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VASCULAR-STROMAL INDEX OF TERMINAL CHORION VILLI IN 

CORONAVIRUS DISEASE (COVID-19) IN PREGNANT WOMEN 

 

Abstract.  

Background. The SARS-CoV-2 coronavirus infects cells that express 

angiotensin-converting enzyme 2 (ACE2). The virus’s effect on endothelial cells leads 

to impaired blood rheological properties, as well as changes in the vascular wall, 

stromal edema, and increased thickness of the vasculosyncytial membranes. This 

results in impaired perfusion and the development of placental dysfunction.  

Objective: To determine the stromal–vascular index of terminal chorionic villi 

in pregnant women with COVID-19. 

Methods. We examined 170 placentas from pregnant women with COVID-19: 

Group I (n=136) – placentas from live births, and Group II (n=34) – from cases of 

antenatal asphyxia. Depending on the duration of the post-COVID interval (the time 

between the diagnosis of COVID-19 in the mother and delivery), the following 

subgroups were formed: I.1 (n=90) and II.1 (n=12) – post-COVID interval of 5–22 

weeks; I.2 (n=80) and II.2 (n=22) – 1–4 weeks. COVID-19 in the pregnant woman was 

confirmed by a positive polymerase chain reaction (PCR) result for the presence of 

SARS-CoV-2 viral RNA. For comparison, placentas (n=120) from physiological 

deliveries prior to the COVID-19 epidemic were examined. An immunohistochemical 

method using monoclonal antibodies against CD31 and smooth muscle actin (α-SMA) 

was employed, along with statistical analysis methods. To quantitatively determine the 

expression of the immunohistochemical marker, we performed qualitative pixel-by-

pixel visualization of the structures under study (stroma, vessels), which differ in color 

upon immunohistochemical staining, using the ONLINE JPG TOOLS service. This 

was followed by calculation of the vascular-stromal index (VSI): VSI = Vvessels/ Vstroma. 

Results and Conclusions. In the main groups, a decrease in the percentage of 

blood vessels in the terminal chorionic villi was observed in 100% of pregnant women 
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with COVID-19. An increase in this indicator in Group I.1 indicated vascular recovery 

as the duration of the post-COVID interval increased. The narrowing of the lumen of 

the terminal villi was facilitated by the phenotypic transformation (α-SMA-positive) of 

pericytes with the acquisition of contractile properties. The percentage of stroma 

increased in the main groups: I.2; II.1 and II.2 – 71 [67;73]; 86 [78;89], and 85 [84;87] 

compared to the control group—32 [30;35]—which was due to edema (groups I.2, II.2) 

and stromal fibrosis (groups I.1 and II.1). The latter indicates that pericytes have 

acquired a myofibroblast-like phenotype.  

All main groups were characterized by a decrease in SSI: I.1, I.2; II.1, and II.2 – 

0.86 [0.83; 0.98]; 0.38 [0.34; 0.51]; 0.16 [0.14; 0.24]; 0.17 [0.15; 0.19], respectively, 

compared to the control group – 2.15 [1.52; 2.81]. The lowest value was observed in 

cases of antenatal fetal death. A decrease in the stromal-vascular index of terminal 

chorionic villi in coronavirus disease (COVID-19) in pregnant women is a 

manifestation of chorionic villus remodeling caused by structural changes. 

Keywords: placenta, COVID-19, SARS-CoV-2, chorionic villi, terminal villi, 

pericytes. 
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СУДИННО-СТРОМАЛЬНИЙ ІНДЕКС ТЕРМІНАЛЬНИХ ВОРСИН 

ХОРІОНА ПРИ КОРОНАВІРУСНІЙ ХВОРОБІ (COVID 19) У ВАГІТНОЇ 

 

Анотація.  

Актуальність. Коронавірус SARS-CoV-2 вражає клітини, що експресують 

ангіотензинперетворюючий фермент 2 (angiotensin-converting enzyme 2 – ACE2).  

Вплив вірусу на ендотеліоцити призводить до порушення реологічних 

властивостей крові, а також до змін судинної стінки, набряку строми, збільшення 

товщини васкулосинцитіальних мембран. Це призводить до порушення перфузії 

та розвитку плацентарної дисфункції.  

Метою було визначення стромально-судинного індексу термінальних 

ворсин хоріона при коронавірусній хворобі (COVID 19) у вагітної 

Методи. Досліджували 170 плацент при COVID-19 у вагітної: І група 

(n=136) – плаценти при народженні живого плода та ІІ група (n=34) – при 

антенатальній асфіксії. В залежності від тривалості постковідного інтервалу 

(проміжок часу між діагностуванням COVID-19 у матері та пологами) були 

сформовані підгрупи: І.1 (n=90) та ІІ.1 (n=12) – постковідний інтервал склав 5-22 
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тижні; І.2 (n=80) та ІІ.2 (n=22) – 1-4 тижні. COVID-19 у вагітної підтверджено 

позитивним результатом полімеразної ланцюгової реакції (ПЛР) на наявність 

РНК вірусу SARS-CoV-2. Для порівняння даних досліджували плаценту (n=120) 

при фізіологічних пологах до епідемії COVID-19. Використовували імуно-

гістохімічний метод з використанням моноклональних антитіл проти CD31, 

гладком’язового актину (α-SMA) та статистичні методи дослідження. Для 

кількісного визначення експресії імуногістохімічного маркера впроваджували 

якісну попіксельну візуалізацію досліджуваної структури (строма, судини), які 

різняться за кольором при їх імуногістохімічному фарбуванні з використанням 

сервісу ONLINE JPG TOOLS. З подальшим обчисленням судинно-стромального 

індексу (ССІ): ССІ=Всуд/Встр. 

Результати та підсумок. В основних групах при коронавірусної хвороби 

у вагітної в 100% виявлялося зменшення відсотку судин в термінальній ворсині 

хоріона. Збільшення даного показника в групі І.1 свідчило про відновлення 

судин при збільшенні тривалості постковідного інтервалу. Звуження просвіту 

судин термінальних ворсин сприяла трансформація фенотипу (α-SMA-

позитивні) перицитів з набуттям контрактильних властивостей. Відсоток строми 

збільшувався в основних групах: І.2; ІІ.1 та ІІ.2 –71 [67;73]; 86 [78;89] та 85 

[84;87] проти групи порівняння – 32 [30;35], що обумовлювалося набряком 

(групи І.2, ІІ.2) та фіброзом строми (групи І.1 та ІІ.1). Останній є свідченням 

набуття перицитами міофібробластоподібного фенотипу.  

Всі основні групи характеризувалися зменшення ССІ: І.1 І.2; ІІ.1 та ІІ.2 – 

086 [0,83;0,98]; 0,38 [0,34; 0,51]; 0,16 [0,14; 0,24]; 0,17 [0,15; 0,19] відповідно 

проти групи порівняння – 2,15 [1,52; 2,81]. Найменший показник виявися при 

антенатальній загибелі плода. Зменшення стромально-судинного індексу 

термінальних ворсин хоріона при коронавірусній хворобі (COVID 19) у вагітної 

– прояв ремоделювання ворсин хоріона, обумовлених структурними змінами. 

Ключові слова: плацента, COVID-19, SARS-CoV-2, ворсини хоріона, 

термінальні ворсини, перицити. 

 

Problem Statement. The SARS-CoV-2 coronavirus infects cells that express 

angiotensin-converting enzyme 2 (ACE2) [1,2]. In the placenta, these cells include 

vascular endothelial cells, syncytiotrophoblast, and telocytes [3,4]. Endothelial 

dysfunction leads to impaired blood rheological properties and platelet activation, 

followed by disturbances in microcirculation, fibroblast activation, development of 

fibrosis, and the formation of placental insufficiency [5–9]. The birth of PCR-negative 

neonates is explained by compensatory mechanisms of the placenta, which manifest as 

structural changes in the vessels and stroma of chorionic villi [10–12]. This prompted 

us to conduct the present study. 

Objective: To determine the stromal–vascular index of terminal chorionic villi 

in pregnant women with COVID-19. 
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Materials and methods. 

To achieve the objective, a study was conducted on 170 placentas from pregnant 

women with COVID-19: Group I (n=136) – placentas from live births, and Group II 

(n=34) – placentas from cases of antenatal asphyxia. The material was obtained under 

a cooperation agreement at the Department of Pathological Anatomy of the National 

Specialized Children’s Hospital Ohmatdyt of the Ministry of Health of Ukraine for the 

period from 2020 to 2022. Subgroups were formed based on the duration of the post-

COVID interval (the time between the mother’s COVID-19 diagnosis and delivery). 

In subgroups I.1 (n=90) and II.1 (n=12), the post-COVID interval was 5–22 weeks; in 

subgroups I.2 (n=80) and II.2 (n=22), it was 1–4 weeks. COVID-19 in pregnant women 

was confirmed by a positive polymerase chain reaction (PCR) result for the presence 

of SARS-CoV-2 viral RNA. For data comparison, placentas (n=120) from 

physiological deliveries prior to the COVID-19 epidemic were examined. The 

immunohistochemical (IHC) method was applied using monoclonal antibodies against 

CD31 and smooth muscle actin (α-SMA) (Thermo Fisher Scientific, USA) at working 

dilutions.  

To quantitatively determine the expression of the immunohistochemical marker, 

we implemented qualitative pixel-by-pixel visualization of the structure under study 

(stroma, vessels), which differ in color upon immunohistochemical staining (utility 

model patent No. u2024 2856; https://sis.nipo.gov.ua/uk/search/detail/1841687/). 

After fixing the placental tissue sections in 10% neutral formalin, passing them 

through a series of alcohol solutions of increasing concentration, embedding them in 

paraffin, and preparing 5-micrometer-thick tissue sections, the immunohistochemically 

stained microscopic slides were photographed through a microscope using a digital 

camera (Fig. 1.A.1–D.1).  

In Microsoft Paint, the histological structures under study were further colored 

in the photos (capillary lumens in black, background in green) (Fig. 1.A.2–D.2), 

followed by uploading the archived photos in JPEG format to ONLINE JPG TOOLS 

(onlinejpgtools.com/find-dominant-jpg-colors).  

Using this service, we determined the percentage of a pixel’s color in the photo 

that corresponds to the percentage of the structure under study (Fig. 1.A.3–D.3). Next, 

we calculate the percentages of vessels (Vvess) and stroma (Vstr) without accounting for 

the background percentage: Vvess = Vvess1× 100 / (Vstr1+ Vvess1). VStroma = VStroma1× 100 

/ (VStroma1+ Vvess), where Vvess1; Vstr1 – percentage of colors (vessels, stroma) in 

ONLINE JPG TOOLS Followed by calculation of the vascular-stromal index (VSI): 

VSI = Vvess/Vstr 

Presentation of Main Findings. 

In the acute phase of coronavirus disease in pregnant women, a decrease in the 

percentage of vessels in the terminal chorionic villi was observed in 100% of cases in 

groups I.2 and II.1. In groups I.1 and II.2, this indicator was 97.8% and 91.7%, 

respectively (Fig. 2.A–D; Table 1).  
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Table 1 

Pathomorphological changes in the stroma and vessels of the terminal  

chorionic villi in COVID-19 in pregnant women and in the comparison group 
Parameters COVID-19 (N=170)  

p 
Groups 

Live births 

(Group I) 

(N=136) 

Antepartum asphyxia 

(Group II) 

(N=34) 
Comparison 

(n=120) 

I.1 (n=90) I.2 (n=80) II.1 (n=12) II.2 (n=22) 

Narrowing of the 

lumen of terminal 

villi,  

n (%) [95% CI]; 

% of vessels 

88 (97.8) 

[94.8–100]; 

46 [44;59]* 

80 (100) 

[95.5–100]; 

29 [27;33]* 

12 (100) 

[84.1–100] 

14[11;22]*  

21 (91.7) 

[67.1–100]; 

15 [13;17]* 

0 (0)  

[0.0–3.8]; 

68 [65;70] 

P1-2 <0.001 

P1-3 <0.001 

P1-4 <0.001 

P1-5 <0.001 

P2-3 <0.001 

P2-4 <0.001 

P3-5 <0.001 

P4-5 <0.001 

Stromal edema of 

terminal villi, n 

(%) [95% CI];  

% of stroma 

86 (95.6) 

[91.4–99.8]; 

55 [53;60]* 

80 (100) 

[95.5–100]; 

71 [67;73]* 

11 (91.7) 

[67.1–100]; 

86 [78;89]* 

n=22 

100 [91.7–

100]; 

85 [84;87]* 

0 

0 [0.0–3.8]; 

32 [30;35] 

P1-2 <0.001 

P1-3 <0.001 

P1-4 <0.001 

P1-5 <0.001 

P2-3 <0.001 

P2-4 <0.001 

P3-5 <0.001 

P4-5 <0.001 

Vascular-stromal 

index (VSI) 

0.86 

[0.83;0.98]* 

0.38 

[0.34; 

0.51]* 

0.16 

[0.14; 

0.24]* 

0.17 

[0.15; 0.19]* 

2.15 

[1.52; 2.81] 

P1-2 <0.001 

P1-3 <0.001 

P1-4 <0.001 

P1-5 <0.001 

P2-3 <0.001 

P2-4 <0.001 

P3-5 < 0.001 

P4-5 <0.001 

Note: *p<0.01 (Kruskal–Wallis test) 

 

The percentage of vessels was reduced in all main groups (Table 1; Fig. 1.A–D). 

The lowest percentage was observed in cases of antenatal fetal death (group II.1 – 14 

[11;22] and II.2 – 15 [13;17] versus the comparison group – 68 [65;70] (Fig. 2.E). In 

the acute phase of the disease with live birth, the corresponding figure was 29 [27;33]. 

In group I.1, the percentage of vessels increased to 46 [44;59], indicating vascular 

recovery with an increase in the duration of the post-COVID interval (Fig. 1.B). 

The percentage of stroma increased in the main groups (Table 1; Fig. 1.A–D). 

The highest percentage of stroma was observed in groups I.2, II.1, and II.2—71 

[67;73], 86 [78;89], and 85 [84;87], respectively, compared to the comparison group—

32 [30;35]. In group I.1, the percentage of stroma in the terminal villus decreased—55 

[53;60] (Table 1; Fig. 1.B).  

The increase in the percentage of stroma during the acute phase of the disease 

was due to edema (Fig. 2.A). As the duration of the post-COVID interval increased, 
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stromal fibrosis was observed (Fig. 2.B). Edema and stromal fibrosis led to an increase 

in the thickness of the vasculosyncytial membranes and a more central location of the 

vessels (Fig. 1.A–D.1). 

 

 
Fig. 1. Quantitative determination of the percentage of blood vessels and stroma in a 

histological section of a terminal villus in a pregnant woman with COVID-19 and in 

the Comparison group. 1 – Microscopic changes in the blood vessels and stroma of 

the terminal chorionic villus in COVID-19 – 1 (A–D) and in the comparison group – 

E. Еxpression of monoclonal antibodies against CD31 in the endothelium of 
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chorionic villus arterioles, ×600. 2 (A–E) – In Microsoft Paint, the lumen of the 

vessels and the background surrounding the villi were colored in shades different 

from the histological staining of the structures (villi stroma) in the photo – black and 

green. 3 (A–D) – Determination of the percentages of vessels (black), stroma (gray), 

and background (green) using the ONLINE JPG TOOLS program.  

 

 
Fig. 2. Structural changes in the stroma of terminal villi in COVID-19 in a pregnant 

woman in groups I.2(A) and II.1(B). A – narrowing of the vascular lumen (arrow), 

stromal edema. B – avascular villus, stromal fibrosis (blue). MSB. A, B×400. 

 

All main groups were characterized by a decrease in VSI: I.1, I.2; II.1, and II.2 

– 0.86 [0.83; 0.98]; 0.38 [0.34; 0.51]; 0.16 [0.14; 0.24]; 0.17 [0.15; 0.19], respectively, 

compared to the comparison group – 2.15 [1.52; 2.81]. The lowest value was observed 

in cases of antenatal fetal death. 

In the main groups, α-SMA-positive elements were detected in the walls of the 

terminal villi blood vessels (Fig. 3.B, C, D), indicating the activation of pericytes under 

hypoxic conditions in COVID-19 with an increase in the duration of the post-COVID 

interval. In the walls of the terminal villi blood vessels of the comparison group, α-

SMA expression was not detected (Fig. 3.E), as smooth muscle cells are normally 

absent in them [14]. Such a transformation of the pericyte phenotype [15], 

accompanied by the acquisition of contractile properties [16], explained the reduction 

in capillary lumen and impaired perfusion leading to the development of placental 

insufficiency [13].  

Additionally, the acquisition of a myofibroblast-like phenotype by pericytes 

leads to the development of stromal fibrosis (groups I.1 and II.1) [14]. Pericyte 

activation is a compensatory response to hypoxic and endothelial damage. The severity 

of chorionic villus damage and the rate of recovery influence the outcome of the 

pregnancy. 
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Fig. 3. Structural changes in the blood vessels of the terminal villi of the chorion in a 

pregnant woman with COVID-19 in the main groups and the comparison group.  
A – Group I.2. B – Group I.1. C – Group II.2. D – Group II.1. E – Comparison group. 

A–D – central location of vessels in the terminal villus. E – peripheral location of 
vessels in the control group. Arrow – α-SMA-positive pericytes.  

A–E – expression of smooth muscle actin (α-SMA); ×1200. 
 
Thus, the phenotypic transformation of pericytes in the terminal villi of the 

chorion in COVID-19 in a pregnant woman is a key mechanism for vascular and 
stromal remodeling. 

Conclusions. A decrease in the stromal-vascular index of terminal chorionic 
villi in coronavirus disease (COVID-19) in a pregnant woman is a manifestation of 
chorionic villus remodeling caused by structural changes. 
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