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Abstract 

Introduction: Existing evidence on why children miss vaccines after infancy has focused 

on the demand side, that is, on the attitudes and circumstances of caregivers. The supply 

side, meaning the system’s capacity to make vaccines available, accessible, and delivera-

ble, has received less attention, even though it determines whether a willing caregiver can 

be served. This study examined the supply-side determinants of second-year and newer 

vaccine uptake in Malawi through a coverage-cascade and bottleneck analysis. Methods: 

A mixed-methods study drew on one cross-sectional survey with a caregiver component 

(n = 1177) and a frontline health worker component (n = 453), a data quality assessment of 

stock records at 37 sites, and key-informant interviews and focus group discussions at 

community, facility, district and national level. Findings were organised through the 

Tanahashi coverage framework, which follows the steps from the availability of commod-

ities and staff, through geographic access, to service contact and coverage. Supply-side 

constraints on uptake were profiled at each step and set against the coverage achieved for 

each antigen. Results: Coverage fell across the antigen sequence, from 93.4% for the sec-

ond dose of measles–rubella vaccine and 91.2% for the second dose of inactivated polio 

vaccine, to 74.6% for the typhoid conjugate vaccine and 61.4% for the HPV vaccine. Stock 

management was largely in place. Stock records were maintained and reconciled at 35 of 

37 assessed sites, and only 4.5% of caregivers who gave a reason for a missed dose named 
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a stockout. Yet 24.8% (95% CI 21.2–28.8) of caregivers (district range 20–35%) reported 

having ever been turned away because a vaccine was unavailable. Human-resource read-

iness was weaker, with over half of frontline workers never receiving refresher training. 

Between 9% and 37% of caregivers, by district, lived more than five kilometres from a 

facility. Transport was the constraint on mobilisation most often named by health workers 

(72%). Interviews described outreach as dependent on fuel and external funding. Stock 

systems worked on paper, but vaccination was less reliably available when caregivers at-

tended. Constraints appeared at this point of contact, in the continuity of outreach and in 

the maintenance of frontline capacity. National respondents placed these constraints 

within a financing system that is partly donor-dependent and fragmented across separate 

partner plans. Conclusions: The supply system delivered the established second-year an-

tigens well. It was less consistent for the newer ones and at the point of contact. Sustaining 

uptake will require protecting stock at the point of need, resourcing outreach, maintaining 

frontline capacity, and adapting supply for the newer vaccines. 

Keywords: immunisation; second year of life; supply side; coverage cascade; bottleneck 

analysis; Tanahashi; vaccine stockout; outreach; health workforce; Malawi 

 

1. Introduction 

Vaccination coverage depends on both demand-side and supply-side determinants. 

The two sides have not been equally studied [1]. A coverage figure records how many 

eligible children and adolescents were reached, without showing which side fell short [2]. 

The demand side has been mapped in depth. For example, in sub-Saharan Africa, succes-

sive reviews have synthesised the behavioural and social drivers of childhood immunisa-

tion, from caregiver knowledge and trust to maternal autonomy and access to information 

[3–5]. The reasons children and adolescents go unvaccinated have themselves been re-

viewed [6]. The supply side has drawn less attention. Reviews of coverage and equity note 

that supply-side determinants are frequently left out of the analysis altogether [7]. Where 

the supply side has been studied, the work has usually been confined to one country or 

tied to a single intervention rather than tracing the delivery pathway as a whole [8,9]. This 

leaves one side of coverage poorly understood. In this paper, the supply side means more 

than the logistics chain of warehouses, vehicles and cold rooms. It is the delivery system 

that turns a vaccine in stock into a vaccine given. It includes commodities and cold chain 

at the facility, the frontline workforce, outreach to distant communities and the point of 

care itself. 

This imbalance matters most for vaccines given after infancy and for the newer anti-

gens now entering national schedules. Over the past decade, Malawi has added several 

such vaccines to its routine schedule. These include the typhoid conjugate vaccine (TCV), 

the human papillomavirus vaccine (HPV), a second dose of inactivated polio vaccine 

(IPV2) and the second dose of measles–rubella vaccine (MR2). These vaccines do not ride 

on the established infant visit. They reach children through outreach, through schools and 

through repeat contact beyond the first year of life. The evidence on their delivery is thin-

ner than for the infant series. It is scattered across vaccines and countries. It is dominated 

by accounts of introduction rather than any supply-side map of where uptake is lost after 

launch [10–13]. Over the same period, Malawi's health system has faced pressures related 

to intermittent stockouts, limited transport and fuel for outreach, dependence on external 

financing, and disruptions linked to the withdrawal of development assistance [14–16]. 

These pressures make the supply side central to understanding whether newer and later-

scheduled vaccines can achieve and sustain high uptake. 
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The point of care itself is a place where supply can fail. Many routine vaccines are 

supplied in multi-dose vials. Under WHO policy, opened vials of reconstituted vaccines 

such as measles-containing vaccine must be discarded six hours after reconstitution or at 

the end of the session, whichever comes first [17]. To limit wastage, health workers may 

wait until enough children are present before opening a vial. Children who arrive at a 

quiet session may be asked to return on another day [18,19]. A caregiver sent away in this 

way may report that the vaccine was out of stock, even when vials are in the refrigerator. 

Vial presentation therefore shapes both the vaccinator’s decision and the caregiver’s ac-

count of it. The problem is sharpest for freeze-dried vaccines supplied in larger vials, such 

as 10-dose measles–rubella vials. It is one reason several African countries have moved to 

5-dose presentations [19].  

In Malawi, evidence on supply-side determinants is limited. Work on immunisation 

in the country has centred on coverage levels and on the demand side. Existing work has 

documented barriers to the second measles dose, including missed opportunities and de-

layed or cancelled vaccination sessions [20]. This evidence predates the introduction or 

expansion of newer vaccines such as TCV and HPV, and it does not examine multiple 

antigens through linked facility, provider and caregiver data [21]. How the supply system 

performs for the newer and second-year antigens has not been examined. Few studies 

have traced these vaccines through a supply-side cascade using caregiver, provider, facil-

ity and national data together. We therefore set out to examine the supply-side determi-

nants of uptake for newly introduced and second-year vaccines in Malawi. We aimed to 

locate the steps at which the delivery system narrows, from the availability of commodi-

ties and staff, through geographic access and service contact, to effective coverage. 

To structure this, we applied the Tanahashi framework [22,23]. The framework rep-

resents coverage as a sequence of stages. These run from the availability of services, 

through geographic accessibility and initial contact, to continued use and effective cover-

age. Each stage is a point at which eligible populations can be lost. The framework has 

been used to locate coverage losses in immunisation and in broader health services in 

comparable settings. That work shows that a single national or district figure can obscure 

very different underlying constraints [24–26]. We applied it descriptively to the supply 

side. We used caregiver, provider, facility and key-informant data to distinguish facility-

level readiness from point-of-contact availability, geographic access, outreach continuity, 

workforce capacity and delivery-platform constraints. 

2. Methods 

2.1. Study Design and Reporting 

This study used a mixed-methods design. The quantitative core was cross-sectional 

and observational and was complemented by key-informant interviews and focus group 

discussions. The quantitative components are reported in accordance with the Strength-

ening the Reporting of Observational Studies in Epidemiology guidance [27]. The quali-

tative component is reported in accordance with the Consolidated Criteria for Reporting 

Qualitative Research [28]. 

2.2. Study Components 

Data came from one cross-sectional study in the three districts. All components were 

fielded together and addressed one central question: vaccine uptake after the first year of 

life. Health facilities were sampled first. Health workers were interviewed in the sampled 

facilities. Caregivers were interviewed in the catchment areas of the same facilities. Dif-

ferent populations were interviewed so that each side of uptake could be examined. This 
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paper presents the supply side. The study had two survey components, a data quality 

assessment and a qualitative component: 

Caregiver component: caregivers of age-eligible children (n = 1177) provided the cov-

erage outcomes and the caregiver-reported experiences of access and contact. Health 

worker component: health surveillance assistants and community immunisation volun-

teers (n = 453) provided the provider account of workforce readiness and outreach. Data 

quality assessment: a record review at 37 sites in the study districts (35 health facilities 

and 2 district health offices) recorded whether stock records were maintained and recon-

ciled, and whether data tools such as tally sheets and stock cards were available and cur-

rent. It did not record vaccine availability or cold chain status. 

Qualitative component: key-informant interviews at facility, district and national 

level, and focus group discussions with caregivers, explained the quantitative findings 

and situated them within the financing system. Two further instruments were used dur-

ing the same fieldwork but did not inform this analysis: a data-reporting survey of records 

staff, and an EPI–NCD integration feasibility checklist completed at 16 facilities, 9 of them 

outside the study districts. Coverage estimates are reported with numerators, denomina-

tors and 95% confidence intervals (Section 3.7). 

2.3. Setting and Period 

The study was conducted between August and October 2025 in three districts of Ma-

lawi: Chikwawa in the Southern Region, Kasungu in the Central Region, and Mangochi 

in the Eastern Zone of the Southern Region. The districts were selected to represent vari-

ation in geography, facility density, and history of partner support. Immunisation in these 

districts is delivered through health facilities and outreach, supported by health surveil-

lance assistants. All analyses were restricted to these three districts. Where facility assess-

ments had also been conducted in other districts, those records were excluded so that 

every step of the cascade drew on the same three-district frame. 

2.4. Populations and Sampling 

Health worker survey: the sample size was calculated with Cochran’s formula. It as-

sumed that 15% of health workers in the study facilities handle immunisation data, with 

a 95% confidence level, a 5% margin of error, a design effect of 2 and 5% non-response. 

This gave a sample of 453 health workers. 

Caregiver survey: a sample of 1177 caregivers was calculated with Cochran’s formula. 

The calculation used 85% as the proportion of children receiving the Penta3 vaccine, the 

proxy indicator for vaccine coverage. It assumed a 95% confidence level, a 5% margin of 

error, 5% non-response and a design effect of 2. 

Eligible caregivers were those aged 18 years or older, who had lived in the study area 

for at least six months, and who were the primary caregivers of an age-eligible child. Care-

givers with severe cognitive or communication difficulties that precluded them from an 

interview were excluded. 

Health facilities were selected randomly using a sampling frame of all health facilities 

and their catchment areas. Caregivers were drawn from the catchments of the 39 health 

facilities. Within each catchment, villages were chosen purposively for access. Households 

with children under five were identified from DCSA registers and visited consecutively 

from a central landmark. Health workers were interviewed in the same selected facilities 

and their catchments.  

Data quality assessment: the record review was carried out at 37 sites in the study 

districts (Chikwawa 11, Kasungu 10, Mangochi 16), made up of 35 health facilities and the 

Kasungu and Mangochi district health offices. Twenty-nine of the 37 sites were also care-
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giver survey facilities. Records from 13 sites assessed in Rumphi and Ntchisi were ex-

cluded. The assessment was not designed to be representative of all facilities in the three 

districts, so its results describe the assessed sites only. 

Key informants at facility and district level included health surveillance assistants, 

facility managers, clinicians, and district officers. At national level, key informants in-

cluded respondents from the Ministry of Health and development partners. These na-

tional respondents spoke to financing, procurement, and the supply chain. National re-

spondents are attributed by role and institution rather than by name. 

Participant selection for the qualitative component was guided by a purposive sam-

pling strategy to ensure diverse and information-rich perspectives relevant to the study 

objectives. Eligibility was based on participants’ roles, experiences, or involvement in the 

treatment, management, service delivery, policy, or use of EPI services.  

Key informants such as Ministry of Health officials, district managers, planning of-

ficers and development partners (for example, UNICEF and Gavi) were selected for their 

technical or managerial role in child health, immunisation, digital health, planning or 

community engagement. Participants were identified through health facility in-charges, 

district health offices, existing community networks and stakeholder lists. Data were col-

lected until saturation. 

2.5. Framework and Measures 

In this study, newly introduced vaccines are those added to Malawi's national rou-

tine immunisation schedule within the past decade, as distinct from the long-established 

infant antigens. These are the human papillomavirus vaccine, launched nationally in Jan-

uary 2019 and taken into the routine schedule in 2021; the typhoid conjugate vaccine, in-

troduced in May 2023 and given routinely at nine months; and the second dose of inacti-

vated polio vaccine, introduced in December 2024. Vaccines after the first year of life are 

doses scheduled beyond infancy, principally the second dose of measles–rubella vaccine, 

introduced in 2015 and given at 15 months. The four antigens differ in vial presentation. 

In Gavi’s approvals for Malawi, MR vaccine is presented in 10-dose lyophilised vials, TCV 

in 5-dose liquid vials, IPV in 10-dose liquid vials and HPV vaccine in single-dose vials 

[29–32]. MR2 is therefore the antigen most exposed to reluctance to open a vial for few 

children. 

The Tanahashi framework organised the analysis [22,23]. It represents coverage as a 

sequence of steps, from the availability of commodities and staff, through geographic ac-

cessibility, to service contact and coverage. The framework was applied descriptively. 

Each step was operationalised using measures already present in the study instruments 

rather than the framework's own validated instruments. We define the supply system 

broadly. It covers commodities and cold chain, the frontline workforce, outreach and the 

point of care. It is not limited to the logistics chain. 

Availability had two components. Commodity availability was measured from the 

data quality assessment, as whether stock records were maintained and reconciled and 

whether stock cards and other data tools were available and current, and from key-in-

formant accounts of stockouts and resupply. No study instrument recorded vaccine stock 

or cold chain status at the time of a caregiver’s visit. Workforce availability was measured 

from the health worker survey as training to communicate about the newer vaccines, re-

fresher training, supervision, job aids, and access to registers and defaulter lists. Accessi-

bility was measured from the caregiver survey as the distance travelled to the vaccination 

site, and from the health worker survey as the reach and constraints of outreach. Contact 

was measured from the caregiver survey as being turned away when a vaccine was una-

vailable and as the convenience of service days, and from the health worker survey as the 

follow-up of children who missed doses. The turned-away item asked, “Have you ever 
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been turned away from a health facility due to unavailability of vaccines?”, so its recall 

period was the caregiver’s whole experience of the service. It cannot distinguish a stock-

out from a health worker’s decision not to open a multi-dose vial, so we interpret it as 

vaccine unavailability as experienced by the caregiver. The caregiver survey also asked 

the main reason a child had not received a vaccine, and we report the share of caregivers 

who named a stockout or vaccine unavailability. 

Coverage was measured from the caregiver survey as receipt of each antigen among 

children in the age group for it. We use the term coverage rather than effective coverage. 

The endpoint is recorded receipt, not quality-adjusted coverage in Tanahashi’s sense. The 

analysis foregrounded supply-side determinants while recognising that demand and 

quality determinants act at the same steps. 

2.6. Analysis 

Supply-side constraints were summarised as counts, percentages and 95% confi-

dence intervals at each step of the cascade, using the study component appropriate to that 

step. Confidence intervals were calculated on the logit scale, with standard errors adjusted 

for clustering of respondents within health facilities. Differences between districts were 

tested with Rao–Scott corrected chi-square tests, which allow for this clustering. Ranges 

reported in the text give the lowest and highest district values.  

Coverage was calculated as the proportion of children in each age group with a rec-

orded dose of each antigen: children aged 18–59 months for MR2, children aged 13–59 

months for IPV2 and TCV, and girls aged 9–14 years for HPV. Because the survey was 

cross-sectional, every child in the age group at the time of the survey was counted, 

whether the dose was given through routine services or through catch-up or campaign 

activities. For IPV2, introduced in December 2024, the estimate is therefore the proportion 

of surveyed children aged 13–59 months with a recorded dose. It is not coverage of an 

eligible birth cohort. Malawi’s EPI delivers all routine antigens, including IPV, to children 

under five who have missed doses, through periodic intensification of routine immunisa-

tion (PIRI) and other catch-up activities (Malawi EPI programme, personal communica-

tion, October 2026). Estimates were unweighted, and standard errors were adjusted for 

clustering within facility catchments. Facility and workforce indicators were summarised 

overall and by district. The survey components and the data quality assessment drew on 

different respondents and sites. They were not linked at the level of the individual child 

or facility. The cascade therefore integrates evidence across components rather than trac-

ing one child through every step. It is therefore a descriptive bottleneck analysis rather 

than a formally linked estimate of effective coverage. In the integrated bottleneck tables, 

each step was classified as a relative strength or a constraint by the authors’ joint judge-

ment of its quantitative indicators and the qualitative evidence. The steps draw on differ-

ent populations and denominators. They were therefore not compared numerically. Miss-

ing data were handled using complete-case analysis. Analyses were conducted in R ver-

sion 4.5.2 (R Foundation for Statistical Computing, Vienna, Austria). 

2.7. Qualitative Data Collection and Analysis 

The qualitative component was designed to explain the survey findings, with partic-

ular attention to the completion gap and the concerns about the newer vaccines. Focus 

group discussions (n = 4) and key-informant interviews (n = 20) were conducted across 

the three districts. Focus group discussions were held with caregivers. Key-informant in-

terviews were held with community immunisation volunteers (n = 2), facility in-charges 

(n = 2), other health facility and district staff (n = 9: health promotion officers, health sur-

veillance assistants (HSAs), the district director of health services, district environmental 
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health officers and EPI coordinators), HMIS and data officers (n = 2), teachers (n = 1), com-

munity leaders (n = 1), religious leaders (n = 1) and national-level respondents from the 

Ministry of Health and development partners (n = 2). Trained interviewers used semi-

structured guides in the local language. Discussions were audio-recorded, transcribed, 

and translated into English where necessary. Transcripts were analysed thematically. A 

deductive framework was applied first, organised around the quantitative findings and 

the steps of the Tanahashi framework. Codes were grouped into themes, and illustrative 

quotations were selected to represent each theme. The two components were integrated 

through a joint display. Each quantitative finding was placed alongside the qualitative 

evidence that related to it. The qualitative findings were used to explain, support, contrast 

with or verify the quantitative findings. They were not used to infer associations. 

2.8. Ethical Considerations 

Ethical approval was obtained from the College of Medicine Research and Ethics 

Committee of Malawi, reference P.06/25-1638. All participants provided informed consent. 

Identifiers were removed before analysis. 

3. Results 

Figure 1 presents the supply-side bottleneck cascade used to interpret uptake of sec-

ond-year and newly introduced vaccines. The cascade begins with national financing and 

procurement, moves through facility-level readiness, geographic access and outreach to 

point-of-contact delivery, and ends with coverage by antigen. The figure highlights that 

stock management at facilities was largely in place, but reliability was less consistent 

downstream at the point of contact, where caregivers experienced stockouts, inconvenient 

sessions, and fragile outreach. The resulting coverage gradient was highest for established 

second-year vaccines, lower for TCV and lowest for HPV, consistent with weaker supply 

arrangements for newer or less-established delivery platforms. 

 

Figure 1. Supply-side bottleneck cascade for second-year and newly introduced vaccines in Malawi. 

3.1. Upstream Financing and Supply Governance 

The supply of vaccines begins well beyond the facility, in national budgeting and 

procurement. National respondents described how that upstream tier works and where it 

is strained. A Ministry of Health respondent described immunisation financing as an an-

nual negotiation, in which the programme takes stock of its priorities and then agrees on 

an amount with the Ministry of Finance. The respondent also described challenges that 

external funding introduces. Donor-driven plans cause fragmentation and have to be in-

tegrated into a single planning and budgeting framework by the government. 
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“We have donors and implementing partners that do their separate [and] problem-

atic plan… we are implementing [a] framework, call it one plan one budget.” 

(National-level respondent, Ministry of Health, key-informant interview) 

A development partner respondent described the support that partners provide to 

keep the immunisation supply chain functioning, covering both the supply chain itself 

and the staff who manage the data behind it. 

“They [development partners] focus on immunization supply chain so that it is very 

responsive… [and provide] data clerk consultants to strengthen the data collection.” 

(National-level respondent, development partner, key-informant interview) 

The respondents located the constraints in the system that funds and supervises 

them. A national monitoring respondent described supervision, on which the collection 

of field data depends, as reliant on externally funded programmes, that is, partner-sup-

ported projects that pay for supervision. 

“The data we rely on from supervision are a bit tricky because mostly are funded 

programs. Without them we cannot be able to do so.” 

(National-level respondent, Ministry of Health, key-informant interview) 

This national tier frames the cascade that follows. The commodities and the supply 

chain are supported, in part through external funding. The constraints documented 

downstream sit within a financing system that is partly donor-dependent and only now 

being drawn into a single plan. 

3.2. Facility-Level Stock Management 

Stock management at the assessed sites was largely in place. Stock records were 

maintained and reconciled at 35 of the 37 sites in the study districts (94.6%), partially at 

one and not at all at one. Data tools such as tally sheets and stock cards were available and 

current at 30 of the 37 sites and partially available at the other seven. These measures show 

that stock was being documented and reconciled. They do not show whether a given vac-

cine was in the refrigerator on the day a caregiver attended, which no study instrument 

recorded. 

3.3. Point-of-Contact Stock Reliability 

Overall, 291 of 1173 caregivers (24.8%; 95% CI 21.2–28.8) reported having ever been 

turned away because the vaccine was not available. The proportion ranged from 19.8% in 

Kasungu to 35.4% in Mangochi (Rao–Scott p = 0.007). Stockouts were rarely given as the 

main reason a child had not received a vaccine. Of 822 caregivers who gave a main reason 

for a missed vaccine, 37 (4.5%; 95% CI 2.8–7.2) named a stockout or vaccine unavailability. 

The facility and caregiver measures differ in sample, unit and reference period. The data 

quality assessment shows whether stock was documented and reconciled, not whether 

vaccine was present at a given session. The caregiver item records any refusal the care-

giver has ever experienced. The difference is consistent with intermittent stockouts. It may 

also reflect health workers declining to open a multi-dose vial for a small number of chil-

dren.  

“You find vaccines are out of stock when you have already made the journey to come 

and collect the vaccines. So you go back without it.” 

(Health surveillance assistant, key-informant interview, Mangochi) 

Health workers described stockouts as short-lived, with resupply usually arriving 

quickly. 

“When they run out of stock, they inform us so we should wait. But it usually doesn’t take 

time for transport to make deliveries of the vaccine.” 

(Health surveillance assistant, key-informant interview, Mangochi) 

https://doi.org/10.3390/vaccines14110950


Vaccines 2026, 14, 950 9 of 21 
 

https://doi.org/10.3390/vaccines14110950 

HPV was delivered through schools by arrangement with teachers, on set dates, with 

vaccinators given allowances for the day. 

“During the HPV campaign, they give them allowances for the day, because they also do it 

together with the teachers. So they book the teachers, we are coming to vaccinate the girls on this 

date, and on the said date they go and get vaccinated.” 

(EPI coordinator, key-informant interview, Mangochi) 

“When we come to schools on a set date to conduct immunisation, guardians are already 

informed, such that some even come to escort the child, because in some cases children may run 

away from school.” 

(Health surveillance assistant, key-informant interview, Mangochi) 

District staff also reported gaps in HPV delivery after the move from campaign to 

routine immunisation. 

“Among the new vaccines, HPV data often shows gaps, especially after transitioning from 

campaign to routine immunisation, because adolescents are not present at routine outreach clinics.” 

(District EPI analysis, Kasungu) 

District staff described a further problem for tracing. The child’s health record did 

not follow the child. 

“Parents frequently present with a different health passport each month, making it difficult 

to trace a child’s vaccination history.” 

(District EPI analysis, Kasungu) 

3.4. Workforce Readiness and Maintenance 

The frontline workforce was in place, but its readiness and capacity to deliver were 

uneven, as shown in Table 1. Training to communicate about the newer vaccines, access 

to registers and defaulter lists, and regular supervision were reported by most workers. 

Monthly follow-up of missed doses was reported by 63% to 75% of workers. The clearest 

gap was in the maintenance of capacity. More than half of workers in every district had 

never received refresher training on immunisation and defaulter tracing. The system 

therefore depended on frontline workers to generate contact through defaulter follow-up, 

yet more than half of them had not received the refresher training needed to keep this 

work aligned with current tracing practices. 

Table 1. Provider-reported supply capacity, by district. Values are % (95% CI). Confidence intervals are 

adjusted for clustering within health facilities. 

Element Chikwawa (n = 194) Kasungu (n = 193) Mangochi (n = 66) 

Trained to communicate about the newer vaccines 71.1% (58.9–80.9) 83.4% (76.2–88.8) 87.9% (74.1–94.8) 

Information materials or job aids 62.3% (52.6–71.2) 59.1% (45.1–71.7) 78.8% (68.3–86.5) 

Access to registers or defaulter lists 69.1% (56.7–79.2) 65.8% (56.5–74.0) 81.8% (66.9–90.9) 

Regular supervision and supplies 78.4% (63.1–88.4) 72.5% (62.5–80.7) 87.9% (79.4–93.2) 

Never received refresher training 53.1% (39.5–66.2) 52.8% (35.7–69.4) 54.5% (42.4–66.2) 

Monthly follow-up of missed doses 62.7% (55.6–69.3) 74.6% (61.6–84.3) 69.7% (56.4–80.3) 

Qualitative accounts helped explain the gap in refresher training. They described 

training as a single event rather than a maintained competence. They also described thin 

staff establishments. 

“Constant and refresher training for EPI staff is needed.” 

(Health facility staff, key-informant interview, Chikwawa) 

A member of health facility staff described staff shortages at under-five clinics that 

left no time to check each child’s health passport for missed doses. In this account, missed 

opportunities to vaccinate went unnoticed. 
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“Shortage of staff at under-five clinics prevents them from scrutinising health passports for 

missed doses.” 

(Health facility staff, key-informant interview, Kasungu) 

3.5. Outreach and Geographic Accessibility 

Overall, 253 of 1177 caregivers (21.5%; 95% CI 13.2–33.0) lived more than five kilo-

metres from the facility or outreach site. The proportion ranged from 8.9% in Chikwawa 

to 36.5% in Kasungu (Rao–Scott p < 0.001). Transport was the constraint on community 

mobilisation most often named by providers, cited by 325 of 453 (71.7%; 95% CI 63.6–78.7) 

(Table 2). Outreach is the supply-side response to distance. The survey did not ask directly 

whether facilities ran outreach, but outreach featured in health workers’ accounts of their 

work: a quarter of them (114 of 453; 25.2%, 95% CI 18.8–32.8) used outreach or mobile 

clinic sessions to remind caregivers about doses due after the first year. Continuity was 

the weak point. Inadequate transport or outreach support was named as a challenge to 

post-infant mobilisation by 103 of 453 health workers (22.7%; 95% CI 15.9–31.4), and in-

terviews described outreach as constrained by fuel. 

In the rainy season, rivers cut off some areas. Outreach transport was not always 

provided, so workers relied on personal means or borrowed equipment. 

“Some locations become unpassable due to rivers during the rainy season, leading to failure 

to reach everyone; transport is not always provided.” 

(Health surveillance assistant, key-informant interview, Kasungu) 

Table 2. Provider-reported constraints to community mobilisation (n = 453; multiple responses al-

lowed; values are n (%; 95% CI), with confidence intervals adjusted for clustering within health 

facilities). 

Constraints n (%; 95% CI) 

Transport 325 (71.7%; 63.6–78.7) 

Lack of materials 135 (29.8%; 23.8–36.6) 

Low community engagement 111 (24.5%; 17.7–32.8) 

Financial capability to conduct mobilisation 105 (23.2%; 18.7–28.4) 

Lack of training 74 (16.3%; 12.2–21.5) 

Too busy with other work 42 (9.3%; 6.7–12.6) 

3.6. Service Contact and Follow-Up 

Service hours also shaped contact. Overall, 139 of 1167 caregivers (11.9%; 95% CI 9.1–

15.4) reported that vaccination was not offered on days convenient for them. The propor-

tion ranged from 7.8% in Chikwawa to 20.5% in Mangochi (Rao–Scott p = 0.007). Reminder 

and follow-up systems relied mainly on direct and labour-intensive methods. Home visits 

were the most common approach, used by 43–61% of providers across districts, followed 

by child health passports or appointment cards, reported by 37–56%. Community an-

nouncements were used by about one-third of providers in each district. These methods 

show that contact generation was not automated. It depended on staff, time, mobility, 

community networks, and paper-based tracking. For newer and later-schedule vaccines, 

such as TCV and HPV, this reliance on manual follow-up makes uptake vulnerable to the 

same workforce, transport, and outreach constraints identified elsewhere in the cascade. 

An EPI coordinator noted that HPV vaccination depends on parental consent. A girl is missed 

when a parent refuses or is absent. This bottleneck is specific to the school platform (EPI coordina-

tor, Mangochi). 
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3.7. Coverage by Antigen 

Coverage differed markedly by antigen. Among children aged 18–59 months, care-

givers reported receipt of the second dose of measles–rubella vaccine for 550 of 589 chil-

dren (93.4%; 95% CI 90.1–95.6). Among children aged 13–59 months, 663 of 727 (91.2%; 

95% CI 87.2–94.1) had received the second dose of inactivated polio vaccine and 542 of 727 

(74.6%; 95% CI 67.5–80.5) the typhoid conjugate vaccine. Among girls aged 9–14 years, 

266 of 433 (61.4%; 95% CI 53.3–68.9) had received HPV vaccine. Coverage did not differ 

significantly between districts for any antigen (Rao–Scott p > 0.1 for all four).  

3.8. Integrated Bottleneck Analysis 

Table 3 sets the supply-side constraints on uptake against the steps of the cascade 

and locates the bottleneck. Stock management at facilities was largely in place. Availabil-

ity as caregivers experienced it was less reliable. Constraints appeared at the point of con-

tact, where intermittent stockouts, inconvenient sessions and possible reluctance to open 

multi-dose vials sent some caregivers away, at the maintenance of the workforce, where 

refresher training was largely absent, and at the continuity of outreach, where distance 

was met by a service that fuel and funding made fragile. These constraints fell hardest on 

the newer antigens, which depend on supply arrangements that are not yet as established 

as those for the routine second-year doses. 

Table 3. Integrated supply-side bottleneck analysis across the immunisation delivery cascade. 

Cascade Step Quantitative Evidence Qualitative Evidence Bottleneck 
Relevance for 

Newer Vaccines 

National fi-

nancing and 

supply 

No quantitative measure 

(qualitative evidence 

only) 

Annual budget negotiation; 

donor and partner plans be-

ing drawn into one plan; 

supply-chain and data staff 

partner-supported; supervi-

sion and data functions de-

pend on funded pro-

grammes (national KIIs) 

Supported, but partly 

donor-dependent and 

fragmented 

Sustained delivery 

of newer vaccines 

depends on exter-

nal financing and 

coordination 

Availability, 

commodities 

Stock records maintained 

and reconciled at 35 of 37 

sites; stockout named as 

the main reason for a 

missed dose by 4.5% of 

caregivers 

Stock runs out and staff 

wait for resupply (HSA, 

Mangochi) 

Stock documented 

and reconciled at fa-

cilities, but intermit-

tent at the point of 

need 

Newer antigens 

need reliable stock 

at the point of 

contact, not only 

in the stock rec-

ords 

Availability, 

workforce 

Trained to communicate 

about newer vaccines 

71–88%; regular supervi-

sion 73–88%; never re-

ceived refresher training 

53–55% 

Training is a one-off, re-

fresher rare, establishments 

thin (health facility staff, 

Chikwawa; data officer, 

Kasungu) 

Present but not main-

tained 

Newer schedules 

require updated 

knowledge, which 

refresher gaps 

erode 

Accessibility 

and outreach 

9–37% live over 5 km; 

transport the largest pro-

vider barrier at 72%; in-

adequate transport or 

outreach support named 

by 23% 

Rivers impassable in the 

rains, outreach transport 

not always provided (HSA, 

Kasungu); outreach con-

strained by fuel (inter-

views); staff linked reduced 

Distance met by frag-

ile outreach 

Affects later doses 

and school and 

community plat-

forms 
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outreach to funding with-

drawal (KIIs) 

Contact 

Turned away 20–35% 

(district range); incon-

venient service days 8–

21% (district range); re-

minders labour-intensive 

(home visits 43–61%, 

passports or cards 37–

56%) 

Caregivers turned away af-

ter making the journey 

(HSA, Mangochi); HPV de-

pends on parental consent 

(EPI coordinator, Mango-

chi) 

A constraint; unrelia-

ble point-of-contact 

availability; may in-

clude reluctance to 

open multi-dose vials 

Undermines up-

take despite at-

tendance; TCV 

and HPV sit on 

weaker, manual 

channels 

Coverage 

(endpoint) 

MR2 93.4%, IPV2 91.2%, 

TCV 74.6%, HPV 61.4% 

(Section 3.7) 

HPV shows data gaps after 

the campaign-to-routine 

shift, as adolescents are ab-

sent from routine outreach 

(district EPI analysis, 

Kasungu) 

Coverage declines 

across the antigen se-

quence 

Coverage is low-

est for TCV and 

HPV, which rely 

on newer delivery 

arrangements 

4. Discussion 

4.1. Principal Findings 

Supply-side constraints on uptake of second-year and newer vaccines in these dis-

tricts lay less in stock management at facilities than in the system’s ability to sustain reli-

able contact with eligible children and adolescents. Viewed through the Tanahashi frame-

work, the cascade did not fail primarily at nominal availability; it narrowed downstream 

after availability where services had to be geographically accessible, predictably open, 

stocked at the point of delivery, and supported by a workforce able to trace and follow up 

on missed doses [22,33]. This treats availability as a condition to be sustained rather than 

merely documented, consistent with effective-coverage cascades in which input readiness 

sets an upper limit on, but does not determine, coverage actually achieved [34]. This is an 

important distinction because facility-level readiness indicators can overstate effective 

supply when they do not capture intermittent stockouts or cancelled or inconvenient ses-

sions [34,35]. 

The pattern observed here aligns with immunisation bottleneck studies in Ghana and 

Uganda, where losses in effective coverage were linked to constraints beyond basic service 

availability, including access, utilisation, and service continuity [24–26]. It also aligns with 

broader evidence that vaccine stockouts are associated with lower immunisation coverage 

in low- and middle-income countries [14]. The coverage gradient from established second-

year antigens to TCV and HPV suggests that newer vaccines are particularly vulnerable 

when their delivery requirements have not yet been fully routinised through staff train-

ing, logistics, school or community platforms, recording tools, and outreach financing [10–

12,35]. The principal finding is therefore that vaccine introduction and facility-level avail-

ability are necessary but insufficient: uptake depends on maintaining the delivery system 

that converts supply into actual vaccination at the point of need. 

4.2. From Stock Records to Point-of-Contact Reliability 

The findings point to a gap between stock management at facilities and reliability at 

the point of contact. Stock records were kept and reconciled at almost every assessed site, 

yet caregivers still reported being turned away because the vaccine was unavailable on 

the day they attended the session. Such failures are easy to miss in facility assessments, 

which capture whether stock is documented, or present on the day of the visit, but not 

whether vaccine is consistently available across sessions, outreach days, or different 
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points of care. For caregivers, however, intermittent stockouts are experienced as service 

failure. A wasted journey imposes time and transport costs, weakens confidence in the 

service, and may reduce the likelihood of returning, especially where distance and oppor-

tunity costs are already high. In these districts, 20 to 35 per cent of caregivers reported 

having ever been turned away, while stock records were in order at 35 of 37 assessed sites. 

The two measures come from different samples and reference periods, and neither records 

stock at the moment a caregiver attended. They cannot show that stock levels caused re-

fusals. They are compatible with intermittent stockouts that a record review was not de-

signed to detect. They are also compatible with a vaccinator declining to open a multi-

dose vial for one or two children. Health workers are often reluctant to open a vial outside 

high-attendance sessions because of concern about wastage [18,19]. A caregiver asked to 

return on another day may report this as a stockout. Our data cannot separate the two 

explanations. Stock-card data over a defined period, combined with session-level obser-

vation, would be needed to do so. Caregivers also rarely named a stockout as the main 

reason for a missed vaccine (Section 3.3). Being turned away is therefore best read as a 

marker of service reliability and not a measure of doses lost. This is consistent with a com-

panion analysis of the same survey, accepted for publication in Vaccines, in which being 

turned away was not associated with completion of second-year doses (adjusted odds ra-

tio 0.93, 95% CI 0.52–1.66) [36]. 

This interpretation is consistent with coverage-cascade and bottleneck analyses in 

other settings, which show that losses in immunisation coverage often occur after nominal 

service availability, at the stages of access, contact, continued utilisation, and effective cov-

erage [22,24–26]. It also aligns with supply-chain evidence from low- and middle-income 

countries showing that vaccine stockouts are associated with lower immunisation cover-

age [14], and with broader assessments of immunisation supply systems that identify 

stock reliability, outreach costs, transport, and recurrent operating inputs as persistent 

constraints [8,15,37,38]. The contribution of this study is to show how these general sup-

ply-side vulnerabilities appear for second-year and newer vaccines in Malawi: the system 

kept stock documented and reconciled at facilities, but was less able to guarantee that 

eligible children and adolescents would encounter a stocked, dependable service when 

they came for vaccination. 

4.3. Workforce Maintenance and Contact Generation 

This study shows that contact for second-year and newly introduced vaccines is not 

generated automatically once vaccines and staff are present at a facility. It depends on a 

maintained frontline workforce able to identify missed doses, communicate schedule 

changes, mobilise caregivers, and follow up on children and adolescents who do not at-

tend the scheduled sessions. In these districts, workers were generally available, and 

many had received orientation training at introduction, but refresher training was limited. 

In every district, more than half (53 to 55 per cent) had never received it. This matters 

because later-scheduled and newly introduced antigens impose demands beyond those 

of the first year of life, including revised eligibility criteria, updated registers and defaulter 

forms, counselling of caregivers of older children, and coordination with outreach and 

school-based platforms [39–41]. Where these functions lapse, children miss opportunities 

for vaccination. Missed opportunities remain common in African programmes, and they 

arise as much from what health workers know and do, and from how sessions are organ-

ised, as from whether vaccine is in stock [35]. Health-worker practice on opening multi-

dose vials is one such factor [18,19]. 

Evidence from low- and middle-income settings indicates that supportive supervi-

sion, refresher training, and reliable recording tools sustain service quality and make de-

faulter tracing feasible [34,37,42–44]. The same pattern is evident for later doses regionally, 
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where default on the 24-month RTS,S dose in Ghana was attributed to provider commu-

nication and follow-up gaps [45]. Similarly, in Malawi, weak HPV recording tools and 

target enumeration produced unreliable coverage estimates and stockouts [46]. The bot-

tleneck is therefore not a shortage of frontline workers but insufficient maintenance of the 

functions that generate contact, which for these antigens means treating refresher training, 

supervision, and defaulter tracing as core supply-side inputs. 

Frontline staff described a further constraint on defaulter tracing. They reported that 

caregivers often presented a different health passport each month. A child’s vaccination 

history could then not be reconstructed. Missed doses could not be identified (district EPI 

analysis, Kasungu). Tracing is usually framed as a problem of workforce time and out-

reach cost, but this account suggests a further constraint, namely that the document meant 

to follow the child does not. Where the record is discontinuous, even a well-supervised 

worker cannot see who has defaulted, so contact generation fails before a home visit is 

attempted [35,46]. 

4.4. Outreach, Access, and Financing Fragility 

Outreach was the main supply-side mechanism for overcoming distance, and health 

workers’ accounts suggest that the programme has the right access strategy. Its weakness 

was continuity. Interviews described outreach as dependent on fuel or other modes of 

transport that were not always available, consistent with costing evidence that recurrent 

operating inputs, rather than vaccine costs, largely determine whether outreach sessions 

function as planned [38,47]. Two of the 20 key informants also linked reduced outreach 

and supervision to the 2025 withdrawal of external funding. This evidence is qualitative. 

We lack before-and-after measures of outreach volume. The evidence therefore cannot 

show that coverage fell because funding was withdrawn. It shows that the outreach re-

sponse to distance rests on inputs that are exposed when external support contracts. Ac-

cess therefore remained conditional even where services formally existed. Outreach re-

duces travel time only if sessions are predictable, staffed, supplied and resourced. When 

fuel shortages interrupt them, the access barrier reappears, particularly for later-sched-

uled doses requiring caregivers to return after the first year, and for school-based HPV 

delivery [10,45]. Geographical access is therefore not secured by the mere scheduling of 

outreach sessions. It is secured only where the session is financed and regular enough to 

create dependable contact. Across the districts, 9 to 37 per cent of caregivers lived more 

than five kilometres from a facility. Transport was the single largest provider barrier, at 

72 per cent. The outreach that answers distance is therefore the most exposed link in the 

chain. 

The financing accounts offer an explanation for this fragility. Immunisation financing 

was described as negotiated annually with the Ministry of Finance, fragmented across 

donor and implementing-partner plans, and only partly consolidated through a single 

planning and budgeting framework, with supply-chain functions and parts of the data 

workforce externally supported. This mirrors wider concerns about donor dependence 

and transition risk in immunisation systems [47–49], sharpened by the 2025 contraction in 

development assistance [50]. The field-level fragility of outreach and supervision may 

therefore reflect a structural feature of the financing model, not only a local operational 

problem. In this model, core delivery functions depend on external, sometimes frag-

mented, support. Whether Malawi's move toward one plan and domestic financing re-

duces or entrenches this fragility will determine whether outreach remains a reliable ac-

cess strategy. 
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4.5. Implications for Newer Vaccines 

The findings suggest that Malawi’s immunisation system can introduce vaccines, but 

sustaining uptake depends on whether supply-side functions remain reliable at the point 

where eligible children and adolescents encounter the service. Established second-year 

antigens benefit from mature delivery routines: they are given at clinic visits that caregiv-

ers already attend, recorded in familiar registers and delivered by staff who know the 

schedule. TCV and HPV have had less time to build these routines, and HPV depends on 

a separate school platform [46,51]. TCV was introduced in 2023 through an integrated 

campaign with follow-on routine delivery [52]. Each newer antigen adds supply require-

ments. These include cold-chain volume and storage [53], recording tools and revised reg-

isters, training and session planning. For HPV, they also include coordination with the 

education sector [40,54]. 

The coverage gradient therefore cautions that vaccine introduction is not equivalent 

to delivery; post-introduction evaluations in comparable settings show that uptake of 

newly introduced antigens depends on how far these arrangements were established and 

maintained [11–13]. Newer antigens require deliberate strengthening of their specific sup-

ply arrangements rather than an assumption that the existing system will absorb them. 

A distinct weakness emerged where a vaccine moved from campaign to routine de-

livery. District respondents reported that HPV data showed gaps once the vaccine shifted 

from its launch campaign into routine immunisation, because adolescent girls are not pre-

sent at the routine outreach clinics that serve infants. The model that reached girls during 

a time-bound, school-based campaign was not rebuilt for continuous delivery, a difficulty 

documented in HPV programmes elsewhere and in Malawi’s own experience of unrelia-

ble HPV recording and enumeration [46,51]. These accounts suggest that, for antigens in-

troduced by campaign, coverage may decline as the campaign infrastructure is with-

drawn, unless the routine platform is deliberately adapted to the eligible age group. 

HPV delivery also requires parental consent, which infant immunisation does not. A 

girl is missed when a parent refuses or is absent on the vaccination day. Consent processes 

and communication with parents are therefore part of the supply arrangement for HPV. 

4.6. Programme and Policy Implications 

The coverage framework helps direct investment toward the points in the delivery 

pathway where the system is narrowing. For sustained vaccine uptake, stock reliability 

must be protected at the point of delivery, not only documented at facility level. This 

means strengthening buffer stocks, session-level stock planning, real-time stock monitor-

ing, and rapid redistribution between facilities so that vaccines are available when care-

givers attend sessions. Health workers should also be trained and supported to open a 

multi-dose vial for every eligible child who attends. Supervisors should reinforce this 

practice. Wastage monitoring should not discourage it [17–19]. Dependable vaccination 

sessions are equally important: willing caregivers should not be turned away because vac-

cines, staff, or sessions are unavailable on the day they seek care. For the workforce, the 

priority is to institutionalise refresher training and supportive supervision, especially for 

staff responsible for defaulter tracing, caregiver communication, and follow-up under 

evolving vaccine schedules. For geographic access, outreach should be treated as a core 

delivery function rather than an optional activity; this requires secured funding for fuel, 

transport, supervision, and community mobilisation, so that services reaching distant 

communities are not disrupted by external financing shocks. For newer antigens, pro-

gramme planning should recognise that each vaccine may require distinct supply ar-

rangements, including specific recording tools, delivery platforms, training needs, and 

coordination mechanisms. The implication is that vaccine introduction should not end at 
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procurement or launch. It should include sustained investment in the operational systems 

that convert vaccine availability into reliable vaccination at the point of need. 

4.7. Strengths and Limitations 

The key strength of this study is the mixed-methods design, which enabled supply-

side constraints to be examined from several complementary perspectives. By combining 

data from caregivers, frontline providers, facility assessments, district-level respondents, 

and national-level informants, the study was able to compare how constraints appeared 

across different levels of the immunisation system, from national financing and procure-

ment to point-of-contact service delivery. The use of the Tanahashi framework provided 

a structured approach to identifying bottlenecks along the pathway, allowing the analysis 

to move beyond overall coverage estimates and to identify where eligible children and 

adolescents were most likely to be lost before receiving vaccines. Another strength is the 

inclusion of a diverse set of antigens including established second-year vaccines and 

newer vaccines, delivered through different vial presentations and delivery platforms. 

This allowed the study to assess whether supply-side constraints differed by vaccine type, 

and to generate findings that may be relevant to other vaccines with similar delivery re-

quirements. 

Several limitations should be acknowledged. First, the survey components, the data 

quality assessment and the qualitative interviews drew on different respondents and sites 

within the same three districts. The cascade therefore integrates evidence across comple-

mentary sources rather than following the same individuals, facilities, or districts through 

each step. As a result, it should be interpreted as a descriptive bottleneck analysis rather 

than a formally linked estimate of effective coverage. Second, vaccination status and care-

giver experiences of services were self-reported and may be affected by recall or reporting 

bias. The IPV2 estimate counts any recorded dose among children aged 13–59 months. 

IPV2 was introduced in December 2024, so these doses may have been given at the routine 

age or through later catch-up or campaign activities. The estimate is therefore not directly 

comparable with national routine coverage estimates. The HPV estimate should be inter-

preted with caution, because HPV vaccination is delivered through school-based plat-

forms rather than routine immunisation contacts, making it less directly comparable with 

other antigens. Third, no instrument measured vaccine or cold chain availability directly. 

The data quality assessment recorded whether stock records were kept, at a single visit, 

at 37 sites that were not selected to represent all facilities in the districts. It cannot detect 

intermittent or session-level stockouts, and its findings should not be generalised beyond 

the assessed sites. More broadly, the study covers three districts, and the findings may not 

hold for districts with different geography or partner support. Fourth, the cross-sectional 

design limits causal inference; the supply-side constraints identified here are associated 

with where the cascade narrows, but the study cannot demonstrate that they caused spe-

cific missed vaccinations. The caregiver item also cannot distinguish a stockout from a 

decision not to open a multi-dose vial. Fifth, the funding-withdrawal theme was based on 

qualitative accounts from two key informants and should be interpreted as evidence of 

perceived programme vulnerability rather than a measured effect of funding changes. Fi-

nally, supply-side, demand-side, and quality-related constraints often operate at the same 

cascade steps. This analysis deliberately foregrounded the supply-side determinants and 

therefore does not estimate their relative contribution compared with demand-side factors 

examined elsewhere. 

Immunisation records were also inconsistent across sites, with separate registers for 

local and visiting children, which were reported to produce mismatches between rec-
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orded and administered doses (district EPI analysis, Kasungu). This may affect the de-

nominators underlying coverage and reinforces the reading of the cascade as descriptive 

rather than exact [46,55]. 

5. Conclusions 

In these districts of Malawi, the supply side of second-year and newer vaccine uptake 

appeared strong at the level where it is commonly measured, but weaker at the point 

where it most directly determines whether eligible children and adolescents are vac-

cinated. Stock records were kept and reconciled at almost every assessed facility, yet a 

quarter of caregivers reported having been turned away when they sought vaccination. 

This suggests that the reliability of service delivery at the point of contact, rather than 

stock management at facilities, was a key constraint. Providers most often named 

transport as a constraint on outreach. Interviews described outreach as dependent on fuel 

and external funding. More than half of frontline workers had never received refresher 

training. Coverage was lower for TCV and HPV than for the established second-year 

doses, which points to the need for sustained investment in delivery systems after launch. 

Improving uptake after the first year of life will therefore require protecting stock at the 

point of delivery, ensuring dependable vaccination sessions, consistently financing out-

reach, maintaining frontline workforce capacity, and strengthening the specific supply ar-

rangements each newer vaccine requires. The message is therefore encouraging but con-

ditional. Vaccine introduction is not the same as delivery. Uptake beyond infancy will 

hold only where the point of contact, and the workforce that sustains it, are financed and 

maintained. 

Author Contributions: Conceptualization, B.S.L., A.S., E.M., S.B., L.D., B.M. (Beatrice 

Mkomadzinja), B.H.L., A.M., H.C. (Humphrey Chatenga), A.P., J.R.C., T.M., P.O.N., A.L.P.L.-N., 

C.P., C.N., J.B., M.C., B.M. (Brenda Mhone), H.C. (Hastings Chiumia), V.S. and J.P.; methodology, 

B.S.L. and J.P.; formal analysis, B.S.L., S.B., L.D., V.S. and H.K.; investigation, B.S.L., A.S., E.M., S.B., 

L.D., B.M. (Beatrice Mkomadzinja), B.H.L., A.M., H.C. (Humphrey Chatenga), A.P., J.R.C., T.M., 

P.O.N., A.L.P.L.-N., C.P., C.N., J.B., M.C., B.M. (Brenda Mhone), H.C. (Hastings Chiumia), V.S. and 

J.P.; data curation, B.S.L., L.D., S.B., E.M., A.M., A.P. and H.C. (Humphrey Chatenga); writing—

original draft preparation, B.S.L., E.M., B.M. (Beatrice Mkomadzinja), B.H.L., A.M., H.C. (Humph-

rey Chatenga), A.P., J.R.C., T.M., P.O.N., A.L.P.L.-N., C.P., C.N., J.B., M.C., B.M. (Brenda Mhone), 

H.C. (Hastings Chiumia), V.S. and J.P.; writing—review and editing, all authors; supervision, J.P.; 

funding acquisition, J.R.C. and A.L.P.L.-N. All authors have read and agreed to the published ver-

sion of the manuscript. 

Funding: This research was funded by Gavi, the Vaccine Alliance, through the United Nations Chil-

dren's Fund (UNICEF) and implemented with support from the UNICEF Malawi Country Office. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki and approved by the College of Medicine Research and Ethics Committee (COM-

REC) of Malawi, approval number P.06/25-1638 on 16 July 2025. 

Informed Consent Statement: Written informed consent was obtained from all study participants. 

Data Availability Statement: Data are available from the corresponding author on reasonable re-

quest. 

Acknowledgments: The authors thank the caregivers, health workers, and district staff who gave 

their time. 

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

https://doi.org/10.3390/vaccines14110950


Vaccines 2026, 14, 950 18 of 21 
 

https://doi.org/10.3390/vaccines14110950 

References 

1. Phillips, D.E.; Dieleman, J.L.; Lim, S.S.; Shearer, J. Determinants of effective vaccine coverage in low and middle-income coun-

tries: A systematic review and interpretive synthesis. BMC Health Serv. Res. 2017, 17, 681. https://doi.org/10.1186/s12913-017-

2626-0. 

2. Patel, C.; Rendell, N.; Sargent, G.M.; Ali, A.; Morgan, C.; Fields, R.; Sheel, M. Measuring national immunization system perfor-

mance: A systematic assessment of available resources. Glob. Health Sci. Pract. 2023, 11, e220055. https://doi.org/10.9745/GHSP-

D-22-00555. 

3. Christian, E.; Tinessia, A.; Zhu, J.; Chutiyami, M.; Mahimbo, A.; King, C.; Abdi, I. Behavioural and social drivers of childhood 

immunisation uptake in sub-Saharan Africa: A rapid qualitative review. Vaccine 2026, 88, 128844. https://doi.org/10.1016/j.vac-

cine.2026.128844. 

4. Dzinamarira, T.; Mano, O.; Musuka, G.; Madziva, R.; Mataruse, N.; Mbunge, E.; Nkambule, S.J.; Moyo, E. Prevalence and de-

terminants of full immunization among children under five in sub-Saharan Africa: A systematic review and meta-analysis 

(2013–2025). Vaccine 2026, 75, 128228. https://doi.org/10.1016/j.vaccine.2026.128228. 

5. van Heemskerken, P.G.; Decouttere, C.J.; Broekhuizen, H.; Vandaele, N.J. Understanding the complexity of demand-side deter-

minants on vaccine uptake in sub-Saharan Africa. Health Policy Plan. 2022, 37, 281–291. https://doi.org/10.1093/heapol/czab139. 

6. Périères, L.; Séror, V.; Boyer, S.; Sokhna, C.; Peretti-Watel, P. Reasons given for non-vaccination and under-vaccination of chil-

dren and adolescents in sub-Saharan Africa: A systematic review. Hum. Vaccines Immunother. 2022, 18, 2076524. 

https://doi.org/10.1080/21645515.2022.2076524. 

7. Allorant, A.; Bergen, N.; Danovaro-Holliday, M.C.; Lorin, J.; Corrêa, G.C.; Boyda, D.; Belanger, J.L.; Krishnan, R.S.S.G.; Panciera, 

R.; Hosseinpoor, A.R. Assessing geographic inequalities in childhood immunisation coverage: A critical scoping review of spa-

tial analysis methods. Vaccines 2026, 14, 572. https://doi.org/10.3390/vaccines14070572. 

8. Excler, J.L.; Privor-Dumm, L.; Kim, J.H. Supply and delivery of vaccines for global health. Curr. Opin. Immunol. 2021, 71, 13–20. 

https://doi.org/10.1016/j.coi.2021.03.009. 

9. Eboreime, E.; Abimbola, S.; Bozzani, F. Access to routine immunization: A comparative analysis of supply-side disparities be-

tween Northern and Southern Nigeria. PLoS ONE 2015, 10, e0144876. https://doi.org/10.1371/journal.pone.0144876. 

10. Nyaku, M.; Wardle, M.; Vanden Eng, J.; Ametewee, L.; Bonsu, G.; Larbi, J.K.; Conklin, L. Immunization delivery in the second 

year of life in Ghana: The need for a multi-faceted approach. Pan Afr. Med. J. 2017, 27, 4. 

https://doi.org/10.11604/pamj.supp.2017.27.3.12182. 

11. Gallagher, K.E.; Howard, N.; Kabakama, S.; Mounier-Jack, S.; Griffiths, U.K.; Feletto, M.; Burchett, H.E.D.; LaMontagne, D.S.; 

Watson-Jones, D. Lessons learnt from human papillomavirus (HPV) vaccination in 45 low- and middle-income countries. PLoS 

ONE 2017, 12, e0177773. https://doi.org/10.1371/journal.pone.0177773. 

12. Tsu, V.D.; LaMontagne, D.S.; Atuhebwe, P.; Bloem, P.N.; Ndiaye, C. National implementation of HPV vaccination programs in 

low-resource countries: Lessons, challenges, and future prospects. Prev. Med. 2021, 144, 106335. https://doi.org/10.1016/j.yp-

med.2020.106335. 

13. Fousseni, S.; Ngangue, P.; Barro, A.; Ramde, S.W.; Bihina, L.T.; Ngoufack, M.N.; Bayoulou, S.; Kiki, G.M.; Salfo, O. Navigating 

the road to immunization equity: Systematic review of challenges in introducing new vaccines into sub-Saharan Africa’s health 

systems. Vaccines 2025, 13, 269. https://doi.org/10.3390/vaccines13030269. 

14. Lee, D.; Lavayen, M.C.; Kim, T.T.; Legins, K.; Seidel, M. Association of vaccine stockout with immunisation coverage in low-

income and middle-income countries: A retrospective cohort study. BMJ Open 2023, 13, e072364. 

https://doi.org/10.1136/bmjopen-2023-072364. 

15. UNICEF. Immunization Supply Chain Interventions to Enable Coverage and Equity in Urban Poor, Remote Rural and Conflict Settings; 

UNICEF: New York, NY, USA, 2020. Available online: https://www.technet-21.org/media/com_resources/trl/6660/multi_up-

load/iSCInterventionstoEnableCoverageandEquity.pdf (accessed on 19 October 2026). 

16. Sriram, S. Financing the transition: A roadmap for sustaining disease control in low- and middle-income countries after the 

2025 contraction in development assistance for health. Front. Health Serv. 2026, 6, 1902705. 

https://doi.org/10.3389/frhs.2026.1902705. 

17. World Health Organization. WHO Policy Statement: Multi-Dose Vial Policy (MDVP). Handling of Multi-Dose Vaccine Vials After 

Opening; Revision 2014, WHO/IVB/14.07; World Health Organization: Geneva, Switzerland, 2014. 

18. Olorunsaiye, C.Z.; Langhamer, M.S.; Wallace, A.S.; Watkins, M.L. Missed opportunities and barriers for vaccination: A descrip-

tive analysis of private and public health facilities in four African countries. Pan Afr. Med. J. 2017, 27, 6. 

https://doi.org/10.11604/pamj.supp.2017.27.3.12083. 

https://doi.org/10.3390/vaccines14110950


Vaccines 2026, 14, 950 19 of 21 
 

https://doi.org/10.3390/vaccines14110950 

19. Masresha, B.G.; Bekele, A.T.; Bowe, R.; Archbold, M.; Biey, J.N.-M.; Mitula, P.; Masembe, Y.V.; Dongmo, S.; Elime, F.A.; Teboh, 

C.A. Switching from 10-dose to using 5-dose measles-containing vaccine vial presentation: Lessons from 7 countries in the 

WHO African Region. Pan Afr. Med. J. 2025, 51, 15. https://doi.org/10.11604/pamj.supp.2025.51.1.48478. 

20. Chirwa, G.; Wilkins, K.A.; Mercer, D.J. Descriptive study of measles vaccination second dose reporting and barriers to improv-

ing coverage in six districts in Malawi. Pan Afr. Med. J. 2020, 35, 5. https://doi.org/10.11604/pamj.supp.2020.35.1.19096. 

21. World Health Organization; UNICEF. Malawi: WHO and UNICEF Estimates of Immunization Coverage: 2025 Revision; WHO: Ge-

neva, Switzerland; UNICEF: New York, NY, USA, 2026. Available online: https://data.unicef.org/wp-content/uploads/cp/im-

munisation/wuenic_mwi.pdf (accessed on 19 October 2026). 

22. Tanahashi, T. Health service coverage and its evaluation. Bull. World Health Organ. 1978, 56, 295–303. 

23. O’Connell, T.; Sharkey, A. Reaching Universal Health Coverage through District Health System Strengthening: Using a Modified 

Tanahashi Model Sub-Nationally to Attain Equitable and Effective Coverage; UNICEF: New York, NY, USA, 2013. 

https://doi.org/10.13140/RG.2.1.4115.2248. 

24. Yawson, A.E.; Bonsu, G.; Senaya, L.K.; Yawson, A.O.; Eleeza, J.B.; Awoonor-Williams, J.K.; Banskota, H.K.; Agongo, E.E.A. 

Regional disparities in immunization services in Ghana through a bottleneck analysis approach: Implications for sustaining 

national gains in immunization. Arch. Public Health 2017, 75, 10. https://doi.org/10.1186/s13690-017-0179-7. 

25. Sheff, M.C.; Bawah, A.A.; Asuming, P.O.; Kyei, P.; Kushitor, M.; Phillips, J.F.; Kachur, S.P. Evaluating health service coverage 

in Ghana’s Volta Region using a modified Tanahashi model. Glob. Health Action 2020, 13, 1732664. 

https://doi.org/10.1080/16549716.2020.1732664. 

26. Henriksson, D.K.; Fredriksson, M.; Waiswa, P.; Selling, K.; Peterson, S.S. Bottleneck analysis at district level to illustrate gaps 

within the district health system in Uganda. Glob. Health Action 2017, 10, 1327256. https://doi.org/10.1080/16549716.2017.1327256. 

27. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin. Epidemiol. 

2008, 61, 344–349. https://doi.org/10.1016/j.jclinepi.2007.11.008. 

28. Tong, A.; Sainsbury, P.; Craig, J. Consolidated criteria for reporting qualitative research (COREQ): A 32-item checklist for inter-

views and focus groups. Int. J. Qual. Health Care 2007, 19, 349–357. https://doi.org/10.1093/intqhc/mzm042. 

29. Gavi, the Vaccine Alliance. Decision Letter: Measles–Rubella Vaccine Support, Malawi, 2018. Available online: 

https://www.gavi.org/news/document-library/decision-letter-mr-malawi-mr-2018 (accessed on 15 October 2026). 

30. Gavi, the Vaccine Alliance. Decision Letter: Typhoid Conjugate Vaccine Support, Malawi, 2022. Available online: 

https://www.gavi.org/news/document-library/decision-letter-tcv-malawi-2022 (accessed on 15 October 2026). 

31. Gavi, the Vaccine Alliance. Decision Letter: Inactivated Polio Vaccine Support, Malawi, 23 March 2018. Available online: 

https://www.gavi.org/news/document-library/decision-letter-ipv-malawi-2018 (accessed on 15 October 2026). 

32. Gavi, the Vaccine Alliance. Decision Letter: HPV Vaccine Support, Malawi, 12 April 2018. Available online: 

https://www.gavi.org/news/document-library/decision-letter-nvs-malawi-2018 (accessed on 15 October 2026). 

33. Mmanga, K.; Mwenyenkulu, T.E.; Nkoka, O.; Ntenda, P.A.M. Tracking immunization coverage, dropout and equity gaps 

among children ages 12–23 months in Malawi: Bottleneck analysis of the Malawi Demographic and Health Survey. Int. Health 

2022, 14, 250–259. https://doi.org/10.1093/inthealth/ihab038. 

34. Bello, I.M.; Lebo, E.; Shibeshi, M.E.; Akpan, G.U.; Chakauya, J.; Masresha, B.G.; Daniel, F. Implementation of integrated sup-

portive supervision in the context of coronavirus 19 pandemic: Its effects on routine immunization and vaccine preventable 

surveillance diseases indicators in the East and Southern African countries. Pan Afr. Med. J. 2021, 38, 164. 

https://doi.org/10.11604/pamj.2021.38.164.27349. 

35. Jaca, A.; Mathebula, L.; Iweze, A.; Pienaar, E.; Wiysonge, C.S. A systematic review of strategies for reducing missed opportuni-

ties for vaccination. Vaccine 2018, 36, 2921–2927. https://doi.org/10.1016/j.vaccine.2018.04.028. 

36. Laher, B.S.; Chinkonde, J.R.; Malata, E.; Barnaba, S.; Banda, J.; Lungu, H.; Mkomadzinja, B.; Likoswe, B.H.; Matchado, A.; 

Chatenga, H.; et al. High second year immunisation coverage alongside persistent newer vaccine hesitancy: A mixed-methods 

study in three districts of Malawi. Preprints 2026, in press. https://doi.org/10.20944/preprints202609.0739.v1. 

37. Shibeshi, M.E.; Masresha, B.G.; Daniel, F. Immunisation program reviews in East and Southern Africa (2012–2018): Key lessons. 

Pan Afr. Med. J. 2021, 38, 194. https://doi.org/10.11604/pamj.2021.38.194.27124. 

38. Menzies, N.A.; Suharlim, C.; Geng, F.; Ward, Z.J.; Brenzel, L.; Resch, S.C. The cost determinants of routine infant immunization 

services: A meta-regression analysis of six country studies. BMC Med. 2017, 15, 178. https://doi.org/10.1186/s12916-017-0942-1. 

https://doi.org/10.3390/vaccines14110950


Vaccines 2026, 14, 950 20 of 21 
 

https://doi.org/10.3390/vaccines14110950 

39. Wang, S.A.; Hyde, T.B.; Mounier-Jack, S.; Brenzel, L.; Favin, M.; Gordon, W.S.; Shearer, J.C.; Mantel, C.F.; Arora, N.; Durrheim, 

D. New vaccine introductions: Assessing the impact and the opportunities for immunization and health systems strengthening. 

Vaccine 2013, 31, B122–B128. https://doi.org/10.1016/j.vaccine.2012.10.116. 

40. Guignard, A.; Praet, N.; Jusot, V.; Bakker, M.; Baril, L. Introducing new vaccines in low- and middle-income countries: Chal-

lenges and approaches. Expert Rev. Vaccines 2019, 18, 119–131. https://doi.org/10.1080/14760584.2019.1574224. 

41. Masresha, B.G.; Dochez, C.; Bwaka, A.; Eshetu, M.; Paluku, G.; Mihigo, R. Immunisation program training needs in 9 countries 

in the African Region. Pan Afr. Med. J. 2021, 39, 41. https://doi.org/10.11604/pamj.2021.39.41.29492. 

42. Magoola, J.; Aksnes, B.N.; Ampeire, I.; Wibabara, Y.; Sugerman, C.E.; Ward, K. Community-led defaulter tracking for catch-up 

vaccination: Implementation experience in Uganda, 2022 and 2024. Vaccines 2026, 14, 490. https://doi.org/10.3390/vac-

cines14060490. 

43. Jalloh, M.F.; Namageyo-Funa, A.; Gleason, B.; Wallace, A.S.; Friedman, M.; Sesay, T.; Ocansey, D.; Jalloh, M.S.; Feldstein, L.R.; 

Conklin, L.; et al. Assessment of VaxTrac electronic immunization registry in an urban district in Sierra Leone: Implications for 

data quality, defaulter tracking, and policy. Vaccine 2020, 38, 6103–6111. https://doi.org/10.1016/j.vaccine.2020.07.031. 

44. Oyo-Ita, A.; Oduwole, O.; Arikpo, D.; Effa, E.E.; Esu, E.B.; Balakrishna, Y.; Chibuzor, M.T.; Oringanje, C.M.; Nwachukwu, C.E.; 

Wiysonge, C.S.; et al. Interventions for improving coverage of childhood immunisation in low- and middle-income countries. 

Cochrane Database Syst. Rev. 2023, 12, CD008145. https://doi.org/10.1002/14651858.CD008145.pub4. 

45. Okyere, J.; Bediako, V.B.; Ackah, J.A.; Acheampong, E.; Owusu, B.A.; Agbemavi, W.; Nwameme, A.U.; Kamau, E.M.; Asam-

pong, E. RTS,S/AS01E vaccine defaults in Ghana: A qualitative exploration of the perspectives of defaulters and frontline health 

service providers. Malar. J. 2023, 22, 260. https://doi.org/10.1186/s12936-023-04690-4. 

46. Hausi, H.; Nicks, P.; Mzengeza, T.; Tsega, A.; Khattab, D. The challenge of identifying eligible girls for HPV vaccination: HPV 

mapping data verification in Malawi. Vaccine 2022, 40, A49–A57. https://doi.org/10.1016/j.vaccine.2021.07.025. 

47. Vaughan, K.; Clarke-Deelder, E.; Tani, K.; Lyimo, D.; Mphuru, A.; Manzi, F.; Schütte, C.; Ozaltin, A. Immunization costs, from 

evidence to policy: Findings from a nationally representative costing study and policy translation effort in Tanzania. Vaccine 

2020, 38, 7659–7667. https://doi.org/10.1016/j.vaccine.2020.10.004. 

48. Saxenian, H.; Alkenbrack, S.; Freitas Attaran, M.; Barcarolo, J.; Brenzel, L.; Brooks, A.; Ekeman, E.; Griffiths, U.; Rozario, S.; 

Maele, N.V.; et al. Sustainable financing for Immunization Agenda 2030. Vaccine 2024, 42, S73–S81. https://doi.org/10.1016/j.vac-

cine.2022.11.037. 

49. Chompolola, A.; Chama-Chiliba, C.M.; Simuyemba, M.C.; Sinyangwe, A.C.; Bchir, A.; Asiimwe, G.; Masiye, F. Fiscal space for 

the immunisation program in Zambia: An efficiency analysis approach. BMC Res. Notes 2024, 17, 152. 

https://doi.org/10.1186/s13104-024-06696-w. 

50. Stover, J.; Sonneveldt, E.; Tam, Y.; Horton, K.C.; Phillips, A.N.; Smith, J.; Martin-Hughes, R.; Brink, D.T.; Citron, D.T.; Kim, H.-

Y.; et al. Effects of reductions in US foreign assistance on HIV, tuberculosis, family planning, and maternal and child health: A 

modelling study. Lancet Glob. Health 2025, 13, e1669–e1680. https://doi.org/10.1016/S2214-109X(25)00281-5. 

51. Rosen, J.G.; Guillaume, D.; Mlunde, L.B.; Njiro, B.J.; Munishi, C.; Mlay, D.; Gerste, A.; Holroyd, T.A.; Giattas, M.R.; Morgan, C.; 

et al. Feasibility and sustainability of a school-based platform for integrated delivery of HPV vaccination with adolescent health 

services in Tanzania: Qualitative insights from stakeholders. Health Policy Plan. 2023, 38, 486–495. 

https://doi.org/10.1093/heapol/czad014. 

52. Debellut, F.; Bello, G.; Chisema, M.; Mkisi, R.; Kamzati, M.; Pecenka, C.; Mugisha, E. Cost of the typhoid conjugate vaccine 

introduction through an integrated campaign and follow-on routine immunization in Malawi. Vaccine X 2024, 21, 100583. 

https://doi.org/10.1016/j.jvacx.2024.100583. 

53. Wedlock, P.T.; Cox, S.N.; Bartsch, S.M.; Randall, S.L.; O'SHea, K.J.; Ferguson, M.C.; Siegmund, S.S.; Lee, B.Y. Should countries 

switch to using five- or ten-dose rotavirus vaccines now that they are available? Vaccine 2021, 39, 4335–4342. 

https://doi.org/10.1016/j.vaccine.2021.06.021. 

54. Gallagher, K.E.; Erio, T.; Baisley, K.; Lees, S.; Watson-Jones, D. The impact of a human papillomavirus (HPV) vaccination cam-

paign on routine primary health service provision and health workers in Tanzania: A controlled before and after study. BMC 

Health Serv. Res. 2018, 18, 173. https://doi.org/10.1186/s12913-018-2976-2. 

55. World Health Organization. Data Quality Assurance (DQA). Available online: https://www.who.int/data/data-collection-

tools/health-service-data/data-quality-assurance-dqa (accessed on 19 October 2026). 

https://doi.org/10.3390/vaccines14110950


Vaccines 2026, 14, 950 21 of 21 
 

https://doi.org/10.3390/vaccines14110950 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

https://doi.org/10.3390/vaccines14110950

