Poorer Ref Ref
Middle 1.40 (0.55 —3.56) 2.07 (0.78 — 5.48)
Richer/Richest 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 - 1.11 (0.18 — 6.96) <0.001 (<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)
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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 (147 -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- 520)  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.
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Table 5-4. Factors associated with non-uptake of the pneumococcal conjugate vaccine series among eligible living
children age 0 to 35 months, Armenia 2015-2016

PCV1 PCV2 PCV3

aOR (95% CI) aOR (95% CI) 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)
Wealth Index
Poorest/Poorer Ref
Middle 0.79 (0.26 —2.41)
Richer/Richest 1.81 (0.63 —5.24)

Educational level of mother
Basic

Secondary

Higher

Distance to health clinic
Not a big problem

Big problem

Region

Yerevan

Aragatsotn

Ararat

Armavir

Ref
0.14 (0.02 — 1.03)
0.14 (0.02 -1.03)

Ref
10.93 (1.11 — 107.68)*

0.71 (0.11 — 4.70)
0.02 (<0.001 — 0.58)*
0.08 (0.01 —1.25)
Ref
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Ref
9.10 (2.30 — 36.10)*

0.89 (0.19 — 4.09)
0.02 (<0.001 — 0.44)*
0.23 (0.04 —1.26)
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.
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Table 5-5. Intra-cluster correlations (ICC) for multilevel logistic regression model of uptake of rotavirus vaccine (RV) series
and pneumococcal-conjugate vaccine (PCV) series among eligible living children age 0 to 35 months, Armenia 2015-2016

Null Model Model with Model with Final Multivariable
Individual-Level Community-Level Model
Factors Only Factors Only

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.

*p100<0.()5.

ICC=100/t00 + (m?/3), where Too is the covariance parameter estimate generated from the model.
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Chapter 6: Conclusions and Future Directions

The importance and impact of vaccinations on the course of human health cannot
be overstated. Early childhood vaccinations, such as the ones examined in this
dissertation, are an important factor in reducing morbidity and mortality throughout the
world. Armenia has made great strides in reducing childhood illness since gaining its
independence, in part due to increased vaccination coverage among children. To ensure
that VPD-associated morbidity and mortality are further reduced and are not able to pose
major challenges to health in Armenia, it is important to examine various aspects of
vaccinations in the population. In reviewing the literature, it was evident that there was a
lack of formal investigation into childhood vaccinations in Armenia. This dissertation
aimed to address these gaps in the literature by specifically providing insight on coverage
of childhood vaccinations over time, timeliness of those vaccinations, and uptake of
newly introduced vaccines in order to construct a comprehensive assessment of the state
of childhood vaccinations in Armenia.

To gain a better sense of childhood vaccinations in Armenia, we first examined the
trends of coverage of the recommended vaccinations during the first year of life of all
living children under three years of age using all available ADHS data collection cycles.
Vaccination coverage is a key metric when evaluating immunization activities and
subsequent protection from VPDs. To protect a population from VPDs, people must be
vaccinated, and high vaccination coverage must be achieved within the population, as this
not only ensures that an individual is protected but is fundamental for herd immunity.
The larger the proportion of immune individuals, the less likely non-immune individuals

will be exposed to a disease. There have been few studies focused on vaccination
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coverage among children in Armenia, with the most recent based on data from 2010.
Exploring trends in coverage was therefore a vital first step in our examination of
childhood vaccinations in Armenia.

On the whole, coverage of all WHO-recommended vaccinations exhibited increases
over the period between 2000 and 2015-2016. Coverage of the first two doses of both the
DTP and polio vaccines underwent the most improvement, whereas the third doses of
both series experienced much smaller increases in coverage over time. Despite the
general progress observed, coverages of BCG, DTP3, Pol3 and MCV decreased between
the two most recent data collection cycles of the ADHS (2010 versus 2015-2016). BCG
was the only vaccination that achieved the 90% coverage target.

As highlighted previously, data from 2005 displayed the lowest proportions of
children receiving all WHO-recommended vaccinations. When compared with results
from the other ADHS data collection years, this finding is striking enough to warrant
further examination into the low vaccination rates seen in 2005. It is possible that the
novel nature of the source of the sampling frame, the 2001 Population Census, resulted in
data collection errors that would have biased the data in an unfavorable way. Yet, the
2010 ADHS also used the 2001 Population Census as the sampling frame and produced
estimates more in line with the other ADHS cycles. Furthermore, a measles outbreak that
took place in Armenia in 2004-2005 would suggest that coverage of MCV was lower in
the preceding years, and the vaccination campaigns that were implemented as a response
may have influenced the increases in MCV coverage, as well as the other vaccinations,
seen in the 2010 ADHS.'!®> A deeper investigation into the context of the low coverage

reflected in the 2005 ADHS data could elucidate problem areas to focus on when
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planning for vaccination programs and activities as well as future ADHS data collection
cycles.

This study provides a fundamental overview of the trends seen in coverage of WHO-
recommended vaccinations during the first year of life among children in Armenia.
Coverage rates were shown to have increased from 2000 to 2015-16, although there were
fluctuations over the years and slight reductions in coverage rates of BCG, DTP3, Pol3
and MCV observed in the most recent ADHS data. A more thorough examination of
contextual factors that influence uptake of these vaccinations, specifically the third dose
of the DTP and Pol series, would provide important insight to bolster immunization
programs and activities with the aim of increasing coverage of all WHO-recommended
vaccinations among children in Armenia to advised levels. Continued monitoring of
coverage of these important vaccinations is necessary to ensure children in Armenia, as
well as the population, are properly protected from the associated VPDs.

Examining vaccination coverage on its own, although an important step in
understanding the state of childhood vaccinations, may mask underlying trends and areas
in need of improvement. To that end, our second analysis focused on the timeliness of
the WHO-recommended childhood vaccinations among children in Armenia. As
previously described, vaccination schedules are created in order to ensure maximum
efficacy among children based on when their immune systems can safely receive the
vaccine and produce a protective response, as well as the age at which each disease has
the strongest effect on morbidity and mortality.®* Alterations in the timing of vaccinations
potentially allow for longer periods of susceptibility resulting in reduced vaccine

effectiveness,® ©3-% diminished herd immunity,’! and, as a consequence, increased VPD
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incidence, outbreaks and associated morbidity and mortality.®’"% Thus, it is important to
examine timeliness as part of the overall assessment of vaccination status among
children.

Using data from the most recent ADHS (2015-2016), we examined the timing of
the eight key vaccinations recommended in Armenia during a child’s first year of life
using survival analysis methods. These methods allowed for an age-appropriate
examination of the recommended vaccinations by providing a clearer understanding of
the length of time a child was susceptible as well as estimates of coverage at the
recommended ages. First, using the Kaplan-Meier method, we estimated the age-specific
cumulative vaccination coverage for each of the WHO-recommended vaccinations. We
found that the vaccinations recommended later in the first year of life experienced more
delays. Most notably, almost half of the children in the sample received delayed third
doses of both the DTP and polio series. Only one vaccination, BCG recommended at
birth, achieved optimal coverage at the recommended age, while many of the
vaccinations (DTP2, DTP3, Pol3 and MCV) never reach optimal coverage at any age.

To better understand these delayed vaccinations, factors associated with the
timing of DTP3, Pol3 and MCV were examined using Cox proportional hazards models.
This method allowed us to account for the different lengths of observation periods based
on the ages of the children in the sample. Using this method, various factors were
observed to be associated with the timing of these three vaccinations. Timing was found
to vary in certain regions for each of the vaccinations, but no clear pattern was seen by
region or vaccination. A more in-depth examination of timing in each region should be

implemented with larger samples to gain a better understanding of potential regional
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differences in timeliness of vaccinations. Delays in the first or second dose of the
vaccination series were found to be significant factors in delays in the third doses of the
DTP and Pol series, which is consistent with the literature’* %2, Although it may seem
obvious that a delayed first dose would delay the second and thus the third doses, many
children received subsequent doses beyond the minimum recommended interval
suggesting these vaccinations truly were delayed. This further highlights the need to
promote proper interactions with the health care system to emphasize the importance of
timely vaccinations early on in a child’s life. A difference between genders was seen
with MCV, with females less likely to have timely vaccinations. Unfortunately, there is a
general importance placed on males in Armenian households which may be the
underlying cause of this association. Further examination into gender differences in other
domains of health among children in Armenia should be made to better understand the
reason behind this discrepancy. We also found a significant interaction between wealth
index and maternal educational level, with children in the richest wealth index more
likely to receive timely vaccinations, although the impact of wealth index varied by
educational level among the vaccinations. Wealth index and education are two factors
that could influence a mother’s knowledge and attitudes toward vaccinations, suggesting
that additional studies into childhood vaccinations in Armenia should strive to include
these maternal factors. Various other potential factors were also examined for an
association with timely receipt of the three vaccinations but not found to be significant.
Therefore, there may be additional factors not captured by the ADHS data that could

explain the delays in vaccinations.
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This analysis brought to light substantial delays in the receipt of several important
childhood vaccinations in Armenia. Although there were some limitations, such as the
use of self-reported data and limited information on potential factors associated with
delayed vaccinations, the study was one of a few assessing timeliness of childhood
vaccinations in Armenia and the first using data from the most recent ADHS data
collection cycle, thereby providing relatively recent information that could be useful in
the pursuit of continued improvement of vaccination coverage and timeliness among
children.

To broaden our understanding of vaccinations among children in Armenia, our
third analysis focused on vaccines more recently introduced into the National
Immunization Program, specifically RV and PCV. Since the introduction of these NVIs,
another round of ADHS data collection was completed providing an opportunity to
examine the initial uptake of these vaccinations. For these NVIs to decrease rotavirus-
and pneumococcal-associated morbidity and mortality in the population, uptake must be
high enough to confer immunity within the community. A few studies have looked at the
impact of RV on rotavirus-related morbidity in Armenia®'-** but none have assessed the
overall uptake of the vaccine as well as factors associated with being vaccinated. There
is also a lack of literature on PCV uptake in Armenia. Thus, this analysis was able to
provide an initial exploration into the uptake of RV and PCV and the factors associated
with non-uptake of these vaccines.

Uptake, defined for the purposes of this analysis as documented receipt of a
vaccination in order to curb any potential recall bias, was relatively high for both doses of

the rotavirus vaccination series but was lower for all doses of the PCV series, with the

129



lowest uptake observed for PCV3. The difference in uptake between the two
vaccinations may be due to several factors, including mode of delivery (RV is oral while
PCV is intramuscular) as well as time since the vaccine was introduced (RV in 2012 and
PCV in 2014). While both may be contributing factors, they do not encompass all
possibilities. To further examine differences in uptake, multilevel multivariable logistic
regression was used to evaluate individual- and community-level factors associated with
non-uptake taking into consideration the potential effect of clusters on uptake of
vaccinations. We found a significant interaction between residence and wealth index
while examining factors associated with non-uptake of RV1 and RV2. Our results
underscored the differences among children in rural areas with those in the richer and
richest wealth indices, when compared to those in the poorer and poorest wealth indices,
significantly less likely to have received both doses of RV. These findings add to the
mixed body of research on uptake in low- and middle-income countries which have not
found any clear association between socioeconomic status and vaccinations.'® % Many
vaccinations in these countries, including Armenia, are available to children based on
donor support, which overcomes any barriers to healthcare that socioeconomic status may
impose. Therefore, our observation that children in rural regions classified in the higher
wealth indices were less likely to have received both RV1 and RV2 could be
demonstrating the effect of vaccination campaigns targeting children with the most
economically challenged backgrounds in Armenia. Other factors found to be
significantly associated with the non-uptake of the RV series, as well as the PCV series,
included age, siblingship, distance to health clinic and region of residence. These

findings underscore the importance of these factors when planning for immunization
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activities to increase uptake of NVIs in Armenia. Due to our use of multilevel
multivariable logistic regression, we were able to assess the effect of geographic cluster
on non-uptake of the vaccinations in the RV and PCV series. Our results were mixed,
with evidence for significant differences due to intra-cluster variability for RV1 and RV2
among children living in urban areas, as well as for PCV2, but not for the other NVIs.
The varied results and lack of change observed in ICCs among the models for each
vaccination suggest a more comprehensive examination of uptake by clusters or
communities is needed to better understand contextual factors associated with non-uptake
of these NVIs.

Granted that the data were collected relatively shortly after the introduction of RV
and PCV into the National Immunization Schedule, the results from this analysis provide
a reference point for the uptake of each of the doses in the RV and PCV series as well as
factors associated with non-uptake among children in Armenia. By better understanding
uptake and associated factors of non-uptake of RV and PCV among Armenian children,
we hope to have identified potential areas of focus for immunization programs in
Armenia to further increase vaccine uptake and, as a consequence, reduce morbidity and
mortality associated with rotavirus and pneumococcal diseases, as well as potentially
inform future N'VI activities.

The analyses conducted as part of this dissertation collectively present an
essential overview of childhood vaccinations in Armenia, specifically those
recommended in the first year of life. The first study demonstrated that coverage of all
WHO-recommended vaccinations had increased from 2000 to 2016, although there were

fluctuations seen over the years. As there was a lack of literature and research regarding
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childhood vaccinations in Armenia, this study was crucial in providing a fundamental
assessment of the coverage over time of the recommended vaccinations and the need for
continued tracking to ensure that coverage does not fall to levels that would potentially
allow for the reemergence of VPDs. Although coverage was found to be generally high,
the second study revealed major delays in the receipt of almost all WHO-recommended
vaccinations, specifically the later doses in the DTP and Pol series. Incorrectly timed
vaccinations have been shown to be responsible for VPD-incidence and related
outbreaks, thus highlighting the importance of following national immunization
schedules and encouraging timely vaccinations. Lastly, the third study found that uptake
of RV was high, but uptake of PCV needs improvement. Although there was a short
follow-up time between the introduction of these NVIs and the analyses, it provided a
baseline evaluation of uptake and potential areas of focus to increase uptake of these
NVIs and decrease associated morbidity and mortality.

Findings from these analyses provide context for potential future research and
activities to further strengthen immunization efforts in Armenia. It is imperative for
future studies to expand on these findings and conduct more in-depth analyses to capture
additional factors associated with coverage, timeliness and uptake of these vaccinations
among children in Armenia. Continued tracking of vaccination coverage among children
is essential to ensure that coverage doesn’t fall below the recommended levels and that
the population is sufficiently protected from the associated VPDs. Timeliness, and
specifically the correct timing of childhood vaccinations, should be a very strong focus of
immunization programs and campaigns. Of importance would be studies that examine the

knowledge of and attitudes towards vaccinations among the public, specifically
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caretakers, as they could provide valuable information on behaviors related to
vaccinations not yet captured. This dissertation aimed to identify trends, patterns and
factors related to various facets of childhood vaccinations with the hopes that the

information could be used to support and strengthen immunization activities in Armenia.
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Supplementary Table 2-1. Armenia’s National Immunization Schedule, 2015-2016

Vaccine Disease Number of Target ages
doses
BCG Tuberculosis 1 Birth (Within 48
hours)
Hep B Hepatitis B 1 Birth (Within 24
hours); risk groups
Penta Diphtheria, Tetanus, 3 6,12 & 18 weeks, 18
(DTP/Hib/HepB) | Pertussis, Haemophilus months
influenzae and
Hepatitis B
bOPV Poliomyelitis 5 6, 12 & 18 weeks, 18
months, 6 years
MMR Measles, mumps 2 12 months, 6 years,
rubella 15-16 years; 18-27
years (until 2018)
PCV13* Pneumococcal 3 6, 12 & 18 weeks;
conjugate 16-17 years (for
young men only)
Rota* Rotavirus 2 6 & 12 weeks
Td Tetanus 5+ 6 years & every 10
years thereafter
ACYW Meningococcal disease 2 15-16 years & 18-27
meningococcal years
Pneumo 23 Pneumococcal disease 2 15 -16 years & 18-27
years
Hep A Hepatitis A 3 16, 17 & 18-27 years
Tularemia Tularemia 2 17 & 18-27 years
Seasonal Flu Seasonal influenza Yearly Risk groups
Rabies Rabies 1 Risk groups (post-
exposure
prophylaxis)
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Supplementary Figure 3-1. Trends in vaccination coverage among living children age 0 to 35 months in Armenia, 2000-2016
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2000 ADHS 2005 ADHS 2010 ADHS 2015-16 ADHS

——BCG 88.1 85.2 93.0 91.7
—e—DTP1 79.7 73.7 86.3 87.7
—e—DTP2 75.9 68.9 82.1 83.7

DTP3 73.3 59.6 79.1 76.1
——Poll 80.5 74.9 87.7 89.0
—e—Pol2 77.6 69.0 84.6 85.9
——Pol3 75.0 59.2 81.3 77.2
——MCV 81.3 71.2 85.9 83.6

BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine;
DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio
vaccine; MCV: measles-containing vaccine.
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Supplementary Table 4-1. Factors associated with timely receipt of vaccinations (at or within 2 weeks of recommended age)
among children age 0 to 35 months with documented vaccination dates, Armenia 2015-16

DPT3+ Pol3+ MCV+

aHR (95%CI) aHR (95%CI) aHR (95%CI)
Sex
Male - - Ref
Female - - 1.12 (0.79 — 1.58)
Wealth index by educational level of
mother
Basic
Poorest Ref Ref Ref
Poorer 0.44 (0.14 - 1.42) 0.50 (0.16 — 1.53) 1.87 (0.22 — 16.09)
Middle 0.20 (0.05-0.77) 0.21 (0.70 — 0.66) 1.02 (0.26 — 4.00)
Richer 1.15(0.13 -10.39) 1.72 (0.38 — 7.85) 0.80 (0.34 — 1.85)
Richest 0.94 (0.19-4.77) 1.02 (0.22 — 4.70) 0.64 (0.27 - 1.53)
Secondary
Poorest Ref Ref Ref
Poorer 1.37 (0.94 -2.01) 1.30 (0.90 — 1.87) 0.99 (0.47 —2.09)
Middle 1.21 (0.77 — 1.90) 1.03 (0.68 — 1.55) 0.80 (0.37-1.71)
Richer 0.88 (0.53 —1.46) 0.89 (0.56 — 1.41) 1.86 (0.74 — 4.73)
Richest 0.87 (0.50—1.51) 0.86 (0.53 - 1.42) 0.99 (0.42 —2.33)
Higher
Poorest Ref Ref Ref
Poorer 0.68 (0.41—-1.11) 0.61 (0.38—0.97) 0.55(0.23 - 1.27)
Middle 0.59 (0.36 — 0.96) 0.52 (0.33-0.81) 0.57 (0.25-1.31)
Richer 0.94 (0.56 — 1.57) 0.93 (0.59 - 1.49) 0.80 (0.34 — 1.85)
Richest 0.89 (0.52 -1.52) 0.84 (0.52 —1.38) 0.64 (0.27 - 1.53)

Place of delivery
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Public hospital/maternity center
Private hospital/maternity center
Region

Yerevan

Aragatsotn

Ararat

Armavir

Gegharkunik

Lori

Kotayk

Shirak

Syunik

Vayots Dzor

Tavush

Delayed vaccinations
DPTI

On time

Delayed

DPT2

On time

Delayed

Poll

On time

Delayed

Pol 2

On time

Delayed

Ref
0.65(0.39-1.11)

Ref

1.21 (0.66 —2.23)
1.09 (0.68 — 1.74)
1.35(0.83 —2.20)
1.68 (0.85 —3.33)
1.53 (0.83 —2.81)
1.87 (1.16 — 3.02)*
1.22 (0.74 —2.02)
0.88 (0.50 — 1.56)
1.09 (0.66 — 1.78)
0.87 (0.54 — 1.40)

Ref
0.47 (0.36 — 0.62)**

Ref
0.31 (0.24 — 0.40)**

Ref

1.42 (0.82 —2.44)
1.29 (0.87 — 1.92)
1.38 (0.91 —2.09)
2.42 (1.34 — 4.36)*
1.68 (0.98 —2.88)
1.94 (1.29 - 2.90)*
1.27 (0.83 — 1.96)
1.04 (0.63 - 1.71)
1.19 (0.77 — 1.83)
0.97 (0.64 — 1.46)

Ref
0.50 (0.38 — 0.65)**

Ref
0.35 (0.28 — 0.44)**

Ref

1.74 (0.53 — 5.78)
1.79 (0.95 - 3.39)
1.27 (0.63 —2.57)
0.58 (0.20 — 1.71)
2.44 (0.75 —7.88)
1.44 (0.76 — 2.74)
1.45 (0.68 —3.09)
1.30 (0.61 —2.73)
1.52 (0.72 —3.23)
1.55(0.79 — 3.05)

Ref
1.19 (0.34 — 4.14)

Ref
0.60 (1.15—2.38)

Ref
0.55(0.16 — 1.91)

Ref
1.22 (0.32 — 4.68)
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aHR: adjusted hazard ratio; CI: confidence interval; DPT1: first dose of DPT vaccine; DPT2: second dose of DPT
vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine.

+ DPT3 and Pol3 recommended at 18 weeks MCV recommended at 12 months (52 weeks).

*p<0.05; **p<0.0001.
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Supplementary Table 4-2. Factors associated with timely receipt of vaccinations (at or within 6 weeks of recommended age)
among children age 0 to 35 months with documented vaccination dates, Armenia 2015-16

DPT3+ Pol3+} MCV+

aHR (95%CI) aHR (95%CI) aHR (95%CI)
Sex
Male - - Ref
Female - - 1.85 (1.00 —3.45)
Wealth index by educational level of
mother
Basic
Poorest Ref Ref Ref
Poorer 1.30 (0.38 — 4.43) 1.11 (0.35-3.58) 7.03 (0.64 — 76.58)
Middle 0.20 (0.04 —1.08) 0.18 (0.03 —0.88) 1.60 (0.28 — 9.07)
Richer 1.03 (0.51-2.10) 0.88 (0.42 - 1.82) 0.50 (0.10 —2.63)
Richest 0.77 (0.09 — 6.59) 0.72 (0.09 —5.75) 0.23 (0.05-1.17)
Secondary
Poorest Ref Ref Ref
Poorer 1.02 (0.61 —1.72) 0.90 (0.54 —1.50) 0.61 (0.14-2.61)
Middle 0.65 (0.36 —1.16) 0.66 (0.38 —1.15) 1.27 (0.39 —4.10)
Richer 0.68 (0.35-1.33) 0.73 (0.39 — 1.40) 2.08 (0.47-9.27)
Richest 0.50 (0.25-1.00) 0.52 (0.28 - 0.97) 1.55(0.45-5.27)
Higher
Poorest Ref Ref Ref
Poorer 0.75 (0.37-1.52) 0.67 (0.32 -1.39) 0.60 (0.14 —2.56)
Middle 0.63(0.32-1.27) 0.54 (0.26 — 1.08) 0.26 (0.05 —1.25)
Richer 1.03 (0.51 -2.10) 0.88 (0.42 - 1.82) 0.50 (0.10 —2.63)
Richest 0.98 (0.46 —2.08) 0.67 (0.31—-1.45) 0.23 (0.05-1.17)

Place of delivery
Public hospital/maternity center

Ref
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Private hospital/maternity center

0.69 (0.35 — 1.36)

Region

Yerevan Ref Ref Ref

Aragatsotn 1.84 (0.79 — 4.29) 1.61 (0.69 —3.73) 1.13(0.11 -12.03)
Ararat 1.33(0.77-2.31) 1.43 (0.87 -2.37) 0.98 (0.36 —2.70)
Armavir 1.41 (0.77 — 2.60) 1.33 (0.75 —2.36) 2.09 (0.70 — 6.26)
Gegharkunik 1.59 (0.67 —3.75) 2.34 (1.01 — 5.44)* 0.31 (0.05 -1.82)
Lori 2.73 (1.31 - 5.68)* 2.58 (1.23 — 5.40)* 6.00 (0.50 —71.89)
Kotayk 1.76 (0.98 —3.17) 1.95 (1.14 — 3.32)* 0.91 (0.30-2.75)
Shirak 1.96 (1.01 — 3.81)* 1.54 (0.81 —2.90) 0.93 (0.18 — 4.80)
Syunik 1.08 (0.54 -2.13) 1.12 (0.57 - 2.18) 0.88 (0.23 —3.40)
Vayots Dzor 1.86 (1.01 — 3.43)* 1.70 (0.97 — 2.99) 2.14 (0.61 — 7.56)
Tavush 1.48 (0.85 —2.58) 1.42 (0.85 —2.38) 1.97 (0.69 — 5.62)
Delayed vaccinations

DPTI1

On time Ref - Ref

Delayed 0.48 (0.36 — 0.65)** 2.86 (0.41 —20.11)
DPT2

On time Ref - Ref

Delayed 0.72 (0.50—1.03) - 0.16 (0.01 —1.72)
Poll

On time - Ref Ref

Delayed - 0.54 (0.40 — 0.72)**  0.17 (0.03 —1.07)
Pol 2

On time - Ref Ref

Delayed - 0.65 (0.46 — 0.92)* 7.56 (0.82 — 69.38)

aHR: adjusted hazard ratio; CI: confidence interval; DPT1: first dose of DPT vaccine; DPT2: second dose of DPT
vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine.
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1 DPT3 and Pol3 recommended at 18 weeks MCV recommended at 12 months (52 weeks).
*p<0.05; **p<0.0001.
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Supplementary Figure 4-1. Timing of vaccinations among living children age 0 to 35 months with documented vaccination dates
in Armenia, 2015-16
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BCG: Bacillus Calmette—Guérin vaccine against tuberculosis; DTP1: first dose of DTP vaccine; DTP2: second dose of DTP vaccine;
DTP3: third dose of DTP vaccine; Poll: first dose of polio vaccine; Pol2: second dose of polio vaccine; Pol3: third dose of polio
vaccine; MCV: measles-containing vaccine.
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Supplementary Figure 5-1. Uptake of rotavirus vaccine (RV) and pneumococcal conjugate vaccine (PCV) series among all living
children age 0 to 35 months in Armenia, 2015-16
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RV1: rotavirus vaccine, first dose; RV2: rotavirus vaccine, second dose; PCV1: pneumococcal-conjugate vaccine, first dose; PCV2:
pneumococcal-conjugate vaccine, second dose; PCV3: pneumococcal-conjugate vaccine, third dose

160



	Dedication
	Acknowledgements
	Abstract of Dissertation
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1: Introduction
	Chapter 2: Background and Specific Aims
	2.1 Global Overview of Vaccine Preventable Diseases and Vaccines
	2.2 VPDs and Vaccines in Armenia
	2.2.1 VPD-related morbidity and mortality

	2.3 Armenia’s National Immunization Program
	2.4 Vaccination Coverage
	2.4.1 Description and importance of childhood vaccination coverage
	2.4.2 Factors associated with childhood vaccination coverage
	2.4.2.1 Socioeconomic status
	2.4.2.2 Maternal education
	2.4.2.3 Pregnancy-related health services
	2.4.2.4 Residence
	2.4.2.5 Siblingship

	2.4.3 Childhood vaccination coverage in Armenia

	2.5 Vaccination Timeliness
	2.5.1 Description and importance of timeliness of childhood vaccinations
	2.5.2 Factors associated with timeliness of childhood vaccinations
	2.5.2.1 Siblingship
	2.5.2.2  Maternal education
	2.5.2.3 Maternal age
	2.5.2.4 Maternal employment
	2.5.2.5 Pregnancy-related health services
	2.5.2.6 Socioeconomic status
	2.5.2.7 Residence
	2.5.2.8 Timing of other vaccinations
	2.5.2.9 Gender

	2.5.3 Timeliness of childhood vaccinations in Armenia

	2.6 New Vaccine Introductions (NVIs) – Rotavirus and Pneumococcal Conjugate Vaccines
	2.6.1 Description and impact of NVIs
	2.6.2 Factors associated with uptake of NVIs
	2.6.2.1 Structural
	2.6.2.2 Residence
	2.6.2.3 Socioeconomic status
	2.6.2.4 Parental education
	2.6.2.5 Siblingship

	2.6.3 Uptake of rotavirus and pneumococcal conjugate vaccines in Armenia

	2.7 Specific Aims
	2.7.1 Aim 1 - Trends in childhood vaccination coverage in Armenia from 2000-2016
	2.7.2 Aim 2 – Timeliness of childhood vaccinations in Armenia in 2015-2016
	2.7.3 Aim 3 – Uptake of childhood vaccinations newly introduced in Armenia in 2015-2016


	Chapter 3: Study 1
	3.1 Abstract
	3.2 Introduction
	3.3 Methods
	3.4 Results
	3.5 Discussion

	Chapter 4: Study 2
	4.1 Abstract
	4.2 Introduction
	4.3 Methods
	4.4 Results
	4.5 Discussion

	Chapter 5: Study 3
	5.1 Abstract
	5.2 Introduction
	5.3 Methods
	5.4 Results
	5.5 Discussion

	Chapter 6: Conclusions and Future Directions
	References
	Appendix A: Chapter 2 (Background and Specific Aims) Supplement
	Appendix B: Chapter 3 (Study 1) Supplement
	Appendix C: Chapter 4 (Study 2) Supplement
	Appendix D: Chapter 5 (Study 3) Supplement

