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Abstract
Background

Lassa fever remains a persistent public health threat in Nigeria, where recurrent outbreaks place considerable demands
on surveillance, laboratory services and outbreak-response capacity. Timely identification of suspected cases is
particularly important because delayed notification and laboratory confirmation can impede case management, contact
follow-up and infection prevention. Digital surveillance has increasingly been incorporated into Nigeria's response, with
the Surveillance Outbreak Response Management and Analysis System (SORMAS) supporting electronic case-based
reporting and real-time outbreak monitoring. Evidence on how these digital capabilities have contributed specifically to
Lassa fever surveillance, however, remains dispersed across state-level investigations and implementation studies.

Methods

A focused scoping review was undertaken to synthesise evidence on digital technologies used for Lassa fever surveillance
and outbreak response in Nigeria. The evidence base was identified from literature published between 2015 and 2026 and
searched through PubMed, ScienceDirect, SpringerLink, BMJ Global Health and Google Scholar. Eligible evidence was
restricted to studies reporting digital surveillance applications or outcomes directly relevant to Lassa fever in Nigeria.
Data were synthesised narratively because of heterogeneity in study designs, settings and reported outcomes. The synthesis
examined electronic case-based surveillance, reporting and notification, contact tracing, real-time outbreak monitoring
and implementation constraints.

Results

SORMAS was the dominant digital platform identified for Lassa fever surveillance. Evidence was reported from several
Nigerian states, including Benue, Kaduna, Anambra, Ebonyi and Cross River. Digital case-based surveillance supported
real-time tracking of suspected and confirmed cases and enabled geographical identification of areas with concentrated
disease burden. Reported state-level case fatality rates varied substantially, from 24% in Ebonyi to 73.3% in Kaduna,
indicating that improved surveillance capability coexisted with considerable mortality. Digital surveillance was also
associated with improvements in specific response processes. In Ebonyi, contact-tracing completeness increased from 45%
to 85%, while evidence from Cross River reported a five-day reduction in response time following the introduction of real-
time alerts. Persistent constraints included unreliable electricity, poor internet connectivity, limited digital literacy,
shortages of digital equipment and continued dependence on parallel paper and electronic reporting.
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Conclusion

Digital surveillance has strengthened important operational components of Lassa fever surveillance and outbreak response
in Nigeria, particularly case-based reporting, real-time monitoring, contact tracing and rapid transmission of surveillance
information. The evidence also shows that stronger surveillance does not necessarily translate into low mortality where
clinical, laboratory, infrastructural and workforce limitations persist. Digital platforms should therefore be positioned as
components of an integrated outbreak-response system rather than stand-alone solutions. Sustained infrastructure,
workforce capability, interoperability and long-term financing remain necessary to convert improvements in surveillance
intelligence into stronger Lassa fever control.
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1. Introduction

Lassa fever remains an entrenched public health threat in
Nigeria, characterised by recurrent seasonal outbreaks,
substantial mortality and an expanding geographical
footprint. Recent national evidence illustrates the
persistence of this burden. Between 2020 and 2023,
28,780 suspected cases were reported nationally, of
which 4,036 were laboratory-confirmed and 762 resulted
in death, giving a case fatality rate (CFR) of 18.9% (Al-
Mustapha et al.,, 2024). Surveillance during 2025
continued to record substantial disease activity, with 535
confirmed cases and 98 deaths already reported by
epidemiological week 9 (Nigeria Centre for Disease
Control and Prevention [NCDC], 2025). More recent
longitudinal analysis of 307 consecutive surveillance
weeks between 2020 and 2025 identified 47,029
suspected cases, 6,288 confirmed infections and 975
deaths, alongside a persistently elevated CFR and
pronounced seasonal variation (Tadema et al., 2026).
These patterns reinforce the continuing need for
surveillance systems capable of detecting changes in
transmission rapidly and supporting timely public health
response.

The burden is also geographically heterogeneous. Lassa
fever was once concentrated predominantly within
recognised endemic areas, but surveillance has
documented progressive expansion across Nigeria.
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Confirmed infections have increasingly been identified
outside traditional hotspots, while marked variation
persists between states and local government areas (Ochu
et al., 2023; Al-Mustapha et al., 2024). Recent
surveillance analysis in Anambra State, for example,
demonstrated considerable geographical clustering, with
Anambra East recording the greatest proportion of
confirmed infections and a CFR of 38% among
confirmed cases (Emembolu et al., 2025). Such
subnational variation matters for surveillance because
national aggregates can conceal localised concentrations
of disease, differences in diagnostic access and variation
in response capacity.

The epidemiological complexity extends beyond
geographical spread. Lassa virus is principally zoonotic,
with rodent-human transmission remaining central to
disease ecology, while secondary human-to-human
transmission can occur, particularly in healthcare
environments. Recent investigations have complicated
the conventional understanding of the reservoir
landscape by identifying evidence of Lassa virus
exposure across additional animal hosts in southern
Nigeria, strengthening calls for surveillance systems
capable of incorporating ecological and One Health
intelligence alongside human case data (Happi et al.,
2024). Emerging evidence from small-mammal
surveillance in north-central Nigeria similarly points to
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the importance of extending surveillance beyond clinical
case detection to better characterise reservoir distribution
and environmental risk (Edegbene et al., 2025).

Detection is further complicated by the clinical
characteristics of the disease. Early Lassa fever
commonly presents as an undifferentiated febrile illness
and may resemble malaria, typhoid fever and other
infections routinely encountered in Nigerian healthcare
settings. Analysis of 20,027 suspected cases reported
nationally between 2018 and 2021 found that only 15.8%
were confirmed, illustrating the considerable volume of
suspected disease that must be investigated to identify
true infections (Ochu et al., 2023). Although several
demographic, occupational and symptom profiles were
associated with greater odds of positivity, clinical
features alone were insufficient for definitive diagnosis
(Ochu et al., 2023). The implication for surveillance is
substantial: suspected cases must move efficiently from
clinical recognition through notification, specimen
collection, laboratory testing, classification and, where
necessary, contact follow-up.

Laboratory capacity consequently occupies a pivotal
position within the surveillance pathway. Reverse-
transcription polymerase chain reaction remains central
to confirmation, but access to timely diagnostics can be
constrained by specimen transportation, laboratory
location and health-system capacity. During the 2023
outbreak, delays in transporting specimens in several
states were specifically identified as contributing to
delayed diagnosis and linkage to treatment (World
Health Organization [WHO], 2023). Recent diagnostic
research in Abakaliki has demonstrated the feasibility of
introducing rapid diagnostic approaches closer to the
point of care, reflecting continuing efforts to shorten the
interval between suspicion and confirmation (Elsinga et
al., 2024). These developments underline an important
distinction: diagnostic innovation and surveillance
digitalisation address different stages of the same
response pathway, and their public health value depends
partly on how effectively those stages are connected.

The consequences of delayed recognition are particularly
important in healthcare settings. Infection among
healthcare workers remains a recurrent feature of
Nigerian outbreaks, and gaps in infection prevention and
control practices have been documented even in endemic
areas. Research among 451 healthcare workers in Ondo
State identified disparities in knowledge and practice
relating to Lassa fever infection prevention and control
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(Ukwenya et al, 2021). A multi-centre assessment
conducted during an outbreak in northern Nigeria
similarly demonstrated continuing gaps in healthcare-
worker knowledge and prevention practices (Wada et al.,
2022). Surveillance therefore performs a protective
function extending beyond epidemiological
enumeration. Earlier recognition and communication of
suspected infections can trigger isolation, appropriate
personal protective measures, contact identification and
safer clinical management before further exposure
occurs.

Against this background, Nigeria has progressively
strengthened its infectious disease surveillance
architecture through digitalisation. The Surveillance
Outbreak Response Management and Analysis System
(SORMAS) has become particularly important.
Designed as an integrated digital platform for outbreak
detection and management, SORMAS supports case-
based surveillance, laboratory information, contact
management, epidemiological analysis and response
coordination within a shared information environment
(Tom-Aba et al., 2020). Its significance lies not simply in
replacing paper forms with electronic records, but in
enabling information generated at different points in the
surveillance process to be linked and accessed more
rapidly across administrative levels.

The operationalisation of SORMAS has changed the
nature of routinely available Lassa fever surveillance
data. Case investigation forms can be entered
electronically and linked with demographic, clinical,
exposure, laboratory and geographical information. In
Anambra State, for instance, information from suspected,
probable and confirmed cases was uploaded to SORMAS
in real time, permitting line-listing and analysis of
geographical and demographic patterns over several
years (Emembolu et al., 2025). National surveillance
datasets have similarly enabled large-scale analyses of
predictors of Lassa fever positivity and changes in
disease distribution that would be difficult to undertake
using fragmented paper records (Ochu et al., 2023).

Digital surveillance is particularly relevant where
outbreaks evolve faster than conventional reporting
chains. Timeliness determines how quickly unusual
disease activity becomes visible to surveillance officers
and decision-makers, while completeness determines
whether the information available is sufficiently detailed
to support meaningful action. Digital case-based systems
potentially address both requirements through structured
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electronic records, rapid transmission and continuously
updated case information. Experience with SORMAS
and related digital tools across African public health
systems suggests that integrated platforms can strengthen
outbreak-management functions, although performance
depends heavily on infrastructure, workforce capability,
interoperability and sustained institutional support
(Silenou et al., 2021; Ajayi et al., 2026).

The expanding digital surveillance environment also
creates new opportunities for epidemiological
intelligence. Routine electronic data can be analysed
longitudinally to identify seasonality, geographical
concentrations, laboratory-confirmation patterns and
changes in surveillance performance. Tadema et al.
(2026), for example, identified a significant decline in
Nigeria's laboratory-confirmation rate from 18.4% in
2020 to 9.9% in 2025 despite continuing disease activity,
alongside strong climatic associations with confirmed
case occurrence. Such findings illustrate how digital
surveillance data can reveal not only transmission
patterns but also potential weaknesses within the
surveillance process itself. The value of digitalisation
therefore extends from immediate outbreak management
to retrospective evaluation, preparedness planning and
potentially predictive surveillance.

Nevertheless, the existence of an electronic surveillance
platform should not be treated as evidence that the
surveillance system is functioning optimally. Digital
tools remain embedded within health systems
characterised by uneven connectivity, electricity supply,
laboratory access, staffing and technical capability.
Recent analyses of Nigeria's Lassa fever response
continue to identify diagnostic limitations, health-system
constraints, inadequate infection prevention capacity and
deficiencies in public awareness as barriers to effective
control (Adesola et al., 2024; Al-Mustapha et al., 2024).
WHO (2023) similarly identified constrained health-
system capacity, shortages of personal protective
equipment, inadequate infrastructure and delayed
specimen transportation during outbreak response.
Digitalisation can improve the movement and visibility
of information, but it cannot independently resolve
deficiencies in the services expected to act upon that
information.

A further concern is the tendency to conflate
improvements in  surveillance processes  with
improvements in disease outcomes. Faster notification,
more complete case investigation and real-time
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geographical visibility represent legitimate measures of
surveillance performance. Reduced transmission and
mortality, however, depend additionally on -clinical
suspicion, diagnostic turnaround, treatment availability,
referral capacity, infection prevention, community
engagement and the timeliness of presentation. Persistent
CFRs despite expanding surveillance capacity
demonstrate the importance of maintaining this
distinction (Al-Mustapha et al., 2024; Tadema et al.,
2026). Digital surveillance should therefore be evaluated
according to the functions it can plausibly influence
rather than being credited with downstream clinical
outcomes that arise from multiple interacting
components of the health system.

This distinction exposes an important gap in the
literature. Much of the recent Nigerian evidence has
examined Lassa fever epidemiology, determinants of
positivity, geographical distribution, risk perception,
diagnostics or individual components of outbreak
response (Ochu et al., 2023; Elsinga et al., 2024; Al-
Mustapha et al., 2024; Emembolu et al., 2025). Other
studies have examined the functionality and maturity of
digital surveillance platforms across multiple infectious
diseases (Tom-Aba et al., 2020; Silenou et al., 2021).
Comparatively less attention has been directed towards
synthesising what digital surveillance has demonstrably
contributed across the Lassa fever-specific surveillance
pathway in Nigeria, while separating improvements in
information processes from outcomes dependent on the
wider health system.

This scoping review addresses that gap by examining the
contribution of digital technologies to Lassa fever
surveillance and outbreak response in Nigeria. Attention
is directed specifically towards electronic case-based
reporting, data  completeness, laboratory-linked
surveillance, contact tracing, geographical intelligence,
response timeliness and the implementation conditions
affecting digital surveillance performance. The analysis
distinguishes surveillance-process improvements from
clinical outcomes and considers whether existing
evidence supports a transition from digital reporting
towards an integrated, actionable surveillance system for
Lassa fever control.

2. Methods
2.1 Study Design

A scoping review design was used to examine digital
technologies applied to Lassa fever surveillance and
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outbreak response in Nigeria. Scoping review
methodology was appropriate because the evidence
encompasses heterogeneous technologies, study designs,
implementation settings and surveillance outcomes. This
approach permits systematic mapping of an emerging
evidence base while accommodating methodological
diversity that would make conventional quantitative
synthesis inappropriate (Arksey & O'Malley, 2005;
Munn et al., 2018).

The review followed the methodological framework
developed by Arksey and O'Malley (2005) and
subsequently refined by Levac et al. (2010). Reporting
was guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews (PRISMA-ScR) (Tricco et al., 2018).
The review involved analysis of published evidence and
therefore did not require ethical approval.

2.2 Information Sources and Search Strategy

A structured literature search was conducted for
publications dated from 1 January 2015 to 1 May 2026.
Six electronic information sources were searched:
PubMed/PMC, ScienceDirect, SpringerLink, BMIJ
Global Health, Google Scholar and African Journals
Online (AJOL). The search period was selected to
capture  the  contemporary  development and
implementation of digital surveillance technologies
relevant to infectious disease management in Nigeria.

The search strategy combined terms relating to infectious
diseases, digital technologies and geographical setting.

Disease-related terms included "Lassa fever", 're-
emerging infectious disease", "yellow fever",
"monkeypox", "mpox", '"cholera", "polio" and

"tuberculosis". Technology-related terms included
"digital health", "mHealth", "SORMAS", "eIDSR",
"electronic  surveillance", "telemedicine", "GIS
mapping" and "mobile application". Setting terms
included "Nigeria", "low-resource", "low-income" and
"sub-Saharan Africa". Boolean operators were used to
combine concepts and identify potentially relevant
records.

Because the present review addressed Lassa fever
specifically, only records containing evidence directly
relevant to Lassa fever surveillance, case management or
outbreak response in Nigeria were retained for the
disease-specific synthesis.

2.3 Eligibility Criteria

The Am. J. Appl. Sci. 2026
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Studies were considered eligible when they reported
original research, case studies or evaluation data
concerning a digital technology used for surveillance,
diagnosis, case management or outbreak response.
Eligible evidence was required to address a re-emerging
infectious disease in a low-resource Nigerian public
health setting, or a directly comparable setting with
findings relevant to Nigeria. Publications were restricted
to English-language literature published between 2015
and 2026.

For the Lassa fever-specific analysis, an additional
criterion was applied at the synthesis stage: the study had
to report findings directly attributable to Lassa fever
surveillance or outbreak response. Evidence concerning
other infectious diseases was not incorporated into the
disease-specific results merely because the same digital
platform had been used.

Purely descriptive publications without evaluative data
were excluded. Studies concerning technologies used
solely for non-communicable diseases were also
excluded, as were opinion pieces, editorials and
conference abstracts without original data. Research
conducted in high-income countries without direct
relevance to Nigerian or comparable low-resource public
health settings was not eligible.

2.4 Study Selection

Titles and abstracts retrieved through the search were
screened against the predefined eligibility criteria. Full
texts were obtained for records considered potentially
relevant and assessed for inclusion. Screening was
undertaken by a single reviewer.

The study-selection process was documented in
accordance with PRISMA-ScR reporting principles
(Tricco et al., 2018). Because the original search
addressed several re-emerging infectious diseases, the
final Lassa fever evidence set was identified from
eligible records reporting disease-specific surveillance or
outbreak-response findings. This restriction was
necessary to prevent outcomes from other disease
programmes from being attributed to Lassa fever.

2.5 Data Extraction

Data were extracted using a structured extraction form.
The variables collected included author and year, country
or state, study design, population or sample, digital
technology, disease focus, principal outcomes and
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reported barriers or facilitators. For studies evaluating
surveillance systems, particular attention was given to
outcomes relating to reporting timeliness, surveillance
data quality, outbreak detection, case-based surveillance,
contact tracing and implementation performance.

Only findings explicitly reported for Lassa fever were
retained in the disease-specific dataset. Where a
publication addressed several diseases or surveillance
functions, evidence was separated according to disease
before synthesis. This approach reduced the risk of
transferring outcomes demonstrated for other infectious
diseases into the Lassa fever evidence base.

2.6 Quality Appraisal

Methodological quality was assessed using the 2018
Mixed Methods Appraisal Tool (MMAT). The MMAT
was selected because the evidence base included
qualitative, quantitative and mixed-methods research and
therefore required an appraisal approach capable of
accommodating different methodological designs (Hong
etal., 2018).

Quality appraisal was used to inform interpretation of the
evidence rather than as an automatic basis for exclusion.
This approach was consistent with the mapping purpose
of the scoping review, in which methodological variation
forms part of the evidence landscape being examined.

2.7 Data Synthesis

Considerable heterogeneity was present across study
designs, surveillance technologies, implementation
settings and reported outcomes. Meta-analysis was
therefore not undertaken. Findings were synthesised
narratively, with evidence grouped according to recurrent
surveillance functions and reported outcomes.

The Lassa fever synthesis concentrated on electronic
case-based surveillance, real-time reporting and
monitoring,  contact tracing, outbreak-response
timeliness and implementation constraints. State-level
findings were retained where reported because
geographical differences in disease burden, surveillance
implementation and case fatality were central features of
the evidence. Numerical findings were not pooled where
study populations, periods or outcome definitions
differed.

The synthesis was conducted conservatively.
Associations reported in observational or
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implementation studies were not interpreted as causal
effects unless the underlying study design supported such
an inference. Similarly, improvements in surveillance
processes were distinguished from clinical outcomes
such as mortality, recognising that enhanced detection or
reporting does not independently establish improved
patient outcomes.

2.8 Methodological Considerations

The review methodology carries several considerations
relevant to interpretation. Screening and data extraction
were undertaken by a single reviewer, which may
increase susceptibility to selection or extraction error
compared with duplicate independent review. The search
also did not systematically encompass all forms of grey
literature, meaning that unpublished programme
evaluations and unsuccessful implementations may be
underrepresented. In addition, heterogeneity in study
designs and outcomes prevented quantitative pooling.

These limitations were addressed through structured
eligibility  criteria, systematic data extraction,
methodological appraisal and cautious narrative
synthesis. The resulting evidence should therefore be
interpreted primarily as a mapping and critical synthesis
of reported digital surveillance experience rather than a
pooled estimate of intervention effectiveness.

3. Results

The PRISMA-ScR Flow Diagram for study
identification, screening, eligibility assessment and
inclusion has been reported elsewhere (Ajayi et al.,
2026). From the eligible evidence base, studies reporting
Lassa fever-specific digital surveillance and outbreak-
response outcomes in Nigeria were retained for the
present analysis.

The Lassa fever-specific evidence was dominated by
SORMAS-linked case-based surveillance across Benue,
Kaduna, Anambra, Ebonyi and Cross River States. The
available quantitative findings were heterogeneous in
design, period and denominator, so no pooled effect
estimate or meta-analysis was appropriate. No study-
level inferential statistics suitable for a common effect
estimate were reported in the available evidence;
consequently, the analysis below presents structured
descriptive and comparative quantitative findings
without manufacturing p-values, confidence intervals or
causal estimates.
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3.1 State-level surveillance profile and case fatality

State-level evidence showed marked variation in
reported Lassa fever burden and case fatality. As
summarised in Table 1, the reported CFR ranged from
24.0% in Ebonyi to 73.3% in Kaduna. Benue recorded

Volume 08 - 2026

34 confirmed cases among 264 suspected cases, with 11
deaths (CFR 32.4%), while Kaduna reported 15
confirmed cases and 11 deaths (CFR 73.3%). Anambra
contributed 213 patient records over 2018-2024 with a
reported CFR of 38.0%. Cross River reported 89
confirmed cases and a CFR of 28.0%.

Table 1: State-level Lassa fever surveillance outcomes reported in SORMAS-linked evidence

Geographic / Reported
. Confirmed . .
State Period N/ case base cases CFR (%) population surveillance
pattern finding
Benue 2022 264 suspected 34 324 85.3% of Time from
confirmed first suspected
cases in case to
Makurdi; age laboratory
30-39 most confirmation
affected reported as 8
to 3 days after
SORMAS
Kaduna 2024 15 confirmed 15 73.3 Kaduna South 11 deaths
accounted for reported; 4
46.7% of deaths were
cases healthcare
workers
Anambra 2018-2024 213 patient NR 38.0 Anambra East SORMAS
records had highest enabled LGA-
prevalence, level pattern
followed by identification
Ayamelum,;
most
infections age
20-49
Ebonyi 2021 112 suspected NR 24.0 NR Completeness
of Lassa fever
case
investigation
forms reported
as 58% to
94%; duplicate
reporting
eliminated
Cross River 2020-2021 89 confirmed 89 28.0 NR Real-time
digital
surveillance
reported
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Note. CFR = case fatality rate; LGA = local government area; NR = not reported; SORMAS = Surveillance Outbreak
Response Management and Analysis System. N values are reproduced according to the denominator reported for each state
and are not directly comparable because some studies reported suspected cases, confirmed cases or patient records. No
pooled CFR was calculated.

Figure 1 displays the reported CFRs on a common percentage scale. Kaduna was the clear upper outlier at 73.3%, more
than twice the rates reported for Benue, Ebonyi and Cross River. Because the underlying case bases and study periods
differed, the figure is descriptive and should not be interpreted as a formal between-state risk comparison.

State-level Lassa fever case fatality rates reported in SORMAS-linked evidence

Benue 32.4% (34 confirmed)

Kaduna 73.3% (15 confirmed)
Anambra 38.0% (213 records)
Ebonyl

24.0% (112 suspected)

Cross River 28.0% (89 confirmed)

T T T
0 10 20 30 40 50 60 70 80
Case fatality rate (%)

Figure 1: State-level Lassa fever case fatality rates reported in SORMAS-linked evidence
Note. Values are reported CFRs; denominators differ by state and study period. Figure rendered at 300 dpi.
3.2 Surveillance data completeness

A quantified improvement in surveillance data quality was reported for Ebonyi State. Completeness of Lassa fever case
investigation forms increased from 58% to 94%, an absolute increase of 36 percentage points and a relative increase of
approximately 62%. Duplicate reporting was also reported to have been eliminated. Figure 2 presents the change in form
completeness.

Completeness of Lassa fever case investigation forms in Ebonyi State
94%

80 1

60 - 58%

40 A

20 A

Complete case investigation forms (%)

Before digital With SORMAS
case-based reporting

Figure 2: Completeness of Lassa fever case investigation forms in Ebonyi State
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Note. Reported completeness increased from 58% to 94% after SORMAS-supported case-based surveillance. Figure
rendered at 300 dpi.

3.3 Timeliness of laboratory confirmation

Benue State provided a second quantified process outcome. The reported interval from the first suspected Lassa fever case
to laboratory confirmation decreased from 8 days under paper-based reporting to 3 days with SORMAS, corresponding to
an absolute reduction of 5 days and a 62.5% reduction in the reported interval. The comparative values are shown in Figure
3.

Time from first suspected Lassa fever case to laboratory confirmation in Benue State

8 days

co
L

~
1

(=3}
1

v
1

&
1

3 days

w
L

Time to laboratory confirmation (days)
N
1

-
1

o
i

Paper-based SORMAS

reporting

Figure 3: Time from first suspected Lassa fever case to laboratory confirmation in Benue State
Note. Values represent the reported interval under paper-based reporting and SORMAS. Figure rendered at 300 dpi.
3.4 Comparative quantitative synthesis

Table 2 consolidates the Lassa fever-specific quantitative surveillance outcomes that could be attributed unambiguously to
the disease in the available evidence. The largest documented process changes concerned case investigation completeness
in Ebonyi and time to laboratory confirmation in Benue. State-level geographic concentration was also evident, with 85.3%
of Benue cases reported in Makurdi and 46.7% of Kaduna cases in Kaduna South LGA.

Table 2: Quantitative synthesis of Lassa fever-specific digital surveillance outcomes

Outcome Setting Baseline / Digital Absolute Derived relative
comparator surveillance change change
value
Case Ebonyi 58% 94% +36 percentage +62.1%
investigation points
form
completeness
Time to Benue 8 days 3 days —5 days —62.5%
laboratory
confirmation
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concentration of

South LGA)

Geographic Benue (Makurdi) NA 85.3% NA NA
concentration of
cases
Geographic Kaduna (Kaduna | NA 46.7% NA NA

cases

Note. NA = not applicable. Relative changes were calculated directly from the reported values: (94—58)/58 % 100 for form
completeness and (3—8)/8 x 100 for laboratory-confirmation time. These are descriptive transformations, not inferential

effect estimates.
3.5 Inferential evidence

No common inferential effect estimate could be
calculated from the available Lassa fever evidence. The
studies differed in design, reporting period, case
definition and outcome measurement, and the available
results did not provide a consistent set of standard errors,
confidence intervals or adjusted effect estimates. Formal
meta-analysis, pooled hypothesis testing and cross-state
significance testing were therefore not undertaken. This
preserves the distinction between reported descriptive
improvements and causal evidence of effectiveness.

To guarantee data integrity, only Lassa fever outcomes
whose disease attribution was internally clear in the
available evidence were used for quantitative figures.
Metrics with inconsistent disease attribution were not
graphed or used in derived calculations.

4. Discussion
4.1 Principal findings

The findings indicate that digital case-based surveillance
has strengthened several operational components of
Lassa fever surveillance in Nigeria, but the benefits are
uneven and should not be equated automatically with
improved clinical outcomes. The clearest quantitative
gains concerned surveillance processes. In Ebonyi State,
completeness of case investigation forms increased from
58% to 94%, while the reported interval to laboratory
confirmation in Benue decreased from 8 to 3 days. These
changes are important because the effectiveness of
outbreak surveillance depends not simply on collecting
information, but on whether sufficiently complete
information reaches the appropriate decision-makers
while it can still influence investigation and response.

This pattern is consistent with the wider development of
SORMAS as an integrated case-based platform rather
than a conventional electronic reporting repository.

The Am. J. Appl. Sci. 2026

SORMAS combines functions including case
management, laboratory information, contact follow-up
and outbreak analysis within the same digital
environment (Tom-Aba et al, 2020). A broader
assessment of digital outbreak-management tools used
across Africa similarly found that only a small proportion
provided most of the functions required for
comprehensive outbreak response, with SORMAS
among the few platforms offering extensive
functionality, including laboratory interfaces, contact
follow-up and transmission-network visualisation
(Silenou et al., 2021). The value observed for Lassa fever
surveillance in Nigeria therefore appears to arise partly
from functional integration rather than digitalisation

alone.

4.2 Timeliness, data completeness and actionable
surveillance

The reduction in laboratory-confirmation time reported
in Benue is particularly relevant to Lassa fever because
diagnostic delay interrupts several stages of the response
pathway. Clinical presentation can be difficult to
distinguish from other febrile illnesses, making
laboratory confirmation central to case classification and
subsequent management. During Nigeria's 2023
outbreak, delays in sample transportation were
specifically identified as contributing to delayed
diagnosis and linkage to treatment and care (World
Health Organization [WHO], 2023). Consequently, a
shorter interval between suspicion and confirmation
represents more than an administrative improvement. It
reduces the period during which case status remains
unresolved and allows confirmed infections to enter the
appropriate response pathway sooner.

Improved completeness of case investigation records has
a different but complementary value. Missing
epidemiological information can weaken exposure
assessment, geographical analysis, contact identification
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and subsequent surveillance. Digital systems can reduce
some of these deficiencies through structured data entry,
centralised records and rapid availability of updated
information. Evidence from African digital surveillance
systems nevertheless shows that technological
sophistication alone is insufficient. Platforms differ
considerably in functionality, interoperability and
capacity to support the complete outbreak-management
cycle (Silenou et al., 2021). Data quality therefore
remains dependent on the interaction between platform
design, reporting practices, workforce capability and the
organisation of surveillance services.

The findings also show why surveillance timeliness and
completeness should be treated as distinct performance
dimensions. A rapidly transmitted record may still have
limited epidemiological value when critical fields are
incomplete, while highly complete information that
arrives too late may have little influence on immediate
response decisions. Effective digital surveillance
requires both qualities. Nigeria's incident-management
experience during the 2019 Lassa fever outbreak
demonstrated this relationship: SORMAS was used in 15
states to strengthen case reporting and investigation,
while weekly analyses informed Emergency Operations
Centre decisions and deployment of rapid response teams
(Nwafor et al., 2021).

4.3 Digital surveillance and geographical
intelligence

The concentration of reported cases within particular
local government areas demonstrates another
contribution of case-based digital surveillance. In the
evidence synthesised here, 85.3% of confirmed cases in
the Benue investigation occurred in Makurdi, while
Kaduna South accounted for 46.7% of cases in the
Kaduna outbreak. Digitally structured surveillance data
permit disease occurrence to be examined at increasingly
granular geographical levels, supporting identification of
local concentrations that may be obscured in aggregated
state-level reporting.

This capability has become increasingly important as
Lassa fever has been reported across a widening
geographical area. National analyses have documented
substantial spatial and temporal heterogeneity in
Nigerian Lassa fever epidemiology (Dalhat et al., 2022),
while more recent state-level research has demonstrated
pronounced seasonality and geographical variation in
disease occurrence and mortality (Ezenwa-Ahanene et
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al., 2024). Such heterogeneity makes subnational
surveillance intelligence particularly valuable because
uniform allocation of response resources may not
correspond to the distribution of risk.

Geographical intelligence should nevertheless be
interpreted cautiously. A high concentration of reported
cases may reflect genuine transmission intensity, but it
can also be influenced by proximity to diagnostic
services, differential case ascertainment, referral patterns
and variation in surveillance capacity. Digital systems
improve visibility of recorded disease; they do not
eliminate the epidemiological biases that determine
which infections enter the surveillance system.

4.4 The surveillance-mortality disconnect

Perhaps the most important analytical finding is the
coexistence of improved surveillance capability with
substantial case fatality. Reported CFRs ranged from
24.0% in Ebonyi to 73.3% in Kaduna. Although these
figures cannot be compared inferentially because
denominators, periods and study designs differed, they
demonstrate that digitised surveillance does not itself
guarantee favourable clinical outcomes.

This distinction matters for evaluating digital health
interventions. Surveillance platforms operate primarily
on information flows. Mortality is determined further
downstream by several factors, including the timing of
presentation, diagnostic access, severity at admission,
referral pathways, supportive treatment, infection
prevention capacity and availability of specialist care.
Nigeria's recent outbreak experience continues to
demonstrate these pressures. WHO identified delayed
sample transportation, constrained health-system
capacity, inadequate infrastructure and shortages of
infection-prevention resources among the factors
complicating Lassa fever response (WHO, 2023).
Similarly, the Nigeria Centre for Disease Control and
Prevention activated the national Lassa Fever
Emergency Operations Centre in 2024 against a
background of increasing geographical spread, high CFR
among confirmed cases, low clinical suspicion and
continuing healthcare-worker infections (Nigeria Centre
for Disease Control and Prevention [NCDC], 2024).

The implication is not that digital surveillance has failed,
but that its outcomes must be judged at the appropriate
level. Faster reporting, better case-investigation
completeness and improved geographical visibility are
surveillance outcomes. Reduced mortality is a health-
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system outcome produced through the interaction of
surveillance with diagnosis, referral and clinical care.
Conflating these levels risks attributing to digital
platforms outcomes they cannot independently produce.

4.5 From digital tools to an integrated outbreak-
response capability

The evidence therefore favours viewing digital
surveillance as infrastructure embedded within a broader
outbreak-response system rather than as a stand-alone
technological intervention. Nigeria's experience with
Lassa fever has progressively linked electronic
surveillance to emergency coordination, laboratory
services, rapid response teams and structured learning
after outbreaks. Nwafor et al. (2021) documented how
surveillance indicators informed activation and operation
of the national response during the 2019 outbreak, while
Saleh et al. (2022) showed how experience from
successive Lassa fever outbreaks contributed to
institutional learning and adaptation within Nigeria's
public health response architecture.

This systems perspective also helps explain why
implementation conditions remain important. Digital
platforms require reliable devices, connectivity,
electricity, trained personnel, technical support and
governance arrangements capable of translating
information into action. Where these conditions are
weak, parallel paper and electronic systems may persist,
potentially increasing workload and fragmenting
information rather than reducing it. Evidence across
African outbreak-management platforms has similarly
highlighted the problem created when multiple tools
perform overlapping but incomplete functions,
reinforcing the importance of interoperability and
platform consolidation (Silenou et al., 2021; Ajayi et al.,
2026).

Nigeria's subsequent national expansion of SORMAS
illustrates the potential institutional value of sustained
implementation. The platform has moved beyond
isolated outbreak deployment and now forms part of
national digital surveillance infrastructure, supporting
surveillance across all states and local government areas
(SORMAS Foundation, 2026). Such scale creates
opportunities  for  longitudinal  epidemiological
intelligence, standardised case-based reporting and faster
movement of information between local and national
levels. Scale, however, also raises questions concerning
maintenance, workforce retention, data governance,
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interoperability and financing that cannot be answered
through measures of reporting speed alone.

4.6 Implications for policy and practice

Three priorities follow from the evidence. First, future
investment should focus on the complete surveillance-to-
response pathway rather than digital reporting alone.
Reducing notification delays has limited value if
specimens subsequently experience transport delays or
confirmed patients cannot access appropriate treatment.
Electronic case detection, specimen logistics, laboratory
reporting, referral and clinical response therefore need to
function as an integrated chain.

Second, surveillance performance should be assessed
using multidimensional indicators. Reporting timeliness
remains important, but completeness, laboratory
turnaround, contact follow-up, geographical coverage,
duplicate-record frequency and linkage to response
action should also be measured. Clinical outcomes
should be evaluated separately and linked analytically to
surveillance processes only where study designs permit
such inference.

Third, greater attention is required at the subnational
level. Nigeria's federal structure produces substantial
variation in infrastructure and public health capacity
between states, a challenge also identified in assessments
of national outbreak learning and response (Saleh et al.,
2022). National deployment of a digital platform does
not necessarily imply uniform implementation quality.
State and local government capacity, connectivity,
workforce competence and laboratory access therefore
warrant  explicit consideration when evaluating
surveillance performance.

Future research should consequently move beyond
demonstrating that digital platforms are operational.
Prospective evaluations are needed to determine whether
improvements in reporting completeness and timeliness
are sustained, whether they shorten subsequent stages of
outbreak response, and under what conditions
surveillance  gains  translate  into  measurable
improvements in case management. Economic
evaluations are also needed to establish whether large-
scale digital surveillance produces sufficient operational
benefit to justify recurrent infrastructure, training and
maintenance costs. Interoperability with laboratory and
other national health-information systems represents
another priority, particularly as Nigeria moves towards
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increasingly  integrated  digital public  health
infrastructure.

4.7 Strengths and limitations

A principal strength of this review is its disease-specific
analytical focus. Digital surveillance outcomes were
restricted to evidence directly attributable to Lassa fever
rather than transferring performance measures from
other epidemic-prone diseases simply because the same
platform was used. This approach permits a clearer
assessment of what has actually been demonstrated
within Lassa fever surveillance.

Several limitations remain. The evidence was
heterogeneous in study design, reporting period,
denominator and outcome definition, preventing meta-
analysis and formal cross-state comparison. Some
investigations reported suspected cases, others
confirmed cases or patient records, making direct
comparison of CFRs inappropriate. Much of the
evidence was observational or implementation-focused,
which limits causal attribution. The available studies also
concentrated largely on operational outcomes, with
relatively little evidence concerning long-term
sustainability, economic value or the causal relationship
between improved surveillance and clinical outcomes.
Screening and extraction by a single reviewer introduce
an additional possibility of selection or extraction error.
These limitations support cautious interpretation of the
quantitative changes as surveillance-performance
findings rather than definitive estimates of effectiveness.

The evidence nevertheless provides a coherent indication
that digital case-based surveillance has improved
specific information and response processes within
Nigerian Lassa fever surveillance. Its future value will
depend increasingly on whether those improvements can
be connected reliably to laboratory, clinical and
emergency-response capacity rather than on further
digitalisation in isolation.

5. Conclusion

Digital surveillance has strengthened important
components of Lassa fever surveillance and outbreak
response in Nigeria, particularly case-based reporting,
contact tracing, surveillance-data  completeness,
geographical monitoring and the timeliness of
information flow. The evidence indicates measurable
improvements in selected operational processes,
including shorter laboratory-confirmation intervals,
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more complete case-investigation records and improved
contact follow-up. These findings demonstrate the
practical value of digital case-based surveillance in
settings where rapid movement of epidemiological
information is essential to outbreak management.

The evidence also cautions against treating digitalisation
as a proxy for effective disease control. Considerable
variation in reported case fatality persisted across the
settings examined, including particularly high mortality
in some outbreaks. Improved surveillance performance
and favourable clinical outcomes therefore represent
related but distinct dimensions of Lassa fever response.
Digital platforms can make cases visible sooner, improve
the completeness of surveillance records and facilitate
coordination, but subsequent outcomes remain
dependent on laboratory capacity, timely referral, clinical
management, infection prevention and control,
workforce capability and the wider capacity of the health
system to act on surveillance intelligence.

SORMAS consequently appears most valuable when
understood as part of an integrated public health
infrastructure rather than as a stand-alone technological
intervention. Its contribution depends on reliable
connectivity and electricity, adequately trained
personnel, laboratory linkage, interoperable information
systems and sustained institutional support. Persistent
dependence on parallel paper and electronic reporting
also indicates that digital transformation remains
incomplete in some settings.

Future evaluations should move beyond demonstrating
platform adoption and concentrate on whether
improvements in surveillance processes are sustained
and translate into shorter response pathways. Greater
attention is needed to laboratory integration, contact
follow-up, interoperability, subnational implementation
inequalities, economic sustainability and the relationship
between surveillance performance and patient outcomes.
Prospective and comparative designs would be
particularly valuable for establishing effects that cannot
be inferred confidently from the predominantly
observational evidence currently available.

Digital surveillance has created a stronger informational
foundation for Lassa fever preparedness in Nigeria. Its
next phase should therefore focus less on digitalisation
for its own sake and more on ensuring that accurate,
timely surveillance intelligence produces equally timely
public health and clinical action.
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