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Abstract

Objectives: To quantify the prevalence of Plasmodium species and transmission patterns of human malaria in the highland
and lowland areas of Plateau State, Nigeria. Methods/Statistical Analysis: Malaria prevalence studies were conducted
from November, 2015 through to October, 2016. Microscopic examination using thin and thick blood smears was employed.
Determination of malaria parasite presence and Plasmodium species identification was carried out using X100 objectives
under oil immersion. Chi square (x?) statistics was used to test statistical significance of the relationship between sex,
age and occupation. Findings: The results show the overall prevalence of malaria infection in the study area was 48.1%.
The most prevalent malaria parasite recorded in this study was Plasmodium falciparum (94.1%). This was followed by
Plasmodium malariae (5.9%). Sex related prevalence by LGA show that infection did not differ significantly in all the LGAs
(P> 0.05) except in Barkin Ladi LGA where males had significantly higher infection than females (P< 0.05). Prevalence
of malaria parasites was significantly associated with age in all the LGAs (p<0.05) except for Jos-North LGA (p>0.05). In
these LGAs, infection was highest in age-group 5-9 and 6-14 years with the lowest infection recorded in age-group 35
years and above. Prevalence of Plasmodium infection differs significantly by occupation in all the LGAs (p< 0.05) except
for Jos-North LGA (p> 0.05). Transmission occurred all year round. In the highlands, transmission peaked in June whereas
in the lowlands, it peaked in July. The variation in transmission patterns observed in this study will be informative in
planning programmes geared towards controlling the disease. Application/Improvements: This study has provided a
better understanding of the epidemiology of malaria in Plateau state which will help in formulating specific and efficient
intervention strategies.
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1. Introduction

Malaria is a complex disease caused by parasites of the
genus Plasmodium. This is a serious disease and still
remains a public health concern around the globe espe-
cially in Nigeria where the disease is responsible for
enormous cases of morbidity and mortality in many parts
of the country.

*Author for correspondence

According to! an estimated 429,000 deaths and about
212 million reported cases of malaria were reported
worldwide in 2015, with majority of these reported cases
and mortality occurring in World Health Organization
African region (90%).

Concerted efforts have been made over the years in
the areas of drug development, diagnosis and control
measures to eliminate and eradicate the disease. As a
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result, out of the ninety-one countries that still had con-
tinuing malaria transmission in 2015, about forty were
reported to have witnessed a reduction of about 40%
or more reported number of deaths that resulted from
malaria between 2010 and 2015

The highest burden of reported malaria mortality
world-wide is in sub- Saharan Africa. Nigeria together
with Congo DR accounted for about 36% of the global
malaria mortality in 2015". It was estimated in 2015 that
about 97% Nigerians are exposed to the danger of con-
tracting malaria with the disease being the primary cause
for about 60% outpatient attendance at various health
centres, 30% childhood death, 25% of death in children
under one year and 11% maternal mortality making
malaria the most important cause of mortality among
children?.

The determination of the endemic level of human
malaria infection in populations exposed to the disease is
very essential in order to formulate specific and appropri-
ate intervention strategies.

Although many studies have recorded prevalence of
malaria across Nigeria, such studies focused only on spe-
cific groups such as children, asymptomatic individuals
and pregnant women or they were cross-sectional sur-
veys that cover just one or two months in a year*£. There
remains paucity of information on studies that estimate
parasite prevalence amongst all age groups and all year-
round. Malaria transmission can occur all year round
or in certain months of the year. Knowledge of malaria
transmission pattern in every epidemiological setting is
essential for appropriate selection and planning of inter-
vention strategies and monitoring.

The current study was designed to estimate the preva-
lence of malaria in all individuals presenting with clinical
symptoms of the disease such as fever in the general hos-
pitals of the selected local government areas of Plateau
state, North- Central Nigeria for a complete year from
November 2015 to October 2016.

2. Materials and Methods

2.1 Research Design

Malaria prevalence study was conducted for a full year
beginning from November, 2015 through to October,
2016. Microscopic examination using thin and thick
blood smears was used for the prevalence study.
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2.2 The Study Area

Plateau state is located in the North-Central geopoliti-
cal zones of Nigeria. Plateau state lies between latitudes
80°24’N and longitudes 80°32’ and 100°38’ east with a cli-
mate that is define by two seasons. The rainy (wet) season
run from April to September whereas the dry season starts
from October to March. The study was conducted in three
selected Local Government Areas (LGAs) each from the
highlands: Bassa, Jos-North and Barkin-Ladi (altitudes >
1,200m above sea level) and lowlands: Langtang-North,
Mikang and Shendam (altitudes <300m above sea level)
areas in Figure 1.
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Figure 1. Map of Plateau State Showing Study Areas.

2.3 Sampling/ Sample size determination

Individuals who presented with clinical symptoms of
malaria were recruited for the study. Blood sample col-
lection was from participants of both sexes and ages.
Sampling was carried out twice every month from
November 2015 to October 2016.
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The sample size for each study site was derived using
an anticipated population proportion of 50%, confidence
level of 95% and absolute precision of 5 percentage point.
The sample size was calculated using the following for-
mula adopted from*:

' xP-P}

This gives an approximate sample size of 384 partici-
pants for each of the study sites. This gave a sample size of
at least 1,152 individuals for the entire study.

2.3 Blood collection, preparation and
parasites identification

n= d3 Standard methods described by'® were used.

The dried slides were packed carefully in sturdy slide
boxes in the field biweekly and transported to the medical
parasitology laboratory for examination.

Where n is the minimum sample size, P is the
anticipated population proportion and d is the absolute
precision at 5 percentage point (0.05).

Table 1. Overall malaria prevalence due to Plasmodium species in LGAs

LGAs No. Screened | No. Infected | P. falciparum (%) | P. malariae (%)

Bassa 364 222 204 (91.9) 18 (8.1)

Jos-North 410 200 190 (95.0) 10 (5.0)

Barkin Ladi 405 188 180 (95.8) 08 (4.2)

Langtang- 410 211 202 (95.7) 09 (4.3)

North

Mikang 412 192 177 (92.2) 15 (7.8)

Shendam 400 141 133 (94.3) 08 (5.7)

Total 2401 1154(48.1) | 1086 (94.1) 68 (5.9)
Table 2. Sex-related malaria prevalence in different LGAs

Sex/LGAs No. Screened No. infected | Percentage (%) | P value

Bassa

Male 146 93 63.7

Female 218 129 59.2 0.386

Jos-North 189 90 47.6

Male

Female 221 110 49.8 0.386

Barkin Ladi 147 83 56.5

Male

Female 258 105 40.7 0.002

Mikang 170 74 435

Male

Female 242 118 48.8 0.295

Langtang-North 140 69 49.3

Male

Female 270 142 52.6 0.525

Shendam 164 54 32.9

Male

Female 236 87 36.9 0.418

Total

Male 956 463 48.4 0.624

Female 1445 691 47.8

TOTAL 2401 1154 48.1
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To ensure quality assurance, a second microscopic
examination was carried out with the assistance of quali-
fied and experienced malaria microscope specialists. The
second microscopist was blinded to the results of the first
reading. All positive and 10% of negative slides were reread.

2.4 Eligibility criteria
Participation in this study was open to individuals of
all ages and sexes who consented to participate in the

study. Individual who participated in the study signed an
informed consent form (Appendix I)

2.5 Ethics consideration

The study protocol received approval (PSSH/ADM/ETH.
C0/2015/004 and PSSH/ADM/ETH.CO/2016/003) from
the Plateau State Specialist Hospital Health Research
Ethics Committee (Appendices II&III). Verbal and writ-
ten informed consent to participate in the study were
sought from all eligible participants older than eighteen
years of age or from the parents of participants who were
of ages 0-17 years(minors).

2.6 Data Analysis

Data collected were thoroughly cleaned for errors, com-
pleteness and consistency checks. Information collected
were entered into excel spread sheet for storage and were
later fed into in STATA statistical software for the analysis.

3. Results

3.1 Plasmodium species composition and
prevalence in Plateau state

The distribution of Plasmodium species identified among
study participants in the study areas are shown in Table
1. A total of 2,401 males and females aged one year
and above were screened for Plasmodium species from
November, 2015 to October, 2016. The overall prevalence
of malaria infection in the study area was 48.1%.
Chi-square analysis demonstrated a significant differ-
ence y*=13.1, P = 0.004 (p< 0.05) between P. falciparum
and P. malariae occurrence in all the LGAs. P, falciparum
was the most prevalent species accounting for 94.1% of

Table 3. Age group related malaria prevalence in different LGAs

LGA Mikang Langtang North | Shendam Bassa Jos-North Barkin Ladi

Age No. | No. | % No. | No. | % No. | No. No. | No. | % No. [No. | % | No. | No. |%
Group Scr. | Inf Scr. | Inf Scr. | Inf Scr. | Inf Scr. | Inf Scr. | Inf

<5 59 |31 52.5 | 31 21 [ 67.7 |34 16 471 |62 |48 |774 |69 |39 |565(37 (22 |59.5
5-9 34 15 |44.1 |33 |26 |788 |24 08 333 |25 |20 |[80.0 |32 13 |40.6 46 |24 |52.2
10-14 15 12 [ 80.0 |36 |27 |750 |38 20 52.6 |23 15 652 |59 |31 52.5|35 18 |51.4
15-19 31 21 67.7 | 46 33 71.7 | 47 19 40.4 | 17 11 64.7 | 21 08 38.11| 39 19 | 48.7
20-24 40 28 70.0 | 40 25 62.5 | 53 24 453 | 19 12 63.2 | 26 13 50.0 | 51 21 41.2
25-29 43 |30 |[69.8 |59 |35 |593 |41 14 342 |41 |29 |70.7 |45 |24 |533|57 |27 |474
30-34 37 09 243 | 32 13 40.6 | 28 03 10.7 | 40 22 55.0 | 35 15 429 | 36 17 | 47.2
35-39 41 17 | 41.5 | 30 10 33.3 | 38 03 7.9 27 17 [63.0 | 33 14 |42.4 |35 13 37.1
40-44 23 11 (478 |20 |03 15.0 | 50 17 340 |19 |09 474 |20 11 55.0| 19 11 57.9
>45 89 18 20.2 | 83 18 21.7 | 47 17 36.2 | 91 39 1429 |70 32 45.7 | 50 16 32.0
TOTAL 412 [ 192 | 46.6 | 410 | 211 | 51.5 | 400 | 141 | 35.3 | 364 | 222 | 61.0 | 410 | 200 | 48.8 | 405 | 188 | 46.4
(pValue) | 0.001 0.001 0.001 0.001 0.076 0.0306

No. Scr. = Number screened, No. Inf. = Number infected, % = Percentage of number infected
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Table 4. Occupation-related Malaria prevalence in different LGAs

Occupation No. Screened | No. Infected | Percentage (%) i P value
Langtang-North

Student 128 93 72.7 0.000
Farmer 217 85 39.2

Civil servant 10 03 30.0

Traders 10 03 30.0

Mikang 0.004
Student 93 57 61.3

Farmer 237 96 40.5

Civil servant 09 03 33.3

Traders 06 01 16.7

Shendam 0.027
Student 124 52 41.9

Farmer 212 65 30.7

Civil servant 14 13 214

Traders 14 03 21.4

Bassa 0.008
Student 62 44 71.0

Farmer 211 120 56.9

Civil servant 17 06 35.3

Traders 07 03 429

Jos-North 0.550
Student 109 50 459

Farmer 175 84 48.0

Civil servant 23 09 39.1

Traders 25 14 56

Barkin Ladi 0.129
Student 122 60 49.2

Farmer 227 102 449

Civil servant 07 01 14.3

Traders 06 01 16.7

Total 2401 1154 48.1

the diagnosed cases in all the LGAs with P. malariae only
accounted for 5.9% of the total malarial cases in the study
sites.

3.2 Malaria prevalence by sex in Plateau
state

The prevalence of malaria in relation to sex is shown
in Table 2. The infection was slightly higher in males
691(48.4%) compared to females 463(47.8%). Chi square
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test show that the overall differences between sexes was
not significant (p>0.05). Sex related prevalence by LGA
shows that infection did not differ significantly in all the

3.3 Age-group related malaria prevalence in
different LGAs
In Langtang-North, Mikang, Shendam, Bassa and Barkin

Ladi LGAs, Chi square test show that malaria prevalence
was significantly associated with age ((X°,, 77.67, P=
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0.001), (XZ(Q) 63.99, P=0.001), (Xz(g) 29.95,P=10.001), (x* ©
27.30, P= 0.001) and (X2(9> 10.56, P= 0.306)) respectively.
The prevalence was however not significantly associ-
ated with age in Jos-North LGA (¥ 0 29.95, P= 0.076) as
indicated in Table 3. In Langtang-North and Bassa LGA,
prevalence was highest in the age group 5-9 years. It was
lowest in those aged between 40-44 years in Langtang-
North and age groups 245 years in Bassa. In Shendam
and Mikang LGAs, the highest infection was recorded in
age groups 10-14 years with the lowest in age group 35-39
years and age groups 245 years respectively. Whereas in
Barkin Ladi LGA, the highest infection was recorded in
age groups 5 years old and below with the lowest in age
group 45 years and above.

3.4 Occupation-related malaria prevalence
in different LGAs

Prevalence of Plasmodium infection differs significantly
by occupation in Langtang-North, Mikang, Shendam
Bassa and Barkin Ladi LGAs, ((X2(3) 49.46, P=0.001), (X2(3)
15.26, P= 0.004), (x* 3 10.99, P= 0.027), (Xz(s) 13.93, P=
0.008) and (x* @ 714, P= 0.0129) respectively. This was
however not significant in Jos-North LGA (x* , 3.04, P=
0.550) as indicated in Table 4. Infection was highest in stu-
dents in both LGAs. The lowest prevalence was recorded
in traders (those involved in buying and selling fulltime)
and Civil servants (All full time government employees)
in all the LGAs.

3.5 Monthly malaria transmission pattern in
the highlands and Lowlands.

The highest malaria prevalence in the highlands was
observed in June with the lowest in December. Whereas
in the lowlands, the highest prevalence was observed in
July with the lowest in February.

Malaria cases were more prevalent during the rainy
seasons (May-October) but transmission continues
throughout the year in Figure 2.

4. Discussion

Plasmodium falciparum was the most prevalent malaria
parasite in all the LGAs. The extrinsic incubation period
of P. falciparum is shorter than those of other species. Its
life cycle proceeds without interruption when tempera-
tures are between 16°Cand 32°C™-2. The average monthly
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temperature in the study areas falls within this conducive
range for rapid and uninterrupted P. falciparum devel-
opment thus enhancing transmission. These results are
consistent with those of other findings around the world.
In a similar study in the western highlands of Kenya,?
found equally higher prevalence for P. falciparum and
lower prevalence for P. malariae. In other related studies,
1 in Ethiopia and®™ in Yemen have also recorded higher
prevalence of P. falciparum compared to other species. In
Nigeria, related studies*!*!” have also shown that P. falci-
parum is the most common species.
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Figure 2. Malaria transmission patterns in the highlands
and lowlands.

The study findings show that there was variation in
malaria prevalence according to sex in all the study LGAs.
But over all this do not differ significantly except in Barkin
Ladi LGA (p< 0.05). The overall findings indicated that
gender is not a determinant of susceptibility to malaria
infection. Related Studies in Ethiopia'® and Malaysia®®
have found no significant difference in malaria infection
between sexes.

A number of studies in Nigeria have reported that
malaria infection does not differ significantly between
sexes #2222 Tn one of the study sites, Barkin Ladi LGA,
infection was significantly higher in males. This finding
is comparable to studies in India?*** and Nigeria'Z. Most
men in Barkin Ladi LGA work outdoors especially at
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mining sites (kuza) and irrigation farms. Herdsmen in
the LGA are also known to stay late outdoors to watch
over livestock visited the general hospital regularly where
this study was carried out. This means that men in this
study area are at a greater occupational risk of contracting
malaria because these activities occurs during peak biting
times of the female anopheles mosquitoes®.

Age was found to be a significant risk factor for malaria
prevalence in the study area except for Jos-North LGA. In
all the LGAs, the highest infections were recorded between
age groups 5-9 years and 10-14 years with the lowest
observed from ages 35 and above. This variation is an
indication that age-dependent immunity to malaria para-
sites may exist in these LGAs. Adults have demonstrated
natural acquired immunity to plasmodium infection, but
infants and young children, at least occasionally, do not
% Findings in the current study are consistent with pre-
vious studies that have compared data across sites with
different transmission intensities in Sub-Saharan Africa®.
From these studies, it was confirmed that the peak age of
uncomplicated clinical malaria declines with increasing
transmission intensity.

In Nigeria, recent studies conducted among all age
individuals in Lagos and Kaduna States reported high-
est prevalence in age group 5-14 year *Z. Also consistent
with the results in the current study was the results of a
survey conducted in September 2010 in Plateau state” and
a hospital based prevalence study?. They reported highest
prevalence between age groups 5-9 and 10-14 years.

This means that infants and children represent a high
risk group in these LGAs, and intervention strategies can
be targeted at them.

It was also observed that the variation in age group
prevalence in Jos-North was not significant. This is an
indication that age dependent immunity was probably
absent in the study area. The situation in Jos-North could
be attributed to unstable malaria transmission leading to
equal susceptibility to malaria infection. This is a com-
mon feature in highland areas prone to malaria outbreaks.
This agrees with a study elsewhere in the high lands of
western Kenya by'2 They reported no significant associa-
tion between malaria prevalence and age suggesting the
absent of community acquired immunity in their study
locations. Another study in Nigeria has also found the
role of age in malaria prevalence insignificant®.

Occupation-related prevalence differs significantly
in all LGAs except for Jos-North. This demonstrates
that occupation is a significant risk factor for malaria
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parasite prevalence in these LGAs. The highest preva-
lence occurred in students with the lowest occurrence in
civil servants/traders. Related studies have also reported
occupation to be a significant determinant in the disease
distribution in communities*®®. They attributed the sig-
nificant association in these populations to the increase
exposition to the vector of people with certain activities.
Young men who are mostly students have been reported
in some communities in the study areas to have the privi-
lege of staying as late as 19:00GMT swimming in the
rivers /streams before returning home®. Apart from the
late outdoors activities, majority of day schools’ students
wake up early to prepare for school which may include
going to fetch water from rivers/streams. These late and
early outdoors activities have been attributed to increased
malaria incidence in Peru®.

The low prevalence reported in civil servants and trad-
ers is in agreement with similar studies elsewhere**!. Civil
servants and traders are knowledgeable about the causes
and prevention of malaria infection and most of them
can afford buying insecticides, mosquito nets, insecti-
cides treated nets (ITNs) and antimalarial drugs. This is
because having good knowledge about malaria and eco-
nomic status play important roles in malaria incidence.
For instance household incidences of malaria in Nigeria
have been reported to increase with economic status, with
the highest incidence among the least poor®.

The results in this study did not find any statistically
significant association between malaria infection and
occupation in Jos-North LGA. This demonstrates that
occupation is not a risk factor in these populations, even
though occupation has been related to malaria incidence
in other populations>®.

The findings in the present study indicated that
malaria transmissions patterns in the study areas occur
all year round with seasonal variations. The higher trans-
mission in May-October throughout the study period
in all study sites corresponds to the rainy season. This is
plausible because precipitation and temperature are suit-
able for vector breeding (reproduction), their abilities for
the disease transmission and parasite development dur-
ing the same period>*. These findings are consistent
with other related studies around the world. For instance,
in Venezuela, malaria transmission has been reported
to occur throughout the year with a peak in June at the
beginning of the rainy season®. In Ghana and Botswana,
the prevalence of malaria parasites was highest during

Indian Journal of Science and Technology I 7 -



Prevalence of Human Malaria Infection and its Transmission Pattern in the Highlands and Lowlands of Plateau State, Nigeria

the rainy seasons (May-October) although transmission
remained high throughout the year®*.

Low cases of malaria were recorded between
December and February in all the study locations. These
months were usually dry with very low relative humidity
(<50%). This leads to a rapid dry up of mosquitoes breed-
ing sites and increased larval mortality bringing about
decline in vector population®*,

Another important trend observed in this study is
that malaria transmission during the rainy season peak in
June in the highlands and July in the lowlands.

5. Conclusion

The most prevalent malaria parasite recorded in this
study, Plasmodium falciparum is responsible for the most
virulent and fatal form of the disease worldwide. Hence
it occurrence in the present study as the most prevalent
species means concerted efforts must be put in place to
reduce or prevent associated mortality and morbidity.
The identification of the age groups and occupations
with the greatest burden of clinical malaria in Langtang-
North, Mikang, Shendam, Bassa and Barkin Ladi LGAs
would enable interventions to be targeted to those most
vulnerable. This was however not the case in Jos-North
LGA where a higher proportion of the population is at
the risk of infection and clinical disease. Malaria trans-
mission during the rainy season peaked in June in the
highlands and July in the lowlands.

6. References

1. World Health Organisation. World malaria report : Geneva.
2016; 3-186.

2. National Malaria Control Programme (NMCP) [Nigeria]
2015. Available from: http://www.nmcp.gov.ng/. Date
accessed: 20/04/2015.

3. Aina OO, Agomo CO, Olukosi Y, Okoh HI, Iwalokun B,
Egbuna KN. Malariometric survey of Ibeshe community
in Ikorodu, Lagos state: Dry season. Malaria Research
and Treatment. 2013; 2013:1-7. Crossref PMid:23766924
PMCid:PMC3676961

4. Houmsou RS, Amuta EU, Sar TT, Adagba AH. Malarial
infection among patients attending a Nigerian semi-urban
based hospital and performance of HRP-2 pf Rapid diag-
nostic Test (RDT) in screening clinical cases of Plasmodium
falciparum malaria. Translational Biomedicine. 2011;
2(1):1-5.

B ¢ | Voo (32) | August 2017 | www.indjst.org

10.

11.

12.

13.

14.

15.

16.

Nwibari BMW, Yakubu DP, Amadi EC, Nanvyat N. The
impact of socio-cultural and socio-economic activities on
the epidemiology of malaria in Ogoniland, Niger Delta,
Nigeria. Biological and Environmental Science Journal for
the Tropics. 2013; 10(2):178-82.

Kalu MK, Nwogo AO, Nduka FO, Otuchristian G A.
Comparative study of the prevalence of malaria in Aba
and Umuahia urban areas of Abia state, Nigeria. Research
Journal of Parasitology. 2012; 7(1):17-24. Crossref

Noland GS, Graves PM, Sallau A, Eigege A, Emukah E,
Patterson AE. Malaria prevalence, anemia and baseline
intervention coverage prior to mass net distributions in
Abia and Plateau States, Nigeria. BMC Infectious. 2014;
14(1): 168. Crossref PMid:24669881 PMCid:PM(C3994282
Dawaki S, Al Mekhlafi HM, Ithoi I, Ibrahim J, Atroosh
WM, Abdulsalam AM et al. Is Nigeria winning the battle
against malaria ? Prevalence , risk factors and KAP assess-
ment among Hausa communities in Kano State. Malaria
Journal. 2016; 1-14. Crossref

Lwanga SK, Lemeshow S. Sample Size Determination
in Health Studies: A Practical Manual. World Health
Organisation. Geneva. 1991; 1-30.

Cheesbrough M. District laboratory practice in tropical
countries. District laboratory practice in tropical countries
Part 2. Sixth edition. Cambridge University press. 2006; 442
pp- Crossref PMCid:PMC2870630

Detinova T. Age-grouping methods in Diptera of medi-
cal importance with special reference to some vectors of
malaria. Monograph Series World Heal Organisation 1962;
4713-191.

Noden BH, Kent MD, Beier JC. The impact of variations in
temperature on early Plasmodium falciparum development
in Anopheles stephensi. Parasitology. 2009; 6, 111(5):539.
Siteti MC, Injete SD, Wanyonyi W. Malaria parasite species
prevalence and transmission dynamics at selected sites in
the Western highlands of Kenya. CHRISMED Journal of
Heathl Research. 2016; 3(1):45. Crossref

Worku L, Damte D, Endris M, Tesfa H, Aemero M.
Asymptomatic Malaria and Associated Risk Factors among
School Children in Sanja Town, Northwest Ethiopia
LigabawWorku. Journal of Parasitology Research. 2014;
2014: 7. Crossref PMid:24800058 PMCid:PMC3995176
Mohanna MA Bin, Ghouth AS Bin, Rajaa YA. Malaria signs
and infection rate among asymptomatic schoolchildren in
Hajr valley, Yemen. Eastern Mediterrenean Health Journal.
2007; 13(1):35-40.

Agomo CO, Oyibo WA, Anorlu RI, Agomo PU. Prevalence
of malaria in pregnant women in Lagos, South-West
Nigeria. Korean Journal of Parasitology. 2009; 47(2):179-
83. Crossref PMid:19488427 PMCid:PMC2688802

Indian Journal of Science and Technology


https://doi.org/10.1155/2013/487250
https://doi.org/10.3923/jp.2012.17.24
https://doi.org/10.1186/1471-2334-14-168
https://doi.org/10.1186/s12936-016-1394-3
https://doi.org/10.1017/CBO9780511543470
https://doi.org/10.4103/2348-3334.172399
https://doi.org/10.1155/2014/792536
https://doi.org/10.3347/kjp.2009.47.2.179

N. Nanvyat, C. S. Mulambalah, J. A. Ajiji, D. A. Dakul, and M. H. Tsingalia

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Umaru ML, Uyaiabasi GN. Prevalence of Malaria in
Patients Attending the General Hospital Makarfi, Makarfi
Kaduna State, North-Western Nigeria. American Journal of
Infectious Disease and Microbiology. 2015; 3(1):1-5.
Bulcha EN. Prevalence of malaria and its biomedical
knowledge among households in Ayira District, Western
Ethiopia. Haramaya University. 2014; 1-67.

Norhayati M, Rohani AK, Hayati MI, Halimah AS, Sharom
MY, Abidin AH, et al. Clinical features of malaria in Orang
Asli population in Pos Piah, Malaysia. Medical Journal of
Malaysia. 2001; 56(3):271-4. PMid:11732070

Etusim PE, Kalu C, Nduka FO, Kalu EC, Melariri PE,
Nwoke M, Aduaka AC. Studies on the Prevalence of
Malaria Parasite among Children with Splenomegaly in
Aba Metropolis, Abia State, Nigeria. Journal of Medical and
Applied Bioscience. 2013; 5(1):56-66.

Kunihya I, Samaila A, Pukuma M, Qadeer M. Prevalence
of Malaria Infection and Malaria Anaemia among Children
Attending Federal Medical Centre Yola, Adamawa.
International Journal of Engineering and Sciences. 2016;
5(7):8-14.

Prakash APK, Mohapatra DR, Bhattacharyya CK, Sharma
BK, Goswami NH, Prakash JM. Indian Journal of Medical
Research. 2000; 111:121-6. PMid:10935318

National Institute of Malaria Research [India]. Estimation
of true malaria burden in India. Epidemiology. 2009; 91-9.
PMid:19244658

Roll Back Malaria. Gender and Malaria: Available from:
http://www.rollbackmalaria.org/files/files/about/SDGs/
RBM_Gender_Fact_Sheet_170915.pdf. Date
20/04/2017

Doolan DL, Doba-o C, Baird JK. Acquired immunity to
Malaria. Clinical Microbiology Reviews. 2009; 22(1):13-36.
Crossref PMid:19136431 PMCid:PMC2620631

Carneiro I, Roca-Feltrer A, Griffin JT, Smith L, Tanner M,
Schellenberg JA, et al. Age-patterns of malaria vary with
severity, transmission intensity and seasonality in sub-

accessed:

Saharan Africa: A systematic review and pooled analysis.
PLoS One. 2010; 5(2):1-10. Crossref PMid:20126547
PMCid:PMC2813874

Okoli C, Solomon M. Prevalence of Hospital-Based
Malaria among Children in Jos, North Central Nigeria.
British Journal of Medicine and Medical Research. 2014;
4(17):3232-7. Crossref

Robert V, Macintyre K, Keating ], Trape JE, Duchemin JB,
Warren M, et al. Malaria transmission in urban sub-Saha-
ran Africa. American Journal of Tropical Medicine and
Hygiene. 2003; 68(2):169-76. PMid:12641407

Nanvyat N, Dakul DA, Mwansat GS. Schistosomiasis in
Ndinjor district of Langtang north local government area

Vol 10 (32) | August 2017 | www.indjst.org

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

of Plateau State, Nigeria. Nigerian Journal of Parasitology.
2011; 32(2):209-13.

Roper MH, Carrion Torres RS, Cava Goicochea CG,
Andersen EM, Aramburd Guarda JS, Calampa C, et al.
The epidemiology of malaria in an epidemic area of the
Peruvian Amazon. American Journal of Tropical Medicine
and Hygiene. 2000; 62(2):247-56. Crossref PMid:10813480
Inchana W, Kamchoo K, Wetasin K. Factors Associated
with Malaria Infection in Vibhavadi District, Surat Thani
Province, Southern Thailand. Journal of Tropical Medicine
and Parasitology. 2013; 36(2):49-57.

Onwujekwe O, Hanson K, Fox-Rushby J. Inequalities in
purchase of mosquito nets and willingness to pay for insec-
ticide-treated nets in Nigeria: challenges for malaria control
interventions. Malaria Journal. 2004; 3(6):1-8.

Nwuzo AC, Ogbu O, Iroha IR, Afiukwa FN, Ominyi MC,
Uhuo AC, Ogbanshi ME. The rate of distribution of malaria
(Plasmodium falciparum) among HIV positive individuals
visiting Saint Theresa ‘ s Hospital Abakpa Nike Enugu, .
European Journal of Experimental Biology. 2013; 3(5):516-
20.

Apiwathnasorn C. Climate Change and Mosquito Vectors.
Journal of Tropical Medicine and Parasitology. 2012;
35(2):78-85.

Magris M, Rubio-Palis Y, Menares C, Villegas L. Vector
bionomics and malaria transmission in the Upper Orinoco
River, Southern Venezuela. Mem Inst Oswaldo Cruz. 2007;
102(3):303-11. Crossref PMid:17568935

Dery DB, Brown C, Asante KP, Adams M, Dosoo D,
Amenga-etego S, et al. Patterns and seasonality of
malaria transmission in the forest-savannah transitional
zones of Ghana. Malaria Journal. 2010; 9:1-8. Crossref
PMid:21054895 PMCid:PMC2989982

Chirebvu E, Chimbari MJ, Ngwenya BN, Sartorius B.
Clinical Malaria Transmission Trends and Its Association
with Climatic Variables in Tubu Village, Botswana: A
Retrospective Analysis. PLoS One. 2016; 11(3):0139843.
Crossref PMid:26983035 PMCid:PMC4794139

Koenraadt CJ, Paaijmans KP, Githeko AK, Knols BG,
Takken W. Egg hatching, larval movement and larval
survival of the malaria vector Anopheles gambiae in des-
sicating habitats. Malaria Journal. 2003; 2(20):1-9.
Oyewole 10, Awolola TS, Ibidapo CA, Oduola AO, Okwa
OO, Obansa JA. Behaviour and population dynamics of
the major anopheline vectors in a malaria endemic area in
southern Nigeria. Journal of Vector Borne Diseases. 2007;
44(1):56-64. PMid:17378218

Indian Journal of Science and Technology I 9 -


https://doi.org/10.1128/CMR.00025-08
https://doi.org/10.1371/journal.pone.0008988
https://doi.org/10.9734/BJMMR/2014/8068
https://doi.org/10.4269/ajtmh.2000.62.247
https://doi.org/10.1590/S0074-02762007005000049
https://doi.org/10.1186/1475-2875-9-314
https://doi.org/10.1371/journal.pone.0139843

