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Summary  Schistosomiasis  and  malaria  are  two  common  parasitic  diseases  that  are
co-endemic  in  resource-poor  communities  of  sub-Saharan  Africa.  This  study  aims  to
assess  the  effects  of  single  and  concomitant  Plasmodium  falciparum  and  Schistosoma
haematobium  infections  on  two  indicators  of  renal  injury  in  school  children  in  a  rural
community  of  Nigeria.  A  cross-sectional  epidemiological  survey  was  carried  out  on
a  total  of  173  schoolchildren  between  ages  6  and  18  years  (mean  age  11.4  ±  2.6
years).  Urine  and  blood  samples  were  collected  by  standard  methods  for  concurrent
microscopic  diagnosis  of  S.  haematobium  and  P.  falciparum  infections.  Urinary  blood
blood;
Proteinuria

(hematuria)  and  protein  were  determined  using  a  urinalysis  dipstick.  The  prevalence
of  single  infections  was  75.1%  and  78.2%  for  S.  haematobium  and  P.  falciparum,
respectively.  A  total  of  57.1%  individuals  were  infected  with  the  two  parasites.  The
prevalence  of  hematuria  was  significantly  higher  in  the  co-infection  status  (63.8%)
than  in  single  S.  haematobium  (52.2%)  and  P.  falciparum  (43.7%)  infection  statuses
Please  cite  this  article  in  press  as:  Morenikeji  OA,  et  al.  Renal  related  disorders  in  concomitant  Schistosoma
haematobium—Plasmodium  falciparum  infection  among  children  in  a rural  community  of  Nigeria.  J  Infect  Public
Health  (2015),  http://dx.doi.org/10.1016/j.jiph.2015.06.013

(p  =  0.04),  while  no  significant  variation  was  recorded  in  proteinuria  in  the  three
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infection  statuses  (p  =  0.53).
with  the  co-infection  of  thes
who  seem  to  have  a higher  p
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Introduction

Multiple  parasitic  infections  are  common  in  sub-
Saharan  Africa  countries  with  concurrent  infection
patterns influencing  the  pathogenesis  of  each  par-
asite [1]. Antagonistic  or  synergistic  interactions
of parasites  in  animal  models  have  been  sug-
gested to  show  similar  phenomena  in  humans  [2].
In Africa,  malaria  and  schistosomiasis  are  the
first and  second  most  important  parasitic  diseases
with public  health  implications,  respectively  [3,4],
with cases  of  concomitant  occurrence  in  many
epidemiological  studies  conducted  in  the  region
[2,5,6].

There have  been  convincing  reports  about
the additive  morbidity  effects  of  co-infection  of
Plasmodium  falciparum  and  Schistosoma  haema-
tobium  compared  with  the  single  infection  of
each parasite.  Increased  anemia  and  organomegaly
in concurrent  infections  of  the  parasites  have
been documented  [5,7]. In  addition,  a recent
study examined  the  effect  of  concomitant  infec-
tion of  the  two  parasites  on  hematologic  profiles
[6].

Operational  research  in  sub-Saharan  Africa  has
widely  adopted  the  use  of  hematuria  and  pro-
teinuria as  diagnostic  indicators  of  urogenital
schistosomiasis  being  the  morbidity  indicators  of
infection by  S.  haematobium  [8—10]. Likewise,
in malaria  parasite  infections,  the  two  urinalysis
parameters have  been  assessed,  and  it  can  be  con-
cluded that  while  P.  falciparum  infection  is closely
associated  with  proteinuria,  its  association  with
hematuria  is  inconclusive  [11,12].  At  the  time  of
this report,  no  study  has  unraveled  the  effects
of co-existence  of  P.  falciparum  and  S.  haema-
tobium on  hematuria  and  proteinuria  in  endemic
areas of  sub-Saharan  Africa.  Therefore,  this  study
assessed  the  synergistic  effects  of  the  concomi-
Please  cite  this  article  in  press  as:  Morenikeji  OA,  et  al.
haematobium—Plasmodium  falciparum  infection  among  ch
Health  (2015),  http://dx.doi.org/10.1016/j.jiph.2015.06.01

tant occurrence  of  the  two  parasites  on  abnormal
urinary blood  and  protein  excretion  among  school
children  in  a  low  resource  rural  community  in
Nigeria.
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 The  proportion  of  children  with  renal  injury  associated
e  parasites  is  very  high,  particularly  in  young  children,
revalence  of  hematuria.
ziz  University  for  Health  Sciences.  Published  by  Elsevier

ethods

tudy area and data sources

he  study  was  conducted  in  Ijaka-Isale  village  in
he Yewa  North  Local  Government  Area  (LGA),  Ogun
tate, Nigeria,  an  adjacent,  neighboring  commu-
ity to  Ijaka-Oke  in  the  same  LGA.  The  village
hares a similar  sociodemographic  and  socioeco-
omic status  with  Ijaka-Oke  [6]. The  community
opulation size  is  approximately  1000  and  shares
imilar  sociocultural  practices,  such  as  water  stor-
ge in  open  earthen  vessels  for  mosquito  breeding
6], with  Ijaka-Oke.  Yewa  River  flows  downstream
rom Ijaka-Oke  to  the  community.

tudy design

he  study  was  conducted  on  school  pupils  in  Ijaka-
sale.  The  population  structure  of  the  subjects
as similar  to  that  of  Ijaka-Oke  with  ages  ranging

rom 6—18  years  (mean  age  11.4  ±  2.6  years).  The
ross-sectional  and  descriptive  study  adopted  sim-
lar sampling  procedures  as  reported  by  Morenikeji
t al.  [6].  Using  50.0%  prevalence  of  schistosomia-
is and  malaria,  0.8  precision,  and  90.0%  statistical
ower,  the  minimum  sample  size  was  150.  A non-
andomized  sampling  procedure  was  used  to  recruit
he subjects.

nclusion and exclusion criteria

ll  children  who  had  lived  in  the  area  for  at  least
ne year  and  whose  parents  or  guardians  gave  writ-
en informed  consent  were  included  in  the  study.
hose showing  evidence  of  acute  or  chronic  ill-
ess were  excluded  from  the  study.  Visitors  were
 Renal  related  disorders  in  concomitant  Schistosoma
ildren  in  a  rural  community  of  Nigeria.  J  Infect  Public
3

. haematobium  were  administered  Praziquantel
t a  dose  of  40  mg/kg  of  body  weight,  while  chil-
ren who  tested  positive  for  malaria  parasites  were

dx.doi.org/10.1016/j.jiph.2015.06.013
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enal  related  disorders  in  concomitant  S.  haematob

eferred  to  the  health  clinic  centers,  where  they
ere treated  according  to  current  WHO  standards.

thical considerations

he  Ogun  State  Ministry  of  Health  and  the  University
f Ibadan/University  College  Hospital  Institutional
thical Review  Board  (UI/EC/13/0091)  granted
pproval for  this  study.  The  subjects’  parents  and
uardians  also  provided  written  informed  consent.

arasitological diagnoses

he  subjects  were  provided  with  dry,  clean,  screw-
apped  15-mL  universal  bottles.  Mid-stream  urine
ollected  under  proper  guidance  and  monitoring
etween the  hours  of  10  am  to  2  pm  was  visually
bserved for  gross  hematuria  and  screened  for  trace
lood occurrence  (microhematuria)  and  urinary
roteinuria using  Combi  Screen  10SL  (Analyticon  (R)
MBH D-35  104,  Litchenfel  Germany).  The  urine
amples  were  transported  to  the  laboratory  for
urther  analysis.  Ten  milliliters  (10  mL)  of  each
ample  was  measured  and  centrifuged  at  4000  rpm
or 4  min.  Concentrated  eggs  in  the  sediment
ere viewed  under  ×10  microscope  magnification

ollowing  the  discarding  of  the  supernatant.  A  ter-
inally spined  egg  with  an  elliptical  shape  was

onsidered to  be  S.  haematobium  [13].
Thick blood  smears  for  the  determination  of

alaria parasite  positive  blood  samples  and  thin
lood smears  to  determine  malaria  parasite  species
ere prepared  from  the  blood  samples  collected  by
enipuncture  and  stained  with  10%  Giemsa.  Species
ere identified  under  a  light  microscope  at  a high
agnification (×100  under  oil  immersion)  by  count-

ng the  number  of  parasites  per  200  white  blood
ells (WBC).  All  smears  present  for  either  ring
Please  cite  this  article  in  press  as:  Morenikeji  OA,  et  al.
haematobium—Plasmodium  falciparum  infection  among  ch
Health  (2015),  http://dx.doi.org/10.1016/j.jiph.2015.06.01

orms or  gametocytes  were  considered  to  be  posi-
ive for  plasmodial  infection.  The  control  group  was
elected from  the  children  who  tested  negative  for
. falciparum  and  S.  haematobium  infections.
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Table  1  Characteristics  of  the  study  population.

Categories  No.  recruited  No.  sc

Schist

Age  (years)  6—9  65  62  (3
10—13  99  96  (5
≥14  18  15  (8

Gender  Male  98  94  (5
Female  84  79  (4
Total  182  173  
 PRESS
—P.  falciparum  infection  3

ata analysis

he  analysis  of  the  data  was  performed  by  Graph-
ad Prism  5 (GraphPad  Software,  Inc.,  La  Jolla,  CA
2037, USA).  The  statistical  significance  of  differ-
nces in  the  prevalence  of  single  and  co-infection
tatus was  determined  via  Chi-square  analysis.  Mul-
ivariate logistic  regression  analysis  was  used  to
redict the  extent  of  the  association  between  the
ariables and  disease  occurrence.  p  <  0.05  was  con-
idered statistically  significant.

esults

 total  of  182  children  were  recruited,  173  of
hich were  screened  for  S.  haematobium  infec-

ion and  147  who  were  screened  for  malaria
arasites and  co-infection  of  the  two  parasites
Table  1).  Plasmodium  falciparum  was  the  only
pecies  of  Plasmodium  diagnosed  in  the  screened
ubjects. The  prevalence  of  single  infection  was
5.1 and  78.2%  for  S.  haematobium  and  P.  falcip-
rum, respectively.  The  prevalence  of  urogenital
chistosomiasis varied  significantly  (p  =  0.018)  with
he ages  of  the  children,  with  the  highest  preva-
ence (p  =  87.1%,  Odd  ratio  (OR)  =  3.1)  and  the
owest prevalence  (p  =  60.0%,  OR  =  0.5)  recorded  in
ges 6—8  and  ≥14  years,  respectively  (Table  2).
he prevalence  of  S.  haematobium  was,  however,
ot gender  dependent  (p  =  0.975)  (Table  2).  There
as no  association  between  the  prevalence  of
alaria and  the  ages  of  the  children  (p  =  0.507).
he same  was  observed  in  male  (p  =  73.8%,  OR  =  0.6)
nd female  subjects  (p  =  83.6%,  OR  =  1.8)  (p  =  0.150)
Table  3).

A total  of  57.1%  of individuals  were  infected  with
he two  parasites,  with  those  in  the  lowest  age
roup (6—9  years)  being  the  most  predisposed  to  the
 Renal  related  disorders  in  concomitant  Schistosoma
ildren  in  a rural  community  of  Nigeria.  J  Infect  Public
3

nfections  (p  =  62.3%,  OR  = 1.3).  Gender  prevalence
attern of  S.  haematobium  and  malaria  para-
ite co-infection  showed  no  significant  difference
p =  0.214)  (Table  4).  The  prevalence  of  hematuria

reened

osomiasis  (%)  Malaria  (%)  Co-infection  (%)

5.8)  53  (36.1)  53  (36.1)
5.5)  81  (55.1)  81  (55.1)
.7)  13  (8.8)  13  (8.8)

4.3)  80  (54.4)  80  (54.4)
5.7)  67  (45.6)  67  (45.6)

147  147

dx.doi.org/10.1016/j.jiph.2015.06.013
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Table  2  Age  and  sex  related  urogenital  schistosomiasis  infection  status  among  school-aged  children  in  Ijaka  Isale.

Categories  Variables No.  examined No.  infected  Prevalence  (%)  OR  (95%  CI)  p-value

Age  (years)  6—9  62  54  87.1  3.1  (1.3—7.2)  0.018
10—13  96  67  69.8  1.9  (0.9—4.0)
≥14  15  9  60.0  0.5  (0.2—1.4)

Gender  Male  94  70  74.5  0.9  (0.5—1.8)  0.975
Female  79  60  75.9  1.1  (0.5—2.2)

t
(
(

Total  173  130  

was  significantly  higher  in  the  co-infection  status
(p = 63.8%,  OR  =  2.2)  than  in  single  S.  haematobium
(p = 52.2%,  OR  =  1.3)  and  P.  falciparum  (p  = 43.7%,
Please  cite  this  article  in  press  as:  Morenikeji  OA,  et  al.
haematobium—Plasmodium  falciparum  infection  among  ch
Health  (2015),  http://dx.doi.org/10.1016/j.jiph.2015.06.01

OR =  0.8)  infection  statuses  (p  =  0.04).  Although  no
significant  variation  was  recorded  in  proteinuria
in the  three  infection  statuses  (p  =  0.53),  individ-
uals co-infected  with  the  two  parasites  appeared

s
S
P
t

Table  3  Age  and  gender  related  malarial  parasites  status  a

Categories  Variables  No.  examined  No.  infect

Age  (years)  6—9  53  40  

10—13  81  66  

≥14  13  9  

Gender  Male  80  59  

Female  67  56  

Total  147  115  

Table  4  Concomitant  S.  haematobium  and  malarial  parasi

Categories  Variables  No.  examined  No.  infect

Age  (years)  6—9  53  33  

10—13  81  45  

≥14  13  6  

Gender  Male  80  42  

Female  67  42  

Total  147  84  

Table  5  Hematuria  and  proteinuria  profiles  in  single  and  c

Indicators  Status  Control  (n  =  97)  Infection  

Malaria  (n

Hematuria
(ery/�L)

Positive  39  (40.2)  31  (43.7)  

Negative  58  (59.8)  40  (56.3)  

OR  (95%CI)  0.6  (0.4—1.0)  0.8  (0.5—

Proteinuria
(mg/dL)

Positive  43  (44.3)  35  (49.3)  

Negative  54  (55.7)  36  (50.7)  

OR  (95%CI)  0.8  (0.5—1.3)  1.0  (0.6—
75.1

o  have  a higher  risk  of  abnormal  urinary  protein
p =  57.4%,  OR  =  1.5)  (Table  5).  The  mean  hematuria
161.7 ±  107.6  ery/�L  urine)  in  the  co-infection
 Renal  related  disorders  in  concomitant  Schistosoma
ildren  in  a  rural  community  of  Nigeria.  J  Infect  Public
3

tatus was  significantly  higher  than  in  single
. haematobium  (150  ±  109.7  ery/�L  urine)  and
. falciparum  (159.7  ±  108.8  ery/�L  urine)  infec-
ion statuses  (p  = 0.04).  There  was,  however,  no

mong  children  in  Ijaka  Isale.

ed  Prevalence  (%)  OR  (95%CI)  p-value

75.5  0.8  (0.3—1.7)  0.507
81.5  1.5  (0.7—3.4)
69.2  0.6  (0.2—2.1)

73.8  0.6  (0.2—2.0)  0.150
83.6  1.8  (0.8—4.1)
78.2

tes  infections  in  school-aged  children  in  Ijaka  Isale.

ed  Prevalence  (%)  OR  (95%CI)  p-value

62.3  1.3  (0.7—2.8)  0.524
55.6  0.9  (0.4—1.7)
46.2  0.6  (0.2—1.9)

52.5  0.7  (0.3—1.3)  0.214
62.7  1.5  (0.8—2.9)
57.1

oinfection  statuses.

status

 =  71)  Schistosoma
(n  =  67)

Co-infection
(n =  47)

p-value

35  (52.2)  30  (63.8)  0.044

32  (47.8)  17  (36.2)
1.4)  1.3  (0.7—2.2)  2.2  (1.1—4.2)

33  (49.3)  27  (57.4)  0.534

34  (50.7)  20  (42.6)
1.7)  1.0  (0.6—1.8)  1.5  (0.8—2.8)

dx.doi.org/10.1016/j.jiph.2015.06.013
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Table  6  Mean  values  of  urine  biochemical  of  school  aged  children  in  Ijaka-isale.

Indicators  Mean  ±  S.D.  p-value

Control  Schistosomiasis  Malaria  Co-infection

Hematuria  (ery/�L) 118.0  ±  114.8  150  ±  109.7  159.7  ±  108.8  161.7  ±  107.6  0.041
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Proteinuria  (mg/dL)  15.6  ±  22.5  20.5  ±  29.2

ignificant  difference  in  the  mean  values  of  protein-
ria in  the  different  infection  categories  (p  = 0.44)
Table  6).

iscussion

his  study  showed  very  high  endemicity  of  schisto-
omiasis and  malaria  in  the  area.  The  prevalence
f S.  haematobium  (75.1%)  recorded  in  this  study  is
ignificantly  higher  than  previous  studies  conducted
n the  same  local  government  area  among  different
opulation  strata.  For  example,  a  9.8%  prevalence
evel was  reported  in  preschool  children  [14], 57.1%
n school  children  [10], and  20.8%  in  gestational
omen [15]. Likewise,  the  malaria  prevalence  in
ur study  is  higher  than  in  other  reports  in  Ogun
tate, Nigeria  [16,17].

More importantly,  S.  haematobium  and  P. fal-
iparum  are  more  endemic  in  the  study  area
han in  a  neighboring  village  (Ijaka  Oke),  accord-
ng to  a  recent  report  [6]. In  addition  to  poor
ocio-economic  status,  lack  of  potable  water,
ociocultural practices  and  the  presence  of  snail
ntermediate  hosts  and  mosquito  vectors,  the
opography  of  the  area  may  play  a  major  role  in
he significant  variations  in  the  prevalence  of  these
nfections.  The  topographic  terrain  of  the  two  com-
unities  is  such  that  Ijaka  Oke  is  more  or  less  a

ighland  with  the  downward  flow  of the  Yewa  River
o a  lowland  Ijaka  Isale  village.  This  could  have  a
ignificant  impact  on  the  malaria  and  Schistosoma
ector distributions,  which  are  likely  to  be  more
oncentrated in  areas  where  there  is  a  slow  water
urrent. The  influence  of  topography  on  Schisto-
oma and  malaria  parasite  transmission  had  been
mphasized  [18,19].

The highest  prevalence  of  concomitant  infec-
ion (57.1%)  of  the  two  parasites  ever  recorded
n Nigeria  and  other  developing  countries  was
bserved in  this  study.  In  Ethiopia,  an  18.4%  con-
omitant  infection  prevalence  level  was  reported
20],  while  countries  like  Zambia  [21]  and  Tanzania
Please  cite  this  article  in  press  as:  Morenikeji  OA,  et  al.
haematobium—Plasmodium  falciparum  infection  among  ch
Health  (2015),  http://dx.doi.org/10.1016/j.jiph.2015.06.01

22]  have  recorded  10.7%  and  22.6%,  respectively.
ur observations  on  the  lack  of  association  between
he co-infection  of  the  parasites  with  the  age  and
ender  of  the  children  are  consistent  with  other

T
t
a

20.6  ±  29.4  26.1  ±  35.1  0.438

tudies  [6,20,21]. This  suggests  the  equal  predis-
osition  of  children  of  all  ages  and  genders  to
oncomitant S.  haematobium  and  P.  falciparum
nfections.

The prevalence  of  hematuria  (49.3%)  in  P.
alciparum-infected subjects  in  our  study  is simi-
ar to  the  45.0%  prevalence  recorded  in  a  previous
eport [11]. Similar  observations  were  recorded
or proteinuria,  for  which  our  recorded  prevalence
f 49.3%  corroborated  the  45.9%  observed  value
n a  previous  study  [12]. This  study  is  the  first
f its  kind  to  determine  the  effects  of  malaria
nd Schistosoma  parasites’  concomitant  occur-
ence on  hematuria  and  proteinuria.  While  many
tudies  have  related  P.  falciparum  to  proteinuria
12,23,24],  there  is  a paucity  of data  on  the  effects
f malaria  on  urinary  hematuria  [11,25].  This  study
uggested  that  co-infection  of  the  two  parasites
ould exacerbate  renal  disorders,  as  evidenced  by

 higher  risk  of  hematuria  and  proteinuria  com-
ared with  the  single  infection  statuses.  While
alaria  parasite-induced  kidney  complications  may
resent glomerular  endothelial  activation  and  dam-
ge, as  well  as  tubulointerstitial  damage,  resulting
n impaired  permeability  and  tubular  reabsorp-
ion [12];  conditions  that  ultimately  result  in
xcessive  protein  excretion  and  hematuria  [26,27],
chistosoma-associated glomeruli  pathology,  which
esults in  red  blood  cells  and  protein  leakage,  are
ot uncommon  [10]. Thus,  co-infection  of  the  two
arasites will  contribute  more  to  renal  related
isorders. A  limitation  in  this  study  is the  use
f single  urine  and  blood  sample  for  schistoso-
iasis and  malaria  diagnosis.  This  could  lead  to

he under-presentation  of  the  true  infection  sta-
us. Additionally,  studies  on  bionomics  of  the  snail
ntermediate  hosts  and  mosquito  vectors  were  not
arried out  to  further  support  the  effects  of  topog-
aphy  on  the  distributions  of  schistosomiasis  and
alaria in  the  area.

onclusion
 Renal  related  disorders  in  concomitant  Schistosoma
ildren  in  a rural  community  of  Nigeria.  J  Infect  Public
3

his  study  shows  a very  high  endemicity  of  schis-
osomiasis and  malaria  in  the  study  area.  It  further
ffirms  the  claim  of  a  high  coexistence  of  the  causal

dx.doi.org/10.1016/j.jiph.2015.06.013
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organisms  of  the  diseases.  The  co-infection  of  P. fal-
ciparum and  S.  haematobium  contributed  more  to
hematuria  and  proteinuria  in  children  in  resource-
poor  communities  endemic  for  the  two  parasites.
Integrated control  measures,  including  snail  and
mosquito  control,  intermittent  malaria  treatment,
deworming, provision  of  good  water  supply  and
education,  should  be  adopted.  These  will  not  only
reduce the  prevalence  to  a  significantly  lower  level
but will  also  abate  the  burdens  and  co-morbidities
associated with  the  co-infection  of  the  parasites.
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