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Abstract. Preeclampsia (PE), a complication of pregnancy 
that is characterized by de novo hypertension and proteinuria, 
remains a leading cause of morbidity and mortality during 
pregnancy, influencing 2.5-7% of singleton and 7-21% of twin 
pregnancies. At present, diagnosis is based on traditional but 
unreliable and nonspecific clinical markers, and treatment of 
PE is suboptimal, with minimal effect on maternal and fetal 
mortality and morbidity. With the hope of developing an 
affordable and simple procedure for PE prediction for devel-
oping countries, a previous study examined the use of Congo 
red staining of misfolded and damaged proteins in the urine 
of women with PE. This feature has diagnostic and prognostic 
potential since it precedes the onset of clinical manifestations 

and correlates with disease severity. The test is inexpensive, 
popular within the medical staff, easy to use, and identifies 
women with PE in only 3 min. Obstetrical providers benefit 
from the Congo Red Dot Paper Test analysis, since a nega-
tive result promotes lesser waiting times in triage, prevents 
unneeded admissions, and diminishes the health costs associ-
ated per case.
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1. Introduction

During the last decades, ultrasound diagnosis had a remark-
able effect on obstetrical practices and perinatal medicine, 
providing essential data for understanding morphological 
development and fetal physiology. It is difficult to imagine a 
fetal/obstetrical problem where ultrasound does not contribute 
to its solution (1). However, the solution to one of the most 
common obstetrical complications, preeclampsia (PE), 
remains unattainable.

PE, a pathologic entity of pregnancy defined by hyper-
tension and proteinuria occurring after 20 weeks, remains 
a threatening complication that causes high morbidity and 
mortality, affecting, on average, 2.5-7% of singleton and 7-21% 
of twin pregnancies (2).
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2. Current knowledge

The pathophysiology of PE remains poorly elucidated, but 
the improper development of the placenta as early as the 
first trimester is widely considered a major etiological cause. 
Previous studies have revealed the involvement of endothelial 
dysfunction as a pathological contributor to PE  (3-6) and 
increased load on the maternal circulation and heart (7). Most 
frequently, the clinical symptoms become evident in the late 
second and third trimester, manifesting as a combination of 
systemic changes, which mostly include hypertension, second-
arily, renal insufficiency, and, in severe cases, liver failure. 
Whenever left untreated, PE may evolve to eclampsia, threat-
ening maternal health and life by epilepsy such as seizures 
and stroke. The origins of PE are linked to the placenta and 
not to the fetus; thus, the simplest treatment for PE remains 
the delivery of the placenta (8). At present, what is known 
about the molecular pathology and the fundamental causes 
of PE remains scarce, and frequently the correct and prompt 
diagnosis is complicated by the heterogeneity of the symp-
toms. In this unclear context, all the resources worldwide have 
been directed to identify the actual pathophysiology of this 
disease and develop, if not a treatment, accurate prediction and 
prevention methods.

In the first decade of this millennium, the mystery 
surrounding the molecular pathogenesis of PE began to be 
unraveled with certain key discoveries concerning alterations 
in placental antiangiogenic factors and the misfolding proteins 
shaded by the villous syncytiotrophoblast (3).

The theories accepted to date by the practitioners sustain 
that PE emerges based on insufficient invasion of the tropho-
blast into the spiral arteries of the myometrium, a phenomenon 
defined as impaired placentation, leading to placental ischemia 
and fetal hypoxia, thus stimulating sustained endoplasmic 
reticulum and oxidative stress  (9). The plasma of women 
diagnosed with PE has increased levels of antiangiogenic 
factors (sFLT-1 and sENG), endothelial activation markers 
such as cytokines, and adhesion molecules. Proteinuria, a 
criterion for diagnosis of PE, is considered to be caused by 
endothelial dysfunction (10). PE is subclassified into: i) Early-
onset PE (delivery at 34+0 weeks); ii) pre-term PE (delivery 
at <37+0 weeks); iii) late-onset PE (delivery at ≥34+0 weeks); 
and iv) term PE (delivery at ≥37+0 weeks) (11).

The aforementioned classification is based only on gesta-
tional age. It carries great importance for obstetricians coping 
with preterm PE. They are challenged to decide the moment to 
terminate the pregnancy, equating the requirement of attaining 
in utero fetal maturation with the risks held by the mother and 
the fetus whilst continuing the pregnancy. At present, diagnosis 
is based on the knowledge of the clinical features of PE but is 
frequently nonspecific and unreliable; thus, the treatment of 
PE is delayed and even suboptimal, with very little impact on 
maternal and fetal mortality and morbidity.

Pursuing the early first-trimester diagnosis and predic-
tion of PE is driven by the desire to have the opportunity to 
intervene in time, to improve the phenomenon of placenta-
tion, thus reducing the prevalence and the consequences of 
the disease.

The Fetal Medicine Foundation (https://fetalmedicine.
org/) has revealed an algorithm for first-trimester aneuploidy 

screening, which has proven its value, also predicting PE in 
singleton pregnancies. The test combines two markers from 
the maternal serum, pregnancy-associated placental protein A 
(PAPP-A) and placental growth factor (PlGF) (ideally at 
10-11 weeks of gestation), along with first-trimester maternal 
Doppler uterine artery pulsatility index (UTPI), mean arterial 
pressure (MAP) and prior obstetrical or non-obstetrical risk 
factors (12,13). The statistical model of this algorithm foresees 
that for a false positive rate (FPR) of 10%, the rate of detec-
tion (DR) will be as high as 96% for early PE and 77% for 
preterm PE, including early and intermediate cases (13-15). 
At a calculated risk on the first-trimester screening test equal 
to or more than 1 in 100, a woman is considered as high 
risk for developing PE. At this point, prophylactic measures 
consist of receiving aspirin, at a dose of 150 mg, starting at 
11-14 +6 weeks of gestation (from the moment of the calculus), 
taken every night until 36 weeks of gestation, until delivery 
or at the moment when PE is diagnosed (12). The earlier the 
aspirin is started, the better the results in improving uterine 
flow (16).

Previous studies have revealed that the urine of 
preeclamptic women carries misfolded proteins  (17-22). 
Mature proteins are shaped into a specific three-dimensional 
arrangement, defined as protein folding, a phenomenon that 
implies a compact structure derived from the nascent protein 
chain (23). The physiological function of a protein in a living 
cell is achievable only through folding (23). Factors such as the 
length of the protein, the number and amino acid sequence, 
the sub-structure of its parts, and the presence or absence of 
external pathological agents or intrinsically disordered regions 
have an impact on the protein folding (24,25). The literature is 
diverse when defining a misfolded protein. The prefix ‘mis-’ 
signifies that something is inaccurate, flawed, or erroneous. 
The term ‘misfolded’ apart from the structural aspect implies 
a physiological and functional facet and must be acknowl-
edged (23). An elementary definition of protein misfolding 
is a structurally aberrant state that loses its physiological 
activity (26). Pathophysiological changes in certain diseases 
can modify the proper folding of proteins and cause the struc-
turally modified appearance of misfolded proteins. Protein 
misfolding is capable of participating in the pathogenesis of 
the disease through its intrinsic toxicity or secondarily with 
the reduced biological activity of the affected protein (27). 
It can also lead to aggregation, the amassing of two or more 
misfolded proteins that are associated in a dysfunctional 
process (28). To date, the misfolded proteins are acknowledged 
for their part in determining neurodegenerative disorders such 
as familial amyloidotic polyneuropathy, amyotrophic lateral 
sclerosis, Alzheimer's disease, Huntington's disease, spongi-
form encephalopathy, and Parkinson's, through the creation of 
amyloid plaques (27,29-31).

Observing the presence of altered proteins in the urine of 
preeclamptic women and hoping to discover an inexpensive 
and simple test for PE prediction for developing countries, 
Buhimschi et al  (32) examined the use of Congo red (CR) 
coloring of modified proteins.

CR [the sodium salt of 3,3'-(1,1'-biphenyl-4,4'-diyl) 
bis (4-aminonaphthalene-1-sulfonic acid)] is an organic 
compound, water-soluble, first identified as a pH indicator, 
currently utilized for tinting sediments or atherosclerotic 
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lesions and inflammation of blood vessels, urine or the cyto-
plasm (13), pioneered by Puchtler et al in 1962 (33).

Using an impartial large-scale study of proteins, 
Buhimschi et al observed that women with severe PE (sPE) 
necessitating medically indicated delivery for PE (MIDPE) 
exhibited a peculiar set of proteomic biomarkers, which 
included albumin and nonrandom proteoforms of SERPINA1 
gene (34). This finding carried diagnostic and prognostic 
potential, a positive test preceding the beginning of clinical 
manifestations, and corresponded with the severity of the 
disease  (34). A simple method was designed, whereby, 
urine that had been combined with CR was dripped on a 
baseless nitrocellulose sheet, which was then washed with 
increasing concentrations of solutions of methanol. Spots 
after testing urine from women with sPE, but not healthy 
pregnant controls (P-CRL), remained red after the methanol 
wash, demonstrating that women with PE exhibit urinary 
congophilia.

3. CRD Paper Test

It is long and well known that CR ligates the free hydroxyl 
groups through hydrogen bonds to cellulose fibers. Having 
a planar molecular configuration, CR is able to intervene 
between the cellulose fibers, thus explaining the ability to dye 
textiles irreversibly. The misfolded proteins containing an 
abundance of β-sheets have the same geometry as the cellu-
lose fibers. The CR dripped on paper forms hydrogen bonds 
with cellulose, thus reducing the flow through the porous 
paper (a phenomenon which is called CR retardation), staining 
the surface with tight circles. In the context of PE, the urine 
sample contains aggregated and misfolded proteins that will 
react with CR proportionally with the concentration. When 
urine from women with PE is dripped on cellulose, only a 
small amount or no free CR will remain available to bind with 
cellulose fibers, and thus the aggregates stain as a wide pink 
circle. When all CR is blocked in amyloids, a homogenously 
pink circle appears, while whenever some free CR remains 
available to bind the cellulose fibers, the middle circle is still 
visible (35). The optimal paper to use for CR-urine solutions is 
the self-adhesive label, as it does not wrinkle when wet. It has 
been demonstrated that the three-fold interaction between CR, 
misfolded proteins in the urine of women suffering from PE, 
and cellulose fibers in the self-adhesive label paper, led scien-
tists to design the CRD Paper Test with components provided 
either in bulk or as kit assemblies (35-38).

4. Technique

A total of 50 µl of protein-normalized or non-normalized urine 
is combined with 1 µl of CR solution (5 mg/ml; cat no. C6277; 
Sigma-Aldrich, Merck KGaA). A blank sample (BLK) is 
obtained by mixing 0.5 µl of CR stock solution with 25 µl 
phosphate-buffered saline (PBS). The urine-CR mixtures are 
vortexed for 1 h, after which 5 µl of each combination is double 
spotted onto a nitrocellulose membrane (Pure Nitrocellulose 
Unsupported Transfer membrane 0.22  µm; Bio-Rad 
Laboratories, Inc.). With the aid of a transilluminator, the dots 
are spatially spread to correspond to the array format (35). For 
~15 min, the array is left to dry after the solutions have been 

added. The following step is a water wash for 3 min succeeded 
by increasing concentrations of methanol [50% methanol, 
3 min; 70% methanol, 1 min; and 90% methanol up until 
the time that the redness in the BLK probes washes away 
(10-15 min)]. In this process, the red color of the non-PE urine 
samples fades as the free CR colorant recedes. When urine is 
positive for misfolded proteins, the CR is attached by them 
on the paper test, and the dots remain evidently red. Images 
are observed before and post-methanol wash and transposed 
to grayscale. Lower quality of the nitrocellulose membranes 
often causes high BLK values [percentage of Congo red reten-
tion (CRR) >10%] (35).

The point-of-care test uses 150 µl of fresh urine combined 
with the CR colorant. After 1 min, four drops of this solution 
are added to the pre-prepared reaction paper. The result is 
observed at 3 min against the visual aid provided. The results 
are interpreted with a visual colorimetric scale marked as 
negative, weak positive, and strongly positive (35).

5. Clinical applicability

The main finding of the studies performed thus far, is that PE 
may be diagnosed without error using a CR test when signs 
and symptoms appear (39). For an FPR of 15.3%, the test had 
a DR of 94.1% (14), but the results were obtained on a small 
cohort and without considering standard biochemical markers 
and UTPI (12). It can be a simple, inexpensive, and useful tool 
in PE cases aiding the physicians with patient management. In 
this regard, it may assume the same role in PE diagnosis when 
compared with the PlGF stick test and sFlt/PlGF ratio test. 
Both of these other tests vary depending on the cutoff value 
used, and the sensitivity markedly decreases after week 34 
of gestation. The DR in the first trimester ranges between 
33.3‑38.1% for early PE, 16.1-27.4% for late PE, and 20-24.7% 
for all PE cases at an FPR of 12.8-15.8%; thus the success of 
the tests in the prediction of PE early in the first trimester is 
not robust (13).

In the cases with preexisting hypertension or proteinuria, 
McCarthy et al (9) stated that women suffering from PE and 
chronic kidney disease (CKD) without PE and nonpregnant 
women with lupus nephritis have increased urine congophilia 
levels when compared with healthy pregnant women. An 
increased CRR is not always a reliable test to distinguish 
these afflictions, thus further research is required to reveal 
the place of congophilia in everyday practice in this matter. 
Another disadvantage of this test and all the tests available to 
date is that they do not include any information concerning 
multiple pregnancies. Thus far, there is no routine screening 
or diagnostic laboratory marker available. Screening for PE 
in multiple pregnancies is an urgent and vital topic since the 
number of multiple pregnancies is increasing due to wide-
spread assisted reproductive technologies. The mean maternal 
age is higher and more likely to be associated with maternal 
hypertension disorders.

6. The latest studies on singleton pregnancies

Rood et al in 2019, conducted a prospective cohort study on 
346 pregnant women assessed for PE. CRD paper test was 
performed on fresh urine sampling along with other tests 
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already demonstrated to help diagnose soluble fms-like tyro-
sine kinase 1 (sFLT-1) and PlGF (35).

CRD paper test was positive in 86 out of the 346 cases (25%), 
with a confirmed final 28% of all cases with PE. The CR test 
surpassed the urine and serum markers with 86.7% accuracy, 
80.2% sensitivity, 89.2% specificity, and a negative predictive 
value of 92.1% (35).

In addition to this, Rood et al revealed that the CRD paper 
test could differentiate between PE and PE imitators, resulting 
in a lower iatrogenic preterm delivery rate. The implementa-
tion of this test in day-to-day practice, in high-income as 
well as less developed countries, could be cost-effective by 
reducing non-required hospitalization days, expenses such as 
facility and laboratory bills, and medical care. Analyzing the 
number of patients discharged following their first hospitaliza-
tion, almost 246 inpatient care days could be potentially saved 
using this PE detection method (35).

Exhibiting promising results, the authors concluded that 
the CRD paper test is a valuable tool of low technology 
requirements for fast identification of PE (35).

The latest results from a prospective diagnostic case-
control study in Bangladesh and Mexico conducted by 
Bracken et al (40) were published in January 2021. The survey 
evaluated the success of a beta prototype test in identifying 
misfolded proteins in the urine of women suffering from 
PE. The study assessed urine congophilia in 409 subjects 
(n=204 PE; n=205 uncomplicated pregnancies). A total of 85% 
of the clinical cases (83/98) in Bangladesh and 48% (51/106) 
in Mexico were positive, as the GV-005 tested negative in 81% 
of the clinical controls (79/98) in the Bangladeshi group and 
77% of the clinical controls (82/107) in the Mexican group. 
The outcomes confirmed that urine congophilia was promptly 
diagnosed utilizing the lateral flow diagnostic beta prototype 
of the device, GV-005 (40).

7. Conclusions

There are sufficient reasons to consider implementing the 
CRD paper test into our clinical practice. The test is inex-
pensive, easy to perform, and reliable when diagnosing PE. 
More extensive clinical trials are required to validate the 
preliminary results, as well as special study groups, including 
multiple pregnancies.
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