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 Malaria alone is responsible for major proportion of morbidity and mortality in 
children. Most cases of malaria are due to P.vivax.  P.vivax has always been considered benign 
but recent studies and molecular studies are giving evidences towards increasing virulence 
and severity of P.vivax. Aim of this study was to observe severe malaria caused by P.vivax in 
comparison to Falciparum and mixed malarial infections. Other added aim was to observe for 
concomitant bacterial infections, how it affects clinical outcome and role of antibiotics in such 
cases of severe malaria. This was a hospital based study conducted in a tertiary care center in 
Uttar Pradesh. Patients were tested for malaria using Peripheral blood smear and Rapid malaria 
antigen test. Total of 200 cases of severe malaria were enrolled in study. Patients were categorized 
as severe malaria on basis of WHO guidelines. Of 200 cases of severe malaria, 130 (65%) had 
P.vivax infection, 31 (15.5%) had falciparum infection and 39 (19.5%) had mixed infection 
with both the species. Noteworthy results observed in cases of severe malaria with P.vivax 
infections were cerebral malaria (29.2%), severe anemia (26.9 %), severe thrombocytopenia 
(7.6%) and mortality (13%). Almost 15 % of total patients had concomitant bacterial infections 
that contributed significantly towards morbidity and prolonged hospitalization. From our study 
we observed that P.vivax cannot more be considered benign and needs quick diagnosis, prompt 
treatment and should be observed for complications. Antibiotics use should be considered in 
severe malaria.
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 Malaria is a life threatening disease that 
has been known since ancient times to human 
kind. Though many rigorous efforts have been 
taken towards eliminating malaria, it still remains 
a Global health problem.  It is one of major disease 
having significant impact on human race in terms 
of morbidity and mortality.1,2 Malaria is endemic 
in India and many of South East Asia as well as 
other countries of world. Recent World Malaria 
Report states that India alone contributes to 4% 

of World malaria Cases3 Worldwide 2.85 billion 
populations is at risk of getting P.vivax infection.4. 
P.vivax has always been assumed to cause benign 
tertian malaria.  It was in 2013 only when P.vivax 
case estimates were included by WHO in its World 
malaria report.  World Malaria Report (WMR) 2013 
documented 11.9 to 22 million P.vivax cases per 
year5.
 P.vivax because of its prevalence and 
increasing severity is now considered as major 
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obstacle in malaria elimination6. A total of 0.84 
million cases and around 194 deaths were attributed 
to malaria on 2017 in India7.  In Endemic countries 
like India malaria is a major factor affecting 
morbidity and mortality of pediatric age group. 
There are few studies that show increasing severity 
of P.vivax in adults.  However, such studies 
dedicated to pediatric age group are very few. There 
are case reports and small case series reporting 
severe vivax malaria in children. Therefore, this 
study was carried out with larger sample size 
to determine the proportion of disease severity, 
the spectrum of complications and alterations in 
laboratory parameters of P.vivax and to compare 
it with that of P.falciparum and mixed malarial 
infections .Hence, Aim of our study was to 
study various complications caused by P.vivax 
in pediatric age group and to compare it with 
complications caused by P.falciparum or mixed 
malarial infections. Another added aim of our study 
was to look for presence of concomitant bacterial 
infections in cases of severe malaria and its effect 
on final outcome of such cases.

Material and Methods

 A prospective observational analytical 
hospital based study was done over Pediatric ward 
of a Tertiary care hospital situated in Kanpur, 
India. A total of 200 patients under age of 18 
years were enrolled in the study by convenient 
sampling.  Written informed consent was taken 
from parents. Study was approved by institutional 
ethical committee. Severe malaria was defined as 
per WHO guidelines8.
inclusion criteria
1. Children in age group of 6month to18 years 
of age

2. Peripheral smear or rapid malaria antigen test 
(RMAT) positive for malaria.
exclusion criteria
Patient presenting with fever and treated empirically 
like malaria but malarial parasite ‘negative on 
peripheral smear and RMAT. 
diagnosis
 The diagnosis and confirmation of 
species of P.falciparum and P.vivax malaria were 
established by thin and thick blood smear .Whereas 
RMAT (Rapid malaria antigen test) were based 
on detection of specific Plasmodium spp .lactate 
dehydrogenase and histidine rich protein 2.   RMAT 
or peripheral blood smear positive for both P.vivax 
and P.falciparum were labeled as mixed malarial 
infections.
data Collection and analysis
 Da ta  regard ing  pa t ien t  c l in ica l 
presentation, investigations and outcome were 
recorded. Prevalence of symptoms, signs, severity 
criteria, lab parameters and their relation to 
mortality were studied. Appropriate tests were 
applied to test statistical significance of results.

results

 As depicted in table 1, in our study out of 
200 cases of malaria, 100% were positive by rapid 
card test which includes 130 cases of P.vivax (65 
%), 19.5 % cases of mixed malaria and 15.5% cases 
of Falciparum while only 22% cases of malaria 
were positive by both card and PBS which included 
16 % cases of P.vivax, 2 % cases of mixed malaria 
and 4 % cases of P.falciparum. (Table 1)
 Further, as shown in table 2, total of 84 
patients (42%) had thrombocytopenia of varying 
degree. Patients were further classified into 

table 1. Distribution of cases as per positivity in rapid card test (RCT) or 
peripheral blood Smear (n=200).

Type of malaria  Malaria antigen  Malaria positive 
parasite positive by  by both card and 
 card test peripheral blood smear
 No. (%) NO. (%)

P.vivax ( n=130) 130 (65%) 32(16%)
P.falciparum(n=31) 31(15.5%) 4 (2%)
Mixed malaria(n=39) 39(19.5%) 8 (4%)
Total(n=200) 200(100%) 44(22%)
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table 2. Distribution of cases according to degree of thrombocytopenia and anemia
.
 P.vivax  P.falciparum Mixed Malaria Total
 (n=130) (n=31) ( n=39) (n=200)

Mild thrombocytopenia 18(13.8%) 7(22.5%) 5(12.8%) 30(15%)
ModerateThrombocytopenia 23(17.6%) 6(19.5%) 11(28.2%) 40(20%)
Severe thrombocytopenia 10(7.69%) 1(3.2%) 3(7.6%) 14(7%)
Mild anemia 35(26.9%) 6(19.3%) 9(23.1%) 50(25%)
Moderate anemia 60(46.1%) 16(51.6%) 19 (48.7%) 95(47.5%)
Severe anemia 35(26.9%) 9(29%) 11(28.2%) 55(27.5%)

table 3. Distribution of cases according to clinical bleeding and 
deranged PT/aPTT in cases of thrombocytopenia

Degree of  Bleeding                            Gross  bleeding with/
thrombocytopenia                          without deranged PT/aPTT
 Total Mild Gross Deranged  Normal 
    PT /aPTT PT/aPTT

Mild(n=30) 6(20%) 3 3 3 0
Moderate(n=40) 18(45%)  4 14 14 0
Severe(n=14) 10(71.4%) 3 7 2 5
Total (n=84) 34(40.4%) 10 24 19 5

table 4. Distribution of cases according to cerebral malaria in 
different species of malaria

Type of malaria parasite Total cases of  P value 
 cerebral malaria

P.vivax (n=130) 38(29.2%) 0.62
P.falciparum (n=31)  8(25.8%) 
Mixed malaria(n=39) 14(35.9%) 
Total (n=200) 60(30%) 

mild (platelet count: 1.5 lakh to 50,000/mm3), 
Moderate (platelet counts: 50,000 to 20,000/
mm3) and severe (platelet counts <20,000/mm3) 
thrombocytopenia. Moderate thrombocytopenia 
was most common degree of thrombocytopenia 
found in all three types of malaria. 7% of malarial 
cases in our study had severe thrombocytopenia. 
Severe thrombocytopenia cases were highest in 
P.vivax (7.7%) followed by mixed malaria (7.6%) 
and P.falciparum (3.2%). P.vivax had statistically 
significant (p=0.049 by z proportion test) higher 
cases of severe thrombocytopenia when compared 
to falciparum group. As shown in table2 occurrence 
of moderate anemia (Hb 5- 10 gm/dl) was more 
common than mild (>10gm/dl but less than normal 
reference for that age and gender) and severe 
anemia (<5gm/dl) in all three species groups. 

Severe anemia was present in 25% of patient and 
that all three species groups were causing almost 
similar percentage of severe anemia with no 
statistically significant difference (p=0.40517 by 
Z proportion test)
 We also made an observation whether 
all thrombocytopenia or severe thrombocytopenia 
alone had significant clinical bleeding. In our study 
as shown by table 3, out of 84 cases of malaria 
with thrombocytopenia of varying degree clinical 
bleeding was seen in 40.4 % cases only and 59.5% 
cases were not associated with bleeding.  Thus 
clinical bleeding in thrombocytopenia was not 
that frequent as is generally assumed of. However, 
71.4% children with severe thrombocytopenia 
had significant clinical bleeding. Statistical 
analysis revealed that there was significant 
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table 5. Distribution  of cases according to mortality

Type of malaria  No. of  P value
parasite mortality (%)

P.vivax(n=130) 17 (13.07%) 0.017
P.falciparum(n=31) 0(0%) 
Mixed malaria(n=39) 9(23.1%) 
Total(n=200) 26(13%) 

table 6. Distribution of cases according to mortality and mean duration of hospital stay in severe 
malaria cases with bacterial co-infections

Patient of malaria No (%) Mortality No (%)        Mean duration of hospital stay
   Mean S.D.

With bacterial infection 33(16.5%) 3(9%) 16.75 3.6
Without bacterial infection 171(85.5%) 23(13.45%) 8 1.2
Total 200(100%) 26(13%) 12.37 6.18
p value  0.39  0.00000

co-relation between gross bleeding and severe 
thrombocytopenia (p=0.017 by chi square test). 
With above table we further made an analysis 
which revealed abnormally high PT / aPTT in all 
the patient 17/17 (100%) who had gross bleed 
in mild and moderate thrombocytopenia. Thus, 
stressing that probably thrombocytopenia alone 
was not responsible for gross bleeding here.  
Whereas only 2out of 7 cases (28.6%) in severe 
thrombocytopenia group with gross bleeding had 
deranged PT /aPTT , bringing in to yet another 
observation that gross bleeding in this group 
was mainly due to very low platelet count ( <20 
thousand/mm3) than deranged PT/aPTT.
 As shown in table 4, in our study cerebral 
malaria features were present in 38 cases (29.2%) 
of P.vivax, 8 cases (25.2%) of P. falciparum and 
14 cases (35.9%) of mixed malaria. Though mixed 
malaria had higher cases of cerebral malaria than 
P.vivax, this difference was insignificant (p=0.62 
by chi-square).
 Further, as depicted in table 5, Out of 200 
patients enrolled in our study 26 patients (13%) 
died. On analysis we observed that mixed malaria 
had highest percentage of mortality (23.1%) 
followed by P. vivax (13.07%) and this difference 
was statistically significant (p=0.017).No mortality 
was seen in P.falciparum.
 As seen in table 6, 33cases (16.5%) 
with severe malaria had bacterial co-infections 

(Pneumonia, UTI, Positive blood culture). Out of 
26 mortalities only 3 had bacterial co-infections 
while rest 23 cases were without bacterial co-
infections. There was no significant assosciation 
between bacterial co-infection and mortality 
(p=0.39 by independent t-test).  Mean duration 
of hospital stay in cases of severe malaria with 
bacterial co-infections was 16.75+/- 3.6 days 
which was significantly higher in comparison to 
mean duration of hospital stay in cases of severe 
malaria not associated with bacterial infection 
where this duration was 8+/-1.2 days (p=0.00000 
by independent t-test).

disCussion

 In our study, out of 200 cases of severe 
malaria maximum cases were of P.vivax followed 
by mixed malaria group and P.falciparum. All 
patients were card positive for malaria of which 
only 44 were positive by both card and Peripheral 
blood smear examination (PBS). Hence, RDT was 
more sensitive than PBS but equally specific in 
detecting malaria and these results were similar 
to study by Azikiwe et al9. This could be due to 
higher technical skills which are required for smear 
examination. Other contributing factor for this 
difference could be higher rates of disappearance 
of malarial parasites from peripheral blood even 
after a single dose of antimalarial. Considering 
these facts and also the grave outcomes of severe 
malaria, antimalarial treatment was started as soon 
as RCT for malaria was positive. Through our study 
we would like to propose same protocol for starting 
antimalarial in malaria endemic areas.
 In our study percentage of severe malaria 
cases having thrombocytopenia was 42 %.This 
percentage was lesser as compared to another 
Indian study on severe malaria in children done 
in Bikaner where it was 65.3%10. Our study also 
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observed that P.vivax was responsible for highest 
cases of severe thrombocytopenia (7.69%). Though 
this percentage was lesser in comparison to study 
by Tanwar GS et al where 15.79 % of P.vivax 
cases had severe thrombocytopenia10. These 
results were in tune with Indonesian study where 
P.vivax associated severe thrombocytopenia rate 
was 8.4%11. Thus in our study we observed that 
thrombocytopenia was present in large number of 
malaria positive patients and P.vivax had highest 
cases of thrombocytopenia. Our study stresses the 
importance of thrombocytopenia in acute febrile 
patient from malaria endemic area as an indicator 
of acute malaria.
 Another important observation of our 
study was to observe effect of different species 
of malaria on hemoglobin level. Anemia was 
defined as Hb < 11 g/dl12 and further classified as 
per WHO guidelines for anemia classification in 
severe malaria8. In our study percentage of P.vivax 
cases with severe anemia was slightly lesser than 
P.falciparum and mixed malarial infections but 
this difference was statistically insignificant. In 
endemic countries like India where there is intense 
transmission and relapses are frequent younger 
children are at more risk to develop clinically 
significant severe anemia due to P.vivax infection.13 
There have been few studies dedicated to observe 
impact of P.vivax infection on hemoglobin 
concentration and spectrum of anemia has been 
found to range from almost insignificant to very 
dramatic14.
 However how severe anemia due to 
P.vivax affects clinical outcome in severe malaria 
is not very well studied domain. Hereby we would 
like to propose need of separate dedicated study 
to observe how severe anemia due to P.vivax 
affects body response to other infectious and non-
infectious diseases and thus affecting survival rate 
in such scenarios.  Its need of hour to study how 
already existing malnutrition, iron deficiency, co-
infection with intestinal helminthes and relapses of 
P.vivax itself are affecting frequency and degree of 
anemia due to P.vivax.
 We also tried to make an observation 
whether all thrombocytopenia had clinical bleeding 
or only those with severe thrombocytopenia had.  
Percentage of significant clinical bleeding in severe 
malaria was 15% however in study by Tanwar GS 
et all it was 21%10.

 Statistical analysis revealed clinical 
bleeding to be significantly higher in patients 
with severe thrombocytopenia. Till now, WHO 
has not included thrombocytopenia in criteria of 
severe malaria. However, on basis of our study we 
would like to propose severe thrombocytopenia to 
be included in severe malaria criteria. On further 
analysis an important observation was made that 
significant gross bleeding in mild and moderate 
thrombocytopenia group was mainly due to 
associated Disseminated Intravascular Coagulation 
( deranged PT \ a PTT) as compared to  severe 
thrombocytopenia group where it was mainly due 
to very low platelet counts( < 20,000/ mm3) .
 Other important observation of our study 
was comparison of cerebral malaria in different 
species of malaria. There are scanty studies on 
P.vivax induced cerebral malaria in children’s in 
India .We observed some alarming results. We 
observed that 38 cases of P.vivax had cerebral 
malaria. Our cases of P.vivax cerebral malaria were 
more than Sudanese study where 11.2 % cases of 
severe malaria in children with P.vivax had cerebral 
malaria.15. Though mixed malaria had highest 
cases of cerebral malaria followed by P.vivax, this 
difference was statistically insignificant.
 One of the most important observations 
of our study was mortality rate in different species 
of malaria. Results of mortality rate alone are 
alarming and eye opening that P.vivax can no 
more be considered benign. Though mixed malaria 
is having maximum mortality we observed that 
p.vivax also had major contribution to deaths. 
.Our study results showing high mortality in mixed 
malaria was similar to other study by Manaskotepui 
et al16. However, it has been shown in few studies 
that its P.vivax super infection on already existing 
P.falciparum that makes mixed malaria more severe 
than P.falciparum super infection on P.vivax17 
Hence again emphasizing the contribution of 
P.vivax in severe malaria though indirectly here. 
Other than increasing virulence of P.vivax recent 
studies have found association between P.vivax and 
delayed morbidity and indirect mortality. One such 
study in Papua, Indonesia found that after 30 days 
of the initial presentation with malaria risk of death 
was significantly higher in P.vivax as compared to 
P.falciparum.18

 Though malaria recurrence was not 
observed as a cause of increased morbidity and 
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mortality in our study, we attempted to look for 
presence of concomitant bacterial infections 
(Pneumonia, UTI or sepsis) and its effect on final 
outcome of severe malaria. In malaria endemic areas 
like India there is co-circulation of various disease 
agents. Hence there remains high probability that 
malaria may be acquired along with other bacterial, 
viral, fungal, parasitic or other malaria parasite 
itself (mixed malarial infection). Few studies 
have shown that severe malaria predisposes to 
bacterial co-infections19-23. Bacterial co-infections 
(pneumonia, UTI, positive blood culture) were 
present in 16.5% cases. These results were in tune 
with studies done on bacterial infections in severe 
malaria in African countries where prevalence 
of bacterial co-infection was around 12%.19,25-27. 
Pneumonia was predominant bacterial co-infection 
in our study affecting in total 20 cases (10%).
Studies on respiratory manifestations of severe 
malaria in pediatric age group are very scanty till 
now. Therefore we made an attempt to document 
the same. . Diagnosis of pneumonia was made on 
basis of clinical findings, radiological findings 
like infiltrates or consolidation and laboratory 
parameters like elevated CRP, deviation in white 
blood cell count and positive blood culture if any. 
Our study showed that 14 cases (10.7%) of P.vivax 
presented with pneumonia which was more than 
3cases (9.6%) of P.falciparum with pneumonia 3 
cases (7.6%) of mixed group with pneumonia but 
this co-relation was statistically insignificant in 
both. However, this result was surprisingly a major 
deviation from other studies till now which showed 
P.falciparum causing significantly more cases of 
pneumonia than P.vivax.
 Positive blood culture was seen in 5(2.5%) 
of cases of severe malaria, it included 4 (3.07%) 
cases of P.vivax, 1 case (3.02%) of P.falciparum. 
However, none of severe malaria cases due to 
mixed malaria had bacterial co-infection in our 
study. 
 In our study mortality was observed in 
10.34% cases of severe malaria associated with 
bacterial infections as against 13.45% cases 
not associated with bacterial infection. This 
difference was not statistically significant. Hence 
cases associated with bacterial infection were not 
showing higher mortality. This result is in contrast 
to other studies where bacterial co-infection has 
significantly contributed to mortality.19, 24-27

 However other important observation 
in our study was that mean duration of hospital 
stay in cases of severe malaria associated with 
bacterial infection was 16.75 +-3.6 days which 
was significantly higher as compared to mean 
duration of hospital stay in cases of severe malaria 
not associated with bacterial infections that was 
8+-1.2 days. These results are similar to other 
study showing prolonged hospitalization in cases 
of malaria with bacterial co-infections28. 
 Therefore, bacterial co-infection was 
contributing significantly towards morbidity and 
prolonged hospitalisation, thereby causing physical 
and mental sufferings and loss of productive days 
of their parents. In view of risk of concomitant 
bacterial infection in severe malaria WHO and 
national guidelines have kept low threshold to start 
antibiotics.29, 30

 On basis of major observation of our 
study that showed bacterial co-infection in severe 
malaria  quite significant and  almost as high as that 
of African study19,24,25,27,31 we would like to advocate 
use of broad spectrum antibiotics in severe malaria 
or at least to keep low threshold for same and to be 
guided by severity of malaria, CRP levels, WBC 
levels , x-ray findings  in decision making even 
though if blood ,urine, stool cultures are negative.

ConClusion

 In our study we found P.vivax as underlying 
cause of mortality and life threatening morbidities 
in children. Severe vivax malaria is an emerging 
entity and demands further clinical and molecular 
research to understand its increasing virulence .We 
also  found that  concomitant bacterial infections 
in severe malaria that contributed significantly 
towards morbidity and prolonged hospitalisation. 
Therefore, recommendation on prophylactic use of 
antibiotics in cases of severe malaria needs to be 
studied.  

aCknowledgeMent

 Authors acknowledge the immense help 
received from the scholars whose articles are cited 
and included in references of this manuscript. The 
authors are also grateful to authors / editors / 
publishers of all those articles, journals and books 



1603 Nauriyal & Kumar, Biomed. & Pharmacol. J,  Vol. 15(3), 1597-1604 (2022)

from where the literature for this article has been 
reviewed and discussed.
Conflicts of Interest
 The authors declare no conflict of interest.
Funding
 This research did not receive any 
specific grant from funding agencies in the public, 
commercial, or not-for-profit sector.

reFerenCes

1. Rodríguez Morales AJ, Paniz Mondolfi AE. 
Venezuela’s failure in malaria control. Lancet; 
384(9944):663 4 (2014).

2. Rodriguez Morales AJ. Malaria: an eradicable 
threat? [Editorial]. J Infect Dev Ctries; 2(1):1 2 
(2008).

3. WHO World malaria report 2019. 2019; 1–282. 
www.who.int.  

4. Howes RE, Battle KE, Mendis KN. Global 
epidemiology of Plasmodium vivax. Am Trop 
Med Hyg.; 95:15–34 (2016).

5. World Health Organization (2013) World Malaria 
Report: 2013.

6. Carlton JM, Sina BJ, Adams JH. Why is 
Plasmodium vivax a neglected tropical disease?  
PLoSNegl Trop Dis.; 5:e1160 (2011).

7. National Vector Borne Disease Control 
Programme, 2017 Available from: http://nvbdcp.
gov.in/Doc/malaria-situation.pdf (Accessed on 
March 12, 2019).  

8. WHO: Severe and complicated malaria. Trans R 
Soc Trop Med Hyg, 94(1):1–90 (2000).

9. Azikiwe CCA, Ifezulike CC, Siminialayi IM, 
Amazu LU, Enye JC, Nwakwunite OE. A 
Comparative laboratory diagnosis of malaria: 
microscopy versus rapid diagnostic test kits. 
Asian Pac J Trop Biomed.; 2(4):307-10 (2012).

10. Tanwar GS, Khatri PC, Chahar CK, Sengar 
GS,Kochar A, Tanwar G et al Thrombocytopenia 
in childhood malaria with special reference to 
P. vivax monoinfection: A study from Bikaner 
(Northwestern India). Platelets.; 23(3):211-6 
(2012). doi: 10.3109/09537104.2011.607520. 
Epub 2011 Aug 24. PMID:21864016

11. Lampah DA, Yeo TW, Malloy M, Kenangalem 
E, Douglas NM, Ronaldo D,et al. Severe 
thrombocytopenia: a risk factor for mortality 
in Papua, Indonesia. J Infect Dis.; 211:623–34 
(2015).

12. WHO, Iron Deficiency Anaemia: Assessment, 
Prevention and Control: A Guide for Programme 
Managers, World Health Organization, Geneva, 
Switzerland, 2001, http://www.who.int/nutrition/
publications/micronutrients/anaemia_iron_

deficiency/WHO_NHD_01.3/en/index.html.
13. Douglas NM , Anstey NM, Buffet PA, 

Poespoprodjo JR ,Yeo TW, White NJ et al. The 
anaemia of Plasmodium vivax malaria. Malar J.; 
11:135 (2012). doi: 10.1186/1475-2875-11-135.
PMID:22540175;PMCID:PMC3438072.

14. Tjitra E, Anstey NM, Sugiarto P, Warikar N, 
Kenangalem E, Karyana M et al.PriceRN.
Multidrug-resistant Plasmodium vivax 
associatedwith severe and fatal malaria: a 
prospective study in Papua, Indonesia. PLoS 
Med, 5: e128 (2008).

15. Mahgoub H, Gasim GI, Musa IR, Adam I. 
Severe Plasmodium vivax malaria among 
sudanese children at New Halfa Hospital, Eastern 
Sudan. Parasit Vectors.; 5:154 (2012). doi: 
10.1186/1756-3305-5-154. PMID: 22846165; 
PMCID: PMC3464670.

16. Kotepui, M., Kotepui, K.U., Milanez, G.D. et al. 
Prevalence and proportion of Plasmodium spp. 
triple mixed infections compared with double 
mixed infections: a systematic review and meta-
analysis. Malar J 19: 224 (2020). https://doi.
org/10.1186/s12936-020-03292-8

17. Mohapatra, M. K., Dash, L. K., Barih, P. 
K. &Karua, P. C. Profile of mixed species 
(Plasmodium vivax and falciparum) malaria in 
adults. J. Assoc. Physicians India, 60: 20–24 
(2012).

18. Dini S, Douglas NM, Poespoprodjo JR, 
Kenangalem E, Sugiarto P, Plumb ID, Price RN, 
Simpson JA. The risk of morbidity and mortality 
following recurrent malaria in Papua, Indonesia: 
a retrospective cohort study. BMC Med.; 18(1):28 
(2020). doi: 10.1186/s12916-020-1497-0. PMID: 
32075649; PMCID: PMC7031957.

19. Scott JA, Berkley JA, Mwangi I, Ochola L, 
Uyoga S, Macharia A et al Relation between 
falciparum malaria and bacteremia in Kenyan 
children:a population-based, case-control study 
and a longitudinal study. Lancet, 378:1316 
–1323 owe BS, Mwarumba S, Bauni E, Marsh 
K, Williams TN. 2011

20. Bhattacharya, S. K., Sur, D., Dutta, S., Kanungo, 
S., Ochiai, R. L., Kim, D. R., Anstey, N. M., 
von Seidlein, L., & Deen, J. Vivax malaria and 
bacteraemia: a prospective study in Kolkata, 
India. Malaria journal, 12: 176 (2013). https://
doi.org/10.1186/1475-2875-12-176

21. Church J, Maitland K. Invasive bacterial co-
infection in African children with Plasmodium 
falciparum malaria: a systematic review. BMC 
Med.; 12:31 (2014). doi: 10.1186/1741-7015-12-
31. PMID: 24548672; PMCID: PMC3928319.

22. Gómez-Pérez, G.P., van Bruggen, R., Grobusch, 
M.P. et al. Plasmodium falciparum malaria 



1604Nauriyal & Kumar, Biomed. & Pharmacol. J,  Vol. 15(3), 1597-1604 (2022)

and invasive bacterial co-infection in young 
African children: the dysfunctional spleen 
hypothesis. Malar J 13: 335 (2014). https://doi.
org/10.1186/1475-2875-13-335

23. Biggs HM, Lester R, Nadjm B, Mtove G, Todd 
JE, Kinabo GD, et al. Invasive Salmonella 
infections in areas of high and low malaria 
transmission intensity in Tanzania. Clin Infect 
Dis.; 58(5):638–47 (2014). doi: 10.1093/cid/
cit798

24. Berkley J, Mwarumba S, Bramham K, Lowe 
B, Marsh K. Bacteremia complicating severe 
malaria in children. Trans. R. Soc. Trop. Med.
Hyg. 93: 283–6 (1999).

25. Bronzan RN, Taylor TE, Mwenechanya J, Tembo 
M, Kayira K, BwanaisaL et al. Bacteremia 
in Malawian children with severe malaria: 
prevalence, etiology, HIV co-infection, and 
outcome. J. Infect. Dis. 195: 895–904 (2007).

26. Berkley JA, Bejon P, Mwangi T, Gwer S, 
Maitland K, Williams TN  et al. HIV infection, 
malnutrition, and invasive bacterial infection 
among children with severe malaria. Clin. Infect. 
Dis. 49:336 –43 (2009).

27. Bassat Q, Guinovart C, Sigaúque B, Mandomando 
I, Aide P, Sacarlal J  et al. Severe malaria and 
concomitant bacteremia in children admitted 
to a rural Mozambican hospital. Trop. Med. Int. 
Health 14:1011–9 (2009).

28. Ojuawo A, Mokuolu O, Adegboye A, Ojuawo O, 
Abdulkadir M, Olanipekun B et al Predictors of 
Bacterial Co-Infection and Outcome in Children 
with Severe Malaria in Ilorin, Nigeria. West Afr J 
Med.; 38(3):274-281 (2021). PMID: 33765761.

29. World Health Organization. 2010. Guidelines 
for the treatment of malaria, 2nd ed. ISBN 
9789241547925. World  Health Organization, 
Geneva, Switzerland.

30. Lalloo DG, Shingadia D, Pasvol G, Chiodini 
PL, Whitty CJ, Beeching NJ et al HPA Advisory 
Committee on Malaria Prevention in Travellers 
in the UK. UK malaria treatment guidelines. J. 
Infect. 54:111–21 (2007).

31. Were T, Davenport GC, Hittner JB, Ouma C, 
Vulule JM, Ong’echa JM et al. Bacteremia in 
Kenyan children presenting with malaria. J.Clin.
Microbiol. 49:671– 6 (2011).


