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INNOVATIVE MALARIA SURVEILLANCE: FINDINGS FROM PLATEAU
STATE, NIGERIA USING A WEB-BASED SYSTEM
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Jos, Nigeria depend heavily on the specificity and sensitivity of surveillance
DOI: https://doi.org/10.5281/zen0do.17176552 systems. This study aimed to investigate malaria transmission
across an altitudinal gradient in Plateau State, central Nigeria, and
assess the socio-demographic factors influencing malaria
prevalence in both high and lowland communities. A total of 1,700
participants were surveyed from three communities in each of the
highland and lowland regions. Data collected included
demographic information such as age, gender, use of long-lasting
insecticidal nets (LLINS), pregnancy status in women, and malaria
severity. Blood samples (4ml) were collected from participants
using venipuncture, and malaria infection was diagnosed using
microscopy (thick and thin blood smears) and Rapid Diagnostic
Tests (RDTs) to identify Plasmodium species. Real-time
geolocation data, along with socio-economic, health, and
preventative status information, were collected using a proprietary
application (ELDACAP). The results revealed that malaria
prevalence was significantly higher in lowland areas compared to
highland areas. Key predictors of malaria incidence included age,
gender, ITN usage, and the presentation of symptoms. Non-users
of ITNs exhibited a higher malaria prevalence than ITN users.
Additionally, males were found to have a higher frequency of
malaria positivity compared to females, and malaria was more
prevalent among younger individuals than older ones. These
findings highlight the importance of addressing geographic,
cultural, and socio-economic factors in malaria control efforts. In
order to achieve successful malaria eradication in North-Central
Nigeria, interventions must account for geographic differences,
variations in malaria awareness, and the role of asymptomatic
carriers in maintaining transmission.
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INTRODUCTION
Nigeria is one of the countries with the highest malaria morbidity and mortality rate in the world. High risk groups
include children under five years, pregnant women, and those who live at altitude below 1,200 (NMIS & NPC,
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2010). It is evident that malaria transmission varies from one geographical location to the other, depicting risk
differences in the distribution of malaria burden across global, national, and regional areas(Gosoniu et al., 2012)
In addition, other risk factors, notably, practices that influence the transmission of malaria such a behaviour,
demographic and socio-economic factors, are thought to be contributors to the malaria transmission in
communities (Messina et al., 2011). The cases of malaria worldwide, has been steadily increasing by 6% since
2006 (NMIS & NPC, 2010) mainly due to vector and parasite resistance to preventative and treatment methods.
These cases are disproportionately highest in the African region, and Nigeria is one of six countries contributing
about half of the global burden of malaria cases (World Health Organization, 2020).

Plateau state, in north-central Nigeria, consistently records high prevalence of malaria with generalized results
showing variation in terms of frequency and severity between season but not so much on the variation due to
location despite remarkable ecological difference in the different regions of the state (Nanvyat et al., 2017).
Efforts aimed at elimination of malaria in Nigeria are hinged on key global strategies that integrate prompt and
effective case management, intermittent preventive treatment (IPT) of malaria and integrated vector management
(IVM) (NMIS & NPC, 2010). However, a malaria risk mapping and estimate of malaria cases across locations is
important in guiding appropriate and more focused interventions in the control and elimination of malaria using
a reliable and evidence based technology (Adigun et al., 2015). This study was designed to provide evidence of
the real situation of the risk distribution and estimation of malaria in selected communities in highland and
lowland parts of Plateau State, Nigeria.

METHODOLOGY

The study was conducted in the three geopolitical zones in Plateau State: Jos South Local government Area
(8°51'N, 9°45'E) from the northern zone, Pankshin LGA (9°29', 9°18' 42) from the central zone and Shendam
LGA (9°39', 8°48") from the southern zone. These sites represent the two elevation gradients at 1200, 1170, and
200masl, respectively. Three sampling sites within each zone were selected using a simple randomized sampling
technique and one primary health care (PHC) facility was selected in each of the sampling sites. Community
members gathered at the PHCs and were seen by medical officers/physicians, and were afterwards sent to the
laboratory for blood sample collection and investigation. Informed consent was acquired from all respondents.
Blood samples were collected into a 4ml Ethylenediamine tetraacetic acid (EDTA) coated container (Becton
Dickinson, United Kingdom) using a BD Precision Glide™ for venipuncture. Diagnosis of malaria was made for
each participant using Rapid Diagnostic Test kits CareStart™ Malaria HRP2 Pf (Access Bio, New Jersey USA)
and microscopy using thick and thin blood film was made for each patient on a frosted end slide. Thick blood
films were examined to detect the presence of malaria parasites while thin blood films were examined to
determine parasite species. A slide was classed negative after 100 High Powered Films were examined and no
malaria parasites observed. For positive slides, the specific species of the malaria parasite was determined from
the thin slide. In all participants, malaria symptoms were classified as asymptomatic, uncomplicated, or severe
(Bartoloni & Zammarchi, 2012) depending on the degree of debilitation.

Geolocation data, interview records and questionnaires administered in the communities were collected in real
time using a Web-based Malaria Information System (WebMIS) developed at the University of Jos. Details
collected from respondents were age, sex, whether or not they slept under insecticide treated nets (ITN), and
whether or not they were taking antimalarial drugs. In women respondents, they were also asked for pregnancy
status (pregnant vs not pregnant).

Data was analysed using the R software (R Development Core Team, 2019). Chi-square test was used to compare
the number of positive and negative malaria cases across demographic and socioeconomic categories. The
categories were zone, sex, use of insecticide treated nets (ITN), pregnancy status in women, and malaria severity
(asymptomatic, uncomplicated and severe) while adjusting for unbalanced ratio of observations between groups.
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For instance, females outnumbered males by 2:1, therefore, an appropriate adjustment factor was applied when
calculating the expected frequencies.

A logistic regression was then used to test the predictive relationship between malaria incidences (present vs
absent) with the above-mentioned variables.

RESULTS

The malaria parasites detected via microscopy were Plasmodium falciparum, occurring in 94% of the respondents,
and P. ovale occurring in 6% of the respondents. Our results also indicate that Rapid Diagnostic (RDT) test kit
was better at detecting malaria, detecting 197 positive cases, compared to the traditional microscopy which
detected 16 positive cases.

According to the chi-square test, there was significant difference in the incidence of positive and negative malaria
cases between zones, sexes, use of ITN, and pregnancy status (Table 1). While, the number of respondents differed
between zones, proportionately the highest number of positive malaria cases were recorded in the lowland area
of Shendam compared to the two highland areas (Table 1). Males had proportionately more positive cases than
females, those who slept under ITN compared to those who didn’t, as well as in non-pregnant vs pregnant women
(table 1). Based on result of the logistic regression, the factors that significantly determined malaria incidences
were zone, age, sex, and type of malaria symptoms (Table 2). The effect of these factors on malaria incidences
were similar to the results gotten from the chi-square tests. The probability of malaria incidence was significantly
higher at the lower elevation zone compared to the highland sites, males had a higher probability of being infected
compared to females, while the probability of testing positive for malaria was higher among those who did not
sleep under the ITN compared to those who did (Table 2). Results also show that the risk of malaria infection
decreased with age (Table 2; figure 1) but this effect differed between zones with the probability of infection
highest in the lowland area of Shendam and lowest in the highland area of Jos.

Table 1: Chi-square test comparing number of respondents who tested positive or negative for malaria across zone
and socio-demographic categories

Number
Variables Negative (%0) Positive (%) 2 p
O

Zones Jos South 414(92%) 36(8%) 33.55 <0.0001
Pankshin 604(89.7%) 69(10.3%)
Shendam 453(80.9%) 107(19.1%)

Sex Females 1012(89.4%) 120(10.6%) 11.94 0.005
Males 465(83.3%) 93(16.7%)

Slept under ITN
No 598(84.3%) 111(15.7%) 9.85 0.001
Yes 879(89.6%) 102(10.4%)

Pregnant No 1421(87.2%) 209(12.8%) 6.66 0.009
Yes 56(93.3%) 4(6.7%)

Rate of malaria infection was highest in children within the ages of 5-9years (25%), followed by 10-14 years
(23%) and then 15-19 years (9%) with lowest numbers above the 20-years mark (figure 1). However, in the
logistic model, pregnancy status was not a strong predictor of malaria incidence (Table 2). This could be attributed
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to low sample size of pregnant women who tested positive for malaria (n=5), thus low predictive power with
respect to the model.

Table 2: Relationship between malaria incidences with socio-demographic factors at three zones in Plateau State,
Central Nigeria

df Deviance P

2 32.61 <0.001
Zone
Age 1 85.41 <0.001
Sex 1 4.77 0.025
Use of ITN 1 11.07 0.030
Pregnancy status 1 0.94 0.333
Malaria symptoms 2 39.11 <0.001
Zone*age 2 10.96 0.006
Zone*Use of ITN 2 7.55 0.022
Zone*sex 2 2.04 0.359

When examining the link between malaria incidence and exhibition of symptoms, we found that the symptoms
significantly differed with malaria incidence (Table 2).
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Figure 1: Malaria infection by age group at the three study sites in Jos-Plateau, north-central Nigeria
Ninety-eight percent of people who were asymptomatic tested negative for malaria, 89% of people with
uncomplicated malaria symptoms tested positive for malaria, and 50% exhibiting severe malaria symptoms were
negative (Figure 2).
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Figure 2: malaria results (positive vs negative) in relation to severity of the symptoms presented by patients
DISCUSSION

Malaria infection in this study was more prevalent in the lowland part of the State which is characterized by
relatively high temperature and humidity (Nanvyat et al. 2017). The combination of high humidity and
temperature, in addition to other factors, promotes the breeding of mosquitoes contributing to the higher incidence
of malaria in this part of the state. Plasmodium falciparum, the major cause of malaria in Nigeria and currently
detected in this study, is transmitted by female Anopheles mosquitoes. These vector mosquitoes tend to thrive and
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attend high densities in the hot humid tropical weather (Bassey & lzah, 2017; N. Nanvyat et al., 2018). Some
studies conducted in Ethiopia and Rwanda corroborate this finding as malaria prevalence was far higher in the
lowland areas compared to the highland areas (Tesfaye et al., 2011; Woyessa et al., 2012). It is an indication that
prevention activities should focus more in areas with higher number of cases and prevalence such as the southern
zone of Plateau State. In view of the evidence that sleeping under insecticide treated net reduced malaria infection
as observed in this study, the distribution of the nets at high-risk areas to ensure coverage backed by other
integrated vector control measures should be part of malaria control strategies for the state. Since the interaction
between zones and use of ITN was significant, it is an indication that the use of ITN differed between the zones.
This could be due to uneven distribution of ITN between areas or that the compliance in the use of ITN was lower
in some areas compared to others. This highlights the need to include social and cultural studies as part of malaria
eradication strategies as people’s attitudes towards use of ITN could affect malaria eradication measures.

Our analysis also indicated that malaria cases were significantly higher in males than females. This contrasts
findings elsewhere that malaria cases are more severe in females (Jenkins et al., 2015). Studies in Kenya reported
malaria infection to be higher among females (Jenkins et al., 2015). Higher prevalence of malaria among men is
not surprising, considering the cultural context in Nigeria. Men typically have separate quarters from women and
the household members most likely to sleep under a net would be women and children. Also, the outdoor nature
of men particularly their participation in outdoor activities such as farming, community gathering, even leisure
and social activities, could be possible contributors to higher infection rate among the males.

Our results indicate that the malaria symptoms exhibited by respondents did not always reflect the status of
malaria infection. Many of the sampled people who were asymptomatic tested positive for malaria. These
asymptomatic populaces could serve as malaria parasite reservoirs, maintaining the infection within the
population, thus making complete eradication of malaria problematic. Asymptomatic carriers of the parasite can
contribute to the spread of the disease if not given attention in the current elimination strategies.

Conclusion

Malaria eradication strategies should take into account geographic differences in malaria risk as well as gender
roles and cultural norms as contributing factors. In the past, emphasis was placed on the prophylactic treatment
of malaria in children as the high-risk group; but increased records of parasitaemia among adult populations
indicates that such strategies must be in cooperated across all age groups. The presence of asymptomatic carriers
also emphasizes the need for this strategy into malaria eradication strategies.
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