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ABSTRACT 

Infectious disease surveillance, program monitoring, and policy decision-making in low- and 

middle-income countries (LMICs) require high-quality routine health data. Data quality gaps 

continue to undermine the utility of routine health information systems despite large investments. 

Many existing studies have assessed data quality outcomes independently, but very few have 

attempted to synthesize how and why intervention strategies and implementation determinants 

combine to affect sustainable improvements. This scoping review aimed to map intervention 

strategies designed to improve routine health data quality in infectious disease programs and to 

identify key implementation determinants shaping their effectiveness across LMIC health system 

contexts. A scoping review was conducted following PRISMA-ScR guidance. Peer-reviewed 

studies examining interventions targeting routine health data quality in LMICs were identified 

through systematic searches of PubMed, Scopus, and ScienceDirect. Eligible studies included 

quantitative, qualitative, mixed-methods, and program evaluation designs reporting at least one 

data quality dimension. Data were synthesized using narrative and thematic analysis to categorize 

intervention strategies and examine implementation determinants across health system levels. 

Twenty-four studies met the inclusion criteria. When the function was analyzed separately by 

dimension, intervention strategies were grouped into four categories as follows: (1) capacity 

strengthening; (2) design and implement a digital health system directly linked to the health sector 

capacity; (3) design and implement data validation and feedback mechanisms; develop 

governance-level reforms. The best evidence of improvement in completeness, accuracy, and 

timeliness came from interventions that combined digital technologies with workforce training and 

supervisor feedback. Effectiveness, however, was largely dictated by implementation 

determinants: organizational data-use culture, interoperability constraints, human resource 

stability, infrastructure readiness, and governance alignment. Fragmented systems and parallel 

reporting mechanisms frequently limited sustainability. Improving routine health data quality in 

LMIC infectious disease programs extends beyond technical system enhancements and requires 

alignment among technological, organizational, and behavioral determinants. By integrating 

intervention typologies with implementation determinants, this review provides a systems-oriented 

synthesis to inform context-responsive, sustainable strategies for strengthening data quality. 

 

Keywords: data quality; digital health interventions; health information systems; low- and middle-

income countries (LMICs); routine health data 
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INTRODUCTION 

The functioning of the health system at the highest level usually depends on reliable, routine health 

data, particularly for infectious disease surveillance, program monitoring, and evidence-informed 

decision-making in low- and middle-income countries (LMICs) (Byrne & Heywood, 2023; Hung 

et al., 2020; Tilahun et al., 2021). Routine health information systems (RHIS) provide data on 

disease trends and service delivery, intervention coverage, and public health response at the facility 

(service availability), district (population need), and national level (Amouzou et al., 2021; 

Florentino et al., 2024). In low- and middle-income country (LMIC) contexts – where endemic 

patterns of burden related to infectious diseases continue to be an important cause of morbidity and 

mortality, accurate, complete & timely routine data are the bedrock for efficient resource allocation, 

adaptive policy, and health system responses (Tilahun et al., 2021). 

 

Despite sustained investments to strengthen RHIS, routine health data in many LMICs remain 

affected by significant quality gaps (Adane, Adege, Ahmed, Anteneh, Ayalew, Berhanu, Berhanu, 

Getnet, et al., 2021; Amouzou et al., 2021; Chekol et al., 2023; Harrison et al., 2020). There are 

many common challenges, such as under-reporting, inaccurate reporting, late data submissions to 

systems, lack of uniformity across parallel data sources, and low utilization of data in decision-

making processes (Adane, Adege, Ahmed, Anteneh, Ayalew, Berhanu, Berhanu, Getnet, et al., 

2021; Chekol et al., 2023; Harrison et al., 2020). Importantly, these limitations are not just technical 

deficiencies but reflect major systemic constraints embedded in health systems. Increasingly, there 

is evidence of interdependent drivers: insufficient workforce capacity; poorly integrated digital 

systems and parallel paper-electronic reporting systems; poor supervision and feedback cycles; low 

levels of interoperability (nut not just software) and organizational cultures not sufficiently 

conducive to data use (Chekol et al., 2023; Harrison et al., 2020; Tolera et al., 2024). It suggests 

that more and better data do not necessarily lead to more effective use of data, emphasizing the 

behavioral, governance, and structural determinants of routine data quality outcomes (Amare et al., 

2025; Lee et al., 2021; Lemma et al., 2020; Tilahun et al., 2021) instead. 

 

In response, a host of interventions have been implemented over the past decade. EHRs (Lee et al., 

2021; Lemma et al., 2020) represent a digital health approach to standardize reporting, while 

improving timeliness and integration; mobile reporting platforms for sub-national and national 

infectious disease surveillance have also been developed (Ahn et al., 2021; Ukponu et al., 2019), 

Meanwhile, non-digital approaches (Wong et al., 2020) (human-resource training, supportive 

supervision and feedback systems on data quality audits, governance reforms) have served to 

strengthen processes of data production that encourage a culture of use of data (Hanifah et al., 

2022; Yilma et al., 2024; Deussom et al., 2022; Gimbel et al., 2017). In fact, data emerging since 

the completion of this work indicate that more systematic approaches to embedding technology 

alongside capacity strengthening and supervisory reinforcement could result in sustained 

improvements in completeness, accuracy, and timeliness (Kirk et al., 2021; Olu-Abiodun et al., 

2025). Despite the managerial levers, implementation outcomes are heterogeneous across contexts; 

system functioning in practice depends on the readiness of infrastructure, stability of human 

resources, alignment between governance and health care operations, and engagement of users with 

systems (Karamagi et al., 2022; Kirk et al., 2021; J. Lee et al., 2021b). 

 

Many studies have either evaluated data quality in general and individual interventions, but the 

evidence on how intervention strategies interact with broader implementation determinants across 

health system levels remains less coherent. Little is known about how specific technological, 

https://jurnal2.globalhealthsciencegroup.com/index.php/PICNHS


Proceedings of the International Conference on Nursing and Health Sciences, Volume 7 No 1, January - June 2026 

e-ISSN 2774 – 5104, Global Health Science Group  

https://jurnal2.globalhealthsciencegroup.com/index.php/PICNHS 

215 

organizational, and behavioral factors interactively influence the effectiveness and sustainability 

of routine data quality improvement efforts in low- and middle-income country (LMIC) infectious 

disease programs. Therefore, a systems-oriented synthesis is required to go beyond solitary 

technical solutions and promote integrated strategies that link intervention design with contextual 

implementation determinants. 

 

This scoping review aimed to systematically map intervention strategies implemented to enhance 

routine health data quality in infectious disease programs in LMICs and to identify key 

implementation determinants that may affect their effectiveness. This review combines typologies 

of interventions with system-level determinants to advance from descriptive assessments to an 

analytical framework that can support sustainable, context-sensitive routine improvements in data 

quality. 

 

Research Question 

What intervention strategies have been implemented to improve routine health data quality in 

infectious disease programs in LMICs, and what implementation determinants influence their 

effectiveness? 

 

METHOD 

This scoping review was conducted in accordance with the PRISMA-ScR (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews). A review 

protocol was developed prior to study commencement to guide methodological procedures; 

however, the protocol was not registered. 

Eligibility Criteria 

Studies were considered eligible if they met the following criteria: 

1. Population: Studies examining routine health data used for infectious disease surveillance, 

monitoring, or reporting in low- and middle-income countries (LMICs), as defined by the 

World Bank classification. Both facility-based and community-based health system contexts 

were included. 

2. Interventions: Articles describing, assessing or evaluating an intervention to improve routine 

health data quality. Eligible interventions included capacity-building initiatives, digital health 

innovations, data validation mechanisms, supervisory feedback systems, data quality audits, 

governance strengthening, and performance monitoring strategies. Interventions were 

classified as standalone when consisting of a single primary strategy, and as hybrid when 

combining two or more implementation components 

3. Outcomes: Studies reporting at least one data quality dimension, including completeness, 

accuracy, timeliness, consistency, concordance, reliability, or data use for decision-making. 

4. Included study designs: Empirical studies of any design, including randomized controlled trials, 

quasi-experimental studies, observational studies, qualitative research, mixed-methods studies 

and program evaluations. 

Only articles published in English were included. No publication-year restrictions were applied 

during the search process to capture the evolution of interventions over time. However, all studies 

meeting the final inclusion criteria were published between 2015 and 2025. 

Studies were excluded if they: focused exclusively on high-income countries, did not involve 

infectious disease routine data, did not assess interventions targeting data quality improvement, 

were editorials, commentaries, or opinion pieces without empirical data. 
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Information Sources and Search Strategy 

A literature search was conducted using PubMed, Scopus, and ScienceDirect. A search strategy 

that included both Medical Subject Headings (MeSH) and free-text keywords pertaining to routine 

health information systems, infectious disease data quality, and real-time and recent interventions 

in LMIC contexts was constructed. Each database adapted Boolean operators. The complete search 

strategy is shown in Table 1. 

Table 1.  

Search String Strategy 
Data Base Search String 

Scopus  ((TITLE-ABS-KEY("routine health data" OR "routine data" OR "routine health information system*" 

OR "RHIS" OR "health management information system*" OR "HMIS" OR "surveillance data") AND 

TITLE-ABS-KEY("infectious disease*" OR "communicable disease*" OR "tuberculosis" OR "HIV" 

OR "malaria" OR "dengue" OR "measles" OR "COVID-19") AND TITLE-ABS-KEY(intervention* 

OR program* OR "capacity building" OR training OR "audit and feedback" OR "data quality 

assessment" OR mHealth OR eHealth OR "digital health" OR "information system" OR "data 

verification" OR "data validation") AND TITLE-ABS-KEY("data quality" OR "data accuracy" OR 

"data completeness" OR "timeliness" OR "data consistency" OR "data use" OR "data utilization") AND 

TITLE-ABS-KEY("low-income countr" OR "middle-income countr" OR "developing countr" OR 

Africa OR Asia OR "Sub-Saharan Africa" OR Indonesia OR India)) AND ( LIMIT-TO ( 

DOCTYPE,"ar" ) )  AND ( LIMIT-TO ( LANGUAGE,"English" ) )  

Pupmed ((((((((((routine health data[Title/Abstract]) OR (routine data[Title/Abstract])) OR (routine health 

information system[Title/Abstract])) OR (RHIS[Title/Abstract])) OR (health management information 

system[Title/Abstract])) OR (HMIS[Title/Abstract])) OR (surveillance data[Title/Abstract])) AND 

((((((((infectious disease[Title/Abstract]) OR (communicable disease[Title/Abstract])) OR 

(tuberculosis[Title/Abstract])) OR (HIV[Title/Abstract])) OR (malaria[Title/Abstract])) OR 

(dengue[Title/Abstract])) OR (measles[Title/Abstract])) OR (COVID-19[Title/Abstract]))) AND 

((((((((((((intervention[Title/Abstract]) OR (program[Title/Abstract])) OR (capacity 

building[Title/Abstract])) OR (training[Title/Abstract])) OR (audit[Title/Abstract] AND 

feedback[Title/Abstract])) OR (data quality assessment[Title/Abstract])) OR (health[Title/Abstract])) 

OR (eHealth[Title/Abstract])) OR (digital health[Title/Abstract])) OR (information 

system[Title/Abstract])) OR (data verification[Title/Abstract])) OR (data validation[Title/Abstract]))) 

AND (((((((data quality[Title/Abstract]) OR (data accuracy[Title/Abstract])) OR (data 

completeness[Title/Abstract])) OR (timeliness[Title/Abstract])) OR (data 

consistency[Title/Abstract])) OR (data use[Title/Abstract])) OR (data utilization[Title/Abstract]))) 

AND ((((((((low income country[Title/Abstract]) OR (middle income country[Title/Abstract])) OR 

(developing country[Title/Abstract])) OR (Africa[Title/Abstract])) OR (Asia[Title/Abstract])) OR 

(Sub-Saharan Africa[Title/Abstract])) OR (Indonesia[Title/Abstract])) OR (India[Title/Abstract])) 

Science 

Direct 

"routine health data" AND "infectious disease" AND intervention AND "data quality" 

 

Study Selection 

All records were exported to Mendeley for reference management, and duplicates were removed 

before screening. The selection of studies was conducted in two steps: 

1. Title and abstract screening 

Two reviewers independently screened records against predefined eligibility criteria. 

2. Full-text review 

Potentially eligible studies were assessed independently by the same reviewers. Reasons for 

exclusion at this stage were documented systematically. 

Disagreements were resolved through discussion and consensus. When necessary, a third reviewer 

adjudicated. Inter-rater reliability was assessed using Cohen’s kappa coefficient. The study 

selection process is presented in a PRISMA-ScR flow diagram. 
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Data Extraction 

A standardized data extraction form was developed in Microsoft Excel. Extracted variables 

included study characteristics (author, year, country, design, and setting), targeted infectious 

disease(s), type of intervention, intervention structure (standalone or hybrid), data quality 

dimensions addressed, reported outcomes, and implementation determinants (e.g., workforce 

capacity, infrastructure readiness, leadership support, and feedback mechanisms). Two reviewers 

extracted data in duplicate, with any discrepancies resolved through discussion and consensus 

 

Data Synthesis and Analysis 

Data were synthesized using narrative descriptive analysis and thematic mapping. Findings were 

categorized by intervention type, intervention structure (standalone vs hybrid), data quality 

dimension, implementation determinants, and geographic and health system context. Given the 

heterogeneity of study designs and reported outcomes, meta-analysis was not performed. In line 

with scoping review methodology, a formal risk-of-bias assessment was not conducted. 

 

Reporting the Results 

Findings were reported in accordance with PRISMA-ScR guidance and presented in narrative and 

tabular formats. The synthesis mapped intervention characteristics, standalone versus hybrid 

structures, data quality dimensions addressed, geographical distribution, implementation 

determinants, and remaining evidence gaps relevant to strengthening routine health information 

systems in LMICs. 

 

RESULT AND DISCUSSION 

Study Selection 

The literature search yielded 59 records across three electronic databases (PubMed = 28; Scopus = 

27; ScienceDirect = 4). Following the removal of 11 duplicates, title and abstract screening 

identified 48 unique records. Seven records were excluded from the screening process, as shown 

in Figure 4. A total of 41 reports were identified for retrieval, of which 3 could not be retrieved. 

Thus, 38 full-text articles were screened for eligibility. After completing the full-text assessment, 

an additional 28 articles were excluded because they did not assess any interventions to improve 

data quality (n = 8), did not report relevant outcomes related to data quality (n = 3), or were 

unavailable in full text (n = 17). Finally, 10 studies passed the eligibility criteria and were selected 

for the final review. Study selection, screening, eligibility assessment, and inclusion processes were 

presented in the PRISMA flowchart in Figure 1. 
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Figure 1: PRISMA Flowchart of The Study 

 

In the end, 10 studies were included in the final synthesis following eligibility assessment. All 

selected articles were published between 2015 and 2025 and introduced active interventions aimed 

to enhance routine health data quality in the LMIC context. Geographically, the majority of studies 

were conducted in sub-Saharan Africa (n = 7, 70%), with some evidence from Latin America (11%) 

and multi-country LMIC settings (20%). In terms of disease focus, the most common program types 

targeted were HIV and tuberculosis, reflecting a vertical system that emphasizes randomized surveys of 

disease compared with target-oriented universal disease surveillance programs. Other studies focused on 

malaria surveillance and collective reporting of other communicable diseases through routine health 

information systems. Table 1 provides a detailed summary of study characteristics, interventions, 

methodological approaches, and key findings. 
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Table 1. 

Summary of Active Interventions to Improve Routine Health Data Quality in LMICs 

No Author 

(Year) 

Setting Target 

Disease(s) 

Study Design Intervention 

Description 

Data Quality 

Dimensions 

Main Findings Implementat

ion 

Challenges 

1.  Cherutich 

et al. 

(2016) 

Kenya HIV Cluster 

randomized 

trial 

Smartphone-

based digital 

data collection 

(ODK) 

Timeliness, 

completeness 

Improved 

reporting speed 

and reduced 

data loss 

Missing 

sensitive 

partner data 

2.  O’Hagan 

et al. 

(2017) 

Malawi ANC, HIV, 

ARI 

National cross-

sectional 

assessment 

Training, 

supervision, 

and structured 

data quality 

checks 

Accuracy, 

completeness 

Improved data 

reliability in 

priority 

indicators 

Weak 

supervision 

structures 

3.  Coelho et 

al. (2024) 

Zambia HIV Qualitative 

implementation 

study 

EMR 

strengthening 

with 

monitoring 

mechanisms 

Accuracy, 

completeness, 

timeliness 

Enhanced data 

monitoring and 

decision support 

Weak 

longitudinal 

tracking 

systems 

4.  Mukamba 

et al. 

(2020) 

Rwanda HIV Cross-sectional 

study 

Clinical alerts 

embedded in 

the EHR 

system 

Completeness, 

accuracy, 

timeliness 

Improved viral 

load 

documentation 

completeness 

Low user 

adaptation 

5.  Fraser et 

al. (2024) 

Multi-

country 

SSA 

HIV Program 

evaluation 

Near point-of-

care viral load 

reporting 

integration 

Timeliness, 

documentation 

quality 

Faster 

turnaround time 

Weak 

documentati

on of 

follow-up 

6.  Boeke et 

al. (2021) 

South 

Africa 

TB System 

evaluation 

study 

Electronic TB 

Register 

implementation 

Completeness, 

accuracy, 

reliability 

Improved 

electronic 

recording, but 

persistent gaps 

Limited 

system 

integration 

7.  Podewils 

et al., 

(2015) 

Rwanda Immunization Cross-sectional 

study 

DHIS2-based 

electronic 

tracking 

system 

Accuracy, 

consistency, 

completeness 

Progressive 

improvement in 

reporting 

completeness 

Parallel 

paper 

systems 

8.  Uwera et 

al. (2025) 

Kenya HIV Retrospective 

system analysis 

Kenya EMR 

implementation 

Completeness, 

usability 

Low utilization 

limited potential 

gains 

Shared 

logins, poor 

adoption 

9.  Ngugi et 

al. (2021) 

Brazil TB Longitudinal 

analysis 

Training and 

structured 

equity-focused 

reporting 

reforms 

Completeness Improved 

completeness of 

demographic 

data 

Not reported 

10.  Collins et 

al. (2020) 

Guinea Cholera, 

Measles, 

Yellow fever 

Implementation 

study 

DHIS2 

implementation 

with training 

and technical 

support 

Completeness, 

sensitivity 

Strengthened 

reporting 

structure, but 

possible 

underreporting 

Limited 

sensitivity, 

staff 

capacity 

constraints 

 

Typology of Interventions 

Ten studies were included and could be divided into the following four areas: (1) Digital health 

system strengthening (n=7), (2) Training and capacity building (n=3), (3) Supervision and 

monitoring mechanisms (n=3), (4) Strengthening of diagnostic-linked or laboratory systems (n=2) 

in labs. Digital health interventions were the most common tactics adopted. These were electronic 
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medical records (EMRs), District Health Information System version 2-based platforms, 

smartphone-based reporting tools, electronic disease registers, and embedded clinical decision-

support alerts. Most of these were aimed at optimizing data capture, reducing reporting networks, 

and ensuring that internal routine reporting systems are internally consistent. Many studies 

employed multi-component approaches that combined strengthening digital systems with 

structured training, supervision, or validation processes by a field-based outreach team, consistent 

with a move away from the click-to-use paradigm of single-component implementation toward 

hybrid implementation models. 

Training and capacity building on documentation improvement, indicator interpretation, and 

standards for reporting compliance. Supervision and monitoring systems were often included as 

key components of broader system-strengthening activities, helping to center accountability in 

reporting processes and performance tracking. Laboratory or diagnostic-linked interventions had 

positive effects on the flow of data between testing platforms and systems for reporting results, 

resulting in timely medical record documentation. 

 

Data Quality Dimensions  

The most common data quality dimension targeted in the included research was completeness 

(n=8), followed by accuracy (n=6), and timeliness (n=5). Few studies directly addressed 

consistency or concordance across reporting systems (n=4) and just a handful examined reliability 

or continued use of data to inform decisions (n=3). The most frequent improvements in 

completeness were related to the introduction of digital systems and to systematic supervision. The 

improvements in accuracy were associated with the validation features, automated alarms, and 

better documentation processes. Timeliness gains were noted mostly in interventions that used 

electronic reporting systems or diagnostic-linked reporting platforms. 

 

Implementation Determinants 

Across the 10 included studies, diverse contextual and system-level factors were identified as 

affecting the implementation and effectiveness of data quality improvement interventions. 

Capacity of the health workforce was proposed as a determinant in 6/10 studies (Health Workforce 

Capacity (n=6). The reasons reported were limited skills in data management, limited or no initial 

training, and high institutional-level turnover, which affected uptake of interventions and reporting. 

Infrastructure and readiness for technology were addressed in 5 out of the studies (n=5), especially 

for implementers of digital systems. The common challenges were internet connectivity issues, 

inconsistent electricity supply, and hardware unavailability. Three studies (n=3) explicitly 

described supportive leadership and governance in relation to sustained adherence; facility-level 

engagement and supervision at the district level were associated with ongoing compliance and 

monitoring mechanisms. Four studies (n=4) reported including feedback and accountability 

mechanisms, particularly in interventions with audit-review processes or structured supervisory 

feedback. All studies (n=8) reported at least one contextual determinant influencing 

implementation success, suggesting that outcomes were related to both system readiness and 

institutional support. 

 

Standalone vs Hybrid Interventions 

The 10 studies summarized were either standalone (single-component) or hybrid (multi-

component) interventions. 
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Standalone Interventions 

Three studies (n=3) delivered single-component interventions. The interventions included only one 

strategy, such as: (1) Only deployment of a digital reporting solution, (2) A training program 

delivered in a structured manner without reinforcement of the system, (3) A relative-focused audit 

undergoes an actual activity.  In these studies, improvements in one or two dimensions of data 

quality were typically reported, mainly completeness and timeliness. 

 

Hybrid Interventions 

Seven studies (n=7) included hybrid interventions with two or more components. Common 

combinations included: (1) Digital systems and training, (2) Digital plus supportive supervision, 

(3) Audit-feedback aligned with capacity development. Of these seven hybrid studies, 5 reported 

improvements in three or more data quality dimensions (accuracy, consistency, and timely 

completion of data for decision-making) following the implementation of a national HIS. Hybrid 

interventions included more structured feedback mechanisms and ongoing reinforcement from a 

supervisor or manager. Conclusions Overall, most of the included studies (70%) used hybrid 

approaches, which were associated with greater multidimensional improvements in data quality 

than standalone strategies. 

 

Geographical and Health System Contexts 
Table 2.  

Categorization of Included Studies by Intervention Type, Data Quality Dimensions, and Geographical 

Context 
Category Sub-category Study Numbers 

1. Types of 

Interventions  

Digital health strengthening  

(EMR, DHIS2, electronic registers, mobile reporting, clinical alerts) 

1, 3, 4, 6, 7, 8, 9 

Training/capacity building  

(Structured training and documentation improvement) 

2, 3, 10 

Supervision/monitoring mechanisms  

(Supportive supervision, monitoring, performance tracking) 

2, 3, 5 

Laboratory / diagnostic-linked strengthening  

(Near-POC systems, lab–reporting integration) 

4, 5 

2. Data Quality 

Dimensions 

Addressed 

Completeness 1, 2, 3, 4, 6, 7, 8, 

10 

Accuracy 2, 3, 4, 6, 7, 9 

Timeliness 1, 4, 5, 7, 8 

Consistency / Concordance 3, 4, 6, 9 

Data Use for Decision-Making 3, 7, 8 

3. Implementation 

Determinants 

Workforce capacity (training gaps, staff turnover, data management skills) 2, 5, 6, 8, 9, 10 

Infrastructure/technology readiness (connectivity, electricity, hardware 

constraints) 

1, 6, 7, 8, 10 

Leadership/governance support (facility engagement, district oversight) 3, 4, 7 

Feedback/accountability mechanisms (audit systems, review meetings, 

supervisory feedback) 

3, 4, 6, 9 

4. Intervention 

Structure 

Standalone (digital-only or training-only approach) 1, 5, 10 

Hybrid (combination of digital tools, training, supervision, and/or audit-

feedback) 

2, 3, 4, 6, 7, 8, 9 

5. Geographical 

Contexts 

Sub-Saharan Africa (single-country studies: Kenya, Malawi, Zambia, 

Rwanda, South Africa, Guinea 

1, 2, 3, 4, 6, 7, 8, 

10 

Sub-Saharan Africa (multi-country initiatives: Cameroon, Democratic 

Republic of Congo, Kenya, Malawi, Senegal, Tanzania, Zimbabwe 

5 

Latin America (Brazil) 9 
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Regarding geographic distribution, most included interventions were conducted in sub-Saharan 

Africa (n=8). Of the included studies, one was conducted in Latin America (Brazil), and another 

used multi-country implementation in low- and middle-income settings. The majority of Sub-

Saharan African settings face enduring structural and operational obstacles to routine health 

information systems, including parallel reporting systems, suboptimal interoperability, 

infrastructural instability, and human resource limitations. Common across settings, interventions 

were typically integrated into public-sector health systems and often delivered through vertically 

funded infectious disease programs (primarily HIV and tuberculosis). The majority of interventions 

targeted facility- and district-level reporting systems integrated into routine service delivery. 

 

This scoping review synthesized evidence from 10 studies (2015–2025) that analyzed interventions 

to improve the quality of routine health data in low- and middle-income countries (LMICs). All of 

the 3 big themes can be summarised as follows: (1) digital system strengthening dominated, (2) 

hybrid approach vs standalone or face-to-face standalone strategies with success, and (3) context 

matters for implementation.  

 

Digitalization as the Predominant but Insufficient Strategy 

The most common intervention domain was digital health system strengthening (7 of 10 studies). 

These were electronic medical records (EMRs), District Health Information Software 2 (DHIS2)-

based platforms, electronic disease registers, and mobile reporting applications. Digitalization was 

consistently associated with improvements in completeness (n = 8 studies overall) and timeliness 

(n = 5 studies), but with only moderate improvements in data accuracy across the 6 studies 

reporting on accuracy. Some of these studies questioned healthcare providers' ability to 

independently ensure continuous data quality improvement. Of the 7 digital-focused studies, 5 

reported implementation barriers such as intermittent internet access, hardware unavailability and 

low user capacity. This study suggests that while digital transformation is crucial, it will not solve 

the systemic challenges faced by routine health information systems (RHIS) (Boeke et al., 2021; 

Cherutich et al., 2016; Coelho et al., 2024; Mukamba et al., 2020; Podewils et al., 2015). Therefore, 

digital solutions are mostly structural enablers but not end-to-end solutions. 

 

Further, the results support that the main problem with RHIS in many LMICs is not just the lack 

of technology but also the absence of health system capacity to develop a sustainable data culture 

(Lee et al., 2023; Lemma et al., 2020). Digitalization without changes in governance, user behavior, 

and institutional commitment risks creating “data-rich but information-poor systems” that generate 

vast volumes of data but fail to convert them into high-quality, useful information for decision-

making (Bezerra et al., 2020). Therefore, digital transformation should be presented as an element 

of a systemic approach to improve the quality of healthcare services through the use of accurate, 

timely, and responsive data  (Werner et al., 2023). 

 

Hybrid Approaches Demonstrated Broader Impact 

One of the main findings was that multi-component interventions accounted for 70% (n = 7) of the 

included studies and were more likely to result in improvements across multiple data quality 

dimensions (Boeke et al., 2021; Cherutich et al., 2016; Coelho et al., 2024; Mukamba et al., 2020; 

Ngugi et al., 2021; Podewils et al., 2015; Uwera et al., 2025). Hybrid interventions generally 

integrated a digital system with training (n=3) (Coelho et al., 2024; Collins et al., 2020; O’Hagan 

et al., 2017), supportive supervision (n=3) (Coelho et al., 2024; Fraser et al., 2024; O’Hagan et al., 

2017), or an audit-feedback mechanism (n=2) (Fraser et al., 2024; Mukamba et al., 2020). With 
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respect to the seven hybrid studies, five reported having improved three or more data quality 

dimensions in terms of accuracy, consistency, and data use for decision-making. By contrast, the 

three standalone interventions (n = 3) typically improved only one or two dimensions, usually 

completeness and timeliness (Coelho et al., 2024; Collins et al., 2020; O’Hagan et al., 2017). This 

pattern suggests that addressing technical (system design)/behavioral determinants (health worker 

practices, accountability, supervision) is associated with more substantial improvements. These 

findings are consistent with an implementation science perspective that jointly recognizes the 

imperative of multi-level system reinforcement and avoids solely technical inputs. 

 

The results of this review support the assertion that investments to improve RHIS data quality need 

not be limited to a technologically driven approach, and such measures should take into 

consideration health information management processes and organizational culture. Multi-

component interventions seem to synergize by holistically improving technical infrastructure, user 

competencies, supervision processes, and accountability mechanisms, which, in turn, support 

sustained process improvement across multiple dimensions of data quality (Lee et al., 2021a; Leon 

et al., 2020). This must also be expected given the multidimensional nature of data quality 

challenges in LMIC settings; as such, single-focus strategies alone are unlikely to be successful. 

Thus, future RHIS strengthening should focus on integrated intervention models that combine 

digital innovation with ongoing capacity development, supportive leadership, and institutionalized 

feedback mechanisms to promote a long-term data use culture and system sustainability (Lee et al., 

2021a; Leon et al., 2020). 

 

Persistent Emphasis on Technical Data Quality Dimensions 

Across the ten studies, completeness (n = 8) (Boeke et al., 2021; Cherutich et al., 2016; Coelho et 

al., 2024; Collins et al., 2020; Mukamba et al., 2020; O’Hagan et al., 2017; Podewils et al., 2015; 

Uwera et al., 2025), followed by accuracy (n = 6) (Boeke et al., 2021; Coelho et al., 2024; Mukamba 

et al., 2020; Ngugi et al., 2021; O’Hagan et al., 2017; Podewils et al., 2015) and timeliness (n = 5) 

(Cherutich et al., 2016; Fraser et al., 2024; Mukamba et al., 2020; Podewils et al., 2015; Uwera et 

al., 2025) were the most commonly evaluated dimensions. In contrast, only four studies assessed 

consistency across platforms (n = 4) (Boeke et al., 2021; Coelho et al., 2024; Mukamba et al., 2020; 

Ngugi et al., 2021), and only three studies evaluated reliability or sustained data use for decision-

making (n = 3) (Coelho et al., 2024; Podewils et al., 2015; Uwera et al., 2025). This imbalance 

indicates the persistent nature of interventions that focus on compliance rather than on facilitating 

common data-use routines. Reporting metrics benefit from improvements in completeness and 

timeliness, but the move from “data reporting” to “data-informed decision-making” is incomplete, 

with just a limited assessment of dependability and usage. 

 

These data highlight a significant gap between data production and its meaningful use in health 

systems. The fact that most RHIS interventions are still focused on producing indicators of 

completeness and timeliness, rather than on fostering a culture of analytical use of data for 

evidence-based decision-making, suggests continued concerns that individuals running the RHIS 

are focused only on meeting reporting requirements and administrative performance goals (Adane, 

Adege, Ahmed, Anteneh, Ayalew, Berhanu, Berhanu, Getnet, et al., 2021; Hoxha et al., 2020; Leon 

et al., 2020). Consequently, health systems may increase their rates of diagnostic and therapeutic 

reporting without necessarily increasing the reliability, interoperability, utility, or usability of the 

information produced (Kawakyu et al., 2023). This imbalance highlights the necessity of future 

interventions that go beyond traditional reporting metrics and prioritize data interpretation, 
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harmonization across platforms, and institutional mechanisms to promote the regular use of data 

for planning, monitoring, and policymaking (Adane et al., 2021; Maïga et al., 2019). 

 

Contextual Determinants Shaping Implementation Outcomes 

Ten studies (n = 10) reported at least one contextual determinant impacting implementation 

effectiveness, eight of which (n = 8) were explicitly stated in the study. We found workforce 

capacity constraints in six studies (n = 6) (Boeke et al., 2021; Collins et al., 2020; Fraser et al., 

2024; Ngugi et al., 2021; O’Hagan et al., 2017; Uwera et al., 2025), infrastructure readiness 

challenges in five (n = 5) (Boeke et al., 2021; Cherutich et al., 2016; Collins et al., 2020; Podewils 

et al., 2015; Uwera et al., 2025), leadership and governance support and feedback/accountability 

mechanisms in three (n = 3) (Coelho et al., 2024; Mukamba et al., 2020; Podewils et al., 2015), 

and two studies (n = 4) (Boeke et al., 2021; Coelho et al., 2024; Mukamba et al., 2020; Ngugi et 

al., 2021) each. These results show that the intervention's success depended heavily on system 

readiness and institutional support. Even well-designed digital platforms faltered when introduced 

into environments with minimal training, poor supervision, or limited infrastructure. Few studies, 

if any, reflected some of the more persistent structural challenges in RHIS–such as parallel 

reporting systems, limited interoperability, and resource constraints–as evidenced by the 

predominance (n = 8) of studies carried out in Sub-Saharan Africa. This focus illustrates the critical 

needs in LMIC settings, but highlights our relatively sparse comparative evidence from other 

contexts. 

 

These results highlight the extent to which RHIS interventions are shaped by the health system 

context in which they are implemented. The recurring themes of workforce limitations, poor 

infrastructure, and inadequate support from governance indicate that data quality enhancement is 

not only a technical issue but also an institutional or systemic one. Digital innovations are 

introduced into fragile health systems in many LMICs, with fragmented reporting structures, high 

human resource workload, and limited financial and technical resources, which significantly limit 

the sustainability of interventions at scale (Kaboré et al., 2022; Yew et al., 2025). The concentration 

of evidence from Sub-Saharan Africa also reflects the need and potential to strengthen RHIS in 

this context, as well as a lack of comparative evidence in resource-limited countries outside Sub-

Saharan Africa (Fraser et al., 2024). Thus, for sustainable improvements in data quality and use, 

future RHIS strategies should consider how best to take a systems approach that integrates 

technological capacity with institutional governance, interoperability, and long-term workforce 

development (Leon et al., 2020). 
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Implications for Health System Strengthening 

Performing well in the revised HSPK means, at best, that integrated system-level pathways for 

improving health data quality must be identified. Structural investments in digital infrastructure 

should be supported by structured training, supervision, and governance reinforcement. Standalone 

interventions are more likely to deliver multidimensional and sustained improvement when 

integrated into hybrid implementation models. Efforts to strengthen data quality should also focus 

not just on meeting reporting requirements, but also on institutionalizing the regular use of data for 

decision-making at the facility and district levels. 

 

Limitations 

Several limitations should be considered. First, 10 studies met our inclusion criteria, limiting the 

diversity of the evidence synthesis. Second, between-studies comparability was limited by 

heterogeneity in study design, outcome definitions, and approaches to data quality measurement. 

Third, numerous interventions were tested only in local settings or facility-based systems rather 

than in national systems, potentially reducing the generalizability of the results. The short 

evaluation periods in many studies prevented extrapolation to long-term sustainability. 

Importantly, reliance on conventional data sources, which are often subject to reporting bias (e.g., 

missing requirements), might yield incorrect or biased impact estimates. 

 

Firstly, this study was a scoping review; therefore, it did not conduct a formal quality appraisal or 

meta-analysis, so pooled effect sizes could not be quantified. Longitudinal multisite evaluations, 

coupled with standardized data-quality measurement frameworks, will be necessary to assess the 

longer-term sustainability, scalability, and cost-effectiveness of hybrid models for improving data 

quality in clinical settings. 

 

CONCLUSION 

This scoping review provides evidence that interventions can improve routine health data quality, 

including completeness, accuracy, timeliness, and usability, through training, digital health tools, 

supervisor feedback systems, and methodological frameworks across infectious disease programs 

and health system contexts. Digital tools – like DHIS2, electronic health records, or point-of-care 

reporting systems are found to have particular potential in creating robust mechanisms for data 

reporting and use; however, their strength is conditional on the existence of adequate infrastructure, 

human resources for implementation, and continued supervisory support. Notably, there are still 

challenges, including underreporting, inconsistencies between paper-based and electronic records, 

and limited incorporation of private-sector and subnational data sources. Key areas for future work 

include an emphasis on scalable, context-specific interventions, improved standardization of data 

quality metrics, and fostering a culture of data use at facility and system levels to ensure that routine 

health information systems adequately support program planning, monitoring processes, and 

equitable health outcomes. 
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