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INTRODUCTION

Preeclampsia is a pregnancy-specific disease associated 
with a high incidence of  maternal and fetal morbidity 
and mortality1 with classical features of  hypertension, 
proteinuria, and edema.

The placenta plays a central role in preeclampsia and 
failure of  normal trophoblastic invasion and remodeling 
of  the spiral arteries lead to a high resistance uteroplacental 
circulation. The delivery of  the baby or termination of  
pregnancy is the only modality of  treatment. The clinical 
symptoms of  preeclampsia are resolved after the delivery 

of  the placenta, which indicates that placental factors play 
a major role in the pathogenesis of  the disease.2

Although the cause remains unclear, the syndrome may 
be initiated by placental factors that enter the maternal 
circulation and cause endothelial dysfunction, that is, 
vasoconstriction, end-organ ischemia, and increased 
vascular permeability resulting in hypertension and 
proteinuria. Moreover, preeclampsia is the primary reason 
for indicated preterm deliveries before 37  weeks of  
gestation. Although there is advancement in the clinical 
management of  preeclampsia to prolong the delivery time 
to improve the outcome of  neonates, delivery is still the 
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only definitive treatment. Unfortunately, premature delivery 
of  the fetus can be associated with adverse sequelae for 
the infant. Consequently, balancing maternal and fetal risks 
in the management of  the early-onset preeclampsia is a 
challenge for care providers.

There is a link between placental disease and the maternal 
endothelial and inflammatory responses which are seen in 
preeclampsia are due to number of  potential mediators.3 It 
is postulated that the existence of  one or more vasoactive 
factors is produced by the placenta and is secreted into the 
maternal bloodstream.4

Soluble fms-like tyrosine kinase 1 (sFlt1) is an anti-
angiogenic circulating receptor for placental growth 
factor (PlGF) and vascular endothelial growth factor 
(VEGF) thought to be derived from the placenta. Another 
placentally-derived angiogenic factor implicated in the 
development of  preeclampsia is soluble endoglin (sEng). 
It is a coreceptor for transforming growth factor (TGF)-β1 
and β3.5 Administration of  sEng to pregnant rats also 
induces hypertension, and when combined with sFlt1 
produces HELLP like symptoms.6 Circulating levels of  
sEng are also elevated before the onset of  preeclampsia.

The women who are at risk of  developing preeclampsia 
cannot be identified before the development of  disease 
due to lack of  an effective test and this is the main reason 
high morbidity of  the disease.

There is not only a need to diagnose preeclampsia, but 
to predict it in early pregnancy to identify women at 
risk who could be offered intervention to prevent the 
disorder. A number of  biochemical changes in maternal 
blood are not only present once the disease is overt, 
but are also present before the onset of  disease. Many 
of  these changes are only present in the weeks leading 
up to diagnosis, but some are significantly different 
even before 20  weeks of  gestation. These setting have 
commonly assessed placental perfusion or vascular 
resistance, and serum or urine markers of  placental 
distress, renal and endothelial dysfunction, oxidative 
stress, and insulin resistance. Although the diagnosis of  
preeclampsia is usually made after 30 weeks of  gestation, 
the underlying pathophysiology begins much earlier. The 
disease development is described as occurring in several 
stages: The early stages involve primarily the placenta, 
and only the final stages, characterized by hypertension 
and proteinuria, are clinically detectable. The search for 
predictive biomarkers has focused largely on placental 
factors, in particular anti-angiogenic peptides, which are 
released into the maternal circulation. Elevated levels of  
sEng have been reported in women with preeclampsia, 
both at diagnosis and, crucially, before the onset of  

clinically detectable disease. Neither these nor other 
biomarkers, however, have crossed the boundary to routine 
clinical practice. Endoglin is also highly expressed by the 
syncytiotrophoblast layer, which is the outer-most layer 
of  the placenta, bathed in maternal blood.7

There are few review articles about different angiogenic 
biomarkers and its importance in early prediction of  
preeclampsia. Leona et al., have published a review article 
on early prediction of  preeclampsia and stated that effective 
screening of  angiogenic biomarkers during first trimester 
between 11 and 13 weeks of  gestation is useful to assess 
the risk of  preeclampsia.8 Hagman et al., in 2012, have 
stated that usage of  circulating angiogenic proteins such 
as soluble fms like tyrosine kinase-1 and serum sEng for 
the diagnosis and prediction of  preeclampsia is still at an 
evolving stage.9 Saleh et al., have done studies on soluble 
fms like tyrosine kinase-1 and PlGF in pregnant women 
between 20 and 41 weeks and have proved that these two 
markers are strong predictors of  preeclampsia. However, 
this study was not conducted during first trimester of  
pregnancy.10 Kar et al., have written a detailed review article 
on role of  various biomarkers in the early detection of  
preeclampsia.11

In all the above studies, only review has been done on 
various angiogenic biomarkers. Very few case-based studies 
were done on angiogenic markers such as soluble fms like 
tyrosine kinase-1 and PlGF. Hence, the main objective 
of  this study is to measure an angiogenic marker named 
serum sEng during first trimester to predict preeclampsia 
at an early stage.

Hyperuricemia was first reported to be elevated in 
preeclampsia in 1917,12 and it remains one of  the most 
common blood tests used in assessment of  the condition 
in clinical practice in the UK. From that time on, uric acid 
measurement was considered as an important parameter 
in pregnant women with preeclampsia to monitor the 
severity of  the disease and helped to manage it. During early 
pregnancy, serum uric acid levels fall, often to <3 mg/dl, 
related to the uricosuric effects from estrogen and from the 
increase in renal blood flow. Uric acid levels then increase 
during the third trimester, reaching levels of  4–5 mg/dl by 
term.13 However, increased uric acid precedes the reduction 
in plasma volume. Mothers who develop preeclampsia 
present with significantly elevated serum uric acid levels. 
Numerous studies have suggested that the predictive value 
of  serum uric acid is relatively poor for both diagnosis 
and prognosis, especially for distinguishing preeclampsia 
from gestational hypertension14. It is therefore appearing 
that while uric acid may be of  value in the detection of  
preeclampsia, it is not useful in the early prediction of  
disease.
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Aims and objectives
The aim is to study the angiogenic marker for the early 
predicting of  preeclampsia.

MATERIALS AND METHODS

Materials
After getting Institutional Ethical Clearance (IEC) on 
January 19, 2012 from Meenakshi Medical College, Hospital 
and Research Institute, the clinical study was conducted on 
pregnant mothers between 12 and 16 weeks of  gestation 
in the Department of  Clinical Biochemistry, Meenakshi 
Medical College, Hospital and Research Institute, 
Kanchipuram, Tamil Nadu. The sample size was calculated 
based on the prevalence of  hyperuricemia among pregnant 
women. The prevalence in normal pregnancy is 15%–36% 
in case of  preeclampsia. The formula used for calculation is
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Values were incorporated in the above formula and the 
sample size was calculated as 34.8 which was approximated 
to 40. After obtaining informed consent, blood samples 
were collected from 75 healthy singleton pregnant women 
from 12 to 16 weeks of  gestation between 19 and 29 years 
with no underlying medical illness. The patients were 
classified as control, mild, and severe preeclampsia, as 
shown in Table 1.

Methods
The serum sEng level was estimated by ELISA method. 
The case group was further classified into mild and severe 
based on their sEng levels. They are classified as mild 
preeclampsia if  their serum sEng levels varies from 7.1 
to 8.4  ng/ml and severe preeclampsia when the serum 
sEng level are above 8.5 ng/ml. The serum uric acid was 
measured by uricase method in autoanalyzer.

Table 2 shows the demographic and clinical characteristics 
of  the pregnant women. The inclusion criteria consist 
of  primigravida, singleton pregnancy, non-diabetic, non-
hypertensive, and no renal disorder. Exclusion criteria are 
multiparity, multiple pregnancy, diabetes mellitus, chronic 

hypertension, collagen vascular disease, renal disease, and 
thyroid disease.

RESULTS

Serum uric acid levels in controls and cases are represented 
in Figure  1. The mean uric acid was 2.4±0.2  mg/dl in 
control. The mean uric acid was 3.6±0.2 mg/dl in mild 
preeclampsia patients and 4.0±0.5  mg/dl in severe 
preeclampsia. The normal uric acid level is 2–6 mg/dl. The 
levels were within normal limits. Hence, it cannot be used 
for predicting preeclampsia.

The mean serum sEng was 5.9±0.6 ng/ml in control. The 
mean serum sEng was 7.7±0.3 ng/ml in mild preeclampsia 
patients and 8.7±1.4  ng/ml in severe preeclampsia 
which is represented in Figure  2. The normal sEng is 
2.54–7.06  ng/ml. The levels were elevated in mild and 
markedly elevated in severe preeclampsia which suggests 
that serum sEng would be a better marker for preeclampsia.

The patients grouped under severe preeclampsia developed 
symptoms of  preeclampsia, that is, elevated blood pressure, 
urine proteinuria between 26 and 28 weeks (mean 27.9±1.0), 
and patients with mild preeclampsia developed symptoms 
between 28 and 30 weeks (mean 28.6±0.6), as shown in 
Figure 3. Control patients did not develop any symptoms 
of  preeclampsia. The mean systolic blood pressure of  
severe preeclampsia was 134.5±4.0 and diastolic blood 
pressure was 89.8±2.9. The mean systolic blood pressure 
of  mild preeclampsia was 131.4±2.6 and diastolic blood 
pressure was 88.5±3.9.

Patients with preeclampsia delivered pre-term when 
compared to control. Most of  the women in control 
group delivered at term. The average time of  delivery was 

Table 1: Classification of patients
Classification Number of persons
Control 40
Mild preeclampsia 19
Severe preeclampsia 16

Figure 1: Serum uric acid levels between control, mild, and severe 
preeclampsia
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37.1±1.1 in cases and 38.9±0.5 in control, as shown in 
Figure 4. The correlation between time of  delivery among 
control and cases were significant as p=0.01.

Patients with severe preeclampsia delivered even early 
when compared to mild preeclampsia. The mean weeks 
of  delivery were 37.1±1.1 in severe preeclampsia and 
37.7±0.7 in mild preeclampsia, as represented in Figure 5. 
The p=0.01 which is significant.

DISCUSSION

Serum sEng and serum uric acid
There are few studies which suggest that concentration 
of  angiogenic proteins in blood is good predictors of  
preeclampsia. In this study, sEng level, one of  the angiogenic 
protein levels which increase between 1st and 2nd trimester 
proves to be an early predictor when compared to uric acid.

Shallow implementation is one of  the classical features 
seen in placenta of  severe preeclampsia. In addition 

Table 2: Demographic and clinical characteristics
Parameters Control group Mild preeclampsia Severe preeclampsia
Age (years) 23.5±2.5 24.4±2.5 23.6±2.0
Serum urea (mg/dl) 16.6±4.6 21.6±3.3 24.3±5.1
Serum creatinine (mg/dl) 0.7±0.2 0.7±0.1 0.8±0.2
Serum uric acid (mg/dl) 2.4±0.2 3.6±0.2 4.0±0.5
Serum soluble endoglin (ng/ml) 5.9±0.6 7.7±0.3 8.7±1.4
Onset of symptoms (weeks) ‑‑ 28.6±0.6 27.9±1.0
Time of delivery (weeks) 38.9±0.5 37.7±0.7 37.1±1.1

Figure 4: Time of delivery in cases and controls

Figure 5: Time of delivery between mild and severe preeclampsia

Figure 3: Onset of symptoms between mild and severe preeclampsia

Figure 2: Serum soluble endoglin levels between control, mild, and 
severe preeclampsia
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to this, abnormal vascular remodeling impaired 
pseudovasculogenesis is seen. These placental changes 
occur between 12 and 18 weeks of  pregnancy which is a 
major pathogenesis of  severe preeclampsia. It is assumed 
that placentation abnormalities may lead to the elaboration 
of  systemic factors that induce the maternal syndrome 
of  preeclampsia.15 There are other factors such as genetic 
factors and hypoxia which are involved in the pathogenesis 
of  preeclampsia.

During normal pregnancy, placenta is relatively hypoxic 
in the early pregnancies. Hypoxia disappears during the 
second trimester with increased blood flow to the placenta. 
However, in preeclampsia, hypoxia plays a major role 
Expression of  both sFlt1 and sEng is elevated in response 
to hypoxia, where increased expression is mediated by 
hypoxia inducible factor-1.16,17

In normal individuals and in person with chronic 
hypertension, hyperuricemia acts as an independent 
predictor of  renal  and cardiovascular disease. 
Hyperuricemia has been contributed to reduce renal 
clearance. Kidney plays a role in filtration, reabsorbtion, 
and secretion of  uric acid. In case of  preeclampsia, 
increase in the concentration of  serum uric acid is due 
to hypovolemia which is an early change in preeclampsia. 
This is due to increased uric acid reabsorption. However, 
increased uric acid precedes the reduction in plasma 
volume.13 Abnormal renal clearance, increased tissue 
breakdown, acidosis, and a rise in the activity of  the 
xanthine oxidase/dehydrogenase enzyme are some 
of  the mechanisms for elevation of  uric acid level in 
preeclampsia.18 Reduction in the clearance of  uric acid 
due to the reduction in the glomerular filtration rate, 
increased absorption, and a decrease in the secretion 
may be the cause for the rise in the level of  serum uric 
acid in preeclamptic women.19 Uric acid is a marker of  
oxidative stress, tissue injury, and renal dysfunction, 
and several studies have reported a positive correlation 
between elevated maternal serum uric acid levels and 
adverse pregnancy outcomes.20 Uric acid is a potent 
inhibitor of  endothelial function, induces systemic and 
glomerular hypertension in animals, and passes freely into 
the fetal circulation. Uric acid has been found to block 
VEGF–induced endothelial proliferation and, thus, may 
have a direct role in blocking fetal angiogenesis, resulting 
in small-for gestational-age infants. Uric acid can also 
block trophoblast invasion in vitro. Uric acid has also been 
found to mediate insulin resistance in animals, and levels 
correlate with the development of  insulin resistance in 
the pregnant patients. A  study by Taefi et al., showed 
no significant correlation between the plasma uric acid 
level among preeclamptic women and control group 
and concluded that diagnosing preeclampsia is linked by 

measuring serum uric acid levels. Although uric acid is not 
useful in identifying preeclampsia, still it can play a key 
role in identifying preeclamptic women who are at greater 
risk for maternal and fetal morbidities.19 Weerasekera 
et al., in 2003, studied serum uric acid levels at 28 weeks 
and followed the patients by monitoring uric acid level in 
each visit and BP. They found that there was no significant 
role of  serum uric acid as a predictor of  pre eclampsia.21

Serum sEng and onset of symptoms
In the present study, women with sEng levels between 
7.1 and 8.2 ng/ml developed mild preeclampsia between 
28 and 30  weeks of  gestation, whereas women with 
sEng levels between 8.5–13.4  ng/ml developed severe 
preeclampsia between 26 and 28  weeks of  gestation. 
sEng remains elevated throughout second trimester in 
women with preterm preeclampsia when compared to 
normal pregnancies. In women who develop preterm 
preeclampsia, this finding indicates that placental ischemia 
may be part of  the cause in the increased production of  
antiangiogenic proteins. Hirashima et al., in 2008, reported 
alterations in serum sEng levels taken 3 times at 20–23, 
27–30, and 36–38 weeks of  gestation. They first found 
that there were several women with persistently high 
sEng levels during the second half  of  pregnancy who did 
not show clinical manifestation of  preeclampsia, that is, 
hypertension or proteinuria. Second, after the onset of  
preeclampsia, women with early-onset showed high sEng 
levels compared with those with late-onset.22 Duhan et al., 
found significantly elevated serum sEng in preeclamptic 
women in later pregnancy than early pregnancy in 2011.23 
Nory et al., in 2011, studied the serum sENG levels 
in women from 12 to 16 weeks. They found that there 
was no significant change in the levels between the 
preeclamptic women and normotensive women, whereas 
during 16 weeks, there was elevated serum sENG levels 
seen in women who developed preeclampsia.24 These 
results suggest that the increase in serum sEng might 
be linked with the severity of  preeclampsia and that the 
increase in circulating sEng might play an important role in 
pathology of  the disease. Our findings are also consistent 
with a role for sEng in the pathogenesis and prediction 
of  preeclampsia.

Serum sEng and time of delivery
Women in control group delivered at term. However, most 
of  the women who developed preeclampsia delivered 
pre-term. Fetus delivered at pre-term will have low birth 
weight and prone for more complications in future when 
compared to term delivery. Hence, time of  delivery is more 
important. As delivery is the only option for preeclampsia, 
predicting early will prevent the chances of  preeclampsia 
and for better fetal care.



Archana, et al.: Marker for preeclampsia

200	 Asian Journal of Medical Sciences | Aug 2022 | Vol 13 | Issue 8

Limitations of the study
However, very limited studies have been conducted in 
Indian population. More number of  studies at various 
gestational weeks in a larger number at different age group 
needs to be done in order to establish a biomarker for early 
detecting of  preeclampsia.

CONCLUSION

The present study suggests that serum sEng is a good 
predictor of  preeclampsia when compared to serum uric 
acid. Not all the preeclamptic mothers showed elevated 
serum uric acid level. On the other hand, serum sEng level 
was elevated only in mothers who developed preeclampsia 
between 12 and 16 weeks. This concludes that serum sEng 
increases at an early stage when serum uric acid level tends 
to be within normal limits. This suggests that serum sEng 
will be a better marker for predicting preeclampsia than 
serum uric acid.

ACKNOWLEDGMENT

We thank all the pregnant mothers who participated in 
the study.

REFERENCES

1.	 Geller SE, Rosenberg D, Cox SM, Brown ML, Simonson L, 
Driscoll CA, et al. The continuum of maternal morbidity and 
mortality: Factors associated with severity. Am J Obstet Gynecol. 
2004;191(3):939-944.

	 https://doi.org/10.1016/j.ajog.2004.05.099
2.	 Atkinson KR, Cooper G. Robyn North. Proteomic Biomarker 

Discovery for Preeclampsia, Paper; 2008.
3.	 Redman CW and Sargent IL. Latest advances in understanding 

preeclampsia. Science. 2005;308(5728):1592-1594.
	 https://doi.org/10.1126/science.1111726
4.	 Rodgers GM, Taylor RN and Roberts JM. Preeclampsia is 

associated with a serum factor cytotoxic to human endothelial 
cells. Am J Obstet Gynecol. 1988;159(4):908-914.

	 https://doi.org/10.1016/s0002-9378(88)80169-8
5.	 Levine RJ, Lam C, Qian C, Yu KF, Maynard SE, Sachs BP, et al. 

Soluble endoglin and other circulating antiangiogenic factors in 
preeclampsia. N Engl J Med. 2006;355(10):992-1005.

	 https://doi.org/10.1056/NEJMoa055352
6.	 Venkatesha S, Toporsian M, Lam C, Hanai J, Mammoto T, 

Kim YM, et al. Soluble endoglin contributes to the pathogenesis 
of preeclampsia. Nat Med. 2006;12(6):642-649.

	 https://doi.org/10.1038/nm1429
7.	 Gougos A, Jacques SS, Greaves A, O’Connell PJ, D’apice AJ, 

Buhring HJ, et al. Identification of distinct epitopes of 89 
endoglin, an RGD-containing glycoprotein of endothelial 
cells, leukemic cells, and syncytiotrophoblasts. Int Immunol. 
1992;4(1):83-92.

	 https://doi.org/10.1093/intimm/4.1.83
8.	 Poon LC and Nicolaides KH. Early prediction of preeclampsia. 

Obstet Gynecol Int. 2014;2014:297397.
	 https://doi.org/10.1155/2014/297397
9.	 Hagman H, Thadhani R, Benzing T, Karumanchi SA and 

Stepan  H. The promise of angiogenic markers for the early 
diagnosis and prediction of preeclampsia. Clin Chem. 
2012;58(5):837-845.

	 https://doi.org/10.1373/clinchem.2011.169094
10.	 Saleh L, Vergouwe Y, Van den Meiracker AH, Verdonk K, 

Russcher H, Bremer HA, et al. Angiogenic markers predict 
pregnancy complications and prolongation in preeclampsia. 
Hypertension. 2017;70(5):1025-1033.

	 https://doi.org/10.1161/hypertensionaha.117.09913
11.	 Kar M. Role of biomarkers in early detection of preeclampsia. 

J Clin Diagn Res. 2014;8(4):BE01-BE04.
	 https://doi.org/10.7860/JCDR/2014/7969.4261
12.	 Schackis RC. Hyperuricaemia and preeclampsia: Is there a 

pathogenic link? Med Hypotheses. 2004;63(2):239-244.
	 https://doi.org/10.1016/j.mehy.2004.02.018
13.	 Bainbridge SA and Roberts JM. Uric acid as a pathogenic factor 

in preeclampsia. Placenta. 2008;29(Suppl A):S67-S72.
	 https://doi.org/10.1016/j.placenta.2007.11.001
14.	 Taefi A, Jamal AS, Delavari H. The role of serum uric acid in 

preeclampsia. J Family Reprod Health. 2008;2(3):159-162.
15.	 Cnossen JS, Ruyter-Hanhijarvi H, Van der Post JA, Mol BW, 

Khan KS and Riet G. Accuracy of serum uric acid determination 
in predicting preeclampsia: A  systematic review. Acta Obstet 
Gynecol Scand. 2006;85(5):519-525.

	 https://doi.org/10.1080/00016340500342037
16.	 Johnson RJ, Kanbay M, Kang D, Sa’nchezLozada LG and 

Feig  D. Uric acid: A  clinically useful marker to distinguish 
preeclampsia from gestational hypertension. Hypertension. 
2011;58(4):548-549.

	 https://doi.org/10.1161/HYPERTENSIONAHA.111.178921
17.	 Williams KP and Galerneau F. The role of serum uric acid as 

a prognosticindicator of the severity of maternal and fetal 
complications in hypertensive pregnancies. J Obstet Gynaecol 
Can. 2002;24(8):628-632.

	 https://doi.org/10.1016/s1701-2163(16)30193-1
18.	 Rana S, Karumanchi SA, Levine RJ, Venkatesha S, Rauh-

Hain JA, Tamez H, et al. Sequential changes in antiangiogenic 
factors in early pregnancy and risk of developing preeclampsia. 
Hypertension. 2007;50(1):137-142.

	 https://doi.org/10.1161/HYPERTENSIONAHA.107.087700
19.	 Nevo O, Soleymanlou N, Wu Y, Xu J, Kingdom J, Many A, et al. 

Increased expressions of sFlt-1 in in vivo and in vitro models of 
human placental hypoxia is mediated by HIF-1. Am J Physiol 
Regul Integr Comp Physiol. 2006;291(4):1085-1093.

	 https://doi.org/10.1152/ajpregu.00794.2005
20.	 Sanchez-elsner T, Botella LM, Velasco B, Langa C and 

Bernabeu C. Endoglin expression is regulated by transcriptional 
cooperation between the hypoxia and transforming growth 
factor-beta pathways. J Biol Chem. 2002;277(46):43799-43808.

	 https://doi.org/10.1074/jbc.M207160200
21.	 Weerasekera DS, Peiris H. The significance of serum uric 

acid, creatinine and urinary microprotein levels in predicting 
preeclampsia. J Obstet Gynecol. 2003;23(1):17-19.

	 https://doi.org/10.1080/0144361021000043155
22.	 Hirashima C, Ohkuchi A, Matsubara S, Suzuki H, Takahashi K, 

Usui R, et al. Alteration of serum soluble endoglin levels after the 
onset of preeclampsia is more pronounced in women with early-
onset. Hypertens Res. 2008;31(8):1541-1548.



Archana, et al.: Marker for preeclampsia

Asian Journal of Medical Sciences | Aug 2022 | Vol 13 | Issue 8	 201

	 https://doi.org/10.1291/hypres.31.1541
23.	 Duhan N, Sharma D, Garg N, Dahiya K and Sirohiwal D. 

Comparative evaluation of serum soluble endoglin level in 
preeclampsia and normotensive pregnant women. Int J Physiol 

Pathophysiol. 2011;2(4):47-51.
24.	 Al-Nory MA, Al-Kholy AF, Abadier MZ, Rageh I. Maternal serum 

soluble endoglin level as early predictor for pre-eclampsia. J Am 
sci. 2011;7(10):448-452.

Authors Contribution:
AA- Concept and design of the study, data collection and processing of samples, prepared first draft of manuscript, interpreted the results, preparation 
of manuscript; SA- Reviewed the literature and manuscript preparation; SV- Statistical analysis, interpretation and revision of the manuscript; and 
US- Interpretation and revision of the manuscript.

Work attributed to: 
Meenakshi Medical College, Hospital and Research Institute, Kanchipuram, India.

Orcid ID:
Dr. Archana A-  https://orcid.org/0000-0002-6443-3919
Dr. Sumitha A-  https://orcid.org/0000-0002-4537-7798
Dr. Sathiyapriya V-  https://orcid.org/0000-0002-9067-4994
Dr. Ursula Sampson-  https://orcid.org/0000-0002-2341-4607

Source of Support: Nil, Conflict of Interest: None declared.


