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Abstract
Background: Disorder of villous maturation is one of the main reasons for antenatal hypoxia and fetal deaths. Meticulous 
microscopic and CD15 immunohistochemical studies of such cases may provide valuable information regarding the 
cause of intrauterine fetal death (IUFDs), can help to avoid diagnostic dilemmas and can offer potential treatment 
options for its prevention in future pregnancies. 

Objective: To determine the types of disorders associated with villous maturation in the placenta in late intrauterine 
fetal death patients, identify delayed villous maturation via histopathological and CD15 immunohistochemical studies 
and determine its association with recurrent pregnancy loss. 

Method: A cross -sectional study was carried out in the Department of Pathology, Sir Salimullah Medical College 
Mitford Hospital, Dhaka, from March 2021 to January 2023. A total of 80 patients with late IUFDs were included in 
this study. The placentas of the dead newborns were histopathologically analyzed, and CD15 immunohistochemistry 
was performed. 

Result: Among the 80 patients, 40 (50.0%) were multiparas, 36 (45.0%) were primis, and only 4 (5.0%) were grand 
multipara patients. Twenty (25.0%) patients had a history of one IUFD, and 4 (5.0%) patients had a history of multiple  
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IUDFs. Twenty-eight (35%) patients had disorders of villous maturation, among whom 19 (23.8%) had delayed villous 
maturation (DVM), 4 (5.0%) had malformed villi, 3 (3.8%) had distal villous hypoplasia, 1 (1.3%) had deficiency of 
intermediate villi and 1 (1.3%) had accelerated villous maturation. CD15 immunostaining was performed in 53 patients, 
including villitis of unknown origin, disorders of villous maturation and villous edema. Among them, 34 (64.15%) had 
negative CD15 expression, whereas 19 (35.8%) had positive CD15 expression. All 19 patients with delayed villous 
maturation had positive CD15 expression (100%), which confirmed their histological diagnosis and ensured the complete 
exclusion of other false positive cases. Among them, 8 (42.1%) had moderate CD15 expression and 11 (57.89%) had 
severe CD15 expression. Among the 13 multipara patients with DVM, 12 (92.3%) had a history of previous IUFD. 
Among the remaining 31 multipara patients with no DVM, 11 (35.5%) had a previous history of IUFD. A significant 
difference in a history of previous intrauterine fetal death was observed between the DVM present and absent groups 
(p=0.001). 

Conclusion: This study revealed that disorders of villous maturation are among the main causes of late IUFD and 
that DVM shows a distinctive pattern of CD15 immunohistochemical expression. Moreover, this study shed light on the 
association between DVM and recurrent pregnancy loss. The identification of DVM can guide physicians in decision 
making regarding the management of the patients and prevention of further pregnancy losses. 
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1. Introduction 
According to the International Classification for Diseases 11th 
revision (ICD-11), fetal death prior to complete expulsion or 
extraction from the mother of a product of conception at or after 
28 weeks or weighing greater than 1000 g or after 28 weeks is 
called late intrauterine fetal death (IUFD). According to the World 
Health Organization, in 2022, the stillbirth rate in Bangladesh was 
25 per 1000 total births, which is still high. The human placenta 
is a discoid, choriodecidua organ that acts as a portal connecting 
the fetus with the uterine wall of the mother via the umbilical cord. 
Despite its undeniable role in human fetal development, the study 
of the placenta has lagged behind  that of fetuses1 Intrauterine 
fetal death may be caused by maternal, fetal or placental factors. 
The placental factors include umbilical cord and placental disc 
abnormalities such as retroplacental hemorrhage, circumvallation, 
marginal cord, true knot, calcification, inflammatory reactions, 
circulatory compromise (maternal or fetal), abnormalities in villous 
maturation, hemorrhage, necrosis, villous edema, perivillous fibrin 
deposition and other conditions [1-5]. Among all the placental 
factors, disorders of villous maturation constitute 44.0%, of which 
delayed villous maturation comprises 22% [6].

The placenta undergoes profound developmental changes 
throughout the conception period, progressing from mesenchymal 
to immature intermediate to stem villi to mature intermediate 
to mature terminal villi, which are collectively referred to as 
villous maturation. This process is characterized by a steadily 
increasing number of villous capillaries and the formation of 
vasculosyncytial membranes within terminal villi via the merging 
of syncytiotrophoblasts with the villous capillary endothelium. 
It shortens the oxygen diffusion distance between the fetal and 
maternal blood. This is the main mechanism by which the placenta 
meets the growing fetal demand in the last 2 months of pregnancy 
[6]. Thus, defective villous tree maturation can cause decreased 
vasculosyncytial membrane formation, resulting in placental 
dysfunction and fetal hypoxia [6].

Disorders of villous maturation are ramification disorders of the 
villous tree, whereby the observed morphology chronologically 
differs from what should be normal for the gestational age [7]. Its 
etiology is unknown, with diabetes, ABO incompatibility and viral 
disease being the most important risk factors.7 Persistent villous 
immaturity, with a predominance of immature villi and a deficiency 
of terminal villi, increases the risk of stillbirths approximately 70-
fold and the risk of recurrence 10-fold [8]. The recurrence rate of 
DVM in subsequent pregnancies is approximately 5% [6]. 
 
Turowski and Vogel, (2018) suggested a classification of 
maturation disorders according to the morphology of the placenta, 
which is described below- [9]
Accelerated Villous Maturation: 
•	 It is diagnosed by identifying a diffuse pattern of term-

appearing villi with increased syncytial knots (>33%) and 
intervillous fibrin, usually alternating with areas of villous 
paucity prior to term. 

•	 Accelerated maturation can be observed in FGR, preeclampsia, 
and preterm labor,; in twin or triplet placentas and in the 
hyperviscosity of fetal blood. 

  
Delayed Villous Maturation: 
•	 Characteristic morphology shows villi of increased villous 

diameter, with a cellular stroma and increased extracellular 
matrix. Capillaries are centrally placed, and vasculosyncytial 
membranes are reduced, which can be found a few weeks 
before or close to term, rarely before 34 weeks of gestation. 

•	 For DVM, more than 30% of the villi within the basal 2/3rd 
of the placental parenchyma is immature. The immature 
intermediate/terminal villous ratio is increased. 

•	 It is associated with maternal metabolic disorders and obesity, 
intrauterine hypoxia, fetal chronic diseases, disorders of the 
central nervous system in children, congenital anomalies, 
FGR, and fetal death [9,10]. 

•	 The risk of recurrence in subsequent pregnancies is greater. 
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Arrest of Villous Maturation: 
•	 Deficient ramification of immature intermediate villi with 

large diameters and lumpy shapes. The stroma is primitive 
mesenchymal, embryonic, loosely reticular with Hofbauer 
cells and few capillaries with decreased VSM. The chorionic 
epithelium is flat and single layered with few knots and 
cytotrophoblast cells . 

•	 Seen in early miscarriage and late pregnancy, maternal obesity 
with and without diabetes, syndromes and chromosome 
aberration (trisomy). 

•	 Recurrence risk is assumed to depend on the severity of the 
disease. 

Distal Villous Hypoplasia: 
•	 The villi are thin and relatively elongated with increased 

intervillous space and syncytial knots. It is more commonly 
associated with MVM in early pregnancy (<32 weeks of 
gestation). Features in the lower two-thirds and involving at 
least 30% of 1 full-thickness parenchymal slide are diagnostic. 

•	 Early-onset FGR and preeclampsia may lead to adverse fetal 
outcomes [11].

Deficiency of Intermediate Villi: 
•	 This disease is characterized by the absence of intermediate 

villi, with only stem villi and slender terminal villi. The stroma 
is partly fibrous and contains vasculosyncytial membranes 
with regressive syncytial knots in both villous types. 

•	 It is clinically associated with preeclmapsia, HELLP 
syndrome, chronic hypertension, collagenous syndromes, 
prematurity, placental hypoplasia, IUFD and FGR. 

 
In most cases of asymptomatic villous immaturity, the only method 
of identification is histopathological observation of the placenta. 
However, delayed villous maturation and villitis can mimic the 
appearance of villous edema and can be microscopically associated 
with severe fetal erythroblastosis and/or nonspecific chronic villitis 
of unknown etiology [1,7,11]. Therefore, by performing CD15 
immunostaining, DVM can be confirmed to be differentiated from 
other similar histopathological entities, which is highly important, 
as patient management differs across different diagnoses. 
 
CD15 is a stage-specific embryonic antigen (SSEA-1) known 
to be expressed in the immature endothelium. CD15 expression 
mirrors cytoplasmic maturity, and its expression is increased in the 
G1 phase of the cell cycle. The normal placenta contains CD15+ 
endothelium with physiological villous immaturity in the first 
and second trimesters. Gradual loss of CD15 positivity at term 
indicates trophoblastic differentiation, spiral artery remodeling 
and placental maturity. Therefore, CD15 positivity in the villous 
endothelium at term is an important indicator of delayed villous 
maturation. As endothelial cells perform many essential functions, 
endothelial dysfunction leads to vascular disease and can cause 

distress to the fetus, thus causing fetal death [6,7]. 
 
Therefore, CD15 immunostaining can differentiate DVM from 
other cases, which may help physicians treat patients accordingly 
and take necessary measures to prevent further recurrence [7].
 
2. Methods 
This was a cross-sectional, descriptive and observational study. A 
total of 80 mothers aged 18 years or above with a diagnosis of 
unexplained late IUFD at a gestational age of 28 weeks or above 
(maternal and fetal screening performed till 28 weeks and yielded 
normal results) were included in this study. The maternal exclusion 
criteria included: diabetes, hypertension, eclampsia, preeclampsia, 
covid, dengue and other co morbidities. The fetal exclusion 
criteria included:  fetal with congenital anomaly and macerated 
fetus. The study was conducted at the Department of Pathology, 
Sir Salimullah Medical College, Dhaka, Bangladesh, from March 
2021 to January 2023. 
 
The placentas were collected from the Department of Obstetrics 
and Gynecology, Sir Salimullah Medical College Mitford Hospital, 
Dhaka, immediately after delivery and fixed with 10% neutral 
buffered formalin for 24 hours. The specimens were subsequently 
processed and examined at the Department of Pathology, SSMC, 
for histopathological examination. 
 
Placentas were weighed after the cord and membrane were 
removed. After meticulous gross examination, 6 blocks were 
submitted: 1 block to include a roll of the extraplacental membranes 
from the rupture edge to the placental margin, 2 cross sections 
of the umbilical cord (one from the fetal end and another 5 cm 
from the placental insertion end), and 3 blocks each containing 
a full thickness or upper 3rd or lower 3rd section of placenta 
parenchyma. The slides were stained with H&E. 
 
Microscopic examination of the placentas was performed, and 
slides from 53 cases (disorders of villous maturation, edema and 
villitis) were subjected to CD15 immunostaining. Immunostaining 
was evaluated via light microscopy. The percentage of positive 
staining was determined in 5 highpower fields on each slide, and 
the average percentage of CD15-positive cells was calculated. 

Primary antibody: FLEX monoclonal mouse anti-human antibody 
to CD15 (clone Carb-3). The secondary antibody used was 
EnVision FLEX/Horseraddish Peroxidase SM802. 
 
3. Scoring System (Table I): 
Positive: Circumferential CD15-positive expression in 
the macrovasculatures (chorionic plate and stem vessels), 
microvasculatures (terminal villi) or both in >30% of the villi of 
the placental parenchyma was considered pathological placental 
villous immaturity.
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Table I: CD15 immunophenotyping for postpartum assessment of the grade of pathological 
placental immaturity.7 

 
CD15 grading of 
placental 
immaturity 

Assessment of endothelial fetoplacental 
immaturity by CD15 expression 

Similar CD15 
status of EC in 
normal 
pregnancy 

Assessment of structural 
immaturity of the placenta 

Macrovascular ECs Microvascular ECs Immature villi Mature villi 

Grade I(severe 
immaturity) 

Immaturity (CD15+) Immaturity (CD15+) I trimester Increased 
>50% 

Deficiency 

Grade 
II(moderate 
immaturity) 

• Positivity in terminal villi,  with focal 
positivity in stem villi OR 

• Macrovascular Maturity (CD15-) 
with Microvessel Immaturity 
(CD15+) 

II trimester Increased 
30%-50% 

Decreased 

Grade III(maturity) Maturity (CD15-) Maturity (CD15-) III trimester Normal Normal 

 

Negative: Positive expression in <30% of the villi of the placental parenchyma was considered 
normal maturity (Grade 3).7 
Positive and negative controls: Tissue from the Vermiform Appendix, diffuse epithelial membrane 
staining was used as a positive control for CD15. The negative control was normal term placental 
tissue. 
 
Results: 
Distribution of patients by gravida 
 

 

Primi(45.0%)
Multi(50.0%)

Grand 
multipara 

(5.0%)

Primi Multi Grand multi

Table 1: CD15 Immunophenotyping for Postpartum Assessment of the Grade of Pathological Placental Immaturity [7].

Negative: Positive expression in <30% of the villi of the placental 
parenchyma was considered normal maturity (Grade 3).7 

Positive and negative controls: Tissue from the Vermiform 
Appendix, diffuse epithelial membrane staining was used as a 

positive control for CD15. The negative control was normal term 
placental tissue. 
 
4. Results
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Figure 1. Distribution of patients by gravida (n=80) 
 
 
 
Distribution of patients by microscopic findings 

 
Figure 2. Distribution of patients by microscopic findings (n=80) 
 
 
 
Distribution of patients by disordered villous maturation 
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Figure 1: Distribution of Patients by Gravida (n=80)

Figure 2: Distribution of Patients by Microscopic Findings (n=80)

 Distribution of patients by microscopic findings
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Figure 3: Distribution of Patients by Disordered Villous Maturation (n=80)

Distribution of patients by CD15 immunohistochemical expression

CD 15 expression Frequency (n) Percentage (%) 
Negative 34 64.15 
Positive 19 35.8

Table 2: Distribution of Patients by CD15 Expression (n=53)

Distribution of CD15 expression in patients with delayed villous maturation

    CD 15 expression Frequency (n) Percentage (%) 
      Negative     0 0.0 
      Positive 
    Moderate 
     Severe 

19 
8 
11

100.0 
42.1 
57.89

Table 3: Distribution of CD15 Expression in Patients with Delayed Villous Maturation (n=19)

 
Figure 3. Distribution of patients by disordered villous maturation (n=80) 
 
 
Distribution of patients by CD15 immunohistochemical expression 
 
Table II:   Distribution of patients by CD15 expression (n=53) 
CD 15 expression Frequency (n) Percentage (%) 
Negative 34 64.15 
Positive 19 35.8 

 
Distribution of CD15 expression in patients with delayed villous maturation 
 
Table III: Distribution of CD15 expression in patients with delayed villous maturation (n=19) 
 
    CD 15 expression Frequency (n) Percentage (%) 

      Negative     0 0.0 

      Positive 
• Moderate 
• Severe 

    19 
      8 
    11 

100.0 
42.1 
57.89 

  
 
 
 

  
 
Figure 4. Photograph showing a histological section of a severe case of delayed villous maturation 
(H&E 40X) 
 

Figure 4: Photograph Showing a Histological Section of a Severe Case of Delayed Villous Maturation (H&E 40X)
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Figure 5. Photograph showing the immunohistochemical expression of CD15 (40X) 
 
 

  
Figure 6. Photograph showing a histological section of a moderate delayed villous maturation 
disorder (H&E 40X) 
 

  
Figure 5. Photograph showing the immunohistochemical expression of CD15 (40X) 
 
 

  
Figure 6. Photograph showing a histological section of a moderate delayed villous maturation 
disorder (H&E 40X) 
 

Figure 5: Photograph Showing the Immunohistochemical Expression of CD15 (40X)

Figure 6: Photograph Showing a Histological Section of a Moderate Delayed Villous Maturation Disorder (H&E 40X)

   
Figure 7. Photograph showing moderately positive expression of CD15 by immunohistochemistry 
(40X). 
 
 

  
Figure 8. Photograph showing histological section of villous edema (H&E 40X) 
 

Figure 7: Photograph showing Moderately Positive Expression of CD15 by Immunohistochemistry (40X).
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Figure 7. Photograph showing moderately positive expression of CD15 by immunohistochemistry 
(40X). 
 
 

  
Figure 8. Photograph showing histological section of villous edema (H&E 40X) 
 Figure 8: Photograph Showing Histological Section of Villous Edema (H&E 40X)

  
Figure 9. Photograph showing negative expression of CD15. Immunohistochemistry in a case of 
villous edema (10X). 
 
Distribution of patients by previous history of intrauterine fetal death 
 
Table IV: Distribution of patients by previous history of intrauterine fetal death (IUFD) (n=80) 
 
History of intrauterine fetal death Frequency (n) Percentage (%) 
Absent 56 70.0 
Single 20 25.0 
Multiple 4 5.0 

 
Association between a history of previous IUFD and delayed villous maturation 
 
Table V: Association between a history of previous IUFD and delayed villous maturation 
                     (n=44) 
History of previous IUFD       Delayed villous maturation p value 

   Present    Absent  
Absent 1 (7.7%) 20 (64.5%) 0.001 
Present 12 (92.3%) 11 (35.5%)  

                                                                                                                       Fisher’s exact test 
Discussion 
In our previous study, we aimed to categorize fetal deaths by different gross and histopathological 
findings to analyze the underlying mechanisms and to determine how many unexplained fetal 
deaths remain unexplained after examination of the placenta.1 One of the major causes was the 
disorder of villous maturation. In our current study, we aimed to further categorize different types 
of villous maturation disorders, CD15 immunopositivity in the endothelium of delayed villous 
maturation, their grading and their association with recurrent pregnancy loss. 
In the present study, a total of 80 cases of late IUFD were examined histopathologically. Among 
them, 50% were multiparous, 45% were primiparous, and 5% were grand multiparous patients 

Figure 9: Photograph Showing Negative Expression of CD15. Immunohistochemistry in a Case of Villous Edema (10X).

Distribution of patients by previous history of intrauterine fetal death

History of intrauterine fetal death Frequency (n) Percentage (%) 
Absent 56 70.0 
Single 20 25.0 
Multiple 4 5.0

Association between a history of previous IUFD and delayed villous maturation

 Table 4: Distribution of Patients by Previous History of Intrauterine Fetal Death (IUFD) (n=80)

History of previous IUFD  Delayed villous maturation p value 
   Present   Absent
Absent 1 (7.7%) 20 (64.5%) 0.001 
Present 12 (92.3%) 11 (35.5%) 

Table 5: Association between a History of Previous IUFD and Delayed Villous Maturation
Fisher’s exact test (n=44)
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5. Discussion 
In our previous study, we aimed to categorize fetal deaths by 
different gross and histopathological findings to analyze the 
underlying mechanisms and to determine how many unexplained 
fetal deaths remain unexplained after examination of the placenta 
[1]. One of the major causes was the disorder of villous maturation. 
In our current study, we aimed to further categorize different types 
of villous maturation disorders, CD15 immunopositivity in the 
endothelium of delayed villous maturation, their grading and their 
association with recurrent pregnancy loss. 

In the present study, a total of 80 cases of late IUFD were examined 
histopathologically. Among them, 50% were multiparous, 45% 
were primiparous, and 5% were grand multiparous patients (Figure 
1). The majority of the patients (70.0%) did not have any previous 
history of intrauterine death (IUFD), while 20 (25.0%) patients 
had a history of one IUFD, and 4 (5.0%) patients had a history of 
multiple IUFDs (table 4). 
 
In the present study, 28 (35%) patients presented with disorders 
of villous maturation. The patterns revealed that 19 (23.8%) 
patients had delayed villous maturation, 4 (5.0%) had malformed 
villi, 3 (3.8%) had distal villous hypoplasia, 1 (1.3%) had 
deficiency of intermediate villi, and 1 (1.3%) had accelerated 
villous maturation (figure 2,3). In 2009, Korteweg and his 
colleagues12 reported delayed villous maturation in 4.3% and 
accelerated villous maturation in 12% of stillbirth cases. Gibbins 
et al., (2016) reported delayed villous maturation in 9.9% and 
accelerated villous maturation in 7.4% of fetal death cases [13]. 
Ananthan et al., (2019) reported that delayed villous maturation 
(DVM), 38.82%, was significantly present in stillbirths and that 
the incidence of distal villous hypoplasia (DVH) was 44 (51.76), 
which supports the findings of the present study [5]. Disorders of 
villous maturation [delayed villous maturation, 22% (31/143); 
accelerated villous maturation, 20% (28/143); and maturation 
arrest, 4% (5/143)] were significantly more common in cases of 
fetal death according to the study of Jaiman et al., (2020) [6]. In 
the study conducted by Kulkarni et al., (2021), delayed villous 
maturation was found in 5.9% of fetal deaths, accelerated villous 
maturation in 17.4%, and distal villous hypoplasia in 41.3% of 
fetal deaths [3]. The above findings are almost comparable with 
those of the present study. 
 
CD15 immunohistochemistry was performed on samples from 53 
patients, including villitis of unknown origin, disorders of villous 
maturation and villous edema (villous edema, figure 8). Thirty-
four (64.15%) patients had negative CD15 expression (figure 9), 
whereas 19 (35.8%) had positive CD15 expression (figure 5,7, 
table II). All 19 patients who expressed CD15 immunopositivity 
were histologically compatible with delayed villous maturation 
(DVM) (figure 4,6), which strongly supports the theory of 
Seidmann et al., (2014), who reported that only DVM shows CD15 
immunopositivity. Among them, 8 (42.1%) had moderate CD15 
expression, and 11 (57.89%) had severe CD15 expression. Eighty-
five placentas were diagnosed with delayed villous maturation 
microscopically [7]. Seidmann et al., (2014)7 reported that 64 

out of 111 normal and pathological term placentas presented 
moderate immaturity (30–50%) with moderately positive CD15 
immunostaining, and 21 of them presented severe immaturity 
(>50%) with strongly positive CD15 immunostaining. 
 
Among the 44 multipara patients, 13 patients had DVM, and 12 
(92.3%) had a history of previous IUFD. The remaining 31 patients 
had no DVM, and among them, 11 (35.5%) had a history of 
previous IUFD. A significant difference in the number of patients 
with a history of previous IUFD was observed between the groups 
(p=0.001) (Table III). Stallmach et al., (2001) also reported that the 
risk of recurrent stillbirth was 10-fold greater than that at baseline 
and occurred mostly after 35 weeks of gestation [8]. 
 
6. Conclusion
Delayed villous maturity can cause significant fetal hypoxia and 
hence unexplained fetal death in apparently healthy mother and 
fetus. However, it can be prevented in subsequent pregnancies by 
taking necessary measures. In this context, the diagnosis of DVM, 
both histopathologically and immunohistochemically, is highly 
valuable. Our current study revealed that patients with delayed 
villous maturation disorder express positive CD15 expression 
in the immature villous endothelium and show a statistically 
significant association with recurrent pregnancy loss. We propose 
that immature CD15+ endothelium in the term placenta is an 
important diagnostic marker of DVM. 
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