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Original Research Article
Clinical spectrum of severe Plasmodium falciparum malaria

in a tertiary care centre of eastern India.

ABSTRACT

Introduction:

Plasmodium falciparum malaria is the major public health problem presented with
varied clinical severity. This study was carried out to observe the clinical spectrum of severe
falciparum malaria in a tertiary health care centre.

Methods:

This study was undertaken in hospitalized adults with suspected severe malaria.
Confirmation of falciparum infection was done by ICT/QBC and single-step-PCR. Diagnosis
of severe malaria was done by WHO- guideline 2010.

Results:

450 adult cases with falciparum infection were studied. Maximum number of cases
was from 15-25 years age group depicting the high exposure to malaria. In these patients,
acute renal failure (ARF) as most common (36.2%) complication followed by cerebral
malaria (35.3%), jaundice (27.8%), hepatic dysfunction (21.8%), respiratory distress
(18.4%), severe malarial anemia (15.8%), thrombocytopenia (15.1%), and hypoglycemia
(9.3%). Mortality was found in 6.0% of cases. Cerebral involvement and ARF were the
common cause of death in these patients.

Conclusion:

ARF is the most common type of clinical severity followed by cerebral malaria in
adults and both are equally responsible for death along with other complications. Looking
into the matter of varied clinical severity, accurate diagnosis, effective anti-malarial treatment
along with supportive therapy is necessary to triumph over this deadly severe falciparum

malaria.
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1. INTRODUCTION

Plasmodium falciparum malaria is one of the most important causes of death and
considered as a major global health concern. Regardless of many control strategies by
national and international communities, falciparum malaria contributes to high morbidity
and mortality amongst all the infectious diseases worldwide, accounting for 198 million
positive cases of malaria and 584,000 deaths [1]. In India, of the 1.2 billion people, 80%
live in malaria risk areas [2]. According to World Malaria Report, the number of cases of
malaria reported from the country was 881,730 [1]. The number of deaths due to malaria
is 8.75 times higher in subjects = 5 years (42,000 deaths) compared to children < 5 years
(4,800 deaths) [3].

Management of severe malaria cases is going to be a challenge for treating
physician due to emergence of drug resistance parasites [4]. Various studies in adults
with severe P. falciparum malaria showed a changing spectrum in last two decades. The
clinical spectrum of severe P. falciparum varies with population and endemicity of malaria
[5]. Studies undertaken in different parts of India on spectrum of severe P. falciparum
malaria showed variation [4,6,7]. The present study was undertaken to define the
spectrum of severe P. falciparum malaria in adults in a tertiary care centre. Further, this
data will support for the better management of patients with severe P. falciparum malaria

in the study sites.

2. MATERIALS AND METHODS

This prospective cohort study was undertaken in Sickle Cell Clinic and Molecular
Biology Laboratory, Department of Medicine, Veer Surendra Sai Medical College, Burla
(now renamed as Veer Surendra Sai Institute of Medical Sciences and Research, Burla)

in the state of Odisha, eastern India. It is a tertiary care, referral hospital for 12 million
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people residing in western Odisha and the state of Chhattisgarh. The state of Odisha is
situated along the Bay of Bengal and extends from 17.78°N to 22.73°N latitude to 81.37°E
to 87.53°E longitude. The study site is situated between the geographical co-ordinates of
21.50° N and 83.87° E. Malaria is the major public health problem in this geographical
region. The state of Odisha is considered as a region for hyperendemic and low perennial
transmission of malaria with a seasonal peak from July to October [8]. This state
contributes to 23% of malaria positive cases, 50% of P. falciparum cases and 15% of
malaria related deaths in India [9]. In the study area, P. falciparum alone accounted for

87.8% of malarial infections compared to 50% of P. falciparum infection in India [10].

2.1. Study subjects:

Patients aged =15 years with clinically suspected malarial infections, hospitalized in
the Department of Medicine, Veer Surendra Sai Institute of Medical College Burla,
between August, 2010 to December, 2014 were included in the study. All the cases were
subjected to either immune chromatography test (SD, Bio Standard Diagnostics India) or
Quantitative Buffy Coat (QBC) (BD, Becton Dickinson Diagnostics) followed by single
step polymerase chain reaction in all cases for confirmation of Plasmodium species [11].
Severity of P. falciparum malaria was defined as per WHO criteria 2010 [12]. The most
severe complication, cerebral malaria (CM) was defined as patients with any of the
features like altered sensorium, convulsion or GCS (Glasgow Coma Score) of < 10. Other
complications like severe malaria anemia (SMA) (hemoglobin, < 5 g/dl), acute renal
failure (ARF) (serum creatinine > 3 mg/dl), jaundice (serum bilirubin >3 mg/dl), hepatic
dysfunction (alanine transaminase (ALT)/ aspartate transaminase (AST) > 3 times of
normal), respiratory distress, hemoglobinuria (dark red or black colored urine positive for
hemoglobin), thrombocytopenia (platelet count <50,000/uL) and shock (systolic BP of <
80 mm Hg) were considered. Written informed consent was obtained from all the cases.
This study was approved by institutional ethical committee of Veer Surendra Sai Medical

College, Burla.
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2.2. Exclusion criteria:

The following cases were excluded from the study (a) subjects co-infected with other
Plasmodium species; (b) children <15 years of age; (c) subjects having chronic disease
like tuberculosis, chronic renal failure, cirrhosis of liver and autoimmune diseases like
systemic lupus erythematosus and rheumatoid arthritis; (d) patients with dengue fever; (e)
pregnant women; (f) patients positive for hepatitis; (g) subjects who refused to consent for

the study.

2.3. Laboratory Investigations:

P. falciparum examination was made by either ICT or QBC and single step PCR. All
the subjects were screened for sickle cell by sickling slide test. Those found positive were
subjected to agarose gel Hb electrophoresis (pH 8.6). A complete blood count was done
on an automated hematology analyzer (Sysmex pocH-100i; Sysmex Corporation, Kobe,
Japan). Biochemical parameters such as serum bilirubin, creatinine, urea, alanine
transaminase, aspartate transaminase, sodium, potassium, glucose were done in a semi
auto-analyzer (Erba Chem 7; Erba Diagnostics Mannheim GmbH, Mannheim, Germany)

as per the manufacturer’s instructions.

2.4. Molecular confirmation of P. falciparum:

The molecular confirmation of P. falciparum was done by method described earlier
[11]. Briefly, three primers namely PL3, PL4 and PL5 specific to the P. falciparum and P.
vivax were used for confirmation of Plasmodium species. PL3 (5-
ATGGCCGTTTTTAGTTCGTG-3) and PL4 (5- GGAAACGGTACGATAAGCCA-3)
amplified a 346 bp product specific for P. faciparum where as PL3 (5'-
ATGGCCGTTTTTAGTTCGTG-3") and PL5 (5- ACGCGTGCAGCCTAGTTTAT-3)
amplified a 266 bp product specific for P. vivax. A 25uL of PCR reaction mixture contain
200ng of genomic DNA, 2.5uL of primer PL3 (10 picomole), 2 L of each primer PL4 (10
picomole) and PL5 (10 picomole), 2.5uL of 10x PCR buffer, 2.5uL of 25mM MgCl, 0.5

units of DNA Taq polymerase (Merck Biosciencs Pvt. Ltd. ). The PCR reaction mixture
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was heated initially at 94°C for 4 minutes and was kept for 30 cycles each of denaturation
at 94°C for 30 seconds, annealing at 54°C for 30 seconds and extension at 72°C for 30
seconds followed by final extension at 72°C for 5 minutes. The PCR amplified gene
fragments were electrophoresed on 2% agarose gel, and visualized under Gel
documentation system (Model: GelDoc XR; Make: BioRad Laboratories, USA) after
ethidium bromide staining. This allowed the presence of P. falciparum or P. vivax by size
of PCR product.

2.5. Statistical Analysis: Statistical analysis was done using Graph Pad Instat,
window 3.00. p <0.05 was considered statistically significant.

3. RESULTS:

During the study period, 531 cases had suspected malarial infections. Of which, 377
(71.0%) were found positive either by ICT or QBC and 450 (84.7%) cases were positive
for single step PCR. The entire lot of cases positive for ICT/QBC was found to be positive
for single step PCR. Finally, 450 patients were included in the study. The mean age of the
patients was 34.4+13.5 years (range, age 15 to 65 years) and majority were males (315,
70.0%).

CBC parameters showed 10.2 % (46/450), 14.6% (66/450), 42.9% (193/450) and
31.8% (143/450) of patients had hemoglobin level <5 mg/dL, =25to <7 mg/dL,=7to <10
mg/dL and = 10 mg/dL respectively. Individual data for red cell indices explained 43.1% of
patients had microcytic (<76fL of MCV) and hypochromic (<27 pg of MCH) blood picture.
The hematological and biochemical parameter have been presented in Table 1.

The patients under this study were divided into 5 groups on the basis of increasing
age [Table 2]. The majority (151, 33.6%) of patients belonged to 15-25 years age group
and minimum (40, 8.9%) were from >55 years age group. There was no difference in the
sex distribution in five age groups (x2, 0.226; p= 0.63). Screening of sickle cell resulted

30 patients with sickle cell trait (HbAS) and 14 patients with sickle cell anemia (HbSS).
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Majority of patients with sickle cell anemia and severe falciparum malaria were from 15 to
35 years of age [Table 2].

Clinical finding of the hospitalized patients showed fever in all the patients, where as
vomiting, pallor and headache were present in 32.7%, 32.0% and 21.0% respectively.
Shock was observed in 15 (3.3%) of patients. Majority of our cases had ARF in 36.2%
followed by CM (35.3%), jaundice (27.8%), hepatic dysfunction (21.6%), respiratory
distress (18.4%), thrombocytopenia (15.1%), SMA (10.2%) and hypoglycemia (9.3%).
The detailed clinical parameters are depicted in Figure 1.

On comparison of age distribution of major clinical signs and symptoms the following
were found. The incidence of SMA was highest (15.0%) in patients with age > 55 years.
ARF was common in patients > 36 years of age. Hypoglycemia was in decreasing order
with increasing age. Incidence of jaundice was high in patients with 36-45 years of age.
CM was highest in patients with > 55 years of age group followed by 16-36 years age
group and 36-55 years of age group. All other parameters were comparable in each age
group. The incidence of major clinical signs and symptoms defining severe malaria in
different age groups was depicted in figure 2. Out of 14 patients with malaria and sickle
cell anemia, the incidence of CM, SMA and ARF 5 had SMA, 4 had CM, 6 had painful
crises with SMA, 2 had ARF and only one patient associated with both hepatic
dysfunction and painful crises.

Severe malaria has been defined on the basis of presence of various complications.
In this study, the severe malaria has been defined by presence of single complication in
194 patients and more than one complication in 256 patients (two complications in 173
patients, three complications in 58 patients, four complications in 18 patients and five
complications in 7 patients). Among the patients with multiple complications, 14.8%
(38/256) patients had ARF with hepatic dysfunction followed by CM with ARF (5.9%,

15/256).
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Death has been recorded in 27 (6.0%) patients in this study. The cause of death in
different age groups has been illustrated in Table 3. Majority of patients were in 15-25
years of age group (44.4%, 12/27). Amongst the death patients, CM and ARF were the
two important cause for death in 19 patients each (70.4%). Three patients with sickle cell
anemia had died.

4. DISCUSSION:

In this prospective hospital based study, we have included 450 patients with severe
P. falciparum malaria. The mean age of the patients was 34.4+13.5 year with majority
(70.0%) being males. Of all the cases positive for single step PCR, 83.8% (377/450) of
cases were found positive for P. falciparum by either ICT or QBC; resulting in 16.2% of
more accuracy in PCR based detection of P. falciparum.

The sizable number of adults included in this study with severe malaria could be due
to lack of premunition because of low and markedly seasonal transmission of malaria in
this area. Another possibility could be due to concentration severe cases being referred to
this hospital for availing tertiary care facilities. Along with normal hemoglobin genotype
(HbAA), we have found 30 patients with sickle cell trait and 14 patients with sickle cell
anemia.

In this study we have found 15-25 years age group were more vulnerable to severe
malaria and required hospitalization followed by 26-35 years of age group. Recently
similar observations have been reported in two different studies from India [6,13]. In last
two decades, the spectrum of severe malaria have been changed significantly [14]. Along
with CM and SMA, other factors like jaundice, ARF and hepatic dysfunction are now
contributing to malarial mortality. Studies on the spectrum of severity are necessary for
better understanding of the dynamics of infection complexity and immune interaction in
adults [15]. In the present study, fever along with ARF was the commonest clinical
presentation followed by CM. The emergence of ARF as an important clinical

manifestation of severe P. falciparum malaria in adults has also been described in earlier
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studies from Vietnam and from different parts of India [13,14,16]. Several hypotheses
such as mechanical obstruction by infected erythrocytes, immune mediated glomerular
and tubular pathology, fluid loss due to multiple mechanisms and alterations in the renal
microcirculation, etc, have been proposed as causative mechanism of ARF. In severe
malaria cases usually ARF is associated with other complications [17]. In our study of 163
cases with ARF, CM was found in 49 cases, hepatic dysfunction in 62 cases, SMA in 14
cases, thrombocytopenia in 18 cases and respiratory distress in 16 cases.

SMA is the cause of fatal outcome in children rather than in adults [18]. Severe
malaria with reduced level of hemoglobin (<5 mg/dL) was observed in 46 (10.2%) cases
in our study. It has been suggested that P. falciparum glycosylphosphatidylinositol toxin
interacts with the non parasitized red cells membrane contributing to malarial anemia
[19]. The incidence of anemia in our patients is higher compared to 7.7% reported by Das
LK et al, [4]. whereas lower compared to two studies in India [6,20]. The lower incidence
of anemia with microcytic red cells in our patients might be due to presence of alpha
thalassemia, a malaria protective hemoglobin disorder highly prevalent in study area [21].

Hepatic dysfunction characterized by increased level of liver enzymes was noticed in
21.6% of cases. This incidence was comparable in all age groups. Hepatic dysfunction
occurs mainly due to sequestration of parasite infected red cells in the liver capillaries
resulting ischemia [22]. In this study we have observed that along with the raised liver
enzymes value, 79.4% of cases had raised bilirubin level (>2 mg/dL), while the incidence
of jaundice alone without raised level of liver enzymes was 27.8% depicting the invasion
of red cells by P. falciparum resulting hemolysis and increased bilirubin level. The
incidences of jaundice in adults in other parts of India were 15.0% [6] and 18.8% [7]
which were low comparable to our data. Asma et al, [6] and Croft AM et al, [23] have
proposed the possible role of anti-malarial drug toxicity as an underlying contributing

factor for causing damage to hepatocytes and leakage of enzymes.
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The other major clinical feature observed in this study was hypoglycemia in 42
(9.3%) cases. This finding is in accordance with 8.0 % incidence of hypoglycemia in
South-East Asian adults [24]. Hypoglycemia was associated with CM (11, 26.2 %), ARF
(11, 26.2 %), Jaundice (9, 21.4 %) and SMA (5, 11.9 %) in our study. Hypoglycemia in
falciparum malaria is usually ascribed to increased glucose use and impaired glucose
production caused by the inhibition of gluconeogenesis. It has been reported that patients
with prolonged fasting usually had hypoglycemia [25]. Though we have not investigated
the duration of fasting in these patients during infection period, this might be a factor.

In severe P. falciparum malaria, respiratory distress develops in 25.0 % of adults
due to respiratory compensation of metabolic acidosis, noncardiogenic pulmonary
edema, concomitant pneumonia, and severe anemia [26]. In our study 18.4% of cases
had respiratory distress with majority in the 46-55 years age group. Recently similar
observation has been reported on eHealthMe study from FDA and social media reports
[27]. It stated the incidence of respiratory distress is high in male compared to female
which is opposite to ours; we found this in 17.8% of males and 22.4% of females.

Severe malaria is associated with thrombocytopenia. The various mechanism
causing thrombocytopenia are coagulation disturbances, splenomegaly, bone marrow
alterations, antibody mediated platelet destruction, oxidative stress etc. [28]. Many
studies have reported the high incidence of thrombocytopenia with P. falciparum malaria.
In our study, the incidence of thrombocytopenia was 15.1% which is very low compared
to earlier studies [6,28-30,31]. Recently, in a multi institutional study thrombocytopenia
was defined as a marker of disease severity and has a low prognostic utility, triage and
management in adults with falciparum malaria [31].

Fourteen patients had P. falciparum malaria with sickle cell anemia presented with
multiple clinical symptoms. The commonest symptom was vaso-occlusive crises (8/14)
followed by jaundice (6/14), hepatic dysfunction (5/14), CM (4/14), SMA (4/14), ARF

(3/14) and respiratory distress (2/14). The mean hemoglobin level was 7.6 mg/dL, ranging
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from 3.4 mg/dL to 10.9 mg/dL. During hospitalization 3 patients required blood
transfusion. Surprisingly along with sickle cell anemia, we have registered 30 patients
(6.7%) with sickle cell trait in severe P. falciparum malaria. The common causes of
severity in these patients were CM and ARF. It has been hypothesized that, sickle cell
trait protects against severity of disease due to P. falciparum malaria [32]. The finding of
severe malaria with sickle cell trait in this region could be due to two reason (1) the
prevalent of sickle cell gene in the study area was found to be 21% [33]. (2) negative
epistatic interaction between sickle cell trait and alpha thalassemia on P. falciparum
malaria [34]. Though we have not analyzed the presence of alpha thalassemia in our
patients, the prevalence of this inherited hemoglobin disorders in the study area is
approximately 50% [21]. The presence of microcytic red cells picture in 41.3% of our
patients also corroborated the presence of alpha thalassemia.

We have recorded 27 (6.0%) deaths in this study. Both CM and ARF are major
clinical complications responsible for death. In 22 (81.5%) of the cases, two or more
complications were present indicating poorer prognosis as the number of complications
increases. The highest percentage (10.0%, 4/40) of death was found in patients with > 55
years of age followed by 15-25 years of age group (7.9%, 12/151). This might be due to
reduced immune mediated resistance against malarial infection in older age. The later
might be due to over exposure to malaria infection. There were three deaths among
patients with sickle cell anemia (21.4%; 3/14). All the three patients had repeated
episodes of vaso-occlusive crises. Other causes responsible for death in these patients
are CM and SMA. There were no studies describing the association of sickle cell anemia
and malaria in India. Studies from Africa have represented that, though the protection
afforded by sickle cell anemia is high compared to sickle cell trait, malaria is an important
cause of death in patients with sickle cell anemia when affected [35,36].

We have certain limitations in this study. (1) We have not analyzed the effect of

parasitemia with the clinical severity of malaria. (2) We have not recorded the number of



UNDER PEER REVI EW

250

251

252

253

254

255

256

257

258

259

260

261

262

263
264

265

266

267

268

269

270

271

272

273
274

275

276

cases diagnosed by either ICT or QBC separately in the initial screening procedure for P.
falciparum infection, because the decision for diagnosis for P. falciparum infection by
either ICT or QBC is depended upon treating physicians, so we have considered both the
tests for infection.

5. CONCLUSION:

The clinical severities of P. falciparum malaria may vary and depend upon the age of
the patients, malaria endemicity, and transmission pattern. Of the various complications
determining severity due to P. falciparum infection, CM and ARF were the two important
factors responsible for fatality in these patients. It is important to prevent the exposure of
malaria in adults in the age group of 15-25 years who are found to be most vulnerable for
malarial infection. Along with early and appropriate anti-malarial drugs, exact diagnosis
and management of complications are necessary to overcome the disease severity in a

malaria endemic region.

CONSENT
Written informed consent was obtained from the patients (or from the guardian in
case of minor). In case of unconscious patients, the consent has been obtained from
patient’s relative.
ETHICAL APPROVAL
This study was approved by Institutional Ethical Committee of Veer Surendra Sai

Institute of Medical Sciences and Research, Burla.

REFERENCES

1. World Malaria Report 2014, World Health Organization.
2. Narayanasamy K, Chery L, Basu A, et al. Malaria Evolution in South Asia:

Knowledge for Control and Elimination. Acta Trop. 2012 March;121(3):256-266.



UNDER PEER REVI EW

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

10.

11.

Murray CJL, Rosenfeld LC, Lim SS, et al. Global malaria mortality between 1980
and 2010: a systematic analysis. Lancet. 2012; 379: 413-31.

Das LK, Padhi B, Sahu SS. Prediction of outcome of severe falciparum malaria in
Koraput, Odisha, India: A hospital-based study. Trop Parasitol. 2014; 4(2): 105-110.
Marsh K, Forster D, Waruiru C, Mwangi |, Winstanley M, Marsh V, Newton C,
Winstanley P, Warn P, Peshu N: Indicators of life-threatening malaria in African
children. N Engl J Med. 1995; 332:1399-1404.

Asma U, Taufig F, Khan W. Prevalence and Clinical Manifestations of Malaria in
Aligarh, India. Korean J Parasitol. 2014; 52(6): 621-629.

Fazil A, Vernekar PV, Geriani D, Pant S, Senthilkumaran S, Anwar N, Prabhu A,
Menezes RG.Clinical profile and complication of malaria hepatopathy. J Infect Public
Health. 2013; 6(5): 383-8.

Mohapatra MK, Acharya SK, Ranjit M. TLR- 2 I/D polymorphism protects from
multiple complications in falciparum malaria. The Journal of Infectious Diseases.
Photon. 2013;112:215-221.

Epidemiological Report up to the month of September 2012-2013”, Directorate of
National Vector Borne Disease Control Programme (NVBDCP), India.
http://nvbdcp.gov.in/Doc/mal-MES-Sept13.pdf.

Pradhan MM. Malaria: Bringing down the burden in Odisha. MMV Stakeholders’
Meeting, Delhi (India), 8th November 2012.
http://www.mmv.org/sites/default/files/uploads/docs/events/2012/Stakeholder_meeti
n presentations/Pradhan_QOdisha.pdf

Patsoula E, Spanakos G, Sofianatou D, Parara M, Vakalis NC. A single-step, PCR-
based method for the detection and differentiation of Plasmodium vivax and P.

falciparum. Ann Trop Med Parasitol. 2003;97:15-21.



UNDER PEER REVI EW

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

12.

13.

14.

15.

16.

17.

18.

19.

20.

World Health Organization: Guidelines for the Treatment of Malaria, 2nd ed.
Geneva, World Health Organization, 2010
(who.int/malaria/publications/atoz/9789241547925/en/.

Saravu K, Rishikesh K, Kamath A. Determinants of mortality, intensive care
requirement and prolonged hospitalization in malaria — a tertiary care hospital based
cohort study from South-Western India. Malaria Journal. 2014 13:370.

Kochar DK, Kochar SK, Agrawal RP, Sabir M, Nayak KC, Agrawal TD, Purohit VP,
Gupta RP. The changing spectrum of severe falciparum malaria: a clinical study
from Bikaner, northwest India. J Vect Borne Dis. 2006; 43:104-108.

Shigidi MMT, Hashim RA, Idris MNA, Mukhtar MM, Sokrab TO. Parasite diversity in
adult patients with cerebral malaria: A hospital-based, case-control study. Am. J.
Trop. Med. Hyg. 2004;71(6):754-757.

Trang TT, Phu NH, Vinh H, Hien TT, Cuong BM, Chau TT, Mai NTH, Waller DJ,
White NJ. Acute renal failure in patients with severe falciparum malaria. Clin Infect
Dis. 1992; 15(5): 874-80.

Das BS. Renal failure in malaria. J Vector Borne Dis. 2008; 45: 83-97.

Perkins DJ, Were T, Davenport JC, Kempaiah P, Hittner JB, Ongecha JM. Severe
Malarial Anemia: Innate Immunity and Pathogenesis. International Journal of
Biological Sciences. 2011; 7(9):1427-1442.

Brattig NW, Kowalsky K, Liu X, Burchard GD, Kamena F, Seeberger PH.
Plasmodium falciparum glycosylphosphatidylinositol toxin interacts with the
membrane of non-parasitized red blood cells: a putative mechanism contributing to
malaria anemia. Microbes Infect. 2008;10(8):885-91.

Wasnik PN, Manohar TP, Humaney NR, Salkar HR. Study of clinical profile of
falciparum malaria in a tertiary referral centre in Central India. J Assoc Physicians

India. 2012; 60: 33-6.



UNDER PEER REVI EW

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Purohit P, Dehury S, Patel S, Patel DK. Prevalence of Deletional Alpha Thalassemia
and Sickle Gene in a Tribal Dominated Malaria Endemic Area of Eastern India.
ISRN Hematology. 2014 (2014), ID 745245.

Bhalla A, Suri V, Singh V. Malaria hepatopathy. J Postgrad Med. 2006;52:315-20.
Croft AM, Herxheimer A. Adverse effects of the antimalaria drug, mefloquine: due to
primary liver damage with secondary thyroid involvement? BMC Public Health 2002;
2:6.

White NJ, Warrell DA, Chanthavanich P, Looareesuwan S, Warrell MJ, Krishna S,
Williamson DH, Turner RC: Severe hypoglycemia and hyperinsulinemia in
falciparum malaria. N Engl J Med. 1983;309(2):61-66.

Thien HV, Kager PA, Sauerwein HP. Hypoglycemia in falciparum malaria: is fasting
an unrecognized and insuffsiciently emphasized risk factor? Trends Parasitol.
2006;22(9):410-5.

Taylor WR, Hanson J, Turner GD, White NJ, Dondorp AM. Respiratory
manifestations of malaria. Chest. 2012;142(2):492-505.

eHealthMe study from FDA and social media reports
http://www.ehealthme.com/print/cs270483

Khan SJ, Abbass Y, AliMarwat M. Thrombocytopenia as an indicator of malaria in
adult population. Malaria Research and Treatment. 2012; 2012: |ID 405981.

Jadav UM, Patkar VS, Kadam NN. Thrombocytopenia in malaria correlated with type
and severity of malaria. J Assoc Physicians India . 2004;52:615-18.

Gupta NK, Bansal SB, Jain UC, Sahare K. Study of thrombocytopenia in patients
with malaria. tropical parasitology. 2013;3(1):58-61.

Hanson J, Phu NH, Hasan MU, et al. The clinical implications of thrombocytopenia
in adults with severe falciparum malaria: a retrospective analysis. BMC Medicine.

2015; 13:97



UNDER PEER REVI EW

354 32. Williams TN. Human red blood cell polymorphisms and malaria. Curr. Opin.
355 Microbiol. 2006; 9:388-394.

356 33. Purohit P, Mashon RS, Patel S, et al. Clinical and molecular characterization of Hb
357 Hofu in eastern India. Int Jnl Lab Hem. 2014;36:71-76.

358 34. Williams TN, Mwangi TW, Wambua S, et al. Negative epistasis between the malaria
359 protective effects of a-thalassemia and the sickle cell trait. Nat Genet. 2005;37:1253-
360 1257.

361 35. Makani J, Komba AN, Cox SE, Oruo J, Mwamtemi K, Kitundu J. Malaria in patients
362 with sickle cell anemia: burden, risk factors, and outcome at the outpatient clinic and
363 during hospitalization. Blood. 2010;115(2): 215-220.

364 36. McAuley CF, Webb C, Makani J, et al. High mortality from Plasmodium falciparum
365 malaria in children living with sickle cell anemia on the coast of Kenya. Blood.
366 2010;116:1663-1668.

367

368  Table-1. Hematological and biochemical parameters of severe P. falciparum malaria cases

369  (n=450).

370
Parameters Mean +SD  Minimum Maximum
Hemoglobin (g/dL) 8.913.0 2.1 23.9
White Blood Cells (x10°/uL) 8.814.17 1.6 38.6
Red Blood Cells (x10%pL) 3.68+1.22 0.71 8.9
Mean Corpuscular Volume (fL) 78.3+x10.0 43 120
Mean Corpuscular Hematocrit (pg) 26.0+3.6 10.9 36.8
Mean Corpuscular Hemoglobin Concentration (g/dL) 32.2+2.5 19.4 40
Platelets (x10%pL) 162.7+99.7 10 917
Lymphocytes (%) 27.3+13.3 3.7 73
Monocytes (%) 11.748.2 2.1 39.7
Neutrophil (%) 66.6£14.2 20 93
Glucose (U/L) 115.1£54.0 28 592
Serum Urea (mg/dL) 65.41£59.6 10 427
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Serum Creatinine (mg/dL) 2.82+2.91 0.2 19.5
Serum Bilirubin (mg/dL) 3.47+4.7 0.07 54.3
Serum Aspartate Transaminase (AST) (mg/dL) 90.0+£127.0 2.3 1524
Serum Alanine Transaminase (ALT) (mg/dL) 75.8£104.5 5.4 1307
Sodium (U/L) 132.9+7.9 96.4 171
Potassium (U/L) 4.22+1.2 2 6

371

372

373

374  Table-2. Age and gender wise distribution of severe P. falciparum malaria cases with sickle

375  cell gene status.

. l::\)%ep . 'I(')cf;tcaallslic;. Male Female Si(:k:f-l SKISI,)Tra" Sickle( HCEISI; g)nemia
(in years) Number (%) Number Number Number Number
15-25 151 (33.6%) 105 46 10 6
26-35 114 (25.3%) 78 36 6 6
36-45 89 (19.8%) 63 26 0
46-55 56 (12.4%) 40 16 1
>55 40 (8.9%) 29 11 1
Total cases 450 315 135 30 14
376
377

378  Table-3. Number and cause of death in different age groups of severe P falciparum malaria

379  cases (n=450).

380
Total no
Age Groups . Death
(In years) of patients (No., %) Cause of death No of cases

(No.)
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CM+ARF+HD+RD
CM+ARF+HD
CM+ARF
CM+ARF+SMA+T
CM+RD (SCA)
CM+J+RD+SMA (SCA)
ARF+HD+SMA (SCA)
ARF+HD

ARF

0. CM

15-25 151 12 (7.9%)

SOeNoOO AWM~
—_ e el el N =N = =

CM+ARF+HD+SMA+T
CM+ARF+HD
CM+ARF+SMA
CM+HYPO

ARF

26-35 114 5 (4.4%)

Sl A
— —t —t —_ —h

CM+ARF+HD+SMA 1
CM+ARF 1
ARF+HD+SMA

36-45 89 3 (3.4%)

W~
—

CM+ARF+HD+SMA
CM+HYPO+SMA
ARF

46-55 56 3 (5.4%)

CM
CM+J+RD+SMA
CM+ARF+J
ARF+RD+T

>55 40 4 (10.0%)

PO SO
— et — b | — bk

Total number of cases 27

381 Note: CM, Cerebral Malaria; ARF, Acute Renal Failure; SMA, Severe Malarial Anemia; HD,
382 Hepatic Dysfunction; RD, Respiratory Distress; J, Jaundice; HYPO, Hypoglycemia; T,
383 Thrombocytopenia; SCA, Sickle Cell Anemia.

384
385
386
387
388
389
390
391
392
393
394 Figure 1. Incidence of different clinical parameters in severe P falciparum malaria cases

395  (n=450).
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396

397
398 Note: RD, Respiratory Distress; SMA, severe malarial anemia, HD, Hepatic Dysfunction;

399 ARF, Acute Renal Failure; CM, Cerebral Malaria

400
401
402
403
404
405
406
407

408  Figure 2. Incidence of different clinical parameters in different age groups of severe P.

409 falciparum malaria cases (n=450).
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