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Abstract
Background. Acute febrile illnesses are a common cause
of tropical acute kidney injury (AKI). The incidence and
severity of AKI in tropical febrile illnesses and validity
of RIFLE classification are unclear.
Methods. Consecutive adult inpatients of a tertiary hospital
in southern India with tropical acute febrile illness between
January 2007 and January 2008 were prospectively studied
for the incidence and severity of AKI based on RIFLE
classification and its association with mortality and dialysis
requirement.
Results. The 367 patients (mean age 39.7 ± 16.9 years;
60% males) with tropical acute febrile illness due to scrub
typhus (51.2%), falciparum malaria (10.4%), enteric fever
(8.7%), dengue (7.6%), mixed malaria (6.5%), leptospir-
osis (3.3%), undifferentiated acute febrile illness (8.4%)
and others (3.8%) (spotted fever, vivax malaria and Han-
taan virus infection) had an overall mortality rate of 12.3%.
The incidence of AKI was 41.1%; of which, 17.4%, 9.3%
and 14.4% were in the Risk, Injury and Failure classes, re-
spectively. Of the patients, 7.9% required dialysis. Among
the Risk, Injury and Failure groups, there was an incremen-
tal risk of mortality (OR 6.9, 20.2 and 25.6; P < 0.001) and
dialysis requirement (OR 3.4, 28.8 and 178.8; P < 0.001).
Conclusions. The incidence of AKI in the common tropic-
al acute febrile illnesses in our study such as scrub typhus,
falciparum malaria, enteric fever, dengue and leptospirosis
is 41.1%. RIFLE classification is valid and applicable in
AKI related to tropical acute febrile illnesses, with an in-
cremental risk of mortality and dialysis requirement.

Keywords: acute kidney injury/acute renal failure; dengue; malaria;
RIFLE; scrub typhus

Introduction

Worldwide incidence of acute kidney injury (AKI) is
variable [1,2], and even more among the developed and
the developing countries [3]. Tropical acute febrile illnesses
such as malaria, typhoid, leptospirosis, dengue and others
are a major cause of AKI in the tropics [4,5]. There is re-
newal of interest with the emergence of such diseases in
the developed nations and non-tropical regions [6,7] due
to global warming [8,9] and travel to tropics [10,11]. Inci-
dence of AKI with these infections has been unclear due to
varying definitions of AKI [12,13], and overestimation due
to referral bias in tertiary care centre reports. The Risk, In-
jury, Failure, Loss of function and End stage (RIFLE) cri-
teria unified the definition and classification of AKI [14],
and were originally validated for ischaemic AKI [15].
There are limited data on validity of RIFLE classification
for AKI in tropical acute febrile illnesses. We evaluate the
incidence of AKI and validity of the RIFLE classification
in tropical acute febrile illnesses.

Materials and methods

The study was permitted by the institutional review board and ethics com-
mittee. From January 2007 to January 2008, consecutive medical ward
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inpatients (aged ≥18 years) of Christian Medical College, Vellore, India,
who had fever for 5–21 days without an obvious focus of infection (such
as lower respiratory tract infection or urinary tract infection) were pro-
spectively enrolled after informed consent. Patients who had chronic in-
fections (e.g. tuberculosis), or non-infective causes of fever (e.g.
systemic lupus erythematosus or lymphoma) and immunocompromised
individuals (HIV infection or with immunosuppressive drug use) were
excluded. All patients had a detailed clinical history and examination,
a standard set of investigations including complete blood counts, liver
function tests, serum creatinine, urea, electrolytes, chest radiograph, three
peripheral blood smears for malaria, urinalysis, and two blood cultures,
and a standard set of febrile serological investigations including leptospiral
IgM ELISA (Virion\Serion GmbH, Germany), scrub typhus ELISA
(PanBio Ltd, Brisbane, Australia), dengue IgM–IgG ELISA (Dengue
Duo Cassette, PanBio Ltd, Brisbane, Australia), typhidot (Malaysia
Bio-Diagnostics Research Sdn., Malaysia) and spotted fever ELISA
(PanBio Ltd, Brisbane, Australia) on patients with rash. In patients whose
preliminary tests were non-contributory to the diagnosis, further diag-
nostics including convalescent serological testing were undertaken. All
patients were monitored till the end of their hospital stay.

Serum creatinine was measured using the modified Jaffe’s kinetic alka-
line picrate method (colorimetry) without deproteinization using an auto-
mated chemistry analyzer Olympus AU 2700 (Japan). AKI was classified
based on RIFLE classification. When baseline creatinine was not avail-
able, it was derived using the four-variable MDRD equation by assuming
a baseline glomerular filtration rate (GFR) of 90 mL/min/1.73 m2. The
RIFLE class was determined based on the worst of either the serum cre-
atinine or GFR criteria or urine output criteria. Renal replacement therapy
(RRT) (intermittent haemodialysis and slow low-efficiency haemodialy-
sis) was initiated for standard indications. The primary outcomes studied
were in-hospital mortality and requirement of RRT. Statistical analysis
was performed using SPSS software version 11.0. The statistical signifi-
cance of the associations between AKI based on RIFLE classification
and mortality or dialysis requirement was assessed by chi-square test
(with Yates continuity correction wherever appropriate) or Fisher’s exact
test. The degree of association was estimated using odds ratio with 95%
confidence intervals.

Results

Of the 6132 admissions in the medical wards, 396 patients
met the inclusion criteria. Twenty-nine (7.3%) patients who
had fever due to chronic infections like tuberculosis, non-
infective causes like systemic lupus erythematosus, vascu-
litis, and ubiquitous infections such as urinary tract infec-
tion, focal abscesses, meningoencephalitis, pneumonitis,
drug rash and infectious mononucleosis were excluded.
Of the 367 patients (with mean age of 39.7 ± 16.9 years)
included for the final analysis, 219 (59.7%) were males,
and 148 (40.3%)were females. Patients had fever for amean
duration of 9.3 ± 3.8 days prior to admission. The other
baseline characteristics are detailed in Table 1.

The overall incidence of AKI among the tropical acute
febrile illnesses was 41.1% (n = 151/367); of which, 17.4,
9.3 and 14.4% were in the Risk, Injury and Failure classes,
respectively. Of the 151 (41.1%) patients who developed
AKI, 131 (35.7%) were detected to have AKI at the time
of admission [RIFLE: R, 53 (14.4%); I, 28 (7.6%); and F,
50 (13.6%)], and 20 (5.4%) developed AKI after admis-
sion. RRT in the form of intermittent haemodialysis or
slow low-efficiency dialysis was initiated in 19.2% of pa-
tients with AKI (n = 29/151) for medically unresponsive
severe metabolic acidosis (51.7%, n = 15), hyperkalaemia
(31.0%, n = 9) and pulmonary oedema (17.3% n = 5). The
overall mortality rate was 12.3% (n = 45/367).

Among the 37 (10.1%) elderly patients (age ≥65 years),
AKI occurred at a rate (73.0%, n = 27) significantly higher

than the rest (37.6%, n = 124; P < 0.001). Diabetes mellitus
was present in 20 (6.0%) patients. Though the incidence of
AKI was higher among diabetic patients (not statistically
significant), mortality was not. Pre-existing chronic kidney
disease (CKD) was documented in three (0.8%) patients,
while none had chronic liver disease. Though all three pa-
tients with CKD developed AKI (one in the Risk and two in
the Failure classes; with one requiring RRT), none died.
Apart from the elderly age group, shorter duration of fever,
presence of icterus, oliguria, breathlessness, tachycardia,
tachypnoea and shock at presentation predicted the occur-
rence of AKI (Table 1) and mortality (except icterus). The
mean serum creatinine at admission (Cradm) was signifi-
cantly higher among the patients who had AKI, across all
the three classes of RIFLE classification compared with the
non-AKI patients. In addition, patients who suffered in-
hospital mortality had higher mean Cradm. AGFR at admis-
sion (GFRadm) <60 mL/min/1.73 m2 was predictive of both
AKI and in-hospital mortality.

AKI developed after hospital admission only in 20
(5.4%) patients: Risk—11 (17.2%), Injury—6 (17.6%)
and Failure—3 (5.7%). Patients who developed AKI before
admission and after admission had similar baseline charac-
teristics (with the obvious exception of Cradm and GFRadm),
RRT requirement (19.8% vs. 15.0%) and mortality (24.4%
vs. 40.0%).

Analysis after excluding the subgroup of 131 (35.7%)
patients, who developed AKI before admission, revealed
that the Cradm differed from the estimated baseline creatin-
ine by a median of 0.0 mg/dL (IQR from −0.2 to +0.1).
In this selected subgroup of 236 patients (who did not
develop AKI before admission), RIFLE classification
with Cradm as baseline misclassified 8.9% (n = 21/236)
of patients compared with the RIFLE classification with
the estimated baseline creatinine.

AKI developed during their hospital stay in 5.4% pa-
tients. Among the rest (35.7%), RIFLE class worsened dur-
ing their hospital stay in 5.4% (n = 20): Risk to Injury—5
(1.4%), Risk to Failure—4 (1.1%) and Injury to Failure—11
(3.0%). Patients with AKI had prolonged in-hospital stay
(mean difference: 1.5 days), a higher serum creatinine
(Crdis) and a lower eGFR at discharge (GFRdis), with 69
(45.7%) having a GFRdis <60 mL/min/1.73 m2.

The final diagnosis of the acute febrile illness is listed
in Table 2. The common tropical acute febrile illness in
this study was scrub typhus (51.2%), followed by falcip-
arum malaria, mixed malaria (Plasmodium falciparum
and Plasmodium vivax), enteric fever (typhoid and para-
typhoid fevers), dengue (dengue fever, dengue haemor-
rhagic fever and dengue shock syndrome), leptospirosis,
vivax malaria, other rickettsial spotted fevers and Hantaan
virus infection. In 8.4% patients, the aetiology could not be
ascertained. Most patients with AKI (n = 80/151) were
among those with scrub typhus. However, the incidence
of AKI was highest with falciparum malaria (63.2%), fol-
lowed by mixed malaria (54.2%), leptospirosis (50.0%) and
least with enteric fever (6.3%). AKI was observed at an
average rate of 35–40% among other acute febrile illnesses
(Table 2). In general, 15–20% belonged to the Risk class
(due to increased sensitivity of the criteria), but the propor-
tion in the Failure class was quite variable. Falciparum
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malaria had the highest incidence of AKI in the Failure
class (36.8%) double that observed in other conditions
such as dengue (17.9%) and leptospirosis (16.7%). RRT
requirement was also highest in patients with falciparum
malaria (23.7%).Mortality was highest among patients with
dengue and undifferentiated fever (25.0% and 19.4%,
respectively).

AKI was more common among patients who died (27.5%
vs. 2.7%). Overall, AKI was a significant risk factor for
mortality with an odds ratio of 15.2 (95% CI 5.8–39.6, P <
0.001). This association persisted for each of the individual
infections (Table 3). The mortality rate increased from
2.3% in the no AKI class to 14.1%, 32.4% and 37.7% in
the Risk, Injury and Failure classes, respectively (Figure 1),
demonstrating a significant stepwise incremental risk of
mortality (Table 4) from Risk to Injury to Failure classes
(OR 6.9, 20.2 and 25.6, respectively, P < 0.001). RRT re-
quirement also increased from Risk to Injury to Failure
classes (1.6%, 11.8% and 45.3%, respectively) following
a similar stepwise incremental risk (OR 3.4, 28.8 and
178.8, respectively).

Among the 151 patients who had AKI, 69 (45.7%) had a
GFRdis <60 mL/min/1.73 m2, compared with none in the
non-AKI group. Two of the three patients with pre-existing
CKD had a GFRdis <60 mL/min/1.73 m2. Overall, 76
(20.7%) patients (40 of those had AKI) had a follow-up
visit after their discharge. Of this, only 31 (8.4%) patients
had a follow-up beyond 3 months (14 had AKI and twowith

GFRdis <60 mL/min/1.73 m2.). This limited data showed
that most patients had improvement in GFR with time.

Discussion

Tropical acute febrile illnesses are a common cause of
AKI in the developing countries. In this prospective study
from a tertiary care centre in southern India, the common
tropical acute febrile illness among hospitalized patients
included malaria, typhoid, scrub typhus, dengue, lepto-
spirosis, spotted fever and others. Scrub typhus accounted
for the majority of tropical acute febrile illnesses in our
study. Factors such as prospective inclusion of consequent
patients, use of uniform standardized clinical observations
and laboratory investigations, standard criteria for diagno-
sis of febrile illness including analysis of convalescent
sera wherever necessary, and a study period extending
for a full year annulling the possible seasonal variations
[16] strengthen the reliability and validity of the observed
incidence of the various infections.

The incidence of AKI (41.1%) in this study is among
the highest of reports among tropical infections. However,
nearly half of these patients were found to be in the Risk
class, characterized by a mild degree of renal dysfunction
that is often under-recognized.

We have used an estimated baseline creatinine derived by
back-calculating a normalized eGFR of 90 mL/min/1.73 m2

using the four-variable MDRD equation. The predominant
population was from the rural and the suburban regions of
the four neighbouring states, people having to travel long
distances to reach our hospital. Patients usually do not have
health insurance coverage or check-up, and hospital visits
are usually for major illnesses. Therefore, most patients
do not have a pre-admission baseline serum creatinine.
Patients with AKI had a significantly higher Cradm, as most
patients developed AKI prior to admission (35.7%). Among
the rest (64.3%), only 5.4% had AKI (after admission).
Therefore, Cradm could not be used as a uniform marker
of baseline renal function, being valid only for a small
group of patients.

The patient population is predominantly young (mean
age of 39.7 ± 16.9 years) with a minority being elderly
(10.1%), suffering from diabetes (6.0%) or pre-existing
CKD (0.8%). Our (Basu et al. 2007, unpublished) experi-
ence with renal allograft donors and existing literature sug-

Table 2. Diagnosis of tropical acute febrile illness and the incidence of acute kidney injury, dialysis therapy and mortality by RIFLE criteria

Diagnosis Total n (%) Total AKI Risk Injury Failure Dialysis Mortality

Scrub typhus n (%) 188 (51.2) 80 (42.6) 38 (20.2) 21 (11.2) 21 (11.2) 11 (5.9) 25 (13.3)
Falciparum malaria n (%) 38 (10.4) 24 (63.2) 7 (18.4) 3 (7.9) 14 (36.8) 9 (23.7) 5 (13.2)
Enteric fever n (%) 32 (8.7) 2 (6.3) 0 1 (3.1) 1 (3.1) 0 0
Dengue n (%) 28 (7.6) 10 (35.7) 4 (14.3) 1 (3.6) 5 (17.9) 2 (7.1) 7 (25)
Mixed malaria n (%) 24 (6.5) 13 (54.2) 6 (25.0) 2 (8.3) 5 (20.8) 4 (16.7) 1 (4.2)
Leptospirosis n (%) 12 (3.3) 6 (50.0) 3 (25.0) 1 (8.3) 2 (16.7) 0 0
Spotted fever n (%) 7 (1.9) 2 (28.6) 1 (14.3) 0 1 (14.3) 1 (14.3) 1 (14.3)
Vivax malaria n (%) 6 (1.6) 2 (33.3) 2 (33.3) 0 0 0 0
Hantaan virus infection n (%) 1 (0.3) 1 (100.0) 0 0 1 (100.0) 0 0
Undifferentiated n (%) 31 (8.4) 11 (35.5) 3 (9.7) 6 (19.4) 2 (6.5) 2 (6.5) 6 (19.4)
Total n (%) 367 151 (41.1) 64 (17.4) 34 (9.3) 53 (14.4) 29 (7.9) 45 (12.3)

Table 3. AKI and mortality among tropical acute febrile illnesses

Disease

Mortality Odds ratio

AKI group No AKI group
n (%) n (%) Mean 95% CI P-value

Scrub typhus 22 (27.5) 3 (2.7) 13.3 3.8–46.3 <0.0001
Falciparum
malaria

5 (20.8) 0 0.182*

Dengue 6 (60.0) 1 (5.6) 25.5 2.4–275.7 0.003
Mixed malaria 1 (7.7) 0 1.000*
Spotted fever 1 (50.0) 0 0.608*
Undifferentiated 5 (45.5) 1 (5.0) 15.8 1.5–163.5 0.013
Total 40 (26.5) 5 (2.3) 15.2 5.8–39.6 <0.0001

*With continuity correction. Enteric fever, Leptospirosis, Vivax malaria
and Hantaan virus infections were not included in this analysis as these
patients did not suffer any mortality.
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gest that the average south Indian adult GFR (with a mean
age of 37.4 ± 11.0 years) is around 95.5 ± 11.6 mL/min/
1.73 m2. [17]. This is in contrast with the literature on
RIFLE validation from the developed countries, especially
in the ICU settings, where the average age is usually
≥60 years, and a GFR of 75 mL/min/1.73 m2 was used
to calculate baseline creatinine for RIFLE classification
[18,19]. In a relatively younger population with minimal
pre-existing co-morbidities, we considered a baseline
GFR of 90 mL/min/1.73 m2 to be closer to reality than
75 mL/min/1.73 m2. This estimated baseline creatinine
was not different from the admission creatinine among pa-
tients who did not develop AKI prior to admission. In
addition, RIFLE classification based on an estimated base-
line creatinine is unlikely to misclassify the Injury and
Failure groups but may increase the number included in
the Risk group [19]. An advantage of availability of pre-
calculated baseline serum creatinine and cut-off values for

the RIFLE classes for a patient sensitizes the doctor for
timely diagnosis and institution of appropriate preventive/
therapeutic measures to avoid progression of AKI in hos-
pital.

A majority of the patients had developed AKI prior to
admission, with only 5% of the total population develop-
ing AKI after admission and another 5% having worsening
of their RIFLE status after admission. Measures to prevent
AKI are best initiated at the community and primary
healthcare level rather than at a tertiary hospital.

AKI was associated with higher age group, the elderly
and patients with a severe illness characterized by shorter
duration of fever, presenting with shock, tachycardia,
tachypnoea, breathlessness, oliguria and icterus. Diabetics
had a relatively higher incidence of AKI, though not statis-
tically significant with small numbers. These associations
would help in selecting patients for initiating effective
therapeutic/preventive strategies against AKI at the primary

Fig. 1. AKI based on RIFLE classification and percentage of patients with mortality and requirement of renal replacement therapy.

Table 4. AKI based on RIFLE classification and incremental risk for mortality and renal replacement therapy

RIFLE
n = 367

Mortality
Odds ratio

P-value

Dialysis
Odds ratio

P-value
Alive Dead Mean No RRT RRT Mean
n (%) n (%) (95% CI) n (%) n (%) (95% CI)

No ARF 211 (97.7) 5 (2.3) Reference group 216 (100) 0 (0) Reference group
Risk 55 (85.9) 9 (14.1) 6.9 (2.3–20.4) 0.001 63 (98.4) 1 (1.6) 3.4 (0.3–33.3) 0.517*
Injury 23 (67.6) 11 (32.4) 20.2 (6.7–60.7) <0.001 30 (88.2) 4 (11.8) 28.8 (4.1–196.7) <0.001*
Failure 33 (62.3) 20 (37.7) 25.6 (9.3–70.3) <0.001 29 (54.7) 24 (45.3) 178.8 (29.3–1071.3) <0.001*

*With continuity correction.
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care level. It is not possible to derive conclusions regarding
other predisposing factors such as CKD, chronic liver
disease and drug exposure.

Scrub typhus, a rickettsial infection (Orientia tsutsuga-
mushi), is transmitted by trombiculid chigger mites (espe-
cially Leptotrombidium deliense), found in semi-arid
regions of heavy scrub vegetation. Its distribution was
initially limited to a triangular area (the tsutsugamushi tri-
angle) bordered by Japan, eastern Australia and eastern
Russia, which includes India (sub-Himalayan and southern
India), China and the Far East [20,21]. This infection often
presents with fever, maculopapular rash with an eschar at
mite-bite site, myalgia, hepatosplenomegaly and, in severe
cases, with acute lung injury, AKI, andmulti-organ dysfunc-
tion [22]. The case fatality rate ranges from 3% to 50% [23].
It is diagnosed by a scrub typhus ELISA [24] and treated
with drugs such as doxycycline, chloramphenicol, cipro-
floxacin and azithromycin [20]. It is grossly under-reported
and under-diagnosed [25], due to lack of awareness, non-
availability of the diagnostic test at peripheral centres and
widespread use of empirical broad-spectrum antibiotics
for acute febrile illnesses. In our study, AKI was observed
in 40% of patients with scrub typhus, more than half of
them being in the Injury or Failure classes and about
13.7% (6% of total) requiring RRT. Though overall mor-
tality was only 13.3%, it was up to 27.5% among patients
with AKI. AKI was a definite risk factor for mortality
among scrub typhus patients (P < 0.001, OR = 13.2, 95%
CI 3.8–46.2). The disease was not limited to the people of
the low socioeconomic status and was observed across the
rural–urban divisions. There is a paucity of literature on
the nature and aetiological factors in the evolution of
AKI in this infection. The putative mechanisms include
pre-renal failure [26], septic shock [27], rhabdomyolysis
[28], direct renal invasion of O. tsutsugamushi [29], use
of non-steroidal anti-inflammatory drugs (NSAIDs) and
acute interstitial nephritis secondary to empirical use of
antibiotics (e.g. ciprofloxacin).

Falciparum malaria, the next common tropical infection
in our study either alone (I = 10.4%) or in combination with
vivax (mixed malaria, I = 6.5%), is caused by P. falciparum
and transmitted by Anopheles mosquito. It manifests with
fever, haemolysis and systemic inflammatory response with
microvascular plugging due to aggregation of infected as
well as uninfected erythrocytes [30]. In our study, falcip-
arummalaria (pure and mixed, respectively) had the highest
incidence of AKI (63.2% and 54.2%), most of them in Fail-
ure class (36.8% and 20.8%) and requiring RRT (23.7%
and 16.7%). AKI in malaria is due to renal ischaemia
(microvascular plugging), tubular toxicity (haemolysis)
and widespread inflammation secondary to sepsis syn-
drome. Probably due to early diagnosis and effective treat-
ment, the mortality is much lower (13.2% and 4.2%)
compared with the other acute febrile illnesses. However,
all patients who died had AKI, making it an important risk
factor for mortality.

Dengue, a day-biting mosquito-borne (Aedes aegypti)
infection caused by various strains of Dengue flavivirus,
places 2.5 billion population at risk worldwide, and results
in 50 million confirmed cases in annual, often urban epi-
demics in numerous tropical countries and developed na-

tions [31]. Exposure to another viral strain again can cause
dengue haemorrhagic fever. In this study, of the 7.6% pa-
tients with dengue, more than a third had AKI, with half of
them in the Failure class. AKI is predominantly due to re-
duced renal blood flow as in dengue shock syndrome [32],
sepsis syndrome [33], rhabdomyolysis [34], empirical use
of NSAIDs for analgesic–antipyretic effects, and other rare
causes [35]. In keeping with the severity of the disease,
this acute febrile illness had the highest mortality rate
(25%), AKI being a significant risk factor (OR 25.5).

The incidence of leptospirosis in our study was lower
than that observed in centres with humid, marshy environ-
ment and higher rainfall [36,37]. Half of the patients suf-
fered AKI, though none of them died or required RRT.
AKI is predominantly a non-oliguric acute interstitial
nephritis, often associated with hyponatraemia and hypo-
kalaemia [38]. The incidence of other acute febrile illnesses
such as vivax malaria and spotted fevers was comparatively
lower and had similar rates of AKI, RRT requirement, and
mortality.

Despite the use of a standard battery of tests for tropical
acute febrile illness, the aetiology of fever could not be
ascertained in ~8.4% of the patients, who had comparable
AKI but higher (19.4%) mortality without specific disease-
directed therapy.

Our study demonstrates that the incidence of AKI (I =
41.1%) is higher than what was widely reported prior to
RIFLE classification [39,40]. AKI is a significant risk fac-
tor for mortality in these patients (OR = 15.2, P < 0.001).
There are several disease-specific scoring systems that pre-
dict mortality in AKI, such as the Liano [41], SHARF
[42], Mehta [43], and the Vellore model derived from
the tropics [44]. Stratification based on the RIFLE classi-
fication clearly demonstrates an incremental risk of pri-
mary end points such as mortality and RRT requirement.
The odds ratios for mortality in the Risk, Injury and Failure
classes were 6.9, 20.2 and 25.6, respectively (P ≤ 0.001).
This is one of the first reports demonstrating that the RI-
FLE criteria, initially framed for ischaemic AKI and va-
lidated in the western world among critically ill
hospitalized patients [45], are equally valid and applic-
able to AKI of the tropical acute febrile illnesses. This
information would help improvise the disease-specific
predictive models for mortality in tropical AKI.

Considering there is a high incidence of AKI, a signifi-
cant risk factor for death among the large number of patients
admitted with acute febrile illness in a tropical hospital,
validation of RIFLE criteria assumes great importance.
Apart from increased mortality, longer duration of hospital
stay and the requirement of renal replacement therapy, the
loss of the young workforce adds to the economic burden.
It is now possible to identify patients at an early stage of
AKI using these criteria and study effective therapeutic or
preventive measures that can contain and prevent AKI
reducing morbidity and mortality, saving money and lives.

This tertiary hospital data, with its inherent referral
bias arising from more ill patients reaching a tertiary care
centre, may overestimate the incidence of AKI. Though
patients who are ill get referred to larger centres, a large
but undefined number of patients with AKI in febrile ill-
nesses in tropics have no access to medical attention or
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reside far away from large hospitals and will succumb to
complications, making this a major public health concern.
In addition, as this relatively young population is studied
only at hospitalization and the renal dysfunction is
thought to be acute, the possibility of a small proportion
having an acute on chronic renal failure cannot be excluded.

Conclusions

Scrub typhus, falciparum malaria, enteric fever, dengue
and leptospirosis were the most common tropical acute
febrile illnesses in this study. The incidence of AKI
among these patients is 40%. AKI is a significant risk
factor for mortality. RIFLE criteria are valid and applic-
able in AKI related to tropical acute febrile illnesses
showing both an incremental risk of in-hospital mortality
and RRT requirement.

Conflict of interest statement. None declared.
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Abstract
Background. The cytokine osteopontin is involved in the
pathophysiology of experimental acute kidney injury. We
have tested the hypothesis that osteopontin levels might
serve as a biomarker predicting outcome in critically ill
patients requiring renal replacement therapy after acute
kidney injury.
Methods. We measured circulating plasma osteopontin
levels in 109 critically ill patients with acute kidney in-
jury at inception of renal replacement therapy and 4 weeks
thereafter. Critically ill patients without acute kidney in-
jury served as controls. Osteopontin was measured with
ELISA.
Results. Baseline osteopontin levels in patients with acute
kidney injury were significantly higher compared with
controls (P < 0.0001). Baseline osteopontin levels in pa-
tients recovering from acute kidney injury were signifi-
cantly elevated compared with patients with permanent
loss of kidney function after acute kidney injury (P =
0.01). In addition, in patients recovering from acute kidney
injury without further need for renal replacement therapy,
osteopontin levels were significantly lower 4 weeks after
initiation of renal replacement therapy (P = 0.0005). More-
over, multivariate Cox analysis revealed osteopontin levels
at renal replacement therapy inception as an independent
and powerful predictor of mortality (P < 0.0001). In the
ROC-curve analysis, an osteopontin cut-off value of
577 ng/mL separated survivors from non-survivors with

a sensitivity of 100% and a specificity of 61% (AUC
0.82; 95% confidence interval: 0.74–0.89; P < 0.0001).
Conclusions. Osteopontin may serve as a novel biomarker
for both, overall survival and renal outcome in critically ill
patients with acute kidney injury, that require renal re-
placement therapy.

Keywords: acute kidney injury; mortality; osteopontin;
renal replacement therapy

Introduction

Acute kidney injury (AKI) in critically ill patients has been
identified as an independent risk factor for increased mor-
tality [1]. Survival of patients with AKI in the intensive
care unit (ICU) is still unacceptably low despite significant
advances in supportive care [2]. A recent multinational,
multi-centre study of 29 000 critically ill patients including
1700 with AKI revealed that the in-hospital mortality is
high, exceeding 60% [3]. Thus, detection of patients at
particular risk for both death and prolonged kidney failure
after AKI in the setting of intensive care medicine and
renal replacement therapy (RRT) remains an area of utmost
interest.

Osteopontin (OPN) is a cytokine that is broadly ex-
pressed and upregulated during inflammation and various
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