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Abstract
Objective: Our aim was to determine the possible differences in the maternal immune system by comparing white blood
cells (WBCs) count with the sub-parameters in pregnant women with high-risk and no-risk for seconder trimester screening.
Materials and Methods: The results of complete blood count (CBC) and second trimester screening (STS) tests made
between January 2011 and September 2015 of women meeting the inclusion criteria were analyzed retrospectively. All test
results of pregnant women with high-risk for trisomy 21 (n = 55), neural tube defect (NTD) (n = 45) and with no-risk (n = 55)
were compared. Trisomy 18 could not be evaluated due to limited number of cases.
Results: The monocyte count (P < 0.001) of T21 group were significantly increased compared to control group, but neutrophil
to lymphocyte ratio (N/L) (P = 0.027), lymphocyte to monocyte ratio (L/M) (P < 0.001) and neutrophil to monocyte ratio
(N/M) (P < 0.001) were significantly decreased. The WBC (P = 0.02), monocyte (P < 0.001) and lymphocyte (P < 0.001) count
of NTD group were significantly increased compared to control group, but N/L (P = 0.02), L/M (P = 0.034) and N/M ratio
(P < 0.001) were decreased.
Conclusion: The interaction of maternal immune system with the abnormal fetus may change the compositions of
peripheral blood WBC and sub-parameters. Some of these changes may increase the predictive sensitivity of STS test.
Further prospective studies are needed to confirm these findings.
Keywords: Blood cell count, Neural tube defects, Prenatal diagnosis, Pregnancy Trimester, Second, Trisomy 21, White
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Introduction
Several studies reported the close relationship between
maternal age and fetal chromosomal abnormalities such
as trisomy 21, trisomy 18 and also neural tube defects
(NTDs) (1,2). Determining such abnormalities within a
reasonable time is important to maternal health and termination of fetus. The second trimester screening (STS) is
helpful for early determination of fetal abnormalities. This
is carried out along with the maternal age, gestational age,
ultrasonography and several blood tests like β-hCG (human chorionic gonadotropin), AFP (alpha fetoprotein)
and uE3 (unconjugated estriol) tests (1).
Early prenatal screening gives important information
about the anomaly of the fetus during the second trimester. Prenatal screening may detect 60%-70% of aneuploidies (trisomy 21 and 18) with 5% false positive result (3,4).
Also, approximately 70%-95% of NTDs and anencephaly
maybe detected by evaluating the maternal serum AFP
(5,6). In multiple pregnancies, STS detection rates may
have decreased to 50% (7). STS cannot be diagnosed, but

abnormal test results should be confirmed with the advanced diagnostic tests such as amniocentesis or chorionic villus sampling.
During pregnancies, physiological changes in the peripheral blood cells distribution may occur. An example
reported in a research article is leukocytosis (8). During
pregnancy, neutrophils are the dominant peripheral blood
leukocytes and their activity is decreased by the fetal inhibitory factors (9,10). The lymphocyte part of peripheral blood decreases in the first and second trimester (11).
The monocytes and monocyte-lymphocyte ratio increases
in the first trimester of pregnancy (11,12). Some of the
complete blood count (CBC) changes may also be detected in pathological pregnancies (13-15). White blood cell
(WBC) levels decrease in the molar pregnancy compared
to healthy pregnancy (14). In ectopic pregnancy, monocyte counts are higher compared to normal pregnancy
(13). In pre-eclampsia, the neutrophil-lymphocyte ratio is
higher in contrast with healthy pregnancies (15). Taken
together, the maternal immune system is regulated sen-
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sitively during pregnancy. Therefore, any imbalance between fetal tolerance and maternal immunity may affect
placentation, the outcome and/or the course of pregnancy.
Current reports have focused on the immune changes of
healthy and pathological pregnancies. In early stages of
pregnancy, CBC changes may occur due to interaction between the abnormal fetus and maternal immune system.
To our best knowledge, there are no studies investigating
the relationship between early prenatal screening and
WBC part of the maternal peripheral blood cells. In this
study we have retrospectively evaluated (what have you
evaluated?) by comparing WBC and sub-parameters of
CBC and STS test risks.
Materials and Methods
This study is a retrospective analysis of test results of STS
and CBC performed in the Merkezefendi State Hospital
Biochemistry Laboratory between January 2011 to September 2015. To determine the risk for trisomy 21, trisomy-18 and NTDs data of maternal serum β-hCG, AFP
and uE3 tests, gestational age, mother age and weight were
used (Table 1). Gestational age was calculated according
to the biparietal diameter (BPD) values obtained by ultrasonography. The hormone levels of maternal serum were
evaluated in the Beckman Coulter DXC 600 autoanalyzer
using chemiluminescence. WBC, neutrophil, monocyte
and lymphocyte levels were evaluated using the Abbott
Cell Dyn 3700 automatic cell counter in the CBC samples,
drawn into vacutainer 2 mL volume tubes containing 3.6
mg K2 EDTA. The multiples of median (MoM) values of
hormone tests were calculated by comparing them with
the average of the values of normal gestational population. The calculation of risk analysis was carried out using
Benetech PRA v 2.3.0.4 (Benetech Medical Systems To-

ronto, Ontario Canada).
The cut-off value for the high risk was determined >1/250.
Fifty-five cases showed high risk of trisomy 21 and 45 cases
expressed high risk of NTD and 55 cases with no risk were
evaluated. Trisomy 18 could not be evaluated because only
there were 2 cases. The date of ultrasonography, blood
collection and gestational age are important variables for
prenatal screening. To correctly evaluate cellular changes
of maternal peripheral blood, CBC tests were made on the
same day and STS were analyzed. Risks occurring due to
hormones (for β-hCG 2.5 MoM and above 0.4 MoM and
below, for AFP and uE3 0.4 MoM and below) and twin
pregnancies have been excluded. Women with high WBC
(above the 12×1000/mm3) values were not evaluated because of the increased likelihood of infection. Median values and standard deviations of WBC and sub-parameters
as well as STS parameters are summarized in Table 1.
All statistical analyzes have been performed using IBM
SPSS statistics version 20. All variables were tested for
normality by the Shapiro-Wilk method and the results
did not show normal distribution (95% CI). Therefore,
statistical analysis was chosen to perform nonparametric
Mann Whitney U method and was considered significant at P ≤ 0.05. In addition, we have performed receiver operating characteristic (ROC) curves to evaluate test
performance.
Results
There was no significant difference for maternal age and
gestational age between all groups. All groups of median
for maternal age, gestational age and hormone levels were
summarized in Table 1.
The monocyte count of pregnant women with high-risk
for trisomy-21 was significantly higher than the pregnant

Table 1. The Demographic Data, WBC and STS Hormone Results of All Groups

Maternal age (year)
Gestational age (week)

AFP (ng/mL)
AFP MoM
β-hCG (mIU/mL)
β-hCG MoM
uE3 (ng/mL)
uE3 MoM
Biparietal diameter (BPD)
WBC count
Neutrophil count
Lymphocyte count
Monocytecount
Neutrophil to Lymphocyte (N/L) ratio
Lymphocyte to Monocyte (L/M) ratio
Neutrophil to Monocyte (N/M) ratio

Non-risk Group (n=55)

High Risk for Trisomy-21 Group (n=55)

High Risk for NTD Group (n=45)

28 ± 5

32 ± 7

29 ± 6

15 (n = 4)
16 (n = 12)
17 (n = 21)
18 (n = 16)
19 (n = 2)
20 (n = 0)
34.58 ± 10.31
0.89 ± 0.26
24613 ± 10481
1.00 ± 0.35
1.27 ± 0.41
1.21 ± 0.32
38.54 ± 3.64
8.93 ± 1.48
6.57 ± 1.30
1.75 ± 0.46
0.46 ± 0.10
4.08 ± 1.72
3.92 ± 1.09
15.12 ± 4.87

15 (n = 5)
16 (n = 10)
17 (n = 15)
18 (n = 15)
19 (n = 4)
20 (n = 6)
29.82 ± 12.65
0.72 ± 0.27
37783 ± 17196
1.55 ± 0.5
0.9 ± 0.39
0.78 ± 0.26
39.45 ± 4.59
9.38 ± 1.75
6.48 ± 1.67
1.94 ± 0.49
0.89 ± 0.57
3.57 ± 1.40
2.93 ± 1.52
9.54 ± 4.56

15 (n = 12)
16 (n = 9)
17 (n = 6)
18 (n = 7)
19 (n = 8)
20 (n = 3)
107.88 ± 96.45
2.59 ± 1.82
35085 ± 20390
1.21 ± 0.49
1.47 ± 0.77
1.35 ± 0.50
38.06 ± 5.28
9.64 ± 1.55
6.54 ± 1.37
2.23 ± 0.72
0.81 ± 0.58
3.12 ± 0.89
3.40 ± 1.34
10.66 ± 4.79
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women with no-risk (P < 0.001). The WBC (P = 0.02),
lymphocyte (P < 0.001) and monocyte (P < 0.001) counts
of pregnant women with high-risk for NTD were significantly higher than the pregnant women with no-risk. No
statistical significant difference was observed between the
groups in terms of neutrophil count. The neutrophil to
lymphocyte ratio (N/L) (P = 0.027), lymphocyte to monocyte ratio (L/M) (P < 0.001) and neutrophil to monocyte
ratio (N/M) (P < 0.001) of trisomy-21 group were significantly lower than the control group. The N/L (P = 0.02),
L/M (P = 0.034) and N/M (P < 0.001) ratio of NTD group
were significantly lower than the control group. The comparison charts of all parameters are shown in Figures 1
and 2.
The area under the ROC curve of monocytes (0.799) and
N/M (0.806) ratio were higher than the classical hormone
tests of STS (β-hCG: 0.763, AFP: 0.656 and uE3: 0.770)
for the trisomy-21 group. The area under the ROC curve
of monocytes (0.743), lymphocytes (0.709) and N/M ratio
(0.733) were higher than β-hCG (0.629) and uE3 (0.532)
for the NTD group, AFP (0.993) remained as the most
predictive test for NTD. The ROC curves of all tests are
shown in Figure 3.

Figure 1. The Comparison Chart of the Counts of WBC and Subparameters. Data are presented as mean±SD (standard deviation).
WBC, white blood cell; LYM, lymphocyte; NEU, neutrophil; MON,
monocyte.

Figure 2. The Comparison Chart of the Ratios of WBC Subparameters. Data are presented as mean±SD (standard deviation).
N/L, neutrophil to lymphocyte; L/M, lymphocyte to monocyte;
N/M, neutrophil to monocyte.
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Discussion
We have found statistically significant increases in WBC,
lymphocyte and monocyte count in pregnant women with
high-risk for NTD but only increase of monocyte count
in pregnant women with high-risk for trisomy-21 was observed.
Immune system is specialized in protecting the body
against external invaders but during pregnancy, maternal
immune system physiologically adapts itself to semi-allogeneic fetus (11,16,17). Some of the physiological adaptations can be monitored easily from maternal peripheral
blood (11). The changes of maternal immune response are
also seen in pregnancy pathologies such as ectopic pregnancy, pre-eclampsia and molar pregnancy (13-15).
There are many immune assays to determine these changes of maternal immune system. One of the easiest methods is count of the number of cells of different subtypes
(e.g. leukocytes, neutrophils, macrophages) in peripheral
blood (18). In this study, we have observed the increased
count of lymphocyte and monocyte in pregnant women
with high-risk for NTD and monocyte in with high-risk
for trisomy-21 which may be associated with fetal abnormality. However, for reliable evaluations of CBC it is important to have an adequate number of all types of blood
cells in the exact proportions. Furthermore, the normal
range for these parameters is quite large and thus small
changes are unlikely to have any clinical significance (18).
Therefore, the ratio between sub-parameters of WBC may
be auxiliary in this case compared to the exact number
of these parameters. In this study, we also evaluated the
N/L, L/M and N/M ratios and have observed the significant decrease in trisomy-21 and NTD groups compared
to control group.
We have observed that the area under the curve of monocyte and N/M ratio were higher than the β-hCG and
uE3. The ROC curve is performed for the evaluation of
the test performance and to evaluate the performance of
a test as “good,” the value of area under curve should be
higher than 0,8. β-hCG and uE3 are important hormone
tests for risk calculation of trisomy-21 (1,2). These findings suggest that monocyte count and/or N/M ratio may
be better and cheaper method to increase the sensitivity
of risk analysis of trisomy-21. Maternal serum AFP level
is a powerful test for risk analysis of NTDs (5,6). We have
confirmed that the area under the curve of AFP (0.993)
was obviously higher than any of the WBC parameters.
STS may detect only 60%-70% of aneuploidies (trisomy
21 and 18) with 5% false positive result (3,4). Amniocentesis and chorionic villus sampling are invasive diagnostic
tests which allow examination of the fetal karyotype and/
or genotype (19). The placental samples are obtained by
transabdominal or trans-cervical biopsy. However, in 1%3% of cases there is a risk of pregnancy loss (19-21). For
this reason, advanced diagnosis tests are performed only
in high-risk pregnancies. To prevent pregnancy losses
caused by the invasive process, a reliable method for noninvasive diagnosis of fetal anomalies is of a critical importance. In this study, we showed the significant differences
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Figure 3. The Receiver Operating Characteristic (ROC) Curves of All Tests. WBC, white blood cell; LYM, lymphocyte; NEU, neutrophil; MON,
monocyte; N/L, neutrophil to lymphocyte; L/M, lymphocyte to monocyte; N/M, neutrophil to monocyte

in peripheral blood WBC and sub-parameters of pregnant
women who have high-risk for an abnormal fetus. These
findings may be useful for increasing the predictive value
of prenatal screening test. However, any infection can easily affect peripheral blood WBC count. We believe that the
specific parameters of the interaction between maternal
immunity and abnormal fetus should be investigated in
more detail.
There are some limitations in this study. The results of
advanced diagnostic tests (amniocentesis and chorionic
villus sampling) of pregnant women with high-risk for trisomy-21 and NTD could not be reached. This prevented
us from checking the accuracy of test results of STS. CBC
tests usually are not requested from laboratories at the
same time with STS test by the clinicians in our hospital.
Therefore, although numerous tests were carried out between 2011 to 2015, a limited number of test results were
evaluated.
Conclusion
In conclusion, the interaction of maternal immune system
with abnormal fetus may change the compositions of peripheral blood WBC and sub-parameters. Some of these
changes may be useful in determining the predictive sensitivity of STS test. Further prospective studies are needed
to confirm these findings.
Ethical issues
Ethical approval has been obtained from Celal Bayar University, Faculty of Medicine, Ethics Commissions with
dedicated number ‘’14701/2015 20478486-23.’’
Conflict of interests
The author(s) received no financial support for the research, authorship, and/or publication of this article.
Financial support
None.

Acknowledgements
We thank Dr. Özgür Akgül from Celal Bayar Universitiy, School of Medicine, Departmaen of Rheumathology
for assistance and comments that greatly improved the
manuscript.
References
1. Rose NC, Mennuti MT. Maternal serum screening
for neural tube defects and fetal chromosome
abnormalities. West J Med. 1993;159(3):312-317.
2. Kim YJ, Lee JE, Kim SH, Shim SS, Cha DH. Maternal
age-specific rates of fetal chromosomal abnormalities
in Korean pregnant women of advanced maternal age.
Obstet Gynecol Sci. 2013;56(3):160-166. doi:10.5468/
ogs.2013.56.3.160
3. Wald NJ, Kennard A, Hackshaw A, McGuire A.
Antenatal screening for Down’s syndrome. J Med
Screen. 1997;4(4):181-246.
4. Heyl PS, Miller W, Canick JA. Maternal serum
screening for aneuploid pregnancy by alphafetoprotein, hCG, and unconjugated estriol. Obstet
Gynecol 1990;76(6):1025-1031. doi:10.1016/00207292(91)90801-b.
5. Bogart MH, Pandian MR, Jones OW. Abnormal
maternal serum chorionic gonadotropin levels in
pregnancies with fetal chromosome abnormalities.
Prenat Diag. 1987;7(9):623-630. doi:10.1002/
pd.1970070904.
6. Merkatz IR, Nitowsky HM, Macri JN, Johnson
WE. An association between low maternal serum
α-fetoprotein and fetal chromosomal abnormalities.
Am J Obstet Gynecol. 1984;148(7):886-894.
doi:10.1016/0002-9378(84)90530-1.
7. Neveux LM, Palomaki GE, Knight GJ, Haddow JE.
Multiple marker screening for Down syndrome in
twin pregnancies. Prenat Diagn. 1996;6(1):29-34.
8. Pitkin RM, Witte DL. Platelet and leukocyte counts
in pregnancy. JAMA. 1979;242(24):2696-2698.

Crescent Journal of Medical and Biological Sciences, Vol. 3, No. 2, April 2016

43

Tunga Özdemir et al

9.

10.

11.

12.

13.

14.

doi:10.1001/jama.242.24.2696
Gatti L, Tenconi PM, Guarneri D, et al. Hemostatic
parameters and platelet activation by flow-cytometry
in normal pregnancy: a longitudinal study. Int J Clin
Lab Res. 1994;24(4):217-219. doi:10.1007/bf02592466
Faupel-Badger JM, Hsieh CC, Troisi R, Lagiou
P, Potischman N. Plasma volume expansion
in pregnancy: implications for biomarkers in
population studies. Cancer Epidemiol Biomark Prev.
2007;16(9):1720-1723. doi:10.1158/1055-9965.epi07-0311.
Chandra S, Tripathi AK, Mishra S, Amzarul M,
Vaish AK. Physiological changes in hematological
parameters during pregnancy. Indian J Hematol
Blood Transfus. 2012;28(3):144-146.
Edelstam G, Lowbeer C, Kral G, Gustafsson SA,
Venge P. New reference values for routine blood
samples and human neutrophilic lipocalin during
third-trimester pregnancy. Scand J Cinical Lab Invest.
2001;61(8):583-591.
Eskicioğlu F, Özdemir AT, Turan GA, Gür EB,
Kasap E, Genç M. The efficacy of complete blood
count parameters in the diagnosis of tubal ectopic
pregnancy. Ginekol Pol. 2014:85(11):823-827.
Eskicioglu F, Ulkumen BA, Calik E. Complete blood
count parameters may have a role in diagnosis of
gestational trophoblastic disease. Pak J Med Sci.
2015;31(3):667.

15. Yavuzcan A, Cağlar M, Ustün Y, et al. Mean platelet
volume, neutrophil-lymphocyte ratio and plateletlymphocyte ratio in severe preeclampsia. Ginekologia
Pol. 2014;85(3):197-203.
16. Hunt JS, Petroff MG, McIntire RH, Ober C. HLA-G
and immune tolerance in pregnancy. FASEB J.
2005;19(7):681-693.
17. Emmer PM, Steegers EA, Kerstens HM, et al.
Altered phenotype of HLA-G expressing trophoblast
and decidual natural killer cells in pathological
pregnancies. Hum Reprod. 2002;17(4):1072-1080.
18. Segerstrom SC, Miller GE. Psychological stress and the
human immune system: a meta-analytic study of 30
years of inquiry. Psychological Bull. 2004;130(4):601630. doi:10.1037/0033-2909.130.4.601
19. Alfirevic Z, Sundberg K, Brigham S. Amniocentesis
and chorionic villus sampling for prenatal diagnosis.
Cochrane Rev. 2009;1:1-42. doi:10.1002/14651858.
cd003252
20. Eddleman KA, Malone FD, Sullivan L, et al. Pregnancy
loss rates after midtrimester amniocentesis. Obstet
Gynecol. 2006;108(5):1067-1072. doi:10.1097/01.
aog.0000240135.13594.07
21. Caughey AB, Hopkins LM, Norton ME. Chorionic
villus sampling compared with amniocentesis and
the difference in the rate of pregnancy loss. Obstet
Gynecol. 2006;108(3, Part 1):612-616.

Copyright © 2016 The Author(s); This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

44

Crescent Journal of Medical and Biological Sciences, Vol. 3, No. 2, April 2016

