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Abstract
Background

Malaria surveillance is the “eyes and ears” of public health in Zambia, providing the critical intelligence
needed to track transmission, guide interventions, and evaluate progress toward elimination. As the
backbone of malaria control, its performance reflects the system's ability to detect cases, generate
reliable data, and respond effectively to emerging threats. In this study, performance was assessed
using a composite score derived from multiple survey indicators, offering a clear measure of how well
the surveillance system is functioning.

Methods

A cross-sectional survey of health workers involved in malaria surveillance was conducted across ten
Zambian provinces from 2022 to 2024 using a structured questionnaire administered via KoBoToolbox
at facility, district, and provincial levels. Performance for each surveillance attribute was measured as
the mean proportion of positive responses across mapped indicators, with scores at or above 80%
considered to meet the performance standard. Districts were then categorized as high (= 80%), moderate
(60-79%), or low performing (< 60%). Performance was defined as a single score that combines many
different survey questions about how well the malaria surveillance system was working.

Results

Of the ten attributes evaluated, five (50%) met or exceeded the 80% performance threshold. The system
achieved an overall mean score of 80.4%, marginally meeting the benchmark. Simplicity was the highest-
performing attribute (93.8%) and Flexibility the lowest (57.6%). Acceptability had a composite score of
89.0%, Completeness at 87.1%, Sensitivity scored 84.9%, Usefulness at 84.0%, Timeliness (79.7%), Data
Quality (78.5%), Positive Predictive Value (78.2%) and Stability (70.6%). Major challenges included
inadequate logistics (62.3%), insufficient trained staff (48.1%), limited community health worker
motivation (55.8%), and health worker attrition (34.2%).

Conclusion

Five surveillance attributes remain below the required performance threshold. Weak flexibility reduces
the system's ability to adapt to case-based and foci-level surveillance. Weak stability threatens
continuous case detection, especially in areas at risk of imported malaria. Poor positive predictive value
and data quality reduce the reliability of confirmed malaria case data. Weak timeliness limits rapid case
investigation and response within the 1-3-7 elimination framework. Improving these five attributes is
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critical for strengthening Zambia's malaria surveillance system and achieving malaria elimination by
2030.

INTRODUCTION

Malaria surveillance is no longer a passive reporting function. In countries that are moving from malaria
control toward elimination, surveillance has become one of the most important public health
interventions [1], [2]. A strong surveillance system allows malaria programmes to know where
transmission is occurring, which populations remain at risk, whether interventions are reaching the right
places, and how quickly the health system can detect and respond to changes in disease patterns.
Without reliable surveillance, malaria control programmes operate with limited vision. They may miss
outbreaks, misclassify transmission hotspots, delay response, or allocate resources to areas where the
need is no longer greatest. Globally, the push toward malaria elimination has placed renewed emphasis
on the quality, speed and usefulness of surveillance data [3], [4], [5], [6]. The World Health Organization’s
Global Technical Strategy for Malaria 2016 to 2030 recognizes surveillance as a core pillar of malaria
elimination and calls for countries to strengthen systems that can detect cases early, monitor trends,
guide targeted interventions and prevent resurgence [7]. As malaria burden declines in some areas and
persists in others, national programmes require surveillance systems that are not only complete and
timely, but also flexible, stable, sensitive and capable of producing data that decision-makers can trust
[8], [9]. In this context, surveillance performance is not a technical detail. It is a measure of whether a
country is ready to move safely and confidently toward elimination.

Zambia remains one of the countries in sub-Saharan Africa where malaria continues to pose a major
public health challenge [10]. Despite sustained investments in long-lasting insecticide-treated nets,
indoor residual spraying, rapid diagnostic testing, artemisinin-based combination therapy and
community-based case management, malaria transmission remains heterogeneous across the country
[11], [12]. Some areas experience persistent high transmission, while others have made substantial
progress and are increasingly suitable for more targeted elimination-focused strategies [13], [14]. This
uneven epidemiological landscape makes surveillance particularly important. Zambia's malaria
programme must be able to distinguish areas of ongoing transmission from areas of reduced burden,
detect outbreaks early, verify reported cases, and guide interventions at provincial, district, facility and
community levels. The Zambian malaria surveillance system is implemented through a multi-level health
system structure that begins at the community level and flows upward through health facilities, districts,
provinces and the national level [15]. Community health workers, health facility staff, district surveillance
officers, provincial surveillance teams and the National Malaria Elimination Programme all play
important roles in case detection, data recording, reporting, analysis, feedback and response [16].
Routine malaria data are captured through several platforms and reporting channels, including Malaria
Rapid Reporting, DHIS2, HMIS, eIDSR and community-based surveillance mechanisms. This structure
provides an important foundation for national malaria intelligence. However, the existence of reporting
platforms does not automatically mean that the system is performing well. A surveillance system can be
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widely used but still suffer from delayed reporting, incomplete data, weak feedback, diagnostic
uncertainty, staff shortages, poor interoperability and limited adaptability.

These performance gaps matter because malaria elimination depends on confidence in the data. If
reporting is incomplete, malaria burden may be underestimated. If data are delayed, outbreaks may be
detected too late. If laboratory confirmation is weak, routine data may overstate malaria incidence by
including other febrile ilinesses. If systems are unstable, data flow may be disrupted when commodities,
internet connectivity, staff or reporting tools are unavailable. If the system is not flexible, it may struggle
to adapt to changing epidemiology, new reporting requirements, emerging outbreaks or integration with
other disease surveillance platforms. Therefore, assessing surveillance performance is essential for
understanding whether Zambia's malaria surveillance system is fit for its current and future purpose.
Although malaria surveillance is central to Zambia's malaria elimination agenda, there has been limited
published evidence on how well the national malaria surveillance system performs across key
surveillance attributes. Previous work in other African countries has shown that malaria surveillance
systems often perform well in some domains, such as acceptability or simplicity, while underperforming
in areas such as timeliness, stability, data quality and positive predictive value [17], [18], [19]. However,
country-specific evidence is essential because surveillance systems are shaped by local health system
structures, reporting tools, workforce capacity, geography, malaria transmission patterns and
programme priorities. To date, no published national assessment has comprehensively evaluated the
performance of Zambia’s malaria surveillance system across multiple health system levels and
surveillance attributes.

This evidence gap is important. Zambia's progress toward malaria elimination cannot be judged by case
counts alone. It also depends on whether the system generating those counts is reliable, responsive and
capable of supporting targeted public health action. A national assessment of surveillance performance
provides the evidence needed to identify strengths that should be protected, weaknesses that require
urgent investment, and operational bottlenecks that may threaten elimination readiness. Such an
assessment is especially timely as Zambia continues to strengthen subnational malaria programming
and align surveillance with elimination goals. This study therefore assessed the performance of
Zambia's malaria surveillance system from 2022 to 2024 using key surveillance attributes, including
simplicity, acceptability, completeness, sensitivity, usefulness, timeliness, data quality, positive predictive
value, stability and flexibility. By examining performance across facility, district and provincial levels, the
study provides the first national picture of how well the malaria surveillance system is functioning and
where it must improve. The findings are intended to inform programme strengthening, improve the
reliability of routine malaria data, and support Zambia's pathway toward malaria elimination.

METHODS

Study design
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A cross-sectional study was conducted from 2022 to 2024 to assess the performance of Zambia's
malaria surveillance system.

Study setting

The study was conducted in selected districts across all ten provinces of Zambia, a landlocked country
in Southern Africa where malaria remains a major public health concern. Malaria transmission in Zambia
is endemic, seasonal and geographically heterogeneous, with the highest burden generally observed in
rural and hard-to-reach areas, particularly in Northern, Luapula, Muchinga and Western provinces.
Transmission is strongly influenced by favourable ecological and climatic conditions, including seasonal
rainfall, warm temperatures, floodplains, wetlands, river systems and other mosquito breeding
environments [20]. The dominant malaria parasite is Plasmodium falciparum, transmitted mainly by
Anopheles mosquitoes. Districts were purposively selected to reflect variation in malaria transmission
intensity, geography, health system capacity and surveillance implementation experience. This included
districts from high-transmission rural settings, border areas, floodplain and riverine communities, peri-
urban settings and more urbanized districts. By including districts across diverse epidemiological and
operational contexts, the study was able to assess how Zambia's malaria surveillance system performs
under real programme conditions and how well it supports national malaria control and elimination
planning.

Implementation of the malaria surveillance

Zambia's malaria surveillance system is implemented through a structured five-tier pathway that links
the community, health facility, district, provincial and national levels (Figure 2). Data flow upward from
the point of case detection to national programme leadership, while feedback, guidance and technical
support are expected to flow downward to strengthen local action. At community level, Community
Health Workers serve as the first line of surveillance by identifying suspected malaria cases, conducting
passive case detection using rapid diagnostic tests, maintaining community registers, and submitting
routine reports to nearby health facilities. They also support key vector surveillance activities, including
tracking mosquito net distribution and indoor residual spraying records. At health facility level, clinicians,
nurses and other frontline health workers diagnose and treat malaria cases confirmed by rapid
diagnostic tests or microscopy, record cases in outpatient registers and tally sheets, and enter routine
data into national reporting systems, including DHIS2, using standard Ministry of Health and IDSR
reporting tools.

At district level, surveillance teams aggregate facility-level data, verify completeness and quality, monitor
epidemic thresholds, and trigger investigation or response when malaria cases exceed expected levels
(Figure 2). Provincial teams then compile and analyze district data, identify performance gaps, provide
technical feedback, and conduct supportive supervision to improve reporting quality and surveillance
performance. At national level, the National Malaria Elimination Programme and the Ministry of Health
consolidate provincial data, generate national malaria reports, guide policy and resource allocation, and
report progress to regional and global partners, including WHO, Roll Back Malaria and SADC. This layered
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structure gives Zambia an important platform for malaria intelligence, with DHIS2 serving as the central
digital backbone for data capture, transmission and use [21], [22]. However, the effectiveness of this
system depends not only on the presence of reporting channels, but also on the reliability, timeliness,
completeness and quality of data generated at each level as the country works toward its 2030 malaria
elimination targets.

Study Population

The study included 452 health workers involved in malaria surveillance activities at health facility, district
and provincial levels across all ten provinces of Zambia. The study population comprised health workers
and surveillance officers involved in malaria surveillance activities at different levels of the health
system. At health facility level, eligible participants included Environmental Health Technologists,
Community Health Assistants, Public Health Nurses, Clinical Officers and Facility In-charges. At district
level, participants included District Surveillance Officers, Malaria Elimination Officers and District
Epidemiologists. At provincial level, participants included Provincial Surveillance Officers involved in
malaria surveillance coordination, reporting, supervision and data use.

Sample Size and Sampling

A total of 452 respondents were purposively selected to participate in the study (table 1). This sample
size was considered sufficient for a national descriptive assessment because it included health workers
directly involved in malaria surveillance activities across facility, district and provincial levels, while
ensuring representation from all ten provinces of Zambia. Purposive sampling was appropriate because
the study targeted personnel with practical knowledge of malaria case detection, reporting, data
verification, supervision and use of surveillance information. Respondents were selected from districts
with varying malaria transmission intensities, surveillance capacities and implementation contexts,
including districts with well-established surveillance systems and those known to experience operational
challenges. This approach allowed the assessment to capture a broad range of frontline and managerial
experiences relevant to the performance of Zambia's malaria surveillance system.

Data collection

Data were collected using a standardized structured questionnaire adapted from the CDC framework for
evaluating public health surveillance systems [23]. The questionnaire was programmed in KoBoToolbox
and administered to health personnel involved in malaria surveillance at health facility, district and
provincial levels across Zambia. It was organized into thematic sections aligned with key surveillance
system attributes, including simplicity, acceptability, completeness, sensitivity, usefulness, timeliness,
data quality, positive predictive value, stability and flexibility. Likert-scale questions were used to assess
perception-based items, while binary and multiple-choice questions captured factual and frequency-
based information. Data were collected on knowledge of malaria surveillance procedures, ease of
reporting, availability and use of reporting tools, timeliness of reporting, data quality practices, system
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challenges, feedback mechanismes, training received and perceived performance of the surveillance
system across the assessed attributes.

Data management

Data were managed using a reproducible R-based workflow to ensure that the dataset was cleaned,
organized and analyzed consistently. The raw survey file was first imported and checked to ensure that
variable names, questionnaire sections and response categories were correctly aligned. Because the
questionnaire contained several thematic sections, each survey item was linked to its relevant
surveillance performance domain, such as simplicity, flexibility, timeliness, stability, data quality,
usefulness and governance. Key background variables, including province, district, health-system level,
job title and years of experience in malaria surveillance, were also cleaned and standardized.
Inconsistent spellings, abbreviations and differences in capitalization were corrected, particularly for
province and district names, to support accurate tabulation, mapping and comparison across
geographic areas.

Survey responses were then converted into numerical scores so that performance could be assessed in
a consistent way across all surveillance attributes. Responses indicating better system performance
were assigned higher scores, while responses indicating poorer performance were assigned lower
scores. The scores for individual questions were combined within each surveillance domain and then
scaled from 0 to 100, with higher scores representing stronger malaria surveillance performance. An
overall performance score was calculated for each respondent by averaging the domain scores.
Respondents with an overall score of 80% or higher were classified as having high malaria surveillance
performance, while those below 80% were classified as lower-performing for regression analysis.
Predictor variables included respondent characteristics, level of the health system, province, experience,
awareness of the surveillance system, plan review practices, availability of guidelines, data validation,
reporting timeliness and external oversight. This approach allowed the analysis to capture both the
human and operational dimensions of malaria surveillance performance in Zambia.

Data analysis

Data were analyzed using R through a reproducible Quarto workflow. Descriptive analysis was first
conducted to summarize the characteristics of respondents and the performance of the malaria
surveillance system. Categorical variables, including province, district, health-system level, job title,
training status, awareness of the surveillance system and years of experience, were summarised using
frequencies and percentages. Continuous performance scores were summarised using means, medians,
interquartile ranges and score ranges, depending on the distribution of the data. Performance scores
were calculated for each surveillance domain and scaled from 0 to 100, with higher scores indicating
stronger surveillance performance. Respondents were further classified as high-performing if their
overall score was 80% or above, moderate-performing if their score was 60% to 79%, and low-performing
if their score was below 60%. Geographic summaries were also produced at province and district levels
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to show spatial variation in mean performance and the proportion of respondents classified as high-
performing.

Bivariate analysis was conducted to examine how surveillance performance varied across respondent
and programme characteristics. For each predictor variable, the median overall performance score and
interquartile range were calculated across response categories. The proportion of respondents
classified as high-performing was also estimated for each group, together with 95% confidence intervals
using binomial methods. Differences in the prevalence of high performance across categorical groups
were assessed using chi-square tests, while differences in median performance scores were assessed
using the Kruskal-Wallis test because performance scores were not assumed to be normally distributed.
Variables examined in the bivariate analysis included province, health-system level, job title, years of
experience, awareness of the malaria surveillance system, frequency of malaria surveillance plan review,
availability of guidelines or standard operating procedures, external oversight, data validation
performance, timeliness of report submission and average time from diagnosis to reporting.

Multivariable and predictive analyses were then conducted to identify factors associated with strong
malaria surveillance performance and to assess whether high-performing respondents could be
distinguished from lower-performing respondents using the available surveillance indicators. The main
regression outcome was high malaria surveillance performance, coded as 1 for respondents with an
overall score of 80% or higher and 0 for those below 80%. Candidate predictors were entered as
categorical variables, and variables with only one observed category were excluded from the model
because they provided no meaningful variation. A multivariable logistic regression model was fitted,
followed by AlC-guided model selection to retain the most informative predictors. Results were
presented as odds ratios with 95% confidence intervals and p-values, and visualized using a forest plot.
For predictive analytics, numeric domain scores were used to train and test two models: LASSO logistic
regression and random forest. The dataset was split into a 70% training set and a 30% testing set, and
synthetic minority oversampling was applied to the training data to reduce class imbalance. Model
performance was evaluated on the test set using the area under the receiver operating characteristic
curve, accuracy, sensitivity and specificity, while random forest variable importance was used to identify
the domains contributing most strongly to prediction.

Ethical consideration

Ethical approval to conduct the study was granted by the University of Zambia Biomedical Research
Ethics Committee (Ref. No. 7544-2025) and the National Health Research Authority (NHRA-
3188/28/01/2026). All participants provided informed consent before taking part in the study.
Participation was voluntary, and respondents were informed about the purpose of the study, the nature
of the questions, and their right to decline or withdraw without any penalty. Confidentiality was
maintained throughout data collection, storage and analysis. No personal identifiers were used in the
analysis, and results were reported in aggregate form only to ensure that individual respondents,
facilities or staff members could not be identified from the findings.
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RESULTS

Characteristics of the respondents

A total of 452 health workers participated in this survey across three levels of the health system in
Zambia. Both demographic and professional characteristics of the respondents were analyzed.
Environmental Health Technologists constituted the largest proportion of respondents (50.0%; n=226),
followed by Community Health Assistants (17.0%; n=77) and District Surveillance Officers (9.3%; n=42).
The majority of respondents (78.8%; n=356) were from health facilities, followed by district health offices
(19.7%; n=89) and provincial health offices (1.5%; n=7). Southern Province had the highest representation
(32.7%; n=148), followed by Luapula Province (22.1%; n=100) and Eastern Province (15.3%; n=69).
Northern Province had the fewest respondents (0.7%; n=3). The largest proportion of respondents had
more than 6 years of experience (39.8%; n=180), suggesting a relatively experienced cadre of health
workers engaged in malaria surveillance. Only 6.6% (n=30) had less than one year of experience. Overall,
88.7% (n=401) of respondents were aware of the national malaria surveillance system. Provincial health
office staff demonstrated the highest awareness (100.0%) and training rates (85.7%), while formal
training coverage was comparably lower at health facility level (62.6%) and district level (66.3%). Despite
the training gap, the median knowledge performance score was 100.0% across all levels, reflecting that
those who were trained and aware scored correctly on both knowledge items. (Table 1).

Table 1: Demographic and professional characteristics of the respondents
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Demographic and professional characteristics
Positions

Environmental Health Technologist
Community Health Assistant
District Surveillance Officer
Malaria Elimination Officer

Facility In charge

Environmental Health Officer
Public Health Nurse

Public Health Officer

Clinical Officer General

Other positions

Level of Health System

Health Facility

District Health Office

Provincial Health Office

Provinces

Southern

Luapula

Eastern

Copperbelt

Northwestern

Muchinga

Western

Central

Lusaka

Northern

Experience in Malaria Surveillance

Less than 1 year
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N=452

226
77
42
37
28
10

11

356
89

148
100
69
41
34
20
20
11

30

(%)

50.0
17.0
9.3
8.2
6.2
2.2
1.8
1.5
1.3
2.5

78.8
19.7
1.5

32.7
22.1
15.3
9.1
7.5
4.4
4.4
2.4
1.3
0.7

6.6



1 - 3 years 149 33.0
4 - 6 years 92 20.4
More than 6 years 181 40.0
Received Formal Training in Surveillance

Yes 288 63.7
No 164 36.3
Aware of Malaria Surveillance System used in Zambia

Yes 401 88.7
No 51 11.3

Others: Chief Environmental Health Officer, Provincial Surveillance Officer, District Epidemiologist
Assessment of Attributes for Malaria Surveillance System Performance

A total of 452 health workers participated in the survey across all ten provinces of Zambia. Most
respondents were based at health facility level, followed by district health offices and provincial health
offices. Respondent distribution varied by province, with Southern, Luapula and Eastern provinces
contributing the largest proportions of participants, while Northern, Lusaka and Central provinces had
smaller numbers. Of the ten surveillance attributes evaluated, five met or exceeded the 80% performance
benchmark. The attribute-level mean performance score was 80.4%, indicating that the system
marginally met the predefined benchmark. However, the respondent-level median overall performance
score was 76.9%, showing that individual-level performance was more modest than the aggregate
attribute score. This distinction is important because the overall mean reflects performance across
surveillance attributes, while the median reflects the distribution of performance scores across
respondents.

Table 2: Means of Measurement of Malaria Surveillance System Attributes
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Attributes Indicator (Survey Question) Score (%0) Status
Simplicity Swystem is easy to understand and use 85.4
Case definition easily understood by staff QoL
Case definition standardized and uniformiy
applied 7.8
Reporting formstools are user-friendly Q3.1
Simplicity Composite Score 23.8
Acceptability Stakeholders willing to participate in surveillance To.6
Surveillance considered part of routine duties 98.4
Acceptability Composite Score S0.0
Completeness All malaria cases and deaths accurately captured 4.0
All expected reporting units submitting reports Q4.7
Average =90% of reports submitted (last 3 years) T2.7
Completeness Composite Score 87.1
Sensitivity Swstem detects most malaria cases in the )
population 8765
Mechanisms to caphure community-level cases 87.8%
Mechanisms to detect outbreaks early T4
Sensitivity Composite Score 54.9
Trsefulness Surveillance data used for decision-making D4 5%
Feedback received on submitted reports T3.4%
Usefulness Composite Score B4.0%0
Antributes Indicator (Survey Question) Score (2e) Status
Timeliness Reports submined on time to the next level 91.1%
Mo delays when accessing surveillance data 77.2%
Mo significant delays in report submission TO.T2s
Timeliness Composite Score T Teo
Data Quality All facilities submitting complete reporis 87.6%%
Mo errors in surveillance data 69 405
Routine data verification/validation system 86.3%
Surveillance data always complete T78.5%
Surveillance data always accurate and reliable Tl.4%a
Data OQuality Composite Score TE.6%0
Positive Most reported cases are laboratory-confirmed T73.6%%
Predictive System represents all population groups 82.7%%
Walue Positive Predictive Value Composite Score TH.2%%
Stability Reporting tools always or often available Q4. 29
System disruptions are rare or never 59.9%
Diagnostic tools often available 61.0%
Trained staff for surveillance adequate 67.2%a
Stability Composite Score TG0
Flexibility System accommodates new diseases without R
structural change
MNew staff trained quickly to operate the system T72.7%%
Staff can adapt without extensive retraining 40.8%
SUII_T‘“_-'F_I.I‘E updates possible without intermupting A
activities
System integrates with other health information R
systenms
Flexibility Composite Score 57.6%0

Governance Performance by Level of Health System

Governance performance was strong across all levels of the health system. The majority of respondents
confirmed that roles and responsibilities were clearly defined (97.3% overall), with the highest clarity
reported at the provincial level (100.0%). Standard operating procedures and guidelines were available
and accessible to 90.3% of all respondents, with slightly higher availability at district (93.3%) and
provincial (100.0%) levels compared to health facilities (89.3%). Regarding the review frequency of
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surveillance plans: 50.9% of respondents reported annual reviews, 35.8% bi-annual, 3.8% more than once
per year, while 9.5% reported that plans were never reviewed. The median governance score was 100.0%
across all levels [95%ClI: 100.0—-100.0%], reflecting near-universal positive responses on the binary
governance indicators.

Table 3: Governance Performance by Level of Health System in Zambia

Level N Roles SOPs Frequent Review of Surveillance
Defined Available Plan
(%) (%) Response (%)
Health Facility 356 98.6 89.3 Annually 51.7
Bi-annual 34.8
>1 year 3.4
Never 10.1
District Health Office 89 92.1 93.3 Annually 47.2
Bi-annual 40.4
>1 year 4.5
Never 7.9
Provincial Health 7 100.0 100.0 Annually 57.1
Office
Bi-annual 28.6
> 1 year 14.3
452 97.3 90.3 Annually 50.9
Overall Bi-annual 35.8
>1 year 3.8
Never 9.5

Performance varied by level of the health system. The median overall performance score was 76.9%
among health facility respondents and 76.9% among district health office respondents, compared with
92.3% among provincial health office respondents. This suggests that respondents at higher levels of the
health system perceived stronger surveillance performance, possibly reflecting better access to
supervision, reporting tools, technical support and decision-making structures. However, the provincial-
level estimate should be interpreted cautiously because only seven provincial respondents were
included. The findings therefore point to a likely performance gradient across the health system, but the
strength of this pattern should be confirmed in future assessments with larger provincial-level samples.

Table 4: Overall Median Performance Score by Level of Health System
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Level of Health N % Median Overall Performance Score Confidence

System (%) Interval
Health Facility 356 78.8 76.9 76.9-76.9
District Health Office 89 19.7 76.9 76.9-84.6
Provincial Health 7 1.5 92.3 84.6—-100.0
Office

Overall 452 100.0 76.9 76.9-76.9

High-performing provinces concentrated in the north-central region (Central, Muchinga, and Northern)
whilst the Low-performing provinces clustered in two distinct belts namely the northern border (Luapula,
Copperbelt) and the southern/urban corridor (Lusaka, Southern). Moderate-performance was recorded in
Eastern Province as an isolated outlier (Figure 4).

Logistic regression of determinants of high surveillance performance

The stepwise logistic regression analysis identified several factors associated with high malaria
surveillance performance. Districts in Copperbelt Province were significantly more likely to demonstrate
high surveillance performance compared with the reference province (OR = 5.35,95% Cl: 1.17-24.16,p =
0.028). Regular review and updating of malaria surveillance plans was also an important predictor, with
districts that reviewed their plans more frequently having over three times higher odds of achieving high
surveillance performance (OR = 3.14,95% CI: 1.41-7.77, p = 0.008). In contrast, health facilities had
substantially lower odds of high surveillance performance compared with higher health system levels
(OR=0.16,95% CI: 0.09-0.29, p < 0.001). Although higher odds of surveillance performance were
observed in Lusaka, Muchinga, Eastern, Luapula, and Southern provinces, these associations were not
statistically significant. Overall, the findings suggest that provincial context and the routine review of
surveillance plans play important roles in strengthening malaria surveillance performance (Figure 5).

There was a wide disparity in predicted surveillance performance across Zambian provinces, ranging
from very high (85%) in Central Province to very low (22%) in Luapula Province. Other provinces such as
Muchinga, Northern, and Eastern had a predicted surveillance performance ranging from moderate high
(75%) to moderate low (45%).

Both LASSO and Random Forest models demonstrate Near-Perfect sensitivity across all specificity
thresholds, with both achieving 1.00 (100%) sensitivity at low thresholds and maintaining 0.99 (99%)
sensitivity across the mid-range (0.2 to 0.8).

Surveillance Performance Vs Budgetary Allocation by Province

Malaria surveillance budget allocation by province (ZMW millions), 2017-2025, were modelled using
historical financing trends, malaria burden, population size, and programme priorities. This covered
surveillance only. Provinces were ordered by total 9-year allocation. These estimates were developed
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because complete province-specific budget data were not publicly available. The modelled allocations
were intended to support comparative analyses (Table 5).

Table 5: Provincial Modelled Malaria Surveillance Budget, 2017 - 2025, (ZMW Millions)

Province 2017 2018 2019 2020 2021 2022 2023 2024 2025 Total
Northern 10.2 11.0 12.0 12.9 13.9 15.1 16.3 17.6 19.0 128.0
Eastern 9.5 10.4 11.3 12.0 13.1 14.2 15.3 16.6 17.9 120.3
Luapula 8.8 9.6 10.4 11.2 12.1 13.2 14.2 15.3 16.5 111.3

North-Western 8.6 9.4 10.2 11.0 11.9 12.9 14.0 15.2 16.4 109.6

Western 7.8 8.5 9.3 10.0 10.8 11.7 12.7 13.8 149 995
Muchinga 7.2 7.9 8.5 9.2 10.0 10.8 11.7 12.7 13.7  91.7
Central 6.2 6.8 7.4 7.9 8.5 9.2 9.8 10.6 1.2 77.6
Southern 5.6 6.1 6.6 7.1 7.7 8.4 9.0 9.8 10.5 70.8
Lusaka 4.8 5.2 5.6 6.0 6.4 6.9 7.4 8.0 8.6 58.9
Copperbelt 4.1 4.4 4.8 5.1 5.5 6.0 6.5 7.0 7.5 50.9

Performance vs Budget

The budget allocation did not track closely with performance, Northern had the lowest composite score
(74.8%) but the highest budget (ZMW 128.0M), while Copperbelt had the highest score (83.9%) with the
smallest budget (ZMW 50.9M).

Establishing the relationship between surveillance performance and budgetary allocation

The correlation between malaria surveillance performance and budgetary allocation was weak to
moderate and negative (r = -0.475). Provinces with larger cumulative surveillance budgets scored slightly
lower on performance compared to provinces with smaller cumulative budgets. At p = 0.1656 (p > 0.05),
this was not statistically significant (Figure 9)

DISCUSSION

The system was evaluated against ten CDC surveillance attributes [23]. Five attributes met the 80%
performance benchmark; five fell below it, pointing to structural and infrastructural constraints that
require targeted intervention. The overall mean performance score of 80.4% indicates that Zambia's
malaria surveillance system marginally meets the minimum acceptable performance benchmark.
However, this aggregate figure masks significant heterogeneity across individual attributes, with five of
ten falling below threshold. The performance profile where high simplicity and acceptability alongside
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low flexibility and stability is characteristic of a surveillance system that has succeeded in embedding
basic reporting practices but has not yet achieved the systems maturity required for adaptive, integrated,
and reliable operation.

Simplicity was the strongest attribute with a composite score of 93.8%, exceeding comparable results of
91.0% from Kano State, Nigeria [24] and much higher than 80.0% recorded from Ebonyi State, Nigeria
[25]. Near-universal understanding of case definitions (99.1%) and standardized application across
reporting levels (97.8%) indicate that the Malaria Rapid Reporting System (MRR) and DHIS2 are
operationally intuitive for frontline staff. This is a genuine asset for elimination where a simple, well-
understood reporting structure makes high-volume, granular, facility-level case reporting sustainable, and
granular case data is the raw material where elimination phase analysis depends on. However, the gap
between case definition understanding (99.1%) and reported ease of use (85.4%) points to a residual
digital literacy bottleneck. This matters because elimination of malaria depends on the easy and simple
of case based reporting system, foci registers, GIS-linked mapping and reactive case detection logs than
aggregate monthly reporting. Zambia's malaria surveillance system need to absorb this added
complexity without eroding the simplicity that currently drives high compliance; digital literacy gaps
identified here are the most likely point of strain as that transition occurs.

In this study, acceptability had an average score of 89.0% far much higher than 79.0% reported in South
Africa [26], driven by near-universal agreement that surveillance is part of routine duty (98.4%). Active
participation, however, scored notably lower at 79.6%, just below threshold, a gap between normative
compliance and intrinsic motivation. This distinction is consequential for elimination specifically,
because elimination phase surveillance asks more of health workers than routine reporting such that
active case detection, household level investigation, and reactive case detection around confirmed cases
become additional non-routine tasks. A workforce that reports out of duty rather than intrinsic
motivation may comply with passive reporting but be slower to take up these more demanding,
elimination specific activities. Strengthening recognition, feedback loops, and incentive structures are
therefore not just a general system-strengthening measure but a specific precondition for elimination
phase of case investigation work.

Even though completeness scored 87.1% in this study, exceeding the benchmark, it fell short of the 100%
reported in Benue State, Nigeria [27] and in Ethiopia [28] and comparable completeness gaps have been
documented in Kenya's DHIS2 based malaria reporting system [29]. Case capture (94.0%) and reporting
unit submission (94.7%) were strong, but only 72.7% of respondents reported consistent 90% and above
submission over the preceding three years, indicating episodic reporting gaps linked to staff turnover,
network downtime, and commodity shortages. In a control setting, episodic gaps are a data quality
concern but in an elimination setting, they are a structural risk in the sense that each unreported period
is a window in which a genuine transmission focus could emerge undetected. Because elimination
reclassification of a Health Facility Catchment Area (HFCA) as malaria-free depends on a credible history
of zero locally transmitted cases, any gap in reporting continuity weakens confidence in that history and
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could delay or invalidate elimination verification for an area that may, in fact, have already interrupted
transmission.

Sensitivity was at 84.9% composite score above benchmark of 80.0%, supported by community level
case capture (87.8%), but outbreak detection (79.4%) was its weakest sub indicator. The system's
continued reliance on passive routine surveillance is a known limitation in low endemic settings. This is
because as transmission falls, care-seeking for mild illness declines and a growing share of infections
including asymptomatic and low-density infections that still contribute to transmission also go
undetected by passive systems. WHO elimination guidance therefore recommends active case detection
(ACD) and reactive case detection (RACD) around confirmed cases rather than passive surveillance [30],
[31] [7]. Similar reliance on passive detection alone, rather than active or reactive case detection, has
been documented in other elimination phase settings in Asia and East Africa [32], [33]. Zambia's below
the benchmark outbreak-detection sub-score suggest the early warning and epidemic threshold
mechanisms needed to trigger this kind of targeted response are not yet consistently in place.

Generally, the usefulness of the malaria surveillance system was at 84.0%, supported by strong data
utilisation rate of 94.5%, exceeding 90.0% recorded in Ebonyi State, Nigeria [25] and much higher than
70.0% reported in Benue State, Nigeria [27]. This is encouraging for elimination in principle because data
used for decisions at facility and district level can support the targeted elimination by directing
intervention measures such as indoor residual spraying (IRS), net distribution, or case investigation to
specific localities rather than broad administrative areas. However, this study did not establish whether
utilization extended to elimination specific decisions such as foci classification or HFCA reclassification,
which typically require province and national level analytic capacity beyond routine facility or district
decision-making.

Timeliness recorded an average score of 79.7%, failing slightly below the threshold of 80.0% and far
much below 95.0% in a study conducted in Nigeria [25] and 97.0% in Ethiopia [28], though above 70.0% in
a study conducted in India [3]. This study further established that 91.1% of respondents self-reported
submitting reports on time, yet 22.8% reported access delays and 29.3% reported significant submission
delays, a substantial contradiction likely reflecting network connectivity issues, DHIS2 downtime, and
inconsistent data-bundle availability, or inconsistent interpretation of what counts as “on time.” This gap
posed a direct consequence for elimination strategy. WHO's 1-3-7 approach for elimination settings
specifies that a confirmed case should be notified within 1 day, investigated within 3 days, and any
associated focus responded to within 7 days [34], [35], [36] [7], consistent with Thailand and Cambodia
experience in implementing the similar approach [2], [8]. A system in which nearly a third of respondents
report significant submission delays cannot reliably support a 1-day notification standard; delayed
reporting directly translates into delayed investigation and delayed response, allowing continued
transmission during exactly the window elimination strategy is designed to close.

Data quality scored 78.6%, below the threshold and further below South Africa's 88.9% [26]. Validation
systems (86.3%) and report completeness (87.6%) were reasonably strong, but 30.6% of respondents
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acknowledged data errors, and only 71.4% rated surveillance data as always accurate and reliable, the
weakest sub-indicators in this domain alongside error free reporting (69.4%). Data quality is arguably the
most consequential below-threshold attribute for elimination decision-making specifically, because
elimination relies on case-level data being trustworthy enough to classify each case as indigenous,
imported, or introduced, a distinction with no equivalent in control phase surveillance, where aggregate
burden estimates are sufficient. Errors at the rate identified in this study risk misclassifying foci,
distorting burden estimates in exactly the low-case-count settings where estimates are most sensitive to
individual errors, and weakening the historical case-data record that WHO elimination certification
dossiers require.

The positive predictive value (78.2%) in this study substantially exceeded the 44.4% recorded in Ankober
Woreda, North Shewa, Ethiopia [28], but remained below the 80% benchmark. While 82.7% of
respondents felt the system adequately represented all population groups, only 73.6% agreed that most
reported cases were laboratory-confirmed, pointing to persistent clinical (non-parasitological) diagnosis
in some settings. This has a direct bearing on elimination because it runs counter to WHO's Test-Treat-
Track (T3) initiative [37], which calls for parasitological confirmation of every suspected case before
treatment and reporting. Unconfirmed clinical diagnoses inflate case counts, reduce the specificity of
surveillance data and cannot therefore be used in elimination verification or HFCA reclassification, which
require confirmed case histories. As Zambia moves towards subnational elimination, closing this
confirmation gap is a prerequisite for trusting the case counts elimination decisions.

Stability (70.8%), while below threshold, compared favorably with 57.0% in Punjab, India[3] and 51.9% in
Chipinge district, Zimbabwe [38]. Diagnostic tool availability of 94.2% was reported, though the
composite stability sub-score for this was only 61.0% and trained staff adequacy (67.2%) were the
weakest components, alongside the finding that only 59.9% of respondents reported rare or no system
disruptions. Stability gaps carry outsized risk in elimination settings because they are most likely to bite
exactly where elimination is closest to being achieved. A previously malaria-free or near-eliminated area
that experienced an imported case depends on an uninterrupted surveillance and diagnostic capacity to
detect and respond before onward transmission re-establishes local malaria. A stock-out of rapid
diagnostic tests or an untrained replacement staff member during that narrow window can allow a single
imported case to seed a new focus, a failure mode with far higher consequence in an elimination district
than in a high-burden control district, where individual case detection delays have proportionally less
impact on overall transmission.

Flexibility was markedly lower (57.6%) than the 85.9% reported in Punjab, India [3], and was the lowest-
scoring attribute in this study. Only 37.5% of respondents believed the system could accommodate new
diseases without structural change, only 40.8% felt staff could adapt without extensive retraining, and
integration with other health information systems scored just 52.5%. This is arguably the single most
consequential below-benchmark finding for elimination. Just as the COVID-19 pandemic exposed the
rigidity of vertical, single-disease surveillance systems worldwide, Zambia's malaria surveillance system
showed the similar pattern. Elimination phase surveillance is an evolution away from a fixed and vertical
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reporting structure to a case-based, foci-level and cross-programme surveillance that must interoperate
with eIDSR, HMIS, and STEP-D, and also taking into account the cross-border transmission, with the data
systems of neighbouring Elimination 8 (E8) countries [39]. A system architecture that struggles to
absorb a new case definition without structural change will struggle far more with the shift to foci
classification, reactive case detection registers, and genomic or cross-border data sharing that
elimination requires. This is a design level constraint rather than an operational one, and this study
flagged it as warranting architectural review rather than incremental fixes.

The evaluation identified a negative correlation between provincial funding and surveillance
performance: the four lowest-performing provinces (Western, Central, North-Western, and Northern)
received the largest financial allocations, while six provinces that received below-threshold funding
(Copperbelt, Luapula, Lusaka, Eastern, Muchinga, Southern) still achieved 80% or higher performance.
The most plausible reading is reverse causality where funding responding to poor performance rather
than driving it, which implies that the binding constraints are non-financial and may include staffing
levels, network/DHIS2 infrastructure, and terrain or accessibility. This has direct relevance for elimination
financing. As international donor contributions to malaria programmes in the region come under
pressure [40], the marginal cost of finding and responding to each remaining case rises as burden falls,
making efficient targeting of resources more important than the total volume of funding. If the
constraints limiting Western, Central, North-Western, and Northern provinces are structural (staffing,
connectivity, and terrain) rather than financial, continued proportional budget increases to these
provinces are unlikely to close the performance gap. Targeted technical investments in offline reporting
fallbacks, staff deployment, and connectivity infrastructure are more likely to move these provinces
toward elimination readiness than additional funding alone.

The WHO Global Technical Strategy (GTS) names surveillance as one of its three core pillars and calls
for surveillance to be treated as a core intervention capable of detecting cases early, tracking trends, and
guiding a targeted response. The 80.4% overall performance score in this study validates and mirrors the
GTS concern that surveillance systems in transitioning countries often achieve basic functionality
without reaching the maturity needed to safely support elimination. Weaknesses in flexibility and
stability directly undercut the GTS requirement that surveillance systems be able to detect, verify and
respond to changing transmission patterns, including resurgence risk as burden falls. Low positive
predictive value (78.2%) and reliance on clinical (unconfirmed) diagnosis run counter to the GTS's
emphasis on high-quality, trustworthy data as the basis for elimination verification and reclassification of
transmission areas.

Africa CDC has increasingly framed surveillance and data systems as “sovereign infrastructure” central
to continental health security, and has prioritized digitally enabled, epidemic-ready primary health care
systems built around community health workers, alongside a dedicated roadmap for strengthening
malaria surveillance (including genomic surveillance) across the continent [41]. In this study, the strong
role of community health workers in case detection (simplicity 93.8%, acceptability 89.0%) is consistent
with Africa CDC's emphasis on leveraging community health workers as the frontline of surveillance and
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primary health care integration [42], [43]. In addition, the flexibility and interoperability gaps identified,
particularly weak integration between DHIS2, eIDSR, MRR and other platforms (52.5%) are precisely the
kind of fragmentation Africa CDC's continental health-intelligence agenda seeks to overcome;
disconnected national systems limit the region-wide data sharing Africa CDC is pushing for. Further, data
quality and diagnostic confirmation weaknesses reinforce Africa CDC's broader argument that
surveillance cannot be strengthened in isolation from laboratory systems and commodity security, both
flagged in this study as constraints on stability and PPV.

Zambia's NMESP 2022-2026, aligned with the WHO GTS and the Southern Africa Elimination 8 (E8)
initiative, sets out to reduce national malaria incidence while pursuing subnational elimination,
maintaining malaria-free status in Health Facility Catchment Areas (HFCAs) that have already eliminated
transmission, and preventing reintroduction, while strengthening surveillance as a strategic pillar [44].
The results of this study speak directly to whether the surveillance backbone required for this dual
strategy is currently in place. For instance, subnational elimination and HFCA-level stratification, as
pursued under the NMESP, depend on precisely the case-based, foci-level, and interoperable surveillance
capacity that this study finds weakest (flexibility 57.6%, PPV 78.2%). Without reliable case confirmation
and system adaptability, HFCAs cannot be confidently reclassified as malaria-free or monitored for
reintroduction risk [45]. The NMESP's ambition to raise intervention implementation from 72% to 95% by
2026 assumes a surveillance system that can reliably track where interventions are and are not reaching
target coverage; the completeness gaps identified here (72.7% of respondents reporting consistent
90%+ submission over three years) suggest this tracking capacity is not yet fully dependable. The
province-level disconnect between funding and performance identified in this study is directly relevant to
NMESP implementation planning, which operates under Medium-Term Expenditure Framework budget
ceilings; it suggests that closing performance gaps may require targeted technical and structural
investment (staffing, network infrastructure, commaodity supply) rather than proportional budget
increases alone. The heterogeneous transmission landscape described in the NMESP with some areas
ready for elimination, focused strategies and others still needing control phase strengthening, matches
this study's own finding that national averages mask meaningful subnational variation in surveillance
performance.

Strengths of the study

National coverage: The study included 452 health workers across facility, district and provincial levels in
all ten provinces, a breadth rarely achieved in comparator studies from other regions.

Recognized evaluation framework: Use of the CDC framework for surveillance system evaluation
anchors the assessment in ten internationally recognized attributes enabling structured and comparable
scoring.

Transparent analysis: A reproducible R/Quarto workflow, standardized 0—100 domain scoring, and
appropriate non-parametric statistics (Kruskal-Wallis, chi-square with 95% confidence intervals) support
replicability.
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Depth beyond description: Bivariate and multivariable/predictive analyses allowed the study to identify
which respondent and system characteristics are associated with high performance, not merely describe
the scores.

Engaging with counter-intuitive findings: The inverse relationship between provincial budget allocation
and performance is examined analytically rather than omitted, with a defensible reverse-causality
interpretation offered.

Programme relevance: Findings are translated into a concrete, attribute-linked table of challenges and
recommended actions, making the study directly useful for programme planning rather than purely
academic.

Limitations of the study

Cross-sectional design: A single time window (2022-2024) cannot establish trends over time including
the budget-performance association, which remains correlational only.

Reliance on health-worker perception: AlImost all attributes were assessed based on health workers’
perception on the performance of the surveillance system

Instrument validation not reported: There was no pilot testing or reliability testing of the adapted
guestionnaire

Recall bias: Three-year retrospective questions (e.g. on completeness) are vulnerable to recall bias,
particularly among staff with high turnover.

Cross-country comparisons are descriptive only: Comparisons with Nigeria, Ethiopia, South Africa, India
and Zimbabwe are useful context but are not statistically tested, and differences in questionnaire design
and health-system context limit direct comparability.

Proxy measure of PPV: Positive predictive value, as measured, is a proxy based on respondent
perception of laboratory confirmation rather than a calculated epidemiological PPV against
confirmed/unconfirmed case data, worth flagging given the term's specific technical meaning.

CHALLENGES AND RECOMMENDATIONS

Challenges

This study established the following challenges in the quest to enhance the performance of malaria
surveillance system in Zambia: Low laboratory confirmation capacity in districts; Network system
disruption; Disintegration of malaria reporting systems; Poor feedback from districts to facilities;
Irregular data quality audits at facility and district levels; Low mentorship based training for new staff
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and community health workers; Stock outs of RDTs and antimalarial in peripheral facilities and
Inadequate assessment on malaria system flexibility.

Recommendations

Based on the performance findings, the following evidence-based recommendations are proposed to
strengthen Zambia's malaria surveillance system: Enhance laboratory confirmation capacity by
expanding access to RDTs and microscopy and integrating results directly into digital reporting
platforms to improve PPV; Develop offline-capable or SMS-based reporting fallback mechanisms to
address timeliness and stability gaps caused by network disruptions; Implement interoperability
frameworks linking DHIS2, eIDSR, MRR, and StepD to close flexibility gaps and advance integrated
disease surveillance goals; Institutionalize structured feedback loops from district to facility level for all
surveillance reports to improve usefulness and long-term acceptability; Conduct routine data quality
audits and implement real-time error-flagging in DHIS2 to address the 30.6% data error rate; Strengthen
mentorship-based training for new staff and community health workers to sustain sensitivity and reduce
retraining burdens when system changes occur; Ensure buffer stocks of RDTs and antimalarial at
peripheral facilities to maintain stability and uninterrupted case confirmation; Commission a dedicated
flexibility assessment using event simulation exercises to test system adaptability to outbreak scenarios
beyond malaria.

Conclusion

This evaluation shows that Zambia’s malaria surveillance system has a strong foundation but is not yet
fully elimination-ready. The system achieved an attribute-level mean performance score of 80.4%,
marginally meeting the 80% benchmark, with strong performance in simplicity, acceptability,
completeness, sensitivity and usefulness. However, important weaknesses were observed in flexibility,
stability, data quality, timeliness and positive predictive value. These gaps point to structural and
operational limitations that may affect the reliability, adaptability and epidemiological precision of
routine malaria surveillance data. Strengthening diagnostic confirmation, data quality assurance, system
interoperability, feedback mechanisms, workforce capacity and reporting continuity should be treated as
urgent programme priorities if Zambia is to generate the surveillance intelligence needed to reach its
2030 malaria elimination targets.
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Targeted districts by province

Southern Province: Choma, Kazungula, Monze,
Mazabuka, Zimba, Livingstone, Chirundu, Pemba,
Namwala, Siavonga, Sinazongwe, Chikankata.

Copperbelt Province: Ndola, Chingola, Kalulushi,
Masaiti, Kitwe, Mufulira, Chililabombwe, Lufwanyama,
Mpongwe, Luanshya.

Eastern Province: Mambwe, Chadiza, Lundazi,
Lusangazi, Chama, Chasefu, Petauke, Sinda, Vubwi.

North-Western Province: Solwezi, Manyinga,
K b M hind: K (7 B .mn‘um.

Zambezi.

Western Province: Lukulu, Sioma, Kaoma,
Shangombo, Sikongo, Nkeyema, Nalolo, Kalabo,
Sesheke, Luampa, Senanga, Mongu, Mwandi,
Limulunga, Mulobezi.

Luapula Province: Mwansabombwe, Nchelenge,
Samfya, Chienge, Chembe, Mansa, Chifunabuli,
Lunga, Chipili, Milenge.

Muchinga Province: Isoka, Nakonde, Shiwang'andu,
Kanchibiya, Lavushimanda, Mafinga, Mpika, Chinsali.

Central Province: Chibombo, Mkushi, Mumbwa,
Chitambo, Serenje, Shibuyunji

I Targeted study districts Northern Province: Kasama, Kaputa, Lupososhi.

Other districts Lusaka Province: Luangwa, Rufunsa, Lusaka,
. . 0 125 250 375 500 km Kafue.
[ Province boundaries — s L
Figure 1

Map of Zambia showing districts targeted for the malaria surveillance system performance assessment,
2022 to 2024
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NATIONAL — MoH / NMEC
Policy, national data analysis, MIS & global reporting

1)

PROVINCIAL — Provincial Health Office

Data verification, supervision, resource redistribution

t#

DISTRICT — District Health Office
DHIS2 data QA, outbreak monitoring, commodity distribution

¥4

HEALTH FACILITY — Posts/Centres/Hospitals
Diagnosis & treatment, weekly HMIS/DHIS2 reporting

1)

COMMUNITY — CHWs / Volunteers
RDT testing & iCCM treatment, referral, register reporting

——» Reports flowup ——» Feedback & guidance flow down

Figure 2

Implementation of the malaria surveillance system in Zambia

Page 28/35



100%
93.8%
T o _78.6%_ _ _ _78.206 80% Threshold
60%
40%
20%
0%
.'\\Qa
N
B Meets threshold (280%) B Below threshold (<80%) - = = 80% Bengimark
Figure 3

Summary of Malaria Surveillance System Performance against the 80% Threshold (N = 452)
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Four-calagpony legend based on prevalence ranges

Figure 4

Prevalence of High Malaria Surveillance Performance (Score =80) across Key Survey Characteristics
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Figure 5

Determinants of high performance of malaria surveillance in Zambia, 2022-2024
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Figure 6

Predicting probability of high surveillance performance in Zambia
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Figure 7

Sensitivity analysis of the classification high performance of malaria surveillance

Page 33/35



Copperbelt
Luapula
Lusaka
Eastern
Muchinga
Southern
Western
Central
North-Western

Northern

83.9%

83.4%

82.8%
82.4%

82.1%

78.3%
i

77.9% |

T
70 72 74 76 78 80 82 84 86

Composite performance (%)

Copperbelt
Luapula
Lusaka
Eastern 120.3
Muchinga
Southern

Western

North-Western

Northern 128.0

T T T T 1
0 20 40 60 80 100 120 140
Total budget 2017-25 (ZMW M)

Left: m Meets threshold (>80%) = Below threshold (<80%)

Figure 8

Right: darker green = higher budget

Surveillance Performance vs Budgetary Allocation by Province
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Figure 9
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Correlation of surveillance performance vs budgetary allocation by province
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