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ABSTRACT

Bacteremia concomitant with malaria remain onehefleading causes of mortality and morbidity among
children in Africa and the relationship between tiwe remains unclear. Therefore this study wasiezrr
out to determine if malaria predisposes childrebaoteremia and the pathogenicity of bacteriabigsl in
bacteremia concomitant with malaria. A total oft&tteria strains belonging to 4 genera were istlatg

of which 44.1% werée. coli, 29.4% wereStaphylococcus aureus, 17.7% werePseudomonas aeruginosa
and 8.8% wer&almonella typhi. Fifty one (27.4%) of the children tested positiee falaria out of which
fourteen (7.5%) had concomitant bacteremia and nmal@hirty seven (19.9%) had malaria only while 20
(10.8%) had bacteremia onlischerichia coli was the most common organisms found in bacteremi:
concomitant with malaria whilBseudomonas aeruginosa was the least with 8 (23.5%) and 1 (2.9%) cases
of occurrence respectively. Bacteremia in concamhitgith malaria was common in the age group O-
Syears with a prevalence of 12 (11.8%d)asB andPVL genes were detected in all (100%) of the selectec
Pseudomonas aeruginosa and Saphylococcus aureus respectively. Thestxl and eae genes were also
present in 50% of the select&dcoli. In conclusion, the results show that there is akvassociation
between bacteremia and malaria in the study ardattzat malaria did not predispose the children to
bacteremia. The ability of the bacteria to invadd aurvive in the blood is due to the presenceoaies
virulence genes and not malaria parasites.

INTRODUCTION

Invasive bacterial disease and malaria remainvled@éading causes of paediatric mortality and nditpi

in Africa ® 4. Over time there has been a piecemeal accumulafisfata indicating that children with
plasmodium malaria are at risk of invasive bacteni@ction however it remains unclear whether mala
infection is a risk factor for invasive bacteridsease®. One of the risk factors to develop invasive
bacterial disease in Africa is plasmodium falcipar®. Those with bacteremia and malaria co-infection
have a higher case fatality compared to those midtaria infection only*Y. In malaria endemic areas,
11% of the children admitted with fever are founchaive bacteremia and Twelve percent (12%) of thos:

children die because malaria was over diagnosédeagxpense of other causes of fever. There isgtro



evidence that recent or current infection with malancreases the risk of systemic bacterial infect
with high associated mortality rates in severatsabaran countrie8.

Invasive bacterial infections have been associatgld high mortality in children with severe
malaria in Sub-Saharan Afri¢¥). Recently, malaria has been shown to stronglyippede children in
malaria-endemic areas to bactereffifa Both malaria and bacterial infections constitate enormous
burden for the under-resourced African health fized. They represent the principal causes of asions
and together account for more than half of all psted in-hospital deaths® 2. Both infections
predominantly affect young children, who also h#we highest risk of dying. Recent studies have show
the existence of concomitant bacterial infections severe malaria patients, which complicate the
manifestation of malaria, thereby confusing diag;hosnd chemotherapy especially where they are
relatively unknowrf*?.

Differentiation of the clinical presentation of laaa from bacterial sepsis may be difficult leaglin
to a wide underestimation of the role of bacteraeimicausing morbidity and mortality among childien
Sub-Saharan Africa. The contribution of bacteretmimorbidity and mortality among people in Africash
been a subject of global health interest. Theeegsowing concern that the rate of morbidity andtalay
from malaria may not be accurate, some of the deaght be due to Bacteremia because both starts wit
similar symptoms, and this might be contributingttie rising figures of morbidity and mortality bgin
reported for malaria. Also, the rate of resistan€®rganisms associated with bacteremia to comynonl
prescribed antibiotics is increasing therefore pgsi major challenge to the treatment and managenfien

this infection.
MATERIALSAND METHODS

Ethical consideration, questionnaire and informed consent

The ethical clearance for this research was gyefederal Teaching Hospital ethical committee
after due process has being followed. Verbal anitemr informed consent was administered to the
consented subjects to obtain necessary informatdore collection of samples

Study location and population

Samples were collected from children of 15yeardess visiting the Federal Teaching Hospital,
(formerly known as Federal Medical Centre) Ido Ekit ido-Osi local Government, EKiti state between
July 2014 and August 2015. Federal Teaching Hdsigita tertiary institution and a major referrahtre

in Ekiti state and environs.



Collection and processing of samples

Venous blood samples of 186 children presentedni@aria were collected. About 6mis Blood samples
were cultured on Brain Heart Infusion broth and offtycolate broth for the isolation of aerobic and
anaerobic bacteria. Isolates were subcultured mc@ate and MacConkey agar af & for 24 hours and
were further characterised using colonial morphgldgram reaction and biochemical tests. Identifocat
was done using Bergey’s manual of systematic habtdgy. Thick and thin blood films were stainednggi
Giemsa staining techniques to determine the presand the species of malaria parasites presetiein t
blood samples respectively (Cheesbrough, 2000).ahtibiotics susceptibility was determined usingcdi
diffusion methodCLSI) (2012)and multiplex Polymerase Chain Reaction (PCR) wezsl to determine the

presence of various virulence genes (Leck and Bi&&7).

RESULTS

Out of the 186 blood samples examined, ninety #&5%) were males while 94(50.5%) were females.
One hundred and two (54.8%) were in the age grodye@rs, 47 (25.3%) were in the age of 6-
10years.Those in the age group of 11-15years liadjaency of distribution totalling 37(19.9%) (tatdl).

A total of 34 bacteria strains belonging to 4 gangere isolated out of which 44.1% wétecoli, 29.4%
were Staphylococcus aureus, 17.7% werePseudomonas aeruginosa and 8.8% wereSalmonella typhi
(Table 2). Fifty one (27.4%) of the children tesyakitive for malaria parasites. Eleven (21.6%}hef
blood samples had 1-10 parasites per 100 fieldears & the thick film under the microscope and was
recorded as scanty (+), 15 (29.4%) had 11-100 pesgser hundred fields and was recorded as midl (+
while 25(49.0%) had about 1-10 parasites per fegld was recorded as severe (+++) (table 3). All the

malaria parasites weRtasmodium falciparum as observed through the thin film (Table 4).

Table 1. Demographic data of children examined for bacteremia concomitant with malaria

Age(yrs) Male(n=92) Female(n=94) Total

(%) (%) (%)
0-5 44(47.8) 58(61.7) 102(54.8)
6-10 28(30.4) 19(20.2) 47(25.3)
11-15  20(21.7) 17(18.1) 37(19.9)

Total  92(100) 94(100) 186(100)



Table 2: Profile of bacteria isolated from children examined for bacteremia concomitant with
malaria

Bacteria Occurence %
E.coli 15 44.1
Saphylococcus aureus 10 29.4
Pseudomonas aeruginosa 6 17.7
Salmonella typhi 3 8.8
Total 34 100

Table 3: Distribution of Plasmodium falciparum parasitesin thick blood films of children examined

for bacteremia concomitant with malaria

Status Frequency of distribution No

Scanty + = 1-10 per 100 thick fields 11(21.6%)

Mild ++ = 11-100 per 100 thick fields 15(29.4%)

Severe +++ = 1-10 per thick field 25(49.0%)
Total 51

Table 4: Occurence of Plasmodium sp in thin blood filmsof children examined for bacteremia

concomitant with malaria

Early forms of Shapes of Types of Plasmodium

malaria parasite Parasites Sp

Gametocytes Banana shaped Plasmodium fal ciparum

Schizonts Usually with 2 or 4 merozoites  Plasmodium falciparum
and pigment

Trophozoites Rings , with double chromatin dot®lasmodium falciparum




Fourteen (7.5%) of the children had concomitantdyamia and malaria, 37 (19.9%) had malaria only,
while 20 (10.8%) had bacteremia only (TableEscherichia coli was the most common organisms found
in concomitant bacteremia with malaria with 8(23)5%llowed bySaphylococcus aureus with 5(14.7%)
with only 1(2.9%) case oPseudomonas aeruginosa. Salmonella typhi was not found in concomitant
bacteremia and malaria. Among those with bacteremig, 7(20.6%) of the organisms isolated wEre
coli, 5(14.7%) wereSaphylococcus aureus, 3(8.8%) wereSalmonella typhi, while 5(14.7%) were
Pseudomonas aeruginosa (Table 6). Bacteremia in concomitant with malanas common in the age
group 0-5years with 12(11.8%). Bacteremia only amalaria only was also common in the same age
group with 15(14.7%) and 30(29.4%) cases respdygtivEhe age group 6-10 years had malaria
concomitant with bacteremia at a prevalence rat2. b#. They also have the prevalence rate of naalari
only at 6.4% and a prevalence rate of bacteremiya an8.5%. The age group 11-15years had the leas
case occurence of bacteremia concomitant with maahath 1(2.7%), 4(10.8%) of them had malaria only
and 1(2.7%) had bacteremia only as shown in tablkh& statistical analysis showed that the relstign
between the age group 0-5 years and both infectgstatistically significant as p value is lesartl0.05

(p value = 0.0394, X=5.14, df = 2)

Among the male children, 21(22.8%) had malariay,0d5(16.3%) had bacteremia only while
5(5.4%) had bacteremia concomitant with malariassoAI30(31.9%) of the female children had malaria
only, 19(20.2%) had bacteremia only and 9(9.6%) Ib@cteremia concomitant with malaria as shown in
table 8. Infections were more common among femihl@s males. This is not statistically significast@
value is greater than 0.05 (p value 0.073;%55, df = 2).

Table 5;: Prevalence of bacteremia and malaria infections in children examined for bacteremia
concomitant with malaria

Type of Infections Occurence %
Bacteremia only 20 10.8
Bacteremia concomitant with malaria 14 7.5
Malaria only 37 19.9
Negative 115 61.8

Total 186 100




Table 6: Bacterial profile of the blood of children examined for bacter emia concomitant with

malaria
Organism Bacteremia Bacteremia only Total X df P value
concomitant
With Malaria
E.coli (n=15) 8(23.5%) 7(20.6%) 15
Saphlococcus aureus (n=10) 5(14.7%) 5(14.7%) 10
Pseudomonas aeruginosa (n=6)  1(2.9%) 5(14.7%) 6 6.591 3 a3
Salmonella typhi (n=3) 0(0.0%) 3(8.8%) 3
Total 14 20 34
Table 7: Prevalence of malaria and bacteremia in children examined for bacteremia concomitant
with malariain relation to age
Age Malaria Malaria Bacteremia Total X*  Df P value
(yrs) concomitant with  only only
bacteremia
0-5 (n=102) 12(11.8%) 30(29.4%) 15(14.7%) 57(55.8%)
6-10 (n=47)  1(2.1%) 3(6.4%) 4(8.5%) 8(17.0%) 5.14 2 0.0394
11-15 (n=37) 1(2.7%) 4(10.8%) 1(2.7%) 6(16.2%)
Total 14 37 20 71
Table 8: Prevalence of malaria and bacteremia in children examined for bacter emia concomitant
with malariain relation to sex
Infections Male Female Total X? Df P value
(n=92) (n=94) (n=186)
Malaria only 21(22.8%) 30(31.9%) 51(27.4%)
Bacteremia only 9(9.8%) 11(11.7%) 20(10.8%) 9.55 20.053
Malaria concomitant bacteremia 5(5.4%) 9(9.6%) Ba)
Negative 57(62.0%) 36(38.3%) 87(46.8%)
Total 92(49.5%) 94(50.5%) 186(100%)




In the detection of virulence gene using polymexds®en reactior the bands in lane 1B shows i
presence of the gersix1 of size 500bp ilE. coli isolated from patients with bacteremia only anddsain
lane 2B shows the presenceeaé gene of size 500bp iB. coli from patient with bacteremia concomit:
with malaria The bands in lane 3 and 4 shows the presendasB gene of about size 1000bp
Pseudomonas aeruginosa isolated from cases of bacteremia only and bactereoncomitant with malari
respectively. Also the bands in 7 and 8 shows thesgncePVL gene of about size 500bp

Saphylococcus aureus from bactermia only and bacteremia concomitant with malarspeetively

Figure 2: Detection of virulence genes in bacteddated from hildrenexamined for bacteremia concomitant v
malaria

Key:

Lane 1A represents. coli (from bacteremia onlystx2 gene absent), Lane 2A represeE. coli (from bacteremia
only, eae gene absent), Lane 1B repres E. coli (from bacteremia only, bands showing the presefstxl gene),
Lane 2B represents. coli (from bacteremia concomitant with malaria, bandswshg the presence (ae gene),
Lane 1C represents coli (from bacteremia concomitant with malaistxl geneabsent), Lane 2C represeE. coli
(from bacteremia concomitant with malarstx2 geneabsent), Lane 3 represerseudomonas aeruginosa (from
bacteremia onlybands showing thpresence oflasB gene), Lane 4 represerffseudomonas aeruginosa (from
bacteremia with concomitant malaria, showing thespnce ollasB gene) Lane 5 representSalmonella typhi
(bacteremia onlyinvA gene absen Lane 6 representsalmonella typhi (bacteremia only, invA gene absel
Lane 7 represen®&aphylococcus aureus (from bacteremia concomitant with malaria, bandsashg the presence
PVL gene) Lane 8 represerBaphylococcus aureus (from bacteremia only, bands showing the presericPVL
gene)



DISCUSSION

The relationship between malaria and bacteremimnportant to understand. In this study 7.5% of the
children examined had bacteremia concomitant widlama. The relationship between bacteremia anc
malaria has been reported in many studies, howaviiis study there is a weak association betwen t
two infections. The presence of malaria in thisdgtdoes not appear to show any significant assoniat
with bacteremia. This is similar to the study cedrout by Christopher and Onaiwu (2014) in Benity Ci
where the prevalence of bacteremia concomitant miditaria was 7.8% and it was concluded that there
was a weak association between bacteremia andimalalso the prevalence of bacteremia concomitan
with malaria in a research carried out by Wetral (2013) in Kenya was 11.7%. The detection of the
virulence genes both in cases of bacteremia ordybaeteremia concomitant with malaria confirms that
malaria was not responsible for the presence ofebacin the blood. The effacement attachmeat)(
genes were detected i coli isolated from cases of bacteremia only and bactereancomitant with
malaria. This shows that the incidence of concamiita coli bacteremia was not caused by malaria
parasites. The presence of the virulence geneleirbacteria was responsible for their transfer thi®
blood. Even in the absence of malaria as seensescaf bacteremia only, the genes were still dedeict
the bacteria which further confirmed that malarés mothing to do with the presence of bacterighen t
blood. Theeae gene which was present in 50% of the sele&ecbli (figure 2)in this study has being
reported to be necessary for intimate attachmennitoovillus effacement and epithelial cells of the

intestines which impair gut barrier function andifitate transfer of the bacteria into the bloogkam (1).

The presence of panton-valentin leukocidipel)( gene in both cases of bacteremia only and
bacteremia concomitant with malaria also shows teairia infection has nothing to do with the prese
of Staphylococcus aureus in the blood and that tHeVL gene could be responsible for its invasion. In this
study 100% of the selecte®taphylococcus aureus carry the panton-valentin leukocidin®\{L) gene.
Wanget al., (2007) reported that with the presence of W& gene,Staphylococcus aureus can evade the
host immune response by secreting anti-opsonizioteims which prevent phagocytosis by neutrophils.
The PVL gene can cause tissue necrosis and leukocyte cistrwvhich favours its translocation into the
blood.

The pseudomonas aeruginosa from cases of bacteremia only and that from casdsacteremia
concomitant with malaria both habour tlasB gene which is believed to be one of the most ingmbr

protease in the bacteria and it has been repartprbinote its development within the infected ravsd



also interfere with the host immune system. Thiswshthat the_asB gene inPseudomonas aeruginosa

was responsible for its presence in the blood andnalaria as reported by other studies.

As shown in this studyalmonella typhi was not found in concomitant bacteremia and malari
This further confirms that malaria does not predsspchildren to bacteremia, because even in trenabs
of malaria the bacteria were still isolated frore tlood.Strains ofSalmonella typhi possess a number of
virulence factors that contributes to its abilibydnter into the blood. However the/A gene tested in this

study, which was reported to be one of the gergsoresible for its invasion was absent.

In this study, the prevalence of bacteremia contaimhiwith malaria was highest in young children
within the age group 0-5years with a prevalencélo8%. Bacteremia only was also common within the
same age group with a prevalence of 14.7%. ThisImeague to the fact that children under five yesies
more vulnerable due to factors such as low immuyse&em, gastric acidity and immaturity of gut lympdho
tissue. Evangt al., 2004 described that bacteremia concomitant with malaffacts younger children
more often and severely than older children.

Similarly, children less than five years of agevddeing discovered to be at the highest risk of
malaria®®. It is believed that above the age of 5 years, plevalence of malaria tends to decrease
(McGregor, 2006). Thirty seven (19.9%) of the cteldin this study had malaria, out of which 30 428)
were of age group 0-5 years. This may be the refgahe decline in the prevalence of malaria obser
in ages >5 years old in this studyhis is similar to the research carried out byi€bpher and Onaiwu,
(2014) in Benin, where malaria accounts for 26.20the infections in children and also Milicent and
Gabriel, (2015) in Kaduna state in their reseaegorted a figure of 35.7%.

CONCLUSION

The incidence of bacteremia concomitant with mal& not disputed in this study, however the
results shows that there is a weak associationdsgtwnalaria and bacteremia and that malaria does n
predispose children to bacteremia. The abilityhef bacteria to invade and survive in the blood aasto
the presence of some virulence genes and not malBine incidence of bacteremia concomitant with

malaria in children might be a mere coincidence.
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