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ABSTRACT

Malaria is a parasitic disease of the tropics. It is accompanied by an inflammatory reaction, consequence of the
immune cells activation. The objective of this work was to evaluate the intensity of inflammation in relation to
parasitaemia. Method: On the blood samples of 300 patients detected malaria positive by thick smear were
quantified C-reactive protein (CRP), an acute inflammatory marker and made the leukocyte formula. Results: The
study of the general characteristics of the patients showed a very high proportion of young people with a slight
predominance of the male sex (53% of the patients). The cases of moderate parasitaemia were more frequent and
represent 46% of the total. Those of low and high parasitaemia accounted for 28% and 26% respectively. The
serum level of CRP was increased significantly in cases of moderate parasitaemia and very significantly in cases of
high parasitaemia compared to cases of low parasitaemia. The numbers of inflammatory cells, such as neutrophils
and monocytes, increased in significantly in cases of moderate parasitaemia and significantly in cases of high
parasitaemia compared those of low parasitaemia. By cons, the number of lymphocytes, chronic inflammatory
cells decreased very significantly in cases of high parasitaemia, compared to those of low parasitaemia.
Conclusion: In malaria, blood levels of CRP, neutrophils and monocytes were proportional to parasite density.

These inflammatory markers may serve as an indicator for the therapeutic management of the disease.
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INTRODUCTION

Malaria is a disease that infects 5-10% of human in
word and causes around two million deaths each
year, mostly in children’”. It occurs mostly in sub-
tropical regions. In 2015, an estimated 438.000
deaths were attributed to malaria, mostly due to P.
falciparum infection among children under 5 years old
in sub-Saharan Africa. The infection causes human
suffering, and severely handicaps economic growth in
the affected areas".

A major characteristic of malaria is anemia due to
haemolysis of parasitized red blood cells, especially in
children and pregnant women“"il,

The disease in most cases is not severe in adults and
complications only occur in 1 to 2% of cases". This
lesser severity of disease in adults is due to partially
acquired immunity against the parasite. Both types of
immunity, namely humoral immunity and cellular
immunity, are likely to contribute to protection
against the parasite™*.
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However, the immune system may be sometimes
defeated by the parasite, which could become more
virulent through antigenic variation strategies and its
system of massive invasion of red blood cells**,
Another major manifestation of malaria is fever
whose episodes are correlated with the release of
pro-inflammatory cytokines such as TNF, IFN-c and IL-
1b. These cytokines are released by immune cells
following the schizont breakdown and contribute to
reactions of the acute phase of the diseaseXi<v1xv,
This work aimed to evaluate acute inflammation
according to the malaria parasite density in blood.

MATERIAL AND METHODS

Characteristics of the study participants

The study involved 300 patients admitted from June
to August 2017 to the hospital of Army Instruction
(HAI) in Parakou in Benin republic. These selected
patients all suffered from malaria, detected positive
for malaria parasite at thick blood smears. All other
infection tests were negative in these patients. They
all consented to participate in the study and the data
processing was made anonymously.

Sample collection

In all patients, venous blood was collected in a dry
tube for the C-reactive protein (CRP) detection, and in
EDTA tube for blood count.

Semi-quantitative determination of Protein C
Reactive (CRP)

C-reactive protein is a serum protein of hepatic origin.
It is a marker of the acute phase of
inflammation*Vi»viixvii,

This was performed with an immunological test,
carried out with a SPINREACT Brand CRP kit which was
a suspension of IgG (goat anti-human CRP) covered
with latex particles. A positive reaction resulted in
agglutination of the latex particles and indicated a
presence of CRP in the sample. The detection limit
was 6 mg/L. When the reaction was positive, the
concentration of CRP was semi-quantified. For this
purpose, the title of the CRP was determined by serial
dilutions of the sample. The concentration was
obtained by multiplying the title by the threshold
concentration (6 mg/l).

Thick blood smears for malaria parasite

It detects the presence of plasmodium in the infected
blood. For this purpose, a drop of blood is deposited
on a glass plate and then spread in a thick layer by
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circular movements using a glass rod. The spreading
was then dried for 30 minutes in the open air. A few
drops of water were added to hemolysate the
erythrocytes, and then the slide was stained with
Giemsa solution diluted one-tenth for 15 minutes.
The preparation was then rinsed with water and dried
in the air. It was read under the microscope at the
objective 100 with the immersion oil. Trophozoites
appeared as dots or commas. The trophozoites were
count for 500 leukocytes on the slide. To obtain the
parasite density, the number of the parasites counted
was divided by 500 and the result was multiply by the
number of leucocytes per puL obtained at blood count.
The plasmodial species was determined by observing
the shape of the trophozoites in the parasitized
erythrocytes on the blood thin smears made and
stained with May Grunwald Giemsa for the leukocyte
formula.

Thin blood smear preparation

It consisted of a single layer of red and white blood
cells spread on the surface of the glass slide. For this
purpose, a drop of blood was deposited at one end of
the blade. Against the drop was placed a lamella
inclined at about 45 °. The drop stretched by capillary
action along the lamella. The lamella was then slid
towards the other end of the slide by a regular,
continuous and uniform movement until the drop of
blood was exhausted. The smear was then dried in air
for 20 minutes.

May Grunwald Giemsa staining

After drying the smear, it was covered with May
Grunwald dye for two minutes, then a few drops of
water were added to the May Grunwald and acted for
10 minutes. The colorant was then rinsed and
replaced with Giemsa diluted tenth for 10 munites. It
was then rinsed and then dried a few minutes in the
air for reading.

Leukocyte count

It was carried out by automatic cell counting and
confirmed by manual method. The coulter counter
used was Mindray. It counts the different types of
blood cells, the different parameters of the red blood
cells and those of the white blood cells including the
leukocyte formula.

For the manual method, blood was diluted to one-
twentieth in Lazarus liquid which hemolysed the red
blood cells. The diluted blood was then mounted in a
counting chamber of the Mallassez hematometer.
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After three minutes, the leukocytes were counted in
five strips of the hematometer. The number of
leukocytes per pL of blood was obtained by
multiplying the number of leukocytes counted by 40.
Liquid of Lazarus composition

Methylene blue 0.25 g; Acetic acid 30 mL; Distilled
water gs 1000 mL

Leukocyte formula by manual method

It consisted in counting the different types of
leukocytes in a volume of blood. On the stained smear
with May Grunwald Giemsa and observed under a
microscope with oil immersion objective, were
counted on cent leukocytes, the number of
neutrophils, eosinophils, basophils, monocytes and
lymphocytes. The absolute leucocyte formula was
obtained by multiplying the frequencies found by the
number of leukocytes counted per L of blood.
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Statistical analysis

The graphs were made in the Graphpad software. The
means obtained for the measured parameters of
moderate (PL ++) and high (PL +++) parasitemia cases
were compared with those of low parasitemia (PL +)
using the Dunnett multiple comparison test. The
significance level was set at 5%.

RESULTS

1- The majority of patients with malaria were young
Of the 300 studied cases, 36% were under 10 years
old, 24% were between 10 and 20 years old, 21% were
between 21 and 30 years old, and the remaining 19%
were over 30 years old (Table 1). This result showed
that the majority of affected patients were young.
Both sexes were represented with little disparity at
53% for males and 47% for females.

Table 1: General characteristics of patients

Age (years) <10 11to20 21to30 >30 Total Sex Male Female Total
Number 108 72 63 57 300 Number 159 141 300
Frequency (%) 36 24 21 19 100 Frequency (%) 53 47 100

2- Malaria severity was commonly moderate

Of the 300 samples analyzed, parasitaemia was low
(<500 trophoites / pl of blood) in 84 cases, moderate
(500 to 10000 trophozoites / pl of blood) in 138 cases
and high (> 10000 trophozoites / ul of blood) in the

remaining 78 cases. Thus, cases of modarate parasite
density dominate, followed by cases of low parasite
density and finally cases of high parasite density with
frequencies of 46%, 28% and 26% respectively (Table
2).

Table 2: Distribution of cases according to parasitaemia level

Parasitemia level (PL) Number Frequency (%)

Low (+) 84 28
Moderate (++) 138 46
Hight (+++) 78 26
Total 300 100

3- Expression of the C Reactive Protein (CRP)
increased with the parasitemia

The Table 3 and Figure 1 showed the evolution of CRP
according to the parasite density.

The frequency of positive CRP increased with
parasitemia. It increased from 70.3% of cases for low
parasitaemia (PL+) to 100% of cases for high
parasitaemia (PL+++).

The mean CRP value was 24.5 + 13 mg / | for low
parasite densities. This mean significantly increased
to 35.3+14.6 mg/ | (P value <0.05) for the moderate
parasite densities (PL +) and very significantly at 44 +
12 mg / | (P value <0.01) for High parasite densities
(PL ++).
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Table 3: CRP frequency according to parasitaemia

Parasitemia level (PL)

CRP
+ ++ +++
(n) 25 5 0
Negative
(%) 29.7 3.2 0
.. (n) 59 134 77
Positive
(%) 703 96.8 100
Total (N) 84 139 77
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Figure 1: Mean value of the CRP based on parasitaemia

*: Pvalue <0.05; ** : P value <0.01; PL : Parasitemia level

4- The total number of blood leukocytes did not vary did not change significantly when the parasite
with parasitaemia density was moderate (PL ++) or high (PL +++). The
The mean number of blood leukocytes was 7120 + respective values were 6952 + 2391 / ul for PL ++ and
2359 / ul of blood for low parasite densities (PL +). It 7021 + 2341 / ul for PL +++ (Figure 2).
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Figure 2: Mean number of leukocytes according to parasite density
PL: Parasitemia Level
5- The number of neutrophils increased with insignificantly for moderate parasitaemia (PL ++) and
parasitaemia significantly for high parasitaemia (PL +++). Means were
The Mean number of neutrophils was (3650 + 1189) /uL  respectively (3898 + 1491) / ul for PL ++ and 4557 + 1334
of blood for low parasitemia (PL +). It increased for PL +++ (Figure 3).
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Figure 3: Mean number of neutrophils according to parasitaemia
* : Pvalue< 0.05; PL : Parasitemia Level

6- The number of eosinophils cells did not change with
parasitaemia

The mean number of eosinophilic polynuclear cells did
not significantly vary in the cases of moderate (PL ++) or

300 9
200 4

100 -

Eosinophil/puL

high (PL +++) parasitaemia compared to those of low
parasitaemia (PL +). The means were 143 + 75 / ul for
PL +, 142 = 78 for PL ++ and 175 * 87 for PL ++4+,
respectively (Figure 4).

-

Figure 4: Mean number of eosinophilic polynuclear cells according to parasitaemia
PL : Parasitaemia Level

7- The number

of monocytes increased with

parasitaemia

The mean number of blood monocytes was 423 + 180 /
ul of blood in cases of low parasitaemia (PL +). This
number increased insignificantly in cases of modrate
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parasitaemia (PL ++) and significantly in cases of high
parasitaemia (PL +++). The values were 501 + 192 / ul
for PL ++ and 573 + 190 / ul for PL +++, respectively
(Figure 5).
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Figure 5: Mean number of monocytes in function of parasitaemia
*: P value <0.05;PL: Parasitaemia Level

8- The number of lymphocytes decreased with
parasitaemia
The mean number of lymphocytes was 3019 + 1098 / ul

for cases of low parasitaemia (PL +). It decreased

insignificantly in cases of moderate parasitaemia (PL ++)
and very significantly in cases of high parasitaemia (PL
+++). The values were 2793 * 1103 / ul for PL ++ and
1978 £ 854 / ul for PL ++4+, respectively (Figure 6).
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Figure 6: Mean number of lymphocytes in function of parasitaemia
**: Pvalue < 0.05; PL: Parasitemia Level

DISCUSSION

Malaria is a widespread disease in tropical countries,
particularly in Africa4, ™. It is caused by a parasite
Plasmodium genus and is accompanied by
inflammation®™. This study evaluated the importance
of acute inflammation depending on parasitaemia.
Thus, in 300 patients detected positive for malaria in
thick blood smear, were evaluated for both the
expression of C-reactive protein and leukocyte
formula, two inflammatory parameters.

The study of the general characteristics of malaria
showed that its frequency decreased with the
evolution of the age of the patients, indicating that it
affected mainly the children, in concordance with the
observations of the WHO* (2016). This may be partly
explained by the immaturity of the immune system of
children, which protects them less from the parasite?®.
It affected patients of both sexes with a slight
predominance of male sex. This observation was also
made by other authors®¥- . xv The classification
according to the parasite load showed that malaria of
moderate severity was more frequent and accounted
for almost half of the cases (46%). The less severe and
severe types accounted for only 28% and 26 of the
cases respectively. The correlation of malaria severity
and mortality with parasite density was established by
previous studies®™i»i Qur frequencies differ from
those obtained in Thailand by Manas?3, who placed
first the cases of low parasitaemia (65.1%), followed
by that of moderate parasitaemia (26.8%) and that of
high parasitaemia (8, 1%).

We investigated the expression of C-reactive protein
(CRP), a protein of the acute phase of the
inflammation produced by the liver'® in different cases

of parasitaemia. CRP was positive in 100% of cases of
high parasitaemia, in 96.8% of cases of moderate
parasitaemia and in 70.3% of cases of low
parasitaemia. Comparison of the mean serum CRP
level between the different groups showed that it
increased significantly in the cases of moderate
parasitaemia (P <0.05) and very significantly in cases
of high parasitaemia (P <0.01), compared with cases
of low parasitaemia. This observation confirmed that
of other authors who showed a positive correlation
between serum CRP and parasitaemia i 22 xxx,24
Indeed, the production of CRP by the liver is initiated
by the pro-inflammatory cytokines of blood
phagocytes?®. For this purpose, we examined the
blood levels of the different types of leukocytes.

The total number of white blood cells did not vary
depending on the parasitaemia. This result was
discordant with that of McKenzie ** who found a
significant increase in the total number of white blood
cells with the parasite density. The mean number of
neutrophils increased insignificantly in moderate
parasitaemia and significantly in cases of high
parasitaemia compared to those of low parasitaemia,
consistent with the findings of Kakom™ and Manas?3.
This result was not surprising because neutrophils are
acute inflammatory cells whose blood number
increases initially during the early stage of
inflammation before gradually decreasing as the
chronic phase progresses®ixi

For cons, the number of eosinophils did not vary
significantly with parasitaemia, which was in
agreement with their role as chronic inflammatory
cells. It was even emphasized that Plasmodium
falciparum suppresses preexisting eosinophils before
infection, causing their blood levels to drop™®.
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Like neutrophils, the number of monocytes also
increased insignificantly in cases of moderate
parasitaemia and significantly in cases of high
parasitaemia compared those of low parasitaemia.
Indeed, monocytes are macrophages precursors
involved in innate immunity by their phagocytic
potency and production of pro-inflammatory
cytokines such as TNF-a and IL-6 whose blood levels
increased in malaria?® *¥ . This may explain the
increase in their rates in malaria. This result contrasts
with that of Manas?® who observed a significant
decrease in their number depending on the parasite
load.

On the other hand, the number of blood lymphocytes
collapsed in cases of high parasitaemia compared to
those of low parasitaemia. This observation was also

REFERENCES

Int J Pharm Biol Sci.

made by different authors*Vi-»»i.23 and confirmed
their characteristic of cells of the chronic phase of
inflammation.

CONCLUSION

This work showed an increase in serum C-reactive
protein level with plasmodial parasitaemia. It was the
same for neutrophils which also were markers of
acute inflammation. The unexpected increase in the
number of monocytes would be related to their
intervention in innate immunity. The value of these
different parameters could serve as indicators of the
severity of malaria, and orient the therapists in the
disease management.

1. Schofield L, Grau GE (2005) Immunological processes
in malaria pathogenesis. Nat Rev Immunol 5: 722—735.
2. HaySI, Okiro EA, Gething PW, Patil AP, Tatem AJ, et al.

(2010) Estimating the global clinical burden of
Plasmodium falciparum malaria in 2007. PLoS Med 7:
€1000290.

3.  World Health Organization (2015). World Malaria
Report 2015. Geneva.

4. SachsJ, Malaney P. The economic and social burden of
malaria. Nature 2002; 415: 680-685.
5. Lamikanra AA, Brown D, Potocnik A, Casals-Pascual C,

Langhorne J, et al. (2007) Malarial anemia: of mice and
men. Blood 110:18-28.

6. Rogerson SJ, Mwapasa V, Meshnick SR (2007) Malaria
in pregnancy: linking immunity and pathogenesis to
prevention. Am J Trop Med Hyg 77:14-22.

7. Anstey NM, Russell B, Yeo TW, Price RN (2009) The
pathophysiology of vivax malaria. Trends Parasitol
25:220-227.

8. World Health Organization (2010) Guidelines for the
treatment of malaria, Second edition. Geneva,
Switzerland. Available: 185

9. Cohen S, Mc Gl, Carrington S (1961) Gamma-globulin
and acquired immunity to human malaria. Nature
192:733-737.

10. Roestenberg M, McCall M, Hopman J, Wiersma J, Luty
AJ, et al. (2009) Protection against a malaria challenge
by sporozoite inoculation. N Engl J Med 361:468-477.

11. Deans AM, Nery S, Conway DJ, Kai O, Marsh K, et al.
(2007) Invasion pathways and malaria severity in
Kenyan Plasmodium falciparum clinical isolates. Infect
Immun 75:3014-3020.

12. Casares S, Richie TL (2009) Immune evasion by malaria
parasites: a challenge for vaccine development. Curr
Opin Immunol 21:321-330.

13. Kwiatkowski D, Cannon JG, Manogue KR, Cerami A,
Dinarello CA, et al. (1989) Tumour necrosis factor
production in Falciparum malaria and its association
with schizont rupture. Clin Exp Immunol 77:361-366.

14. Karunaweera ND, Grau GE, Gamage P, Carter R,
Mendis KN (1992) Dynamics of fever and serum levels
of tumor necrosis factor are closely associated during
clinical paroxysms in Plasmodium vivax malaria. Proc
Natl Acad Sci U S A 89:3200-3203.

15. Corrigan RA, Rowe JA (2010) Strain variation in early
innate cytokine induction by Plasmodium falciparum.
Parasite Immunol 32:512-527.

16. Gabay C, Kushner I. Acute-phase proteins and other
systemic responses to inflammation. N Engl J Med.
1999; 340:448.

17. Hofer N, Zacharias E, Muller W, Resch B: An update on
the use of C-reactive protein in early-onset neonatal
sepsis: Current insights and new tasks. Neonatology,
2012; 102(1): 25-36.

18. Saleem A, Ali A Correlation of C-Reactive Protein and
Cardiac Enzymes with Angiographic Severity of
Coronary Artery Disease in Pakistani Patients with
Acute Coronary Syndrome. J Coll Physicians Surg Pak.
2017 Feb; 27(2):66-70. doi: 10.2532.

19. Snow RW, Guerra CA, Noor AM, Myint HY, Hay SI. The
global distribution of clinical episodes of Plasmodium
falciparum malaria. Nature. 2005; 434:214-217.

20. Lyke KE, Burges R, Cissoko Y, Sangare L, Dao M, et al.
(2004) Serum levels of the proinflammatory cytokines
interleukin-1 beta (IL-1b), IL-6, IL-8, IL-10, tumor
necrosis factor alpha, and IL-12(p70) in malian children
with severe plasmodium falciparum malaria and
matched uncomplicated malaria or healthy controls.
Infect Immun 2004; 72: 5630-5637.

International Journal of Pharmacy and Biological Sciences

Sénou M et al 29

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

N

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

23.

24,

25.

26.

27.

28.

29.

30.

World Health Organization. World Malaria report
2016. World Health Organization; 2016.

Chhatriwala Mitul, Patel Bhavita, Shah Rita, Shaikh
Nadeem, Gokani Ruchi, Nilawar Anup.

Prognostic value of Serum C-Reactive Protein in
Malaria. International Journal of Biomedical and
Advance Research, 2014, 05 (10).

Manas Kotepui,
PhunPhuech,
Chupeerach, Suwit Duangmano. Effects of Malaria
Parasite Density on Blood Cell Parameters. PLOS ONE
| DOI: 10.1371/journal.pone.0121057 March 25,
2015.

Castelino Dipthi Nishal and Avabratha K. Shreedhara.
C-reactive  protein children  with

Bhukdee
Chaowanee

Duangjai  Piwkham,
Nuoil Phiwklam,

levels in

uncomplicated malaria. International Journal of

Contemporary Pediatrics Castelino DN et al. Int J
Contemp Pediatr. 2017 Mar;4(2):573-576

Murthy GL, Sahay RK, Srinivasan VR, Upadhaya AC,
Shantaram V, Gayatri K. Clinical profile of falciparum
malaria in a tertiary care hospital. J Indian Med Assoc.
2000; 98: 160-162. PMID: 11016175.

Phillips A, Bassett P, Zeki S, Newman S, Pasvol G. Risk
factors for severe disease in adults with falciparum
malaria. Clin Infect Dis. 2009; 48: 871-878. doi:
10.1086/597258 PMID: 19243243.

Tangpukdee N, Krudsood S, Kano S, Wilairatana P.
Falciparum malaria parasitemia index for predicting
severe malaria. Int J Lab Hematol. 2012; 34: 320-327.
doi: 10.1111/j.1751-553X.2011. 01398.x PMID:
22221310.

Agrawal V, Jain V, Biswas S. Evaluation of C-reactive
protein as a biochemical marker for assess severity in
Malaria. J Dent Med Sci. 2013;8(2):23-6.

Utuk Eno-Obong Edet, lkpeme Enobong Emmanuel,
Udo Jacob Jackson2 and Okpokowuruk Frances
Samuel Relationship between Serum C-reactive
Protein Levels and Severity of Plasmodium Falciparum
Malaria in Children Seen in South-South Nigeria.
International Journal of TROPICAL DISEASE & Health
4(10): 1078-1087, 2014.

31.

32.

33.

34,

35.

36.

37.

38.

Int J Pharm Biol Sci.

McKenzie FE, Prudhomme WA, Magill AJ, Forney JR,
Permpanich B, Lucas C, et al. White blood cell counts
and malaria. J Infect Dis. 2005; 192: 323-330. PMID:
15962228.

Kakoma [, James MA, Whiteley HE, Montelegre F,
Buese M, Fafjar-Whestone CJ, et al. Platelet kinetics
and other hematological profiles in experimental
Plasmodium falciparum infection: a comparative study
between Saimiri and Aotus monkeys.
Kisaengchunghak Chapchi. 1992; 30: 177-182. PMID:
1420030.

Dale DC, Wolff SM. Studies of the neutropenia of acute
malaria. Blood. 1973; 41: 197-206. PMID: 4575057
Mabey DC, Brown A, Greenwood BM. Plasmodium
falciparum malaria and Salmonella infections in
Gambian children. J Infect Dis. 1987; 155: 1319-1321.
PMID: 3553352.

Shanks GD, Wilairatanaporn C. Eosinophilic response
to falciparum malaria infections. Southeast Asian J
Trop Med Public Health. 1992; 23: 795-797. PMID:
1298092.

Yang J, Zhang L, Yu C, Yang XF & Wang H. Monocyte
and macrophage  differentiation: circulation
inflammatory  monocyte as  biomarker  for
inflammatory diseases. Biomark Res 2014; 2: 1-9.
Richards MW, Behrens RH, Doherty JF. Short report:
hematologic changes in acute, imported Plasmodium
falciparum malaria. Am J Trop Med Hyg. 1998; 59: 859.
PMID: 9886188.

Erhart LM, Yingyuen K, Chuanak N, Buathong N,
Laoboonchai A, Miller RS, et al. Hematologic and
clinical indices of malaria in a semi-immune population
of western Thailand. Am J Trop Med Hyg. 2004; 70: 8-
14. PMID: 14971691.

*Corresponding Author:
Sénou M*

Email: senouxim@yahoo.fr

International Journal of Pharmacy and Biological Sciences

Sénou M et al 30

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

