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ABSTRACT

Background & objectives: Traditionally, Plasmodium falciparum has been attributed to cause severe malaria,
whereas P. vivax is considered to cause “benign” tertian malaria. Recently, there has been an increasing body of
evidence challenging this conviction. However, the spectrum and degree of severity of the disease caused by P.
vivax, as per World Health Organization (2012) remains unclear. Thus, in this prospective study, we aimed at
comparing the severity of malaria caused by P. vivax, P. falciparum and dual infection.

Methods: Adult patients presenting to Christian Medical College, Vellore from October 2012 to September 2013
with microscopically confirmed malariawere included in the study. Their clinical and |aboratory parameterswere
recorded and analyzed. Paired t-test and chi-square with 95% CI and post-hoc analyses using the Scheffé post-hoc
criterion were used to assess the statistical significance at the level of o <0.05.

Results: Intotal, 131 cases of malariawere identified during the study period, comprising 83 cases of P. vivax, 35
cases of P. falciparum and 13 cases of mixed vivax and falciparum infections. The spectrum and degree of
hematological, hepatic, renal, metabolic, central nervous system complications of vivax malariawas not different
from that of falciparum group. Thrombocytopenia and hyperbilirubinemia were the most common |aboratory
abnormalitiesidentified in al the groups.

Interpretation & conclusion: This cross-sectional comparative study clearly demonstrates that clinical features,
complications and case-fatality rates in vivax malaria can be as severe as in falciparum malaria. Hence, vivax
malaria could not be considered benign; and appropriate preventive strategies along with antimalarial therapies

should be adopted for control and elimination of this disease.
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INTRODUCTION

According to the World Malaria Report 2014, India
accounted for nearly 58% of malaria cases in the South-
east Asia Region?. Out of 0.88 million cases, 53% cases
were due to Plasmodium falciparum and 47% were due
to P. vivax. It has been long held that P. falciparumis
responsible for severe malaria and P. vivax infection is
deemed to run a benign course. Over last decade there
have been growing evidence that P. vivax monoinfection
itself can cause multiorgan dysfunction and increased
mortality than otherwise held earlier’6. Gradual emer-
gence of chloroquine resistant malariain Southeast Asia
has made it one of the largest parasitic diseases of public
health concern. The Urban Malaria Scheme (UMYS),
launched in 1971, identifies Vellore as a high risk town
owingtoitsindustrial setup and water scarcity®. In astudy
on 1416 patients with acute undifferentiated febrile ill-
ness from various secondary hospitals of Indiain 2014,
the prevalence of P. falciparum, P. vivax singleinfection
and dual infection rateswere 46, 38 and 11% respectively’.

Hence, a hospital-based prospective observational
study was conducted to describetheclinical profile, [abo-
ratory abnormalities, organ-wise complications and
outcome of vivax malaria. The severity of the illness
with that of falciparum and mixed malaria was also
compared.

MATERIAL & METHODS

A prospectivestudy wasconducted at Christian M edi-
cal College Hospital, Vellore; which is a 2700 bedded
tertiary care center in Tamil Nadu. The hospital receives
patientsfrom Vellore and neighbouring districtsin Tamil
Nadu and Andhra Pradesh. Adult patients (age > 16 yr)
presenting with an acute febrile illness to the emergency
department or general medi cineoutpatient department from
1October 2012 through 30 September 2013wereincluded
inthestudy. Thestudy proposal wascleared by thelnstitu-
tional Review Board (IRB) and Ethics Committee (EC) of
theinstitution. A written informed consent was obtained
fromall patientswillingto participatein thestudy. In case
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of an obtunded patient, the consent was obtained fromthe
nearestrelative. All included patientswereinvestigated to
establish an etiological diagnosis. The demographic de-
tails, clinical features, relevant hematological and bio-
chemical investigations were recorded in a pre-designed
data abstraction sheet. The sequentia organ failure as-
sessment (SOFA) score was calculated for all patients at
the time of presentation based on the involvement of the
six systemvariables(respiratory, cardiovascular, hepatic,
coagulation, renal and neurological systems)8. Parasito-
logical diagnosis of malaria was established by micro-
scopicexamination of the Giemsastai ned peripheral blood
thick and thinsmears. Other infectiousetiol ogiesfor acute
febrileillness, likedengue(IgM-1gGELISA; DengueDuo
Cassette, PanBio Ltd), enteric fever (Typhidot IgM and
1gG; MaaysiaBio-DiagnosticsResearch Sdn, Malaysia),
scrubtyphus(IgM ELISA; PanBioLtd, Brisbane, Austra-
lia) and leptospirosis (IgM ELISA; Virion Serion GmbH,
Germany) wereruled out.

Statistical analysis was performed using SPSS soft-
ware version 16.0. Descriptive data are given as mean
(SD) or as median (range). Chi-sguare test or Fisher's
exact test was used to compare dichotomous variables
and t-test or Mann-Whitney test was used for continuous
variables as appropriate. The differences between the
groupswere analyzed by univariate analysisand their 95%
confidenceintervalswere calculated. For al tests, includ-
ing post-hoc analyses using the Scheffé post-hoc crite-
rion for significance, p-value of 0.05 or less was consid-
ered statistically significant.

Table 1. Comparative clinical features and complications of

RESULTS

Demographic and seasonality of malaria cases

During the one year study period, 131 patients were
diagnosed to have malaria based on the microscopic
examination of the peripheral blood film. P. vivax,
P. falciparum and mixed infection cases with both the
species were 83 (63%), 35 (27%) and 13 (10%)
respectively. A total of 87 (66%) cases were detected
during the rainy months of July—November and the re-
maining cases occurred sporadically throughout the
year. All 92 (70.2%) patients were the residents of the
state of Tamil Nadu, while 33 (25.2%) patientswerefrom
Andhra Pradesh, and 6 (4.6%) patients from other states.
About 36% of the patients were manual labourers and
13% were agricultural workers. There were four preg-
nant women in the vivax group and onein the fal ciparum

group.

Clinical features and complications

The mean age (+SD) of the patientswere 32.4 + 12.7
35.9+ 13.2and 34.1 + 11 yr in the vivax, falciparum and
mixed infection group respectively, and 66 (79.5%), 22
(62.9%) and 10 (76.9%) were below theage of 40 yr (p=
0.16). Therewas significant male preponderance observed
in each group. The median duration of fever was 6.6 + 3
days in the P. vivax group and 6.1 + 2.8 days in the P.
falciparum group which was not statistically different.
The demographic features and organ involvement are
shownin Table 1.

malaria across the three groups of Plasmodium species

Clinical features and organ involvement P. vivax P. falciparum Mixed infection
Age (mean years + SD) 324+127 35.9+132 341+11
Gender Male 74 (89.2) 26 (74.3) 11 (84.6)
Female 9(10.8) 9(25.7) 2(15.4)
Duration of fever (mean days + SD) 6.6+3 6.1+28 85+43
Severe thrombocytopenia (Platel ets <20,000/mm3) 10 (12.3) 7 (20) 2(15.4)
Abnormal bleeding 2(24) 4(11.9) 0
Severe anemia (Hemoglobin < 5 g/dl*) 0 2(5.7) 0
Jaundice (Total bilirubin > 3 mg/dI*™*) 16 (20) 13(37.1) 6 (46.2)
Renal failure (Creatinine > 3 mg/dl*") 1(1.2 2(5.7) 0
Acidosis (Bicarbonate < 15 mEg/dl*™*") 4(6.4) 6 (19.4) 0
CNSinvolvement® 5(6) 3(8.6) 1(7.7)
ARDS* 2(24) 3(8.6) 0
Circulatory collapse (SBP < 70 mm Hg) 1(1.2) 2(5.7) 0
Death 1(1.2) 1(29 0

“Gram per deciliter; **Milligrams per deciliter; ***Milliequivalents per deciliter; TCentral nervous system involvement as evidenced by the
presence of seizures and/or ateration of the sensorium; ¥ARDS =Adult respiratory distress syndrome; Figuresin parenthesesindicate percentages.



Mitra et al: Comparison of severity of vivax to falciparum malariain south India

Hematological complications

As per the WHO report on management of severe
malaria (2012), platel et count < 20,000 cellsymm? and/or
hemoglobin < 5 g/dl is described as severe malaria. In
our study, the observed mean platelet count (£ SD) was
lowest in the mixed infection group (52,462 + 32,235 cells/
mm3) followed by falciparum and vivax groups and these
differences were not statistically significant. Severe
thrombocytopenia was present in 10 (12.3%), 7 (20%)
and 2 (15.4%) patients with P. vivax, P. falciparum and
mixed infections, respectively which was not statistically
significant indicating that the vivax malaria
(monoinfection or co-infection with falciparum) can cause
similar degree and proportion of thrombocytopeniato that
of falciparum monoinfection. Despite the observed throm-
bocytopenia, overt bleeding manifestations occurred only
in 2 (2.4%) patientsin the vivax group as compared to 4
(11.4%) patientsin the falciparum group. In comparison
to the mean hemoglobin of 13.1 + 4.1 g/dl in the vivax
group, the hemoglobin was significantly lower in the
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falciparumgroup (11.1+ 2.5¢/ dl, p=0.029) and showed
atrend towards significancein the mixed infection group
(10.6 = 2.6 g/dl, p = 0.068). None of the patients with
vivax infection had hemoglobin < 5 g/dl while 2 (5.7%)
patientswith falciparum had Hb < 5 g/dl. Thewhiteblood
cell countswere not statistically different acrossthethree
groups of malaria (Table 2). These results clearly show
that vivax malaria can cause similar degree of hemato-
logical complicationsascompared to falciparum malaria.

Hepatic dysfunction

The mean total bilirubinwas2.6 £ 3.8, 4.2 + 4.5 and
2.8 £ 1.4 mg/dl and clinical jaundice (total bilirubin =3
mg/dl) was noted in 16 (20%), 13 (37.1%) and 6 (46.2%)
patients with P. vivax, P. falciparum, and mixed infec-
tions, respectively. When compared among the groups,
no statistical difference was found. Total serum protein
level was significantly lower in the falciparum group as
compared to vivax group (6.4 + 1vs6.9+ 0.9 g/dl, p=
0.006). Asshown in Table 2, aspartate transaminase was

Table 2. Comparison of the laboratory investigations among the three groups of Plasmodium species

Laboratory parameter P. vivax P. falciparum Mixed infection P-value between groups
Vivax— Falciparum— Vivax—
Falciparum Mixed Mixed
Hemoglobin (g/dl) 131+41 111+ 25 106+ 2.6 0.03 0.89 0.07
Total WBC count (cells'mmd) 6220 + 2984 5891 + 2658 5754 + 2683 0.85 0.99 0.86
Platelet count (cellsymmd)* 63,000 37,000 58,000 0.09 0.99 0.28
(41,500 —104,500) (21,000 — 79,000) (26,000 — 72,500)
Creatinine (mg/dl) 12+04 15+1 1.2+04 0.07 0.29 0.99
Urea (mg/dl)* 33 40 325 0.03 0.29 0.99
(26 —47.8) (26 —89) (28.3-50)
Sodium (mEg/l) 134.6+ 4.9 1332+4.7 1316+ 4.4 0.38 0.62 0.38
Potassium (mEg/l) 39+05 39+06 41+06 0.77 0.8 0.48
Bicarbonate (mEq/I) 215+41 18.9+5.2 21.6+4.2 0.04 0.22 0.99
Total bilirubin (mg/dl)* 1.55 25 29 0.13 0.54 0.98
(1.10-2.45) (1.30-5.5) (1.55-3.9)
Direct bilirubin (mg/dl)* 0.67 0.80 0.8 0.07 0.32 0.99
(0.40-11) (0.40-3.6) (0.45-2.3)
Total protein (g/dl) 6.9+0.9 64+1 6.4+0.7 0.006 1 0.09
Albumin (g/dl) 44+49 32+06 32+06 0.35 1 0.62
AST/SGOT (IU/L)™" 27 45 48 <0.001 0.55 0.07
(19.3-40) (28 —94) (29.5-815)
ALT/SGPT (1U/L)™ 17 31 38 0.29 0.02 <0.001
(11-33) (19-46) (17-815)
Alkaline phosphatase (IU/L) 82.6+35.3 939+ 38 83.2+ 337 0.30 0.66 0.99

*Median (Inter-quartile range); ** AST/SGOT = Aspartate transaminase/Serum glutamic oxal oacetic transaminase; *** ALT/SGPT = Alanine

transaminase/Serum glutamic pyruvic transaminase.
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significantly higher in the falciparum group when com-
pared to the vivax group (73.1 + 68.3 vs 31.8 + 15.7 U/
L; p<0.001) while alaninetransaminase was significantly
higher in the mixed infection group as compared to either
vivax or falciparum group (68 £ 92.5vs25.1 +12.7 IU/L
and 36.3 £ 21.9 IU/L; p<0.001 and 0.022 respectively.
The mean serum alkaline phosphatase was similar in all
the three groups. Thus, it was concluded that the level of
hyperbilirubinemia and proportion of clinical jaundice,
which are the markers of severity of malaria, were simi-
lar in vivax and fal ciparum infection.

Renal failure and acidosis

The mean serum creatinine level was similar across
the three groups. Although, WHO doesn’t recommend
any cut-off for creatinine level; at the arbitrary cut-off of
3 mg/dl, the proportion of patients having creatininelevel
>3 mg/dl was 1 (1.2%) in the vivax group as compared to
2 (5.7%) infa ciparum group, which was not statistically
different. However, the mean level of serum urea was
68.7 £ 73.7 mg/dl in the falciparum group, which was
significantly higher than that of vivax group (40.2 £ 25.2
mg/dl, p=0.026) but not from the mixed infection group
(42.4 £ 26.5, p=0.294). Similarly, the mean venous bi-
carbonate level was significantly lower among the
falciparum infected group as compared to the vivax in-
fection group (18.9 £ 5.2 vs21.5 + 4.1 mEg/dI, p=0.039)
but not statistically significant as compared to the mixed
infection group (21.6 £ 4.2 mEg/dl, p=0.224). At an arbi-
trary cut-off of venous bicarbonate <15 mEg/dl, the pro-
portion of patients in falciparum group was higher (6,
19.4%) than vivax group (4, 6.4%) which showed aten-
dency towards significant (p=0.06).

Central nervous system (CNS) and cardiopulmonary com-
plications

The incidence of alteration in mental status and/or
seizurewas 5 (6%), 3 (8.6%) and 1 (7.7%) in the vivax,
fal ciparum and mixed i nfection group respectively, which
was not statistically different. Similarly, the proportion
of patients with adult respiratory distress syndrome and
hypotension (SBP < 70 mm Hg) in vivax and fal ciparum
group was not statistically different. These results indi-
cate that P. vivax can cause severe malariasimilar to the
P. falciparumwith respect to CNS and cardiopulmonary
complications.

Outcome

In the vivax group, 58 (70%) patients were managed
on an outpatient basis while 25 (30%) patients needed to
be admitted, including one admission to theintensive care

unit (ICU). Only 14 (29%) patientsin thefal ciparum group
were managed as outpatients and 34 (71%) patients re-
quired admission. The mean duration of admission was
3.96 days (range 1-10 days) in the vivax group and 5.56
days (range 1-20 days) in thefal ciparum group, with one
death in each of these groups. Both the patientswho died
presented with shock and multiorgan dysfunction (acute
adult respiratory distress syndrome, acidosis, severe
thrombocytopenia, hepatic and renal dysfunction). These
patients had SOFA scores of 18 and 19; and both required
invasive ventilation and inotropic supports.

DISCUSSION

In this prospective clinico-epidemiological hospital
based study of 131 casesof malariaover oneyear period,
P. vivax remains the most common infecting malaria
species (63%) followed by P. falciparum (27%) while
minority of the cases (10%) were due to dual infection.
The mean age of the patients in the study was 33 yr
[Interquartile range (IQR) 15—76 yr] and the distribution
of the age across all the three groups was similar to other
studiesreported from India®>12. Thereisasignificant male
preponderance (85% overall) across all the groups. Al-
though, WHO describes the people with comorbid con-
ditionsare“at risk” to develop severe vivax malaria, but
our findings indicates that severe vivax malariaremains
the commonest causative species and infects younger
males without comorbidities.

Thrombocytopenia, the most common hematol ogi-
cal abnormality, was observed in all the three groups and
issimilar to some of the earlier studies!3-16. Inthe present
study, it was established that the proportion of patients
with severe thrombocytopenia or overt bleeding mani-
festationin vivax group iscomparabl e to the severity ob-
served in the falciparum or mixed infection group. Al-
though the mean hemoglobin level wassignificantly lower
in the falciparum group and atrend towards significance
was observed in the mixed infection group as compared
to vivax monoinfection, yet the clinically relevant severe
anemia(Hb <5 g/dl) wasnot statistically significant. The
white blood cell counts were not statistically different
across the three groups of malaria (Table 2). These re-
sultsclearly indicate that vivax malariacan cause similar
degree of hematological complications as compared to
falciparum malaria without any significant increase in
clinical bleeding?’.

The proportion of patientswith clinical jaundice and
thebilirubin level wasnot significantly different between
the vivax and fal ciparum group. Compared to the studies
from Karnataka, Maharashtra (India) and Pakistan there
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exists considerable variations in the degree and propor-
tion of patientswith hyperbilirubinemia® 11.13.18-19 Varia-
tioninthetotal serum protein and transaminases achieved
statistical significance among the three groups but the
clinical relevance of thesefindingsintermsof either grad-
ing of severity or indicator of mortality could not be as-
certained. Sincethelevel of parasitaemiain case of vivax
isnot routinely done in our laboratory, so the correlation
of degree of hyperbilirubinemia with the parasitic index
was not possible. These findings reiterate that vivax ma-
laria can cause significant hepatic dysfunction.

Theincidenceof acuterenal failureinthevivax group
wassimilar tothat inthefal ciparum group but the propor-
tion of patientswith serum bicarbonatelevel <15 mEg/dl
was significantly higher in the falciparum group.
On review of the literature, it was observed that, within
Indian studies, there is considerable variation in the
incidence of renal failurein vivax malaria as reported in
thestudiesfromMumbai (32%), Manipal (5%) andAligarh
(2%)10.18-19 Serumurealevel, asamarker of acutedecline
inglomerular filtration rate, wasfound to be significantly
higher in thefalciparum group than vivax group. Thisthe
first study from India to compare urea and bicarbonate
levels among the prominent malarial species.

The occurrence of CNS, cardiopulmonary complica-
tions and mortality in patients infected with different
malaria parasitesinthevivax group wasstatistically simi-
lar in proportions to that of falciparum or mixed infec-
tion. From this comparative study, we highlight that pre-
viously deemed “benign” vivax malaria may not be
essentially true and can be no longer considered uncom-
plicated. The early diagnosisand prompt initiation of anti-
malarial therapy and resuscitative measures can decrease
the morbidity and mortality due to P. vivax'®.

CONCLUSION

In conclusion, P. vivax is emerging as an important
causeof malarial morbidity and mortality and all thecom-
plications of falciparum malaria may be seen in
vivax malariaaswell. To date, most studies on pathogen-
esis, preventive strategies and treatment of malaria
have focused on falciparum malaria due to its presumed
exclusivity in causing severe malaria. However, with
increasing evidence to the contrary, there is a pressing
need to study theissuesrelated to severevivax malariain
order to advancetheeffortsfor elimination of thisdisease.
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