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Abstract

Angiopoietin-1 and 2 maintain the integrity of endothelium, which plays a pivotal role in the
pathogenesis of severe malaria. We study its dysregulation and utility as biomarker.

We enrolled 34 patients of uncomplicated, 108 patients of severe falciparum malaria (SM), and
30 healthy controls in this study. Plasma ANG-1 and 2 were estimated with sandwich ELISA and
analyzed for predictive accuracy.

There was a fall in ANG-1 (p<0.001) and increase in ANG-2 (p<0.001) levels and the ratio of ANG-
2: ANG-1 (p<0.001) in patients with SM. ROC analysis demonstrated thatANG-1, 2, and ratio of
ANG-2 to 1 can discriminate between uncomplicated and SFM. It showed that plasma ANG-1, 2,
and ratio are informative biomarkers of SEM.

Background: Adhesion of parasitized RBC and endothelial activation has been considered as an
important pathogenic mechanism of severe falciparum malaria. Angiopoietin-1 and 2 play important
role to maintain endothelial integrity. The objective is to study dysregulation of angiopoietins and
their utility as biomarkers of disease severity in falciparum malaria.

Material and Methods: Enrolled patients were clinically characterized as healthy controls (n=30),
uncomplicated (UM) (n=34) and severe falciparum malaria (SM) (n=108). In addition to detailed
hematological and biochemical investigations, plasma ANG-1 and 2 were estimated with sandwich
ELISA. ROC curve analysis was used to calculate area under the curve for each biomarker in order
to assess predictive accuracy.

Results: Compared to UM there was significant decrease in ANG-1 (p<0.001) and increase in
ANG-2 (p<0.001) levels and the ratio of ANG-2: ANG-1 (p<0.001) in patients with SFM. There
was a significant decrease in ANG-1 levels in patients with MODS, renal dysfunction, coma, and
ARDS. Among patients with severe disease, ANG-2 levels correlated with MSS. ROC curve analysis
demonstrated that the levels of ANG-1, 2, and ratio of ANG-2 to 1 discriminate between individuals
with UM and SM.

Conclusion: These results showed that plasma ANG-1, 2, and ratio are informative biomarkers of
disease severity in falciparum malaria.

Introduction

Malaria is a parasitic disease caused by five different species of Plasmodia, affecting about 500
million people of about 109 countries of the world [1]. Malaria due to P. falciparum is usually
associated with various fatal complications leading to severe malaria resulting in high mortality
[2]. Though Cerebral Malaria (CM) is the most common and fatal complication of in falciparum
malaria, various non-cerebral complications like anemia, jaundice, renal failure etc. are also found
along with cerebral malaria causing Multi Organ Dysfunctions (MODS) [3,4]. At this critical stage
of the disease, patients require organ support at intensive care set up because of increased mortality.

While managing such cases we came across two important issues, first, to differentiate non-
malarial acute febrile illnesses that masquerade CM and timely decision for critical care management
to prevent progression of the disease and death. But no definite laboratory tests are available for
definitive diagnosis of CM resulting in misdiagnosis and adverse outcome. Therefore, there is
a need for a reliable biomarker that could not only distinguish CM from other causes, but also
prognosticate and identify patients of severe malaria (with or without CM) who are at high risk
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of mortality for intensified care treatment. In this connection many
biological molecules have been tried but endothelial biomarkers are
considered more physiological because endothelial activation plays
a pivotal role in the pathogenesis of severe falciparum malaria (SM)
including CM [5].

The integrity of endothelium is maintained by a distinct family
of angiogenic proteins known as angiopoietins. In healthy state, the
endothelium is quiet without any activation and this quiescence is
maintained by Angiopoietin-1 (ANG-1) the level of which is higher
than Angiopoietin-2 (ANG-2). Exogenous stimuli release ANG-2
that damages the endothelium by destabilizing its quiescent stage to
an activated responsive endothelium [6].

Recent studies on experimental and human CM showed that
endothelial activation promotes vascular permeability and damage of
the Blood Brain Barrier (BBB) resulting in leakage of plasma proteins,
perivascular edema, micro hemorrhages, and neuronal injury [7].
Therefore, we have undertaken this study to investigate dysregulation
of Ang-1 and 2 in SFM and to evaluate its utility in prognosis and
discrimination of fatal cases.

Material and Methods

The present study was conducted at VSS Medical College, Burla
now renamed as V.S.S Institute of Medical Science and Research,
Burla, Sambalpur, Odisha, India, which is situated between the
geographical coordinates of 21.5°N 83.87°E from October 2012 to
September 2018.

After getting approval from Institutional Ethics Committee
(IEC) adult patients (>14 years of age) with falciparum malaria were
enrolled in this study.

The diagnosis of falciparum malaria was made either with
detection of asexual form of the parasite in the Giemsa stained
peripheral blood smears or through Rapid Diagnostic Test. The
parasitic count per yL was calculated from peripheral blood smear by
multiplying number of asexual form of parasites per 200 leukocytes
with total leukocyte count. Smear was taken daily to know the
parasite clearance with treatment. CM and other forms of SM were
defined according to the WHO criteria [2]. As the severity of organ
dysfunction cannot be assessed appropriately from the clinical
diagnosis of SM, we developed Malaria Severity Score (MSS) as an
objective tool to assess the severity that ranged from 1 to 21 [8].

At the time of enrolment, demographic information and
clinical features were recorded. Blood was collected for biochemical
investigations required for diagnosis of organ dysfunction and base
line data at the time of admission or within 12 hours of admission.

The investigations included blood glucose, blood urea, serum
creatinine, serum sodium, serum albumin, serum bilirubin, Aspartate
amino Transferase (AST), Alanine amino Transferase (ALT) and
Complete Blood Count (CBC).

Cerebrospinal fluid analysis, abdominal ultrasound, chest
X-ray, electrocardiogram, and serological markers for hepatitis were
performed to exclude the diseases mentioned in exclusion criteria.

Plasma ANG-1 and ANG-2 levels were assessed by sandwich
ELISA according to the manufacture’s instruction at the laboratory
of RMRC, ICMR, Bhubaneswar [9,10]. The lower and upper limit
of detection for ANG-1 and ANG-2 were 156.25 to 10,000 pg/mL
(0.15 to 10.0 ng/ml) and 54.69 to 3500.0 pg/mL (0.05 to 3.5 ng/mL).

Table 1: Baseline characteristics of patients of SFM.

Variables SFM (s:;\gvors) SFMN(:Dle(:)ath) P value
Male/ Female 60/38 713 -
Age (Years) 36.5+£14.0 37.7£16.2 <0.1
Duration of coma (hour) 48.4+22.3 80.0+28.1 <0.001
SC';SSOW Coma Scale (GCS) 11.5¢3.1 75:26  <0.006
ﬁ:&:g‘te (No. of beats/ 97.9+10.6 111.4+104 | <0.001
Mean blood pressure (mmHg) 104.2+5.2 85.1+15.1 <0.001
Temperature (°F) 101.7£1.8 103.1+2.8 <0.002
Respiration rate (No./minute) 23.247.1 35.3+5.6 <0.001
Urine output (ml/24 hour) 1020.0+353.2 846.1+388.0 | <0.001
Blood glucose (mg/dL) 74.2+16.1 72.4464.5 0.217
S. bilirubin (mg/dL) 4.6+4.3 7.9+9.2 <0.001
S. albumin (gm/dL) 5.1+0.7 43+1.1 <0.01
Blood Urea (mg/dL) 54.6+37.6 141.3+£50.3 <0.001
S. Creatinine (mg/dL) 4.3+1.2 8.7t1.4 <0.001
S. sodium (mEq/L) 132.6+5.2 129.1+25.4 <0.001
Hematocrit (%) 31.5+5.3 33.0£7.1 <0.002
Hemoglobin (gm/dL) 8.8+2.4 6.8+2.2 <0.001
Total leukocyte count 83325:3561.5 | 8965.3:3328.6  <0.001
(thousand/uL)
Platelet count (1x10%/pL 2.0£1.6 1.4+0.6 <0.001
Parasitic count (thousand/uL 4123.9+1789.4 4232.9+1899.4 | 0.72
Malaria Severity Score (MSS) 6.7+1.1 11.244.1 <0.001

Detection in our samples diluted in 1:4 ranged from 71.9 to 7520.6
pg/ml for Ang-1 and 11.6 to 3500.0 pg/ml for Ang-2.

All patients were treated with injection Artesunate 2.4 mg/kg at 0
hrs., 12 hrs., 24 hrs. then once daily till they were able to tolerate drugs
orally according to WHO guidelines along with organ supportive
treatment [11]. Then artesunate and sulfadoxine-pyrimethamine was
given orally.

Patients with co-morbid conditions like diabetes mellitus,
chronic renal failure, hypertension, coronary artery disease, valvular
heart disease, chronic liver disease, alcoholic liver disease, associated
infections (e.g., pneumonia, urinary tract infection, viral hepatitis,
meningitis), and who lost follow up were excluded from the study.

The statistical analysis was performed using IBM SPSS version
20. Comparative statistics were performed from a non-parametric
univariate analysis using Mann-Whitney U test or Chi-square test
as appropriate. Receiver operating characteristic curves and the area
under the curves were generated using the IBM SPSS version 20
statistical software.

Results

We enrolled 142 patients of P. falciparum malaria and 30 age and
sex matched healthy controls for the study. There were 34 (23.9%)
patients of uncomplicated falciparum malaria (UM) and 108 (76.1%)
patients of severe falciparum malaria (SM). Of 108 study participants
with SM, 58 (53.7%) patients had Single Organ Dysfunction (SOD)
and 50 (46.3%) patients with MODS.

Among 58 patients with SOD, cerebral malaria, jaundice,
Acute Respiratory Distress Syndrome (ARDS), and anemia was
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Table 2: Angiopoietin level in different groups.

Variables Healthy controls (A) UFM (B) SFM (C) P value: Avs B/Bvs C
Number 30 34 108
ANG 1 (ng/ml) 8.9+1.2 4.7+0.24 2.3+1.2 <0.001/<0.001
ANG 2 (ng/ml) 0.52+0.8 1.1+0.11 7.87+3.38 <0.001/<0.001
Ratio (ANG 2/ANG 1) 0.05+0.1 0.43+0.25 3.34+2.74 <0.001/<0.001

Table 3: Angiopoietin level in different types of SFM.

Types of Malaria Number (%) ANG-1 (ng/ml) ANG-2 (ng/ml) ANG2:1 (Ratio)
A.CM+MOD (All) 50 2.4+1.1 9.4+3.2 4.7+£3.1
A.i) CM+RF+J+RD 16(32.0%) 1.9+0.8 12.2+2.4 7.2+3.9
A.ii) CM+RF+J 24(48.0%) 2.5+1.2 9.9+2.2 3.6£1.2
Aiii) CM+A+J 10(20.0%) 2.8+0.4 7.442.5 3.5+2.1
B. SOD (All) 58 3.5%£1.2 6.5+2.9 2.1+1.4
B.i) CM 12(20.7%) 2.1+0.7 9.74£2.3 4.7£1.7
B.ii) RD 10(17.2%) 3.3+0.5 7.4+25 2.1+0.5
B.iii) Jaundice 20(34.5%) 3.4+0.4 4.8+0.7 1.5+0.3
B.iv) Anaemia 16 (17.2%) 4.1+1.8 5.1+1.2 1.3+0.4
Avs B<0.01 :\‘/’z ETOAO; Avs B<0.01
A vs A, A.ii<0.01 A iv<.0' Oi ! Avs A.i>0.5
P value A vs A.iii, A.iv>0.5 o A vs A.ii,A.iii,A.iv< 0.001
- A vs A.ii>0.5 ;
B vs Bi,Bii>0.5 B vs B.i>0.5 B vs B.i>0.5
B vs Biii<0.01 B vs Bii, Biii<0.01 B vs Bii, Biii<0.001

present in 12 (20.7%), 20 (34.5%), 10 (17.2%), and 16 (27.6%) cases,
respectively. Out of MODS 2 organ dysfunction (CM+jaundice), 3
organ dysfunction (CM+jaundice+renal failure; RF) and 4 organ
dysfunctions (CM+jaundice+RF+ARDS) was present in 10 (20.0%),
24 (48.0%), and 16 (32.0%) patients respectively. The mean MSS
was 11.8+3.5 among patients with MODS and 2.7+1.1 among SOD
(p<0.001). The MSS among survivors was 6.7+2.1 and among death
was 11.2+4.1 (p<0.001). The base line characteristics and laboratory
values were given in Table 1.

The mean ANG-1 level was 8.9£1.2 ng/ml in healthy controls
and was about 2 fold (4.7£0.2 ng/ml) low among UM (p<0.01) and 4
fold (2.3+1.2 ng/ml) low among all patients with SM irrespective of
complications and severity (p<0.001). Among the patients of MODS,
ANG-1(2.4£1.1 ng/ml) was lower than those with SOD (3.5+1.2 ng/ml
(p<0.01). However, the decrease in ANG-1 among patients with SOD
is less compared to MOD. Comparison among each group showed
that patients with 4 organ dysfunction (CM+RF+jaundice+ARDS)
the level of ANG-1 (1.9+0.8 ng/ml) is significantly lower than mean
value of MODS and other groups (p<0.001). Among the patients of
SOD, patients with CM, RF, and ARDS had lower values of ANG-1
whereas patients with jaundice and anemia had higher level ANG-1
than CM (Table 2 and 3).

ANG-2 level increased from 0.52+0.8 ng/ml among healthy
controls to 1.1+0.1 ng/ml among UM (p<0.001) and 7.8+3.3 ng/ml
among SM (p<0.001).

ANG-2 level is progressively increased with disease severity and
in different complications compared to healthy controls and UM.
The median ratio of ANG-2/ANG-1 also progressively increased with
diseases severity. However, ANG-1level decreases in SEM in all groups
taken together. Though among all MOD taken together it decreases
4-fold, the decrease in CM+RF+jaundice+ARDS is less compared to
MOD whereas among 2 and 3 organ dysfunction it is comparable to

Table 4: Area under the curve.

Test Result Variable(s) Area
ANG-1 0.352

ANG-2 0.693

Ratio 0.762

CM. In other words, the decrease in 4 organ dysfunctions is more
than other organs. Similarly, the fall in SOD though more than CM,
but not in a progressive manner as it is found in rise of ANG-2 and
ANG-2/ANG-1 ratio.

Ratio of ANG-2: ANG-1 holds significance because of their
divergent role in vascular activation. Therefore, the ratio of ANG-2
to ANG-1 was taken as a parameter and the ratio was significantly
higher in complicated malaria (3.3+2.7) compared to uncomplicated
malaria (0.4£0.2) (p<0.001) and control (0.05+0.1) (p<0.001).

Out of 108 patients with SM, 10 (9.3%) patients died. The mean
ANG-1, 2, and ratio among survivors are 2.8+1.8 ng/ml, 4.1+2.8 ng/
ml, 3.4+1.1 and non-survivors are 1.7+1.2 ng/ml (p<0.01), 6.5+1.8
ng/ml (p<0.01), 5.2+1.1 (p<0.01) respectively. Lower ANG-1 level,
higher ANG-2 level, and increased ratio of ANG-2/ANG-1 was
associated with high mortality.

We plotted Receiver Operating Characteristic (ROC) curves
ANG-1, ANG- 2 and ANG-2: ANG-1 ratio as a biomarker of
severity using MSS as the standard to classify the severity. Each was
assessed for their ability to discriminate between complicated and
uncomplicated malaria. The Area Under the Curve (AUC) (Table 4)
for ANG -1, ANG- 2 and their ratio were found to be 0.352, 0.693 and
0.762 respectively. This shows that ANG-2/ANG-1 ratio and ANG-2
concentration can discriminate patients of complicated malaria from
uncomplicated malaria compared to ANG-1. The ANG-2/ANG-1 ata
cut-oft ratio of 0.80 is 86% sensitive and 81% specific. ANG-2 at a cut-
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Figure 1: ROC curve ANG-1, 2 and ratio of ANG-2:1.

off value of value of 1.8 ng/ml has sensitivity of 90.7% and specificity
of 89.5%. ANG-1 concentration at a cut-off value of 2.93 ng/ml has
sensitivity of 85.7% and specificity of 52.5% (Figure 1).

Discussion

Rosette formation, cytoadherence, and sequestration of pRBC
giving rise to hypoxia and organ damage has been ascribed as the main
pathogenetic mechanisms of SM and CM. However, experimental,
and human CM showed that endothelial activation plays a pivotal
role in CM.

Anatomically, endothelium represents the boundary between
vascular space and vital organs and in brain it is an integral part of
Blood-Brain-Barrier (BBB). Under normal physiological condition,
the state of normalcy is maintained by angiopoietin-Tie2 system.
ANG-1 is released from perivascular cells including pericytes and
smooth muscle cells and signals through the Tie-2 receptors to
maintain vascular quiescence and integrity keeping tight junctions
intact [12]. With exogenous stimulus, the endothelial cells release
ANG-2 from Weibel-Palade (WP) bodies which inhibits signaling
of ANG-1 and antagonizes its function, resulting in endothelial
cell activation, augmentation of inflammation, loosening of tight
junctions and increasing BBB permeability. The evidences in favor of
dysfunction of BBB has been obtained from post-mortem study and
high-resolution MR imaging in life [13].

The present study showed that dysregulation of angiopoietins
with a rise in levels of ANG-2 and fall in ANG-1 with altered ratio
of ANG-1: ANG-2 occurs in CM as well as in other non-cerebral
complications. It signifies that endothelial dysfunction plays an
important role in both CM and non-cerebral malaria. Malaria with
MODS also showed similar finding.

Further, sequestration of pRBC cause occlusion of brain
capillaries resulting in reduction of microvascular blood flow that
decreases nutrient supply and oxygen to the brain causing and
hypoxia that leads to coma. With response to hypoxia angiogenesis
is stimulated and it upregulates expression of several genes including
release of ANG-2 [6]. Vessels dilate in response to angiogenic factors
that disrupts endothelial cell contacts causing vascular permeability
and leak of plasma proteins and other blood components causing
brain damage.

Different endothelial beds may be responsive differentially

to exogenous stimuli and ANG-1 and ANG-2 dysregulation [6].
Anatomically, the endothelium of brain, kidney and lungs are non-
fenestrated continuous endothelium whereas it is non-continuous
and fenestrated in liver and bone marrow [6]. Therefore, we did
not get significant alteration in patients with jaundice and anemia
whereas we got low level of ANG-1 and high level of ANG-2 among
the patients of CM and ARDS [14].

The results of the current study also showed that plasma ANG-1,
and ANG-2 are biomarkers of SM both among CM and non-cerebral
malaria as well as SOD and MODS. ANG-2, ANG-1, and the ratio of
ANG-2: 1 was significantly different among UM and SM as well as SM
with MOD and SOD. ROC curve analysis indicated good diagnostic
accuracy in discriminating UM from SM and between survivors and
non-survivors. ANG-2 and ratio of ANG-2 and 1 are found as good
predictors of mortality among patients with SM. Hence, it can be
used to differentiate the patients of SM with high risk requiring ICU
treatment.

The ability of angiopoietins to distinguish between uncomplicated
and complicated malaria has been established in four different
geographic regions e.g., Africa, Thailand, Malawi, and central India
and populations including children [5,15-17]. The present study from
Eastern part of India also showed that angiopoietins can discriminate
not only survivors and non-survivors but also different types of SM.

Patients of SM require increased organ support management at
ICU and face high mortality. Therefore, subsequent assessment of
the severity, prognosis and point-of-care indicators of SM remains
a challenging task [18]. The present study adds to the value of
Angiopoietins by showing that it is helpful in triaging the patients
SM. Further, it can be used as a tool at peripheral hospital to refer
such patients to higher centers for intensive treatment. However, the
cost of the test may be a limitation for its wide use.

In summary, this study showed that dysregulation of
angiopoietin occurred in CM either alone or in combination with
other complications implicating its possible role in pathogenesis and
demonstrated that plasma ANG-1 and 2 levels are reliable biomarkers
of SM that can be utilized for prognosis, diagnosis, and disease
management.
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