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Abstract  This study assessed immune cell changes in fetuses with hemolytic disease due to Rh immunization. Blood 

samples from Rh-immunized pregnancies revealed reduced CD3+ T-lymphocytes and CD4+ T-helper cells and elevated 

CD8+ cytotoxic lymphocytes and CD16+ T-killer cells, indicating active cytotoxic response and potential fetal 

immunodeficiency. Purpose of the study: the indicators of innate cellular immunity of fetuses with hemolytic disease in 

pregnant women with Rh immunization. Materials and methods: studies were carried out in the Republican Perinatal 

Center for 2024. A total of 40 pregnant women participated in the research and were divided into 3 groups. Group 1: 15 

pregnant women with Rh immunization in the second trimester, 2nd group of 15 pregnant women with Rh immunization in 

the third trimester and 3rd control group of 10 healthy pregnant women. All pregnant women, after their consent, underwent 

transabdominal cordocentesis to collect blood from the fetal umbilical cord vein. All immunological studies were carried out 

at the Institute of Immunology of the Academy of Sciences of the Republic of Uzbekistan. Results: the number of CD3+ 

T-lymphocytes and CD4+ T-helper cells in fetuses with hemolytic disease was significantly reduced in both the II and III 

trimesters compared to the control group. While the number of CD20+ B-lymphocytes in fetuses is reduced only in the 

second trimester. The number of CD8+ cytotoxic lymphocytes and CD16+ T-killer cells in fetuses was significantly 

increased both in the II and III trimesters in relation to the data of the control group. Conclusion: With hemolytic disease both 

in II and III-trimester, the synthesis of T-lymphocytes by the fetus is significantly reduced, primarily due to the total pool of 

CD3+, CD4+ T-helper cells, which is the result of the immunological response of the fetus. A significant decrease in CD20+ 

B-lymphocytes indicates a load on the bone marrow, which is not able to produce a sufficient number of fetal B-lymphocytes. 

A significant increase in the number of CD8+ cytotoxic lymphocytes and CD16+ T-killer cells shows that the cytotoxic 

process is active and can be reflected in the formation of profound immunodeficiency in the fetus.  
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1. Introduction 

Fetal and newborn hemolytic disease (HDFN) is a serious 

and potentially life-threatening condition caused by the 

sensitization of the mother’s immune system to fetal red 

blood cell antigens. Once sensitization occurs, the primary 

goal of therapy is to minimize complications [1]. The current 

standard of treatment involves non-invasive monitoring of 

fetal anemia through repeated ultrasound assessments of the 

peak systolic pressure in the middle cerebral artery, which 

indicates anemia when it increases to more than 1.5 times  

the median (MoM) [2]. If fetal anemia is suspected, invasive 

procedures like transabdominal cordocentesis and intrauterine 

transfusions (IUT) may follow [3,4]. In the hands of an 

experienced specialist, IUT is generally a safe procedure  

[5]. While generally safe, IUT carries increased risks before 
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24 weeks or in cases of immune hydrops fetalis. SMFM 

guidelines recommend the final IUT by 34 weeks and 

consider labor induction if peak systolic velocity increases 

after 35 weeks. [6,7,8]. HDFN also rises IgG and IgA levels, 

increasing immune complexes that may harm fetal tissues. 

Immunomodulatory treatments, such as plasmapheresis   

or intravenous immunoglobulin, are currently used in 

Rh-immunized pregnancies. [9,10,11]. This study aims to 

analyze key innate cellular immunity indicators in fetuses 

with HDFN across different gestational ages.  

The aim of study was to evaluate cellular factors of fetal 

immunity, including key T-lymphocytes (CD3+), T-helper 

cells (CD4+), T-suppressor cells (CD8+), T-killer cells (CD16+), 

and B-lymphocytes (CD20+). Additionally, we sought 

determine the immunoregulatory index, defined as the ratio 

of CD4+/CD8+ T-lymphocytes, in the umbilical cord blood 

of fetuses with hemolytic disease due to Rh incompatibility 

in pregnant women.  
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2. Research Materials and Methods 

Studies were conducted at the Republican Perinatal Center 

in 2024, involving 40 pregnant women divided into three 

groups. The first group included 15 pregnant women with Rh 

immunization in the second trimester, the second group 

comprised 15 pregnant women with Rh immunization in  

the third trimester, and the third, control group consisted of 

10 healthy pregnant women in the second trimester. With 

informed consent, all participants underwent transabdominal 

cordocentesis to obtain blood from the fetal umbilical vein.  

In the second trimester, we used data from reliable sample 

of 10 fetuses who underwent transabdominal cordocentesis 

for diagnostic purposes due to suspected congenital development 

disorders (CDD). As these anomalies were not genetically 

confirmed, these fetuses were included in the control group. 

For comparison in the third-trimester, well-documented 

literature data were referenced as a control.  

Immunological Research Methods were performed at 

the Institute of Human Immunology and Genomics, Academy 

of science, Republic of Uzbekistan. Cellular immunity 

markers (CD3+, CD4+, CD8+, CD20+, CD16+/56+) were 

analyzed using BD monoclonal antibodies and flow cytometry 

(BD Accuri C6). The immunoregulatory index (IRI), defined 

as the CD4+/CD8+ ratio, was calculated manually, with 

healthy values typically exceeding one.  

3. Statistical Processing of Result 

Statistical analysis was conducted using both parametric 

and nonparametric methods. Data collection, adjustment, 

organization, and visualization of result were performed 

using Microsoft Office Excel 2018. Statistical analysis was 

carried out with IBM SPSS Statistics v.26 (IBM Corporation). 

For comparing means in normally distributed quantitative 

data sets, Student's t-test was applied. The obtained t-test values 

were evaluated against critical values, with differences in 

indicators considered statistically significant at a significance 

level of p < 0.05. 

4. Result and Discussion 

Table 1.  Basic Cellular Parameters of Fetal Immunity in the Second 
Trimester of Pregnancy (М±m, %)  

Parameters 
Main group 

(n=15 fetus) 

Control group 

(n=10 fetus) 

CD3+, % 19,82±1,85 * 44,07±8,77 

CD4+, % 16,92±1,08 * 38,12±2,23 

CD8+, % 17,12±0,42 * 13,55±2,53 

CD4+/CD8+, IRI 0,8±0,02 * 1,85±0,24 

CD20+, % 8,650,55 * 15,35±3,71 

CD16+/CD56+, %% 13,421,35 * 3,82±0,66 

Note: * – indicates a statistically significant difference from the control group 

with p<0,05.  

We conducted studies on the adaptive (specific) cellular 

immunity of the fetus. The findings for adaptive cellular 

immunity in the fetus during the second trimester of 

pregnancy are presented in table 1.  

Further analysis showed that the number of CD20+ 

lymphocyte in fetuses was significantly reduced by 2-fold 

compared to the control group, amounting to 8,65±0,55%. 

This reduction suggests not only suppression of the fetal 

systemic immunity but also stress on the bone marrow, 

which due to hemolysis, is unable to produce a sufficient 

number of B-lymphocytes.  

The total number of T-lymphocytes and cytotoxic CD8+ 

cells in fetuses was significantly higher than the control 

values. Thus, the average content of T-cytotoxic lymphocytes 

was 17.12±0.42%, which was 1.3 times greater than the 

control values. Analysis of the killer activity of the fetal 

immune system showed that the number of CD16+/56+ 

lymphocytes was significantly increased by 3.6 times compared 

to the control group and the average content of these cells 

was 13.42±1.35%. 

The immunoregulatory index (IRI), which is the ratio of 

the number of CD4+ T-helper cells to the number of CD8+ 

T-lymphocytes, is of significant importance in pathologies. 

Normally, the IRI in healthy children and adults is greater 

than one. The average IRI was 0.8±0.02, which is 2.4 times 

lower than the control values. This suppression of the IRI 

reflects the development of cellular immunodeficiency.  

We also conducted studies of umbilical cord blood from 

the vein of a fetus with hemolytic disease also in the third 

trimester, specifically from 29 to 34 weeks of pregnancy in 

pregnant women with Rh immunization. the result of the 

study on the cellular immunity of the fetus are presented 

below in table 2.  

Table 2.  Basic Cellular Parameters of Fetal Immunity in the III Trimester 
of Pregnancy (М±m, %) 

Parameters Main group (n=15 fetus) Normative data 

CD3+, % 23,86±1,45 * 49,25±5,36 

CD4+, % 23,84±1,55 * 35,33±4,15 

CD8+, % 24,55±1,44 * 17,58±3,22 

CD4+/CD8+, IRI 0,91±0,04 * 1,68±0,34 

CD20+, % 9,552,26 * 13,55±2,16 

CD16+/CD56+, %% 18,771,64 * 9,29±1,55 

Note: * – significance of differences with the control group p<0,05 

The examination of the data revealed that, in comparison 

to the control group, the main group's CD3+ T-lymphocyte 

count was significantly lower by 2.1 times. The average 

content of T-lymphocytes was 23.86±1.45%, indicating    

a suppression of cellular immunity due to a decrease in   

the total pool of T-lymphocytes. In addition, there was a 

considerable decrease in CD4+ helper/ inducer T-lymphocytes, 

which was 1.5 times lower than the normative data. The 

average content of helper/ inducer T-lymphocytes was 23.84 

±1.55%, which indicates not only a decrease in T-lymphocytes 

proliferation but also a reduced immune response of the fetus 
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to various antigens. The CD4+Т-cell response is an important 

mechanism of body defense. Furthermore, the quantity of 

CD20+ B-lymphocytes was diminished by nearly 1.4 times 

in comparison to the normative data. The average content of 

B-lymphocytes was 9,55±2,26%. The average IRI was 

0,91±0,04, which is 1.9 times lower than the control values, 

reflecting cellular immunodeficiency.  

The counts of CD8+ T-lymphocytes and cytotoxic cells 

were notably increased by 1.4 times compared to normal 

values, with an average T-cytotoxic lymphocyte count of 

24,55±1,44%. An analysis of the fetal immune system's 

killer activity revealed that, on average, the percentage    

of CD16+/56+ killer cells was 18.77±1.64%, which was a 

substantial twofold increase over normative values. Natural 

killer (NK) cells represent a distinct lymphocyte population 

that maintains genetic homeostasis and are phenotypically 

and functionally different from T and B-lymphocytes. NK 

cells are classified as primary effectors of natural or innate 

immunity and are capable of lysing target cells or mediating 

antibody-dependent cytotoxicity. 

5. Conclusions 

1.  In hemolytic disease, regardless of the trimester,  

there is a decrease in the synthesis of both CD3+ 

T-lymphocytes and CD4+ T-helper cells in fetuses. 

This reduction contributes to a decline in CD20+ 

B-lymphocytes, reflecting a diminished immunological 

response in the fetus.  

2.  Elevated levels of cytotoxic CD8+ T-lymphocyte and 

CD16+ T-killer cells indicate an active cytotoxic 

process in the fetus during both the second and third 

trimester, which may lead to the development of 

severe immunodeficiency.  

3.  The suppression of the immunoregulatory index (IRI) 

in fetuses, compared to the control group, is attributed 

to a decrease in T-helper cells and an increase in 

T-cytotoxic lymphocytes. A reduced IRI is an important 

indicator of the severity of T-cell immunodeficiency 

in fetuses with hemolytic disease. 
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