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Abstract- Introduction: Acute renal failure (ARF) is seen mostly in Plasmodium falciparum infection, but P. vivax and P. malariae can cause
renal impairment rarely. Malarial ARF is commonly found in adults and older children with falciparum malaria.

Material & Methods: Ninety five patients from Pad. Dr. D Y Patil Hospital and Research Centre, Navi Mumbai, were included in this study
during July-Aug 2010. Out of 95 patients 38 patients are control, 10 patients infected by P. falciparum, 36 patients infected by P. vivax and 11
are mix infection of P. falciparum & P. vivax. All patients’ diagnosis is confirmed by clinical examination as well as peripheral blood smear.
Results: Renal involvement present as electrolyte abnormality as Hyponatraemia, Oliguria, Uraecemia and jaundice. Acute Renal Failure
(ARF) occurs as a complication of P. falciparum malarial infection in less than 1% of cases, but the mortality reported up to 40%. Malarial
ARF is diagnosed when serum creatinine level greater than 3 mg/dL and/or urinary output is less than 400 ml in 24 hours. The serum concen-
trations of Creatinine, urea, proteins ( Total proteins & albumin), Bilirubin (conjugated and total bilirubin) in malaria patients were significantly
higher (p<0.05) than those of malaria free individuals. We conclude that renal dysfunction, acute renal failure and liver dysfunction are clinical
features of malaria

Conclusion: In spite of several researches and ultramodern techniques, mechanism of malarial ARF and its effective management has re-
mained unclear. In many cases reversal of renal dysfunction takes place may be due to biotransformation of antigen and response of immune
system. In addition, the literature is almost silent on the mechanism of recent increase in incidence of ARF and multiple complications specifi-
cally around coastal regions in India.
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Introduction

Malaria has emerged as one of the top 10 killer diseases around
the globe. It is the major cause of mortality in various tropical and
subtropical regions. Approximately half of the world population is
vulnerable to malaria, may be more than that. More than 500 mil-
lion people reported positive cases of malaria and leading to death
in 2 to 3.0 million cases. Majority of the malarial infected cases as
well as deaths occur in sub-Saharan Africa. Outside Africa, the
disease is seen in about 100 countries, Indian subcontinent and
Brazil contributing nearly two thirds of these cases. Acute renal

failure (ARF) occurs as a complication of plasmodium falciparum
malaria in less than 1% of cases, but the mortality in these cases
may be up to 40%. Malaria is a highly destructive disease in hu-
mans caused by a protozoan, plasmodium species. It accounts for
an estimated 2-3 million deaths annually across over 100 coun-
tries. [1] Malarial infection is caused by four species of the genus
Plasmodium namely, Plasmodium vivax, P. falciparum, P. malariae
and P. ovale. Out of the species of plasmodium parasite, plasmodi-
um falciparum, plasmodium vivax, plasmodium malariae and plas-
modium ovale that causes malaria in humans. Plasmodium falci-
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parum is responsible for most deaths and most of the severe com-
plications although renal involvement is also known to be caused
by plasmodium malariae.[2-5] Cases of malarial infection associat-
ed renal and hepatic impairment have been reported from different
parts of malaria endemic countries.[6-11] The severity of malaria
infection associated renal impairment in a particular region is large-
ly a function of the disease spread in the region and other a etiolog-
ical factors prevailing in the area.[12] It is more common in adults
than children. Malarial acute renal failure is diagnosed when serum
creatinine level elevated above 3 mg/dL and/or when urinary output
is less than 400 ml in a day.

Common clinical presentations of infection with all four Plasmodium
species are chills, rigors, sweating, body aches, headache, nau-
sea and general weakness Severe life-threatening complications
such as cerebral malaria (CM), severe anemia, acidosis, respirato-
ry distress syndromes (RDS), jaundice, acute renal failure
(ARF),acute respiratory distress syndrome (ARDS), etc. occur
mostly with plasmodium falciparum infection. A few studies have
appeared indicating association of severe complications of malaria
with plasmodium vivax infection [13-15]. Renal involvement has
been reported in plasmodium falciparum plasmodium malariae, and
recently in plasmodium vivax infections plasmodium malariae asso-
ciated nephropathy was reported mainly from Africa, that too before
1980. Earlier literature on P. vivax renal failure are too less and
inconclusive to merit a detailed review.

Plasmodium falciparum malaria
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Fig.1- Etiology of Falciparum Malaria infection causes damage to
kidney. (Adapted from J Vector Borne Dis 45,2008, pp. 83-97)
Abbreviations:
MNCs-Mononuclear cells; RBCs—Infected red blood cells;
RAAS- Renin-angiotensin-aldosterone system; ROI-Reactive oxy-
gen intermediates; NO- Nitric oxide; H+- Hydrogen ion

Acute renal failure (ARF) occurs as a common complication of
plasmodium falciparum malaria in less than 1% of cases, but the
mortality in these cases may be up to 40%. As per the WHO crite-
ria malarial acute renal failure is diagnosed when serum creatinine
level rises above 3 mg/dL and/or when urinary output in 24 hours is
less than 400 ml [16]. Renal involvement varies from mild pro-
teinuria to severe azotemia associated with metabolic acidosis. [17]
Renal involvement in plasmodium malariae infection: Incidence of

progressive glomerulonephritis was significantly higher in malaria-
endemic areas of Africa. Plasmodium malariae was considered an
important cause of chronic renal dysfunction in malarial infection.
18]
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Fig. 2- Clinical syndromes of malaria (adopted from J. MacArthur,
CDC)

Exact mechanism of renal failure in falciparum malaria is not clearly
known. Several researchers hypotheses including mechanical ob-
struction by infected erythrocytes by the parasites, immune mediat-
ed glomerular pathology, fluid loss due to multiple other mecha-
nisms and alterations in the renal microcirculation, etc.[3,19 -20]
The incidence of glomerulonephritis gradually declined along with
eradication of malaria in many parts of Africa.[21,22] The patho-
genesis of renal involvement is possibly mediated through immune
complex deposition. [23] The disease progresses to renal failure
even after successful eradication of the infection may be due to
their toxicity, exact mechanism is unclear. [21, 24] In plasmodium
falciparum infection malarial acute renal failure (MARF) often oc-
curs in association with signs and symptoms of multi-organ involve-
ment, jaundice and thrombocytopenia are present in more than
70% of cases. [3, 25]

Material and Methods

Ninety five patients attended IPD and OPD at Pad. Dr. D Y Patil

Hospital and Research Centre, Navi Mumbai, were included in this

study during peak season in July-Aug 2010. Out of 95 patients 38

patients are non-malarial, were taken as controls, 10 patients suf-

fering with plasmodium falciparum, 36 patients suffering with plas-

modium vivax and 11 are mix infection of plasmodium falciparum

and plasmodium vivax. No other species of malaria included in this

study due to very low incidence. All patients’ diagnosis is confirmed

by clinical examination as well as peripheral blood smear.

Inclusion Criteria

The following patients were included in present study

e Patients with ARF and peripheral smear positive for malaria
parasite

o Absence of any other disease which leads to ARF.

Exclusion Criteria

The following patients were excluded from present study:

e patients who had hemolysis along with glucose-6-phosphate
dehydrogenase deficiency
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pregnant women,

with high parasitaemia,

with deep jaundice,

with prolonged dehydration, and/or,

patients receiving Nonsteroidal Antiinflammatory Drugs.

Lab. investigations

In addition to the Complete Blood Count (CBC) with peripheral
smear study for malaria parasite, the following tests were per-
formed for assessment of Kidney and Liver function.

Renal Function Test (RFT)

Blood Urea (BU),

Creatinine,

Uric Acid( UA),

Electrolytes( Na*& K*)

Total Proteins and Albumin.

Liver Function Test (LFT)

e Total ,Direct and Indirect Bilirubin,

e SGPT(ALT),

o SGOT(AST),

o Total Protein and Albumin.

Results& Statistical Analysis
Summary of results:

Table 1- Result of all renal parameters & platelet count in all four

study groups
Group DATA BU CREAT  UA ™ ALB Na* K
Count 36 36 36 36 36 36 36 36
Py Sum 615 24
n=36 - 2103 2536 1157 4892 13231 3264
Average 1708 147 5847 704 329 13588 367 9327
Varance 1633 0.362 57191 0.940 0.646 12158 0.281 481325
- Count 10 10 10 10 10 10 10 10
10 Sum 143 103 46 607 28 1350 s
Average 143 103 45 6.07 248 5 344 5033
Vargnce 3656 0020 09889 1080 0208 3185 0118 .
PVPF Count 1 11 11 1 11 1 " "
et Sum 168 124 57 6 32 1493 368 559
Average 1527 142 5155 705 290 13572 334 559
Varance 2881 (. 37467 1468 0199 9818 LIZCH
Control Count 38 38 38 38 38 38 % 38
o sum 420 322 188.6 2736 1186 5174 CU T,
Average 11.05 0.84 4.96 72 3.12 136.15 3.85 189.78
Variance 4410 0.101 43083 07276 03762 18460 0294 16804.0
9

Fig. 3- Bar diagram of average value of all parameters in all study
groups.

Table 2- Gender wise characteristic of the 57 study patients

Variable

Male, n=35 Female, n =22

Total Percentage Total  Percentage
cases cases

1 Fever 32 91.42 21 95.45

2 Headache 33 94.28 20 90.90

3 Thrombocytopenia 34 97.14 22 100

4 Hyponatraemia 1 3142 8 36.36

5 Hyperbilirubinemia 23 65.71 6 2127

6 Oliguria 19 54.28 5 22.72

7 Uraecemia 16 45.71 5 22.72

Fig. 4- Bar diagram of gender wise characteristics’ of material pa-
tients.

® Male, n=35

¥ Female, n=22

Table 3- Statistical analysis of renal parameters & platelet count by
ANOVA: Single Factor within group

Parameters F Value P value F crit Significance Null hypothe-
sis

Blood Urea 2318307 0080721 2704703  No significance Do not reject
Creatinine 3454287 0019729 2704703  Significance Reject

Uric Acid 1492131 0221981 2704703 No significance Do not reject
Total Protein 3698244 0014589 2704703  Significance Do not reject
Albumin 3458092 0019636 2704703  Significance Reject
Sodium 0222523 0080524 2704703  Significance Do not reject
Potassium 3987165  0.010215 2704703  Significance Reject
Platelets 1071244 0.000004 2709402 Significance Reject

In this study one-way ANOVA statistical package is used to com-
pare means of study groups for numerical data [26].The ANOVA
tests the null hypothesis that samples in two or more groups are
drawn from the same population. The group means calculated from
the same population, the variance between the group means
should be lower than the variance of the samples. A higher ratio
therefore implies that the samples were drawn from different popu-
lations [27].

An F-test is test in which an F-distribution under the null hypothesis
the name was coined by George W. Snedecor, in honour of
Sir Ronald A. Fisher. [28] F is the value of the test statistic and F-
crit is the critical value. The test statistic in ANOVA is the ratio of
two scaled sums of squares reflecting different sources of variabil-
ity. That is, F = Explained variance / Unexplained variance. The
critical value is the number that the test statistic must exceed to
reject the test. If F > F crit, we reject the null hypothesis and if F < F
crit, we do not reject the null hypothesis. For example, the null
hypothesis implies there is no relationship between two measured
phenomena. [29]
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Discussion

Renal involvement in plasmodium vivax malaria: Renal involve-
ment in plasmodium vivax malaria has been reported from Indian
subcontinent. In one of the earlier studies, Mehta et al15 observed
that out of 24 patients of malarial ARF, 16 were infected with plas-
modium falciparum, 3 with plasmodium vivax, and 5 with mixed
infection of plasmodium falciparum and plasmodium vivax. In a
retrospective analysis, 13 of the 93 patients of malarial ARF had
plasmodium vivax infection, while another 6 had mixed infection
with plasmodium falciparum and plasmodium vivax. In present
study we studied 57 patients infected by different species of malar-
ial parasites. Out of 57, 36 had plasmodium vivax, 10 had plasmo-
dium falciparum and 11 had mixed infection of plasmodium falci-
parum & plasmodium vivax. Evidence of renal involvement was
noticed in 5 cases of plasmodium vivax malaria from a total of 57
cases.

Renal involvement in plasmodium falciparum malaria can present
as electrolyte abnormality, abnormal urinary sediments and in-
creased urinary protein excretion, high plasma Creatinine concen-
tration, duration of ARF, etc. Mortality is higher when plasma Cre-
atinine is high and urine output is low, delayed referral to the hos-
pital, and when associated with other complications. Hyperbiliru-
binemia in falciparum malaria possibly predisposes for ARF, which
may remain unnoticed sometimes. In patients of acute falciparum
malaria with severe Hyperbilirubinemia may be the cause of ARF
which was significantly associated with liver dysfunction as well.
Thus the malarial infection specifically in case of plasmodium falci-
parum parameters are characterized by renal failure with oliguria
and uraecemia associated with thrombocytopenia as well as Hy-
ponatraemia.

Malarial ARF is suspected when urinary output falls to less than
400 ml in 24 hours, which fails to improve after adequate rehydra-
tion. Occasionally malarial ARF may be non-oliguria in which case
diagnosis can only be made from biochemical investigations that is
BU and serum creatinine or more extensively 24 hours urine creat-
inine clearance test. The diagnosis is confirmed when the serum
creatinine exceeds 3 mg/dL in adults and 1.5 mg/dL in children.
Hyperbilirubinemia, Hyponatraemia and Thrombocytopenia were
noted in majority of cases in both genders.

In acute renal failure, the glomerular filtration rate decreases over
days to weeks. As a result, excretion of nitrogenous waste is re-
duced, and fluid and electrolyte balances cannot be maintained.
Patients with acute renal failure are often asymptomatic, and the
condition is diagnosed by observed elevations of blood urea nitro-
gen (BUN) and serum creatinine levels. Most authorities define the
condition as an acute increase of the serum creatinine level from
baseline i.e., an increase of at least 0.5 mg per dL.[30] Complete
renal shutdown is present when the serum creatinine level rises by
at least 0.5 mg per dL per day and the urine output is less than
400 mL per day (oliguria). Blood Urea Nitrogen (BUN) is non-
specific indicator of renal function. [31] In critical patients BUN can
elevate independently for various causes other than abnormal
renal function. Thus changes in BUN do not convey degree of
Uremia. Serum creatinine value is much more specific for as-
sessing renal function than BUN. Several researchers earlier con-
cluded that an inverse relationship between creatinine and ARF.
[30, 32-34] The reason for this finding may be several extra-renal

factors such as BMI, volume distribution of creatinine, creatinine
production and liver abnormalities can alter creatinine level in criti-
cal ill patients. The clinician must cautious while interpreting serum
creatinine value as single parameter in ARF associated with ma-
laria.

Diagnosis of ARF based upon changes in serum creatinine may
be delayed due to the fact that, in the non-steady-state conditions
of ARF, as GFR falls creatinine secretion is increased. Large
changes in GFR are initially manifested as small quantitative
changes in serum creatinine in the first 24-48 hours after renal
injury. After these one or two days, the degree of serum creatinine
changes will reflect the change in GFR. Finally, the serum creati-
nine is stabilized, and that takes about 7 days. Therefore, it is
almost impossible to exactly determine the onset of the ARF; and
also calculating the exact time lapsed until the nephrology consul-
tation. However, measuring serum creatinine level is a practical
approach for discovering short-term alteration in renal function,
despite its limitations, because it is readily used in clinical practice
and it is specific for renal function.

Not all BUN and serum creatinine results values found rose in
acute renal failure.

Around the globe where transmission of malaria is unstable and
adults develop severe disease, acute renal failure with oliguria is
relatively common and is a major contributor to mortality (Day et
al., 1997; Stone et al., 1972). In another study renal failure is only
rarely encountered as a major manifestation of severe malaria in
semi-immune population of malaria-endemic African countries
(Brewster and Greenwood, 1993; Weber et al., 1999). Polyuria
with acute severe plasmodium falciparum malaria has not previ-
ously been described in adults and is not a feature of classic ma-
laria. No significant associations were found with age and sex.

Conclusion

It is concluded that falciparum malaria in adults is one of the caus-
es of acute renal failure in this population. In the patients present-
ing with fever, jaundice and acute renal failure, there should be a
high index of suspicion for malaria even in the face of negative
blood film. Early and prompt diagnosis along with anti-malarial
therapy, are the main measures likely to reduce the malarial ARF
in this setting. Early referral of malarial ARF patients for dialysis in
complicated malarial cases may further reduce mortality due to
end organ failure and enhance recovery. Renal impairment typi-
cally manifests with oliguria, associated with altered renal function
test are probable outcomes of plasmodium falciparum infection.
plasmodium Falciparum & other species impact on renal dysfunc-
tion needs large scale study for definite conclusion.
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