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Abstract: The mortality rate of women during the gestation period or after delivery is very high worldwide.
ToRCH pathogens [Toxoplasma gondii (T.gondii), Rubella Virus (RV), Cytomegalovirus (CMV), and Herpes
Simplex Virus (HSV)] are transmitted vertically and are associated with mortality and complications both in
the mother and the fetus or children. Therefore, this study is designed to investigate the TORCH pathogen-
induced histopathological changes in placental tissues and associated post-obstetric complications in Pakistani
women. Women (N = 68) included in this study were divided into Group A (women with current abortion and
bad obstetric history-BOH) and Group B (women with normal delivery and BOH). The venous blood collected
was analyzed for TORCH antibodies through ELISA. A small piece of placenta tissue taken after delivery or
abortion was subjected to nucleic acid (NA) detection through PCR using ToRCH pathogen-specific primers.
The placental tissue was analyzed for histopathological changes under a microscope. The data obtained were
analyzed using percentages and the Chi square test. Overall TORCH antibody positivity was 64.70% (44/68). Of
these, IgM (Immunoglobulin M) was found in 17.65% (12/68), IgG (Immunoglobulin G) in 45.59% (31/68), and
one case (1.47%) was seropositive for both IgM and IgG. The NA was detected in 66.18% (45/68) of the placental
tissues of the study population. The higher prevalence of antibodies for T.gondii and RV (23.53% each) and NA
for RV, CMV, and HSV (17.99% each) was observed in the study population. The TORCH infection (antibodies
and NA) with BOH complications was statistically found to be non-significant (p> 0.05). Overall discrepancies
in ToRCH antibodies and NA positivity were found in 86.76% (59/68) of cases, especially for RV (26.47%).
Chorionic villitis (CV) in placental tissues was observed in 20.59% (14/68), i.e., 13.23% of Group A and 7.35%
of Group B. Of the total, four women with T.gondii, six with RV, and three each with CMV and HSV infection
were found with CV. The most common BOH complications observed were recurrent spontaneous abortions
(RSAs) (47.05%, 32/68), stillbirth (22.05%, 15/68), congenital abnormalities (14.70%, 10/68), etc. It was observed
that RSAs were associated with CV (10.29%) in the study population. The BOH complication and CV were
found to be statistically non-significant (p> 0.05). It is concluded that TORCH pathogens are prevalent in the
study population, and CV was the only histopathological change found and associated with BOH
complications.

Keywords: ToRCH pathogen; antibodies; nucleic acid (NA); placenta; chorionic villitis (CV); bad
obstetric history (BOH)
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1. Introduction

The mortality rate of pregnant women during the gestation period or after delivery is about
0.287 million per year worldwide [1]. The vast majority of maternal deaths (95%) and perinatal deaths
(exceeding 7.6 million) occurred in underprivileged areas worldwide [1,2], which can lead to
frustration among families and cause a burden on the health economy. The BOH is one of the leading
causes of death in pregnant women [3]. Various complications of BOH, like RSAs, account for 15 to
20% of all pregnancies [4], and the stillbirth rate is 3-5/1000 of total births [5]. The other complications
include intrauterine growth retardation (IUGR), early neonatal expiry, and/or congenital
abnormalities (CA) [6]. Infectious agents like TORCH pathogens are among the etiological factors of
BOH [3]. These pathogens are transmissible inside the uterus at different trimesters of pregnancy,
depending on the age of gestation at the time of infection, the severity of the maternal disease, the
virulence of the organism, and impairment in the placental tissues [7,8]. Since the placenta is the
connecting link between the mother and the fetus, therefore, placental pathophysiological changes
may have negative impacts on the mother's and the fetus's or baby's health [9-11].

Pakistan is one of the top-ranked counties for BOH complications, and the maternal mortality
rate is 186 deaths per 100,000 live births [12]. Various studies showed that TORCH pathogens are
highly prevalent across the globe, and the rate is relatively high among Asian women at childbearing
age [13]. Similarly, a wide distribution of these pathogens is reported in Pakistan [14-21]. Therefore,
this study is designed to analyze ToRCH pathogen-induced histopathological changes in placental
tissues and associated post-obstetric complications in women from Pakistan.

2. Materials and Methods

2.1. Study Area/Design

The study was conducted in Peshawar, the capital city of the Khyber Pakhtunkhwa province of
Pakistan. The study was carried out from May 2022 to April 2023. Women (N = 68) with a previous
history of BOH and ages 18-47 were enrolled in this study. The study subjects were divided into two
groups: Group A (n = 43), comprised of women with current abortions at the time of sample
collection, and Group B (n = 25), which contains women with normal delivery.

2.2. Inclusion Criteria

Women within the reproductive age range, any ethnic group, with regular and normal
menstrual cycles, normal body weight, and no serious diagnosed disease were included in the study
population. Furthermore, women with a history of two or more adverse pregnancy outcomes were
the main inclusion criteria.

2.3. Samples and Data Collection

Venous blood (3 mL) was collected in sterile tubes, and serum was separated and stored at -20
°C at the Laboratory of Virology and Immunology, Department of Zoology, University of Peshawar.
Placental tissues were collected after delivery or abortion by expert medical personnel at Lady
Reading Hospital, Peshawar, and preserved in 300 mL of Tris-EDTA buffer (Tris-HCI 10 mM; EDTA
1 mM). Data, including demographic and clinical results, was collected through a pre-designed
questionnaire. A proper written consent was obtained from study participants at the time of sample
and data collection.

2.4. Ethical Approval

The present study was approved by the Ethical Committee, University of Peshawar, under
Applicant # 313/EC/F.LIFE/UOP-2020, dated November 3, 2020.
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2.5. Enzyme Linked Immune Sorbent Assay (ELISA)

Antibodies (IgM and IgG) of ToRCH pathogens were detected in serum through IgM and IgG
ELISA kits (DRG International USA) for each pathogen, according to the instructions of the
manufacturer.

2.6. Nucleic acid (NA) Extraction

DNA for T.gondii, CMV, and HSV, and RNA for RV, were extracted from placenta tissues using
the TRIzol ™ Reagent Kit (Thermo Fisher Scientific, USA) following the manufacturer’s protocol.

2.6.1. Nucleic Acid Amplification

The DNA of T.gondii, CMV, and HSV was amplified using the protocols of Sadek et al. [22],
Munro et al. [23], and Coyle et al. [24], respectively, while RNA of RV was reverse transcribed to
cDNA using RevertAid RTase (Thermo Fisher Scientific, USA) and amplified according to the
protocol of Bosma et al. [25]. The amplifications were carried out using the Dream Taq Green PCR
Master Mix (Thermo Fisher Scientific, USA) according to the manufacturer’s instructions.

2.6.2. Gel Electrophoresis

PCR-amplified products were electrophoresed on a 2% agarose gel visualized under UV light
and compared with the 50-bp DNA ladder.

2.7. Histopathological Examination of Placenta Tissues

The placental tissues were fixed with 10% formalin, dehydrated in ethanol (70% and 100%), and
then embedded in paraffin wax using routine tissue processing. A four-pum-thick section was cut
from each block prepared, deparaffinized, rehydrated, and stained with hematoxylin and eosin. The
prepared slide was then observed under a microscope for histopathological changes. The microscopic
examinations were reported by a consultant histopathologist at the Northwest General Hospital and
Research Center in Peshawar, Pakistan.

2.8. Data Analysis

The data were analyzed in percentages, and a x2 test was applied where a p-value <0.05 was
considered statistically significant.

3. Results
3.1. Demographics of Study Population

The demographic factors of the study population are shown in Table 1. The participants of the
study were divided into three age groups (G-I, G-1I, and G-III). Most of the women in Group A and
B were of age group G-II. At the time of abortion, 41.86% of women were in the 1st trimester, 44.18%
in the 2nd trimester, and 13.95% in the 3rd trimester of pregnancy.

The overall seropositivity of TORCH pathogens was 64.70% (44/68). Of these, IgM was 17.64%
(12/68) [16.17% (11/68) in Group A and 1.47% (1/68) in Group B], while IgG was 45.58% (31/68)
[32.25% (10/31) in Group A and 67.74% (21/31) in Group B]. One case (1.47%) in Group A was reported
positive for both IgM and IgG. Overall, the NA of ToORCH pathogens in placental tissues was detected
in 66.18% (45/68) [38.23% (26/68) in Group A and 27.94% (19/68) in Group B] (Tables 1 and 2).

Overall, the highest frequency of antibodies was observed for T.gondii and RV (23.53%, 16/68),
but few were positive for NA of T.gondii (9/16) and RV (12/16). The prevalence of CMV (10.29%, 7/68)
and HSV (5.88%, 4/68) antibodies was lower than NA. The prevalence of NA was high for RV, CMV,
and HSV (each 17.64%, 12/68) (Table 2). The TORCH pathogen and associated obstetric complications
were found to be statistically non-significant (p > 0.05).

The most common BOH complications observed were RSAs (47.05%, 32/68) and stillbirth
(22.05%, 15/68), while others like IUGR, neonatal deaths and CA were less common (Table 1).

d0i:10.20944/preprints202405.0871.v1
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Table 1. Demographics of the Study Population (N = 68).

Group A Group B
Variables
n (%) n (%)
G-1=18-27 13 (19.11) 9 (13.23)
Age Groups
G-11=28-37 24 (35.29) 10 (14.70)
(Years)
G-Il = 38-47 6 (8.82) 6 (8.82)
1st 18 (41.86) -
Trimesters 2nd 19 (44.18) -
3rd 6 (13.95) -
IgM 11 (16.17) 1(1.47)
Antibodies
IeG 10 (14.70) 21 (30.88)
(Positivity)
IgM and IgG 1(1.47) -
NA Positive 26 (38.23) 19 (27.94)
RSAs 23 (33.82) 9 (13.23)
Stillbirth 8 (11.76) 7 (10.29)
BOH Complications TUGR 2 (2.94) -
Neonatal death 4 (5.88) 5(7.35)
CA 6 (8.82) 4 (5.88)
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Groups T.gondii RV CMV HSV
(n) IgM IgG NA IgM IgG NA IgM IgG NA IgG NA
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
GroupA | 2(4.65) | 4(9.30) 6(1395) | 6(13.95) | 3(6.97) 8 (18.6) 3(697) | 1(232) | 6(13.95) 2(465 | 6(13.95)
43)
GroupB | 10 (40) 3(12) 1(4) 6 24) 4 (16) . 3(12) 6 24) 2 (8) 6 24)
(25)
Total (68)
2(294) | 14206) | 9(1323) |7(1029 |9(1323) |12(17.64)  |3(44l) |4(588) |12(1764) | 4(588) | 12(17.64)
p-value 0.062 0.088 0.113 1.000

Note: One case in Group A was positive for both T.gondii IgM and IgG.
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3.2. Discrepancies of TORCH Antibodies and NA Positivity

Some discrepancies were observed in ToRCH antibodies and NA positivity and are shown in
Table 3. TORCH antibodies and NA positivity varied in different women, and the discrepancies were
86.76% (59/68). On the basis of the presence or absence of IgM, IgG, and NA, the study population
was divided into six categories, according to discrepant results i.e. Cat-I (IgM, IgG positive, and NA
negative), Cat-II (IgM and NA positive, IgG negative), Cat-1II (only IgM positive), Cat-IV (only IgG
positive), Cat-V (IgG and NA positive), Cat-VI (only NA positive).

The discrepancies were more frequent in Cat-V (in the case of T.gondii and RV) and Cat-VI (in
the case of HSV and CMV) (Table 3).

Table 3. Discrepancies of TORCH in Different Categories.

T. gondii RV CMV HSV Total
Category
n (%) n (%) n (%) n (%) n (%)

Cat-I 1(1.47) - - - 1(1.47)
Cat-11 2(2.94) 4 (5.88) 3(441) - 9(13.23)
Cat-III - 3(441) - - 3 (4.41)
Cat-1V 7 (10.29) 3(441) - - 10 (14.70)
Cat-V 6(8.82) 6 (8.82) 4 (5.88) 4 (5.88) 20 (29.41)
Cat-VI 1(1.47) 2(2.94) 5 (7.35) 8 (11.76) 16 (23.52)
Total 17 (25) 18 (26.47) 12 (17.64) 12 (17.64) 59 86.76)

3.3. ToRCH Pathogens and Histopathological Changes

Placental tissue changes examined were compared with ToRCH antibodies and NA positivity
and are shown in Table 4. The histopathological changes were compared with normal placental tissue
(Figure 1). The only change observed was CV (14/68, 20.59%), as shown in Figure 2 (a and b). Of the
total, CV was more prevalent (9/68, 13.23%) in Group A than in Group B (5/68, 7.35%). RV (37.5%)
and CMV (25%) infections seem more responsible for CV, as compared to T. gondii (18.75%) and HSV
(16.66%).
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Table 4. Histopathological Changes in Placental Tissues of TORCH Positive Women.

T.gondii RV CMV HSV
Groups
@) Ab/CV | NA/CV | Ab/CV | NA/CV | Ab/CV | NA/CV | Ab/CV | NA/CV
Group A 6/3 6/2 9/3 8/4 4 6/2 21 6/1
3)
Group B
10/1 3/1 72 42 3/0 6/1 22 6/1
©5)
Total = 68 16/4 9/3 16/5 12/6 72 12/3 4/3 12/2

Note: Ab = Antibodies.

—— ;
A )?‘5 ’
' Cytotrophoblast
Syncitiotrophoblast
Extraembryonic mesoderm

Fetal vessels

Figure 1. Normal villi showing cytotrophoblast, synscitiotrophoblasts, extraembryonic mesoderm
and fetal vessels (10x).
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Figure 2. Acute villitis and intervillitis. (a) Neutrophilic infiltrates in the villi (acute villitis, arrows).
(b) Intervillositis with micro abscesses (arrows).

3.4. Association CV Positivity with BOH Complications

In Group A, a high frequency of CV (7/32, 21.87%) was observed in women with RSAs, the
prevalent obstetric complication. Similarly, stillbirth was the second most common complication
found (8/43, 18.60%), but fewer CV cases were observed (1/8, 12.5%). While fewer women (4/43,
9.30%) were affected by neonatal deaths as their BOH, CV was observed more (2/4, 50%). Other
complications like IUGR (2/43, 4.65%) and congenital abnormalities-CA (6/43, 13.95%) were also
found to be less common, but CV was examined in (1/2, 50%) IUGR and (1/6, 16.7%) CA-positive
women.

In Group B, the high BOH complication observed was RSAs and was more prevalent (9/25, 36%)
than still birth (7/25, 28%), and 3/9 and 1/7 cases of these women were affected by CV, respectively.
The least observed complications were neonatal deaths (5/25, 20%) and CA (4/25, 16%), in which CV
(1/5 cases) was observed only in neonatal deaths that affected women, while no one case with a CA
positive was found to be affected by CV. IUGR was not found in Group B. Statistically, the p-value >
0.05 was not significant in the association of BOH complications with CV.

4. Discussion

It is well documented that pregnancy is associated with increased susceptibility and severity
toward infectious diseases due to several hormonal and immunological alterations that occur during
the course of pregnancy [26-29]. TORCH pathogens are one of the causes responsible for the mortality
of pregnant women, especially during the gestation period or after delivery, worldwide. The majority
of these deaths, as well as the perinatal ones, are due to pathogen-associated complications and
altered placental histology. The seropositivity of TORCH infection was high in the study population
of the present study (Table 2). The prevalence of ToORCH pathogens is prevalent in Pakistan, as
reported from different regions [14-21].

The high frequency of T.gondii and RV antibodies (Table 2) was frequent in women with
histological changes in the study population. The high frequency of IgM was noted in RV and IgG in
T.gondii-infected women. Similar situations were also reported by others [30,31]. The high prevalence
of RV may be due to the fact that it can transmit easily and spread through the respiratory tract [30].
The chronic infection with RV leads to hypoplastic organomegaly in the fetus, which leads to BOH
[32]. T.gondii is normally transmitted through food, and its chances of spreading in underdeveloped
communities are greater [30]. The high seroprevalence of T.gondii IgG in the current study population
may be due to the exposure of the study population to different modes of pathogen transmission, like
poor personal hygienic practices, more animal contact, giving more time for agriculture work where
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soil is contaminated with the infected cat faces, poor sanitary conditions, and a lack of awareness
because of the poor education system [33]. Moreover, CMV and HSV are less frequent in the study
population due to their prevalence in the area. The frequency of these viruses is linked with the
spread, study subjects, and area in other studies [34-36]. The ToRCH pathogens and associated
obstetric complications were found to be statistically non-significant (p> 0.05).

The ToRCH pathogens were detected in placental tissues and were compared with antibody
results. The occurrence of active (NA detection) RV, CMV, and HSV was high (Table 2), which leads
to BOH. Other studies from different parts of the world also showed the high prevalence of these
pathogens in pregnant women that caused BOH, like RSAs, neonatal deaths, etc. [11,13,35-37].
Sometimes false seropositivity due to the probability of some other microbial infections leads to the
diagnosis of the actual pathogen [18], and PCR remains the ultimate diagnostic tool. The NA in
placental tissue portrays the actual position of the TORCH pathogen and its consequences for BOH
outcomes. The viral pathogens (RV, CMV, and HSV) were each positive in 17.64% in study
population (Table 2). The presence of viral NA infection in the majority of pregnant women despite
antibody development indicates the possibility of reinfection or immunosuppressive condition in
most of the cases [33]. One of the women was observed with T.gondii IgM and IgG at the same time
(Table 3), which might indicate the presence of two different strains of the pathogens circulating in
the study area. It is reported that reinfection with a variant strain can cause infections even in the
presence of detectable IgG levels [38].

Some of the women who were observed with IgM (Cat-III) or IgG (Cat-IV) only showed acute
or chronic infection. The IgG positivity may be due to the previous exposure of the patient to these
pathogens [34,39]. The IgM and NA presence (Cat-II) were also found, which indicates the high load
of pathogens present in placental tissues. In most of the women, IgG and NA were both positive (Cat-
V) and showed a persistent infection with the ToORCH pathogens. It is noteworthy that few of the
women were positive for NA only (Cat-VI) in the case of T.gondii and RV, while there was a high
prevalence of CMV and HSV. Both the CMV and HSV cause latent infection [40,41], and it is quite
possible that they evade the immune system and IgM and IgG may not be detected [42,43].

ToRCH pathogens represent the majority of placental infections associated with chronic
inflammation [44], as they can enter the intra-amniotic space and overcome the defense mechanisms
of the placenta that protect against vertical microbial transmission [42]. In the present study, the
placental tissue examination revealed that CV was the main histopathological condition observed in
the study population. The CV was frequent in women with T.gondii and RV infection (Table 4). RV
infects the epithelium of CV and the endothelium of the blood vessels of the placenta [45].

Among women experiencing BOH complications, a considerable number (20.59%) of the study
population were identified with CV (Table 5). This suggests an association between CV and BOH
complications [46]. It has been previously reported that infection with the TORCH complex leads to
spontaneous abortions [18,47,48]. TORCH infection during the gestation period causes disturbances
in the early development of the placenta with the involvement of the vascular component and the
villous profile, with a negative impact on the pregnancy resulting in miscarriage [49]. Although the
p-value > 0.05 in relation to BOH complications with CV was not significant, The TORCH pathogen
can induce histopathological conditions like products of conception, inflammatory infiltrates, chronic
endometritis, etc. [50] and pregnancy loss [51].

Table 5. Correlation of CV with BOH complications.

BOH complications Group A Group B Total
(n) n (%) n (%) n (%)
RSAs (32) 4 (12.5) 3(9.37) 7 (21.87)

Stillbirths (15) 1 (6.66) 1 (6.66) 2 (13.33)
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IUGR (2) 1 (50) - 1 (50)
Neonatal deaths (9) 2(22.2) 1(11.1) 3(33.3)
CA (10) 1(10) - 1(10)
p-value 0.826

It is concluded that TORCH pathogens are prevalent in the study area. CV is the most frequent
histopathological condition found in the study population, associated with BOH complications. The
results support the need for TORCH pathogen screening among reproductive-age women in general
and particularly during early pregnancy, which will help to treat women in the area timely and will
thus help reduce the risk of morbidity and mortality.
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