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ABSTRACT

Objective: This study was designed to investigate the TNF and parasite density in determining disease severity in
falciparum malaria by using Giemsa stained slides. Our major aim was to explore the association of TNF levels with
anemia, disease severity and mortality ratio.

Study Design: Cross-sectional study

Place and Duration of Study: This study was conducted at the Teaching Hospital of Peshawar Institute of Medical
Sciences between February 2019 to November 2019.

Materials and Methods: Total 300 patients were analyzed and 70 infected patients were recruited. For comparison
total of 60 healthy individuals were selected. A structured questionnaire was produced for the age, gender and
socioeconomic status, educational status, and clinical manifestations of the participants. From each participant, two
thin and thick blood with 4% Giemsa stained slides were prepared and observed under the microscope for Giemsa-
stained peripheral blood smears and confirmation of Plasmodium presence.

Results: Correlation analysis was performed to understand the relationship of parasite burden with anemia, we
observed a negative correlation between HB vs parasitemia, decreased Hb level VS TNF, parasitemia vs red blood
count, and parasitemia vs IL-6 level. On the other hand, a positive correlation was formed between HB level vs RBC
levels and TNF vs parasitemia.

Conclusion: TNF and IL-6 serves as an early marker of prognosis as TNF was high in patients with even moderate
levels of parasitemia and so these patients must be managed indoor and high vigilant care to be given with close

monitoring to prevent deterioration.
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INTRODUCTION

Malaria is still one of the important global issues in the
21st century. Around three billion people are at risk of
malaria every year. In 2015, almost 212 million cases
were reported along with 429000 deaths®. Pakistan is a
region that reports a higher number of deaths with
Malarial infection. Plasmodium vivax and plasmodium
falciparum are the two most prevalent species of
Malaria that cause high morbidity and mortality ratio in
Pakistan?. In 2013, a WHO report explored that 12%
population of Pakistan was affected by plasmodium
falciparum?®.
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Annually fifty thousand malarial cases are reported
along with the same ratio of death in Pakistan®. On the
other hand, our neighboring countries Afghanistan and
Iran reported a 37% prevalence every year. Northwest
areas of Pakistan including Khyber Pakhtunkhwa and
especially those areas which share the borders are on
the hit list of Malaria®’. Malaria is a seasonal disease
that turns into a huge epidemic in areas of Khyber
Pakhtunkhwa, Sindh and. Balochistan province. In
Khyber Pakhtunkhwa, three districts Banu, Dera Ismael
Khan, and Laki Maarwat reported a high prevalence of
Malarial infection®. The survey reported that August to
December is the peak seasons for transmission of
plasmodium falciparum in Pakistan’. A study
conducted on tribal areas of Pakistan reported 13.8%
positive cases of plasmodium falciparum using the
polymerase chain method™. A study conducted in 2020
reported a high prevalence of plasmodium falciparum
in Bannu, Hangu, and Thall districts. The prevalence
ranges from 16% to 25% in the age group > 14 years™.
This study was designed to investigate the TNF and
parasite density in determining disease severity in
falciparum malaria by using Giemsa stained slides. Our
major aim was to explore the association of TNF levels
with anemia, disease severity and mortality ratio.
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MATERIALS AND METHODS

This study protocol was approved by the Ethical
committee of Peshawar institute of Medical sciences.
The study was conducted between February 2019 to
November 2019. This cross-sectional study was
conducted in the teaching hospital of Peshawar institute
of medical sciences. This hospital is located at Phase V
Hayatabad which provides free medical assistance to
poor individuals. Malaria-infected patients who were
presented to the wards were included in this study. For
comparison, we asked healthy individuals who were
attending blood banks for donations for voluntary
participation. All the adult participants were selected
without any biases of ethnicity and socioeconomic
status. The objectives of the research were well
explained to the participants and written consents were
asked before any procedure. The sample size was
estimated by raw calculator with a prevalence rate of
28% as described in the previous study of Kwenti et
al'’. Total 300 patients were analyzed and 70 infected
patients were recruited. For comparison total of 60
healthy individuals were selected. A structured
questionnaire was produced for the age, gender and
socioeconomic status, educational status, and clinical
manifestations of the participants.

Senior physicians treated patients and identified the
severe cases of Malarial infection as described by the
WHO guideline until discharge®. All the patients >18
years positive for plasmodium parasites with a
temperature >of 37.5°C were recruited for this research.
Patients less than 18 years, pregnant women were
excluded. All those patients who were tested positive
for dengue virus, typhoid, hepatitis B, and C were also
excluded from this research. We performed Malaria
diagnosis with rapid diagnostic kits (RDT) and
microscopic examination of Giemsa-stained peripheral
blood smears. Lactate dehydrogenase of PV in human
blood and histidine-rich protein Il antigen of Pf were
examined by using Ag Pf/Pv rapid diagnostic test kit.
From each participant, two thin and thick blood with
4% Giemsa stained slides were prepared and observed
under the microscope for Giemsa-stained peripheral

blood smears and confirmation of Plasmodium
presence. Parasite densities were measured as
parasites/ul  of blood (number of parasites

counted/number of white blood cells (WBCs) counted x
total number of WBCs per pl of blood) or (number of
parasites counted/number of RBCs counted x total
number of RBCs per pl of blood). For parasitemia, we
used the formula as (number of parasites per pl of
blood/number of RBCs per pl of blood) x 100,

Participants were divided into three major categories;
healthy participants, mild cases of malaria, and severe
cases of malaria. In the category of healthy individuals
those who were tested negative for malarial infection by
blood smear and RDT kits.We recruited patients under

the SM category with HB level less than 5 g/dl, serum

level >3 mg/dl, serum bilirubin >3 mg/dl, plasma
bicarbonate <15 mmol/l), spontaneous bleeding,
hypoglycemia  (plasma  glucose <40  mg/dl),

hyperparasitemia (>10% parasitemia.The intensity of
anemia was divided into four categories; non-anemic
(Hb >11 g/dL), mild anemia (between 8 and 10 g/dL),
and severe (5-7 g/dL)%.

For statistical analysis, we used SPSS 23.0 software.
The comparison was performed between cytokine
levels and the intensity of anemia. Pearson correlation
was used for showing a correlation between continuous
variables whereas one-way non parametric Kruskal-
Wallis test was performed for multiple comparison.
P-value was set as 0.05 for statistical significance.

RESULTS

A total of 70 patients was found to be infected with
plasmodium falciparum Malaria type. We observed
32.4 years as the mean age group. During observations,
we found that the male population was more prone to
malarial infection. Total 45 (64.2%) males were
infected with malaria. Among the 70 infected patients, a
total of 8 (11.4%) patients were suffered from severe
malaria and need hospital admission for treatment
(Table 1).

We observed levels of HB, RBC, and plasma levels of
cytokines among anemic and nonanemic malarial
patients in table 2. We observed a significant increase
in the mean percentage of parasitemia (P < 0.0001). We
observed that HB and RBC levels of anemic patients
significantly decrease throughout the infection.
Whereas the cytokines levels especially TNF and IL-6
increased in the anemic group. However, we did not
find any statistical significance between age, gender,
and inflammatory cytokines.

Table No. 1: Demographic characteristics of
articipants
Variables Plasmodium Healthy
falciparum n=70 | Control n= 60
Mean Age 32.4 (18-65) 29.7 (18-58)
group
> 45 8 (11.4%) 7 (11.6%)
36-45 24 (34.2%) 24 (40%)
26-35 28 (40%) 24 (40%)
18-25 10 (14.2%) 15 (25%)
Gender
Female 25 (35.7%) 20 (33.3%)
Male 45 (64.2%) 40 (66.6%)
Mild Malaria 62 (88.5%) 0
Severe Malaria 8 (11.4%) 0
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Table No.2: Hematological analysis and cytokines profile of Anemic versus non Anemic patients

Variables Healthy control - n=60 Plasmodium falciparum (n= 70)
Anemic (n=53) Non-anemic (n=17)
Hemoglobin (g/dI) 14.1+0.8 7.2+2.3 13.1+1.5
IL-10 (pg/ml 134.1+103.7 549.05+460.5 632.83+414.6
Red blood cells (x10%/ul) 4.99+0.7 3.71£1.0 4.99+0.7
IL-6 (pg/ml) 87.48+54.3 269.19+188.5 211.11+163.2
Hematocrit 40.88+4.1 27.20£9.6 41.8246.2
TNF-a (pg/ml) 66.73+£29.3 328.87+217.7 212.16+150.0
Mean cell hemoglobin (pg) 26.83+2.9 25.66+2.9 25.9515.1
Parasitemia - 0.58+0.7 0.14+0.2
Mean corpuscular volume (fL) 86.59+6.1 82.61+13.7 84.69+9.4
Mean  corpuscular  hemoglobin | 30.76+1.8 29.93+£3.6 30.93+£3.3
concentration (g/dl)

Table No.3: Correlation between Hematological
findings and inflammatory cytokine levels

seven severe anemic patients with severe malarial
complications including two cases of jaundice, acute

In table 3, correlation analysis was performed to
understand the relationship of parasite burden with
anemia, we observed a negative correlation between
HB vs parasitemia, decreased Hb level VS TNF,
parasitemia vs red blood count, and parasitemia vs IL-6
level. On the other hand, a positive correlation was
formed between HB level vs RBC levels and TNF vs
parasitemia.

In table 4, patients were classified according to an
anemic category, we observed a significant increase in
TNF levels, IL-6 levels whereas a decrease was found
in the IL-10 levels of all groups. In table 5, observed

Parameters Correlation p- value renal function, metabolic acidosis, and hepatic
coefficient (r) dysfunction. However, one case of hypoglycemia,
HB VS parasitemia —0.3426 P <0.0001 hyperparasitemia was reported during studies.
Parasitemia Vs REC | —0.2158 0.007 Table No.5: Frequency of severe amemia with severe
HB VS RBC 0.3854 P <0.0001 Malarial Complications.
TNF levesl Vs 0.3669 P =0.0001 Severe Malarial Complications Pf (n=7)
parasitemia Hepatic dysfunction 2 (28.6%)
Low HB level VS —0.4412 P <0.0001 Acute renal failure 2 (28.6%)
TNF — Hyperparasitemia 1 (14.3%)
Parasitemia Vs IL-6 —0.2892 P <0.0001 Jaundice 2 (28.6%)
Table No.4: Inflammatory cytokine levels at Hypoglycemia 1(14.3%)
different intensity of anemia Metabolic acidosis 2 (28.6%)
Variables Severe Moderate Mild No
Anemia Anemia Anemia | Anemia DISCUSSION
No. of 15 18 20 17 L. . .
patients(%) | (21.4%) | (25.7%) | (28.5%) | (24.2%) | All around the world, anemia is the major public health
IL-10 155.4 385.2 487.7 585.7 problem during Malaria. This not only increases the
(pg/ml) (101.4- | (186.4- | (274.2- (328- morbidity duration but also enhances the mortality
183.1) 727) 1047) 934) frequency in many regions®’. Generally, Plasmodium
Hb (g/dl) | 4.2(3.5- | 7.2(6.7- 10.2 13 falciparum malarial cases have more associated with
4.6) 7.7) (9.4- (12.2- anemia as compared to the other types. But studies by
10.6) 13.7) Rahimi et al”® and Alexandra et al** observed found a
IL-6 445.4 262.2 3241 | 1817 high association of anemia with plasmodium vivax
(pg/ml) | (306.7- | (147.6- | (198.4- | (128.7- | jngoction despite the low parasite burden during the PV
516.6) 576.9) 427.1) 324.1) . : g :
TNF-o 6787 356.4 1953 36 infection. For this present study, our major goal was to
(pg/ml) (561.5- (132- (146.4- (45.9- evaluate the effect of P_F Malaria on hemoglobln _and
882.2) 591.5) 310.9) 233) red blood cells and specify the association of cytokines

level with complications of malaria in patients from
Peshawar and surrounding areas. We found that Pf
malaria is more prevalent in the male gender as
compared to females. The affected male patients were
mostly laborers who worked in construction buildings
which are known to provide ideal breeding and spread
of infection?. In our study, we observed a significant
decrease in the number of red blood cells and
hemoglobin levels of the patients whereas the results
show a significant increase in parasitemia. On the other
hand, we failed to find any significant correlation
between increasing parasitemia and decreasing Hb and
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RBC levels. Total 8.7% of severe cases were diagnosed
during the study period.

Cytokines levels are a huge mediator in the
development and severity of Malaria'>. We further
explored the influence of cytokines especially I1L-6, IL-
10 TNF on the degree of anemia. These cytokines were
compared at varying degrees of anemia Usually, TNF-
a is released by the macrophages in response to
Malaria®™. Previous studies found a huge contribution of
TNF-0. to the destruction of RBC levels and
suppression of bone marrow when combined with other
cytokines™. Evidence from a vitro study demonstrates
that TNF-o suppressed the proliferation of erythroid
progenitor cells in human marrow cultures®. We also
found a significant positive correlation between parasite
density and TNF-o level. These results are in
correspondence with the previous study of Lamb et al®®.
On the other hand, a negative correlation was observed
between HB and TNF-a levels which depicts that TNF-
o level has a huge contribution in anemic severity
during malaria®®. 1L-6 also plays a great role in the
pathophysiology of severe malarial anemia. TNF-a
levels are responsible for the production of IL-6 levels
to react together to reduce the parasite burden®’. In our
study, we observed a reciprocal association between IL-
6 and parasitemia. During severe malarial anemia,
patients reported increased levels of IL-6. This
increased level has a strong association with high
receptor density and low transferrin synthesis. These
results both the Malawian study?®® in which they found a
significant correlation between increased IL-6 levels
and iron deficiency among children.

CONCLUSION

TNF and IL-6 serves as an early marker of prognosis as
TNF was high in patients with even moderate levels of
parasitemia and so these patients must be managed
indoor and high vigilant care to be given with close
monitoring to prevent deterioration.

Author’s Contribution:

Concept & Design of Study:  Shaista Alam

Drafting: Aysha Sarwar

Data Analysis: Saman Hussain

Revisiting Critically: Shaista Alam, Aysha
Sarwar

Final Approval of version: Shaista Alam

Conflict of Interest: The study has no conflict of
interest to declare by any author.

REFERENCES

1. World malaria report 2016. Geneva: World Health
Organization; 2016.

2. Shaikh S, Memon H, lohano B, Shaikh A, Ahmed
I, Baird JK. Severe disease in children hospitalized

10.

11.

12.

13.

14.

with a diagnosis of Plasmodium vivax in south-
eastern Pakistan. Malar J 2012;11:144.

Country profile Pakistan. In: World malaria report
2015. Geneva:  World Health Organization;
2015:146 (https://apps.who.int/
iris/bitstream/handle/10665/200018/978924156515
8_eng.pdf;jsessionid=63FDDOE1A9AF52A55EFB
636F3F7C23AA?sequence=1, accessed 4
September 2019).

Kakar Q, Khan MA, Bile KM. Malaria control in
Pakistan: new tools at hand but challenging
epidemiological realities. East Mediterr Health J
2010;16(Suppl):S54-60.

Khan A, Godil FJ, Naseem R. Chloroquine-
resistant Plasmodium vivax in Pakistan: an
emerging  threat. Lancet  Glob Health
2016;4(11):e790.

Khan NU, Zalan A, Wagas M, Elahi S, Ud Din |,
Haq F, et al. Incidence of malaria in Khyber
Pakhtunkhwa Pakistan — a meta-analysis. Ann Rev
Res 2018;3(4).

Kazmi JH, Pandit K. Disease and dislocation: the
impact of refugee movements on the geography of
malaria in NWFP, Pakistan. Soc Sci Med
2001;52(7):1043-55.

Khatoon L, Baliraine FN, Bonizzoni M, Malik SA,
Yan G. Genetic structure of Plasmodium vivax and
Plasmodium falciparum in the Bannu district of
Pakistan. Malar J 2010; 9:112.

Khattak AA, Venkatesan M, Nadeem MF, Satti
HS, Yaqoob A, Strauss K, et al. Prevalence and
distribution of human Plasmodium infection in
Pakistan. Malar J 2013;12:297.

Wahid S, Stresman GH, Kamal SS, Sepulveda N,
Kleinschmidt I, Bousema T, et al. Heterogeneous
malaria transmission in longterm Afghan refugee
populations: a cross-sectional study in five refugee
camps in northern Pakistan. Malar J 2016;15:245.
Qureshi H; Imran Khan M; Ambachew H; Pan H-
F; Ye D-Q. Baseline survey for malaria prevalence
in Khyber Pakhtunkhwa Province, Pakistan. East
Mediterr Health J 2020;26(4): 453-460

Alexandre MA, Ferreira CO, Siqueira AM,
Magalhdes BL, Mourdo MP, Lacerda MV, et al.
Severe Plasmodium vivax malaria, Brazilian
amazon. Emerg Infect Dis 2010; 16:1611-4.

Ali H, Ahsan T, Mahmood T, Bakht SF, Farooq
MU, Ahmed N. Parasite density and the spectrum
of clinical illness in falciparum malaria. J Coll
Physicians Surg Pak 2008;18:362-8.
Oyegue-Liabagui SL, Bouopda-Tuedom AG,
Kouna LC, Maghendji-Nzondo S, Nzoughe H,
Tchitoula-Makaya N, et al. Pro- and anti-
inflammatory cytokines in children with malaria in
Franceville, Gabon. Am J Clin Exp Immunol
2017;6:9-20.



Med. Forum, Vol. 32, No. 8

August, 2021

15.

16.

17.

18.

19.

20.

21.

Pathak VA, Ghosh K. Erythropoiesis in malaria
infections and factors modifying the erythropoietic
response. Anemia 2016;2016: 9310905.

Yasinzai MI, Kakarsulemankhel JK. Incidence of
human infection in northern hilly region of
Balochistan, adjoining with NWFP, Pakistan:
district Zhob. Pak J Biol Sci 2008;11(12): 1620—4.
Kwenti TE, Kwenti TDB, Latz A, Njunda LA,
Nkuo-Akenji T. Epidemiological and clinical
profile of paediatric malaria: A cross sectional
study performed on febrile children in five
epidemiological strata of malaria in Cameroon.
BMC Infect Dis 2017;17:499.

Karunaweera ND, Grau GE, Gamage P, Carter R,
Mendis KN. Dynamics of fever and serum levels of
tumor necrosis factor are closely associated during
clinical paroxysms in Plasmodium vivax malaria.
Proc Natl Acad Sci USA 1992;89:3200-3.

World Health Organization. WHO Regional Office
for the Western Pacific. Manila: World Health
Organization; 2016. [Last accessed on 2019 Mar
21]. Regional Office for the Western Pacific.
Malaria Microscopy  Standard Operating
Procedures.

Sumbele 1U, Kimbi HK, Ndamukong-Nyanga JL,
Nweboh M, Anchang-Kimbi JK, Lum E, et al.
Malarial anaemia and anaemia severity in
apparently healthy primary school children in
urban and rural settings in the mount Cameroon
area: Cross sectional survey. PL0S One
2015;10:e0123549.

Punnath K, Dayanand KK, Chandrashekhar VN,
Achur RN, Kakkilaya SB, Ghosh SK, et al.
Association between inflammatory cytokine levels
and anemia during Plasmodium falciparum and

22.

23.

24.

25.

26.

27.

28.

Plasmodium vivax infections in Mangaluru: A
Southwestern Coastal Region of India. Trop
Parasitol 2019;9(2):98-107.

Fernandes AA, Carvalho LJ, Zanini GM, Ventura
AM, Souza JM, Cotias PM, et al. Similar cytokine
responses and degrees of anemia in patients with
Plasmodium falciparum and Plasmodium vivax
infections in the Brazilian Amazon region. Clin
Vaccine Immunol 2008;15:650-8.

Rahimi BA, Thakkinstian A, White NJ,
Sirivichayakul C, Dondorp AM, Chokejindachai
W. Severe vivax malaria: A systematic review and
meta-analysis of clinical studies since 1900. Malar
J 2014; 13:481.

Dayanand KK, Punnath K, Chandrashekar V,
Achur RN, Kakkilaya SB, Ghosh SK, et al. Malaria
prevalence in Mangaluru city area in the
southwestern coastal region of India. Malar J
2017;16:492.

Lamb TJ, Langhorne J. The severity of malarial
anaemia in Plasmodium chabaudi infections of
BALB/c mice is determined independently of the
number of circulating parasites. Malar J 2008;7:68.
Andrade BB, Reis-Filho A, Souza-Neto SM,
Claréncio J, Camargo LM, Barral A, et al. Severe
Plasmodium vivax malaria exhibits marked
inflammatory imbalance. Malar J 2010;9:13.
Gandapur AS, Malik SA. Tumor necrosis factor in
falciparum malaria. Ann Saudi Med 1996;16:
609-14.

Sarangi A, Mohapatra P, Dalai R. Serum cytokine
TNF-alpha and hemoglobin levels in Plasmodium
falciparum malaria — A correlative study in coastal
districts of Odisha. Apollo Med 2012;9:292-6.



