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COVID-19-related disruption and resiliency in immunisation
activities in LMICs: a rapid review

Anna-Maria Hartner!:2, Xiang Li!, Katy Gaythorpe!

IMRC Centre for Global Infectious Disease Analysis, Jameel Institute, School of Public
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June 12, 2023

Abstract

Objectives

Rapid review to determine the extent that immunisation services in LMICs were disrupted by the COVID-
19 pandemic and what factors can be considered to build resilience in future.

Setting

We searched PubMed on 28th Feb 2023 for studies published after 1st December 2019 in English that
focused on LMICs.

Participants

Screening and data extraction were conducted by two experienced reviewers with one reviewer vote
minimum per study per stage. Of 3801 identified studies, 66 met the eligibility criteria.

Outcomes

Routine vaccine coverage achieved; Supplementary immunisation activity timing; Vaccine doses given;
Timing of vaccination; Supply chain changes; factors contributing to disruption or resilience.

Results

Included studies showed evidence of notable declines in immunisation activities across LMICs related to
the COVID-19 pandemic. These have included reductions in achieved routine coverage, cancellation or
postponement of campaigns, and underimmunised cohorts. Immunisation was most disrupted in the early
months of the pandemic, particularly March to May 2020; however, the amount of recovery seen varied
by country, age-group, and vaccine. Though many countries observed partial recovery beginning after
lockdown policies were lifted in 2020, disruption in many countries has also continued into 2021. It has
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also been noted that clinician staff shortages and vaccine stock outs caused by supply chain disruptions
contributed to immunisation delays but that concern over COVID transmission was a leading factor. Key
resiliency factors included community outreach and healthcare worker support. Finally, whilst our search
took place in February 2023, the latest dataset used across all studies was from November 2022 and
many focused on 2020; as a result some of the study conclusions do not take recovery into account.

Conclusions

There is limited information on whether reductions in vaccination coverage or delays have persisted beyond
2021. Further research is needed to assess ongoing disruptions and identify missed vaccine cohorts.

Strengths and limitations of this study

e The rapid synthesis of findings related to immunization disruption and recovery to-date allows for
key insights to target missed cohorts and identify research gaps.

e We include a narrative analysis of disruption across LMICs; this review benefits from the inclusion
of barriers, enablers, and resilience to/in service provision.

e The search strategy was limited to studies published on PubMed up to February 28th, 2023,
meaning not all relevant research meeting inclusion criteria may have been captured.
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1 Introduction

The COVID-19 pandemic began on December 12th 2019 and quickly spread globally, adding to the strain
on existing healthcare provision and creating unique problems in terms of service delivery [1]. Throughout
2020 there were disruptions to screening for cancer, maternal health services, care for chronic conditions
such as diabetes, and immunisations [2]. This strain on health services has continued past 2020, as even
those that have to recovered pre-COVID levels of visits and surveillance have to catch-up missed cohorts
and delayed treatments.

LMICs disproportionately bear the burden of vaccine preventable diseases [3]; however, globally vac-
cination has seen a stagnation in coverage and zero-dose children are a concern. The issue of zero dose
or underimmunised children is particularly important as it can hint at wider heterogeneity in healthcare
access which may have been exacerbated by the pandemic [4]. It is estimated that 67 million children
missed vaccinations between 2019 and 2021; of those, 48 million were zero-dose children [5]. Furthermore,
targeting zero-dose children can be more difficult as they are often in harder-to-reach areas, particularly
in LMICs where 1 in 6 children living in rural areas are zero-dose [5].

Resilient healthcare systems can withstand additional and unusual strains whilst maintaining prior-
ity services. Yet, is is still uncertain what factors contributed to disruption or resilience in light of the
COVID-19 pandemic, which was a unique test on global healthcare systems. These factors and consider-
ations may be instrumental in preparing for future healthcare strains such as those potentially caused by
other epidemics, climate change, or antimicrobial resistance. As such, understanding the key factors for
disruption due to the COVID-19 pandemic is critical for future planning in order to minimise the negative
consequences of disruptions.

In order to understand the current state of vaccination coverage disruption, and highlight factors
contributing to resilience, we undertook a rapid review of the existing literature. This focused on LMICs
as they bear the majority of burden of vaccine preventable diseases. We included studies that not only
discuss the quantitative measures of disruption such as reduced immunisation coverage and cancelled
campaigns, but also more qualitative discussions of the factors contributing to disruption or characteristics
of resilient systems.

2 Aim and research questions

The aim of this review was to understand the extent of disruptions in vaccination coverage due to the
COVID-19 pandemic and what factors contributed to the disruption or resilience. Specifically, our research
questions were:

RQ1: To what extent were immunisation services in LMICs disrupted by the COVID-19 pandemic?

RQ2: How did disruption vary by geography, demography or socioeconomic group?

RQ3: What factors contributed to coverage disruption or resilience?

3 Methods

A rapid review (RR) was conducted using streamlined systematic review methods and reported in accor-
dance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

[6].
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3.1 Procedure

We searched PubMed on 28th Feb 2023 for studies published after 1st December 2019 in English with
search terms (((COVID-19) OR (SARS-CoV-2))) AND (immunisation OR vaccination) AND (disruption
OR delay* OR postpon*). Studies were included if they focused on disruption to vaccination activities due
to the COVID-19 pandemic in LMICs. Studies were excluded if they focused on high income countries only,
examined disruption due to other factors ie. not related to the pandemic, or were reviews, commentaries
or modelling studies without novel data.

3.2 Study selection, data extraction and quality assessment

Search results were imported into the Covidence (www.covidence.org) systematic review management
tool where duplicates were removed. Titles and abstracts were screened by one reviewer, full text review
was completed by two reviewers with conflicts resolved through consensus.

Each study was extracted by one reviewer into a Google sheet. We extracted information on i) last
date of included data, ii) countries studied, iii) qualitative findings related to the research questions RQ1,
RQ2 and RQ3, and iv) binary data on whether routine immunisation, SlAs, doses, schedule timing or
supply chains were mentioned in the study. A second reviewer was consulted where there was uncertainty
concerning the extracted data.

To expedite the review we did not use a formal quality assessment tool. instead, we focused on
the scope of the study in terms of population, schedules considered and time window to assess the
generalisability of the findings.

3.3 Synthesis

There were two main types of evidence to synthesise. Quantitative information on percentage drops in
coverage achieved, doses administered or SIAs postponed, and more qualitative discussion on contributing
factors informed by surveys or questionnaires. We grouped results by research question with the first
question the most quantitative. Finally we collate characteristics of the studies themselves such as
countries studied or dates of included data, for which we have prepared summary statistics.

3.4 Patient and public involvement

There was no patient or public involvement in this study.

4 Results

4.1 Characteristics of studies

We found 3801 studies where 66 met the inclusion criteria 1. The majority of studies were published in
either 2021 (n = 30; 45.45%) or 2022 (n = 27; 40.91%), though most studies only reported on data
from 2020 (n = 46; 69.70%). 10 studies (15.15%) included data during the first 6 months of 2021; a
further 8 (12.12%) included data between July and December of 2021. Only 2 studies (3.03%) included
data from 2022; the most recent of these covered data through November of 2022.

Most (n = 16; 24.24%) of the studies considered multiple LMICs. Of those that only considered one
country, India (n = 8; 12.12%), Ethiopia (n = 5; 7.58%), Brazil (n = 4; 6.06%) and Pakistan (n = 4;
6.06%) were the most frequently studied. The African continent was the most represented.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejlwis pue ‘Bulurel |y ‘Buluiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoos Ag paloaloid

* (s3gv) Inalladns juswaublasug

e

e =


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Most (n = 47; 71.21%) studies examined the effect of the COVID-19 pandemic on routine immunisa-
tion coverage, with an additional 6 (9.09%) reporting pandemic effects on supplementary immunisation
activities. The change in the number of administered doses (n = 13; 19.70%) or the timing of doses
(n = 11; 16.67%) was also reported by several studies; 7 (10.61%) reported disruptions in the vaccine
supply chain.

6011 studies imported for screening ——» 2210 duplicates removed

\

3801 studies screened ———P» 3567 studies irrelevant

\

214 full-text studies assessed for b 148 studies exclided

eligibility

66 studies included

Figure 1: PRISMA flow of study selection. PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

4.2 Extent of disruption

We divide this into a few main areas. Firstly, supply chains and vaccine availability, then the delivery
of routine immunisation both in doses given and delays, then we examine supplementary immunisation
activities, and finally, signs of recovery.

4.2.1 Vaccine supply

Following the declaration of COVID-19 as a pandemic, there was a reduction of vaccine sales and periods
of stockout and low availability of vaccines in some countries [7, 8, 9]. Vaccine sales between April and
August 2020 fell by 9.5% [10] but some losses were recouped by catch-up activities [8].

4.2.2 Routine immunisation

We divide insight by WHO region or country. In the WHO African Region there was a varied picture
of disruption. In Ethiopia there were minimal disruptions up to August 2020 [11, 12, 13, 14]. Similarly,
in DRC, disruptions in Kinshasa were minimal up to December 2020 [15] and in Kenya immunisation
services were largely unaffected [16, 17, 18]. However, in South Africa full immunisation dropped in the
first months of the pandemic, especially in April where it dropped by 30% [19, 20]. Ghana [21, 22, 23],
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Nigeria [24], Uganda [8], Liberia [25] and Sierra Leone [26] all saw drops in coverage in 2020 and whilst
some countries had begun to see recovery in coverage achieved, this was not enough to compensate
for missed cohorts [27]. In the WHO region of the Americas, there were declines in coverage reported
for Dominican Republic, Mexico, Ecuador and Brazil; Dominican Republic saw a drop of 10 percentage
points [28], vaccinations reduced by 36% in Mexico [29, 30], there were 14% fewer doses administered
in Ecuador [31], and in Brazil approximately 20% of children missed vaccinations with a 18% overall
decline in dose administered in the first year of the pandemic [32, 33, 34]. Although one study found no
significant evidence of COVID-19 isolation measures on vaccines per child in Brazil [35].

In the Eastern Mediterranean WHO region, drops in coverage were seen for Lebanon, Afghanistan,
Jordan and Pakistan [36, 37, 38, 39, 40] of 31%, 21%, 6-16% and 30-48% respectively over the initial
stages of the pandemic.

In the South East Asian WHO region, there were significant disruptions [41]. In India, there were
substantial drops in coverage across the majority of districts (88% [42]) especially in lockdown and early
in the pandemic [43, 44, 45, 46]; as a result children born in India after COVID-19 had a 2-10% lower
probability of timely vaccination compared to earlier cohorts [47]. In Nepal and Bangladesh, the most
severe disruptions were also seen earlier in the pandemic, particularly in Bangladesh where 20-25% of
planned outreach immunisation was cancelled between April and May 2020 [48, 49].

In the WHO European region, in Armenia, there were only small declines in coverage achieved [50].

Globally, there were substantial drops in routine immunisations in 2020 [9]. Overall, it was an esti-
mated that there were 31% fewer vaccine doses given [51], in middle-income countries 14% of individuals
delayed or missed vaccinations in the first 6 months of the pandemic [52], and there was a 20% increase on
children who had not completed the 3-dose DTP series [53]. Whilst disruption varied by vaccine [54, 55],
most saw the most severe declines in the 6 months of the pandemic followed by variable recovery [56]
which may affect control and elimination efforts [57].

It was not only the total number of doses administered that was affected, but also when those doses
were given. In China and India, the majority of interviewed caregivers delayed vaccination [58, 59, 60,
47, 52] and in Ecuador and Sierra Leone this delay was worse for last doses [31, 26].

4.2.3 Supplementary immunisation activities

Overall, we found fewer studies focusing on supplementary immunisation activities (SIAs) or campaigns
specifically; however, there are comprehensive records kept by the WHO campaign tracker as part of
the immunisation repository [61]. SIAs were more disrupted in the early stages of the pandemic with
57% of planned campaigns globally postponed or cancelled because of COVID-19 by May 2020 [61]. By
December 2020, this had fallen to 26% and many campaigns were reinstated from July 2020 onwards; by
December 2021 this had fallen again to 16% of scheduled campaigns delayed or cancelled [61]. Overall,
of those campaigns disrupted between March 2020 and December 2021, 59% had been reinstated [61].
Factors leading to postponement or cancellation of SIAs included non-pharmaceutical interventions [62]
and stockouts or increased demand for general healthcare supplies [63, 8]. Additionally, whilst some
SIAs had been reinstated, and there were plans for catchup activities, there are still large missed cohorts
[44, 64, 57, 9].

4.2.4 Recovery

Information on recovery is limited by the date ranges of the included studies which mainly focused on
2020 and 2021. A key finding is that while there were signs of improvement in routine immunisation
coverage achieved and reinstated vaccination campaigns, there was not the positive increase needed to
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catch up missed cohorts [27, 51, 55, 49, 30, 65, 26]. It was also noted that pre-COVID levels of coverage
had not been reached in many countries by the end of 2022 [57].

4.3 Heterogeneity in disruption

Heterogeneity in immunisation disruption was found across several factors, including geography, demog-
raphy, wealth, and education; these are further detailed below. Variations in the extent of disruption by
antigen were similarly reported in several studies [31, 37, 41, 10, 60].

4.3.1 Geographic Heterogeneity

Despite significant decreases in immunisation in LMICs, there was significant geographic heterogeneity in
the extent of disruption and in the regions and/or individuals affected. On a national level, several studies
reported differences in the extent of disruption as a result of economic income classification [52, 41, 53]
by WHO Region [63, 54, 53], by global burden of disease super-region [51], or by Gavi eligibility [53],
with greater pandemic impact observed in low- and middle-income countries compared to high-income
countries, affecting the primarily African Region, the Americas, and Asia. The reverse trend was seen for
vaccine sales early in the pandemic (i.e. April to August 2020), with high-income countries experiencing
a 20% decline and low-income countries observing a 10% increase [10].

On a sub-national level, many countries observed statistically significant differences between regions
and provinces in regards to the change in health service utilisation [66, 30, 42] or routine immunisation
coverage [31, 37, 46]. In some countries, certain provinces reported increases in immunisation service
provision or doses for some vaccines, such as in the Southern Province of Rwanda, where measles and
rubella immunisation increased [66]. Geographic heterogeneity was also observed in the subsequent
recovery of services [42, 20].

While some countries reported differences in disruption between urban and rural areas, there was
significant heterogeneity in the extent of disruption. One study found that the odds of immunisation in
Ethiopia were higher in rural areas [11], while another observed greater initial declines in urban and peri-
urban areas in South Africa, followed by recovery in these areas and declines in rural areas as the pandemic
progressed [20]. In Pakistan, lockdown affected rural areas more than urban areas[39]. Geographic
heterogeneity was also observed between Ethiopia’s hospitals and health centers, in which vaccine-related
supplies were twice as likely to be affected by COVID-19 in hospitals [7], while in India children residing
in “COVID-19 red zones" were more likely to face immunisation disruption [46]. Similarly, a study on
polio outreach services in 33 African and Eastern Mediterranean countries found services necessary for
"reaching their most vulnerable populations” were partially or severely disrupted [63].

4.3.2 Demographic Heterogeneity

Few studies focused on the effects of demographic heterogeneity on COVID-19 related immunisation
disruption, including factors such as gender, age, birth order, or caste. Only two studies looked at
differences by gender; one found greater declines in females than males, though this decline was not
significant [37]. The second, conducted in Brazil, also found no significant differences, but did find
that infants were less likely to experience immunisation disruptions or delays compared to one-year old
children[32]. This finding was similar two studies, conducted in Eastern India and in China, where
increasing age of the child was found to be associated with immunisation delays [59, 60]. A study
conducted in South-East Asia and the Western Pacific found similar results, in which early-infancy was less
disrupted than infancy, school-entry age, and adolescent immunisation [41]. However, greater disruption
was seen among infants compared to adult/elderly immunisation [41]; additionally, one study in Jordan
found that children older than 12 months were less likely to experience delays [38].
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Only two studies stratified results by maternal or caregiver age; one finding that increasing maternal
age was associated with delayed vaccination [59], the other finding no association[38].

Additionally, one study conducted in China found firstborn children were less likely to experience
delays [60], while another paper in India examined heterogeneity as a result of ethnicity or caste, finding
lower castes had lower likelihoods of full immunisation and greater immunisation disruption, though these
findings were not significant [46].

4.3.3 Socioeconomic Heterogeneity

Contributors to socioeconomic heterogeneity in immunisation disruption largely included measures of
household income and education. Two studies, one in Brazil and the other in India, found that missed
vaccine doses were more likely in children from poorer households; in India it was additionally found
that there were greater declines in immunisation among poorer subgroups [46, 32]. A study in South
Africa found mixed results, finding declines in full immunisation and first dose of measles greater in
wealthier quintiles at the start of the pandemic, but with faster positive recovery and continued declines
among poorer subgroups as the pandemic progressed [20]. Only one study focused on education, similarly
finding higher probability of incomplete immunisation and greater declines in households without formal
education [46].

4.4 Factors contributing to coverage disruption and resilience

We divide this section into three key areas: health system barriers, vaccine demand and hesitancy, and
resilience.

4.4.1 Health System Barriers

Many of the initial challenges in maintaining immunisation services in LMICs were the result of health
system and supply barriers during the early stages of the pandemic. Many countries reported issues
with vaccine supply delays or stockouts [30, 7, 67, 65, 25, 8, 9, 68] and lack of personal protective
equipment (PPE) for healthcare workers (HCWs), including masks, gloves, and other drugs and supplies
[7, 67, 25, 24, 69, 42, 68, 44, 45, 42]. Disruption caused by vaccine stockouts or supplies was found to
vary by WHO region [9] or by geographical sub-region [24, 69, 41]; notably one study in Southeast Asia
and the Western Pacific found vaccine stockouts to be among the least important reasons for service
provision delays [41]. A lack of logistical support impacting routine services or outreach, such as a lack
of fuel or water, was reported by three studies in the WHO African region [67, 25, 24].

Similarly, HCW availability posed a significant challenge, with countries citing difficulties due to
the diversion of staff to COVID-19 response, staff illness, and transportation difficulties, among others
[25, 9, 24, 68, 44, 45, 24, 42]. One study in Kenya further reported disruption due to a HCW strike
from December 2020 to January 2021 [18]. On an individual level, HCWs reported that pandemic-related
stigma, stress, or fears impacted service delivery [7, 24, 48, 45, 68, 42], with some additionally reporting
harassment by law enforcement or by patients themselves[24, 42]. Only one study, conducted at a tertiary
health centre in Ghana, found no disruptions to vaccine supply or in HCW availability [22].

COVID-19 lockdowns and restrictions also resulted in cancelled immunisation services, clinic closures,
or reduced healthcare access or services available[7, 70, 25, 24, 39, 41, 52, 46, 62, 38], with some
reporting difficulties maintaining COVID-19 prevention rules, such as social distancing, due to non-
compliant patients or a lack of space[67, 24, 45].

Competing priorities also meant some countries faced declines in funding for immunisation services
or supplies, resulting in financial constraints [44, 69].
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4.4.2 Vaccine Demand and Acceptance

Many of the challenges in maintaining routine immunisation services during the COVID-19 pandemic
also resulted from declining vaccine demand and increasing vaccine hesitancy among caregivers. Declines
in vaccine demand were frequently attributed to travel barriers or difficulties in reaching immunisation
services or clinics [46, 60, 14, 25, 9, 13, 45, 44, 48, 41], COVID-19 restrictions or requirements, includ-
ing testing requirements, mask requirements, or lockdowns, [70, 67, 38, 40, 68, 48, 52|, and financial
constraints [13, 44, 48, 52]. One study, conducted in South East Asia and the Western Pacific, reported
that while affordability issues contributed to immunisation service utilisation, it was among the lowest
ranked reasons [41]. Some caregivers additionally reported low or no awareness of the availability of
immunisation services, often believing clinics and hospitals were closed for routine immunisation services
[67, 44, 22, 59].

Declines in vaccine demand due to fears of contracting COVID-19 at clinics or hospitals was pervasive,
and one of the most reported causes across several studies [46, 52, 41, 48, 68, 44, 40, 13, 22, 45, 38, 9,
59, 67, 25]. Many others reported additional fear or stigma against healthcare providers, including fears
that staff might be infected by the virus [22, 48, 45, 25, 68]. One survey of 100 caregivers at a tertiary
health centre in Eastern India found that 83% of respondents agreed that “safety [was] more important
than vaccination” [59]. Further unspecified declines in vaccine demand were noted by several studies
[9, 65, 39].

Vaccine hesitancy factors were less commonly reported; misinformation and misbeliefs contributed
to declines in demand in just two studies [9, 48], while fears specifically about vaccine side effects were
found in just one study in a tertiary hospital in North Ghana [22]. One additional study in Liberia
reported declines due to vaccine conspiracies, where parents believed their children would be injected
with COVID-19 [25].

4.4.3 Resiliency

Though few papers highlighted resiliency factors or enablers to immunisation during the COVID-19
pandemic, two key focuses included the community outreach to address declining vaccine demand and
acceptance and the importance of improved healthcare worker support to increase service provision.
In Jordan and China, alternative arrangements for childhood vaccination (i.e. outside of the standard
service provision within healthcare clinics) was found to be key to maintaining immunisation demand,
though in Jordan this insight was based on a survey of caregiver beliefs[38, 58]. Similarly, a community
intervention highlighting the importance of maintaining timely vaccination, despite the pandemic, was
crucial in Jordan and in Ethiopia [38, 13]. Ethiopia additionally reported decreased fear of COVID-19 as an
enabling factor [13]. In India, adequate access to PPE, overcoming barriers to transportation for HCWs,
community and/or family support, and training on COVID-19 management was crucial support HCWs in
maintaining immunisation service provision[68]. Similarly, proactive communication and coordination on
all levels of the healthcare system was essential in Ethiopia in maintaining health system resiliency[69].

5 Discussion

Despite the challenges faced by health systems during the COVID-19 pandemic, the WHO has continued
to emphasise the importance of routine immunisation, noting that the last effects of immunisation declines
can lead to higher burdens of disease and/or excess deaths[71]. This review highlights the extent of
disruption faced by LMICs, finding significant heterogeneity between and within regions, countries, and
individual demographics, but nevertheless showing declines in routine immunisation in 2020 and 2021
that had not often not recovered to pre-COVID levels.
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SIAs and campaigns were postponed with few regions reporting full recovery. Many LMICs rely on
outreach services to reach vulnerable populations, especially where access to health clinics or services are
limited[9]. COVID-19 response efforts or mitigation strategies, including lockdowns, resulted in additional
disruption to transportation services, logistical support, or supplies, often hindering additional outreach
activities and limiting the services that were available. This has resulted in a deepening of existing
coverage inequalities, with studies noting greater disruptions among households with lower incomes,
formal education, or those situated in informal housing or in some regions, rural areas, emphasising the
heterogeneity that existed prior to the pandemic [72].

The findings in this study are limited by the data available — the majority of studies utilised data
from 2020, limiting much of our understanding of how routine immunisation services have recovered
since countries lifted lockdown or other COVID-19 response policies. Our study also does not include
grey literature, only articles, with the search limited to one database. Nevertheless, this study expands
upon the findings of a systematic review of available literature on childhood disruptions to immunisation
using data from 2020, which included 39 studies and found an overall median decline of 10.8% [73]. Our
study highlights the findings through 2022 and emphasises the ongoing heterogeneity in immunisation,
alongside the barriers and enablers to service provision.

Our findings emphasise the urgency required to target individuals and cohorts who may have missed
out on routine immunisation or campaigns during the COVID-19 pandemic, ensuring the barriers high-
lighted by staff and caretakers, including low staff or service availability, vaccine or supply stockouts,
and transportation barriers are mitigated. Importantly, approaches to combat fears, misinformation, or
misbeliefs, including those surrounding COVID-19 transmission and risk, are critical. Though few studies
touched on vaccine hesitancy, declining vaccine acceptance has become a formative issue, and additional
strategies are required to prevent additional backsliding[74].

Rebuilding immunisation services in LMICs will require a greater focus on healthcare resilience, so
that the disruption caused by future epidemics or disasters on routine immunisation services is minimal,
and that recovery and performance rapid and improved through an adaptation to real-world events[75].
Many of the countries that showed service delivery resilience during the COVID-19 pandemic highlighted
the need for proactive and ongoing communication and coordination across multiple interconnected
systems, especially between the community and healthcare system. One study, published in May of 2023,
offers an updated framework to address the idea of epidemic-ready primary healthcare. Importantly, this
framework offers solutions to many of the observed barriers found in this review, focusing on adequate
training, compensation, and protection for HCWs, reliable logistic and supply-chain infrastructure, and
linkages to the community[76]. Given the reliance on primary health care and outreach systems for
immunisation in LMICs, this approach may be a beneficial starting point, though notably, it will require
a shift in how healthcare currently interacts with public health, alongside strong political commitment
and financing[76]. Further research will be required to understand how post-pandemic disruption and
recovery in immunisation services has progressed, especially in regards to vulnerable communities.
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Abstract

Objectives

We conducted a rapid review to determine the extent that immunisation services in low- and middle
income countries (LMICs) were disrupted by the COVID-19 pandemic and synthesised the factors that
can be used to build resilience in future.

Design

Rapid review reported in accordance with Preferred reporting for Systematic reviews and Meta-
Analyses (PRISMA) guidelines.

Data sources
PubMed and Web of Science were searched through 6th October 2023.

Eligibility criteria for selecting studies

We included studies that focused on disruption to immunisation activities due to the COVID-19
pandemic in LMICs. Outcomes included were: Routine vaccine coverage; supplementary
immunisation activities; Vaccine doses; Timing of vaccination; Supply chain changes; factors
contributing to disruption or resilience.

Data extraction and synthesis

Two independent reviewers used standardised methods to search, screen, and code studies. Quality
assessment was performed using a modified version of the Critical Appraisal Skills Programme
(CASP) for qualitative research. Findings were summarised qualitatively.

Results

Of 4979 identified studies, 87 met the eligibility criteria. Included studies showed declines in
immunisation activities across LMICs related to the COVID-19 pandemic. These included reductions in
achieved routine coverage, cancellation or postponement of campaigns, and underimmunised cohorts.
Immunisation was most disrupted in the early months of the pandemic; however, recovery varied by
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country, age-group, and vaccine. Though many countries observed partial recovery in 2020, disruption
in many countries continued into 2021. It has also been noted that clinician staff shortages and
vaccine stock outs caused by supply chain disruptions contributed to immunisation delays but that
concern over COVID transmission was a leading factor. Key resiliency factors included community
outreach and healthcare worker support.

Conclusions

There is limited information on whether reductions in vaccination coverage or delays have persisted
beyond 2021. Further research is needed to assess ongoing disruptions and identify missed vaccine
cohorts.

Strengths and limitations of this study

* The rapid synthesis of findings related to immunisation disruption and recovery to-date allows for
key insights to target missed cohorts and identify research gaps.

* We include a narrative analysis of disruption across LMICs; this review benefits from the inclusion
of barriers, enablers, and resilience to/in service provision.

* The search strategy was limited to English-language studies identified from databases PubMed
and Web of Science up to October 6th, 2023, meaning not all relevant research meeting
inclusion criteria may have been captured.

1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic began on December 12th, 2019 and quickly
spread globally, adding to the strain on existing healthcare provision and creating unique problems in
terms of service delivery [1]. Throughout 2020 there were disruptions to screening for cancer, maternal
health services, care for chronic conditions, and immunisations [2]. This strain on health services has
continued past 2020, as even those that have recovered to pre-COVID levels of visits and surveillance
have to catch-up missed cohorts and delayed treatments.

Low- and middle-income countries (LMICs) disproportionately bear the burden of vaccine
preventable diseases [3]; however, globally, vaccination has seen a plateau in coverage, with zero-
dose children an ongoing concern. The issue of zero-dose or underimmunised children is particularly
important, as it can hint at wider heterogeneity in healthcare access which may have been
exacerbated by the pandemic [4]. It is estimated that 67 million children missed vaccinations between
2019 and 2021; of those, 48 million were zero-dose children [5]. Furthermore, targeting zero-dose
children can be more difficult as they are often in harder-to-reach areas, particularly in LMICs, where 1
in 6 children living in rural areas are zero-dose [5].

Resilient healthcare systems can withstand additional and unusual strains whilst maintaining
priority services. Yet, it is still uncertain what factors contributed to disruption or resilience in light of
the COVID-19 pandemic, which was a unique test on global healthcare systems. These factors and
considerations may be instrumental in preparing for future healthcare strains such as those potentially
caused by other epidemics, climate change, or antimicrobial resistance. As such, understanding the
key factors for disruption due to the COVID-19 pandemic is critical for future planning in order to
minimise the negative consequences of disruptions.

In order to understand the current state of vaccination coverage disruption, and highlight factors
contributing to resilience, we undertook a rapid review of the existing literature. This focused on LMICs
as they bear the majority of burden of vaccine preventable diseases. We included studies that not only
discuss the quantitative measures of disruption, such as reduced immunisation coverage and
cancelled campaigns, but also more qualitative discussions of the factors contributing to disruption or
characteristics of resilient systems.
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2 Aim and research questions

The aim of this review was to understand the extent of disruptions in vaccination coverage due to the
COVID-19 pandemic and the factors that contributed to the disruption or resilience. Specifically, our
research questions were:

RQ1: To what extent were immunisation services in LMICs disrupted by the COVID-19

pandemic?

RQ2: How did disruption vary by geography, demography, or socioeconomic group?

RQ3: What factors contributed to coverage disruption or resilience?

3 Methods

A rapid review (RR) was conducted using streamlined systematic review methods and reported in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [6]. The full PRISMA checklist can be found in the supplementary material.

3.1 Procedure

We searched PubMed and Web of science up to 6th October 2023 for studies published after 1st
December 2019 in the English-language with search terms (((COVID-19) OR (SARS-CoV-2))) AND
(immunisation OR vaccination) AND (disruption OR delay* OR postpon*). Studies were included if they
focused on disruption to vaccination activities due to the COVID-19 pandemic in LMICs. Studies were
excluded if they focused on high-income countries only, examined disruption due to other factors, i.e.
not related to the pandemic, or were reviews, commentaries, or modelling studies without novel data.

3.2 Study selection, data extraction and quality assessment

Search results were imported into the Covidence (www.covidence.org) systematic review
management tool where duplicates were removed. Titles and abstracts were screened by one
reviewer, full text review was completed by two reviewers with conflicts resolved through consensus.

Each study was extracted by one reviewer into a Google sheet. We extracted information on i) last
date of included data, ii) countries studied, iii) qualitative findings related to the research questions
RQ1, RQ2 and RQ3, and iv) binary data on whether routine immunisation, SIAs, doses, schedule
timing or supply chains were mentioned in the study. A second reviewer was consulted where there
was uncertainty concerning the extracted data.

The quality of studies was assessed through a modified version nine question checklist of the
Critical Appraisal Skills Programme (CASP) for qualitative studies. Results were listed as N/A if not
applicable for the study. All CASP results are available in the supplementary material.

3.3 Synthesis

There were two main types of evidence to synthesise. Quantitative information (i.e., percentage drops
in coverage achieved, doses administered, or SIAs postponed), qualitative information on contributing
factors informed by surveys or questionnaires. We grouped results by research question with the first
question the most quantitative. Finally we collate characteristics of the studies themselves such as
countries studied or dates of included data, for which we have prepared summary statistics. The full
list of included studies and outcomes provided are included in the supplementary material.

3.4 Patient and public involvement

There was no patient or public involvement in this study.
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4 Results

4 1 Characteristics of studies

We found 4978 studies where 85 met the inclusion criteria (Figure 1). The majority of studies were
published in either 2021 (n = 30; 35.29%) or 2022 (n = 32; 37.65%), though most studies only reported
on data from 2020 (n = 52; 61.18%). 14 studies (16.47%) included data during the first 6 months of
2021; a further 15 (17.64%) included data between July and December of 2021. Only 4 studies
(4.71%) included data from 2022; the most recent of these covered data through November of 2022.

Most (n = 20; 23.53%) of the studies considered multiple LMICs. Of those that only considered one
country, India (n = 12; 14.11%), Ethiopia (n = 7; 8.24%), Pakistan (n = 5; 5.88%) and Brazil (n = 4;
4.71%) were the most frequently studied. The African continent was the most represented.

Most (n = 57; 67.05%) studies examined the effect of the COVID-19 pandemic on routine
immunisation coverage, with an additional 7 (8.24%) reporting pandemic effects on supplementary
immunisation activities. The change in the number of administered doses (n = 19; 22.35%) or the
timing of doses (n = 15; 17.64%) was also reported by several studies; 8 (9.41%) reported disruptions
in the vaccine supply chain.

4.2 Extent of disruption

We divide this into a few main areas: supply chains and vaccine availability, the delivery of routine
immunisation (as doses given, coverage, and/or delays), supplementary immunisation activities, and
finally, signs of recovery (to pre-pandemic achieved coverage in any of the disrupted activities
mentioned previously).

4.2.1 Vaccine supply

Following the declaration of COVID-19 as a pandemic, there was a reduction of vaccine sales and
periods of stockout and low availability of vaccines in some countries [7, 8, 9, 10, 11], though one
study in Northern Nigeria found that states experienced less stockouts in 2020 as compared to 2019
[12]. More globally, vaccine sales between April and August 2020 fell by 9.5% across 84 countries
[13], but some losses in vaccine receipt after stockouts were recouped by catch-up activities, such as
in Uganda [8].

4.2.2 Routine immunisation

We divide insight by WHO region or country.

In the WHO African Region there was a varied picture of disruption. In Ethiopia there were minimal
disruptions up to August 2020 [14, 15, 16, 17, 10, 18]. Similarly, in DRC, disruptions in Kinshasa were
minimal up to December 2020, with one study even finding increases in DTP3 and MCV1 doses
administered [19, 20]. In Kenya [21, 22, 23] and Burkina Faso[24], immunisation services were largely
unaffected. Zambia saw a mixed picture, in which estimates during the first 6 months of 2020 varied
month-to-month with both disruptions and positive increases as compared to previous years; overall,
however, the number of additional children missed was found to be minimal [25]. However, in South
Africa full immunisation dropped in the first months of the pandemic, especially in April where it
dropped by 30% [26, 27]. Ghana [28, 29, 30], Nigeria [31], Uganda [8, 20], Liberia [32], Sierra Leone
[33, 20], and Somalia [11] all saw drops in coverage in 2020 and whilst some countries had begun to
see recovery in coverage achieved, this was not enough to compensate for missed cohorts [34, 20].

In the WHO region of the Americas, there were declines in coverage reported for Dominican
Republic, Mexico, Ecuador and Brazil; Dominican Republic saw a drop of 10 percentage points [35],
vaccinations reduced by 36% in Mexico [36, 37], there were 14% fewer doses administered in Ecuador
[38], and in Brazil approximately 20% of children missed vaccinations with a 18% overall decline in
dose administered in the first year of the pandemic [39, 40, 41]. Although one study found no
significant evidence of COVID-19 isolation measures on vaccines per child in Brazil [42].

In the Eastern Mediterranean WHO region, drops in coverage were seen for Lebanon,
Afghanistan, Jordan and Pakistan [43, 44, 45, 46, 47] of 31%, 21%, 6-16% and 30-48% respectively
over the initial stages of the pandemic. Pakistan additionally reported that as of September 2021, 18%
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of parents had delayed routine immunisation for their children during the pandemic; an additional 2%
received no immunisations [48].

In the South East Asian WHO region, there were significant disruptions [49, 50]. In India, six
studies found substantial drops in coverage across the majority of districts (88% [51]) especially in
lockdown and early in the pandemic [52, 53, 54, 55, 56]; as a result children born in India after COVID-
19 had a 2-10% lower probability of timely vaccination compared to earlier cohorts [57, 58]. Two
studies, one conducted among the Armed Forces population in Mumbai, the other across India, found
disruptions continued into 2021 [58, 56]. Only one study found that the number of immunisation
sessions in India increased in 2020 and 2021 compared to 2019 [59]. In Nepal and Bangladesh, the
most severe disruptions were also seen earlier in the pandemic, particularly in Bangladesh where 20-
25% of planned outreach immunisation was cancelled between April and May 2020 [60, 61]. In
Indonesia, one study reported that 27.4% of parents delayed compulsory immunisation in 2020 [62].

In the WHO European region, in Armenia, there were only small declines in coverage achieved
[63]. In the Western Pacific WHO Region, one study from China found that immunisation coverage
dropped drastically in January 2020, but had recovered to pre-pandemic levels by June [64]. However,
a second study conducted in Beijing found pandemic effects to continue into 2021, staying below 2019
levels despite catch-up activities [65].

Globally, there were substantial drops in routine immunisations in 2020 [9]. Overall, it was an
estimated that there were 31% fewer vaccine doses given [66], in middle-income countries 14% of
individuals delayed or missed vaccinations in the first 6 months of the pandemic [67], and there was a
20% increase on children who had not completed the 3-dose DTP series [68]. Whilst disruption varied
by vaccine [69, 70], most saw the most severe declines in the 6 months of the pandemic followed by
variable recovery [71] which may affect control and elimination efforts [72].

It was not only the total number of doses administered that was affected, but also when those
doses were given. In China and India, the majority of interviewed caregivers delayed vaccination [73,
74,75, 57, 67] and in Ecuador and Sierra Leone this delay was worse for last doses [38, 33].

4.2.3 Supplementary immunisation activities

Overall, we found fewer studies focusing on supplementary immunisation activities (SIAs) or
campaigns specifically; however, there are comprehensive records kept by the WHO campaign tracker
as part of the immunisation repository [76]. In 57 countries, SIAs were more disrupted in the early
stages of the pandemic with 57% of planned campaigns globally postponed or cancelled because of
COVID-19 by May 2020 [76]. By December 2020, this had fallen to 26% and many campaigns were
reinstated from July 2020 onwards; by December 2021, in 54 countries, this had fallen again to 16% of
scheduled campaigns delayed or cancelled [76]. Overall, of those campaigns disrupted between
March 2020 and December 2021, 59% had been reinstated [76]. Factors leading to postponement or
cancellation of SlAs included non-pharmaceutical interventions, such as national lockdowns, [77] and
stockouts or increased demand for general healthcare supplies [78, 8]. One study found that the
national policy guidance of Mozambique and Uganda recommend the halting of campaigns in 2020
[79]. Additionally, whilst some SIAs had been reinstated, and there were plans for catchup activities,
there are still large missed cohorts [53, 80, 72, 9].

4.2.4 Recovery

Information on recovery is limited by the date ranges of the included studies which mainly focused on
2020 and 2021. A key finding is that while there were signs of improvement in routine immunisation
coverage achieved and reinstated vaccination campaigns, there was not the positive increase needed
to catch up missed cohorts, i.e. a sufficient return to pre-pandemic levels of immunisation [34, 66, 70,
61, 37, 81, 33, 65]. It was also noted that pre-COVID levels of coverage had not been reached in
many countries by the end of 2022 [72].

4.3 Heterogeneity in disruption

Heterogeneity in immunisation disruption was found across several factors, including geography,
demography, wealth, and education; these are further detailed below. Variations in the extent of
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disruption by antigen were similarly reported in several studies [38, 44, 49, 13, 75, 20, 10, ?, 18, 65,
64].

4.3.1 Geographic Heterogeneity

Despite significant decreases in immunisation in LMICs, there was significant geographic
heterogeneity in the extent of disruption and in the regions and/or individuals affected. On a national
level, several studies reported differences in the extent of disruption as a result of economic income
classification [67, 49, 68] by WHO Region [78, 69, 68], by global burden of disease super-region [66],
or by Gauvi eligibility [68], with greater pandemic impact observed in low- and middle-income countries
compared to high-income countries, affecting the primarily African Region, the Americas, and Asia.
The reverse trend was seen for vaccine sales early in the pandemic (i.e. April to August 2020), with
high-income countries experiencing a 20% decline and low-income countries observing a 10%
increase [13].

On a sub-national level, many countries observed statistically significant differences between
regions, provinces, or districts in regards to the change in health service utilisation [82, 37, 51, 59, 56],
routine immunisation coverage [38, 44, 55], or complete vaccination [24]. In some countries, certain
provinces reported increases in immunisation service provision or doses for some vaccines, such as in
the Southern Province of Rwanda, where measles and rubella immunisation increased [82].
Geographic heterogeneity was also observed in the subsequent recovery of services [51, 27].

While some countries reported differences in disruption between urban and rural areas, there was
significant heterogeneity in the extent of disruption. One study found that the odds of immunisation in
Ethiopia were higher in rural areas [14], while another observed greater initial declines in urban and
peri-urban areas in South Africa, followed by recovery in these areas and declines in rural areas as the
pandemic progressed [27]. In Pakistan, lockdown affected rural areas more than urban areas[46].
Geographic heterogeneity was also observed between Ethiopia’s hospitals and health centres, in
which vaccine-related supplies were twice as likely to be affected by COVID-19 in hospitals [7, 10],
while in Nigeria, activities coordinated at the state level were impacted less than healthcare facilities
[12]. In China, immunisation services continued in hospitals, even when immunisation clinics were
suspended [64].

In India children residing in “COVID-19 red zones” were more likely to face immunisation disruption
[55]. Similarly, a study on polio outreach services in 33 African and Eastern Mediterranean countries
found services necessary for "reaching their most vulnerable populations” were partially or severely
disrupted [78].

4.3.2 Demographic Heterogeneity

Few studies focused on the effects of demographic heterogeneity on COVID-19 related immunisation
disruption, including factors such as gender, age, birth order, or caste. Only two studies looked at
differences by gender; one found greater declines in females than males, though this decline was not
significant [44]. The second, conducted in Brazil, also found no significant differences, but did find that
infants were less likely to experience immunisation disruptions or delays compared to one-year old
children[39]. This finding was similar to two studies, conducted in Eastern India and in China, where
increasing age of the child was found to be associated with immunisation delays [74, 75]. A study
conducted in South-East Asia and the Western Pacific found similar results, in which early-infancy was
less disrupted than infancy, school-entry age, and adolescent immunisation [49]. However, greater
disruption was seen among infants compared to adult/elderly immunisation [49]; additionally, one
study in Jordan found that children older than 12 months were less likely to experience delays [45].
Finally, one study conducted in China found firstborn children were less likely to experience delays
[75], while another paper in India examined heterogeneity as a result of ethnicity or caste, finding lower
castes had lower likelihoods of full immunisation and greater immunisation disruption, though these
findings were not significant [55].

While even fewer articles examined the demographic heterogeneity of disruption based on the
characteristics of parents or caregivers, two studies stratified results by maternal or caregiver age; one
finding that increasing maternal age was associated with delayed vaccination [74], the other finding no
association[45]. Only one study examined other contributing factors of parents, finding that women
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were more likely to delay vaccination for their children than men; presence of a chronic illness, prior flu
vaccination, or experience with COVID-19 diagnosis were also associated with delays in childhood
vaccination [62].

4.3.3 Socioeconomic Heterogeneity

Contributors to socioeconomic heterogeneity in immunisation disruption largely included measures of
household income and education. Two studies, one in Brazil and the other in India, found that missed
vaccine doses were more likely in children from poorer households [55, 39]; in India it was additionally
found that there were greater declines in immunisation among poorer subgroups [55]. A study in South
Africa found mixed results, finding declines in full immunisation and first dose of measles greater in
wealthier quintiles at the start of the pandemic, but with faster positive recovery and continued declines
among poorer subgroups as the pandemic progressed [27]. Another study in Iraq found that low
socioeconomic status was associated with an increase in missed vaccine appointments [83]. Two
studies, one conducted in Irag and one conducted in Indonesia, similarly found that the type of
employment changed the odds of vaccination during the pandemic [62, 83]; in Indonesia, healthcare
workers especially were more likely to delay vaccination in their children [62].

Only two studies, one in India and one in Iraq, focused on education, similarly finding higher
probability of incomplete immunisation and greater declines in households without formal education
[55, 83].

4.4 Factors contributing to coverage disruption and resilience

We divide this section into three key areas: health system barriers, vaccine demand, and
resilience.

4.4 1 Health System Barriers

Many of the initial challenges in maintaining immunisation services in LMICs were the result of health
system and supply barriers during the early stages of the pandemic. Many countries reported issues
with vaccine supply delays or stockouts [37, 7, 84, 81, 32, 8, 9, 85, 11, 58, 86] and lack of personal
protective equipment (PPE) for healthcare workers (HCWs), including masks, gloves, and other drugs
and supplies [7, 84, 32, 31, 87, 51, 85, 53, 54, 51, 12]. Disruption caused by vaccine stockouts or
supplies was found to vary by WHO region [9] or by geographical sub-region [31, 87, 49, 10]; notably
one study in Southeast Asia and the Western Pacific found vaccine stockouts to be among the least
important reasons for service provision delays [49]. A lack of logistical support impacting routine
services or outreach, such as a lack of fuel or water, was reported by three studies in the WHO African
region [84, 32, 31].

Similarly, HCW availability posed a significant challenge, with countries citing difficulties due to the
diversion of staff to COVID-19 response, staff illness, and transportation difficulties, among others [32,
9, 31, 85, 53, 54, 31, 51, 18, 12]. One study in Kenya further reported disruption due to a HCW strike
from December 2020 to January 2021 [23]. On an individual level, HCWs reported that pandemic
related stigma, stress, or fears impacted service delivery [7, 31, 60, 54, 85, 51], with some additionally
reporting harassment by law enforcement or by patients themselves[31, 51]. Only one study,
conducted at a tertiary health centre in Ghana, found no disruptions to vaccine supply or in HCW
availability [29].

COVID-19 lockdowns and restrictions also resulted in cancelled immunisation services, clinic
closures, or reduced healthcare access or services available[7, 88, 32, 31, 46, 49, 67, 55, 77, 45, 62,
89, 86, 83], with some reporting difficulties maintaining COVID-19 prevention rules, such as social
distancing, due to non-compliant patients or a lack of space[84, 31, 54, 12].

Competing priorities also meant some countries faced declines in funding for immunisation
services or supplies, resulting in financial constraints [53, 87, 12].

4.4.2 Vaccine Demand and Acceptance
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Many of the challenges in maintaining routine immunisation services during the COVID-19 pandemic
also resulted from declining vaccine demand and increasing fear or stigma surrounding COVID-19
among caregivers. Declines in vaccine demand were frequently attributed to travel barriers or
difficulties in reaching immunisation services or clinics [55, 75, 17, 32, 9, 16, 54, 53, 60, 49, 65, 12, 83,
18, 48, 89], COVID-19 restrictions or requirements, including testing requirements, mask
requirements, or lockdowns, [88, 84, 45, 47, 85, 60, 67], and financial constraints [16, 53, 60, 67]. One
study, conducted in South East Asia and the Western Pacific, reported that while affordability issues
contributed to immunisation service utilisation, it was among the lowest ranked reasons [49]. Some
caregivers additionally reported low or no awareness of the availability of immunisation services, often
believing clinics and hospitals were closed for routine immunisation services [84, 53, 29, 74].

Declines in vaccine demand due to fears of contracting COVID-19 at clinics or hospitals was
pervasive, and one of the most reported causes across several studies [55, 67, 49, 60, 85, 53, 47, 16,
29, 54,45, 9,74, 84, 32, 12, 18, 58, 48, 89]. Many others reported additional fear or stigma against
healthcare providers, including fears that staff might be infected by the virus [29, 60, 54, 32, 85]. One
survey of 100 caregivers at a tertiary health centre in Eastern India found that 83% of respondents
agreed that “safety [was] more important than vaccination” [74]. Further unspecified declines in
vaccine demand were noted by several studies [9, 81, 46].

Vaccine hesitancy factors were less commonly reported; misinformation and misbeliefs contributed
to declines in demand in just two studies [9, 60], while fears specifically about vaccine side effects
were found in just one study in a tertiary hospital in North Ghana [29]. One additional study in Liberia
reported declines due to vaccine conspiracies, where parents believed their children would be injected
with COVID-19 [32]. Only one in Ethiopia study reported fewer declines in vaccine demand as a result
of COVID-19 pandemic misinformation, including that they were not susceptible to the disease, the
disease was not severe, or that the pandemic did not exist [18].

4.4.3 Resiliency

Though few papers highlighted resiliency factors or enablers to immunisation during the COVID-19
pandemic, two key focuses included the community outreach to address declining vaccine demand
and acceptance and the importance of improved healthcare worker support to increase service
provision. In Jordan and China, alternative arrangements for childhood vaccination (i.e. outside of the
standard service provision within healthcare clinics) was found to be key to maintaining immunisation
demand, though in Jordan this insight was based on a survey of caregiver beliefs[45, 73]. Similarly, a
community intervention highlighting the importance of maintaining timely vaccination, despite the
pandemic, was crucial in Jordan, India, and in Ethiopia [45, 16, 18, 58]. Ethiopia additionally reported
decreased fear of COVID-19 as an enabling factor [16]. In India, adequate access to PPE, overcoming
barriers to transportation for HCWs, community and/or family support, and training on COVID-19
management was crucial to support HCWs in maintaining immunisation service provision[85].
Similarly, proactive communication and coordination on all levels of the healthcare system was
essential in Ethiopia in maintaining health system resiliency[87]. In India, capacity building to ensure a
trained workforce assisted in maintaining immunisation programs [58, 89], while in Nigeria, one study
found the supply chain logistics to be the most important factor for maintaining immunisation services
[12]. Finally, in Zambia, community awareness through the National Immunization Campaign assisted
in catching up pandemic declines [25].

5 Discussion

Despite the challenges faced by health systems during the COVID-19 pandemic, the WHO has
continued to emphasise the importance of routine immunisation, noting that the last effects of
immunisation declines can lead to higher burdens of disease and/or excess deaths[90]. This review
highlights the extent of disruption faced by LMICs, finding significant heterogeneity between and within
regions, countries, and individual demographics, but nevertheless showing declines in routine
immunisation in 2020 and 2021 that had not often not recovered to pre-COVID levels.

SlAs and campaigns were postponed with few regions reporting full recovery. Many LMICs rely on
outreach services to reach vulnerable populations, especially where access to health clinics or
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services are limited[9]. COVID-19 response efforts or mitigation strategies, including lockdowns,
resulted in additional disruption to transportation services, logistical support, or supplies, often
hindering additional outreach activities and limiting the services that were available. This has resulted
in a deepening of existing coverage inequalities, with studies noting greater disruptions among
households with lower incomes, formal education, or those situated in informal housing or in some
regions, rural areas, emphasising the heterogeneity that existed prior to the pandemic [91].

We utilised a rapid review format for this study, which includes some limitations. We included only
two databases for the time period and only studies in English. As a result, we may be missing studies
stored in other databases or in other languages. Additionally, rapid reviews may have additional risks
of bias, given the single-reviewer extraction and synthesis of findings.

The findings in this study are limited by the data available — the majority of studies utilised data
from 2020, limiting much of our understanding of how routine immunisation services have recovered
since countries lifted lockdown or other COVID-19 response policies. Our study also does not include
grey literature, only articles, with the search limited to one database. Nevertheless, this study expands
upon the findings of a systematic review of available literature on childhood disruptions to
immunisation using data from 2020, which included 39 studies and found an overall median decline of
10.8% [92]. Additionally, our study only focuses on LMICs; this is in contrast to high-income countries,
which, according to one study on 26 middle- and high-income countries, saw considerably less missed
vaccination [67]. Our study highlights the findings through 2022 and emphasises the ongoing
heterogeneity in immunisation, alongside the barriers and enablers to service provision.

Our findings emphasise the urgency required to target individuals and cohorts who may have
missed out on routine immunisation or campaigns during the COVID-19 pandemic, ensuring the
barriers highlighted by staff and caretakers, including low staff or service availability, vaccine or supply
stockouts, and transportation barriers are mitigated. Importantly, approaches to combat fears,
misinformation, or misbeliefs, including those surrounding COVID-19 transmission and risk, are critical.
Though few studies touched on vaccine hesitancy, declining vaccine acceptance has become a
formative issue, and additional strategies are required to prevent additional backsliding[93].

Rebuilding immunisation services in LMICs will require a greater focus on healthcare resilience, so
that the disruption caused by future epidemics or disasters on routine immunisation services is
minimal, and that recovery and performance rapid and improved through an adaptation to real-world
events[94]. Many of the countries that showed service delivery resilience during the COVID-19
pandemic highlighted the need for proactive and ongoing communication and coordination across
multiple interconnected systems, especially between the community and healthcare system. One
study, published in May of 2023, offers an updated framework to address the idea of epidemic-ready
primary healthcare. Importantly, this framework offers solutions to many of the observed barriers found
in this review, focusing on adequate training, compensation, and protection for HCWs, reliable logistic
and supply-chain infrastructure, and linkages to the community[95]. Given the reliance on primary
health care and outreach systems for immunisation in LMICs, this approach may be a beneficial
starting point, though notably, it will require a shift in how healthcare currently interacts with public
health, alongside strong political commitment and financing[95]. Further research will be required to
understand how post-pandemic disruption and recovery in immunisation services has progressed,
especially in regards to vulnerable communities.

6 Conclusion

This review highlights the extent and heterogeneity of immunisation disruption in LMICs as a result of
the COVID-19 pandemic and the factors contributing to disruption and resilience in immunisation
programs. Given there is limited information on whether reductions in vaccination coverage or delays
have persisted beyond 2021, further research is needed to assess ongoing disruptions, identify missed
vaccine cohorts, and examine factors contributing to resilience. Furthermore, these findings highlight
the need for immunisation programs to provide support for healthcare workers and proactive
communication within the health system and with the wider community to ensure the effect of future
disasters on vulnerable communities is minimal.
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Search Strategy

We searched PubMed and Web of science on 6th October 2023 for studies published after 1st December
2019 in English. Our full list of search terms was as follows: (((COVID-19) OR (SARS-CoV-2))) AND
(immunisation OR vaccination) AND (disruption OR delay* OR postpon*).
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Additional Supplementary Tables

OVERVIEW OUTCOMES
Study Countries Routine SIA Doses [')oste Sup.ply
coverage timing chain
Hou et. al., 2021 China TRUE
Bose et al., 2022 Nepal TRUE
Mansour et al., 2021 Lebanon TRUE TRUE
Wanyana et. al., 2021 Rwanda
Saso et. al., 2020 Multiple TRUE
Carter et. al., 2022 Ethiopia TRUE
Shapiro et. al., 2022 Multiple TRUE
Desta et. al., 2021 Ethiopia TRUE
Jensen et. al., 2020 South Africa TRUE
Silveira et. al., 2021 Brazil TRUE
Harris et. al., 2021 SEAR/WPR TRUE
Chandir et. al., 2020 Pakistan TRUE TRUE
Shapira et. al., 2021 Subsaharan Africa TRUE TRUE TRUE
Abid et. al., 2022 Afghanistan TRUE
Khan et. al., 2021 India TRUE
Zeitouny et. al., 2021 Multiple TRUE TRUE
Cabral et. al., 2021 Brazil and Portugal
Singh et. al., 2021 Nepal TRUE
Patel et. al., 2022 India TRUE TRUE
Bekele et. al., 2022 Ethiopia
Shet et. al., 2021 India TRUE
Nguyenet. al., 2021 India TRUE
Mishra et. al., 2023 India TRUE
Wang et. al., 2022 China TRUE
Jain et. al., 2021 India TRUE TRUE TRUE
Avula et. al., 2022 India
Nigus et. al., 2020 Ethiopia
Assefa et. al., 2021 Multiple TRUE TRUE
Kawakatsu et. al., 2023 Ghana TRUE
Adelekan et. al., 2021 Nigeria TRUE TRUE
de Oliveira et. al., 2022 Brazil TRUE
Shet et. al., 2022 Multiple TRUE TRUE
Muhoza et. al., 2021 Multiple TRUE
Colomé-Hidalgo et. al., 2022 Dominican Republic | TRUE
Santos et. al., 2021 Brazil TRUE
Doubova et. al., 2021 Mexico TRUE
Burt et. al., 2021 Uganda TRUE TRUE TRUE
Hategeka et. al., 2021 DRC TRUE
Causey et. al., 2021 Multiple TRUE
Alves et. al., 2021 Brazil TRUE
Abu-Rish et. al., 2022 Jordan TRUE TRUE

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejlwis pue ‘Bulurel |y ‘Buluiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoos Ag paloaloid

=

* (s3gv) Inalladns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open
Babalola et. al., 2022 Liberia TRUE TRUE
Evanset. al., 2022 Multiple TRUE
Khatiwada et. al., 2021 Nepal TRUE TRUE
Sudrez-Rodriguez et. al., 2022  Ecuador TRUE TRUE
Shaikh et. al., 2021 Multiple TRUE
Rahman et. al., 2021 Pakistan TRUE
Khan et. al., 2022 Pakistan TRUE
Bimpong et. al., 2021 Ghana TRUE
Rana et. al., 2021 Bangladesh TRUE
Powelson et. al., 2022 Mozambique TRUE TRUE TRUE
Wambua et. al., 2022 Kenya TRUE
Mariani et. al., 2022 Sierra Leone TRUE
Summan et. al., 2023 India TRUE TRUE
Thsehla et. al., 2023 South Africa TRUE TRUE
Adilo et. al., 2022 Ethiopia TRUE
Lucinde et. al., 2023 Kenya TRUE
Connolly et. al., 2022 Multiple TRUE
Burkholder et. al., 2021 Multiple TRUE TRUE TRUE
Mbaeyi et. al., 2021 Pakistan
Kiarie et. al., 2022 Kenya TRUE
Doubova et. al., 2022 Mexico TRUE
Ho et. al., 2022 Multiple TRUE
Melkonyan et. al., 2022 Armenia TRUE
Kissi et. al., 2022 Ghana TRUE
Minta et. al., 2022 Multiple TRUE TRUE
Plotkin et. al., 2022 Multiple TRUE TRUE
Cooper et. al., 2023 Burkina Faso TRUE
Kasonia et. al., 2023 Multiple TRUE
Winter et. al., 2023 Zambia TRUE
Fahriani et. al., 2021 Indonesia TRUE
Orey et. al., 2023 Somalia TRUE
Sucharitha et. al., 2022 India TRUE
Manzoor et. al., 2022 Pakistan TRUE
Tawar et. al., 2022 India TRUE TRUE
Wau et. al., 2020 China TRUE TRUE
Owais et. al., 2023 South Asia TRUE
Rodo et. al., 2022 Multiple TRUE
Chakrabarti et. al., 2023 India TRUE
Berhane et. al., 2023 Ethiopia TRUE
Zeidan et. al., 2023 Iraq TRUE
Aigbogun et. al., 2023 Nigeria TRUE TRUE
Jiet. al., 2023 China TRUE TRUE
Endehabtu et. al., 2023 Ethiopia TRUE
Sharma et. al., 2023 India

10
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Table 3: Overview of countries examined and outcomes reported (rou-
tine coverage, supplementary immunisation campaigns (SIAs), dose
timing, or supply chain disruptions) by included papers.
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COVID-19-related disruption and resilience in
immunisation activities in LMICs: a rapid review

Anna-Maria Hartner'2:, Xiang Li', Katy Gaythorpe

‘MRC Centre for Global Infectious Disease Analysis, Jameel Institute,
School of Public Health, Imperial College London, London, United Kingdom
:Centre for Atrtificial Intelligence in Public Health Research, Robert Koch
Institute, Wildau, Germany

*Corresponding author: a.hartner@imperial.ac.uk

April 19, 2024

Abstract

Objectives

We conducted a rapid review to determine the extent that immunisation services in low- and
middle income countries (LMICs) were disrupted by the COVID-19 pandemic and
synthesised the factors that can be used to build resilience in future.

Design

Rapid review reported in accordance with Preferred reporting for Systematic reviews and
Meta-Analyses (PRISMA) guidelines.

Data sources
PubMed and Web of Science were searched through 6th October 2023.

Eligibility criteria for selecting studies

We included studies that focused on disruption to immunisation activities due to the COVID-
19 pandemic in LMICs. Outcomes included routine vaccine coverage, supplementary
immunisation activities, vaccine doses, timing of vaccination, supply chain changes, and
factors contributing to disruption or resilience.

Data extraction and synthesis

Two independent reviewers used standardised methods to search, screen, and code
studies. Quality assessment was performed using a modified version of the Critical Appraisal
Skills Programme (CASP) for qualitative research. Findings were summarised qualitatively.

Results

Of 4979 identified studies, 87 met the eligibility criteria. Included studies showed declines in
immunisation activities across LMICs related to the COVID-19 pandemic. These included
reductions in achieved routine coverage, cancellation or postponement of campaigns, and
underimmunised cohorts. Immunisation was most disrupted in the early months of the
pandemic; however, recovery varied by country, age-group, and vaccine. Though many
countries observed partial recovery in 2020, disruption in many countries continued into
2021. It has also been noted that clinician staff shortages and vaccine stock-outs caused by
supply chain disruptions contributed to immunisation delays, but that concern over COVID
transmission was a leading factor. Key resiliency factors included community outreach and
healthcare worker support.
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Conclusions

There is limited information on whether reductions in vaccination coverage or delays have
persisted beyond 2021. Further research is needed to assess ongoing disruptions and
identify missed vaccine cohorts.

Strengths and limitations of this study

* The rapid synthesis of findings through the decision to structure the paper
methodologically as a rapid review allows for key insights to target missed cohorts and
identify research gaps related to immunisation disruption and recovery to-date.

» We include a narrative analysis of disruption across LMICs; this review benefits from the
inclusion of barriers, enablers, and resilience to/in service provision.

» The search strategy was limited to English-language studies identified from databases
PubMed and Web of Science up to October 6th, 2023, meaning not all relevant research
meeting inclusion criteria may have been captured.

1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic began on December 12th, 2019 and
quickly spread globally, adding to the strain on existing healthcare provision and creating
unique problems in terms of service delivery [1]. Throughout 2020, there were disruptions to
screening for cancer, maternal health services, care for chronic conditions, and
immunisations [2]. This strain on health services has continued past 2020, as even those
that have recovered to pre-COVID levels of visits and surveillance have to catch-up missed
cohorts and delayed treatments.

Low- and middle-income countries (LMICs) disproportionately bear the burden of vaccine
preventable diseases [3]; however, globally, vaccination has seen a plateau in coverage,
with zero-dose children an ongoing concern. The issue of zero-dose or underimmunised
children is particularly important, as it can hint at wider heterogeneity in healthcare access
which may have been exacerbated by the pandemic [4]. It is estimated that 67 million
children missed vaccinations between 2019 and 2021; of those, 48 million were zero-dose
children [5]. Furthermore, targeting zero-dose children can be more difficult as they are often
in harder-to-reach areas, particularly in LMICs, where 1 in 6 children living in rural areas are
zero-dose [5].

Resilient healthcare systems can withstand additional and unusual strains whilst
maintaining priority services. Yet, it is still uncertain what factors contributed to disruption or
resilience in light of the COVID-19 pandemic, which was a unique test on global healthcare
systems. These factors and considerations may be instrumental in preparing for future
healthcare strains such as those potentially caused by other epidemics, climate change, or
antimicrobial resistance. As such, understanding the key factors for disruption due to the
COVID-19 pandemic is critical for future planning in order to minimise the negative
consequences of disruptions.

In order to understand the current state of vaccination coverage disruption, and highlight
factors contributing to resilience, we undertook a rapid review of the existing literature. This
focused on LMICs as they bear the majority of burden of vaccine preventable diseases. We
included studies that not only discuss the quantitative measures of disruption, such as
reduced immunisation coverage and cancelled campaigns, but also more qualitative
discussions of the factors contributing to disruption or characteristics of resilient systems.

2 Aim and research questions

The aim of this review was to understand the extent of disruptions in vaccination coverage
due to the COVID-19 pandemic and the factors that contributed to the disruption or
resilience. Specifically, our research questions were:
RQ1: To what extent were immunisation services in LMICs disrupted by the COVID-19
pandemic?
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RQ2: How did disruption vary by geography, demography, or socioeconomic group?
RQ3: What factors contributed to coverage disruption or resilience?

3 Methods

A rapid review (RR) was conducted using streamlined systematic review methods and

reported in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [6]. The full PRISMA checklist can be found in the
supplementary material.

3.1 Procedure

We searched PubMed and Web of science up to 6th October 2023 for studies published
after 1st December 2019 in the English-language with search terms (((COVID-19) OR
(SARS-CoV-2))) AND (immunisation OR vaccination) AND (disruption OR delay* OR
postpon®). Studies were included if they focused on disruption to vaccination activities due to
the COVID-19 pandemic in LMICs. Studies were excluded if they focused on high-income
countries only, examined disruption due to other factors, i.e. not related to the pandemic, or
were reviews, commentaries, or modelling studies without novel data.

3.2 Study selection, data extraction and quality assessment

Search results were imported into the Covidence (www.covidence.org) systematic review
management tool where duplicates were removed. Titles and abstracts were screened by
one reviewer, full text review was completed by two reviewers with conflicts resolved through
consensus.

Each study was extracted by one reviewer into a Google sheet. We extracted information
on i) last date of included data, ii) countries studied, iii) qualitative findings related to the
research questions RQ1, RQ2 and RQ3, and iv) binary data on whether routine
immunisation, SIAs, doses, schedule timing or supply chains were mentioned in the study. A
second reviewer was consulted where there was uncertainty concerning the extracted data.

The quality of studies was assessed through a modified, nine question checklist of the
Critical Appraisal Skills Programme (CASP) for qualitative studies. Results were listed as
N/A if not applicable for the study. All CASP results are available in the supplementary
material.

3.3 Synthesis

There were two main types of evidence to synthesise: quantitative information (i.e.,
percentage drops in coverage achieved, doses administered, or SIAs postponed) and
qualitative information on contributing factors informed by surveys or questionnaires. We
grouped results by research question. Finally, we collate characteristics of the studies
themselves, such as countries studied or dates of included data. For these, we have
prepared summary statistics. The full list of included studies and outcomes provided are
included in the supplementary material.

3.4 Patient and public involvement

There was no patient or public involvement in this study.

4 Results

4.1 Characteristics of studies

We found 4978 studies where 85 met the inclusion criteria (Figure 1). The majority of studies
were published in either 2021 (n = 30; 35.29%) or 2022 (n = 32; 37.65%), though most
studies only reported on data from 2020 (n = 52; 61.18%). 14 studies (16.47%) included data
during the first 6 months of 2021; a further 15 (17.64%) included data between July and
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December of 2021. Only 4 studies (4.71%) included data from 2022; the most recent of
these covered data through November of 2022.

Most (n = 20; 23.53%) of the studies considered multiple LMICs. Of those that only
considered one country, India (n = 12; 14.11%), Ethiopia (n = 7; 8.24%), Pakistan (n = 5;
5.88%) and Brazil (n = 4; 4.71%) were the most frequently studied. The African continent
was the most represented.

Most (n = 57; 67.05%) studies examined the effect of the COVID-19 pandemic on routine
immunisation coverage, with an additional 7 (8.24%) reporting pandemic effects on
supplementary immunisation activities. The change in the number of administered doses (n
=19; 22.35%) or the timing of doses (n = 15; 17.64%) was also reported by several studies;
8 (9.41%) reported disruptions in the vaccine supply chain.

4.2 Extent of disruption

We divide this section into a few main areas: supply chains and vaccine availability, the
delivery of routine immunisation (as doses given, coverage, and/or delays), supplementary
immunisation activities, and finally, signs of recovery (to pre-pandemic achieved coverage in
any of the disrupted activities mentioned previously).

4.2.1 Vaccine supply

Following the declaration of COVID-19 as a pandemic, there was a reduction of vaccine
sales and periods of stockout and low availability of vaccines in some countries [7, 8, 9, 10,
11], though one study in Northern Nigeria found that states experienced less stock-outs in
2020 as compared to 2019 [12]. More globally, vaccine sales between April and August
2020 fell by 9.5% across 84 countries [13], but some losses in vaccine receipt after stock-
outs were recouped by catch-up activities, such as in Uganda [8].

4.2.2 Routine immunisation

We divide insight by WHO region or country.

In the WHO African Region, there was a varied picture of disruption. In Ethiopia, minimal
disruptions were found up to August 2020 [14, 15, 16, 17, 10, 18]. Similarly, in DRC,
disruptions in Kinshasa were minimal up to December 2020, with one study even finding
increases in DTP3 and MCV1 doses administered [19, 20]. In Kenya [21, 22, 23] and
Burkina Faso [24], immunisation services were largely unaffected. Zambia saw a mixed
picture, in which estimates during the first 6 months of 2020 varied month-to-month, with
both disruptions and positive increases as compared to previous years; overall, however, the
number of additional children missed was found to be minimal [25]. In South Africa, however,
full immunisation dropped in the first months of the pandemic, especially in April, where it
dropped by 30% [26, 27]. Ghana [28, 29, 30], Nigeria [31], Uganda [8, 20], Liberia [32],
Sierra Leone [33, 20], and Somalia [11] all saw drops in coverage in 2020, and whilst some
countries had begun to see recovery in coverage achieved, this was not enough to
compensate for missed cohorts [34, 20].

In the WHO region of the Americas, there were declines in coverage reported for the
Dominican Republic, Mexico, Ecuador and Brazil. The Dominican Republic saw a drop of 10
percentage points [35], while vaccinations were reduced by 36% in Mexico [36, 37], and
14% fewer doses administered were in Ecuador [38]. In Brazil, approximately 20% of
children missed vaccinations, with an 18% overall decline in doses administered in the first
year of the pandemic [39, 40, 41]. However, one study found no significant evidence of
COVID-19 isolation measures on vaccines per child in Brazil [42].

In the Eastern Mediterranean WHO region, drops in coverage were seen for Lebanon,
Afghanistan, Jordan and Pakistan [43, 44, 45, 46, 47] of 31%, 21%, 6-16% and 30-48%,
respectively, over the initial stages of the pandemic. Pakistan additionally reported that as of
September 2021, 18% of parents had delayed routine immunisation for their children during
the pandemic; an additional 2% received no immunisations [48].

In the South East Asian WHO region, there were significant disruptions [49, 50]. In India,
six studies found substantial drops in coverage across the majority of districts (88% [51])
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especially in lockdown and early in the pandemic [52, 53, 54, 55, 56]. As a result, children
born in India after COVID-19 had a 2-10% lower probability of timely vaccination compared
to earlier cohorts [57, 58]. Two studies, one conducted among the Armed Forces population
in Mumbai, the other across India, found disruptions continued into 2021 [58, 56]. Only one
study found that the number of immunisation sessions in India increased in 2020 and 2021
compared to 2019 [59]. In Nepal and Bangladesh, the most severe disruptions were also
seen earlier in the pandemic, particularly in Bangladesh, where 20-25% of planned outreach
immunisations were cancelled between April and May 2020 [60, 61]. In Indonesia, one study
reported that 27.4% of parents delayed compulsory immunisation in 2020 [62].

In the WHO European region, in Armenia, there were only small declines in coverage
achieved [63]. In the Western Pacific WHO Region, one study from China found that
immunisation coverage dropped drastically in January 2020, but had recovered to pre-
pandemic levels by June [64]. However, a second study conducted in Beijing found
pandemic effects to continue into 2021, staying below 2019 levels despite catch-up activities
[65].

Globally, there were substantial drops in routine immunisations in 2020 [9]. Overall, it
was estimated that there were 31% fewer vaccine doses given [66]. In middle-income
countries, 14% of individuals delayed or missed vaccinations in the first 6 months of the
pandemic [67], and there was a 20% increase in children who had not completed the 3-dose
DTP series [68]. Whilst disruption varied by vaccine [69, 70], most saw the most severe
declines in the 6 months of the pandemic followed by variable recovery [71] which may affect
control and elimination efforts [72].

It was not only the total number of doses administered that was affected, but also when
those doses were given. In China and India, the majority of interviewed caregivers delayed
vaccination [73, 74, 75, 57, 67] and in Ecuador and Sierra Leone, this delay was worse for
last doses [38, 33].

4.2.3 Supplementary immunisation activities

Overall, we found fewer studies focusing on supplementary immunisation activities (SIAs) or
campaigns specifically; however, there are comprehensive records kept by the WHO
campaign tracker as part of the immunisation repository [76]. In 57 countries, SIAs were
more disrupted in the early stages of the pandemic, with 57% of planned campaigns globally
postponed or cancelled because of COVID-19 by May 2020 [76]. By December 2020, this
had fallen to 26% and many campaigns were reinstated from July 2020 onwards. By
December 2021, in 54 countries, this had fallen again to 16% of scheduled campaigns
delayed or cancelled [76]. Overall, of those campaigns disrupted between March 2020 and
December 2021, 59% had been reinstated [76]. Factors leading to postponement or
cancellation of SlAs included non-pharmaceutical interventions, such as national lockdowns,
[77] and stockouts or increased demand for general healthcare supplies [78, 8]. One study
found that the national policy guidance of Mozambique and Uganda recommend the halting
of campaigns in 2020 [79]. Additionally, whilst some SIAs had been reinstated, and there
were plans for catchup activities, there are still large missed cohorts [53, 80, 72, 9].

4.2.4 Recovery

Information on recovery is limited by the date ranges of the included studies, which mainly
focused on 2020 and 2021. A key finding is that while there were signs of improvement in
routine immunisation coverage achieved and reinstated vaccination campaigns, there was
not the positive increase needed to catch up missed cohorts, i.e. a sufficient return to pre-
pandemic levels of immunisation [34, 66, 70, 61, 37, 81, 33, 65]. It was also noted that pre-
COVID levels of coverage had not been reached in many countries by the end of 2022 [72].

4.3 Heterogeneity in disruption

Heterogeneity in immunisation disruption was found across several factors, including
geography, demography, wealth, and education; these are further detailed below. Variations
in the extent of disruption by antigen were similarly reported in several studies [38, 44, 49,
13, 75, 20, 10, 18, 65, 64].
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4.3.1 Geographic Heterogeneity

Despite significant overall decreases in immunisation in LMICs, there was geographic
heterogeneity in the extent of disruption and in the regions and/or individuals affected. On a
national level, several studies reported differences in the extent of disruption as a result of
economic income classification [67, 49, 68] by WHO Region [78, 69, 68], by global burden of
disease super-region [66], or by Gavi eligibility [68], with greater pandemic impact observed
in low- and middle-income countries compared to high-income countries, affecting the
primarily African Region, the Americas, and Asia. The reverse trend was seen for vaccine
sales early in the pandemic (i.e. April to August 2020), with high-income countries
experiencing a 20% decline and low-income countries observing a 10% increase [13].

On a sub-national level, many countries observed statistically significant differences
between regions, provinces, or districts in regards to the change in health service utilisation
[82, 37, 51, 59, 56], routine immunisation coverage [38, 44, 55], or complete vaccination
[24]. In some countries, certain provinces reported increases in immunisation service
provision or doses for some vaccines, such as in the Southern Province of Rwanda, where
measles and rubella immunisation increased [82]. Geographic heterogeneity was also
observed in the subsequent recovery of services [51, 27].

While some countries reported differences in disruption between urban and rural areas,
there was significant heterogeneity in the extent of disruption. One study found that the odds
of immunisation in Ethiopia were higher in rural areas [14], while another observed greater
initial declines in urban and peri-urban areas in South Africa, followed by recovery in these
areas and declines in rural areas as the pandemic progressed [27]. In Pakistan, lockdown
affected rural areas more than urban areas [46]. Geographic heterogeneity was also
observed between Ethiopia’s hospitals and health centres, in which vaccine-related supplies
were twice as likely to be affected by COVID-19 in hospitals [7, 10]; in Nigeria, activities
coordinated at the state level were impacted less than healthcare facilities [12]. In China,
immunisation services continued in hospitals, even when immunisation clinics were
suspended [64].

In India, children residing in “COVID-19 red zones” were more likely to face immunisation
disruption [55]. Similarly, a study on polio outreach services in 33 African and Eastern
Mediterranean countries found services necessary for “reaching their most vulnerable
populations” were partially or severely disrupted [78].

4.3.2 Demographic Heterogeneity

Few studies focused on the effects of demographic heterogeneity on COVID-19 related
immunisation disruption, including factors such as gender, age, birth order, or caste. Only
two studies looked at differences by gender; one found greater declines in females than
males, though this decline was not significant [44]. The second, conducted in Brazil, also
found no significant differences, but did find that infants were less likely to experience
immunisation disruptions or delays compared to one-year old children [39]. This finding was
similar to two studies, conducted in Eastern India and in China, where increasing age of the
child was found to be associated with immunisation delays [74, 75]. A study conducted in
South-East Asia and the Western Pacific found similar results, in which early-infancy was
less disrupted than infancy, school-entry age, and adolescent immunisation [49]. However,
greater disruption was seen among infants compared to adult/elderly immunisation [49].
Additionally, one study in Jordan found that children older than 12 months were less likely to
experience delays [45]. Finally, one study conducted in China found firstborn children were
less likely to experience delays [75], while another paper in India examined heterogeneity as
a result of ethnicity or caste, finding lower castes had lower likelihoods of full immunisation
and greater immunisation disruption, though these findings were not significant [55].

While even fewer articles examined the demographic heterogeneity of disruption based
on the characteristics of parents or caregivers, two studies stratified results by maternal or
caregiver age; one finding that increasing maternal age was associated with delayed
vaccination [74], the other finding no association [45]. Only one study examined other
contributing factors of parents, finding that women were more likely to delay vaccination for
their children than men; presence of a chronic iliness, prior flu vaccination, or experience
with COVID-19 diagnosis were also associated with delays in childhood vaccination [62].
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4.3.3 Socioeconomic Heterogeneity

Contributors to socioeconomic heterogeneity in immunisation disruption largely included
measures of household income and education. Two studies, one in Brazil and the other in
India, found that missed vaccine doses were more likely in children from poorer households
[55, 39]; in India it was additionally found that there were greater declines in immunisation
among poorer subgroups [55]. A study in South Africa found mixed results, finding declines
in full immunisation and first dose of measles greater in wealthier quintiles at the start of the
pandemic, but with faster positive recovery and continued declines among poorer subgroups
as the pandemic progressed [27]. Another study in Iraq found that low socioeconomic status
was associated with an increase in missed vaccine appointments [83]. Two studies, one
conducted in Iraq and one conducted in Indonesia, similarly found that the type of
employment changed the odds of vaccination during the pandemic [62, 83]; in Indonesia,
healthcare workers especially were more likely to delay vaccination in their children [62].

Only two studies, one in India and one in Iraq, focused on education, similarly finding
higher probability of incomplete immunisation and greater declines in households without
formal education [55, 83].

4.4 Factors contributing to coverage disruption and resilience

We divide this section into three key areas: health system barriers, vaccine demand,
and resilience.

4.4.1 Health System Barriers

Many of the initial challenges in maintaining immunisation services in LMICs were the result
of health system and supply barriers during the early stages of the pandemic. Many
countries reported issues with vaccine supply delays or stock-outs [37, 7, 84, 81, 32, 8, 9,
85, 11, 58, 86] and lack of personal protective equipment (PPE) for healthcare workers
(HCWs), including masks, gloves, and other drugs and supplies [7, 84, 32, 31, 87, 51, 85,
53, 54, 51, 12]. Disruption caused by vaccine stock-outs or supplies was found to vary by
WHO region [9] or by geographical sub-region [31, 87, 49, 10]; notably one study in
Southeast Asia and the Western Pacific found vaccine stockouts to be among the least
important reasons for service provision delays [49]. A lack of logistical support impacting
routine services or outreach, such as a lack of fuel or water, was reported by three studies in
the WHO African region [84, 32, 31].

Similarly, HCW availability posed a significant challenge, with countries citing difficulties
due to the diversion of staff to COVID-19 response, staff iliness, and transportation
difficulties, among others [32, 9, 31, 85, 53, 54, 31, 51, 18, 12]. One study in Kenya further
reported disruption due to a HCW strike from December 2020 to January 2021 [23]. On an
individual level, HCWs reported that pandemic related stigma, stress, or fears impacted
service delivery [7, 31, 60, 54, 85, 51], with some additionally reporting harassment by law
enforcement or by patients themselves [31, 51]. Only one study, conducted at a tertiary
health centre in Ghana, found no disruptions to vaccine supply or in HCW availability [29].

COVID-19 lockdowns and restrictions also resulted in cancelled immunisation services,
clinic closures, or reduced healthcare access or services available [7, 88, 32, 31, 46, 49, 67,
55, 77, 45, 62, 89, 86, 83], with some reporting difficulties maintaining COVID-19 prevention
rules, such as social distancing, due to non-compliant patients or a lack of space [84, 31, 54,
12].

Competing priorities also meant some countries faced declines in funding for
immunisation services or supplies, resulting in financial constraints [53, 87, 12].

4.4.2 Vaccine Demand and Acceptance

Many of the challenges in maintaining routine immunisation services during the COVID-19
pandemic also resulted from declining vaccine demand and increasing fear or stigma
surrounding COVID-19 among caregivers. Declines in vaccine demand were frequently
attributed to travel barriers or difficulties in reaching immunisation services or clinics [55, 75,
17, 32, 9, 16, 54, 53, 60, 49, 65, 12, 83, 18, 48, 89], COVID-19 restrictions or requirements,
including testing requirements, mask requirements, or lockdowns, [88, 84, 45, 47, 85, 60,
67], and financial constraints [16, 53, 60, 67]. One study, conducted in South East Asia and
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the Western Pacific, reported that while affordability issues contributed to immunisation
service utilisation, it was among the lowest ranked reasons [49]. Some caregivers
additionally reported low or no awareness of the availability of immunisation services, often
believing clinics and hospitals were closed for routine immunisation services [84, 53, 29,
74].

Declines in vaccine demand due to fears of contracting COVID-19 at clinics or hospitals
was pervasive, and one of the most reported causes across several studies [55, 67, 49, 60,
85, 53,47, 16, 29, 54, 45, 9, 74, 84, 32, 12, 18, 58, 48, 89]. Many others reported additional
fear or stigma against healthcare providers, including fears that staff might be infected by the
virus [29, 60, 54, 32, 85]. One survey of 100 caregivers at a tertiary health centre in Eastern
India found that 83% of respondents agreed that “safety [was] more important than
vaccination” [74]. Further unspecified declines in vaccine demand were noted by several
studies [9, 81, 46].

Vaccine hesitancy factors were less commonly reported; misinformation and misbeliefs
contributed to declines in demand in just two studies [9, 60], while fears specifically about
vaccine side effects were found in just one study in a tertiary hospital in North Ghana [29].
One additional study in Liberia reported declines due to vaccine conspiracies, where parents
believed their children would be injected with COVID-19 [32]. Only one in Ethiopia study
reported fewer declines in vaccine demand as a result of COVID-19 pandemic
misinformation, including that they were not susceptible to the disease, the disease was not
severe, or that the pandemic did not exist [18].

4.4.3 Resiliency

Though few papers highlighted resiliency factors or enablers to immunisation during the
COVID-19 pandemic, two key focuses included community outreach to address declining
vaccine demand and acceptance and the importance of improved healthcare worker support
to increase service provision. In Jordan and China, alternative arrangements for childhood
vaccination (i.e. outside of the standard service provision within healthcare clinics) was
found to be key to maintaining immunisation demand, though in Jordan this insight was
based on a survey of caregiver beliefs[45, 73]. Similarly, a community intervention
highlighting the importance of maintaining timely vaccination, despite the pandemic, was
crucial in Jordan, India, and in Ethiopia [45, 16, 18, 58]. Ethiopia additionally reported
decreased fear of COVID-19 as an enabling factor [16]. In India, adequate access to PPE,
overcoming barriers to transportation for HCWs, community and/or family support, and
training on COVID-19 management was crucial to support HCWSs in maintaining
immunisation service provision[85]. Similarly, proactive communication and coordination on
all levels of the healthcare system was essential in Ethiopia in maintaining health system
resiliency[87]. In India, capacity building to ensure a trained workforce assisted in
maintaining immunisation programs [58, 89], while in Nigeria, one study found the supply
chain logistics to be the most important factor for maintaining immunisation services [12].
Finally, in Zambia, community awareness through the National Immunization Campaign
assisted in catching up pandemic declines [25].

5 Discussion

Despite the challenges faced by health systems during the COVID-19 pandemic, the WHO
has continued to emphasise the importance of routine immunisation, noting that the last
effects of immunisation declines can lead to higher burdens of disease and/or excess
deaths[90]. This review highlights the extent of disruption faced by LMICs, finding significant
heterogeneity between and within regions, countries, and individual demographics, but
nevertheless showing declines in routine immunisation in 2020 and 2021 that had not often
not recovered to pre-COVID levels.

SlAs and campaigns were postponed with few regions reporting full recovery. Many
LMICs rely on outreach services to reach vulnerable populations, especially where access to
health clinics or services are limited[9]. COVID-19 response efforts or mitigation strategies,
including lockdowns, resulted in additional disruption to transportation services, logistical
support, or supplies, often hindering additional outreach activities and limiting the services
that were available. This has resulted in a deepening of existing coverage inequalities, with
studies noting greater disruptions among households with lower incomes, formal education,
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or those situated in informal housing or in some regions, rural areas, emphasising the
heterogeneity that existed prior to the pandemic [91].

We utilised a rapid review format for this study, which includes some limitations. We
included only two databases for the time period and only studies in English. As a result, we
may be missing studies stored in other databases or in other languages. Additionally, rapid
reviews may have additional risks of bias, given the single-reviewer extraction and synthesis
of findings.

The findings in this study are limited by the data available — the majority of studies
utilised data from 2020, limiting much of our understanding of how routine immunisation
services have recovered since countries lifted lockdown or other COVID-19 response
policies. Our study also does not include grey literature, only articles. Nevertheless, this
study expands upon the findings of a systematic review of available literature on childhood
disruptions to immunisation using data from 2020, which included 39 studies and found an
overall median decline of 10.8% [92]. Additionally, our study only focuses on LMICs; this is in
contrast to high-income countries, which, according to one study on 26 middle- and high-
income countries, saw considerably less missed vaccination [67]. Our study highlights the
findings through 2022 and emphasises the ongoing heterogeneity in immunisation,
alongside the barriers and enablers to service provision.

Our findings also emphasise the urgency required to target individuals and cohorts who
may have missed out on routine immunisation or campaigns during the COVID-19
pandemic, ensuring the barriers highlighted by staff and caretakers, including low staff or
service availability, vaccine or supply stockouts, and transportation barriers are mitigated.
Importantly, approaches to combat fears, misinformation, or misbeliefs, including those
surrounding COVID-19 transmission and risk, are critical. Though few studies touched on
vaccine hesitancy, declining vaccine acceptance has become a formative issue, and
additional strategies are required to prevent additional backsliding[93].

Rebuilding immunisation services in LMICs will require a greater focus on healthcare
resilience, so that the disruption caused by future epidemics or disasters on routine
immunisation services is minimal, and that recovery and performance rapid and improved
through an adaptation to real-world events[94]. Many of the countries that showed service
delivery resilience during the COVID-19 pandemic highlighted the need for proactive and
ongoing communication and coordination across multiple interconnected systems, especially
between the community and healthcare system. One study, published in May of 2023, offers
an updated framework to address the idea of epidemic-ready primary healthcare.
Importantly, this framework offers solutions to many of the observed barriers found in this
review, focusing on adequate training, compensation, and protection for HCWs, reliable
logistic and supply-chain infrastructure, and linkages to the community[95]. Given the
reliance on primary health care and outreach systems for immunisation in LMICs, this
approach may be a beneficial starting point, though notably, it will require a shift in how
healthcare currently interacts with public health, alongside strong political commitment and
financing[95]. Further research will be required to understand how post-pandemic disruption
and recovery in immunisation services has progressed, especially in regards to vulnerable
communities.

6 Conclusion

This review highlights the extent and heterogeneity of immunisation disruption in LMICs as a
result of the COVID-19 pandemic and the factors contributing to disruption and resilience in
immunisation programs. Given there is limited information on whether reductions in
vaccination coverage or delays have persisted beyond 2021, further research is needed to
assess ongoing disruptions, identify missed vaccine cohorts, and examine factors
contributing to resilience. Furthermore, these findings highlight the need for immunisation
programs to provide support for healthcare workers and proactive communication within the
health system and with the wider community to ensure the effect of future disasters on
vulnerable communities is minimal.

7 Contributorship Statement

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

Page 11 of 30

1

2

3 AMH: Conceptualization, Methodology, Formal analysis, Writing - Original Draft, Writing —

4 Review and Editing. XL.: Conceptualization, Methodology, Writing — Review and Editing.

5 KAMG: Guarantor, Supervision, Conceptualization, Methodology, Formal analysis, Writing -

6 Original Draft, Writing — Review and Editing

7

8 .

9 8 Competing Interests

10

1 Authors declare no other competing interests.

12

13 .

14 9 Funding

15

16 This work was carried out as part of the Vaccine Impact Modelling Consortium

17 (www.vaccineimpact.org), which is jointly funded by the Bill & Melinda Gates Foundation

18 (Grant Numbers INV-034281 and INV 009125 / OPP1157270) and Gavi, the Vaccine

19 Alliance. The views expressed are those of the authors and not necessarily those of the

20 Consortium or its funders. The funders were given the opportunity to review this paper prior

51 to publication, but the final decision on the content of the publication was taken by the
authors.

22 AMH, XL, and KAMG also acknowledge funding from the MRC Centre for Global

23 Infectious Disease Analysis (reference MR/R015600/1), jointly funded by the UK Medical

24 Research Council (MRC) and the UK Foreign, Commonwealth Development Office (FCDO),

25 under the MRC/FCDO Concordat agreement and is also part of the EDCTP2 programme

26 supported by the European Union; and acknowledge funding by Community Jameel. KAMG

27 reports speaker fees from Sanofi Pasteur outside the submitted work.

28

29 _

30 10 Data Sharing Statement

31 All data relevant to the study are included in the article or uploaded as supplementary

32 information.

33

34 .

35 11 Ethics Approval Statement

36 This study involved the use of secondary data and does not require ethical approval.

37

gg References

40 [1] CDC Museum COVID-19 Timeline. Centers for disease control prevention, 2022.

41

42 [2] Catherine Arsenault, Anna Gage, Min Kyung Kim, Neena R Kapoor, Patricia Akweongo,

43 Freddie Amponsah, Amit Aryal, Daisuke Asai, John Koku Awoonor-Williams, Wondimu

44 Ayele, et al. Covid 19 and resilience of healthcare systems in ten countries. Nature

45 Medicine, 28(6):1314—1324, 2022.

46 [3] Hugo C Turner, Guy E Thwaites, and Hannah E Clapham. Vaccine-preventable diseases in

173 lower middle-income countries. The Lancet Infectious Diseases, 18(9):937—939, 2018.

49 [4] 48th Session of the Human Rights Council: Deepening inequalities exacer bated by the COVID-19

50 pandemic. https://www.ohchr.org/en/2021/09/ 48th-session-human-rights-councildeepening-

51 inequalities-exacerbated-covid-19-pandemic. Accessed: 2023-04-26.

gg [5] United Nations Children’s Fund. The State of the World’'s Children 2023: For every child,

54 vaccina tion. UNICEF Innocenti — Global Office of Research and Foresight, Florence,

2023.

55

56 [6] A Liberati, DG Altman, J Tetzlaff, C Mulrow, PC Gotzsche, and J loannidis. Pa, clarke m.,

57 devereaux pj, kleijnen j., moher d. the prisma statement for reporting systematic reviews

58 and meta-analyses of studies that evaluate healthcare interventions: explanation and

59 elaboration. Bmj, 339:b2700-b2700, 2009.

60

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

=

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

[7] Takele Menna Adilo, Samson Zegeye Endale, Takele Gezahegn Demie, and Temesgen
Geleta Dinka. The impact of COVID-19 on supplies of routine childhood immunization in
oromia regional state, ethiopia: A mixed method study. Risk management and healthcare
policy, 15:2343-2355, dec 2022.

[8] Jessica Florence Burt, Joseph Ouma, Lawrence Lubyayi, Alexander Amone, Lorna Aol,
Musa Sekikubo, Annettee Nakimuli, Eve Nakabembe, Robert Mboizi, Philippa Musoke,
Mary Kyohere, Emily Namara Lugolobi, Asma Khalil, and Kirsty Le Doare. Indirect effects of
COVID-19 on ma ternal, neonatal, child, sexual and reproductive health services in
kampala, uganda. BMJ Global Health, 6(8), aug 2021.

[9] Anita Shet, Kelly Carr, M Carolina Danovaro-Holliday, Samir V Sodha, Christine Prosperi,
Joshua Wunderlich, Chizoba Wonodi, Heidi W Reynolds, Imran Mirza, Marta Gacic-Dobo,
Katherine L O’Brien, and Ann Lindstrand. Impact of the SARS-CoV-2 pandemic on routine
immunisation ser vices: evidence of disruption and recovery from 170 countries and
territories. The Lancet. Global health, 10(2):e186—e194, feb 2022.

[10] Berhanu Fikadie Endehabtu, Dessie Abebaw Angaw, Tajebew Zayede Gonete, Meskerem
Jisso, Net sanet Abera, Akalewold Alemayehu, Rekiku Fikre, Biru Abdissa, Abdurezak Umer,
Mesfin Kebede, Hussen Mohammed, Bekele Yazie, Kassahun Dessie, Alemu Tamiso,
Habtamu Sime, Elias Ali Yesuf, Kassu Ketema Gurmu, and Binyam Tilahun. Availability of
maternal, newborn care and child health services at primary health care unit during COVID-
19 outbreak in ethiopia. Ethiopian journal of health sciences, 33(Spec Iss 2):117-126, oct
2023.

[11] H OREY, K SHEIK MOHAMUD, | ABDULLE, J MOHAMOUD, B GARBA, M ADAM, H
DAHIE, M SH. NUR, and N DIRIE. Backsliding on childhood immunizations due to ongoing
covid-19 pandemic: a retrospective study in banadir region, somalia. African journal of
infectious diseases, 17(2 Suppl):6—12, Aug 2023.

[12] Eric Osamudiamwen Aigbogun, Raihanah Ibrahim, Yusuf Yusufari, Uchenna Igbokwe,
Chimelu Okongwu, Amina Abdulkarim, Hussaini Tijanni, Maina Modu, Rabiu Muhammad
Fagge, and Muyi Aina. Impact of the COVID-19 pandemic on routine immunization programs
in northern nigeria. Sustainability, 15(17):12966, aug 2023.

[13] Seraphine Zeitouny, Katie J Suda, Kannop Mitsantisuk, Michael R Law, and Mina Tadrous.
Mapping global trends in vaccine sales before and during the first wave of the COVID-19
pandemic: a cross sectional time-series analysis. BMJ Global Health, 6(12), dec 2021.

[14] Emily D Carter, Linnea Zimmerman, Jiage Qian, Tim Roberton, Assefa Seme, and Solomon
Shiferaw. Impact of the early stages of the COVID-19 pandemic on coverage of
reproductive, maternal, and newborn health interventions in ethiopia: A natural experiment.
Frontiers in public health, 10:778413, jun 2022.

[15] Abraham Aregay Desta, Tewolde Wubayehu Woldearegay, Estifanos Gebremeskel, Mussie
Ale mayehu, Theodros Getachew, Gebremedhin Gebregzabiher, Kiros Demoz
Ghebremedhin, Deg nesh Negash Zgita, Abera Berhe Aregawi, and Getachew Redae.
Impacts of COVID-19 on essential health services in tigray, northern ethiopia: A pre-post
study. Plos One, 16(8):e0256330, aug 2021.

[16] Chalachew Bekele, Delayehu Bekele, Bezawit Mesfin Hunegnaw, Kimiko Van Wickle, Fanos
Ashenafi Gebremeskel, Michelle Korte, Christine Tedijanto, Lisanu Taddesse, and Grace J
Chan. Impact of the COVID-19 pandemic on utilisation of facility-based essential maternal
and child health services from march to august 2020 compared with pre-pandemic march-
august 2019: a mixed-methods study in north shewa zone, ethiopia. BMJ Open,
12(6):e059408, jun 2022.

[17] Nega Assefa, Ali Si’e, Dongqing Wang, Michelle L Korte, Elena C Hemler, Yasir Y Abdullahi,
Bruno Lankoande, Ourohir’e Millogo, Angela Chukwu, Firehiwot Workneh, Phyllis Kanki, Till
Baernighausen, Yemane Berhane, Wafaie W Fawzi, and Ayoade Oduola. Reported barriers
to healthcare access and service disruptions caused by COVID-19 in burkina faso, ethiopia,
and nigeria: A telephone survey. The American Journal of Tropical Medicine and Hygiene,
105(2):323-330, jun 2021.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

Page 13 of 30 BMJ Open

oNOYTULT D WN =

[18] Hanna Yemane Berhane, Alemayehu Worku, and Wafaie Fawzi. Effect of COVID-19 on
routine childhood vaccination in bahir dar city, northwestern, ethiopia. Vaccines, 11(10), oct
2023.

[19] Celestin Hategeka, Simone E Carter, Faustin Mukalenge Chenge, Eric Nyambu Katanga,
Gr’egoire Lurton, Serge Ma-Nitu Mayaka, Dieudonn’e Kazadi Mwamba, Esther van Kleef,
Veerle Vanlerberghe, and Karen Ann Gr’epin. Impact of the COVID-19 pandemic and
response on the utilisation of health services in public facilities during the first wave in
kinshasa, the democratic republic of the congo. BMJ Global Health, 6(7), jul 2021.

[20] K Kasonia, D Tindanbil, J Kitonsa, K Baisley, F Zalwango, L Enria, A Mansaray, M James, Y
Nije, D Tetsa Tata, B J Lawal, A Drammeh, B Lowe, D Mukadi-Bamuleka, S Mounier-Jack, F
Nakiyimba, P Obady, J Muhavi, J S Bangura, B Greenwood, M Samai, B Leigh, D Watson-
Jones, H Kavunga Membo, E Ruzagira, and K E Gallagher. The impact of the COVID-19
pandemic on the provision & utilisation of primary health care services in goma, democratic
republic of the congo, kambia district, sierra leone & masaka district, uganda. Plos One,
18(6):€0286295, jun 2023.

[21] Steven Wambua, Lucas Malla, George Mbevi, Joel Kandiah, Amen-Patrick Nwosu, Timothy
Tuti, Chris Paton, Bernard Wambu, Mike English, and Emelda A Okiro. Quantifying the
indirect impact of COVID-19 pandemic on utilisation of outpatient and immunisation services
in kenya: a longitudinal study using interrupted time series analysis. BMJ Open,
12(3):e055815, mar 2022.

[22] R K Lucinde, B Karia, N Ouma, D Amadi, C Nyundo, C Mataza, A Nyaguara, J A G Scott, K
E Gallagher, and E Kagucia. The impact of the COVID-19 pandemic on vaccine coverage in
kilifi, kenya: A retrospective cohort study. Vaccine, 41(3):666—675, jan 2023.

[23] Helen Kiarie, Marleen Temmerman, Mutono Nyamai, Nzisa Liku, Wangari Thuo, Violet
Oramisi, Lilly Nyaga, Janette Karimi, Phidelis Wamalwa, Gladwell Gatheca, Valerian
Mwenda, Loice Achieng Ombajo, S M Thumbi, Essential Health Services Data Monitoring,
and Evaluation sub-working group. The COVID-19 pandemic and disruptions to essential
health services in kenya: a retrospective time-series analysis. The Lancet. Global health,
10(9):e1257—e1267, sep 2022.

[24] Sarah Cooper, Frank Bicaba, Cheick Oumar Tiendrebeogo, Alice Bila, Abel Bicaba, and
Thomas Druetz. Vaccination coverage in rural burkina faso under the effects of COVID-19:
evidence from a panel study in eight districts. BMC Health Services Research, 23(1):1016,
sep 2023.

[25] Amy K Winter, Saki Takahashi, Andrea C Carcelen, Kyla Hayford, Wilbroad Mutale, Francis
D Mwansa, Nyambe Sinyange, David Ngula, William J Moss, and Simon Mutembo. An
evaluation of the early impact of the COVID-19 pandemic on zambia’s routine immunization
program. PLOS Global Public Health, 3(5):e0000554, may 2023.

[26] C Jensen and N H McKerrow. Child health services during a COVID-19 outbreak in
KwaZulu-natal province, south africa. South African Medical Journal = Suid-Afrikaanse
Tydskrif Vir Geneeskunde, 0(0):13185, dec 2020.

[27] Evelyn Thsehla, Adam Balusik, Micheal Kofi Boachie, Winfrida Tombe-Mdewa,
Chodziwadziwa Kabudula, Jacques Du Toit, Kathleen Kahn, Francesc Xavier G'omez-
Oliv’e, Stephen Tollman, Susan Goldstein, and Karen Hofman. Indirect effects of COVID-19
on maternal and child health in south africa. Global health action, 16(1):2153442, dec 2023.

[28] Yoshito Kawakatsu, vy Osei, Cornelius Debpuur, Atsu Ayi, Felix Osei-Sarpong, Mrunal
Shetye, Hirotsugu Aiga, Orvalho Augusto, and Bradley Wagenaar. Effects of the COVID-19
pandemic on essential health and nutrition service utilisations in ghana: interrupted time-
series analyses from 2016 to 2020. BMJ Open, 13(1):e061608, jan 2023.

[29] Kingsley Appiah Bimpong, Benjamin Demah Nuertey, Anwar Sadat Seidu, Stephanie
Ajinkpang, and Alhassan Abdul-Mumin. Decline in uptake of childhood vaccinations in a
tertiary hospital in northern ghana during the COVID-19 pandemic. BioMed research
international, 2021:6995096, dec 2021.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

=

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

[30] Jonathan Kissi, Joseph Owusu-Marfo, Ernest Osei, Kennedy Dzamvivie, Vivian Akorfa Anku,
and Jessica Naa Lamiokor Lamptey. Effects of coronavirus pandemic on expanded program
on immu nization in weija gbawe municipality (accra-ghana). Human vaccines &
immunotherapeutics, page 2129830, oct 2022.

[31] Babatunde Adelekan, Erika Goldson, Zubaida Abubakar, Ulla Mueller, Audu Alayande,
Tellson Ojo gun, Lorretta Ntoimo, Bukky Williams, Ibrahim Muhammed, and Friday
Okonofua. Effect of COVID 19 pandemic on provision of sexual and reproductive health
services in primary health facilities in nigeria: a cross-sectional study. Reproductive Health,
18(1):166, aug 2021.

[32] Obafemi J Babalola, Himiede W Sesay, Lily S Blebo, Faith K Whesseh, Chukwuma D
Umeokonkwo, Peter A Adewuyi, and Maame Amo-Addae. The influence of first wave of
COVID-19 outbreak on routine healthcare services, liberia, august 2020: a mixed study
approach. BMC Health Services Research, 22(1):684, may 2022.

[33] Francesco Mariani, Piero Valentini, Matilda Yamba, Abubakar Sidique Turay, Hazel Bulubisi,
Um berto Moscato, Francesca Raffaelli, Francesco lodice, and Danilo Buonsenso. Changes
in childhood immunizations and intermittent preventive malaria treatment in a peripheral,
referral immunization center during the first 12 months of COVID-19 pandemic in sierra
leone, western africa. Frontiers in pediatrics, 10:774281, mar 2022.

[34] Gil Shapira, Tashrik Ahmed, Salom’e Henriette Paulette Drouard, Pablo Amor Fernandez,
Ee shani Kandpal, Charles Nzelu, Chea Sanford Wesseh, Nur Ali Mohamud, Francis Smart,
Charles Mwansambo, Martina L Baye, Mamatou Diabate, Sylvain Yuma, Munirat Ogunlayi,
Rwema Jean De Dieu Rusatira, Tawab Hashemi, Petra Vergeer, and Jed Friedman.
Disruptions in maternal and child health service utilization during COVID-19: analysis from
eight sub-saharan african countries. Health Policy and Planning, 36(7):1140-1151, aug
2021.

[35] Manuel Colom’e-Hidalgo, Juan Donado Campos, and Angel Gil de Miguel. Tracking the impact of " the COVID-19 pandemic on
routine infant vaccinations in the dominican republic. Human vaccines &
immunotherapeutics, 18(1):1972708, dec 2022.

[36] Svetlana V Doubova, Hannah H Leslie, Margaret E Kruk, Ricardo P erez-Cuevas, and
Catherine Arsenault. Disruption in essential health services in mexico during COVID-19: an
interrupted time series analysis of health information system data. BMJ Global Health, 6(9),
sep 2021.

[37] Svetlana V Doubova, Catherine Arsenault, Saul E Contreras-S anchez, Gabriela Borrayo-
S anchez, and Hannah H Leslie. The road to recovery: an interrupted time series analysis of
policy intervention to restore essential health services in mexico during the COVID-19
pandemic. Journal of global health, 12:05033, jul 2022.

[38] Gianina Lizeth Su’arez-Rodr’iguez, Jos e Salazar-Loor, Jackson Rivas-Condo, Alfonso J
Rodr’iguez Morales, Juan-Carlos Navarro, and Jos’e Rub’en Ram’irez-Iglesias. Routine
immunization programs for children during the COVID-19 pandemic in ecuador, 2020-hidden
effects, predictable consequences. Vaccines, 10(6), may 2022.

[39] Mariangela F Silveira, Cristian T Tonial, Ana Goretti K Maranh™ao, Antonia M S Teixeira,
Pedro C Hallal, Ana Maria B Menezes, Bernardo L Horta, Fernando P Hartwig, Aluisio J D
Barros, and Cesar G Victora. Missed childhood immunizations during the COVID-19
pandemic in brazil: Analyses of routine statistics and of a national household survey.
Vaccine, 39(25):3404-3409, jun 2021.

[40] Victor Santana Santos, Sarah Cristina Fontes Vieira, Ikaro Daniel de Carvalho Barreto,
Vanessa Tavares de Gois-Santos, Ariel Oliveira Celestino, Carla Domingues, Luis Eduardo
Cuevas, and Ricardo Queiroz Gurgel. Effects of the COVID-19 pandemic on routine
pediatric vaccination in brazil. Expert review of vaccines, 20(12):1661-1666, dec 2021.

[41] Mayra Monteiro de Oliveira, Trevon L Fuller, Claudia R Gabaglia, Mary Catherine Cambou,
Patricia Brasil, Zilton Farias Meira de Vasconcelos, and Karin Nielsen-Saines.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

Page 15 of 30 BMJ Open

oNOYTULT D WN =

58

Repercussions of the COVID-19 pandemic on preventive health services in brazil.
Preventive Medicine, 155:106914, feb 2022.

[42] Jo"ao Guilherme Alves, Jos e Natal Figueiroa, and Marcelo Luis Urquia. Impact of COVID-
19 on immunization of brazilian infants. International Journal of Infectious Diseases,
107:252-253, jun 2021.

[43] Ziad Mansour, Jinan Arab, Racha Said, Alissar Rady, Randa Hamadeh, Bernard Gerbaka,
and Abdul Rahman Bizri. Impact of COVID-19 pandemic on the utilization of routine
immunization services in lebanon. Plos One, 16(2):e0246951, feb 2021.

[44] Zabihulah Abid, Rafael Castro Delgado, Jos e Antonio Cernuda Martinez, and Pedro Arcos
Gonz’alez. The impact of COVID-19 pandemic lockdown on routine immunization in the
province of laghman, afghanistan. Risk management and healthcare policy, 15:901-908,
may 2022.

[45] Eman Y Abu-Rish, Yasser Bustaniji, and Kamel Abusal. Nationwide routine childhood
vaccination coverage during the COVID-19 pandemic in jordan: Current situation, reasons,
and predictors of vaccination. International Journal of Clinical Practice, 2022:7918604, mar
2022.

[46] Subhash Chandir, Danya Arif Siddiqi, Mariam Mehmood, Hamidreza Setayesh, Muhammad
Sid dique, Amna Mirza, Riswana Soundardjee, Vijay Kumar Dharma, Mubarak Taighoon
Shah, Sara Abdullah, Mohammed Adil Akhter, Anokhi Ali Khan, and Aamir Javed Khan.
Impact of COVID-19 pandemic response on uptake of routine immunizations in sindh,
pakistan: An analysis of provincial electronic immunization registry data. Vaccine,
38(45):7146-7155, oct 2020.

[47] Saeed Ur Rahman, Faiz Ul Hag, Muhammad Imran, Asaf Shah, Naeema Bibi, Robina
Khurshid, Muhammad Romman, Fatema Gaffar, and Muhammad Igbal Khan. Impact of the
COVID-19 lock down on routine vaccination in pakistan: a hospital-based study. Human
vaccines & immunothera peutics, 17(12):4934-4940, dec 2021.

[48] A Manzoor, NB Abbasi, N Khizar, M Khalil, S Anjum, and A Igbal. Impact of covid-19
pandemic on routine immunization of children. Rawal Medical Journal, 47(1):45—-48, 2022.

[49] Rebecca C Harris, Yutao Chen, Pierre C"ote, Antoine Ardillon, Maria Carmen Nievera, Anna
Ong-Lim, Somasundaram Aiyamperumal, Chan Poh Chong, Kiruthika Velan Kandasamy,
Kuharaj Mahenthi ran, Ta-Wen Yu, Changshu Huang, Clotilde El Guerche-S eblain, Juan C
Vargas-Zambrano, Ayman Chit, and Gopinath Nageshwaran. Impact of COVID-19 on
routine immunisation in south-east asia and western pacific: Disruptions and solutions. The
Lancet Regional Health. Western Pacific, 10:100140, may 2021.

[50] Aatekah Owais, Arjumand Rizvi, Muhammad Jawwad, Susan Horton, Jai K Das, Catherine
Merritt, Ralfh Moreno, Atnafu G Asfaw, Paul Rutter, Phuong H Nguyen, Purnima Menon,
and Zulfigar A Bhutta. Assessing the hidden burden and costs of COVID-19 pandemic in
south asia: Implica tions for health and well-being of women, children and adolescents.
PLOS Global Public Health, 3(4):e0001567, apr 2023.

[51] Rasmi Avula, Phuong Hong Nguyen, Sattvika Ashok, Sumati Bajaj, Shivani Kachwaha,
Anjali Pant, Monika Walia, Anshu Singh, Anshuman Paul, Ayushi Singh, Bharati Kulkarni,
Deepak Singhania, Jessica Escobar-Alegria, Little Flower Augustine, Madhulika Khanna,
Maitreiyee Krishna, Nandhini Sundaravathanam, Prakash Kumar Nayak, Praveen Kumar
Sharma, Prerna Makkar, Puspen Ghosh, Sadhana Subramaniam, Sai Mala, Rakesh Giri,
Sameeksha Jain, Santosh Kumar Banjara, Sapna Nair, Sebanti Ghosh, Suman Das,
Sumeet Patil, Tanmay Mahapatra, Thomas Forissier, Priya Nanda, Suneeta Krishnan, and
Purnima Menon. Disruptions, restorations and adaptations to health and nutrition service
delivery in multiple states across india over the course of the COVID-19 pandemic in 2020:
An observational study. Plos One, 17(7):e0269674, jul 2022.

[52] Afreen Khan, Aparna Chakravarty, and Jagannath Mahapatra. Impact of COVID-19
pandemic on childhood immunization in a tertiary health-care center. Indian journal of

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

community medicine : official publication of Indian Association of Preventive & Social
Medicine, 46(3):520-523, oct 2021.

[53] Anita Shet, Baldeep Dhaliwal, Preetika Banerjee, Kelly Carr, Andrea DelLuca, Carl Britto,
Rajeev Seth, Bakul Parekh, Gangasamudra V Basavaraj, Digant Shastri, and Piyush Gupta.
COVID-19- related disruptions to routine vaccination services in india: a survey of paediatric
providers. BMJ Paediatrics Open, 5(1):e001060, apr 2021.

[54] Phuong H Nguyen, Shivani Kachwaha, Anjali Pant, Lan M Tran, Monika Walia, Sebanti
Ghosh, Praveen K Sharma, Jessica Escobar-Alegria, Edward A Frongillo, Purnima Menon,
and Rasmi Avula. COVID-19 disrupted provision and utilization of health and nutrition
services in uttar pradesh, india: Insights from service providers, household phone surveys,
and administrative data. The Journal of Nutrition, 151(8):2305-2316, aug 2021.

[55] Radhika Jain, Ambika Chopra, Camille Fal’ezan, Mustufa Patel, and Pascaline Dupas.
COVID-19 related immunization disruptions in rajasthan, india: A retrospective observational
study. Vaccine, 39(31):4343—-4350, jul 2021.

[56] Averi Chakrabarti, Elizabeth F Bair, and Harsha Thirumurthy. Routine child immunizations in
india during the COVID-19 pandemic. - population health, 22:101383, jun 2023.

[57] Amit Summan, Arindam Nandi, Anita Shet, and Ramanan Laxminarayan. The effect of the
COVID 19 pandemic on routine childhood immunization coverage and timeliness in india:
Retrospective analysis of the national family health survey of 2019-2021 data. The Lancet
regional health. South east Asia, page 100099, oct 2022.

[58] Shabeena Tawar, ArunKumar Yadav, Swati Garg, Vijay Bhaskar, and SantoshKumar Swain.
Facili tators and barriers to infant immunization during COVID-19 pandemic. Journal of
Marine Medical Society, 0(0):0, 2022.

[59] Saurabh Sharma, Lucky Singh, Jeetendra Yadav, Urvashi Gupta, Khangembam Jitenkumar
Singh, and Mendu Vishnu Vardhana Rao. Impact of COVID-19 on utilization of maternal and
child health services in india: Health management information system data analysis. Clinical
Epidemiology and Global Health, 21:101285, mar 2023.

[60] Devendra Raj Singh, Dev Ram Sunuwar, Sunil Kumar Shah, Kshitij Karki, Lalita Kumari Sah,
Bipin Adhikari, and Rajeeb Kumar Sah. Impact of COVID-19 on health services utilization in
province-2 of nepal: a qualitative study among community members and stakeholders. BMC
Health Services Research, 21(1):174, feb 2021.

[61] Shohel Rana, Rashed Shah, Sabbir Ahmed, and Golam Mothabbir. Post-disruption catch-up
of child immunisation and health-care services in bangladesh. The Lancet Infectious
Diseases, 21(7):913, jul 2021.

[62] Marhami Fahriani, Samsul Anwar, Amanda Yufika, Bakhtiar Bakhtiar, Elly Wardani, Wira
Winardi, Kaitlyn B. Akel, Abram L. Wagner, and Harapan Harapan. Disruption of childhood
vaccination during the COVID-19 pandemic in indonesia. Narra J, 1(1), apr 2021.

[63] Naira Melkonyan, Arman Badalyan, Hasmik Hovhannisyan, and Karine Poghosyan. Impact
of the COVID-19 pandemic on routine immunization services in yerevan and vaccinations
against COVID 19 in armenia. Journal of infection in developing countries, 16(11):1687—
1695, nov 2022.

[64] Jing Wu, Wenzhou Yu, Lei Cao, Lingsheng Cao, Lance Rodewald, Jiakai Ye, Yifan Song, Li
Li, Xiaoxue Liu, Ning Wen, Fuzhen Wang, Lixin Hao, Yixing Li, Hui Zheng, Keli Li, Chao Ma,
Dan Wu, Yanmin Liu, Guomin Zhang, Zhijie An, Huaging Wang, and Zundong Yin.
Effectiveness of catch-up vaccinations after COVID-19 containment - china, 2020. China
CDC Weekly, 2(50):968— 974, dec 2020.

[65] Wen-Yan Ji, Dong-Lei Liu, Rui Yu, Liang Miao, Qian-Li Yuan, Luo-Dan Suo, and Jian-Ping

Yu. Vaccination coverage survey of children aged 1-3 years in beijing, china, 2005-2021.
Vaccine, 41(43):6444—6452, oct 2023.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

=

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

Page 17 of 30 BMJ Open

oNOYTULT D WN =

[66] Kate Causey, Nancy Fullman, Reed J D Sorensen, Natalie C Galles, Peng Zheng, Aleksandr
Aravkin, M Carolina Danovaro-Holliday, Ramon Martinez-Piedra, Samir V Sodha, Martha
Patricia Velandia Gonz alez, Marta Gacic-Dobo, Emma Castro, Jiawei He, Megan Schipp,
Amanda Deen, Simon | Hay, Stephen S Lim, and Jonathan F Mosser. Estimating global and
regional disruptions to routine childhood vaccine coverage during the COVID-19 pandemic
in 2020: a modelling study. The Lancet, 398(10299):522-534, aug 2021.

[67] Gilla K Shapiro, Nisha Gottfredson, Julie Leask, Kerrie Wiley, Francine E Ganter-Restrepo,
Sarah P Jones, Lisa Menning, and Noel T Brewer. COVID-19 and missed or delayed
vaccination in 26 middle and high-income countries: An observational survey. Vaccine,
40(6):945-952, feb 2022.

[68] Pierre Muhoza, M Carolina Danovaro-Holliday, Mamadou S Diallo, Padraic Murphy, Samir V
Sodha, Jennifer H Requejo, and Aaron S Wallace. Routine vaccination coverage -
worldwide, 2020. MMWR. Morbidity and Mortality Weekly Report, 70(43):1495-1500, oct
2021.

[69] Beth Evans and Thibaut Jombart. Worldwide routine immunisation coverage regressed
during the first year of the COVID-19 pandemic. Vaccine, 40(26):3531-3535, jun 2022.

[70] Nabila Shaikh, Puck T Pelzer, Sanne M Thysen, Partho Roy, Rebecca C Harris, and
Richard G White. Impact of COVID-19 disruptions on global BCG coverage and paediatric
TB mortality: A modelling study. Vaccines, 9(11), oct 2021.

[71] Emilia Connolly, Emma J Boley, Donald Luke Fejfar, Prince F Varney, Moses B Aron, Isabel
R Fulcher, Wesler Lambert, Melino Ndayizigiye, Michael R Law, Jean-Claude Mugunga,
Bethany Hedt Gauthier, and Cross site COVID-19 Syndromic Surveillance Working Group.
Childhood immunization during the COVID-19 pandemic: experiences in haiti, lesotho, liberia
and malawi. Bulletin of the World Health Organization, 100(2):115-126C, feb 2022.

[72] Anna A Minta, Matt Ferrari, Sebastien Antoni, Allison Portnoy, Alyssa Sbarra, Brian Lambert,
Sarah Hauryski, Cynthia Hatcher, Yoann Nedelec, Deblina Datta, Lee Lee Ho, Claudia
Steulet, Marta Gacic-Dobo, Paul A Rota, Mick N Mulders, Anindya S Bose, William A Perea,
and Patrick O’Connor. Progress toward regional measles elimination - worldwide, 2000-
2021. MMWR. Morbidity and Mortality Weekly Report, 71(47):1489-1495, nov 2022.

[73] Zhiyuan Hou, Suhang Song, Fanxing Du, Lu Shi, Donglan Zhang, Leesa Lin, and Hongjie
Yu. The influence of the COVID-19 epidemic on prevention and vaccination behaviors
among chinese children and adolescents: Cross-sectional online survey study. JMIR public
health and surveillance, 7(5):€26372, may 2021.

[74] Krishna Mishra, Ipsa Mohapatra, Partha Sarathi Mohapatra, Smriti Madhusikta, and Pragyan
Parim ita. Challenges and barriers to immunization during COVID-19: An experience of
parents/caregivers from a well-baby clinic of a tertiary care hospital of eastern india. Clinical
Epidemiology and Global Health, 19:101200, 2023.

[75] Qiang Wang, Shixin Xiu, Liuging Yang, Ying Han, Jinxin Huang, Tingting Cui, Naiyang Shi,
Minqi Liu, Xuwen Wang, Bing Lu, Hui Jin, and Leesa Lin. Delays in routine childhood
vaccinations and their relationship with parental vaccine hesitancy: a cross-sectional study in
wuxi, china. Expert review of vaccines, 21(1):135-143, jan 2022.

[76] Lee Lee Ho, Santosh Gurung, Imran Mirza, Hemanthi Dassanayake Nicolas, Claudia
Steulet, Ashley L Burman, M Carolina Danovaro-Holliday, Samir V Sodha, and Katrina
Kretsinger. Impact of the SARS-CoV-2 pandemic on vaccine-preventable disease
campaigns. International Journal of Infectious Diseases, 119:201-209, jun 2022.

[77] Anindya Sekhar Bose, Pasang Rai, Binod Prasad Gupta, Rahul Pradhan, Mona Lacoul,
Sushil Shakya, Dipesh Shrestha, Abhiyan Gautam, Bharat Bhandari, Basanta Shrestha,
Bhim Singh Tin kari, Runa Jha, Basudha Khanal, Pradeep Shrestha, Sushma Bhusal,
Jhalak Sharma Gautam, and National Immunization Advisory Committee. Nepal measles
outbreak response immunization during COVID-19: A risk-based intervention strategy.
Vaccine, 40(20):2884—-2893, may 2022.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

=

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

[78] Brent Burkholder, Zubair Wadood, Ahmed M Kassem, Derek Ehrhardt, and Delayo
Zomahoun. The immediate impact of the COVID-19 pandemic on polio immunization and
surveillance activities. Vaccine, oct 2021.

[79] Marya K Plotkin, Katie M Williams, Absolom Mbinda, Vivaldo Nunes Oficiano, Benard
Nyauchi, Patrick Walugembe, Emily Keyes, Barbara Rawlins, Donna McCarraher, and Otto
N Chabikuli. Keeping essential reproductive, maternal and child health services available
during COVID-19 in kenya, mozambique, uganda and zimbabwe: analysis of early-pandemic
policy guidelines. BMC Public Health, 22(1):577, mar 2022.

[80] Chukwuma Mbaeyi, Shahzad Baig, Zainul Khan, Hamish Young, Millhia Kader, Jaume
Jorba, Muhammad Rana Safdar, Hamid Jafari, and Richard Franka. Progress toward
poliomyelitis erad ication - pakistan, january 2020-july 2021. MMWR. Morbidity and Mortality
Weekly Report, 70(39):1359-1364, oct 2021.

[81] Asmita Priyadarshini Khatiwada, Smriti Maskey, Nistha Shrestha, Sunil Shrestha, Saval
Khanal, Bhuvan Kc, and Vibhu Paudyal. Impact of the first phase of COVID-19 pandemic on
childhood routine immunisation services in nepal: a qualitative study on the perspectives of
service providers and users. Journal of pharmaceutical policy and practice, 14(1):79, sep
2021.

[82] D Wanyana, R Wong, and D Hakizimana. Rapid assessment on the utilization of
maternal and child health services during COVID-19 in rwanda. Public health action,
11(1):12-21, mar 2021.

[83] Muna Abdul Kadhum Zeidan and Suhair Mohammed Hassoon. Impact of COVID-19
pandemic on immunisation services performance in shargat, saladin governorate, iraq.
Journal of the Pakistan Medical Association, 73(9):S15-S19, oct 2023.

[84] Jocelyn Powelson, Bvudzai Priscilla Magadzire, Abel Draiva, Donna Denno, Abdul Ibraimo,
Bonif'acia Beleza Lucas Benate, L idia Carlos Jahar, Z’elia Marrune, Baltazar Chilundo,
Jalilo Ernesto Chinai, Michelle Emerson, Kristin Beima-Sofie, and Emily Lawrence.
Determinants of immunisation dropout among children under the age of 2 in zamb’ezia
province, mozambique: a community-based partici patory research study using photovoice.
BMJ Open, 12(3):e057245, mar 2022.

[85] Kripalini Patel, Bhagyashree Nayak, Salaj Rana, Parthiban Krishnan, Babasaheb
Vishwanath Tan dale, Surajit Basak, Abhik Sinha, Muthusamy Santhosh Kumar, Prasant
Borah, Harpreet Singh, Nivedita Gupta, Shanta Dutta, Aswini Mohan, Manuj K Das, Yovhan
Landge, Bappaditya Ganguly, Utpala Devi, Sanghamitra Pati, and Subrata Kumar Palo.
Enablers and barriers towards ensuring routine immunization services during the COVID-19
pandemic: findings from a qualitative study across five different states in india. Transactions
of the Royal Society of Tropical Medicine and Hygiene, mar 2022.

[86] Mariana Rodo, Lucy Singh, Neal Russell, and Neha S Singh. A mixed methods study to
assess the impact of COVID-19 on maternal, newborn, child health and nutrition in fragile
and conflict-affected settings. Conflict and health, 16(1):30, jun 2022.

[87] Mulat Nigus, Meseret Zelalem, Kibrom Abraham, Amsalu Shiferaw, Mekonnen Admassu,
and Balcha Masresha. Implementing nationwide measles supplemental immunization
activities in ethiopia in the context of COVID-19: process and lessons learnt. The Pan
African medical journal, 37(Suppl 1):36, nov 2020.

[88] Sabeen Abid Khan, Muhammad Imran, Rabia Tabassum, Fatima Maroof, Shahzad Munir,
Ejaz Ah mad Khan, and Munir Igbal Malik. Impact of COVID-19 pandemic on
delayed/missed routine immunization in children (0-24 months) in islamabad, pakistan. Asia-
Pacific Journal of Public Health, 34(1):140-142, jan 2022.

[89] Sree T Sucharitha, Aravind Manoharan, Jaishree Vasudevan, and Aaditya Fernando.
Contextual narratives associated with immunization services during COVID-19 disease
outbreak in chennai, tamil nadu. National Journal of Community Medicine, 13(06):352—-358,
jun 2022.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

Page 19 of 30 BMJ Open

oNOYTULT D WN =

[90] World Health Organization. Routine immunization services during the covid-19 pandemic.
Technical report, World Health Organization, 2020.

[91] Huda Ahmed Ali, Anna-Maria Hartner, Susy Echeverria-Londono, Jeremy Roth, Xiang Li,
Kaja Abbas, Allison Portnoy, Emilia Vynnycky, Kim Woodruff, Neil M Ferguson, Jaspreet
Toor, and Katy Am Gaythorpe. Vaccine equity in low and middle income countries: a
systematic review and meta-analysis. International Journal for Equity in Health, 21(1):82, jun
2022.

[92] Alexandra M Cardoso Pinto, Lasith Ranasinghe, Peter J Dodd, Shyam Sundar Budhathoki,
James A Seddon, and Elizabeth Whittaker. Disruptions to routine childhood vaccinations in
low- and middle income countries during the COVID-19 pandemic: A systematic review.
Frontiers in pediatrics, 10:979769, aug 2022.

[93] United Nations Children’s Fund. The State of the World’s Children 2023: For every child,
vaccina tion. UNICEF Innocenti — Global Office of Research and Foresight, Florence, April
2023.

[94] Organisation for Economic Co-operation and Development. OECD health systems
resilience. https: //www.oecd.org/health/health-systems-resilience.htm, Accessed: 2023.

[95] Thomas R Frieden, Christopher T Lee, Mohammed Lamorde, Marci Nielsen, Amanda
McClelland, and Viroj Tangcharoensathien. The road to achieving epidemic-ready primary
health care. The Lancet. Public health, 8(5):€383—€390, may 2023.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

(=
o
=

©
=
b=
=

(=

D
=

inciudeu

BMJ Open Page 20 of 30

References from databases/registers (n = 8652)
(as n = 8650 studies)

PubMed (n = 6011)

Web of Science (n = 2278)

Unspecified (n = 363)

References from other sources (n=0)
Citation searching (n=0)
Grey literature (n=0)

References removed (n = 3672)
Duplicates identified manually (n = 2)

Duplicates identified by Covidence (n = 3670)
Marked as ineligible by automation tools (n = 0)
Other reasons (n = 0)

Studies screened (n = 4978)

> Studies excluded (n = 4687)

Studies sought for retrieval (n = 291)

Studies not retrieved (n = 0)

Studies excluded (n = 206)

Studies assessed for eligibility (n = 291)

Studies |nclug8¢? F')réé?\(g\)’f/e v an§)- http://bmjopen

High income countries only (n = 41)
Review/commentary with no new data (n = 75)
Other duplicate (n = 4)

Not in the English language (n = 2)

No full text (n = 5)

No COVID-19-related disruption mentioned (n = 16)
No non-COVID-19 vaccination (n = 54)

No non-modelled data post 2020 (n = 4)

Modelled counterfactual comparisons only (n = 5)

bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 21 of 30

oNOYTULT D WN =

BMJ Open

Supplementary Index:
COVID-19-related disruption and resiliency in immunisation
activities in LMICs: a rapid review

Anna-Maria Hartner, Xiang Li, Katy Gaythorpe
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Search Strategy

We searched PubMed and Web of science on 6th October 2023 for studies published after 1st December
2019 in English. Our full list of search terms was as follows: (((COVID-19) OR (SARS-CoV-2))) AND
(immunisation OR vaccination) AND (disruption OR delay* OR postpon*).

PRISMA Checklist
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Additional Supplementary Tables

OVERVIEW OUTCOMES
Study Countries Routine SIA Doses [')oste Sup.ply
coverage timing chain
Hou et. al., 2021 China TRUE
Bose et al., 2022 Nepal TRUE
Mansour et al., 2021 Lebanon TRUE TRUE
Wanyana et. al., 2021 Rwanda
Saso et. al., 2020 Multiple TRUE
Carter et. al., 2022 Ethiopia TRUE
Shapiro et. al., 2022 Multiple TRUE
Desta et. al., 2021 Ethiopia TRUE
Jensen et. al., 2020 South Africa TRUE
Silveira et. al., 2021 Brazil TRUE
Harris et. al., 2021 SEAR/WPR TRUE
Chandir et. al., 2020 Pakistan TRUE TRUE
Shapira et. al., 2021 Subsaharan Africa TRUE TRUE TRUE
Abid et. al., 2022 Afghanistan TRUE
Khan et. al., 2021 India TRUE
Zeitouny et. al., 2021 Multiple TRUE TRUE
Cabral et. al., 2021 Brazil and Portugal
Singh et. al., 2021 Nepal TRUE
Patel et. al., 2022 India TRUE TRUE
Bekele et. al., 2022 Ethiopia
Shet et. al., 2021 India TRUE
Nguyenet. al., 2021 India TRUE
Mishra et. al., 2023 India TRUE
Wang et. al., 2022 China TRUE
Jain et. al., 2021 India TRUE TRUE TRUE
Avula et. al., 2022 India
Nigus et. al., 2020 Ethiopia
Assefa et. al., 2021 Multiple TRUE TRUE
Kawakatsu et. al., 2023 Ghana TRUE
Adelekan et. al., 2021 Nigeria TRUE TRUE
de Oliveira et. al., 2022 Brazil TRUE
Shet et. al., 2022 Multiple TRUE TRUE
Muhoza et. al., 2021 Multiple TRUE
Colomé-Hidalgo et. al., 2022 Dominican Republic | TRUE
Santos et. al., 2021 Brazil TRUE
Doubova et. al., 2021 Mexico TRUE
Burt et. al., 2021 Uganda TRUE TRUE TRUE
Hategeka et. al., 2021 DRC TRUE
Causey et. al., 2021 Multiple TRUE
Alves et. al., 2021 Brazil TRUE
Abu-Rish et. al., 2022 Jordan TRUE TRUE
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Babalola et. al., 2022 Liberia TRUE TRUE
Evanset. al., 2022 Multiple TRUE
Khatiwada et. al., 2021 Nepal TRUE TRUE
Sudrez-Rodriguez et. al., 2022  Ecuador TRUE TRUE
Shaikh et. al., 2021 Multiple TRUE
Rahman et. al., 2021 Pakistan TRUE
Khan et. al., 2022 Pakistan TRUE
Bimpong et. al., 2021 Ghana TRUE
Rana et. al., 2021 Bangladesh TRUE
Powelson et. al., 2022 Mozambique TRUE TRUE TRUE
Wambua et. al., 2022 Kenya TRUE
Mariani et. al., 2022 Sierra Leone TRUE
Summan et. al., 2023 India TRUE TRUE
Thsehla et. al., 2023 South Africa TRUE TRUE
Adilo et. al., 2022 Ethiopia TRUE
Lucinde et. al., 2023 Kenya TRUE
Connolly et. al., 2022 Multiple TRUE
Burkholder et. al., 2021 Multiple TRUE TRUE TRUE
Mbaeyi et. al., 2021 Pakistan
Kiarie et. al., 2022 Kenya TRUE
Doubova et. al., 2022 Mexico TRUE
Ho et. al., 2022 Multiple TRUE
Melkonyan et. al., 2022 Armenia TRUE
Kissi et. al., 2022 Ghana TRUE
Minta et. al., 2022 Multiple TRUE TRUE
Plotkin et. al., 2022 Multiple TRUE TRUE
Cooper et. al., 2023 Burkina Faso TRUE
Kasonia et. al., 2023 Multiple TRUE
Winter et. al., 2023 Zambia TRUE
Fahriani et. al., 2021 Indonesia TRUE
Orey et. al., 2023 Somalia TRUE
Sucharitha et. al., 2022 India TRUE
Manzoor et. al., 2022 Pakistan TRUE
Tawar et. al., 2022 India TRUE TRUE
Wau et. al., 2020 China TRUE TRUE
Owais et. al., 2023 South Asia TRUE
Rodo et. al., 2022 Multiple TRUE
Chakrabarti et. al., 2023 India TRUE
Berhane et. al., 2023 Ethiopia TRUE
Zeidan et. al., 2023 Iraq TRUE
Aigbogun et. al., 2023 Nigeria TRUE TRUE
Jiet. al., 2023 China TRUE TRUE
Endehabtu et. al., 2023 Ethiopia TRUE
Sharma et. al., 2023 India

10
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Table 3: Overview of countries examined and outcomes reported (rou-
tine coverage, supplementary immunisation campaigns (SIAs), dose
timing, or supply chain disruptions) by included papers.
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Abstract

Objectives

We conducted a rapid review to determine the extent that immunisation services in low- and
middle income countries (LMICs) were disrupted by the COVID-19 pandemic and
synthesised the factors that can be used to build resilience in future.

Design

Rapid review reported in accordance with Preferred reporting for Systematic reviews and
Meta-Analyses (PRISMA) guidelines.

Data sources
PubMed and Web of Science were searched through 6th October 2023.

Eligibility criteria for selecting studies

We included studies that focused on disruption to immunisation activities due to the COVID-
19 pandemic in LMICs. Outcomes included routine vaccine coverage, supplementary
immunisation activities, vaccine doses, timing of vaccination, supply chain changes, and
factors contributing to disruption or resilience.

Data extraction and synthesis

Two independent reviewers used standardised methods to search, screen, and code
studies. Quality assessment was performed using a modified version of the Critical Appraisal
Skills Programme (CASP) for qualitative research. Findings were summarised qualitatively.

Results

Of 4979 identified studies, 87 met the eligibility criteria. Included studies showed declines in
immunisation activities across LMICs related to the COVID-19 pandemic. These included
reductions in achieved routine coverage, cancellation or postponement of campaigns, and
underimmunised cohorts. Immunisation was most disrupted in the early months of the
pandemic; however, recovery varied by country, age-group, and vaccine. Though many
countries observed partial recovery in 2020, disruption in many countries continued into
2021. It has also been noted that clinician staff shortages and vaccine stock-outs caused by
supply chain disruptions contributed to immunisation delays, but that concern over COVID
transmission was a leading factor. Key resiliency factors included community outreach and
healthcare worker support.
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Conclusions

There is limited information on whether reductions in vaccination coverage or delays have
persisted beyond 2021. Further research is needed to assess ongoing disruptions and
identify missed vaccine cohorts.

Strengths and limitations of this study

* The rapid synthesis of findings through the decision to structure the paper
methodologically as a rapid review allows for key insights to target missed cohorts and
identify research gaps related to immunisation disruption and recovery to-date.

» We include a narrative analysis of disruption across LMICs; this review benefits from the
inclusion of barriers, enablers, and resilience to/in service provision.

» The search strategy was limited to English-language studies identified from databases
PubMed and Web of Science up to October 6th, 2023, meaning not all relevant research
meeting inclusion criteria may have been captured.

1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic began on December 12th, 2019 and
quickly spread globally, adding to the strain on existing healthcare provision and creating
unique problems in terms of service delivery [1]. Throughout 2020, there were disruptions to
screening for cancer, maternal health services, care for chronic conditions, and
immunisations [2]. This strain on health services has continued past 2020, as even those
that have recovered to pre-COVID levels of visits and surveillance have to catch-up missed
cohorts and delayed treatments.

Low- and middle-income countries (LMICs) disproportionately bear the burden of vaccine
preventable diseases [3]; however, globally, vaccination has seen a plateau in coverage,
with zero-dose children an ongoing concern. The issue of zero-dose or underimmunised
children is particularly important, as it can hint at wider heterogeneity in healthcare access
which may have been exacerbated by the pandemic [4]. It is estimated that 67 million
children missed vaccinations between 2019 and 2021; of those, 48 million were zero-dose
children [5]. Furthermore, targeting zero-dose children can be more difficult as they are often
in harder-to-reach areas, particularly in LMICs, where 1 in 6 children living in rural areas are
zero-dose [5].

Resilient healthcare systems can withstand additional and unusual strains whilst
maintaining priority services. Yet, it is still uncertain what factors contributed to disruption or
resilience in light of the COVID-19 pandemic, which was a unique test on global healthcare
systems. These factors and considerations may be instrumental in preparing for future
healthcare strains such as those potentially caused by other epidemics, climate change, or
antimicrobial resistance. As such, understanding the key factors for disruption due to the
COVID-19 pandemic is critical for future planning in order to minimise the negative
consequences of disruptions.

In order to understand the current state of vaccination coverage disruption, and highlight
factors contributing to resilience, we undertook a rapid review of the existing literature. This
focused on LMICs as they bear the majority of burden of vaccine preventable diseases. We
included studies that not only discuss the quantitative measures of disruption, such as
reduced immunisation coverage and cancelled campaigns, but also more qualitative
discussions of the factors contributing to disruption or characteristics of resilient systems.

2 Aim and research questions

The aim of this review was to understand the extent of disruptions in vaccination coverage
due to the COVID-19 pandemic and the factors that contributed to the disruption or
resilience. Specifically, our research questions were:
RQ1: To what extent were immunisation services in LMICs disrupted by the COVID-19
pandemic?
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RQ2: How did disruption vary by geography, demography, or socioeconomic group?
RQ3: What factors contributed to coverage disruption or resilience?

3 Methods

A rapid review (RR) was conducted using streamlined systematic review methods and

reported in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [6]. The full PRISMA checklist can be found in the
supplementary material on pages 1-5.

3.1 Procedure

We searched PubMed and Web of science up to 6th October 2023 for studies published
after 1st December 2019 in the English-language with search terms (((COVID-19) OR
(SARS-CoV-2))) AND (immunisation OR vaccination) AND (disruption OR delay* OR
postpon®). Studies were included if they focused on disruption to vaccination activities due to
the COVID-19 pandemic in LMICs. Studies were excluded if they focused on high-income
countries only, examined disruption due to other factors, i.e. not related to the pandemic, or
were reviews, commentaries, or modelling studies without novel data.

3.2 Study selection, data extraction and quality assessment

Search results were imported into the Covidence (www.covidence.org) systematic review
management tool where duplicates were removed. Titles and abstracts were screened by
one reviewer, full text review was completed by two reviewers with conflicts resolved through
consensus.

Each study was extracted by one reviewer into a Google sheet. We extracted information
on i) last date of included data, ii) countries studied, iii) qualitative findings related to the
research questions RQ1, RQ2 and RQ3, and iv) binary data on whether routine
immunisation, SIAs, doses, schedule timing or supply chains were mentioned in the study. A
second reviewer was consulted where there was uncertainty concerning the extracted data.

The quality of studies was assessed through a modified, nine question checklist of the
Critical Appraisal Skills Programme (CASP) for qualitative studies. The 10th question, “how
valuable is the research,” was omitted given the aim to assess quality based on binary
indicators and given no studies were excluded based on determinations of value. Results
were listed as N/A if not applicable for the study. All CASP results are available in the
supplementary material on pages 6-8.

3.3 Synthesis

There were two main types of evidence to synthesise: quantitative information (i.e.,
percentage drops in coverage achieved, doses administered, or SIAs postponed) and
qualitative information on contributing factors informed by surveys or questionnaires. We
grouped results by research question. Finally, we collate characteristics of the studies
themselves, such as countries studied or dates of included data. For these, we have
prepared summary statistics. The full list of included studies and outcomes provided are
included in the supplementary material.

3.4 Patient and public involvement

There was no patient or public involvement in this study.

4 Results

4 1 Characteristics of studies

We found 4978 studies where 85 met the inclusion criteria (Figure 1). The majority of studies
were published in either 2021 (n = 30; 35.29%) or 2022 (n = 32; 37.65%), though most
studies only reported on data from 2020 (n = 52; 61.18%). 14 studies (16.47%) included data
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during the first 6 months of 2021; a further 15 (17.64%) included data between July and
December of 2021. Only 4 studies (4.71%) included data from 2022; the most recent of
these covered data through November of 2022.

Most (n = 20; 23.53%) of the studies considered multiple LMICs. Of those that only
considered one country, India (n = 12; 14.11%), Ethiopia (n = 7; 8.24%), Pakistan (n = 5;
5.88%) and Brazil (n = 4; 4.71%) were the most frequently studied. The African continent
was the most represented.

Most (n = 57; 67.05%) studies examined the effect of the COVID-19 pandemic on routine
immunisation coverage, with an additional 7 (8.24%) reporting pandemic effects on
supplementary immunisation activities. The change in the number of administered doses (n
=19; 22.35%) or the timing of doses (n = 15; 17.64%) was also reported by several studies;
8 (9.41%) reported disruptions in the vaccine supply chain.

4.2 Extent of disruption

We divide this section into a few main areas: supply chains and vaccine availability, the
delivery of routine immunisation (as doses given, coverage, and/or delays), supplementary
immunisation activities, and finally, signs of recovery (to pre-pandemic achieved coverage in
any of the disrupted activities mentioned previously).

4.2.1 Vaccine supply

Following the declaration of COVID-19 as a pandemic, there was a reduction of vaccine
sales and periods of stockout and low availability of vaccines in some countries [7, 8, 9, 10,
11], though one study in Northern Nigeria found that states experienced less stock-outs in
2020 as compared to 2019 [12]. More globally, vaccine sales between April and August
2020 fell by 9.5% across 84 countries [13], but some losses in vaccine receipt after stock-
outs were recouped by catch-up activities, such as in Uganda [8].

4.2.2 Routine immunisation

We divide insight by WHO region or country.

In the WHO African Region, there was a varied picture of disruption. In Ethiopia, minimal
disruptions were found up to August 2020 [14, 15, 16, 17, 10, 18]. Similarly, in DRC,
disruptions in Kinshasa were minimal up to December 2020, with one study even finding
increases in DTP3 and MCV1 doses administered [19, 20]. In Kenya [21, 22, 23] and
Burkina Faso [24], immunisation services were largely unaffected. Zambia saw a mixed
picture, in which estimates during the first 6 months of 2020 varied month-to-month, with
both disruptions and positive increases as compared to previous years; overall, however, the
number of additional children missed was found to be minimal [25]. In South Africa, however,
full immunisation dropped in the first months of the pandemic, especially in April, where it
dropped by 30% [26, 27]. Ghana [28, 29, 30], Nigeria [31], Uganda [8, 20], Liberia [32],
Sierra Leone [33, 20], and Somalia [11] all saw drops in coverage in 2020, and whilst some
countries had begun to see recovery in coverage achieved, this was not enough to
compensate for missed cohorts [34, 20].

In the WHO region of the Americas, there were declines in coverage reported for the
Dominican Republic, Mexico, Ecuador and Brazil. The Dominican Republic saw a drop of 10
percentage points [35], while vaccinations were reduced by 36% in Mexico [36, 37], and
14% fewer doses administered were in Ecuador [38]. In Brazil, approximately 20% of
children missed vaccinations, with an 18% overall decline in doses administered in the first
year of the pandemic [39, 40, 41]. However, one study found no significant evidence of
COVID-19 isolation measures on vaccines per child in Brazil [42].

In the Eastern Mediterranean WHO region, drops in coverage were seen for Lebanon,
Afghanistan, Jordan and Pakistan [43, 44, 45, 46, 47] of 31%, 21%, 6-16% and 30-48%,
respectively, over the initial stages of the pandemic. Pakistan additionally reported that as of
September 2021, 18% of parents had delayed routine immunisation for their children during
the pandemic; an additional 2% received no immunisations [48].
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In the South East Asian WHO region, there were significant disruptions [49, 50]. In India,
six studies found substantial drops in coverage across the majority of districts (88% [51])
especially in lockdown and early in the pandemic [52, 53, 54, 55, 56]. As a result, children
born in India after COVID-19 had a 2-10% lower probability of timely vaccination compared
to earlier cohorts [57, 58]. Two studies, one conducted among the Armed Forces population
in Mumbai, the other across India, found disruptions continued into 2021 [58, 56]. Only one
study found that the number of immunisation sessions in India increased in 2020 and 2021
compared to 2019 [59]. In Nepal and Bangladesh, the most severe disruptions were also
seen earlier in the pandemic, particularly in Bangladesh, where 20-25% of planned outreach
immunisations were cancelled between April and May 2020 [60, 61]. In Indonesia, one study
reported that 27.4% of parents delayed compulsory immunisation in 2020 [62].

In the WHO European region, in Armenia, there were only small declines in coverage
achieved [63]. In the Western Pacific WHO Region, one study from China found that
immunisation coverage dropped drastically in January 2020, but had recovered to pre-
pandemic levels by June [64]. However, a second study conducted in Beijing found
pandemic effects to continue into 2021, staying below 2019 levels despite catch-up activities
[65].

Globally, there were substantial drops in routine immunisations in 2020 [9]. Overall, it
was estimated that there were 31% fewer vaccine doses given [66]. In middle-income
countries, 14% of individuals delayed or missed vaccinations in the first 6 months of the
pandemic [67], and there was a 20% increase in children who had not completed the 3-dose
DTP series [68]. Whilst disruption varied by vaccine [69, 70], most saw the most severe
declines in the 6 months of the pandemic followed by variable recovery [71] which may affect
control and elimination efforts [72].

It was not only the total number of doses administered that was affected, but also when
those doses were given. In China and India, the majority of interviewed caregivers delayed
vaccination [73, 74, 75, 57, 67] and in Ecuador and Sierra Leone, this delay was worse for
last doses [38, 33].

4.2.3 Supplementary immunisation activities

Overall, we found fewer studies focusing on supplementary immunisation activities (SIAs) or
campaigns specifically; however, there are comprehensive records kept by the WHO
campaign tracker as part of the immunisation repository [76]. In 57 countries, SIAs were
more disrupted in the early stages of the pandemic, with 57% of planned campaigns globally
postponed or cancelled because of COVID-19 by May 2020 [76]. By December 2020, this
had fallen to 26% and many campaigns were reinstated from July 2020 onwards. By
December 2021, in 54 countries, this had fallen again to 16% of scheduled campaigns
delayed or cancelled [76]. Overall, of those campaigns disrupted between March 2020 and
December 2021, 59% had been reinstated [76]. Factors leading to postponement or
cancellation of SlAs included non-pharmaceutical interventions, such as national lockdowns,
[77] and stockouts or increased demand for general healthcare supplies [78, 8]. One study
found that the national policy guidance of Mozambique and Uganda recommend the halting
of campaigns in 2020 [79]. Additionally, whilst some SIAs had been reinstated, and there
were plans for catchup activities, there are still large missed cohorts [53, 80, 72, 9].

4.2.4 Recovery

Information on recovery is limited by the date ranges of the included studies, which mainly
focused on 2020 and 2021. A key finding is that while there were signs of improvement in
routine immunisation coverage achieved and reinstated vaccination campaigns, there was
not the positive increase needed to catch up missed cohorts, i.e. a sufficient return to pre-
pandemic levels of immunisation [34, 66, 70, 61, 37, 81, 33, 65]. It was also noted that pre-
COVID levels of coverage had not been reached in many countries by the end of 2022 [72].

4.3 Heterogeneity in disruption

Heterogeneity in immunisation disruption was found across several factors, including
geography, demography, wealth, and education; these are further detailed below. Variations
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in the extent of disruption by antigen were similarly reported in several studies [38, 44, 49,
13, 75, 20, 10, 18, 65, 64].

4.3.1 Geographic Heterogeneity

Despite significant overall decreases in immunisation in LMICs, there was geographic
heterogeneity in the extent of disruption and in the regions and/or individuals affected. On a
national level, several studies reported differences in the extent of disruption as a result of
economic income classification [67, 49, 68] by WHO Region [78, 69, 68], by global burden of
disease super-region [66], or by Gavi eligibility [68], with greater pandemic impact observed
in low- and middle-income countries compared to high-income countries, affecting the
primarily African Region, the Americas, and Asia. The reverse trend was seen for vaccine
sales early in the pandemic (i.e. April to August 2020), with high-income countries
experiencing a 20% decline and low-income countries observing a 10% increase [13].

On a sub-national level, many countries observed statistically significant differences
between regions, provinces, or districts in regards to the change in health service utilisation
[82, 37, 51, 59, 56], routine immunisation coverage [38, 44, 55], or complete vaccination
[24]. In some countries, certain provinces reported increases in immunisation service
provision or doses for some vaccines, such as in the Southern Province of Rwanda, where
measles and rubella immunisation increased [82]. Geographic heterogeneity was also
observed in the subsequent recovery of services [51, 27].

While some countries reported differences in disruption between urban and rural areas,
there was significant heterogeneity in the extent of disruption. One study found that the odds
of immunisation in Ethiopia were higher in rural areas [14], while another observed greater
initial declines in urban and peri-urban areas in South Africa, followed by recovery in these
areas and declines in rural areas as the pandemic progressed [27]. In Pakistan, lockdown
affected rural areas more than urban areas [46]. Geographic heterogeneity was also
observed between Ethiopia’s hospitals and health centres, in which vaccine-related supplies
were twice as likely to be affected by COVID-19 in hospitals [7, 10]; in Nigeria, activities
coordinated at the state level were impacted less than healthcare facilities [12]. In China,
immunisation services continued in hospitals, even when immunisation clinics were
suspended [64].

In India, children residing in “COVID-19 red zones” were more likely to face immunisation
disruption [55]. Similarly, a study on polio outreach services in 33 African and Eastern
Mediterranean countries found services necessary for "reaching their most vulnerable
populations” were partially or severely disrupted [78].

4.3.2 Demographic Heterogeneity

Few studies focused on the effects of demographic heterogeneity on COVID-19 related
immunisation disruption, including factors such as gender, age, birth order, or caste. Only
two studies looked at differences by gender; one found greater declines in females than
males, though this decline was not significant [44]. The second, conducted in Brazil, also
found no significant differences, but did find that infants were less likely to experience
immunisation disruptions or delays compared to one-year old children [39]. This finding was
similar to two studies, conducted in Eastern India and in China, where increasing age of the
child was found to be associated with immunisation delays [74, 75]. A study conducted in
South-East Asia and the Western Pacific found similar results, in which early-infancy was
less disrupted than infancy, school-entry age, and adolescent immunisation [49]. However,
greater disruption was seen among infants compared to adult/elderly immunisation [49].
Additionally, one study in Jordan found that children older than 12 months were less likely to
experience delays [45]. Finally, one study conducted in China found firstborn children were
less likely to experience delays [75], while another paper in India examined heterogeneity as
a result of ethnicity or caste, finding lower castes had lower likelihoods of full immunisation
and greater immunisation disruption, though these findings were not significant [55].

While even fewer articles examined the demographic heterogeneity of disruption based
on the characteristics of parents or caregivers, two studies stratified results by maternal or
caregiver age; one finding that increasing maternal age was associated with delayed
vaccination [74], the other finding no association [45]. Only one study examined other
contributing factors of parents, finding that women were more likely to delay vaccination for
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their children than men; presence of a chronic iliness, prior flu vaccination, or experience
with COVID-19 diagnosis were also associated with delays in childhood vaccination [62].

4.3.3 Socioeconomic Heterogeneity

Contributors to socioeconomic heterogeneity in immunisation disruption largely included
measures of household income and education. Two studies, one in Brazil and the other in
India, found that missed vaccine doses were more likely in children from poorer households
[55, 39]; in India it was additionally found that there were greater declines in immunisation
among poorer subgroups [55]. A study in South Africa found mixed results, finding declines
in full immunisation and first dose of measles greater in wealthier quintiles at the start of the
pandemic, but with faster positive recovery and continued declines among poorer subgroups
as the pandemic progressed [27]. Another study in Iraq found that low socioeconomic status
was associated with an increase in missed vaccine appointments [83]. Two studies, one
conducted in Irag and one conducted in Indonesia, similarly found that the type of
employment changed the odds of vaccination during the pandemic [62, 83]; in Indonesia,
healthcare workers especially were more likely to delay vaccination in their children [62].

Only two studies, one in India and one in Iraq, focused on education, similarly finding
higher probability of incomplete immunisation and greater declines in households without
formal education [55, 83].

4.4 Factors contributing to coverage disruption and resilience

We divide this section into three key areas: health system barriers, vaccine demand,
and resilience.

4.4 1 Health System Barriers

Many of the initial challenges in maintaining immunisation services in LMICs were the result
of health system and supply barriers during the early stages of the pandemic. Many
countries reported issues with vaccine supply delays or stock-outs [37, 7, 84, 81, 32, 8, 9,
85, 11, 58, 86] and lack of personal protective equipment (PPE) for healthcare workers
(HCWs), including masks, gloves, and other drugs and supplies [7, 84, 32, 31, 87, 51, 85,
53, 54, 51, 12]. Disruption caused by vaccine stock-outs or supplies was found to vary by
WHO region [9] or by geographical sub-region [31, 87, 49, 10]; notably one study in
Southeast Asia and the Western Pacific found vaccine stockouts to be among the least
important reasons for service provision delays [49]. A lack of logistical support impacting
routine services or outreach, such as a lack of fuel or water, was reported by three studies in
the WHO African region [84, 32, 31].

Similarly, HCW availability posed a significant challenge, with countries citing difficulties
due to the diversion of staff to COVID-19 response, staff iliness, and transportation
difficulties, among others [32, 9, 31, 85, 53, 54, 31, 51, 18, 12]. One study in Kenya further
reported disruption due to a HCW strike from December 2020 to January 2021 [23]. On an
individual level, HCWs reported that pandemic related stigma, stress, or fears impacted
service delivery [7, 31, 60, 54, 85, 51], with some additionally reporting harassment by law
enforcement or by patients themselves [31, 51]. Only one study, conducted at a tertiary
health centre in Ghana, found no disruptions to vaccine supply or in HCW availability [29].

COVID-19 lockdowns and restrictions also resulted in cancelled immunisation services,
clinic closures, or reduced healthcare access or services available [7, 88, 32, 31, 46, 49, 67,
55, 77, 45, 62, 89, 86, 83], with some reporting difficulties maintaining COVID-19 prevention
rules, such as social distancing, due to non-compliant patients or a lack of space [84, 31, 54,
12].

Competing priorities also meant some countries faced declines in funding for
immunisation services or supplies, resulting in financial constraints [53, 87, 12].

4.4.2 Vaccine Demand and Acceptance

Many of the challenges in maintaining routine immunisation services during the COVID-19
pandemic also resulted from declining vaccine demand and increasing fear or stigma
surrounding COVID-19 among caregivers. Declines in vaccine demand were frequently

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

=


http://bmjopen.bmj.com/

Page 9 of 30

oNOYTULT D WN =

BMJ Open

attributed to travel barriers or difficulties in reaching immunisation services or clinics [55, 75,
17, 32, 9, 16, 54, 53, 60, 49, 65, 12, 83, 18, 48, 89], COVID-19 restrictions or requirements,
including testing requirements, mask requirements, or lockdowns, [88, 84, 45, 47, 85, 60,
67], and financial constraints [16, 53, 60, 67]. One study, conducted in South East Asia and
the Western Pacific, reported that while affordability issues contributed to immunisation
service utilisation, it was among the lowest ranked reasons [49]. Some caregivers
additionally reported low or no awareness of the availability of immunisation services, often
believing clinics and hospitals were closed for routine immunisation services [84, 53, 29,
74].

Declines in vaccine demand due to fears of contracting COVID-19 at clinics or hospitals
was pervasive, and one of the most reported causes across several studies [55, 67, 49, 60,
85, 53, 47, 16, 29, 54, 45, 9, 74, 84, 32, 12, 18, 58, 48, 89]. Many others reported additional
fear or stigma against healthcare providers, including fears that staff might be infected by the
virus [29, 60, 54, 32, 85]. One survey of 100 caregivers at a tertiary health centre in Eastern
India found that 83% of respondents agreed that “safety [was] more important than
vaccination” [74]. Further unspecified declines in vaccine demand were noted by several
studies [9, 81, 46].

Vaccine hesitancy factors were less commonly reported; misinformation and misbeliefs
contributed to declines in demand in just two studies [9, 60], while fears specifically about
vaccine side effects were found in just one study in a tertiary hospital in North Ghana [29].
One additional study in Liberia reported declines due to vaccine conspiracies, where parents
believed their children would be injected with COVID-19 [32]. Only one in Ethiopia study
reported fewer declines in vaccine demand as a result of COVID-19 pandemic
misinformation, including that they were not susceptible to the disease, the disease was not
severe, or that the pandemic did not exist [18].

4.4.3 Resiliency

Though few papers highlighted resiliency factors or enablers to immunisation during the
COVID-19 pandemic, two key focuses included community outreach to address declining
vaccine demand and acceptance and the importance of improved healthcare worker support
to increase service provision. In Jordan and China, alternative arrangements for childhood
vaccination (i.e. outside of the standard service provision within healthcare clinics) was
found to be key to maintaining immunisation demand, though in Jordan this insight was
based on a survey of caregiver beliefs[45, 73]. Similarly, a community intervention
highlighting the importance of maintaining timely vaccination, despite the pandemic, was
crucial in Jordan, India, and in Ethiopia [45, 16, 18, 58]. Ethiopia additionally reported
decreased fear of COVID-19 as an enabling factor [16]. In India, adequate access to PPE,
overcoming barriers to transportation for HCWs, community and/or family support, and
training on COVID-19 management was crucial to support HCWs in maintaining
immunisation service provision[85]. Similarly, proactive communication and coordination on
all levels of the healthcare system was essential in Ethiopia in maintaining health system
resiliency[87]. In India, capacity building to ensure a trained workforce assisted in
maintaining immunisation programs [58, 89], while in Nigeria, one study found the supply
chain logistics to be the most important factor for maintaining immunisation services [12].
Finally, in Zambia, community awareness through the National Immunization Campaign
assisted in catching up pandemic declines [25].

5 Discussion

Despite the challenges faced by health systems during the COVID-19 pandemic, the WHO
has continued to emphasise the importance of routine immunisation, noting that the last
effects of immunisation declines can lead to higher burdens of disease and/or excess
deaths[90]. This review highlights the extent of disruption faced by LMICs, finding significant
heterogeneity between and within regions, countries, and individual demographics, but
nevertheless showing declines in routine immunisation in 2020 and 2021 that had not often
not recovered to pre-COVID levels.

SlAs and campaigns were postponed with few regions reporting full recovery. Many
LMICs rely on outreach services to reach vulnerable populations, especially where access to
health clinics or services are limited[9]. COVID-19 response efforts or mitigation strategies,
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including lockdowns, resulted in additional disruption to transportation services, logistical
support, or supplies, often hindering additional outreach activities and limiting the services
that were available. This has resulted in a deepening of existing coverage inequalities, with
studies noting greater disruptions among households with lower incomes, formal education,
or those situated in informal housing or in some regions, rural areas, emphasising the
heterogeneity that existed prior to the pandemic [91].

We utilised a rapid review format for this study, which includes some limitations. We
included only two databases for the time period and only studies in English. As a result, we
may be missing studies stored in other databases or in other languages. Additionally, rapid
reviews may have additional risks of bias, given the single-reviewer extraction and synthesis
of findings.

The findings in this study are limited by the data available — the majority of studies
utilised data from 2020, limiting much of our understanding of how routine immunisation
services have recovered since countries lifted lockdown or other COVID-19 response
policies. Our study also does not include grey literature, only articles. Nevertheless, this
study expands upon the findings of a systematic review of available literature on childhood
disruptions to immunisation using data from 2020, which included 39 studies and found an
overall median decline of 10.8% [92]. Additionally, our study only focuses on LMICs; this is in
contrast to high-income countries, which, according to one study on 26 middle- and high-
income countries, saw considerably less missed vaccination [67]. Our study highlights the
findings through 2022 and emphasises the ongoing heterogeneity in immunisation,
alongside the barriers and enablers to service provision.

Our findings also emphasise the urgency required to target individuals and cohorts who
may have missed out on routine immunisation or campaigns during the COVID-19
pandemic, ensuring the barriers highlighted by staff and caretakers, including low staff or
service availability, vaccine or supply stockouts, and transportation barriers are mitigated.
Importantly, approaches to combat fears, misinformation, or misbeliefs, including those
surrounding COVID-19 transmission and risk, are critical. Though few studies touched on
vaccine hesitancy, declining vaccine acceptance has become a formative issue, and
additional strategies are required to prevent additional backsliding[93].

Rebuilding immunisation services in LMICs will require a greater focus on healthcare
resilience, so that the disruption caused by future epidemics or disasters on routine
immunisation services is minimal, and that recovery and performance rapid and improved
through an adaptation to real-world events[94]. Many of the countries that showed service
delivery resilience during the COVID-19 pandemic highlighted the need for proactive and
ongoing communication and coordination across multiple interconnected systems, especially
between the community and healthcare system. One study, published in May of 2023, offers
an updated framework to address the idea of epidemic-ready primary healthcare.
Importantly, this framework offers solutions to many of the observed barriers found in this
review, focusing on adequate training, compensation, and protection for HCWs, reliable
logistic and supply-chain infrastructure, and linkages to the community[95]. Given the
reliance on primary health care and outreach systems for immunisation in LMICs, this
approach may be a beneficial starting point, though notably, it will require a shift in how
healthcare currently interacts with public health, alongside strong political commitment and
financing[95]. Further research will be required to understand how post-pandemic disruption
and recovery in immunisation services has progressed, especially in regards to vulnerable
communities.

6 Conclusion

This review highlights the extent and heterogeneity of immunisation disruption in LMICs as a
result of the COVID-19 pandemic and the factors contributing to disruption and resilience in
immunisation programs. Given there is limited information on whether reductions in
vaccination coverage or delays have persisted beyond 2021, further research is needed to
assess ongoing disruptions, identify missed vaccine cohorts, and examine factors
contributing to resilience. Furthermore, these findings highlight the need for immunisation
programs to provide support for healthcare workers and proactive communication within the
health system and with the wider community to ensure the effect of future disasters on
vulnerable communities is minimal.
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Supplementary Index:
COVID-19-related disruption and resiliency in immunisation
activities in LMICs: a rapid review

Anna-Maria Hartner, Xiang Li, Katy Gaythorpe
July 15, 2024

Search Strategy

We searched PubMed and Web of science on 6th October 2023 for studies published after 1st December
2019 in English. Our full list of search terms was as follows: (((COVID-19) OR (SARS-CoV-2))) AND
(immunisation OR vaccination) AND (disruption OR delay* OR postpon*).

PRISMA Checklist

The PRISMA checklist is referenced in the main text on page 3.
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Additional Supplementary Tables

OVERVIEW OUTCOMES
Study Countries Routine SIA Doses [')oste Sup.ply
coverage timing chain
Hou et. al., 2021 China TRUE
Bose et al., 2022 Nepal TRUE
Mansour et al., 2021 Lebanon TRUE TRUE
Wanyana et. al., 2021 Rwanda
Saso et. al., 2020 Multiple TRUE
Carter et. al., 2022 Ethiopia TRUE
Shapiro et. al., 2022 Multiple TRUE
Desta et. al., 2021 Ethiopia TRUE
Jensen et. al., 2020 South Africa TRUE
Silveira et. al., 2021 Brazil TRUE
Harris et. al., 2021 SEAR/WPR TRUE
Chandir et. al., 2020 Pakistan TRUE TRUE
Shapira et. al., 2021 Subsaharan Africa TRUE TRUE TRUE
Abid et. al., 2022 Afghanistan TRUE
Khan et. al., 2021 India TRUE
Zeitouny et. al., 2021 Multiple TRUE TRUE
Cabral et. al., 2021 Brazil and Portugal
Singh et. al., 2021 Nepal TRUE
Patel et. al., 2022 India TRUE TRUE
Bekele et. al., 2022 Ethiopia
Shet et. al., 2021 India TRUE
Nguyenet. al., 2021 India TRUE
Mishra et. al., 2023 India TRUE
Wang et. al., 2022 China TRUE
Jain et. al., 2021 India TRUE TRUE TRUE
Avula et. al., 2022 India
Nigus et. al., 2020 Ethiopia
Assefa et. al., 2021 Multiple TRUE TRUE
Kawakatsu et. al., 2023 Ghana TRUE
Adelekan et. al., 2021 Nigeria TRUE TRUE
de Oliveira et. al., 2022 Brazil TRUE
Shet et. al., 2022 Multiple TRUE TRUE
Muhoza et. al., 2021 Multiple TRUE
Colomé-Hidalgo et. al., 2022 Dominican Republic | TRUE
Santos et. al., 2021 Brazil TRUE
Doubova et. al., 2021 Mexico TRUE
Burt et. al., 2021 Uganda TRUE TRUE TRUE
Hategeka et. al., 2021 DRC TRUE
Causey et. al., 2021 Multiple TRUE
Alves et. al., 2021 Brazil TRUE
Abu-Rish et. al., 2022 Jordan TRUE TRUE
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Babalola et. al., 2022 Liberia TRUE TRUE
Evanset. al., 2022 Multiple TRUE
Khatiwada et. al., 2021 Nepal TRUE TRUE
Sudrez-Rodriguez et. al., 2022  Ecuador TRUE TRUE
Shaikh et. al., 2021 Multiple TRUE
Rahman et. al., 2021 Pakistan TRUE
Khan et. al., 2022 Pakistan TRUE
Bimpong et. al., 2021 Ghana TRUE
Rana et. al., 2021 Bangladesh TRUE
Powelson et. al., 2022 Mozambique TRUE TRUE TRUE
Wambua et. al., 2022 Kenya TRUE
Mariani et. al., 2022 Sierra Leone TRUE
Summan et. al., 2023 India TRUE TRUE
Thsehla et. al., 2023 South Africa TRUE TRUE
Adilo et. al., 2022 Ethiopia TRUE
Lucinde et. al., 2023 Kenya TRUE
Connolly et. al., 2022 Multiple TRUE
Burkholder et. al., 2021 Multiple TRUE TRUE TRUE
Mbaeyi et. al., 2021 Pakistan
Kiarie et. al., 2022 Kenya TRUE
Doubova et. al., 2022 Mexico TRUE
Ho et. al., 2022 Multiple TRUE
Melkonyan et. al., 2022 Armenia TRUE
Kissi et. al., 2022 Ghana TRUE
Minta et. al., 2022 Multiple TRUE TRUE
Plotkin et. al., 2022 Multiple TRUE TRUE
Cooper et. al., 2023 Burkina Faso TRUE
Kasonia et. al., 2023 Multiple TRUE
Winter et. al., 2023 Zambia TRUE
Fahriani et. al., 2021 Indonesia TRUE
Orey et. al., 2023 Somalia TRUE
Sucharitha et. al., 2022 India TRUE
Manzoor et. al., 2022 Pakistan TRUE
Tawar et. al., 2022 India TRUE TRUE
Wau et. al., 2020 China TRUE TRUE
Owais et. al., 2023 South Asia TRUE
Rodo et. al., 2022 Multiple TRUE
Chakrabarti et. al., 2023 India TRUE
Berhane et. al., 2023 Ethiopia TRUE
Zeidan et. al., 2023 Iraq TRUE
Aigbogun et. al., 2023 Nigeria TRUE TRUE
Jiet. al., 2023 China TRUE TRUE
Endehabtu et. al., 2023 Ethiopia TRUE
Sharma et. al., 2023 India
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Table 3: Overview of countries examined and outcomes reported (rou-
tine coverage, supplementary immunisation campaigns (SIAs), dose
timing, or supply chain disruptions) by included papers.
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