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INTRODUCTION
Since 2018 the total number of HIV-positive people reached 
36.9 million, including 35.1 million of adults and 1.8 million 
of children under 15 years old. About 7000 young women of 
15-24 years old are HIV infected per week. It is known that the 
results of HIV testing of pregnant women reflect the prevalence 
of HIV in the general population of the country. According to 
the Information bulletin No. 49 «HIV-infection in Ukraine» the 
level of HIV infection of pregnant women based on the results 
of primary testing has remained unchanged for the period from 
2015 to 2017 (2015 – 0.33%, 2016 – 0.32%, 2017 – 0.33%) [1].

In infectious pathology, including HIV, the placental 
function is affected, which lead to the development of 
placental dysfunction [2]. Placental dysfunction is one of 
the most common pathological syndromes in obstetrics, 
occurs in 17-35% of pregnant women and manifested by 
miscarriage, preeclampsia, fetal distress, antenatal fetal 
death and FGR [3]. The frequency of placental dysfunction 
in HIV-positive pregnant women is 50-60% [4].

Placental dysfunction has a multifactorial etiology and is 
caused by morpho-functional changes and adaptation-ho-
meostatic reactions of the placenta and the fetus, which 
leads to the disruption of its growth and development rates. 
Disruption of one of the links of physiological adaptation 
of the maternal organism to pregnancy leads to maladap-
tation, which can be manifested by FGR [5].

In modern obstetrics much attention is paid to growth 
factors and to study their role in the obstetric complica-
tions development. Growth factors are biologically active 
polypeptides which effect on the placental growth and 
development, control the processes of proliferation, cellular 
differentiation and programmed cell death (apoptosis) [6]. 
By participating in the processes of placental formation, 
they contribute to the normal functioning of the uter-
ine-placental complex. Angiogenic growth factors such 
as placental growth factor and VEGF have the greatest 
importance in the diagnosing of placental dysfunction 
and FGR [7]. 
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ABSTRACT
The aim: To study the pathomorphological characteristics and immunohistochemical features of placentae from human immunodeficiency virus-positive (HIV-positive) 
pregnant women with FGR.
Materials and methods: The study material was 32 placentae, including 12 placentae from HIV-positive pregnant women with FGR (study group), 10 placentae from HIV-
positive pregnant women without FGR (comparison group) and 10 placentae from HIV-negative women with physiological pregnancy (control group). An immunohistochemical 
study was performed using monoclonal antibodies (MCA) against CD31+ and vascular endothelial growth factor (VEGF).
Results: Pathomorphologic changes of the placentae from HIV-positive pregnant women with FGR were characterized by edema in the umbilical cord tissue, partial dissection 
of the vascular wall fibers, dysmucoidosis; intracellular edema and hemorrhage in the fetal membrane tissues. In the placentae tissue it was found marked manifestations of 
degenerative changes in the form of the areas of fibrinoid necrosis, pronounced manifestations of dysmucoidosis, vacuolation of the villi stroma, an increase in the number of 
avascular villi and immature villi of small caliber with the phenomena of syncytiotrophoblast focal hyperplasia.
An immunohistochemical study with MCA against CD31+ revealed the expression (optical density) of the vascular endothelial cells up to 2 points, and the expression level up 
to 3 points in the isolated areas with the appearance of the expression on the villi surface and in their thickness. During immunohistochemical studies with VEGF the expression 
level and its optical density increased up to 2-3 points, in some areas the expression of deposits were detected on the villi surface, in their thickness and in the intervillous space.
Conclusions: The comparative pathomorphological and immunohistochemical study of the placentae demonstrated more significant changes in the group of HIV-positive 
pregnant women with FGR. In the placentae of HIV-positive pregnant women with FGR immunohistochemical examinations revealed a high level of CD31+ and VEGF expression.
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VEGF is a potent angiogenic protein, a potential mitogen 
for vascular epithelium, which effect on vascular permeabil-
ity and is involved in neovascularization processes in patho-
logical conditions [6, 8]. VEGF stimulates activity, migration 
and proliferation of the endothelial cells. The most sensitive 
marker of the latter is CD31+, known as PECAM-1 (platelet 
endothelial cell adhesion molecule-1) [9, 10].

Placenta is the main crucial organ for ensuring the vital 
activity of the fetus, morphological changes of which can 
lead to pregnancy complications, such as FGR. Placenta is 
a very important diagnostic object with high information 
potential [11].

Further study of pathomorphological features of the 
placenta using modern markers will make it possible to 
discover new pathogenetic mechanisms of FGR, and will 
also make it possible in the future to create more effective 
methods of prevention of the specified pathology.

THE AIM 
To study the pathomorphological characteristics and im-
munohistochemical features of placentae from HIV-pos-
itive pregnant women with FGR.

MATERIALS AND METHODS
The study was performed in the maternity consulting 
centre and obstetric infectious department of the Kyiv 
City Center of Reproductive and Perinatal Medicine, 
which is the clinical bases of the Department of Obstetrics, 
Gynecology and Reproductology, in conjunction with the 
Department of Pathological and Topographic Anatomy of 
the Shupyk National Medical Academy of Postgraduate 
Education.

The study material was 32 placentae, including 12 pla-
centae from HIV-positive pregnant women with FGR 
(study group), 10 placentae from HIV-positive pregnant 
women without FGR (comparison group) and 10 placentae 
from HIV-negative women with physiological pregnancy 
(control group).

Macroscopic and microscopic examinations of the pla-
centae were performed according to the standard protocol 
(the order of the Ministry of Health of Ukraine No. 417 
of August 19, 2004 «On improvement of pediatric patho-
anatomical service»).

At pathomorphological examination material was sam-
pled from the different areas of umbilical cord, fetal mem-
branes and placental tissue, and fixed in a 10% solution of 
neutral buffered formalin (pH 7.4) for 24-36 hours. From 
paraffin blocks on the rotary microtome HM 325 (Ther-
moShandon, England) the serial histological slides 4-5 μm 
were cut, and then stained with hematoxylin and eosin [12].

In all cases the immunohistochemical examinations 
were performed to determine the status of the placental 
vascular component. For high-temperature processing of 
antigen epitopes the citrate buffer with pH6 and EDTA 
buffer (pH8) were applied. MСA against VEGF (clone 
RB-9031-PO) and CD31+ (clone JC/70A) were used to 

evaluate the vascular component and vascular endotheli-
um state. UltraVisionQuanto HRP detection system and 
Quanto DAB chromogen (ThermoFisherScientific, USA) 
were used [13, 14].

Positive expression was evaluated by optical density scale 
(qualitative score) from 1 to 3 points, and localization and 
prevalence of the positive reaction were also taken into 
account. The sign rating system (+/–) was applied. The «0 
points» corresponded to the lack of the reaction, «1 point» 
− mild expression, «2 points» − moderate expression, «3 
points» − marked expression. A detection color scale was 
used to estimate the staining intensity of the deposits [10, 
12]. The staining intensity scale was created on the basis 
of the degree of relationship and intensity of black/white 
colors, and this scale was adapted for the estimating of 
intensity.

Microscopic examination and photo reporting were 
performed using ZEISS (Germany) optical microscope 
with AxioImager.A2 data processing system with 5x, 10x, 
20x, 40x magnification of object glasses, binoculars 1.5 and 
eyepiece 10 with an ERc 5s camera.

RESULTS
In the control group macroscopically the placentae had an 
oval shape in 70% of cases, and a rounded shape in 30% 
of cases. The thickness and weight of the placenta were 
3.6±0.2 cm and 493±17.6 g respectively. The central umbili-
cal cord insertion sites were observed in 8 cases, the marginal 
in 2. In all cases the umbilical cord had three vessels. 

The maternal surface of placentae had dark red color. 
At pathomorphological examination 30.0% of cases re-
vealed the following changes: umbilical cord tissue had 
mild edema of Wharton’s jelly and focal manifestations 
of dysmucoidosis. The vascular component was without 
pathological changes. The tissue of the membranes had 
moderate manifestations of edema and isolated foci of 
dysmucoidosis, plethora areas and small hemorrhages. In 
the tissue of mature placentae there were normoformed 
villi, plethora areas of the blood vessels and intervillous 
space. Erythrostasis can be observed in some vessels of the 
villi. In most cases the small areas of fibrinoid necrosis of 
the villi and small foci of syncytiotrophoblastic hyperplasia 
were observed. Manifestations of dysmucoidosis were mild 
and mainly observed in the peripheral areas of placentae.

The immunohistochemical examinations with MCA 
against CD31+ revealed a mild (focal) expression of CD31+ 
positive cells of the vascular endothelium with staining in-
tensity of 1 point, mainly observed in the areas of fibrinoid 
necrosis and dysmucoidosis (fig. 1).

In the vessel walls and on the villi surface in the areas of 
secondary placental tissue changes the expression of VEGF 
deposits was characterized by low staining intensity of 1 
point (fig. 2).

In pathomorphological examination of the placentae 
from the HIV-positive pregnant women (comparison 
group) macroscopically they had an oval shape in 60% of 
cases and round shape in 40% of cases. The thickness and 
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Fig 1. Control group. In placental tissue there is focal mild expression of 
endothelial cells with staining intensity of 1 point. Immunohistochemical 
reaction with MCA against CD31+, ×100.

Fig. 3. Comparison group. In villi of different calibers there is the expression 
of positive endothelial cells, which form continuous chains that fill the 
entire perimeter of the vessel wall. Immunohistochemical reaction with 
MCA against CD31+, ×200.

Fig. 5. Study group. In the placental tissue there is expression of the vascular 
marker CD31+ on the villi surface and in their thickness with staining intensity 
of 3 points. Immunohistochemical reaction with MCA against CD31+, ×200.

Fig. 2. Control group. In placental tissue there are small deposits with low 
staining intensity of 1 point. Immunohistochemical reaction with MCA 
against VEGF, ×100.

Fig. 4. Comparison group. In placental tissue there is positive expression 
of deposits on the villous surface, and in the areas of fibrinoid necrosis. 
Immunohistochemical reaction with MCA against VEGF, ×200.

Fig. 6. Study group. Deposition of VEGF is found on the villous surface, in 
some areas becomes diffuse in the placental tissue and in the intervillous 
space. Immunohistochemical reaction with MCA against VEGF, ×200.
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weight of the placentae were 3.1±0.4 cm and 467±12.3 g. 
The central umbilical cord insertion sites were observed 
in 7 cases, the marginal in 3. In one placenta the umbilical 
cord had two vessels (a single umbilical artery). The ma-
ternal surface of placentae had dark red color.

Microscopic examination demonstrated the edema of the 
Wharton’s jelly and the signs of dysmucoidosis of varying 
severity in the umbilical cord tissue. The vessels of umbil-
ical cord were full-blooded with the erythrocyte marginal 
standing phenomena. In the membranes tissue there were 
uneven thickening, swelling and uneven manifestations of 
dysmucoidosis with a varying severity, hemorrhages. In the 
placental tissue there was uneven maturation, represented 
by the areas of dysfunctional villi, which were characterized 
by the marked manifestations of dysmucoidosis, massive 
fields of fibrinoid necrosis and hemorrhages in the inter-
villous space. In some cases ischemic changes, calcium salts 
deposition were noted. Another characteristic feature of this 
group was the pronounced plethora of the intervillous space 
(hemorrhages) and villous vascular component, represented 
by disproportionate development, which is manifested by 
different vascular caliber or quantitative changes of vessels.

The immunohistochemical examinations with MCA 
against CD31+ revealed the enlargement of vascular 
endothelial cells (compared with the control group) with 
positive expression and increase of the staining intensity 
with a predominant score of 2 points.

The immunohistochemical examinations with MCA 
against VEGF demonstrated a marked expression of de-
posits in the vascular component of the villi and on the 
villous surface with staining intensity of 2 points (fig. 4).

Macroscopically the placentae of the study group had 
an oval shape in 60% of cases and round shape in 40% 
of cases. The weight and thickness of the placentae were 
376.0±26.3 g and 2.1±0.3 cm. The central umbilical cord 
insertion sites were observed in 8 cases, the marginal in 
4. In two placentae the umbilical cord had two vessels (a 
single umbilical artery). The maternal surface of placentae 
had dark red color.

Pathomorphological examination of the placentae 
revealed more pronounced edema manifestations in 
umbilical cord tissues than in comparison group, which 
represented by partial stratification of the fibers of the 
vascular walls and dysmucoidosis in 90% of cases. Intracel-
lular edema was observed in the tissue of fetal membranes, 
which represented by partial vacuolation of the cells, signs 
of dismucoidosis and small hemorrhages. 

Placental tissue had more marked degenerative manifes-
tations − in the form of fibrinoid necrosis, occupied larger 
areas, acquired drainage character and focal infarctions. 
The manifestations of dysmucoidosis and secondary 
ischemic changes were more pronounced. It was noted the 
vacuolation of the villous stroma. The study demonstrated 
the increased number of avascular villi and immature villi 
of small caliber with the phenomena of focal hyperplasia 
of syncytiotrophoblasts. The formation of daughter lateral 
small villi and free cells of the syncytiotrophoblast was 
observed in the intervillous space. 

The immunohistochemical examinations with MCA 
against CD31+ showed increased optical density of vas-
cular endothelial cells up to 2 points. In some areas there 
was staining intensity of 3 points with the expression on 
the villi surface and in their thickness (fig. 5).

The immunohistochemical study with MCA against VEGF 
revealed that expression level and optical density increased up 
to 2-3 points, in some areas deposits were found in the inter-
villous space, on the villi surface and in their thickness (fig. 6).

DISCUSSION
In the group of healthy mothers and term births with mature 
fetus the characteristic features were following: small areas of 
fibrinoid necrosis, isolated foci of dismucoidosis and small 
foci of hemorrhages into the intervillous space. There were 
umbilical cord tissues with mild or moderate swelling of 
Wharton’s jelly, no abnormal changes in the tissue of the 
fetal membranes. The immunohistochemical examination 
with MСA against CD31+ showed absence of the expression 
of vascular endothelial cells or mild expression with optical 
density of 1 point. VEGF expression was overwhelmingly 
negative or slightly positive. These data correspond to the 
mature placenta with involuntary-degenerative changes and 
preserved function of the vascular component.

The placentae from HIV-positive women were charac-
terized by significant increase of degenerative changes. 
The number and area of fibrinoid necrosis increased, 
and the manifestations of dysmucoidosis became more 
pronounced. It was found marked plethora of villous 
vessels, plethora and hemorrhage areas in the intervillous 
space, manifestations of neoangiogenesis and increasing 
the number of vessels. The immunohistochemical exam-
ination showed both quantitative and qualitative increase 
of CD31+ and VEGF expression; optical density reached 
2 points. An increase in the optical density of CD3 + and 
VEGF expression indicates the impairment of placental 
trophic function due to degenerative changes of the micro-
circulatory bed vessels, namely the endothelial component.

Analyzing the data of HIV-positive parturient women and 
clinical manifestations of FGR we can say the following. The 
morphological picture demonstrated the changes inherent 
for comparison group and additionally manifestations of 
placental tissue immaturity, represented by heterogeneous ar-
chitectonics of the placental tissue, presence of a great number 
of the dysfunctional villi, villi with the signs of hyperplasia of 
the stroma and syncytiotrophoblasts. Immunohistochemi-
cal study with MCA against CD31+ showed increasing the 
optical density and positive expression area up to 3 points. 
Immunohistochemical examination with MCA against VEGF 
revealed that the score of expression optical density was 2-3.

CONCLUSIONS
1. �Morphological picture of the healthy mother placentae 

corresponds to the adaptive-compensatory changes of 
the mature placenta without pathological changes and 
with undisturbed function of the microcirculatory bed.
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2. �In placentae from the group of HIV-positive parturient 
women the compensated chronic placental insufficiency 
with moderate manifestations of the vascular component 
affection was present in vast majority of cases.

3. �The placentas of HIV-positive parturient women with 
FGR were characterized by a picture of subcompensated 
chronic placental insufficiency with the signs of placental 
tissue immaturity and moderate manifestations of vascu-
lar component dysfunction, or decompensated chronic 
placental insufficiency with marked manifestations of 
placental tissue immaturity and pronounced disorders 
of the tissue trophic due to vascular component.

4. �Pathological changes inherent for the placentae of 
HIV-positive women especially associated with FGR in-
dicate a marked dysfunction of the vascular component, 
which led to the placental dysfunction and FGR deve.

Prospects for further research. Further studies will focus 
on the identification of the correlation between clinical, 
pathomorphological and immunohistochemical param-
eters in order to develop more effective methods for pre-
vention and prognosis the development of FGR.
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