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Abstract

Background: As the global burden of malaria decreases, routine health information systems (RHIS) have become
invaluable for monitoring progress towards elimination. The District Health Information System, version 2 (DHIS2) has
been widely adopted across countries and is expected to increase the quality of reporting of RHIS. In this study, we
evaluated the quality of reporting of key indicators of childhood malaria from January 2014 through December 2017,
the first 4 years of DHIS2 implementation in Senegal.

Methods: Monthly data on the number of confirmed and suspected malaria cases as well as tests done were
extracted from the Senegal DHIS2. Reporting completeness was measured as the number of monthly reports
received divided by the expected number of reports in a given year. Completeness of indicator data was measured

as the percentage of non-missing indicator values. We used a quasi-Poisson model with natural cubic spline terms of
month of reporting to impute values missing at the facility level. We used the imputed values to take into account the
percentage of malaria cases that were missed due to lack of reporting. Consistency was measured as the absence of
moderate and extreme outliers, internal consistency between related indicators, and consistency of indicators over
time.

Results: In contrast to public facilities of which 92.7% reported data in the DHIS2 system during the study period,
only 15.3% of the private facilities used the reporting system. At the national level, completeness of facility reporting
increased from 84.5% in 2014 to 97.5% in 2017. The percentage of expected malaria cases reported increased from
76.5% in 2014 10 94.7% in 2017. Over the study period, the percentage of malaria cases reported across all districts
was on average 7.5% higher (P<0.01) during the rainy season relative to the dry season. Reporting completeness
rates were lower among hospitals compared to health centers and health posts. The incidence of moderate and
extreme outlier values was 5.2 and 2.3%, respectively. The number of confirmed malaria cases increased by 15%
whereas the numbers of suspected cases and tests conducted more than doubled from 2014 to 2017 likely due to a
policy shift towards universal testing of pediatric febrile cases.

Conclusions: The quality of reporting for malaria indicators in the Senegal DHIS2 has improved over time and the
data are suitable for use to monitor progress in malaria programs, with an understanding of their limitations. Senega-
lese health authorities should maintain the focus on broader adoption of DHIS2 reporting by private facilities, the
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sustainability of district-level data quality reviews, facility-level supervision and feedback mechanisms at all levels of

the health system.

Background

Progress in the fight against malaria has encouraged
many malaria endemic countries including Senegal, to
outline a vision for malaria elimination [1, 2]. Achieving
success will likely require a combination of several inter-
ventions that are guided by a strong surveillance system
[2]. Accordingly, the World Health Organization (WHO)
has come to consider surveillance as a core intervention
in malaria elimination settings [3]. In these contexts, rou-
tine health information systems (RHIS) are an important
surveillance tool that can provide information that ena-
bles programs to monitor disease trends, health service
utilization and access to interventions. The information
collected should guide the decision-making around set-
ting priorities and allocating resources for disease con-
trol. Highlighting the central role of RHIS in malaria
control, the WHO recommended sustained investments
in RHIS and surveillance as one of the three pillars of the
2015 strategy of reducing global malaria burden by 90%
by 2030 [3].

The renewed interest in RHIS as a core component of
malaria surveillance came at a time during which many
countries were initiating efforts to strengthen their infor-
mation systems using an open source web-based soft-
ware platform known as the District Health Information
System (DHIS2) [4]. This software enables the continu-
ous collection, aggregation and visualization of health
data at all levels of the health system. Given the dynamic
and focal nature of malaria transmission, particularly in
areas that have experienced sharp declines in morbidity,
the DHIS2’s data management efficiency and granular-
ity make it invaluable for meeting the surveillance data
needs in low-resource countries. For example, countries
such as Ghana, Kenya, Tanzania and Uganda are among
some that use malaria DHIS2 data for their bulletins and
reports [5-8].

Despite the significant investments made in the imple-
mentation of the DHIS2 platform in Senegal, concerns
about the quality of DHIS2 data have contributed to low
levels of use of the data for the reporting needs of the
National Malaria Control Program (NMCP). DHIS2 was
first introduced in Senegal in 2013 and initially piloted in
the western regions of Dakar and Thies in 2014. Later that
year, DHIS2 was rapidly deployed across the remaining
12 regions until the platform was declared the national
RHIS in 2016 [9]. Between 2014 and 2017, the President’s
Malaria Initiative and the Global Fund provided the Sen-
egal Ministry of Health (MoH) with over $2.2 million to

support activities related to the implementation and inte-
gration of DHIS2 across the 76 districts of the country
[10, 11]. Although the NMCP and the MoH’s Division
of Social and Health Information Systems (DSISS) are
working closely to integrate the DHIS2 and the NMCP’s
routine information system, the latter continues to be the
primary source of malaria information [12].

As the NMCP continues to integrate its malaria surveil-
lance activities into the DHIS2, progress in data report-
ing should be evaluated in order to identify any potential
gaps for mitigation and opportunities for improvements.
The aim of this study is to evaluate the quality of report-
ing of key indicators of childhood malaria during the first
4 years of DHIS2 implementation in Senegal. We present
analyses guided by the WHO’s desk review of data quality
[13] and we focus on the data quality dimensions of com-
pleteness and internal consistency.

Methods

Country profile

Located at the westernmost point of the African conti-
nent, Senegal is a low-income country of approximately
15.2 million inhabitants as of 2017 [14]. The percentage
of the population living in urban areas is 46.5%. Children
under 5Syears old represent approximately 16.3% of the
population [14].

Senegal’s climate is divided into two main seasons: the
dry and rainy seasons. The rainy season lasts from July to
October peaking during the months of August and Sep-
tember. The dry season runs from November through
June [15].

Transmission of malaria in Senegal is heterogeneous,
often occurring within highly focalized hotspots across
districts. Parasitemia among children under five ranges
from 0% in the northern Saint-Louis region to 15.3% in
the southeastern region of Kedougou [16]. The NMCP
uses routinely collected malaria incidence data to strat-
ify the country’s 76 districts into 3 zones according to
the annual malaria incidence. In this study, we used the
NMCP’s 2017 stratification of districts by malaria trans-
mission zone (Fig. 1) [17]. In 2017, there were 42 districts
in the low transmission zone where malaria incidence
was <5 cases per 1000 inhabitants [17]. There were 17
districts each in the moderate and high transmission
zones where the incidence was 5 to 15 and over 15 cases
per 1000 inhabitants, respectively [17]. The low, moder-
ate and high malaria transmission zones respectively
overlap with the country’s Sahelian, Sudano-Sahelian
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Malaria incidence per 1,000 individuals by health district, 2017
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Fig. 1 Map of Senegal showing the variation in malaria incidence across the 76 health districts. Figure adapted from the 2017 malaria

and Sudano-Guinean bioclimatic zones. Transmission
is mainly due to the Plasmodium falciparum parasite
accounting for at least 99% of malaria infections with
the other species, Plasmodium malariae, Plasmodium
ovale, and Plasmodium vivax representing the remaining
1% [18, 19]. The most common malaria vectors are the
Anopheles gambiae, Anopheles arabiensis and Anopheles
funestus species of mosquitoes [18].

In most of the country, the malaria surveillance sys-
tem is passive and thus relies on the routine notification
of cases by healthcare facilities. In the northern districts
where transmission is low, the NMCP has instituted
reactive case detection strategies since 2011. Starting
from 2016, the NMCP employed a range of malaria con-
trol strategies that included mass drug administration
(MDA), focal test and treat (FTAT) and focal screen test
and treat (FSTAT) for select districts in the north that
reached the pre-elimination threshold (defined as annual
incidence <5 cases per 1000) [18]. Infections identi-
fied through facility-based passive case detection are
reported to the district-level health teams, which then
initiate investigations to identify secondary cases at the
community level [20].

Each health district has at least one public health center
and a number of public health posts that are staffed by

chief nurses and sometimes midwives [21]. Health posts
provide primary care whereas health centers provide
first-level referrals and limited hospitalization services.
The referral hospitals provide specialized health care
services.

At the base of the Senegalese health system are health
huts, which are not recognized as a formal part of the
health system. These health huts nonetheless cover
approximately 50% of the population [21]. Each health
hut includes a trained community health worker (CHW)
who is regularly supervised by the chief nurse of the
health post and also includes a structure through which
essential commodities for health services can be obtained
by the CHW. Among remote populations in villages
situated at least 5km from a facility and not served by
a health hut, active case finding and community-based
management of malaria are conducted by a specific type
of CHW known as DSDOM (dispensateur de soins a
domicile). These activities are conducted as part of the
NMCP’s strategy of home-based management of malaria
commonly known as PECADOM (prise en charge & dom-
icile) [22].

Diagnosis of malaria is almost exclusively conducted
using rapid diagnostic tests (RDTs) and their availability
has remained high in Senegal. RDT coverage across all
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health facilities was stable ranging between 94% in 2014
to 90% in 2017, with almost all public facilities report-
ing RDT supplies during the study period [23-26]. While
microscopic diagnosis of malaria is available in most hos-
pitals and health centers, it is rare to find in health posts.

According to the 2017 Senegal Service Provision
Assessment (SPA) survey, the country’s public health sec-
tor consisted of 35 referral hospitals, 100 health centers,
1458 health posts and 2464 health huts [21]. In addition
to the public health facilities above, Senegal also has a
vibrant private health sector comprising of 359 medical
offices (cabinets medicaux), 443 paramedical offices (cab-
inets paramedicaux), 2 referral hospitals, 115 clinics, 111
health posts and 1013 pharmacies [21, 27].

Malaria-related service delivery is largely delivered by
the public sector although the private sector is increas-
ingly playing a major role, particularly in urbanized areas
[16, 27]. Both public and private facilities are expected
to submit monthly surveillance reports to the district
and central levels. Though public facilities are generally
known to report at higher levels compared to private
facilities, the precise proportions of facilities that submit
reports remain unknown [27].

Malaria reporting in Senegal

Uncomplicated malaria cases are typically managed at
the community or health post levels whereas more com-
plicated cases are referred to higher levels of the health
system. Starting with paper-based data collection at the
health hut or DSDOM level, community routine data flow
up to health posts, where they are then combined with
facility data and compiled into a paper-based report sum-
marizing services delivered by the health facility during
the month. Prior to 2016, the report would be sent to the
district level where data would be reviewed by the health
management team. From that point, the data would be
summarized into an Excel-based template provided by
the NMCP and also entered into the DHIS2 system. To
improve the efficiency of data collection processes, data
entry tasks into the DHIS2 system were shifted from the
district health management team to the individual chief
nurses of health facilities. Since 2016, chief nurses receive
training and login credentials enabling them to enter data
directly into the DHIS2 system on a monthly basis. The
chief nurses are required to enter into the system the
number of services delivered and report a value of “zero”
in instances where no services have been provided. In
such cases, however, chief nurses sometimes choose to
leave the data field blank instead of entering a value of
zero as required. This makes it impossible to distinguish
true missing values (i.e., no data reported) from ‘zero’ val-
ues (i.e., no events captured).
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On quarterly basis, the Chief District Medical Officer
prepares a synthesized report that is sent simultane-
ously to the regional and central levels. Theoretically, the
district health management team is required to organ-
ize quarterly data review meetings with representatives
of each health post in the district to validate data in the
DHIS2 and the NMCP Excel spreadsheets using facility
reports. Nonetheless, it is unknown to what extent this
procedure is followed consistently.

Assembling DHIS2 malaria case reports (January 2014 -
December 2017)

The analyses in this study focused on three indicators that
are programmatically important in settings like Senegal
where malaria transmission is heterogeneous [28]. These
indicators included the total number of confirmed and
suspected malaria cases among children under the age of
5 and rapid diagnostic tests (RDTs) performed. The indi-
cators are reported by both primary and referral health
facilities and together, they enable the calculation of
malaria case incidence, test positivity rate, testing rates.
Case incidence is the primary recommended impact indi-
cator for both moderate- and low-transmission settings,
whereas the test positivity rate is key for malaria surveil-
lance in moderate to high transmission settings [28, 29].
The testing rate provides information on the extent of
parasitological confirmation among those clinically diag-
nosed with malaria which can be useful in the interpre-
tation of the previous indicators [28]. In the analyses of
these indicators, we took into account service delivery in
both the outpatient and community settings.

Data for the indicators reported by health facilities
were extracted from the DHIS2 online database in Octo-
ber 2019. Monthly data representing January 2014 and
December 2017 were extracted separately for each dis-
trict, disaggregated by health facility and arranged chron-
ologically. The assembled district data sets were merged
into one database for the country.

Data analysis

Completeness of reported data

The completeness of facility reporting was measured as
the number of monthly reports received divided by the
expected number of reports in a given year (12 months
x number of health facilities reporting that year). Dis-
tricts with reporting completeness rates below 80%
were considered to have poor reporting [13]. Complete-
ness of indicator data was measured as the percentage
of non-missing values across the three indicators. This
was calculated at the national level by first summing
all non-missing indicator values and dividing by the
expected number of values (12 months x 76 districts x 3
indicators).
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To calculate the percentage of expected cases reported,
we first used reported facility data to interpolate miss-
ing values between months. We used a quasi-Poisson
model to calculate a smoothed curve of the expected
monthly number of confirmed malaria cases from each
facility. Given the observed overdispersion in the case
count data, the quasi-Poisson model was chosen as it
assumes that the variance is a function of the mean [30,
31]. Since seasonality is a dominant pattern in monthly
case count data, we controlled for it using natural cubic
spline terms [32-34]. Splines are smoothing functions
that can control for confounding due to season effects
and secular trends over a given time period using curves
joined at time points called knots [34]. Based on the sea-
sonal changes observed in the case count data, we placed
three internal knots at February, June, and October of
each year to allow flexibility in the curve at each of these
points [33]. The season effect was defined by the time
between January and December of each year whereas
the secular trend was defined by the uninterrupted time
between January 2014 and December 2017. The model’s
predictors thus were the facility and an interaction term
of the season and secular trend effects to allow smooth
changes in the seasonal wave over the study period. Miss-
ing case count data were replaced with values predicted
from the specified model. The ratio of observed case
counts and observed case counts with the imputed values
was then calculated. This ratio measures the percentage
of expected cases that are actually reported. To test the
hypothesis that reporting completeness differs by sea-
son, we performed two-sample t tests for equal means
comparing the monthly values of the percentage of cases
reported or percentage of facilities reporting during the
dry versus rainy seasons.

Internal consistency of reported data

The internal consistency of the reported data was evalu-
ated using two approaches. In the first approach, we
identified moderate and extreme outliers. Moderate out-
liers were defined as monthly values that deviated from
the district’s monthly mean value of the indicator by at
least 2 standard deviations. Extreme outliers deviated
by at least 3 standard deviations. The second approach
involves a trend analysis to examine the plausibility of
reported results for the selected malaria indicator based
on the history of reporting for the indicator. Starting from
2017 and working backwards to 2014, the annual indica-
tor value was compared to the mean of the three preced-
ing years combined. This ratio was calculated at national
and district levels. Districts with at least a 33% difference
between their ratio and the national ratio were identified
as reporting inconsistently. 33% is the threshold recom-
mended by the WHO desk review of routine data quality,
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a standardized series of checks used to assess the quality
of RHIS data [13]. Furthermore, this threshold has been
previously used by others [35].

Stata version 14.2 (StataCorp LLC, College Station,
TX) was used for all analyses described in this study [36].

Results

Description of health facilities analyzed

The dataset assembled from the Senegal DHIS2 data con-
tained 2061 facilities. During data cleaning, 406 (19.7%)
facilities not reporting on any malaria indicators (or any
of the core indicators recommended by the WHO desk
review framework) were excluded from analysis. Of the
excluded facilities, 125 were public, 156 were private and
125 did not have ownership information (Fig. 2). Of the
125 excluded public facilities, 30 (24%) were from the
Dakar region. Across the three core indicators examined
in this study, 34.6% of the data values spanning the study
period were missing from the 2061 facilities configured
in the DHIS2.

The public sector was well-represented in the DHIS2
with 1477 (92.7%) of the 1593 public facilities enumer-
ated by the 2017 Senegal SPA survey reporting during
the study period. On the other hand, only 178 (15.3%) of
the 1163 private facilities enumerated by the same survey
were found to be reporting data in the DHIS2 over the
study period (Table 1). Notably, only 19 (2.4%) of the 802
private medical offices enumerated by the SPA survey
reported during the study period. Given the low levels
of private sector representation in the DHIS2, we hence-
forth report results from public facilities only. Across the
three core indicators, 18.7% of the data values were miss-
ing from the public facilities included in the analysis.

As expected, health posts represented the vast
majority (87.9%) of the facilities configured in the
DHIS2 system (Table 1). Public health posts alone
accounted for 76.1 and 84.5% of the reported sus-
pected and confirmed cases over the study period, at
average of rates of 19.8 and 2.8 cases per facility per
month, respectively. Of the 1458 public health posts
enumerated by the 2017 SPA survey, 1336 (91.0%) were
represented in the DHIS2 and reported at least once
during the study period. Similarly, we found 103 pub-
lic health centers and 38 hospitals represented in the
DHIS2 system compared to the 100 and 35 respectively
enumerated by the 2017 SPA survey. The health cent-
ers accounted for 20.8% and 13.9% of the suspected
and confirmed cases, at average rates of 67.3 and 5.8
cases per facility per month, respectively. Hospitals
accounted for 2.8% and 1.6% of the suspected and con-
firmed cases, respectively, at average rates of 31.2 and
2.9 cases per facility per month. The distribution by
type and over time of the public facilities analyzed in
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Public DHIS2 facilities

(N=1477)

Excluded

DHIS2 facilities
downloaded online [—
(N=2061)

study period

156 private facilities and 125
facilities without ownership
information

« 406 facilities not reporting malaria
information during the 48-month

« This included 125 public facilities,

Analytic dataset
1655 facilities included in final dataset.
Some public facilities were further excluded from
annual desk review analyses if not reporting
during the 12 months of calendar year of interest:
2014: 348 2015: 67
2016: 125 2017: 22

Private DHIS2 facilities

(N=178)

Fig. 2 Flow diagram of database processing to generate the data set used in this study

Table 1 Description of health facilities in analytic sample by
type and sector

Table 2 Description of public facilities reporting malaria data in
DHIS2 by year

Facility type Managing authority

Public Private? Total

n (%) n (%) n (%)
Medical offices 0(0.0) 19 (100.0) 19 (100.0)
Clinics/Dispensaries 0(0.0) 34(100.0) 34 (100.0)
Health posts 1336 (91.8) 120(8.2) 1456 (100.0)
Health Centers 103 (100.0) 0(0.0) 103 (100.0)
Hospitals 38 (88.4) 5(11.6) 43 (100.0)
Total 1477 (100.0) 178 (10.8) 1655 (100.0)

2 Private facilities are excluded from further analyses given their low numbers
in the dataset

this study is provided in Table 2 whereas the stratifica-
tion across malaria transmission zones is provided in
supplementary Table 1.

Among the public health posts included in the anal-
ysis, the number of facilities reporting community-
based malaria data in addition to the facility-based
data increased from 700 (67.%) to 1189 (90.2%) (sup-
plementary Table 2).

Facility type 2014 2015 2016 2017
n (%) n (%) n (%) n (%)
Health 1038 (92.0) 1214 (89.8) 1272 (90.2) 1318 (90.6)
posts
Health 84 (7.4) 103 (7.6) 102 (7.2) 102 (7.0)
centers
Hospitals 7(0.6) 35(2.6) 36 (2.6) 35(24)
Total 1129 1352 1410 1455 (100.0)
(100.0) (100.0) (100.0)

Reporting completeness in public health facilities

Completeness of facility reporting increased from 2014
with 84.5% of facilities reporting in the DHIS2 to 97.5%
in 2017 (Table 3). The number of districts with facility
reporting rates below 80% decreased from 20 in 2014 to
0 in 2017. With the exception of 2016, we found that the
average percentage of cases reported across districts was
higher during the rainy season compared to the dry sea-
son (Table 3). Combining all annual data, we found the
average district percentage of cases reported during the
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Table 3 Examination of outliers and internal consistency between indicators (2014-2017)

2014 2015 2016 2017
Percentage of values that are moderate outliers 5.6 5.6 52 44
Percentage of values that are extreme outliers ? 2.2 25 24 2.1
Number of districts reporting > 5% moderate outlier monthly values 51 55 47 28
Number of districts reporting > 5% extreme outlier monthly values 1 2 4 1
Percentage of events where confirmed cases > tested cases 0.06 0.03 0.01 0.01

@ Numerator = sum of occurrences of outliers [+ 2(3) SD relative to the mean of reported values] over the 12 months for the 3 indicators; Denominator = (number of

health facilities multiplied by 12 months)

rainy season to be 7.5% higher (P<0.01) relative to the
dry season. Similarly, the district percentage of facilities
submitting a monthly report was found to be 1.3% higher
during the rainy season compared to the dry season
although the difference was not statistically significant
(P=0.07). Annual comparisons are presented in Table 3.

Analysis of completeness rates by malaria transmission
zones showed improvements across all zones (Table 3).
During the study period, an average of 90.4% of the
expected malaria cases were reported across districts in
the moderate transmission zone compared to 82.1 and
87.4% in the low and high transmission zones, respec-
tively. During the same period, the average district-level
reporting completeness rates were 91.6%, 93.8% and
89.8% for the low, moderate and high transmission zones,
respectively.

We found general improvements in the completeness
of reporting of the malaria indicators across all types
of public facilities (Table 4). Across all malaria trans-
mission zones, on average health centers and health
posts reported at roughly similar levels during the study
period. On the other hand, hospitals were on average
less likely to submit a monthly report and submitted data
with higher levels of missing values than health posts and
health centers (Table 4). Across all facility types, we gen-
erally found that facilities in the moderate transmission
zone had better completeness rates compared to facilities
from other zones with the facilities from the high malaria
transmission zone having the lowest completeness rates
on average (Table 4).

Across all indicators examined, zeros were common
and unevenly distributed by transmission zone. During
the 2014-2017 period, zeros accounted for 36.4%, 29.0%
and 24.7% of the reported values in the low, moderate
and high transmission zones, respectively. During the
same period, 34.7% and 24.5% of values reported across
the examined indicators occurred during the dry and
rainy seasons, respectively. Supplementary Table 3 shows
the occurrence of reported zero values by season across
the examined indicators during each year of the study.

Moderate and extreme outliers

At the national level, the percentage of moderate outliers
decreased from 5.6% in 2014 to 4.4% in 2017 (Table 5).
On the other hand, the percentage of extreme outliers
fluctuated around an average of 2.3% during the study
period. At the sub-national level, the number of districts
reporting >5% monthly values that were extreme outliers
was generally low (Table 5). In comparison, the number
of districts reporting > 5% monthly values that were mod-
erate outliers was higher but generally decreased over
time.

Consistency over time

Comparing 2017 national health events to the mean of
the three preceding years, the number of confirmed cases
increased by 15%, whereas the numbers for suspected
cases and RDTs done both more than doubled. Table 6
presents comparisons of the national ratios to district
ratios for the selected indicators. The majority of districts

Table 4 Consistency over time: national ratio of total number of events in 2017 to mean number of events in preceding 3 years

Indicator 2017
Ratio Number and proportion of districts with 33%
difference between their ratio and national
ratio
Number of confirmed cases 1.15 14 (18.4%)
Number of suspected cases 222 8 (10.5%)
Number of RDTs done 224 9(11.8%)
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Table 5 DHIS2 reporting completeness among public facilities (2014-2017)

2014** 2015 2016 2017
National percentage of facilities submitting monthly reports 854 92.8 96.1 97.5
National percentage of expected cases reported 76.5 83.1 94.1 94.7
National percentage of non-missing indicator values 84.8 92.5 95.7 973
Districts with monthly facility reporting rate <80% 20 10 2 0
Districts with non-missing indicator values < 80% 21 10 3 0
Ratio of average district percentage of expected cases reported during rainy 1.13 (P<0.007) 1.04 (P=0.03) 1.00(P=0.83) 1.13(P<0.0007)
and dry seasons***
Ratio of average district percentage of facilities reporting during rainy and 1.06 (P=0.01) 1.00(P=091) 099 (P=0.71) 1.00((P=0.97)
dry seasons***
Average district percentage of expected cases reported in the low transmis-  76.7 84.5 82.0 85.0
sion zone
Average district percentage of expected cases reported in the moderate 789 90.2 98.2 94.2
transmission zone
Average district percentage of expected cases reported in the high transmis- 736 879 96.7 91.5
sion zone
Average district percentage of facilities reporting in the low transmission 854 89.3 94.6 96.9
zone
Average district percentage of facilities reporting in the moderate transmis-  84.1 939 98.7 98.3
sion zone
Average district percentage of facilities reporting in the high transmission 77.1 912 96.8 939
zone

" Analyses do not include data from 5 districts from the regions of Fatick (moderate transmission zone) and Matam (low transmission zone) that did not report

malaria data in the DHIS2 throughout 2014

***P values result from a two-sample t-test assuming equal variances comparing district percentage of cases reported during rainy versus dry seasons. Bolded values

are statistically significant (<0.05)

Table 6 DHIS2 reporting completeness by facility type in the public sector across malaria transmission zones in Senegal (2014-2017)

Malaria Facility type Percentage of expected cases Percentage of facilities reporting  Percentage of indicator values
transmission reported reported
zone
2014 2015 2016 2017 2014 2015 2016 2017 2014 2015 2016 2017
Low Health posts 90.2 94.0 94.8 97.3 84.2 913 95.7 97.8 836 91.0 954 97.7
Health centers 932 91.8 94.7 99.2 86.7 90.8 95.7 99.7 86.7 90.8 95.7 99.7
Hospitals 814 97.3 78.7 66.3 76.7 92.1 66.3 92.1 76.7 92.1 66.3 92.1
Moderate Health posts 913 96.2 99.7 994 883 96.5 98.9 99.2 88.0 959 976 98.7
Health centers 94.3 91.2 100.0 98.7 88.8 91.7 100.0 99.7 88.8 91.7 100.0 99.7
Hospitals 1000 957 80.8 74.5 1000 880 852 78.7 1000 830 85.2 78.7
High Health posts 87.5 89.8 98.5 95.7 84.4 94.4 97.0 96.4 834 94.0 96.5 96.1

Health centers 95.7 81.0 99.0 90.9
Hospitals N/A 100.0 88.6 94.1

89.7 83.3 98.6 90.6 89.7 83.3 98.6 90.6
N/A 100.0 87.5 81.9 N/A 100.0 87.5 81.9

have ratios that are consistent with national ratios (within
33%) suggesting that the consistency of indicators has
improved over time.

Discussion

This research, which assessed the quality of reporting of
malaria data in Senegal during the first 4 years of DHIS2
implementation, identified key strengths of the report-
ing system. Our analyses focused on the data quality

dimensions of completeness and internal consistency for
three key malaria indicators. Overall, we find that pub-
lic sector facilities in Senegal are well-represented in the
DHIS2 and have generally achieved high levels of report-
ing completeness and internal consistency at national
and subnational levels. This finding is consistent with the
general improvements in reporting completeness that
have been observed in the DHIS2 systems in multiple
other countries [35, 37-39]. The progress in Senegal is
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likely attributable to longstanding efforts by the NMCP,
the DSISS and their partners to improve reporting via the
DHIS2 platform. Since the designation of the DHIS2 as
the national RHIS in 2016, on an annual basis the NMCP
has dedicated significant financial resources to support
the implementation of the DHIS2 system [18]. Further-
more, the NMCP and DSISS enjoy support from interna-
tional and local partners to strengthen the health system
and improve data quality. With these partnerships and
MoH support, the medical regions are able to conduct
quarterly data review workshops and health districts are
able to support data related activities such as trainings
and supervision in individual facilities thus maintaining
sustained focus on the importance of data quality [12,
18].

Despite the successes observed among public facilities
in Senegal, only 15.3% of private facilities reported their
data in the DHIS2 during the study period. This finding
is consistent with previous studies elsewhere in Africa
showing low representation of private facilities in DHIS2
[35, 37]. In the West African region, Senegal has a rela-
tively large private health sector compared to its neigh-
bors [27, 40]. Nonetheless, it is generally thought that the
private for-profit sector in Senegal is minimally involved
in malaria treatment and prevention activities with many
facilities referring patients to public and not-for-profit
private facilities where malaria services are provided
free of charge [27]. In 2017, 20% of children who sought
care for fever in the 2weeks preceding the nationally
representative Demographic and Health Survey (DHS)
obtained treatment from private health facilities with
12% seeking care from pharmacies [41] most of which
operate on a for-profit basis [27]. It thus stands to rea-
son that ensuring broader coverage of the DHIS2 system
within the private sector would increase the representa-
tiveness of reported data. This is particularly true for the
Dakar region with over 80% of the private sector facilities
[27].

Consistent with previous observations by others, we
found that hospitals generally had lower levels of indi-
cator completeness compared to health posts. Similarly,
a recent study focusing on the quality of reporting of
maternal and newborn care indicators in northern Nige-
ria found that the completeness of reported indicators
was significantly lower in hospitals compared to primary
care facilities [42]. In Senegal, the lower rates of indica-
tor completeness among hospitals may be explained by
the fact that unlike other facility types in the public sec-
tor, public hospitals are not directly supervised by health
districts. Furthermore, whereas health posts and health
centers submit their reports to the district where the
data is first verified before entry into the DHIS2 system,
hospitals typically enter the data directly into the DHIS2
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thereby bypassing additional checks. Although hospitals
presumably manage a small proportion of malaria cases
in Senegal, with only 3.9% of febrile children seeking care
in public hospitals [16], the NMCP, DSISS and their part-
ners should nonetheless strive for stronger collaboration
between hospital data teams and regional health manage-
ment teams for data-related activities such as data quality
reviews, feedback and supervision. This level of coordi-
nation is essential to optimize routine data for monitor-
ing and surveillance [37, 38, 42] in addition to ensuring
regional data completeness. Nonetheless, additional
investigations are needed in order to identify the root
causes of the lower reporting rate among hospitals com-
pared to health posts and health centers.

Analyses examining differences in RHIS reporting com-
pleteness by season are seldom conducted. Whereas the
average monthly percentage of facilities reporting did not
differ by season, we observed a modest but statistically
significant increase of 7.5% in the average percentage of
district-level monthly cases reported during the rainy
season compared to the dry season. Although small, this
difference may have important programmatic implica-
tions particularly in the northern districts implementing
pre-elimination strategies [12]. When malaria transmis-
sion is very low, an accurate count of passively detected
malaria cases is continuously needed to plan effectively
for case investigations and reactive focal testing [43].
Considering that a higher proportion of expected malaria
cases was generally missed in the low transmission zone
as compared to other zones, the NMCP and its part-
ners should continue strengthening surveillance efforts
particularly in the northern districts. In these settings,
training, supervision and messaging interventions should
be designed for data entry staff to encourage consistent
data collection practices throughout the year. On the
basis of the findings that completeness rates were gen-
erally lower for facilities in the high transmission zone
regardless of facility type, we urge renewed focus on data
quality reviews and encouraging facilities in this zone to
increase DHIS2-based reporting. Given that the regions
in this zone are largely rural with geographically remote
areas, it is possible that weak telecommunications and
unstable supply of electricity in the regions [44] could
have impacted reporting. These issues have been previ-
ously identified as barriers to reporting in Senegal [45].
Nonetheless, additional studies are needed to identify
facility-level characteristics that may help explain differ-
ences in reporting completeness observed across malaria
transmission zones.

Analyses of reporting consistency over time showed
that more confirmed malaria cases, suspected cases and
tests conducted were reported in 2017 compared to the
average of the three previous years. These findings are



Muhoza et al. BMC Health Services Research (2022) 22:18

most likely explained by the steady increase in report-
ing completeness and more importantly by the adop-
tion of an updated NMCP policy, beginning in 2015,
of testing all febrile patients under the age of five with
an RDT, regardless of any other signs or symptoms
[46]. The expansion of the definition of a suspect case
of malaria resulted in a 97% increase in the number
of suspect cases, 102% increase in the number of tests
conducted and an 85% increase in the number of con-
firmed cases from 2014 to 2015 [47]. It is also impor-
tant to note that a remarkable change in rainfall levels
occurred between 2014 (which was exceptionally dry)
and 2015 (an exceptionally wet year) [48]. Increases
in rainfall levels may result in ecological changes that
favor the proliferation of mosquito breeding sites,
which could in turn lead to increased transmission of
malaria [49].

In this study, we combined outpatient and community-
based malaria data reported for those health posts that
were associated with health huts. Although the DHIS2
is configured such that health hut data can be reported
separately from the health post data, determining which
health posts were accurately linked to their associated
health huts and the extent to which the health posts were
reporting already combined data proved to be challeng-
ing. Furthermore, the DHIS2 is also configured such that
DSDOM data may be reported separately. Given the high
occurrence of blanks and zeros in these data, however,
it was challenging to analyze these data. Taken together,
these aspects precluded a detailed analyses comparing
the quality of facility-based and community- based data
in Senegal. Nonetheless, given that the country has a
longstanding history of community-based management
of malaria and other illnesses [22], we urge that future
assessments of DHIS2 malaria data quality should evalu-
ate community-based reporting.

A deeper examination of facility-level zero report-
ing practices is also warranted as it has been shown
elsewhere in sub-Saharan Africa that some facilities fail
to report “zero” values in the DHIS2 when there are no
malaria clinical events captured [37, 50]. This leads to an
inability to properly distinguish true missing values from
“zero” values. Unsurprisingly, we found that zero values
were more common during the dry season and in areas
with lower transmission of malaria. This is to be expected
since malaria-related events should become less frequent
with decreasing transmission. Nonetheless, the extent to
which missing DHIS?2 indicator values reflect an absence
of malaria-related events remains unclear in the Senegal
context. Given the need for sensitive surveillance in the
northern districts implementing pre-elimination activi-
ties, it is essential that training on consistent zero-report-
ing practices be strengthened among frontline staff.
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Limitations

This study had limitations that warrant further discus-
sion. First, our data management process excluded 19.7%
of the facilities configured in the DHIS2 at the time of the
study. We thus only analyzed facilities that were expected
to report in the DHIS2 and not necessarily all those that
were required to report as dictated by MoH policy. In
the absence of up-to-date annual facility master lists and
inadequate information to determine when individual
facilities were active, we excluded facilities that did not
report for the 12 months of the calendar year. The exclu-
sion of facilities may have the effect of overestimating
the different measures of data quality considered in this
paper. This is particularly important to remember when
interpreting results from 2014 since most hospitals and
facilities from 5 districts did not report in the DHIS2 sys-
tem for the year, presumably due to lags in the implemen-
tation of the system.

Second, we excluded private health facilities from our
analyses. Given the small proportion of private facilities
actually reporting in the DHIS2 at the time of this analy-
sis, we felt that any trends observed from those facilities
would not be representative. A separate analysis is thus
appropriate to investigate the quality of malaria reporting
in the private sector.

Third, our assessment of the percentage of facilities
represented in the DHIS2 relied on the master facility list
used for the 2017 SPA survey. This master list resulted
from the national facility census in 2016 which was the
most recent by the time of this study. The facility count
during enumeration activities may differ from the total
count of facilities existing in Senegal in 2017. This differ-
ence may in turn affect the accuracy of our results. We
also note that the registration of facilities from master
facilities to the DHIS2 is a continuous process that may
change over time. This is especially true for private facili-
ties operating outside of direct MoH control that may be
more challenging to enumerate and register to the DHIS2
[51]. We are unable to fully assess the effects of these
changes in facility registration over time.

Fourth, our analyses do not address the accuracy nor
the external consistency of DHIS2 malaria data in Sen-
egal. The accuracy of routine data is typically determined
by assessing the degree to which the data reported in the
RHIS compares to data in facility-level registers [52].
The methods and resources required for this exercise
were beyond the scope of the desk review of data qual-
ity that we sought to conduct. The external consistency
of routine data measures the agreement of routine health
data with a “gold standard,” usually defined to be survey
data [13]. Although nationally representative DHS were
conducted in Senegal throughout the study period, the
indicators in our study do not lend themselves to valid
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comparisons to those available in the surveys. An analy-
sis of the concordance between the malaria data reported
in DHIS2 and those collected using the NMCP’s Excel
spreadsheet would have improved the rigor of our data
quality assessment. We were unable to access the NMCP
data for a more detailed analysis. To support the planned
efforts to integrate the NMCP system into DHIS2 [53],
future assessments should include a comparison of
malaria data from both sources.

Finally, the quasi-Poisson model used in our analyses
assumes similar seasonality of malaria cases across all
facilities considered. Ignoring the variation in seasonality
for individual facilities increases the likelihood that the
model may have produced poor fits for some facilities.
Ultimately, this limitation likely had a limited impact on
the overall results since we were interested in the average
seasonality across all facilities.

Despite these limitations, this study enriches the lit-
erature by adding to the body of evidence showing
increasing quality of DHIS2 data. Though the WHO
recommends annual desk reviews of routine data qual-
ity, results from studies examining the quality of DHIS2
data are rarely published. By demonstrating the extent to
which these data are complete and consistent, we hope
that our findings may enable researchers and policy-mak-
ers to use malaria DHIS2 data with more confidence.

Conclusion

The completeness and consistency of reporting of key
malaria indicators in Senegal has improved since the
implementation of the DHIS2 system in 2014. Nonethe-
less, we noted some shortcomings that will need to be
addressed to harness DHIS2’s full potential. First, we
identified many facilities configured in the DHIS2 that
are inactive, some without clear documentation of when
they started reporting in the DHIS2 and others without
ownership information. Continuous maintenance of the
DHIS2 system will be required to ease data use by ana-
lysts and health managers. Secondly, a large proportion
of private sector facilities currently remains excluded
from the DHIS2. This omission will continue to ham-
per the representativeness of DHIS2 data, particularly in
urbanized areas, such as the Dakar region, where the pri-
vate sector is most active. Strategies incentivizing DHIS2
uptake and reporting among private facilities should be
explored.

The NMCP and the DSISS should ensure the sustain-
ability of district-level data quality reviews and facility-
level supervision. Maintaining feedback mechanisms
from the central level to the facility will further empha-
size the need for quality data. Furthermore, this may also
increase levels of engagement towards producing and
using quality data at all echelons of the health system.
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Future assessments of DHIS2 malaria data should be
more comprehensive and focus on additional malaria
indicators such as those measuring rates of malaria hos-
pitalizations, malaria treatment and preventive services,
malaria-related commodities among others. Since the
concept of data quality has more dimensions than were
possible to address in our study, future studies should
also examine the quality of DHIS2 reporting based on
these other metrics. To support the efforts to integrate
the NMCP Excel-based system into the DHIS2, it is criti-
cal that future studies compare the quality of malaria data
produced across the two systems, in addition to the con-
cordance between the data. Future assessments should
also consider a detailed comparison of malaria data from
facility-based and community-based reporting in DHIS2.
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