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Abstract

Background: Quality data from Health Management Information Systems (HMIS) are important for tracking the
effectiveness of malaria control interventions. However, HMIS data in many resource-limited settings do not currently
meet standards set by the World Health Organization (WHO). We aimed to assess HMIS data quality and associated
factors in Chad.

Methods: A cross-sectional study was conducted in 14 health facilities in Massaguet district. Data on children under
15 years were obtained from the HMIS and from the external patient register covering the period January-December
2018. An additional questionnaire was administered to 16 health centre managers to collect data on contextual vari-
ables. Patient registry data were aggregated and compared with the HMIS database at district and health centre level.
Completeness and accuracy indicators were calculated as per WHO guidelines. Multivariate logistic regressions were
performed on the Verification Factor for attendance, suspected and confirmed malaria cases for three age groups (1
to <12 months, 1 to <5 years and 5 to < 15 years) to identify associations between health centre characteristics and
data accuracy.

Results: Health centres achieved a high level of data completeness in HMIS. Malaria data were over-reported in

HMIS for children aged under 15 years. There was an association between workload and higher odds of inaccu-

racy in reporting of attendance among children aged 1 to <5 years (Odds ratio [OR]: 10.57, 95% Cl 2.32-48.19) and
5-< 15 years (OR: 6.64, 95% Cl 1.38-32.04). Similar association was found between workload and stock-outs in register
books, and inaccuracy in reporting of malaria confirmed cases. Meanwhile, we found that presence of a health techni-
cian, and of dedicated staff for data management, were associated with lower inaccuracy in reporting of clinic attend-
ance in children aged under five years.

Conclusion: Data completeness was high while the accuracy was low. Factors associated with data inaccuracy
included high workload and the unavailability of required data collection tools. The results suggest that improvement
in working conditions for clinic personnel may improve HMIS data quality. Upgrading from paper-based forms to a
web-based HMIS may provide a solution for improving data accuracy and its utility for future evaluations of health
interventions. Results from this study can inform the Ministry of Health and it partners on the precautions to be taken
in the use of HMIS data and inform initiatives for improving its quality.
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Background

The World Health Organization (WHO) has high-
lighted the importance of investing in high-quality
routine information systems to support malaria sur-
veillance and monitoring of malaria program activities
[1], and complement overall malaria elimination efforts
[2]. In addition, the WHO emphasizes the importance
of quality of data across nine dimensions: accuracy,
validity, reliability, completeness, legibility, timeliness,
accessibility, usefulness and confidentiality [3]. How-
ever, Health Management Information Systems (HMIS)
in many resource-limited settings, including Chad, do
not currently meet these standards [4, 5]. Hence, sub-
Saharan Africa countries where malaria is endemic are
placing greater priority on the quality and utility of the
malaria data generated by their HMIS [6-8]. Trends
in malaria incidence can be used to evaluate impact of
malaria interventions such as Seasonal Malaria Chem-
oprevention (SMC) and support decision-making on
their introduction and expansion. While HMIS is a
convenient and readily-available source for such data,
it is important to ensure the HMIS data is sufficiently
reliable decision-making.

In Chad, HMIS and other malaria data for Malaria
Programme are routinely collected by health facilities
from communities in their catchment area and from
routine consultations and transactions using paper
forms, which are then verified by health facility man-
agers before being reported to the health district. At
the district level, data from health facilities and district
hospitals are converted to electronic format (Micro-
soft Excel) by the zonal chief or district manager. From
the district, data are sent by email or flash key to the
Provincial Health Delegation, and finally to the Depart-
ment of Statistics and Health Information (SDSIS) of
the Ministry of Health. In addition, malaria data are
sent to the National Malaria Control Program (NMCP).
At the central level, the SDSIS verifies the consistency
of HMIS data.

In contrast to HMIS data, at the central level, the
NMCP, in collaboration with district managers, prov-
ince data managers and partners in malaria control,
validates data during quarterly meetings in addition to
monthly supervision visits at selected health facilities
and health districts. To ensure the quality of data col-
lected and the malaria case management, the NMCP,
SDSIS and Provincial Health Delegation conduct sup-
portive supervisions at districts and health centres.
Although health facility personnel are expected to

validate data before submission for onward collation,
and as the health facilities and health districts receive
monthly supervision visits, there is potential for tran-
scription errors.

Many factors are associated with data quality issues,
including availability of reporting tools; most HMIS in
sub-Saharan Africa are paper-based at the health facility
level involving manual collection and collation of data.
Evidence suggests that the continued use of paper-based
systems contributes to poor data quality in terms of relia-
bility, availability, timeliness and completeness of report-
ing, and can compromise health service delivery [9].
Other authors have highlighted that the primary point
of departure for accurate data transfer is during the tally-
ing and collation process at the facility level, between the
registers and routine monthly reports [10]. At that level,
there are multiple registers and tally sheets that need to
be collated, summarized and sent to the next level [11].
Other technical reasons for poor data quality include use
of inappropriate data collection tools and procedures that
result in recording and reporting practices which under-
mine standardization [12-14]. For example, difficul-
ties in differentiating between suspected and confirmed
malaria cases may contribute to misreporting of malaria
cases [15, 16]. In addition, stock-outs of paper forms are
a recurrent problem in Chad and across sub-Saharan
Africa [7, 8, 17, 18], leading to the development of impro-
vised tools which sustain the data collection process but
have implications for data quality.

In addition to technical factors related to lower data
quality, there are human resource factors; supervisors
often have very limited data quality checking skills, may
not understand the importance of collecting data, and
may not provide feedback after supervision [10, 19]. In
Chad, as in other sub-Saharan African countries, there
are shortages of healthcare workers that compromise
the quality of data collected [12, 17, 19]. In addition, the
occurrence of incidents such as epidemic disease out-
breaks can increase the workload for health staff and lead
to collection of lower quality data. Also, others incidents
such as strikes and flooding can divert attention of data
managers during data validation since health staff are
focussed on managing incidents. Often health workers in
the field have inadequate skills for routine data collection,
and may not have received relevant training [13]. In addi-
tion, they are poorly paid and often experience delays in
salary payments, which affect their morale [12] and lead
to staff attrition [10, 13]. In some countries, as part of
performance evaluations, governments emphasize the
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need to improve maternal and child health and reduce
malaria incidence, and staff may be incentivized to over-
report delivery of maternal and child health services and
underreport malaria cases [19].

Although some authors advise caution when using
HMIS data [6], it is recognized that HMIS data are read-
ily accessible and a low-cost solution for assessing the
impact of health programmes, particularly since ran-
domized approaches may not be appropriate or ethi-
cal [20]. In Chad, SMC has been implemented to prevent
malaria among children aged 3-59 months since 2015
with support from partners including Malaria Consor-
tium who provide operational support to SMC deliv-
ery and ensure supervision, monitoring and evaluation.
While SMC’s efficacy is well recognized, HMIS is con-
sidered a useful data source for assessing the impact of
this intervention when implemented at scale. Thus, the
low quality of HMIS data may be a source of bias for
impact evaluations and lead to decisions based on wrong
evidence in context where resources for health become
scare. In addition, Chad is assessing the feasibility of
expanding SMC at scale, both to new areas of the country
and to school age children as in other similar settings [21,
22]. HMIS is a ready available and valuable source of data
on trends on malaria incidence which can be employed
for decision-making for SMC’s expansion [23]. There-
fore, researchers and program managers would be inter-
ested in knowing the current quality of HMIS data given
their utility for decision-making and the evaluation of the
impact of SMC and other malaria control programs.

Supervision reports have identified quality issues in
the Chadian HMIS [17, 24]. To our knowledge, no study
has been conducted in Chad to assess HMIS data qual-
ity and the factors associated with data quality. To inform
the Ministry of Health and its partners on the precau-
tions to taken in the use of HMIS data and identify main
areas for improvement, this study aimed to assess current
gaps in the quality of data submitted for selected malaria
indicators in HMIS and identify factors influencing data
accuracy.

Methods

Study setting

The study was conducted in the health district of Massa-
guet in Hadjer Lamis Province, which includes 16 health
centres and has been implementing SMC for children
aged 3—-59 months since 2015 with support from Malaria
Consortium. In 2017, a study found that malaria preva-
lence in Massaguet was 15.9% which is higher than the
national average for SMC eligible districts (7.7%) [25].
The study was realized alongside with another aimed to
assess the feasibility of SMC extension to older children
(>5 years) in Chad. Massaguet district was chosen for
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operational reasons (proximity to N'Djamena) and con-
venience with the National Malaria Control Program
(NMCP).

As part of malaria case management, health centres
in Chad are supplied with antimalarial medicines and
rapid diagnostic tests (RDT) by the NMCP, under the
programme dappui a la lutte antipaludique au Tchad
(PALAT), with financial support from the Global Fund
[26]. NMCP is responsible for supplying health centres
with tools for data collection such as malaria data collec-
tion forms and monthly malaria report forms, in addition
to short training (2—5 days) for health centre staff on data
management and malaria case management. In addi-
tion, all training curricula for clinicians in Chad include
malaria case management and data management for
malaria. To support malaria data management activities,
health centre staff receive a bonus each month. In prac-
tice, many health centres experience stock-outs of data
collection tools and commodities, and delays in bonus
payments.

Participants

A total of 16 health centre managers in Massaguet (one
per health facility) were surveyed to obtain data on con-
textual factors relating to their health facilities. All types
of health centre in Massaguet were represented (public,
community and confessional).

Data collection and sources
The data collection consisted of three parts:

Recounted data from paper based registers from health
facility

Routine clinical data from paper-based registers covering
January—December 2018 were extracted from the exter-
nal consultation patient register in April 2020 (30 days)
at 14 government-recognized health centres in Massa-
guet district. Data were entered by four trained research-
ers into an electronic questionnaire form (which can
be administered offline with responses uploaded to the
server once WiFi connection is available) (see Additional
file 2) using Magpi v6.2.1 software [27]. The question-
naire consisted of two forms. While the first was used
to collect data on the population of the health facility’s
catchment area and stock-outs of RDTs for each month of
the study period, the second included four sections with
questions relating to each patient aged under 15 years
old who attended the health facility covering their socio-
demographic characteristic, place of residence, clini-
cal health problems identified, treatment administered/
advice prescribed, and outcomes (i.e. referral or death).
Thus, extracted data from this source included variables
on suspected and confirmed malaria cases (by RDT
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and microscopy) among children under 15 years old.
Demographic variables of malaria cases included age,
sex, and place of residence (< five kilometres (km) from
the health facility, >5 km from health facility, nomadic,
within catchment area of another health centre). In addi-
tion, data on treatment prescribed and clinical outcomes
(death and referral to hospital) were extracted. To pre-
serve anonymity, an ID code was given to each patient on
which clinical data were extracted.

HMIS data
The HMIS data for January—December 2018 at health

centre level and district-level were obtained from the
NMCP.

Survey data on contextual factors

In addition, an electronic questionnaire (see Additional
file 3) was administered to all health centre managers in
Massaguet district using Magpi v6.2.1 to collect data on
contextual variables relating to the health facility. The
questionnaire included items on the health facility and its
location, the availability of facilities and amenities (elec-
tricity, water, phone, system for waste, type of rooms,
etc.), the situation of staff (type of staff available, percep-
tion of workload, training provided to staff, etc.), occur-
rence of incidents with the potential to disrupt services,
and the availability of commodities. Thus, for the pur-
posez of this study variables retained include health cen-
tre type (public, community and confessional), location
(urban, rural and peri-urban), data on human resources
including number and type of staff employed (nurse,
mid-wife, health agent, and health technician), percep-
tions of levels of staffing on health centre performance,
and availability and training of staff dedicated to malaria
data management. For each month, data on arrears in
bonuses for malaria data reporting and data on working
conditions, including occurrence of incidents (strikes,
flooding, community violence, epidemic disease out-
break) and stock-outs of commodities (RDTs, antimalar-
ial drugs, register books, HMIS forms, Monthly Malaria
Report (RMP) forms), were recorded. The questionnaire
form is included as an online supplement (Additional
file 3). Researchers were trained on data collection and
all tools were piloted in the health centre of Abena in
N’Djamena Sud district before use in the field. The con-
sultation register of that centre was used to test the data
audit.

Data analysis

Variable definitions

Extracted patient registry data were aggregated and com-
pared with the HMIS database. Data from the patient
registry data and HMIS were assessed on the dimensions
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of completeness and accuracy respectively at two levels:
(i) the district-level, between aggregated data extracted
from health centre patient registry to the HMIS data
validated at the NMCP, and (ii) the health centre level,
between aggregated data extracted from health centre
patient registry data to the HMIS data compiled at the
health centre level.

Completeness of indicator data (data element)

This is defined as “the extent to which facilities that are
supposed to report data on the selected core indicators
are doing so” [28]. In this study, completeness of report-
ing was calculated by adding the number of months with
values reported for a given indicator across all health
facilities in a year divided by the expected number of val-
ues (i.e., 12 months x total number of health facilities).
Any missing fields for a specific outcome and month
were considered to be unreported data.

Consistency of reported data and original records, or data
accuracy

Data accuracy was assessed as per the WHO data quality
review guidelines [28] through verification factors (VFs)
for each indicator. A VF was defined as the ratio of an
indicator in registry data divided by that of HMIS data at
the health centre level. We calculated VFs at the health
centre level for all patient attendances, suspected malaria
cases, and confirmed malaria cases. These indicators
were disaggregated into the following age groups: 1 to
<12 months, 1 to <5 years, and 5 to <15 years. For each
indicator (attendance, suspected and confirmed malaria
cases), we excluded any health centre not yet recognized
by the government and health centres for which a given
indicator was completely missing in registry data during
the reporting period.

A VF value of 1 represents a perfect match between
data from the patient registry and HMIS. The accept-
able margin of error for the discrepancy between HMIS
report data and recounted data from health centre regis-
ters was defined as a VF value within 0.90-1.10 as per the
WHO Data Quality Review guidelines. VFs of <0.90 or
VF>1.10 indicated under-reporting and over-reporting
of cases in HMIS data respectively [28]. For each month
and each indicator (attendance, and suspected and con-
firmed simple malaria cases), health centres were classi-
fied into two categories according to their VF value (i.e.
within the interval or outside the 0.90-1.10 interval).

Statistical analysis

We conducted univariate descriptive analyses to present
characteristics of surveyed health centres, and complete-
ness and accuracy of outcome indicators.
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We fitted multivariate logistic regression models to
identify associations between health centre characteris-
tics and data accuracy; odds ratios (OR) and 95% confi-
dence intervals (95% CI) were calculated. In the first step
of the regression, we purposively included all the varia-
bles we hypothesized were associated with data accuracy.
These included variables related to human resources
such as skills [13] and workload [12, 17, 19], and design,
structure [12—-14] and availability of tools [7, 17, 18, 29].
To assess skills, we fitted “presence of nurse and health
technician within staft”, “presence of a staff member
dedicated to data management’, and “presence of staff
trained in data management” For workload, we fitted a
binary variable corresponding to the months of the rainy
season (July—October), the period when health facili-
ties are implementing SMC and when the attendance is
high, resulting in high workload. We also fitted variables
for months of occurrence of stock-outs of register books,
malaria data collection forms and HMIS forms. Finally, in
2018, there were changes to malaria data collection forms
with new requirements for data reporting (this was oper-
ationalized as a binary variable).

The second step of regression added additional varia-
bles using a forward stepwise procedure in which further
covariates were added based on improvement of model
fit as determined using the likelihood ratio test. These
variables included availability of commodities and medi-
cines such as antimalarial drugs, RDTs, rooms for private
consultation, arrears in payment of incentives for data
collection, and others (see Additional file 1).

Regression analyses were performed separately for
VFs for three indicators (attendance, suspected malaria
cases and confirmed simple malaria cases) for each of the
three age groups (1 to <12 months, 1 to <5 years and 5 to
<15 years). All data management and analyses were per-
formed using Stata 16.

Results

The descriptive analysis included data from all 16 health
centres of Massaguet (14 registered and 2 non-registered
health centres). The statistical analysis covered 14 health
centres in Massaguet, with monthly observations cover-
ing the period January—December 2018, excluding non-
registered health centres. Furthermore, one health centre
missed two months of patient registers. The final dataset
therefore covered 12 health centres for 12 months and
one health centre (Karme health centre) for 10 months,
resulting in a total of 154 monthly observations.

Characteristics of health centres surveyed

There was an average of 4.94 (95% CI 3.91-6.15) staff
per health centre, including non-clinicians. Health cen-
tre managers reported 6.25% of facilities to be “severely
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understaffed’;, and 43.75% of facilities “somewhat under-
staffed” (Table 1). Unavailability of commodities influ-
enced functioning of health centres; 56.25% of health
centres sampled reported at least one stock-out of RDT,
with an average of 16.53 days duration (CI 14.54—18.72)
across all facilities over the whole study period. Concern-
ing tools for data collection, over the study period, there
were stock-outs of register books at 37.50% of health
centres (mean: 30.32 days, CI 27.89-32.90), HMIS forms
at 12.50% of health centres (mean: 26.83 days, CI 22.85—
31.31), and malaria data collection forms at 18.75% of
health centres (mean: 23.13 days, CI 19.91-26.71). Half
of the health centres surveyed (50.00%) had a person
dedicated to data management. See Additional file 1 for
additional descriptive data on sampled health facilities.

Completeness and accuracy of data reporting in HMIS
Completeness of reporting of malaria indicators (attend-
ance, suspected malaria and confirmed simple malaria)
for considered age group was 95.24% (CI 90.83-97.92)
for the HMIS data and 98.81% (CI 95.80-99.90) for
patient registry data. There were no missing values for
specific indicator; in case of missing values it was missing
completely for all indicators.

However, during the study period there was an over-
reporting in attendance, and suspected and confirmed
malaria cases in HMIS for children aged under 15 years
with VF values between 1.41 and 2.86 (Table 2). Over-
reporting was higher for suspected malaria cases than
other indicators. A comparison of VF per age group and
indicator shows higher over-reporting of indicators for
older children.

In general, all health centres over-reported all indica-
tors in HMIS. VF values varied by health centre and indi-
cator. In 2018, the degree of data inaccuracy reported was
higher during the raining season (July—October) (Figs. 1,
2, 3).

Factors associated with inaccuracy in HMIS data reporting

Accuracy of attendance reporting data is associ-
ated with the presence of skilled staff, the introduc-
tion of new malaria data reporting requirements, staff
workload, and stock-outs of tools and malaria RDTs.
Respectively, presence of a health technician and staff
dedicated to data management were associated with
significantly lower odds of inaccurate reporting of
attendance among children aged 0 to <12 months in
HMIS (OR: 0.09, 95% CI 0.01-0.86 and OR: 0.01, 95%
CI 0.00-0.30 respectively); associations were border-
line-significant for children aged 1 to <5 years (OR:
0.14, 95% CI 0.01-1.36 and OR: 0.06, 95% CI 0.00—1.12
respectively). Stock-outs of HMIS forms were associ-
ated with lower odds of inaccurate reporting of data on
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Table 1 Characteristics of health centres surveyed

Variables Freq Percent Mean (95% Cl)

Presence of nurse within staff (N=16) Yes 7 4375

Presence of midwife within staff (N=16) Yes 7 4375

Presence of technical agent within staff (N=16) Yes 15 93.75

Presence of technical health agent within staff (N=16) Yes 10 62.50

Stock-out of RDT(N = 16) Yes 9 56.25

Stock-out of antimalarials (N=16) Yes 9 56.25

Stock-out of registers (N=16) Yes 6 37.50

Stock-out of HMIS forms (N=16) Yes 2 12.50

Stock-out of malaria data collection form (N=16) Yes 3 18.75

Staff dedicated to data management (N=16) Yes 8 50.00

Staff dedicated for data trained (N=16) Yes 9 56.25

New data collection form and reporting requirements, issued 2018 (N=16) Yes 4 25.00

Staff trained in RDT management (N=16) Yes 12 75.00

Number days of stock-outs of RDT (N=192) 16.53
(14.54-18.72)

Number days of stock-outs of antimalarials (N=192) 2113
(18.93-23.50)

Number days of stock-outs of registers (N=192) 3032
(27.89-32.90)

Number days of stock-outs of HMIS forms (N=192) 26.83
(22.85-31.31)

Number days of stock-outs of malaria data collection forms (N=192) 23.13
(19.91-26.71)

Training duration (N=16) 2.75
(1.72-4.16)

6,0

Table 2 Verification factors for attendance, suspected and
confirm simple malaria cases by age group at health centre level
(N=192)

Oto<12m 1to<5y 5to<15y All
Attendance 1.21 1.36 1.64 141
Suspected malaria 248 2.70 341 2.86
Confirmed simple malaria  1.10 2.16 2.55 1.94

under five years age’s attendance into HMIS; OR: 0.03
(95% CI 0.00-0.73) for children 0 to<12 months and
OR: 0.03 (95% CI 0.00-0.44) for 1 to <5 years. There
was a significantly higher odds of inaccurate report-
ing data on attendance of children aged 1 to <5 years
during the months of the rainy season (10.57, 95% CI
2.32-48.19; 6.64, 95% CI 1.38-32.04). The changes to
the malaria data collection form and new data report-
ing requirements were associated with the higher odds
(5.66, 95% CI 0.82-39.20; 24.28, 95% CI 0.75-791.45)

VF of attendance
w
o

20
1,0
0,0
@
Month
0<12m= = =1-<5y 5<15y

Fig. 1 Verification factors of attendance by age group and per
month

of inaccurate reporting of attendance data for children

aged 0 to <12 months and 5 to < 15 years (Table 3).
There was a lower odds of inaccurate reporting of

suspected malaria cases among children 1 to <5 years
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Fig. 3 Verification factors of confirmed simple malaria cases by age
group and per month

(0.10, 95% CI 0.01-1.31) in months with stock-outs
RDTs, as there was no need to test cases (Table 3).
Stock-outs of HMIS forms were associated with the
lower odds of inaccurate reporting confirmed malaria
cases among children 1 to <15 years (0.11, 95% CI 0.01—
1.08 for children 1 to <5 years; 0.04, 95% CI 0.00—0.46
for 5 to <15 years) since staff may cope with using sim-
plified self-adapted forms. In addition, the stock-outs of
malaria data collection forms were associated with the
lower odds of inaccuracy in reporting confirmed of sim-
ple malaria cases among children aged 0 to <12 months
(0.09, 95% CI 0.02—0.37). The presence of a nurse among
clinic staff was associated with lower odds of inaccurate
data for children 1 to <5 years (0.16, 95% CI 0.04—0.74)
whereas we found a higher odds of inaccurate reporting in
clinics with a health technician among their staff (11.03,
95% CI 1.65-73.63). In addition, stock-outs of registers
and the rainy season were associated with higher odds of
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inaccurate reporting malaria confirmed simple cases in
HMIS (7.82, 95% CI 1.20-50.78 for children 1 to <5 years;
7.32, 95% CI 1.14—47.23 for children 5 to <15 years and
3.23,95% CI 1.38—7.54 for children O to <12 months; 2.88,
95% CI 1.15-7.19; 4.47 for children 1 to <5 years, 95% CI
1.43-13.96 for children 5 to <15 years) (Table 3).

Discussion

Routine HMIS data are a readily-accessible resource for
assessing the impact of public health interventions such
as SMC. This study is the first to describe these data and
the characteristics of clinics in a Chadian setting, and to
attempt to assess current gaps in quality of data submit-
ted for selected malaria indicators and identify factors
influencing data accuracy.

We found a high level of completeness of data at the
district and health centre level. This can be attributed to
effective communication between the NMCP and health
centre managers in case data for a specific month is miss-
ing. However, informal discussion with health centre
staff shows the possibility of incorrect data declaration
in case of delays in reporting, which means complete-
ness does not necessarily lead to quality. In addition, in
case of stock-outs of tools for data collection, health cen-
tres adapt by improvising tools which sometimes do not
integrate disaggregated indicators as in the original tools.
Thus as per health centre characteristics in 2018, efforts
should be made to ensure that the 18.75% and 12.5% of
facilities with stock-outs receive sufficient numbers of
forms on time to improve accuracy and avoid staff having
to improvise forms, which can lead to errors.

Similarly, accuracy of data was higher for data at dis-
trict-level while it was low at health centre level for all
indicators, which can be considered as a consequence of
using paper-based forms [9]. Similar findings have been
reported elsewhere [10]; authors have highlighted that
the primary point of departure for accurate data transfer
is during the tallying and collation process at the facility
level, between the registers and routine monthly reports.
In addition, other authors report an association between
low accuracy at health facility level and workload due to
multiple registers and tally sheets that need to be col-
lated, summarized and sent to the next level [11]. This is
particularly true for Chad where there are at least three
tools at the health centre level for malaria data collection.
This result highlighted the importance of an integrated
system for data collection for all stakeholders.

Our results show a positive association between inac-
curacy in data reporting in HMIS and the rainy season
spanning July—October, when malaria transmission and
caseload are highest [30]. In addition, half of health cen-
tres surveyed reported that they are understaffed, which
is coherent with data at the national level [31] and in
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Table 3 Multivariate analysis for associations of clinic-level variables with inaccurate reporting of data from register into HMIS
(N=154), (odds ratios shown with 95% confidence intervals in parenthesis)

Variables Attendance at a health centre Suspected malaria cases Confirmed malaria cases

Oto<12m 1to<5y 5to<15y Oto<12m 1to<5y 5to<15y Oto<12m 1to<5y 5to<15y
Presence of nurse 253 3.17 N/A 19,426,468.17 281 0.75 0.63 0.16%* 042
within staff (0.28-2245)  (034-29.55) N/A N/A (0.13-60.08)  (0.05-10.60) (0.16-2.50) (0.04-0.74)  (0.09-2.13)
Presence of health  0.09** 0.14* N/A N/A 0.72 0.85 2.65 11.03** 0.56
tfcf?”'c‘a” within® (001-0.86)  (001-136) N/A N/A (0.02-2541)  (0.05-14.97) (046-15.32) (1.65-73.63) (0.07-4.54)
sta
Staff dedicated to ~ 0.01%%* 0.06* N/A N/A 0.23 052 434 081 0.17
data management

(0.00-0.30) (0.00-1.12)  N/A N/A (0.01-10.69) (0.03-9.13) (0.51-36.82) (0.07-9.64) (0.01-2.10)
Staff trained in data  8.35 6.01% 22%+ 14 2.80 0.09 0.50 0.63 1.63 287
management

(061-115.02) (0.80-45.08) (0.00-.) (0.25-31.60)  (0.00-2.92) (0.06-4.54) (0.16-2.39)  (0.32-843) (0.56-14.32)
New data collection 5.66* 3.97 24.28% 0.26 1.77 1.67 1.12 049 040
form and reporting
requirements

(0.82-39.20) (0.67-23.60) (0.75-791.45) (0.02-3.33) (0.13-24.39)  (0.27-10.36) (0.32-3.93) (0.12-2.30) (0.09-1.77)
Stock-outs of 7.25 195 372e+13 847 213 156 0.22* 782 7.3
registers

(0.65-80.61)  (0.22-17.06) (0.00-.) (043-166.86) (0.08-54.52) (0.16-14.95) (0.04-1.23) (1.20-50.78) (1.14-47.23)
Stock-outs of 10.34%** 7.84%* 4,545891.63 027 0.36 133 0.09%** 0.70 2.36
malaria data collec-
tion forms

(1.20-5349) (1.24-49.54) (0.00-) (0.02-3.09) (0.02-7.60) (0.09-18.68) (0.02-0.37) (0.13-3.71) (047-11.81)
Stock-outs of HMIS — 0.03** 0.03** N/A 0.12 2.15 0.08* 1.92 0.11* 0.04%**
forms

(0.00-0.73) (0.00-044) N/A (0.00-2.33) (0.03-139.80) (0.01-1.44) (0.27-13.74) (0.01-1.08)  (0.00-0.46)
Rainy season 1.60 10.57%** 6.64%* 0.77 241 2.35 3.23%x* 2.88** 447**

(0.62-4.15) (232-48.19) (1.38-32.04) (0.26-2.32) (0.60-9.72) (069-8.03) (1.38-7.54) (1.15-7.19)  (1.43-13.96)
Stock-outs of RDOT 0.10%* 1.12 N/A 0.16 0.10* 1.97 092 132 0.54

(0.014-0.78)  (0.21-6.01)  N/A (0.01-3.79) (0.01-1.31) (0.30-13.01) (0.25-3.38) (0.26-6.54) (0.10-2.82)

041 20,01, *p <0.05, * p<0.10

other sub-Saharan African countries [12, 19]. In addi-
tion, nine health centres experienced epidemics during
the study period. These incidents can divert attention of
data managers during data validation since health staff
are focussed on its management. Other authors have also
highlighted the role of organizational factors, including
workload and training, in determining HMIS data qual-
ity [12]. During the rainy season, health centres may also
over-report malaria cases to show to partners and the
Ministry of Health the necessity of continued invest-
ment in malaria control, as reported elsewhere [19]. This
situation is particularly relevant since the presence of a
health technicians is significantly associated with lower
odds of inaccurate reporting of confirmed malaria case
among children aged 1 to <5 years. On the contrary, the
presence of a health technician is significantly associated
with lower odds of inaccurate reporting of confirmed
malaria cases among children aged 0 to <12 months in
HMIS. Another study in Ethiopia [19] has also reported

lower odds of data reporting accuracy in clinics with
a health technician among staff, which may reflect the
positive effect of training, knowledge of importance of
data and clinical experience on data quality as mentioned
elsewhere [13, 19]. Contrary to findings from a study in
Malawi [32], presence of dedicated staff for data manage-
ment at health facilities was associated with higher odds
of data accuracy. Presence of staff dedicated exclusively
to data management can improve data quality over time.
The results show a negative association between stock-
outs of HMIS forms and inaccurate reporting of attend-
ance for malaria. This can be understood by the fact that
health facilities may cope with stock-outs by improvising
their own forms which may be easier to complete than the
original which has a small font size. In addition, to ease their
work, the health facility staff may not have disaggregated the
malaria cases by gender, as required for the original HMIS
form. Similarly, our results show an association between
higher odds of inaccurate attendance reporting and changes
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to the malaria data collection form which disaggregated
data by age group and gender. This new requirement has
been criticized by health centre managers as being difficult
to implement. Others authors have also highlighted the
design of data collection tools as a reason for poor quality
data [12-14]. Others still have gone further, mentioning dif-
ficulties in differentiating suspected and confirmed malaria
cases which may contribute to misreporting of malaria cases
[15, 16]. To tackle the problem of stock-outs of forms, mul-
tiple data collection tools for different partners and errors
related to paper based form, an integrated web-based health
management information system may provide a solution.

Limitations and strengths

The sample, which included all health centres in Massa-
guet, may not be representative of all facilities nationally.
We used data from January—December 2018, which can
represent a limitation since the study’s findings may not
be generalizable over time. However, the reasons for cho-
sen this period were: (i) at the time of ethical approval and
the implementation of the study, the HMIS data for 2019
were not yet validated; (ii) 2018 was a relatively stable year
which can be a good baseline against which any potential
intervention to improve data quality may be compared;
(iii) the time needed for data extraction; (iv) the time
required for additional approval from the national eth-
ics committee; and (v) the need of evidence for decision-
making related to the SMC extension, such that we did
not consider data after 2018. We did not assess the impact
of implementation of free-of-charge care, which may have
increased staff workload [33], and resulting changes in the
data collation process on data accuracy. While this study’s
findings may inform future research on HMIS data ele-
ments in Chad and other countries, the degree to which
our findings are generalizable to other comparable set-
tings is uncertain. However the fact that all type of facili-
ties (public, confessional and community) reporting data
to the HMIS were included is valuable and we are confi-
dent that the findings of this study can help with under-
standing the level of agreement between HMIS data and
facility source documents’ records for the indicators con-
sidered. In terms of theory, this study highlights the usa-
bility of verification factors as tool for assessing internal
consistency of data, particularly in the Chadian context.

Conclusions

We found a high level of completeness of data at the dis-
trict and health centre level while accuracy was low for
all indicators at the health centre level. Low workload,
presence of dedicated staff for data management, train-
ing, and the availability of tools for data collection, were
significantly associated with the accuracy of HMIS data.
Upgrading from paper-based forms to a web-based health
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management information system may provide a solution
for reducing errors in the reporting of health indicators,
and improve the accuracy of data and its potential utility
for decision-making on key malaria control interventions
and their impact evaluations. Such an initiative would be
contingent on sufficient funding and the provision of com-
puters and infrastructure such as electricity and internet
connections. Further efforts are also required to ease the
workload of health facility personnel. Although current
HMIS data can be readily used for assessing the impact of
public health interventions, researchers should consider
the quality of HMIS data and the potential need to adjust
analyses or contextualize results given the greater degree
of inaccuracy during the rainy season. Future research can
assess other dimensions of data governance.
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