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 Covid-19 infection in pregnancy is thought to cause vertical transmission. 

SARS-CoV-2 can bind directly to the ACE-2 receptor of placental 

macrophages which results in infection of the placenta. CD68 is a protein 

that is highly expressed on the surface of cells derived from monocytes and 

macrophages, including placental macrophages. This study aimed to 

analyze CD68 expression in the placenta of pregnant women with Covid-

19 as a marker of vertical transmission. This case-control study was 

conducted on 66 pregnant women consisting of 33 pregnant women with 

positive PCR results for Covid-19 and 33 pregnant women with negative 

Covid-19 at Dr. Moewardi General Hospital Surakarta, Central Java, 

Indonesia from May to November 2021. Placental CD68 expression was 

examined by immunohistochemical method. Data were analyzed using 

Mann-Whitney test, Two Way ANOVA test, and ROC. The mean placental 

CD68 expression of pregnant women with Covid-19 was higher than those 

without Covid-19 (17.52±16.23 and 9.25±5.08, respectively, with 

p=0.021). The mean placental CD68 expression in Covid-19 pregnant 

women with Covid-19 positive neonates was higher than those with Covid-

19 negative neonates from both groups (34.83±34.02, 11.24±9.98, and 

9.25±5.08, respectively, with p<0.001). ROC analysis showed that the cut-

off of placental CD68 expression as a vertical transmission marker in 

pregnant women with Covid-19 was 19.8 with a sensitivity of 70.4% and a 

specificity of 73.1% (AUC=0.786). Placental CD68 expression of pregnant 

women with Covid-19 is a marker of vertical transmission. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Coronavirus Disease-19 (Covid-19) is a viral infectious disease caused by SARS-CoV-2. It was first 

discovered in December 2019 in the Wuhan, Hubei Province, China, as a severe infectious disease of the 

respiratory tract that causes many deaths [1]. Covid-19 infection in pregnancy is thought to cause vertical 

transmission [2] reported that 139 newborns from mothers infected with Covid-19, 5 cases were confirmed 

positive for Covid-19. Vertical transmission occurs through the process of exposure of pregnant women to 



Sulistyowati, et.al, 2022                                                                                                Teikyo Medical Journal 

 

6732 
 

SARS-CoV-2 that enters through the respiratory tract, the virus can also bind to the ACE-2 receptor on 

macrophages, which then reaches the placenta [2- 4]. The virus can also infect the placenta directly through 

binding to ACE-2 receptors in the placenta, causing inflammation and infection in placental tissue which can 

eventually lead to vertical transmission [5]. 

 

CD68 (Cluster of Differentiation 68) is a protein that is highly expressed on the surface of monocyte-derived 

cells (eg, monocyte phagocytes, osteoclasts), circulating macrophages, and tissue macrophages [6], [7]. In 

the human placenta, there are two types of macrophages, Hofbauer cells from the fetal villi and decidual 

macrophages from the maternal decidua basalis. They are found in the fetal villi of the placenta from the first 

trimester of pregnancy until birth. Hofbauer cells are the target of s viruses and other pathogens at the 

maternal-fetal interface. [10] described among the many placental macrophage markers, CD68, along with 

CD4, CD206, and CD209 were present in all gestational periods, from the first to third trimesters [8- 10]. 

 

There have been many studies that have shown an increase in placental CD68 expression in pregnant women 

with Covid-19, but not many studies have explained whether placental CD68 expression in pregnant women 

with Covid-19 can be used as a marker of vertical transmission in pregnant women. 

 

2. Method 

 

2.1 Study Design and Participants 

This research is an analytic observational study with a case-control research design. The research was 

conducted from May to November 2021 at Dr. Moewardi General Hospital, Surakarta, Central Java, 

Indonesia. Placental CD68 expression was examined by immunohistochemical method at the Anatomical 

Pathology Laboratory, Faculty of Medicine Sebelas Maret University, Surakarta, Central Java, Indonesia. 

 

The study was conducted on pregnant women with Covid-19 and pregnant women without Covid-19 to 

analyze placental CD68 expression. Inclusion criteria were pregnant women with positive SARS-CoV-2 PCR 

results, normal pregnant women, gestational age more than 28 weeks, pregnant women without chronic 

diseases (diabetes, kidney disease, heart disease, chronic infections, anemia), and patients in a spontaneous 

or operative delivery. Meanwhile, the exclusion criteria were gestational age less than 28 weeks and the 

participants who were not willing to be the subject of the study. The total number of participants enrolled 

were 66 pregnant women, devided into two groups: 33 pregnant women with Covid-19 and 33 pregnant 

women without Covid-19. 

 

2.2 Data Measurement and Variable 

Placental tissue sampling was performed at the time of termination of pregnancy. Examination of CD68 

expression was examined by immunohistochemical method using antibody-anti-CD68 [Kp-1] (Mouse 

Monoclonal Antibody, Keycode: RUO16829024). CD68 expression was calculated quantitatively by adding 

CD68-positive placental macrophages in 5 visual fields with 400x magnification. CD68+ macrophages have 

different sizes and can be identified by brownish precipitation in their cytoplasm and can extend to the cell 

surface. 

 

2.3 Statistical Analysis 

The study data were analyzed using the statistical application of SPSS version 25. Shapiro-Wilk test was used 

to assessed data normality. CD68 expression in placental tissue in all groups was assessed using Mann-

Whitney test. The Two Way ANOVA test was used to assessed whether there was an effect of the mother's 

PCR nasopharyngeal results and the neonates's PCR nasopharyngeal results on the placental CD68 
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expression. ROC (Receiver Operating Characteristic) analysis was used to determine the cut-off point of 

CD68 expression, and used to determine the relationship between CD68 expression and the incidence of 

COVID-19 in neonates, and determine predictors of the occurrence of positive Covid-19 neonates in Covid-

19 pregnant women. 

 

This research has obtained ethical approval from the Health Research Ethics Committee of Dr. Moewardi 

General Hospital, Surakarta, Central Java, Indonesia (Number 1.310/XII/HREC/2020). 

 

3. Results 

Totally, 33 pregnant women with Covid-19 and 33 Covid-19 pregnant women without Covid-19 were 

enrolled in this study. The characteristics of the subjects based on maternal age, gestational age, education, 

parity, mode of delivery, maternal complications, baby weight, APGAR score, and several laboratory tests 

such as hemoglobin, leukocytes, blood sugar, urea, creatinine, SGOT, SGPT are shown in table 1. 

 

Table 1 Characteristics of Research Subjects. 

Characteristics 

Mean + SD / Frequency P 

Pregnant Women with 

Covid-19 

(N=33)                   

Pregnant Women 

without Covid-19 

(N=33) 

 

Maternal Age 30.00±6.61 29.73±6.81 0.869* 

Gestational Age 37.85±0.67 37.61±2.62 0.711* 

Parity 

Primipara 

Multipara 

Grandemultipara 

 

16 (48.5%) 

17 (51.5%) 

0 (0%) 

 

11 (33.3%) 

21 (63.7%) 

1 (3%) 

0.309* 

Education 

Elementary School 

Junior High School 

Senior Hight School 
University 

 

0 

1 (3%) 

14 (42.5%) 
18 (54.5%) 

 

0 

4 (12%) 

15 (45.5%) 
14 (42.5%) 

0.311* 

Mode of Delivery 

SC 

Vaginal Delivery 

 

27 (81.8%) 

6 (18.2%) 

 

28 (84.8%) 

5 (15.2%) 

0.741* 

Maternal Complications 

No Complication 

Severe Preeclampisa 

PROM 

Sepsis 

 

16 (48.5%) 

11 (33.3%) 

5 (15.2%) 

1 (3%) 

 

18 (54.5%) 

10 (30.3%) 

5 (15.2%) 

0 (0%) 

0.761* 

Maternal Mortality 

Death 
Live 

 

0 (0%) 
33 (100%) 

 

0 (0%) 
33 (100%) 

- 

Baby Weight (gram) 

>4000 

2500-4000 

1500-2500 

1000-1500 

<1000 

2864±618 

0 (0%) 

28 (84.8%) 

3 (9.2%) 

1 (3%) 

1 (3%) 

2855±600 

1 (3%) 

28 (84.8%) 

3 (9.2%) 

1 (3%) 

0 (0%) 

0.736* 

APGAR Score 

≥7 

<7 

 

30 (90.8%) 

3 (9.2%) 

 

30 (90.8%) 

3 (9.2%) 

1.000* 

Hemoglobin (gr/dl) 11.20±1.22 11.24±1.40 0.918* 

Leukocyte (/μl) 11279.20±3759.59 11800.00±4204.09 0.598* 

Blood Sugar (mg/dl) 94.12±34.81 91.67±12.89 0.705* 



Sulistyowati, et.al, 2022                                                                                                Teikyo Medical Journal 

 

6734 
 

Urea (mg/dl) 15.94±8.17 13.79±12.89 0.204* 

Creatinine (mg/dl) 0.69±0.15 0.55±0.13 0.000* 

SGOT (U/I) 40.15±64.56 26.76±26.83 0.275* 

SGPT (U/I) 24.88±48.10 20.45±30.52 0.657* 

 

Normality test using Shapiro-Wilk test showed that the placental CD68 expression of pregnant women with 

Covid-19 and pregnant women without Covid-19 was not normally distributed (p=0.000 & p=0.012, 

respectively), so the Mann-Whitney test was used to assessed the placental CD68 expression in all groups. 

 

Table 2 Differences in Placental CD68 Expression of Pregnant Women with Covid-19 and Pregnant 

Women without Covid-19 

Subject Group 

Placental CD68 Expression 

(cell/field of view) 
P 

N Mean SD Median  

Pregnant Women With Covid-19 33 17.52 16.23 12.00 0.021* 

Pregnant Women Without Covid-19 33 9.25 5.08 8.20  

*Mann-Whitney test, significant if p<0.05 

 

Table 2 shows the mean of placental CD68 expression in pregnant women with Covid-19 and pregnant 

women without Covid-19 (17.52 ± 16.23 and 9.25 ± 5.08, respectively, with p=0.021), which means that 

there is a significant difference between the placental CD68 expression of pregnant women with Covid-19 

and pregnant women without Covid-19. 

 

The results of the immunohistochemical examination showed that placental CD68 expression of pregnant 

women with Covid-19 was increased, marked by dark brown stained cells. Meanwhile, the placenta of 

pregnant women without Covid-19 showed positive CD68 expression results but did not increase. From these 

results, it was found that the expression of placental CD68 pregnant women with Covid-19 was higher than 

pregnant women without Covid-19 (Figure 1). 

 

 
Figure 1 Placental CD68 Expression of Pregnant Women with and without Covid-19 Using the 

Immunohistochemical Method at 400x Magnification. Black arrows indicate CD68-positive placental 

macrophages. A) Placental CD68 expression in pregnant women with Covid-19. B) Placental CD68 

expression in pregnant women without Covid-19. 

A B 
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Table 3 Differences in Placental CD68 Expression of Covid-19 Positive Neonates and Covid-19 Negative 

Neonates born to Pregnant Women with Covid-19 

Neonates Group 

Placental CD68 Expression 

(cell/field of view) 
P 

N Mean SD Median  

Covid-19 Positive 7 34.82 34.02 34.00 0.022* 

Covid-19 Negative 26 11.24 9.98 5.60  

*Mann-Whitney test, significant if p<0.05 

 

Table 3 shows the mean of placental CD68 expression in Covid-19 positive neonates and Covid-19 negative 

neonates born to mother with Covid-19 (34.82 ± 34.02 and 11.24 ± 9.98, respectively, with p=0.022). There 

is a significant difference between the CD68 expression of Covid-19 positive neonates with Covid-19 

negative neonates born to mother with Covid-19. 

 

Table 4 Placental CD68 Expression in Pregnant Women with Covid-19 as a Vertical Transmission Marker 

Subject Group 

Neonate’s 

Nasopharyngeal 

Swab Result 

Placental CD68 Expression 

(cell/field of view) P 

N Mean SD 

Pregnant Women With Covid-19 Positive 

Negative 

Total 

7 

26 

33 

34.83 

11.24 

16.25 

34.02 

9.98 

19.77 

<0.001* 

Pregnant Women Without Covid-19 Negative 

Total 

33 

33 

9.25 

9.25 

5.08 

5.08 
 

*Two Way Anova test, significant if p<0.05 

 

Placental CD68 expression of pregnant women with Covid-19 as a vertical transmission marker was assessed 

using Two Way ANOVA, in order to assessed whether there was an effect of the mother's PCR 

nasopharyngeal results and the neonates's PCR nasopharyngeal results on the placental CD68 expression. 

Table 4 shows the mean of placental CD68 expression in Covid-19 pregnant women with Covid-19 positive 

neonates (34.83±34.02), Covid-19 pregnant women with Covid-19 negative neonates (11.24±9.98), and 

negative-Covid-19 pregnant women with Covid-19 negative neonates (9.25±5.08), with p<0.001, which 

means that there is a significant interaction between the results of the mother's and the neonate’s 

nasopharyngeal swab on the results of the placental CD68 expression. 

 

ROC analysis of placental CD68 expression based on the results of neonate’s PCR nasopharyngeal swab 

examinations born to pregnant women with Covid-19 showed that the cut-off point for placental CD68 

expression on the curve was 19.80, with a sensitivity of 70.40% and a spesifity of 73.10% (AUC=0.786; CI 

95% 0.495-1.000) (Figure 2). 
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Figure 2. ROC Analysis of Placental CD68 Expression Based on the Results of Neonate’s PCR 

Nasopharyngeal Swab Examinations Born to Pregnant Women with Covid-19. The cut-off of CD68 

expression as a vertical transmission marker is 19.80 with a sensitivity of 70.40% and a specificity of 

73.10%. 

 

4. Discussion 

The characteristics of subjects are presented in Table 1. The mean maternal age, gestational age, and parity 

between the two groups did not show significant differences. [11] reported that the mean age of pregnant 

women who were positive for Covid-19 was 29.9-33.9 years. It was explained that in some stases of the US, 

younger age was associated with an increased risk of Covid-19 in pregnant women. Most pregnant women 

who are admitted to the hospital due to Covid-19 are in their third trimester when they are first confirmed 

positive [11], [12]. And there is a higher prevalence of multiparous Covid-19 pregnant women than primiparas 

[13]. 

 

The mode of delivery in both groups was more by cesarean section than by vaginal delivery. Similar to that 

reported by [13] the number of patients who gave birth by cesarean section in the Covid-19 positive group 

(50%) was higher than the Covid-19 negative group (47%) but the difference with the control group was not 

statistically significant. 

 

Complications in mothers did not show a significant difference between the two groups, the incidence of 

severe preeclampsia in pregnant women with Covid-19 was higher than in pregnant women without Covid-

19 (33.3% and 30.3%, respectively). Previous studies reported a higher incidence of preeclampsia and 

eclampsia in pregnant women with Covid-19 than in pregnant women without Covid-19 [14], [15]. These 

findings support the report of an association between Covid-19 and the incidence of preeclampsia/eclampsia, 

but it is uncertain whether SARS-CoV-2 results in an increased risk of developing preeclampsia. Meanwhile, 

in this study, 1 Covid-19 pregnant woman had sepsis, and no pregnant woman without Covid-19 had sepsis. 

[15] reported that pregnant women with Covid-19 had a 14-fold risk of developing sepsis than pregnant 

women without Covid-19. 

 

The baby's outcomes, in terms for birth weight and APGAR scores, in both groups also did not show any 

significant difference. [14] reported the same thing, where both Covid-19 positive and Covid-19 negative 

pregnant women had babies with normal average birth weight. [16] also reported that both Covid-19 positive 
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and Covid-19 negative pregnant women had babies with a normal average APGAR score, with an average of 

9.6 and 9.8 at the 0th minute APGAR score, respectively. 

 

There was no significant difference between the two groups in terms of Hb and leukocyte levels. In this study, 

the decrease in Hb occurred in both groups. [17] reported the average Hb of pregnant women with Covid-19 

was 11.7 g/dl. In pregnant women, there is a rapid increase in blood plasma volume and an increase in red 

blood cell mass that peaks in the third trimester. This expansion of blood plasma volume which is greater 

than the mass of blood cells causes physiological anemia. The decrease in Hb in pregnant women is also 

mostly caused by iron deficiency anemia (about 75%) [18]. In this study, there was an increase in leukocytes 

in both groups. [19] showed that out of 24 pregnant women with Covid-19, only 2 (8.3%) had leukocytosis, 

but it was associated with other complications such as acute abdomen and preeclampsia. However, 

physiological findings regarding leukocytosis and an increased neutrophil ratio due to adaptation to 

pregnancy may occur [20]. 

 

Blood sugar and urea levels between the two groups did not show a significant difference, both were still 

within normal limits. However, there was a significant difference in creatinine levels between the two groups 

of pregnant women, but it was still within normal limits. The same thing was also reported by [21] which 

shows that of the 2433 Covid-19 patients in China, their average blood sugar was still within the normal range 

of 4.9 mmol/l or the equivalent of 88.2 mg/dl. The average urea level was also within the normal range of 2.7 

mmol/l or 48 mg/dl, as well as the average creatinine of 43.4 mol/l or 0.49 mg/dl. 

 

The average SGOT and SGOT levels of the pregnant women with Covid-19 group was higher than the 

pregnant women without Covid-19, but did not show a significant difference. Similar to research by [17] 

which showed that the average SGOT and SGPT levels of 30 pregnant women with Covid-19 were still within 

normal limits. In this study, the highest increase in SGOT and SGPT was observed in one case (SGOT = 318 

U/l and SGPT = 129 U/l) in a positive Covid-19 pregnant women with severe preeclampsia and HELLP 

syndrome. 

 

In this study, out of 33 neonates born to Covid-19 positive mothers, only 7 (21.2%) had a positive result for 

Covid-19 on RT-PCR nasopharyngeal swab. The systematic review by [22] reported that out of 936 infants 

born to mothers with Covid-19, 27 neonates were positive for SARS-CoV-2 RNA in nasopharyngeal swabs, 

indicating a low vertical transmission rate of 3.2% (4,22). Another study by [23] reported 336 neonates born 

to Covid-19 positive mothers, only 15 (4.4%) were positive for RT-PCR nasopharyngeal swabs. 

 

Vertical transmission of Covid-19 from mother to baby is very possible, even though it has a low transmission 

rate. SARS-CoV-2 can reach the placenta of pregnant women through viremia if the mother's immune 

condition is not balanced. Viruses can infect the placental and cause inflammation and infection in the 

placental tissue, which in turn can lead to vertical transmission. The SARS-CoV-2 virus can enter the placenta 

through binding to the ACE-2 receptor and TMPRSS2 enzyme. It is proven that there is expression of ACE-

2 receptors on placental syncytiotrophoblast and cytotrophoblast cells, whereas the distribution of ACE-2 

receptors on placental cells is predominantly on the internal membrane of the villi, or the stromal portion of 

the trophoblast cells [5], [24]. 

 

ACE2 expression is markedly upregulated in activated type 1 macrophages (M1). Immunohistochemistry 

showed high expression of ACE2 in human tissue macrophages, such as alveolar macrophages, Kupffer cells, 

and microglial cells in the brain. The data suggest that alveolar macrophages, as frontline immune cells, can 

be directly targeted by SARS-CoV-2 infection [25]. Research by [26] reported that the main receptors for 
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viral entry, TMPRSS2 and ACE2, could not be detected by immunofluorescence on the apical surface of the 

syncytiotrophoblast. However, in stromal cells that are partially Hofbauer CD68+ cells susceptible to Covid-

19 infection by expressing ACE2 and TMPRSS2. 

 

CD68 is a type I transmembrane glycoprotein that can be found in the lysosomal/endosome compartment of 

macrophages or other mononuclear phagocytes [8], [9]. Expression of CD68 along with other macrophage-

specific genes is stimulated by macrophage/granulocyte-macrophage colony-stimulating factors (M-

CSF/GM-CSF) on myeloid progenitors during the diversification process between lymphoid and myeloid 

strains [7]. CD68 has long been exploited for immunohistochemical markers for monocytes or macrophages 

in inflammatory tissue, tumor tissue, or other immunohistopathological uses [6]. SARS-CoV-2 can affect 

placental macrophage through increased expression of CD68 cells in the decidua basalis and parietalis. 

Inflammatory infiltrates were found in the placentas of Covid-19 patients consisting mostly of CD8-positive 

cytotoxic T cells accompanied by slightly elevated CD68-positive macrophages and rare CD4-positive T cells 

and plasma cells [24], [28]. 

 

In this study, there was an increase in the mean of placental CD68 expression in the group of pregnant women 

with Covid-19 compared to pregnant women without Covid-19 (17.52±16.23 and 9.25±5.08, respectively), 

indicated by an increase in dark brown colored cells (Figure 1). These results are in line with two previous 

studies by [29], [30] both of these studies reported cases of vertical transmission from pregnant women with 

Covid-19, with histopathological examination of the placenta showing histiocytic intervillositis, and an 

increase in CD68 in Hofbauer cells in the villous stroma. [29] also performed in situ hybridization using the 

RNAscope method for SARS-CoV-2 spike protein mRNA as well as immunohistochemistry for the SARS-

CoV-2 antigen and the results showed broad positive staining of the syncytiotrophoblasts of both placentas 

from neonates who tested positive for Covid-19. 

 

[31] reported the case of a woman with Covid-19 with SARS-CoV-2 invasion to the placenta. They reported 

an inflammatory infiltrate of immune cells consisting of CD3+ lymphocytes and CD68+ macrophages, as 

well as infection of syncytiotrophoblast cells by the SARS-CoV-2 virus. Similar to [32] who reported cases 

of vertical transmission of Covid-19, in the placenta of pregnant women who were positive for Covid-19, 

microscopic intervillositis lesions were found, characterized by infiltration of the intervillous space by 

neutrophils and CD68+ histiocytes. Their findings showed that viremia that occurs in pregnant women 

infected with Covid-19 causes SARS-CoV-2 to reach the placenta as demonstrated by 

immunohistochemistry, resulting in infection and inflammatory reactions in the placenta, and ultimately 

neonatal viremia. 

 

[33] reported the same finding that there was spread of SARS-CoV-2 to the placenta via circulating 

mononuclear cells. In situ hybridization of SARS-CoV-2 RNA showed a strong signal in the 

syncytiotrophoblast and intervillous inflammatory cells. Histopathological examination showed the presence 

of immune/inflammatory cell infiltration, indicated that the presence of activated macrophages-monocytes 

and neutrophils in the intervilli may represent a histological marker of SARS-CoV-2 infection in the placenta. 

 

This study showed a significant difference in the mean of placental CD68 expression between Covid-19 

pregnant women with Covid-19 positive neonates (34.83±34.02), Covid-19 pregnant women with Covid-19 

negative neonates (11.24±9.98), and negative-Covid-19 pregnant women with Covid-19 negative neonates 

(9.25±5.08). 

 

Based on the ROC curve analysis of placental CD68 expression as a marker of vertical transmission in Covid-
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19 positive pregnant women, the result showed an AUC value of 0.786 (95% CI 0.495-1.000), so that CD68 

expression is fair enough in determining vertical transmission in pregnant women who are positive for Covid-

19. Using the ROC curve, the best cut-off point of CD68 expression was 19.80 with a sensitivity of 70.40% 

and a specificity of 73.10%. 

 

However, this study has several limitations, including not analyzing the effect of the severity of Covid-19, so 

this study could not evaluate whether there is an effect of the severity of Covid-19 on placental CD68 

expression. In addition, it also did not analyze differences in the expression of placental CD68 of pregnant 

women with Covid-19 and pregnant women with other infectious diseases, so this study could not evaluate 

whether there were differences in placental CD68 expression between pregnant women with Covid-19 and 

pregnant women with other infectious diseases. 

 

5. Conclusion 

Placental expression of CD68 of pregnant women with Covid-19 can be used as a marker of vertical 

transmission, the higher the expression of placental CD68 of pregnant women with Covid-19 will have an 

impact on the results of a positive Covid-19 examination of the neonates. High CD68 expression (>19.80) 

was statistically proven to play a role as a vertical transmission marker in pregnant women with Covid-19. 
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