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Abstract

Background
Measles outbreaks in Uganda persist despite the availability of an effective vaccine, suggesting
persistent immunity gaps and health system weaknesses. We conducted a multi-district outbreak
causality analysis (OCA) to identify programmatic and health-system contributors to measles outbreaks
and inform measles elimination programming.

Methods
We conducted a cross-sectional mixed-methods OCA across 12 affected districts in Uganda (2025–
2026), guided by the World Health Organization framework. We reviewed measles case investigation
reports and triangulated findings with qualitative interviews with district health teams, health workers,
surveillance and immunisation staff, community leaders, Village Health Teams, and caregivers. We
deductively analysed data to identify causal pathways and contributing factors. Findings were organized
into four prespecified analytical themes: immunization service delivery, caregiver access and demand,
surveillance and case detection, and outbreak preparedness and response.

Results
The 12 districts reported 1,302 cases, including 80 laboratory-confirmed cases and 10 suspected deaths
(case-fatality rate: 0.77%); 46.5% (n = 606) occurred among children aged 18–59 months. Most cases
(65.3%) occurred in unvaccinated children, versus 1.0% in children with both measles-rubella (MR)
doses. Across districts, incomplete MR2 implementation, irregular outreach, inconsistent fixed-site
vaccination, weak follow-up of children who missed vaccination, and transport and distance barriers
contributed to persistent immunity gaps. Low clinical suspicion, limited engagement of Village Health
Teams, laboratory and surveillance-information bottlenecks, absence of pre-positioned response plans,
delayed response activation, and inadequate isolation capacity further limited early detection and
control.

Conclusion
Measles outbreaks were driven primarily by missed vaccination, especially incomplete delivery of the
two-dose MR schedule, compounded by access barriers, delayed case detection, and limited outbreak
preparedness. Strengthening routine MR1 and MR2 delivery, targeted catch-up vaccination, community-
linked surveillance, and pre-positioned district response plans with clear activation triggers will be
critical to closing immunity gaps and accelerating measles elimination in Uganda.
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Introduction
Measles is a highly contagious viral disease and continues to cause substantial morbidity and mortality
despite the availability of a safe and highly effective vaccine (1, 2). Sustained interruption of measles
transmission requires high population immunity, generally achieved through at least 95% of two doses of
measles containing vaccine delivered through routine immunisation and, when needed, supplementary
immunization activities (3, 4). However, recent years have witnessed a global resurgence of measles. In
2024, the World Health Organization (WHO) reported approximately 395,000 laboratory confirmed cases
worldwide (4), reflecting the growing accumulation of susceptible populations following disruptions to
routine immunisation, surveillance challenges, and inequitable access to vaccination services (4–6). The
burden has been particularly pronounced in sub-Saharan African countries that recorded a substantial
proportion of reported cases during early 2025 (7). These recurrent outbreaks may largely reflect
accumulated immunity gaps driven by complex programmatic, health system, and contextual factors,
emphasising the need to move beyond descriptive outbreak investigations toward systematic
identification of their underlying causes (8).

Uganda has achieved considerable progress in expanding immunization services; however, routine
measles vaccination coverage remains insufficient to achieve elimination targets. National estimates
indicate that coverage for the first dose of the measles rubella vaccine (MR1) reached 93% in 2023,
whereas coverage for the second dose (MR2) remained substantially lower at 21% in 2024, increasing to
approximately 54% by March 2025 (9). These persistent immunity gaps have been accompanied by
recurrent outbreaks across multiple districts. By the end of 2025, confirmed measles outbreaks had
been reported in 66 districts, with transmission interrupted in only 37 districts at the time of analysis.
Previous investigations in Uganda have identified immediate determinants of transmission, including
non-vaccination, household exposure, health facility transmission, and congregation of susceptible
children (10–13).

Although conventional outbreak investigations provide essential information on the magnitude,
distribution, and immediate risk factors of outbreaks, they often do not identify the structural and
programmatic conditions that allow outbreaks to emerge and persist. To address this limitation, the
WHO Measles Outbreak Guide recommends structured outbreak causality analysis to systematically
identify deficiencies in immunisation services, surveillance systems, outbreak response, governance, and
community engagement that contribute to recurrent transmission (8).

This approach is particularly useful where outbreak investigations repeatedly identify missed vaccination
but do not sufficiently explain why children remain unvaccinated or incompletely vaccinated. We
conducted a multi-district outbreak causality analysis of measles outbreaks reported in selected
Ugandan districts during July 2025–March 2026, to identify operational and health-system contributors
to measles transmission, and generate recommendations for strengthening measles elimination
programming in Uganda.
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Methods

Study design
We conducted a cross-sectional mixed-methods study nested within routine measles outbreak
investigations conducted between July 2025 and March 2026. This period coincided with the
introduction of the WHO Outbreak Causality Analysis (OCA) framework into Uganda’s measles outbreak
response, providing a standardised approach to identify underlying programmatic, health system, and
community-level factors contributing to measles transmission beyond routine epidemiologic
assessment (8).

Study setting and district inclusion
The study was conducted in 12 Ugandan districts with confirmed ongoing measles outbreaks during the
study period (Fig. 1). These were all districts in which the WHO OCA framework was incorporated into
routine measles outbreak investigations between July 2025 and March 2026. District inclusion was
therefore based on two operational criteria: confirmation of an ongoing measles outbreak and
implementation of an OCA. Districts were not selected according to outbreak size, recurrence, or
geographic location.

Case and outbreak definitions
A suspected measles case was defined according to Uganda’s national Integrated Disease Surveillance
and Response guidelines as illness in a resident of an assessed district during the outbreak period
characterised by fever and a generalised maculopapular rash, with at least one of the following: cough,
coryza, or conjunctivitis (8, 14).

A laboratory-confirmed measles case was defined as a suspected case with detection of measles-
specific IgM antibodies from serum by laboratory testing. A suspected measles-associated death was
defined as death occurring in a person meeting the suspected measles case definition, where no
alternative confirmed cause of death was established.

A measles outbreak was considered confirmed when a district reported three or more laboratory-
confirmed measles cases within a 30-day period in the same district or epidemiologically linked sub-
district, consistent with Uganda’s national measles outbreak investigation and response criteria.
Outbreak confirmation was based on routine surveillance information generated through district
surveillance systems, verified through laboratory confirmation by the Uganda Virus Research Institute
(UVRI) measles laboratory, and formally recognised through the Ministry of Health (MoH) surveillance
and outbreak declaration mechanisms.
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Study population
The study population comprised key stakeholders involved in measles prevention and outbreak
response, including members of the District Health Team (DHT), health facility staff, community leaders
and gatekeepers, and caregivers of measles cases.

Sample size and sampling methods
Participants were purposively selected based on their roles in measles surveillance, outbreak detection
and response, immunisation service delivery, or community engagement. In each of the 12 outbreak
districts, one focus group discussion (FGD) comprising 6–10 district health team members and health
facility staff was conducted. Key informant interviews (KIIs) were conducted with surveillance focal
persons, immunisation officers, and district leaders selected for their technical expertise and decision-
making roles. At the community level, one FGD involving 5–6 caregivers of children with measles
explored care-seeking and immunisation experiences, while KIIs with community gatekeepers, including
local leaders, Village Health Team members, and religious leaders, provided contextual perspectives on
factors contributing to the outbreaks. Approximately five KIIs were conducted per district, yielding 60
KIIs in total across the 12 districts.

Root cause analysis framework
The analysis was guided by the WHO Measles Outbreak Causality Analysis (OCA) framework (8). The
framework assesses measles outbreaks through a two-level approach.

At Level 1, outbreaks are evaluated for three primary determinants: surveillance gaps, outbreak response
gaps, and immunity gaps. Where immunity gaps are identified, Level 2 analysis examines whether these
result from failure to vaccinate or vaccination failure and characterises underlying causes according to
policy, provider, and client-level factors (Fig. 2).

Data collection
Qualitative data were collected through key informant interviews (KIIs) and focus group discussions
(FGDs) using semi-structured guides adapted from the WHO Measles Outbreak Causality Analysis (OCA)
framework. The guides explored determinants of measles outbreaks across surveillance, outbreak
response, and immunity gap domains. Interviews and FGDs were conducted in English by trained
multidisciplinary outbreak investigation teams comprising epidemiologists and surveillance officers.
Participants were purposively selected based on their roles in outbreak detection, immunization service
delivery, and community engagement. Discussions were audio-recorded and documented using detailed
field notes.
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Qualitative findings were triangulated with routine immunization and surveillance data, including health
facility registers, DHIS2/HMIS immunization coverage reports, measles case investigation forms, and
laboratory records.

Health facility assessment
Health facility assessments were conducted using the WHO OCA facility assessment checklist to
evaluate potential programmatic causes of vaccine failure. Assessments included review of cold-chain
equipment functionality, temperature monitoring records, vaccine storage and handling practices,
vaccine stock availability, immunization session organization, and vaccination practices through direct
observation and interviews with vaccination staff.

Data management and analysis
Quantitative data from case line lists, case investigation forms, laboratory records, and routine
immunisation reports were checked for completeness and consistency. We summarised case
characteristics using frequencies and percentages. Vaccination status was categorised as no recorded
MR dose, one recorded dose, two recorded doses, or unknown or undocumented status. The suspected
case-fatality proportion was calculated by dividing the number of suspected measles-associated deaths
by the total number of reported measles cases. District MR1 and MR2 administrative coverage estimates
were summarised using ranges and compared with the ≥ 95% coverage target required for measles
elimination.

Root causes identified from individual district assessments were synthesized across districts using the
multi-district approach described in the WHO Measles Outbreak Guide (2022) (8). Similar contributing
factors were harmonized across districts and summarized according to their frequency of occurrence to
identify common operational drivers of measles outbreaks.

Qualitative data from KIIs and FGDs were analysed using a deductive thematic approach guided by the
WHO Measles Outbreak Causality Analysis (OCA) framework. For this analysis, the OCA framework was
operationalised into four prespecified analytical themes including; immunization service delivery,
caregiver access and demand, surveillance and case detection, and outbreak preparedness and
response to guide data abstraction, interpretation, and presentation of findings. Immunization service
delivery and caregiver access and demand themes captured Level 2 determinants contributing to failure
to vaccinate, while surveillance and outbreak preparedness and response corresponded to Level 1
outbreak system gaps.

A coding framework based on these themes was applied to transcripts and field notes, while allowing
refinement of subthemes where supported by the data. Data collection and analysis continued until
thematic saturation was reached, with no new major themes emerging from subsequent district
assessments.
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Results

Outbreak profile and vaccination status
The outbreak causality analyses were conducted in 12 districts across six regions of Uganda. These
districts reported 1,302 measles cases, including 80 laboratory-confirmed cases and 10 suspected
measles-associated deaths. Case counts ranged from 41 in Nakapiripirit to 245 in Lyantonde, with the
highest burdens observed in Lyantonde (n = 245) and Kole (n = 185) Districts. Children aged 18–59
months accounted for nearly half of all reported cases (n = 606; 46.5%). Substantial immunity gaps were
evident among cases: 850 (65.3%) had received no MR vaccine dose, while only 13 (1.0%) had
completed the recommended two-dose MR schedule. Routine MR coverage remained below the 95%
threshold required to interrupt measles transmission in all 12 districts (Table 1).

Table 1
Epidemiologic profile of measles outbreaks in 12 study districts, Uganda, July 2025–March 2026

(N = 1,302)
Domain Indicator Result

Study setting Districts assessed 12 districts across six regions

Outbreak burden Total reported measles cases 1,302

Laboratory-confirmed cases 80 (6.1%)

Suspected measles-associated deaths 10 (CFR: 0.77%)

Cases per district 41–245

Affected population Largest affected age group 18–59 months: 606 (46.5%)

Population immunity Zero-dose MR among cases 850 (65.3%)

Completed two-dose MR schedule 13 (1.0%)

District MR1 coverage 70–94% (all districts < 95%)

District MR2 coverage 30–56% (all districts < 95%)

Cross-district operational contributors
Cross-district synthesis identified recurrent operational contributors across the four prespecified
analytical themes (Table 2). Seven contributors were identified in all 12 districts, including inadequate
MR2 integration into routine immunization services, irregular outreach vaccination, transport and
distance barriers to vaccination, low clinician suspicion for measles, weak Village Health Team (VHT)
engagement in surveillance, absence of pre-positioned response plans, and delayed outbreak response
activation. Additional contributors identified in most districts
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(10–11/12) included inconsistent daily static immunization services, inadequate vaccination
microplanning, weak MR1-to-MR2 defaulter tracking, and poor infection prevention and isolation
practices. In contrast, vaccine-related misconceptions were identified in six districts, while lack of a
vaccinating health facility was reported in only three districts (Fig. 3).
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Table 2
Cross-district operational contributors to measles outbreaks across 12 assessed districts, Uganda, July

2025-March 2026
OCA
Domain

Prespecified
analytical
theme

Identified
contributing
factor

Underlying causes
identified

Illustrative qualitative
evidence

Immunity
Gap

Immunisation
service
delivery

Inadequate MR2
Integration into
routine
vaccination
service delivery

Limited vaccinator
awareness of MR2
eligibility and
schedule

Inadequate
dissemination of
updated
immunization
schedules

Limited supportive
supervision to
reinforce MR2
implementation

Weak mechanisms
to ensure
completion of the
second dose

“Vaccination is mainly
left to the
vaccinators... Many of
them are not fully
updated on the new
schedules, including
MR2.” FGD 11, P4

Inconsistent
fixed-site
vaccination
delivery and
missed
opportunities for
vaccination

Limited availability
of immunization
staff resulting in
dependence on
designated
vaccinators

Concerns about
vaccine wastage
associated with
opening multidose
vials Weak
integration of
immunization with
other child health
services

“Sometimes
immunisation is done
on specific days
instead of daily, so if
a caregiver comes on
another day, the child
may be asked to
return later.” KII 4, P1

Irregular outreach
and weak
microplanning

Limited transport
and fuel availability
Inadequate
operational funding
for outreach
activities

Limited capacity to
develop and use
microplans

Insufficient
prioritisation of

“Outreach services
are supposed to help
the hard-to-reach
areas, but they are
not conducted
regularly because
transport and
facilitation are
limited.” FGD 12, P4
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OCA
Domain

Prespecified
analytical
theme

Identified
contributing
factor

Underlying causes
identified

Illustrative qualitative
evidence

hard-to-reach
communities

Weak MR1-to-
MR2 defaulter
tracking and
follow up

Absence of
systematic
reminder and recall
mechanisms

Limited use of
immunization
registers for
tracking eligible
children

Weak linkage
between receipt of
MR1 and
completion of MR2

“There was no active
follow-up for children
who missed the MR2
dose.” FGD 9, P3

Caregiver
access and
demand

Transport cost
and distance
barriers to
vaccination
access

Long distances to
vaccination sites
High transport
costs limiting
attendance

Dependence on
outreach services
for remote
communities

Opportunity costs
associated with
repeated facility
visits

“We want to
vaccinate our
children, but the
distance to the facility
makes it difficult,
especially when there
is no money for
transport.” FGD 10,
CG3

Low caregiver
awareness of
MR2 vaccination

Limited caregiver
knowledge of the
two-dose MR
schedule

Inadequate
counselling on
return dates after
MR1 vaccination

Weak community
reminder
mechanisms

Limited
communication on
the importance of
completing MR2

“We only knew about
the first measles
vaccine. We did not
know the child is
supposed to return
for another dose.”
FGD 5, CG1

Vaccine-related
misconceptions

Attribution of
measles illness to

“Measles is seen as a
traditional illness
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OCA
Domain

Prespecified
analytical
theme

Identified
contributing
factor

Underlying causes
identified

Illustrative qualitative
evidence

and sociocultural
barriers

traditional or
spiritual causes
Preference for
traditional
remedies before
seeking care

Concerns regarding
vaccine safety

Limited community
engagement on
measles
vaccination
messages

caused by spiritual
factors, so some
caregivers prefer
traditional remedies.”
FGD 12, CG4

Surveillance
quality

Surveillance
and case
detection

Delayed clinical
recognition of
measles cases

Low index of
suspicion for
measles among
healthcare
providers

Overlap of measles
symptoms with
other common
illnesses

Limited refresher
training on measles
case definitions

Inadequate use of
routine surveillance
alerts

“When the first
children came with
fever and rash,
measles was not the
first thing that came
to mind.” FGD 10, P2

Weak community-
based
surveillance
through Village
Health Teams

Limited orientation
of VHTs on
measles case
definitions

Inadequate support
and facilitation for
active case finding

Weak
communication
linkages between
VHTs, health
facilities, and
district surveillance
teams

“Because we were not
trained on the
measles case
definition, we only
reported a few
children when the
outbreak was already
spreading.” KII 12, P1

Laboratory
confirmation and
surveillance

Incomplete
specimen
collection

“Some of the samples
we sent never came
back with results.
Because of this, the
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OCA
Domain

Prespecified
analytical
theme

Identified
contributing
factor

Underlying causes
identified

Illustrative qualitative
evidence

information
bottlenecks

Delayed return of
laboratory results

Limited access to
RDS surveillance
information
systems among
district focal
persons

Reduced urgency
following delayed
or negative initial
results

team became less
alert.” KII 11, P3

Response
Measures

Outbreak
preparedness
and response

Absence of pre-
positioned
outbreak
response plans
and delayed
activation

Lack of district-
specific measles
response
microplans

Unclear outbreak
activation triggers

Response planning
initiated after
widespread
transmission

Delayed
implementation of
reactive
vaccination

“By the time the
response planning
started, the outbreak
had already spread
widely. We did not
have a ready
microplan.” FGD 9, P1

Weak
coordination and
accountability
during outbreak
response

Inconsistent
communication of
task force
decisions

Delayed
engagement of key
technical teams

Limited follow-up
of agreed actions
Incomplete
implementation of
response activities
across affected
areas

“We had meetings
about the outbreak,
but implementing the
decisions was
difficult because
coordination between
teams was not
always clear.” FGD 10,
P6
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OCA
Domain

Prespecified
analytical
theme

Identified
contributing
factor

Underlying causes
identified

Illustrative qualitative
evidence

Limited infection
prevention and
isolation capacity

Lack of dedicated
isolation spaces
Delayed triage and
separation of
suspected cases

Inadequate IPC
practices during
patient
management

Limited guidance
for home isolation

“Some of the children
were infected while
already admitted on
the ward before an
isolation area was
identified.” KII 9, P3

Inadequate
outbreak-specific
risk
communication

Absence of
continuous risk
communication
strategies

Limited community
dialogue platforms

Inadequate use of
local
communication
channels

Insufficient
messaging on
symptoms,
prevention,
isolation, and
vaccination

“Risk communication
started after the
outbreak had already
spread. Before that,
many communities
did not understand
why children needed
vaccination or when
they should seek care
for fever and rash.”KII
6, P2

Immunisation service delivery gaps
Immunization service delivery gaps were the predominant supply-side contributors to immunity gaps.
Although MR2 had been incorporated into the national immunisation schedule, implementation
remained inconsistent because vaccinators had limited awareness of the updated schedule,
dissemination of revised guidance was inadequate, supportive supervision was limited, and systems to
identify children who missed MR2 were weak

“Vaccination is mainly left to the vaccinators, who are usually CHEWs, VHTs, or Nursing Assistants. Many of
them are not fully updated on the new schedules, including MR2, and supervision from the technical team is
limited.” FGD 11, P4

Routine vaccination delivery was further weakened by irregular outreach services, inconsistent daily
static immunisation, weak or outdated microplanning, and last-mile supply constraints. Outreach was
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intended to reach underserved communities but was often delayed because of transport, fuel, and
operational funding constraints.

In some facilities, vaccination was offered on selected days only, creating missed opportunities when
caregivers brought children for other services on non-immunisation days.

“Outreach services are supposed to help the hard-to-reach areas, but they are not conducted regularly
because transport and facilitation are limited.” FGD 12, P4

“Sometimes immunisation is done on specific days instead of daily, so if a caregiver comes on another day,
the child may be asked to return later.” KII 4, P1

Health facility assessments found no major evidence of programmatic vaccine failure.

Cold-chain equipment was functional, vaccine vial monitors were within acceptable limits, and observed
vaccine storage, reconstitution, and administration practices were consistent with national guidelines.

Caregiver access and demand barriers
Caregiver-related contributors were predominantly structural rather than behavioral. Across all districts,
transport costs, long distances to vaccination points, dependence on outreach services, and the
opportunity costs of repeated facility visits limited access to vaccination, even among caregivers willing
to vaccinate their children.

“We want to vaccinate our children, but the distance to the facility makes it difficult, especially when there is
no money for transport.” FGD 10, CG3

Limited awareness of the two-dose MR schedule further contributed to incomplete vaccination.
Caregivers frequently reported knowing about MR1 but not the need for a second dose because
counselling on return dates and community reminder systems were inadequate as noted by participants.

“We only knew about the first measles vaccine. We did not know the child is supposed to return for another
dose.” FGD 5, CG1

Vaccine-related misconceptions associated with cultural and religious beliefs were reported in six
districts but were less widespread than access barriers and weaknesses in routine service delivery.

“Measles is seen as a traditional illness caused by spiritual factors, so some caregivers prefer traditional
remedies and are concerned that vaccines may harm the child.” FGD 12, CG4

Surveillance and case detection gaps
Delayed case detection resulted from weaknesses at multiple levels of the surveillance system. At health
facilities, clinicians frequently reported low suspicion for measles, limited refresher training on case
definitions, and initial misclassification of febrile rash illnesses. One of the participants noted;

Page 15/26



“When the first children came with fever and rash, measles was not the first thing that came to mind. Many
of us thought it was other skin conditions or a common viral infection, so the suspicion for measles came
quite late.” FGD 10, P2

Community-based surveillance was similarly weak. VHTs reported limited orientation on measles case
definitions, inadequate facilitation for active case finding, and weak communication with health facilities
and district surveillance teams.

“Because we were not trained on the measles case definition, we only reported a few children when the
outbreak was already spreading.” KII 12, P1

Delayed specimen collection, prolonged laboratory turnaround times, and limited access to surveillance
information systems further delayed outbreak confirmation and response.

“Some of the samples we sent never came back with results. Because of this, the team became less alert
and did not actively search for more suspected cases.” KII 11, P3

Outbreak preparedness and response gaps
Preparedness for measles outbreaks was limited across all assessed districts. Most districts lacked pre-
positioned response plans, clearly defined activation triggers, and district-specific outbreak microplans,
resulting in delayed initiation of reactive vaccination and other control measures.

“By the time the response planning started, the outbreak had already spread widely. We did not have a ready
microplan to guide the vaccination response.” FGD 9, P1

Response implementation was further constrained by weak coordination and accountability. Task force
decisions were not consistently communicated to operational teams, key logistics and cold-chain
personnel were engaged late, and agreed actions were not uniformly implemented across affected
areas.

“Sometimes decisions are made during the task force meetings, but the information does not reach the
facilities in time for action.” KII 12, P5

“The cold chain team was not aware that an outbreak had already been declared, so vaccine preparation for
the response did not start immediately.” KII 11, P2

Infection prevention and control capacity was also inadequate. Suspected measles cases were
frequently managed alongside other pediatric patients because of limited isolation space and delayed
triage, while some households received little guidance on home isolation.

“Because space is limited in the paediatric ward, it becomes difficult to separate suspected measles cases
from other patients.” KII 6, P1
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“Some of the children were infected while already admitted on the ward before an isolation area was
identified.” KII 9, P3

Discussion
Measles outbreaks across the 12 Ugandan districts were mainly driven by gaps in programme delivery
rather than vaccine availability. Most cases occurred among children with no recorded MR vaccination,
while completion of the recommended two-dose schedule was rare. Inconsistent MR2 delivery,
unreliable outreach, weak follow-up of children who missed vaccination, transport barriers, delayed
clinical recognition, limited community surveillance, and inadequate response readiness likely interacted
to sustain transmission. These findings highlight modifiable weaknesses across routine immunisation,
surveillance, and district preparedness.

The high proportion of zero-dose and under-vaccinated cases supports failure to vaccinate, rather than
vaccine failure, as the principal source of persistent measles susceptibility in Uganda. This is in
agreement with regional evidence showing that measles outbreaks persist where two-dose coverage
remains insufficient to maintain elimination-level population immunity, despite the high effectiveness of
measles vaccines (4, 11, 15–17). In the present analysis, missed opportunities and inconsistent service
availability appeared more prominent than widespread hesitancy. Closing these gaps will require
equitable access to dependable routine and outreach services, particularly for communities facing
transport and distance barriers (18, 19).

Despite formal inclusion of MR2 in Uganda’s national immunisation schedule, operationalisation
remained incomplete. Weak microplanning, limited caregiver awareness, inadequate supportive
supervision, and poor follow-up of children who missed vaccination constrained routine delivery. This is
consistent with experience elsewhere in Africa, where policy introduction has often preceded the
development of sufficient delivery and monitoring capacity (20, 21).

Effective implementation will require sustained investment in workforce capacity, supervision,
microplanning, and systems that track and support completion of the two-dose schedule.

Community-level barriers were predominantly structural. Distance, transport costs, and inconsistent
outreach reduced access even among caregivers willing to vaccinate, consistent with evidence that
inequitable service access is a major determinant of under-immunisation in many low-income settings
(19, 22, 23). Hesitancy linked to cultural or religious beliefs was identified in some communities but was
less consistently reported. Coverage improvements will therefore depend primarily on expanding reliable
outreach, locating services closer to underserved populations, and strengthening follow-up of children
who miss vaccination.

Surveillance weaknesses contributed substantially to delayed outbreak detection. Low clinical suspicion,
inconsistent application of surveillance guidelines, and limited VHT engagement reduced opportunities
to identify transmission early, consistent with evidence from other resource-limited settings (8, 10, 11,
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17). Strengthening surveillance will require more than improved reporting platforms; it will also depend
on continuous development of frontline clinical capacity (24–27), sustained support for community-
based surveillance, and timely access to laboratory and surveillance information to guide rapid
response.

Weak preparedness reduced the timeliness and effectiveness of outbreak control. The absence of pre-
positioned response plans, predefined activation triggers, and clearly assigned responsibilities meant
that planning frequently began only after transmission was well established, indicating that
preparedness had not been adequately institutionalised within routine district health systems. This is
consistent with evidence that advance preparedness is associated with faster containment (15, 28).
Delayed recognition of suspected cases, coupled with inadequate isolation practices, created
opportunities for healthcare-associated transmission, mirroring nosocomial amplification documented
in previous Uganda outbreaks and other resource-constrained settings (13, 29, 30). Embedding
preparedness within routine district emergency planning, with regular simulation exercises and reviews,
and integrating infection prevention and control, rapid triage, and isolation protocols into outbreak
preparedness, could improve response timeliness and reduce facility-associated spread.

Taken together, these findings suggest that recurrent measles outbreaks in Uganda are not isolated
epidemiological events but manifestations of persistent weaknesses across the immunisation and
public health system. Achieving measles elimination will require coordinated investments that
strengthen routine immunisation, particularly effective MR2 implementation, improve surveillance
sensitivity, institutionalise outbreak preparedness, and ensure equitable access to vaccination services.

Limitations
This analysis has some limitations. The 12 districts represented all settings in which the OCA framework
was implemented during the study period, but they may not represent all measles-affected districts in
Uganda, particularly those where outbreaks were not detected, investigated, or assessed using the
framework. Vaccination status and district coverage estimates were derived partly from routine records
and caregiver reports, which were incomplete for some case-patients and may have introduced recall,
reporting, or misclassification bias. The cross-sectional mixed-methods design identified recurring and
plausible operational pathways but could not establish causality or quantify the independent contribution
of each factor to outbreak occurrence or duration. In addition, host factors that may influence vaccine
protection, including nutritional status, HIV infection, and other causes of immune impairment, were not
systematically assessed; therefore, vaccine failure could not be completely excluded. Nevertheless, use
of a standardised framework and triangulation across surveillance and immunisation records, laboratory
data, interviews, focus group discussions, and health-facility assessments strengthened the consistency,
credibility, and programmatic relevance of the findings.

Conclusion
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Measles outbreaks across the assessed districts reflected preventable gaps in vaccination, surveillance,
and preparedness. Inadequate delivery of MR1 and MR2, missed opportunities for vaccination, weak
surveillance, and limited response readiness left susceptible children unprotected and allowed
transmission to continue. Progress towards elimination will require sustained routine immunisation,
targeted recovery of zero-dose and under-vaccinated children, timely community-linked detection, and
institutionalised district preparedness. Future studies could evaluate the effectiveness, feasibility, and
cost of interventions designed to improve MR2 uptake, reach missed children, strengthen early detection,
and shorten the time from outbreak recognition to response.
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Figure 1

Map of Uganda showing the 12 districts assessed for outbreak causality analysis (OCA), July 2025–
March 2026
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Figure 2

Outbreak Causality Analysis (OCA) Framework, adopted from WHO, 2022
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Figure 3

Cross-district frequency of identified operational contributors to measles outbreaks across 12 assessed
districts, Uganda, July 2025-March 2026
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