
Heliyon 5 (2019) e02280
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.heliyon.com
Malaria burden and pre-hospital medication among subjects with malaria in
Maiduguri, Northeast Nigeria

Sulayman T. Balogun a,*, Umar K. Sandabe b, Kenneth O. Okon c, Ayodele O. Akanmu a,
Fatai A. Fehintola d

a Department of Clinical Pharmacology and Therapeutics, Faculty of Basic Clinical Sciences, College of Medical Sciences, University of Maiduguri, PMB 1069, Maiduguri,
Nigeria
b Department of Veterinary Physiology and Biochemistry, Faculty of Veterinary Medicine, University of Maiduguri, PMB 1069, Maiduguri, Nigeria
c Department of Laboratory Services, Federal Medical Centre, Makurdi, Benue State, Nigeria
d Department of Pharmacology and Therapeutics, Faculty of Basic Medical Sciences, College of Medicine, University of Ibadan, Ibadan, Oyo State, Nigeria
A R T I C L E I N F O

Keywords:
Infectious disease
Public health
Malaria
Burden
Pre-hospital medication
Nigeria
Maiduguri
* Corresponding author.
E-mail address: stbalogun@hotmail.com (S.T. Ba

https://doi.org/10.1016/j.heliyon.2019.e02280
Received 31 January 2019; Received in revised for
2405-8440/© 2019 Published by Elsevier Ltd. This
A B S T R A C T

The study re-visited malaria burden and pre-hospital medication among malarious subjects in Maiduguri,
Northeast Nigeria. A total of 1,657 febrile subjects were screened for malaria by microscopy at two health in-
stitutions. Giemsa-stained blood smears were examined for parasitaemia and gametocytaemia; and parasite
density (PD), gametocyte density (GD) and gametocyte sex ratio (GSR) were determined. The mean age of the
1,657 subjects was 27.5 � 12.2 years and 7.8% (130/1,657) of the subjects aged <5 years. Sex distribution
showed 47.0% (778/1,657) males and 53.0% (879/1657) females. Parasitaemia was recorded in 22.6% (375/
1,657) with geometric mean PD of 8,925 (320–275,000) parasites/μl blood. The prevalence of parasitaemia was
highest among subjects <5 years (χ2 ¼ 401.1; df ¼ 5; p < 0.0001) and in August and September (χ2 ¼ 406.9; df ¼
11; p < 0.0001). Prevalence of gametocytaemia was 12.8% (48/375) with geometric mean GD of 109 (8–464)
gametocytes/μl blood. The prevalence was higher in dry (16.5%, 29/176) than wet (9.5%, 19/199) months (χ2 ¼
4.0; df ¼ 1; p ¼ 0.045). The weighted mean GSR was 0.4 � 0.1 with highest value in March (0.7 � 0.2). Pre-
hospital medication was recorded in 74.1% (278/375) of the subjects with parasitaemia. Analgesics (51.7%;
194/375) accounted for the highest proportion of drug consumed while 9.3% (35/375) of the subjects took
antimalarial drugs. Malaria persisted in Maiduguri especially among subjects <5 years during wet months and
pre-hospital medication is a common practice. These findings could serve as guide for policy decision that could
contribute to effective treatment and control of malaria in the region.
1. Introduction

Malaria persistently affects public health and health policies espe-
cially in sub-Saharan Africa and Southeast Asia that are most hit by the
burden. In 2016, 216 million malaria cases were reported with 445,000
deaths as against 217 million cases and 487,000 deaths reported in 2012.
About 90% of the morbidity and 91% of the mortality were from Africa
(WHO, 2018) where malaria is largely caused by Plasmodium falciparum
(WHO, 2017). Meanwhile, few cases of other species (P. ovale, P. vivax
and P. malariae) have been reported (Poirier et al., 2016; Ruas et al.,
2017). Malaria disproportionately affects individuals of all ages, though
children under five years bear the worst burden due to their relatively
minimal previous malaria experience (WHO, 2005; Todd et al., 2007).
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The interventional strategies deployed to mitigate the burden of
malaria include prophylactic [e.g. intermittent preventive therapies
(IPTs) and seasonal malaria chemoprevention (SMC)] (WHO, 2013);
therapeutic [e.g. artemisinin combination therapies (ACTs)] (WHO,
2015) and control (insecticide-treated nets, indoor and outdoor spraying)
measures (WHO, 2006; Roberts and Mayon-White, 2015). In 2016 alone,
the cumulative efforts to curb the persisted burden of malaria gulped an
estimated sum of USD 1.7 trillion globally (WHO, 2017). The cornerstone
of effective treatment and control of malaria is ACTs that provide ther-
apeutic options such as artemether-lumefantrine (AL),
artesunate-amodiaquine (AA) and dihydroartemisinin-piperaquine
among others (WHO, 2015). ACTs have significantly contributed to the
fight against malaria since it was introduced in 2001 (WHO, 2001) and
ust 2019
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adopted by many countries including Nigeria in 2005 (FMH, 2005).
Malaria transmission occurs all year round in Nigeria with variation

in transmission intensity across the regions due to climate diversity
(NPC/NMCP/ICF, 2012). In 2016, Nigeria accounted for 27% and 24% of
malaria morbidity and mortality, respectively (WHO, 2017) making her
the leading contributor to global malaria burden. AL and AA were
adopted as first- and second-line drugs for malaria treatment in Nigeria
(FMH, 2005) and they are readily available and widely used across the
country. Maiduguri is the largest and most populous city in Northeast
Nigeria with population of 736,696 people as at 2006 (NPC, 2006) and
seasonal malaria transmission. However, the population has increased
exponentially due to influx of people displaced by persisted armed con-
flict in the region. This could have worsened the burden of malaria and
other communicable diseases in the region. The available epidemiolog-
ical data on malaria burden in Maiduguri (Salako et al., 1990) predated
ACTs. Most of the relatively recent studies focused on specific cohorts
(e.g. pregnant women and children) and were conducted over short
period (Bako et al., 2009; Balogun et al., 2010, 2016; Kokori et al., 2013).
Thus, there is dearth of robust epidemiological data on malaria burden in
Maiduguri. In addition, pre-hospital medication is a common phenome-
non among febrile patients (Fehintola and Balogun, 2010; Balogun et al.,
2010). ACTs are readily available in Maiduguri partly due to free pro-
vision by governmental and non-governmental organizations and this
could predispose the drugs to irrational consumption.

To this background, the present study re-visited malaria burden in
Maiduguri in all ages and assessed pre-hospital medication among ma-
larious subjects. This study is the first of its kind in recent time and
provided scientific evidence that could guide polices on malaria in the
region.

2. Materials and methods

2.1. Study area and population

The study was conducted at University of Maiduguri Teaching Hos-
pital (UMTH) and University of Maiduguri Medical Centre (UMMC),
Maiduguri, Borno State, Nigeria with subjects drawn from Maiduguri.
Maiduguri, the capital of Borno State, is the largest city in Northeast
Nigeria located on latitude 11o400N – 11o440N and longitude 13o050E –

13o140E with land area of 300 km2 and estimated population of over one
million people due to influx of people displaced by persisted armed
conflict (WPR, 2018). The inhabitants are predominantly Kanuri; other
ethnic groups are Babur, Bura, Marghi, Shuwa, Hausa, Fulani, Yoruba
and Igbo among others. The major economic activities of the people
include farming, livestock keeping, trading, fishing, artisanship and civil
service. The climate is characterized by a harmattan or cool-dry season
(October–February), hot season (March–May/June) and a rainy season
(June or July–September) [Waziri, 2009]. Sanitation provision in
Maiduguri is grossly deficient with poor drainage system, inadequate
portable water, unhealthy waste disposal system and presence of stag-
nant water around households (Jimme et al., 2016; Mukhtar and Akpan,
2018). The healthcare facilities in Maiduguri comprise primary (e.g.
UMMC), secondary and tertiary health institutions (e.g. UMTH). The
average annual rainfall is 562 mm and the average annual climatic
temperature is 26.9 �C (average high is 34.7 �C and average low is 19.1
�C) [WCH, 2018]. Relative humidity varies throughout the year, ranging
from 15% in March to 72% in August (Weather2, 2018). Malaria is
mesoendemic in Maiduguri with seasonal transmission of 4–6 months
during the raining season (NPC/NMCP/ICF, 2012) and a reported prev-
alence of 35.6% (Ayanugwo and Kalu, 1997).

2.2. Study design and subjects enrolment

The study was a cross-sectional prospective study aimed at evaluating
the burden of malaria among the general population and pre-hospital
2

medication among malarious subjects in Maiduguri. Febrile subjects
and subjects with history of fever, who were presented at UMTH and
UMMC between May, 2011 and November, 2012 were enrolled
following informed consent obtained from the subjects or the caregivers
where applicable. Concise demographic and medical records of the
subjects were obtained using standard case record form and they were
subjected to comprehensive physical examination by the clinicians. The
data obtained included age, sex, duration of illness, axillary temperature
and pre-hospital medication. The detail of the study was clearly
explained to the subjects before enrolment and they were assured of the
confidentiality of the information provided. Subjects with obvious
danger signs were excluded from the study. The ethical approval was
obtained from Research Ethics Committee, UMTH.
2.3. Laboratory investigations

Giemsa-stained thick and thin blood smears were prepared from
finger-pricked blood samples of all enrolled subjects as described by
WHO (2003). The thin smears were used for identification of Plasmodium
species while the thick smears were used for qualitative and quantitative
assessment of malaria asexual parasitaemia and gametocytaemia. Para-
site (asexual) and gametocyte densities were estimated according to
WHO protocol (WHO, 2005). Smears were declared negative when no
parasite or gametocyte was found after viewing 100hpf by two inde-
pendent assessors (STB and JJ).

Malaria parasitaemia, defined as presence of asexual or/and sexual
stage of malaria parasite in peripheral blood, was estimated by counting
asexual stage parasites relative to 200 leukocytes. Gametocytaemia,
defined as presence of sexual (gametocyte) stage of malaria parasite in
peripheral blood, was estimated by counting sexual stage parasite against
1000 leukocytes. The parasite and gametocyte densities were calculated
assuming a leukocyte count of 8000 cells/μl blood using the formulae
below (WHO, 2003):

Parasite Density ðasexual parasites=μl bloodÞ

¼ Number of Asexual Parasites
200 Leukocytes

� 8; 000

Gametocyte Density ðgametocytes=μl bloodÞ

¼ Number of Gametocytes
1; 000 Leukocytes

� 8; 000

Gametocyte sex ratio (GSR), defined as the proportion of gametocytes
in peripheral blood that were male (Pickering et al., 2000; West et al.,
2001), was determined if the gametocyte density was at least 24 game-
tocytes/μl blood. The gametocytes were sexed into microgametocyte
(male) and macrogametocyte (female) using the features described by
Robert et al. (1996) and the GSR determined using the formula below:

Gametocyte Sex Ratio ¼ Number of Microgametocytes
Total Number of Gametocytes

In addition, haematocrit value was established for all subjects using
microhaematocrit method as described by Cheesbrough (2000) and the
proportion of the subjects with anaemia (haematocrit <30%) was
determined.
2.4. Treatment of the subjects

Subjects with malaria parasitaemia were re-evaluated and those who
met the inclusion criteria were enrolled into an antimalarial efficacy
study (results are presented elsewhere) while others were treated with AL
as prescribed by WHO (2015). Non-parasitaemic subjects were referred
for further laboratory and clinical examinations and they were treated
accordingly.
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2.5. Data analyses

Data generated from the studies were analyzed using SPSS version
16.0 (SPSS Inc., USA). Proportions were compared by Chi Square with
Yates’ or Fisher exact tests, correlation was assessed by Pearson test while
means were compared by analysis of variance (ANOVA). Significance
was inferred if p < 0.05.

3. Results

3.1. Demographic and clinical characteristics of the subjects

The demographic characteristics of the 1,657 subjects screened dur-
ing the study are presented in Table 1. Themean age�standard deviation
(range) of the subjects was 27.5 � 12.2 (4.0–72.0) years with subjects
aged <5 years accounted for 7.8% (130/1,657). Symptomatic subjects
with malaria parasitaemia were significantly younger (p < 0.0001) and
had lower haematocrit level (p ¼ 0.023) than symptomatic non-
parasitaemic subjects. In addition, 18.5% (307/1,657) of the subjects
were anaemic at enrolment and this cohort was higher among para-
sitaemic than non-parasitaemic subjects (p ¼ 0.004).
3.2. Burden of parasitaemia in Maiduguri

The prevalence of malaria parasitaemia recorded among the subjects
was 22.6%. This was significantly highest in August (74.0%) and
September (84.2%) [χ2 ¼ 406.9; df ¼ 11; p < 0.0001] (Table 2) and
among subjects aged<5 years (χ2¼ 401.1; df¼ 5; p< 0.0001) [Table 3].
P. falciparum accounted for significantly highest proportion (98.7%; 370/
375) of the infections in Maiduguri (χ2 ¼ 457.9; df ¼ 3; p < 0.0001) as
shown in Fig. 1. The geometric mean parasite density, GMPD (range) of
the parasitaemic subjects was 8,925 (320–275,000) asexual parasites/μl
blood. The GMPDwas significantly highest in subjects screened in August
and September with 22,900 and 27,100 asexual parasites/μl blood,
respectively (χ2 ¼ 401.1; df ¼ 5; p< 0.0001) [Table 2] and subjects aged
<5 years with 11,500 asexual parasites/μl blood (χ2 ¼ 401.1; df ¼ 5; p <

0.0001) [Table 3]. Severe malaria was recorded in 5 of the 375
Table 1
Demographic and clinical characteristics of the subjects screened.

Variable Parasitaemic
Subjects

Non-Parasitaemic
Subjects

All
Subjects

ap-
value

Number (%) 375 (22.6) 1,282 (77.4) 1,657
(100.0)

<

0.0001
Age (years)
Mean � SD 20.1 � 14.5 34.5 � 19.7 27.5 �

12.2
<

0.0001
Range 4.0–62.0 4.0–72.0 4.0–72.0 -
Number <5
(%)

37 (9.9) 142 (11.1) 130 (10.8) 0.571

DOI (Days)
Mean � SD 2.3 � 1.2 2.7 � 1.3 2.8 � 1.3 0.374
Range 1–4 1–6 1–6 -
Number >2
(%)

106 (28.3) 476 (37.1) 582 (35.1) 0.002

Haematocrit (%)
Mean � SD 30.6 � 8.1 32.7 � 9.2 32.6 � 9.2 0.023
Range 27.0–46.0 27.0–48.0 27.0–48.0 -
Number with
<30 (%)

89 (23.7) 218 (17.0) 307 (18.5) 0.004

Sex
Female (%) 206 (12.4) 673 (40.6) 879 (53.0) 0.411
Male (%) 169 (10.2) 609 (36.8) 778 (47.0) -

Temperature (
�
C)

Mean � SD 38.4 � 3.2 38.1 � 3.1 38.5 � 3.2 0.524
Range 36.7–41.3 36.5–40.4 36.5–41.3 -

DOI Duration of illness.
SD Standard deviation.

a Comparison between parasitaemic and non-parasitaemic subjects.
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parasitaemic subjects giving a prevalence of 1.3%. All the cases of severe
malaria were due to P. falciparum, occurred in subject <5 years and had
GMPD above 200,000 asexual parasites/μl blood.

3.3. Burden of gametocytaemia in Maiduguri

The prevalence of gametocytaemia among the 375 subjects with
malaria was 12.8% (48/375). Altogether, subjects in the dry months of
January, February, March, April, May, November and December had
significantly higher gametocyte carriage (16.5 %, 29/176) than subjects
in the wet months of June, July, August, September and October (9.5 %,
19/199) [χ2 ¼ 4.0; df ¼ 1; p ¼ 0.045] (Table 2). The geometric mean
gametocyte density, GMGD (range) of the 48 subjects was 109 (8–464)
gametocytes/μl blood. The GMGD was similar across the months (p ¼
0.10) [Table 2] and among various age groups examined (p ¼ 0.516)
[Table 3]. Of the 48 subjects with gametocytaemia, 11 subjects had pure
gametocytaemia and 37 subjects had both parasitaemia and game-
tocytaemia. The subjects with pure gametocytaemia were older than
those with both parasitaemia and gametocytaemia (p ¼ 0.035). The GSR
was determined in subjects with at least gametocyte density of 24 ga-
metocytes/μl blood and presented in Fig. 2. Overall, 91.2 % (8,435/
9,249 gametocytes) of the total gametocytes counted were sexed in 39
subjects with density �24 gametocytes/μl blood. The weighted mean
GSR in these subjects was 0.4 � 0.1, this was highest and least in March
and July, respectively (Fig. 2). The proportion of subjects with GSR �0.5
was 30.8 % (12/39) and the distribution was similar in the dry and wet
months (χ2 ¼ 2.28; df ¼ 1; p ¼ 0.131).

3.4. Presenting symptoms

The symptoms of malaria parasitaemia were recorded in the 375
subjects and were compared with that of the 1,282 symptomatic non-
parasitaemic subjects. Overall, fever and headache accounted for the
highest proportion of 75.2% (1,246/1,657) and 59.3% (983/1,657),
respectively (χ2 ¼ 133.3; df¼ 8; p< 0.05). The symptoms observed were
similar in the two groups except for body ache (41.1 %; 154/375; p ¼
0.0001) and nausea/vomiting (47.7 %; 179/375; p ¼ 0.0001) which
were higher in parasitaemic subjects (Table 4).

3.5. Pre-hospital medication among the subjects with malaria parasitaemia

Fig. 3 presents the pre-hospital medication among the subjects with
malaria parasitaemia. In all, 74.1% (278/375) of the subjects consumed
at least a medication prior to hospital presentation; 25.5% (71/278) of
this cohort concurrently consumed at least two drugs. In addition, the
pre-hospital medication intake is common among all age groups studied
in the present study (χ2 ¼ 3.72; df ¼ 5; p < 0.073). Analgesics accounted
for the highest proportion (51.7%; 194/375) of drugs consumed (p <

0.001). In addition, only 9.3% (35/375) of the subjects took required
antimalarial medication while 16.0% (60/375) wrongly consumed
antibacterial drugs before hospital presentation. It is noteworthy to state
that significant proportion (22.4%; 84/375) of the subjects consumed
herbal preparations.

4. Discussion

Antimalarial chemotherapy plays significant role in the treatment and
control of malaria with ACTs as the frontline drugs (WHO, 2015).
Reduction in global malaria burden has been reported following adop-
tion of ACTs as first line treatment of uncomplicated malaria. Despite,
many regions especially in sub-Saharan Africa experience persisted
burden of malaria (WHO, 2018). In the present study, the burden of
malaria in Maiduguri, Northeast Nigeria and pre-hospital medication
among malarious subjects were evaluated years after adoption of ACTs in
Nigeria.

In the present study, the prevalence of malaria in Maiduguri remains



Table 2
Monthly burden of malaria in Maiduguri.

Month Number Screened Parasitaemia Gametocytaemia

Number aPOP (%) bGMPD Number cPOG (%) dGMGD

January 217 22 10.0 14,422 2 9.1 124
February 236 20 8.5 22,604 4 20.0 112
March 213 23 10.8 4,517 2 8.7 106
April 254 19 7.5 42,543 5 26.3 122
May 186 25 13.4 117,520 8 32.0 106
June 74 32 43.2 54,909 2 6.3 139
July 69 38 55.1 30,000 2 5.3 142
August 73 54 74.0 12,752 8 14.8 120
September 57 48 84.2 5,924 5 10.4 84
October 76 33 43.4 7,120 2 6.1 68
November 97 32 33.0 7,665 5 15.6 122
December 105 29 27.6 11,538 3 10.3 89
Total 1,657 375 22.6 8,925 48 12.8 109

(p < 0.0001a, < 0.0001b, 037c, and 0.10d).
GMGD Geometric mean gametocyte density (gametocytes/μl blood).
GMPD Geometric mean parasite density (asexual parasites/μl blood).
POG Prevalence of gametocytaemia (expressed as percentage of subjects with parasitaemia).
POP Prevalence of parasitaemia (expressed as percentage of subjects screened).

Table 3
Age distribution of malaria burden in Maiduguri.

Variables Age Groups (years) Total ap-value

<5 5–9 10–19 20–29 30–39 �40

Number Screened 130 276 484 330 255 182 1,657 -
Parasitaemia
Number 102 133 59 31 28 22 375 -
Prevalence (%) 78.5 48.2 12.2 9.4 11.0 12.1 22.6 < 0.0001
GMPD (/μl blood) 11,500 8,702 8,193 7,262 8,549 5,894 8,925 0.037
Minimum PD 2,100 900 388 1,100 820 340 340 -
Maximum PD 275,000 150,000 67,000 100,000 120,000 97,000 275,000 -

Gametocytaemia
Number 9 14 10 6 5 4 48 -
bPrevalence (%) 8.8 10.5 16.9 19.4 17.9 18.2 12.8 0.370
GMGD (/μl blood) 235 98 104 76 77 89 109 0.516
Minimum GD 80 8 8 8 8 24 8 -
Maximum GD 416 464 400 368 376 392 464 -

GD Gametocyte density Gametocyte density.
GMGD Geometric Mean.
GMPD Geometric Mean Parasite density.
PD Parasite density.

a Comparison between age groups using χ2 test (prevalence) and student-t test (GMPD and GMGD).
b Expressed as percentage of subjects with parasitaemia.

98.7

0.5

0.8

0 20 40 60 80 100

P. falciparum

P. malariae

P. ovale

Proportion (%)

seiceps
muid o

msalP

Fig. 1. Proportion of Plasmodium species found in Maiduguri, Nigeria.
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relatively high and the transmission disproportionately occurs
throughout the year. However, the present average prevalence of 22.6%
is about one-third lower (over seven years) than 35.2% and 35.6% re-
ported during pre-ACTs era (Molta et al.,1993; Ayanugwo and Kalu,
4

1997). The pre-ACTs studies were conducted in particular season of the
year while the present study spanned through the year, thus, the low
transmission during the dry months could be partly responsible for the
lower average prevalence recorded in the present study. In addition,
ACTs affect gametocyte generation and could in turn influence malaria
transmission (Bousema et al., 2006; Sowunmi et al., 2007) especially in
areas of low transmission intensity (Nosten et al., 2000). Thus, this
reduction could also be attributed to the impact of ACTs on malaria
transmission in the region as previously modeled by Okell et al. (2008).
The fact that the reduction recorded in our study is lower than the ex-
pected based on impact model (Okell et al., 2008) could be due to con-
current use of sulphadoxine-pyrimethamine (SP) by the subjects and
incomplete coverage of ACTs deployment in the region. SP favours ma-
laria transmission by gametocyte generation (Sowunmi et al., 2009;
Fehintola et al., 2012) and the impact model is based on the assumption
of 100% ACTs coverage (Okell et al., 2008). The highest prevalence
recorded in the months of August and September coincided with the wet
months when mosquitos’ breeding is optimum. This finding is in agree-
ment with previous study that reported seasonal malaria transmission in
Maiduguri (Samdi et al., 2005). The high proportion of falciparum ma-
laria recorded in the present study is similar to that reported by Molta
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Table 4
Presenting symptoms in subjects with and without malaria parasitaemia.

Symptoms Parasitaemic
Subjects (N ¼
375)

Non-parasitaemic
Subjects (N ¼
1,282)

Total (N ¼
1,657)

bp-
value

Frequency (%) Frequency (%) Frequency
(%)

Abdominal
pain

162 (43.2) 542 (42.3) 704 (42.5) 0.796

Body ache 154 (41.1) 388 (30.3) 542 (32.7) 0.0001
Diarrhoea 37 (9.8) 141 (11.0) 178 (10.7) 0.571
Fever 290 (77.3) 956 (74.6) 1246 (75.2) 0.307
Headache 227 (60.5) 756 (59.0) 983 (59.3) 0.632
Nausea/
vomiting

179 (47.7) 398 (31.0) 577 (34.8) 0.0001

Poor
appetite

133 (35.5) 519 (40.5) 652 (39.3) 0.082

Weakness 198 (52.8) 647 (50.5) 845 (51.0) 0.445
Othersa 54 (14.4) 213 (16.7) 267 (16.1) 0.338

N Number.
a Constipation, prostration, fainting, catarrh, herpes labialis and inability to

swallow.
b Comparison between parasitaemic and non-parasitaemic subjects.
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Fig. 3. Pre-hospital medication among the subjects with malaria parasitaemia.
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et al. (1993), thus, it appears the proportion remains constant in two
5

decades. Despite high proportion of P. falciparum in the region, severe
malaria was low (1.3%) and this could be partly attributed to the rela-
tively low parasite density recorded in majority of the subjects who were
mostly adult. The mean duration of illness recorded (2.3 days) is an
indication of timely presentation at the hospital, hence, the low parasite
density.

Gametocyte carriage and gametocyte sex ratio (GSR) are some of the
parasite factors that promote malaria transmission (Price et al., 1999).
There is dearth of scientific data on pre-ACTs gametocyte carriage and
GSR reported from Maiduguri, thus, the present study will complement
the existing data. The present carriage is similar to previously reported
values from the study area (Watila et al., 2006) and other parts of Nigeria
(Sowunmi et al., 2007; Fehintola et al., 2012). However, it is significantly
lower than 26.3% reported from Damboa, a town less than 100km from
the study area (Samdi, 2012). We do not have immediate explanation for
this wide variation within same region, but factors such as age, trans-
mission intensity, parasite density, haematological factors and environ-
mental conditions could have contributed (Drakeley et al., 1999; Price
et al., 1999). The higher gametocyte carriage observed during the dry
months is similar to previous report (Boudin et al., 1991) and could be
survival means by the parasites to circumvent the unsuitable condition.
The pure gametocytaemia observed in some older subjects with minimal
symptoms could be a subtle reservoir of infection. This could contribute
to persisted malaria transmission in the region despite the control mea-
sures. Thus, routine mass screening for malaria and effective treatment
targeting all ages could minimized the transmission impact of this cohort.

The presenting symptoms by the subjects at enrolment in the present
study are consistent with known non-specific nature of malaria symp-
toms which may be easily confused with other febrile illnesses. The WHO
recommended serological and parasitological diagnosis of malaria
(WHO, 2015) may not be readily available in regions with inadequate
technical and financial resources and for children requiring urgent
treatment. Thus, clinical diagnosis based on presenting symptoms be-
comes the only option. In such situation, presentation of body ache and
nausea/vomiting by the subjects may be better indicator of malaria as
observed in the present study. However, this should be done with caution
especially in children since the present study did not evaluate the rela-
tionship between presenting symptoms and age of the subjects.

The present study also examined pre-hospital medication among
subjects with malaria parasitaemia. The high proportion of the subjects
who consumed at least a medication before visiting hospital is an
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indication of irrational drug use across all ages in the population. This
practice could result into unnecessary expenditure on drugs, endanger
the health of the consumers and predispose the drugs to resistance. An-
algesics largely consumed by these subjects have been implicated in
drug-induced nephrotoxicity (Vadivel et al., 2007; Sampathkumar et al.,
2016), thus, the increasing renal disorders seen at UMTH (unpublished
data) may be partly due to analgesics consumption. The fact that sig-
nificant proportion of the subjects consumed herbal preparations is in
accordance with health service seeking pattern across Africa (WHO,
1993). Medicinal plants and herbal preparations with antimalarial ac-
tivities have been well documented (Ene et al., 2010; Adebayo and
Krettli, 2011; Thiengsusuk et al., 2013), thus, the herbal preparations
consumed by these subjects could have halted the disease progression.
However, gametocyte carriage recorded in numbers of these subjects
raised research concern about the effect of the herbs on gametocyte
generation. Thus, urgent studies are required to investigate the impact of
medicinal plants on gametocyte generation. Meanwhile, pre-hospital
consumption of drugs cannot be completely discouraged but must be
done with caution.

In conclusion, the present study reported persisted malaria burden in
Maiduguri, Northeast Nigeria years after adoption of ACTs, gametocyte
carriage and pre-hospital medication practice among the population.
These findings provide scientific evidence that could serve as guide for
policy decision on malaria treatment and control in the region and
Nigeria at large.
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