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SUMMARY
Background: To investigate the roles of T, B, and natural killer (NK) cells in pregnancy outcome of women with
recurrent implantation failure (RIF).
Methods: This retrospective cohort study enrolled 196 patients with RIF. Peripheral lymphocyte subsets were
measured before and during pregnancy. The relationship between pregnancy outcome and level of lymphocytes
was analyzed.
Results: Peripheral CD19+ B cells in women who experienced miscarriage were significantly lower than those who
subsequently had live birth. After adjusting for potential confounders in the multiple logistic regression models,
each 1% increment in the peripheral CD19+ B cells before pregnancy [odds ratio (OR): 0.93] and during early
pregnancy (OR: 0.83) was associated with a significantly decreased risk of miscarriage (p < 0.05). The risk of miscarriage in patients with ≥ 15% CD19+ B cells before and during pregnancy was 39% and 21% lower, respectively, than in their counterparts with < 15% CD19+ B cells. The association between CD19+ B cells and the risk of
miscarriage was nonlinear.
Conclusions: Measurement of peripheral CD19+ subsets may help predict the pregnancy outcome in women with
RIF.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190510)
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INTRODUCTION
Recurrent implantation failure (RIF) is often defined as
failure of three in vitro fertilization (IVF) cycles in
which viable human embryos were transferred [1]. An
estimated 10% of women who undergo IVF are affected
by RIF. RIF has been attributed to multiple etiological
factors such as embryonal factors, maternal age, parental chromosomal anomalies, uterine factors, and immunological factors [2]; therefore, there are no specific
preventive or therapeutic strategies for women affected
by RIF. Presently, some IVF physicians acknowledge
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dardized IVF method and were administered low molecular weight heparin (LMWH) for improving uterine
blood flow according to our reproductive immunology
outpatient clinic criteria (LMWH has been shown to improve placental function by increasing blood flow at the
implantation site [10]); (iv) those whose pregnant outcome was recorded; (v) absence of known immunological disease, previous history of miscarriage, chromosomal, endocrine, infectious factors, or anatomic defects; (vi) patients who were not on any anti-inflammatory and immune drug; (vii) availability of data pertaining to blood tests prior to any treatment including IVF
cycles.
Age ≥ 35 years was defined as advanced maternal age.
Pre-gravid body mass index (BMI) was calculated using
the equation weight (kg)/height (m)2. Based on the BMI
cutoff value for Asian populations, patients were classified into non-overweight (pre-gravid BMI < 23 kg/m2)
and overweight (pre-gravid BMI ≥ 23 kg/m2) groups
[11]. Fifteen percent peripheral CD19+ B cell fraction
among the lymphocytes was defined as the cutoff level
according to the criteria from our own clinical laboratory (normal range of peripheral CD19+ B cells for fertile
woman in our lab was 8% - 15%).

the importance of immunological alterations in the management of RIF patients with reproductive outcomes
[3]. Although the maintenance of pregnancy depends on
the maternal-fetal interface, the evaluation of local immunological milieu is typically challenging. It is interesting to investigate whether peripheral immunological
variations have an effect on implantation outcomes.
Peripheral lymphocytes play an important role in successful pregnancy. Domination of the Th2 type immune
response has been shown to be responsible for allograft
tolerance [4]. Additionally, patients with higher levels
of circulating CD56+CD16+ natural killer-like T cells
were shown to achieve better outcomes of IVF [5].
Compared with non-pregnant fertile women, the number of interleukin-10 producing CD3+/CD8+ T-cells was
significantly lower in women who experienced implantation failure [6]. Certain women with IVF failure were
shown to exhibit deranged systemic immunity parameters. A strong predominance of Th1 immune response
was detected in women with multiple implantation failure after IVF [7]. Women with elevated counts of peripheral CD56dimCD16+CD69+ NK cells showed poorer
outcomes of IVF [8]. Beer et al. first demonstrated an
increase in circulating natural killer (NK) and CD19+/
CD5+ B cells in women with documented prior IVF
failure [9].
Therefore, we speculated some correlation between the
peripheral lymphocytes and the pregnancy outcomes in
women with RIF. Previous studies that focused on the
number or percentage of various peripheral lymphocyte
subsets did not demonstrate any robust correlation between lymphocytes and the pregnancy outcomes after
RIF. The objective of the present study was to elucidate
the relationship between peripheral lymphocytes and
pregnancy outcomes in women who achieve pregnancy
by IVF after a history of RIF.

Peripheral blood samples and flow cytometry
Blood samples were collected from patients during the
mid-luteal phase prior to a new IVF procedure and at
gestational week 6 - 8 after identification of RIF and anticoagulated in EDTA vacuum tubes. Gestational age
was calculated based on the last menstrual period and
confirmed by ultrasound examination.
Lymphocyte subsets were determined using a multicolor bench top flow cytometry system (Tru-Count®; FAC
Scalibur BD Biosciences, San Jose, CA, USA) after
staining with the following monoclonal antibodies (BD
Multitest™, San Diego, CA, USA): anti-CD3-FITC, anti-CD4-APC, anti-CD8-PE (LOT: 82998), anti-CD19APC, anti-CD16/CD56-PE and anti-CD45-PerCP
(LOT: 25936). T cells were identified as CD3+ cells,
NK cells as CD56+CD16+ cells, Ts cells as CD3+CD8+
cells, Th cells as CD3+CD4+ cells, and B cells as CD19+
B cells.

MATERIALS AND METHODS
Ethical approval, study participants, and data collection
This study was approved by the institutional review
board of the Shanghai First Maternity and Infant Hospital. Written informed consent was obtained from all
subjects prior to the commencement of our research.
Furthermore, the study protocol and methods complied
with the guidelines of the Helsinki Declaration. A total
of 196 women with 3 or more RIF were registered at the
Infertility and Reproductive Immunology outpatient
clinic at the Shanghai First Maternity and Infant Hospital between January 2014 and December 2016. Pregnancy outcomes were recorded and one-year follow-up was
conducted until December 2017. Inclusion criteria for
this study were: (i) infertile women undergoing IVF
treatment cycles for tubal factors; (ii) women who had
≥ 3 embryo transfer failures including the transfer of
two fresh or frozen embryos for each IVF cycle; (iii)
those who became clinically pregnant through a stan-

Statistical analyses
The characteristics of subjects before pregnancy are
summarized in Table 1. Data are presented as mean ±
standard deviation (SD). Between-group differences
with respect to continuous variables were assessed using the two-sample t-test; those with respect to categorical variables were assessed using the Chi-squared test
(Figure 1). We then explored the association between
pregnancy outcome and peripheral blood CD19+ B cells
(%) at both the baseline and during pregnancy using a
smooth spline (Figure 2). Univariate and multivariate
logistic regression analyses were performed to assess
the relationship of multiple prognostic factors with
pregnancy outcome. Both crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were
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In the multiple regression analysis model (Table 3), age
and CD19+ B cells before and during early pregnancy
showed an association with pregnancy outcome. After
adjustment for BMI and the number of previous RIF,
the odds ratio (OR) for miscarriage was significantly increased with increase in maternal age. OR for age ≥ 35
years was significantly higher than the OR for age < 35
years (OR 2.62, 95% CI 1.04 - 7.31; p = 0.04). Additional adjustment for age, BMI, and number of previous
RIF did not reduce the ORs for the association between
CD19+ and the miscarriage. Each increase of 1% in the
peripheral CD19+ B cell percentage was related with a
decrease in the risk of miscarriage with an OR value of
0.91 (95% CI 0.45 - 0.99; p = 0.04) before pregnancy
and 0.78 (95% CI 0.40 - 0.99; p = 0.03) during early
pregnancy. We also conducted analyses using CD19+ as
a categorical variable. In patients with ≥ 15% CD19+ B
cells, the risk of miscarriage was 56% lower (OR 0.44,
95% CI 0.20 - 0.96; p = 0.04) before pregnancy and
79% lower (OR 0.21, 95% CI 0.04 - 0.98; p = 0.04)
during early pregnancy than those with < 15% CD19+ B
cells. After adjustment for age, BMI, and number of
previous RIF, a similar conclusion was obtained. The
risk of miscarriage in women who had > 15% CD19+ B
cells at the pre-pregnancy and early pregnancy stages
was 39% and 21% lower, respectively, compared to that
in women who had < 15% CD19+ B cells.

calculated (Tables 3 and 4). Statistical analyses were
performed using R (http://www.R-project.org) and Empower Stats software (www. empowerstats.com, X&Y
solutions, Boston, MA, USA). p-values < 0.05 were
considered indicative of statistical significance.
RESULTS
Characteristics of patients
Out of the 196 women, the pregnancy outcome of 90
(45.92%) and 106 (54.08%) women were live birth and
miscarriage, respectively. The mean age of subjects was
37.49 ± 6.02 years; 135 (68.88%) subjects were aged
> 35 years. The mean BMI was 22.36 ± 3.50 kg/m2; 77
women (39.29%) had BMI ≥ 23 kg/m2. The average
number of previous RIF was 6.80 ± 1.85; 86 (43.88%)
women had less than 5 times RIF while 110 (56.12%)
women had more than 5 miscarriages.
Comparison of the percentage of lymphocyte subsets
Figure 1 illustrates the differences in the percentage of
lymphocyte subsets, NK, T, Ts, Th, and B cell in the
two groups before and during early pregnancy. The
mean percentage of peripheral CD19+ B cells in the live
birth group was 13.90 ± 4.37% before pregnancy (Figure 1A) and 13.83 ± 4.56% during early pregnancy
(Figure 1B); these percentages were significantly higher
than those in the miscarriage group (11.60 ± 3.81% and
11.45% ± 2.64%, respectively; p = 0.03 for both). However, no significant differences were observed with respect to the percentages of T, Th, Ts, and NK cells between the two groups. Furthermore, we compared the
changes in the T-lymphocyte subsets at gestation. The
difference value (DV) refers to the change in T lymphocyte subsets before and during pregnancy (Figure 1C)
(DV = level of T lymphocyte subsets (during pregnancy) level of T lymphocyte subsets (before pregnancy)). The rate of
change (RC) was calculated as: RC% = 100 * (level of
T lymphocyte subsets during pregnancy - level of T lymphocyte subsets before pregnancy)/level of T lymphocyte subsets
before pregnancy); comparisons were made between the two
groups (Figure 1D). There was no significant betweengroup difference with respect to DV or RC in lymphocyte subsets.

Two-piecewise linear regression model
The two-piecewise linear regression model was applied
to examine the threshold effect of the CD19+ B cells on
pregnancy outcome using a smoothing function. The
turning point was accessed employing trial and error,
including the selection of turning points along a pre-defined interval and then choosing the turning point that
yielded the maximum model likelihood. A nonlinear relationship was observed between the CD19+ B cells before pregnancy and the risk of miscarriage (Figure 2A).
A one-percent increment in CD19+ B cells within the
range of 6.99% - 20.66% was associated with a 15%
decrement in the risk of miscarriage (OR 0.85, 95% CI
0.76 - 0.96; p = 0.02) (Table 4). No significant relationship was observed between CD19+ B cells and the risk
of miscarriage, when the level of CD19+ B cells was
< 6.99% or > 20.66%. The adjusted smoothed plots
showed a linear relationship between CD19+ B cells
during pregnancy and the risk of miscarriage (Figure
2B).

Univariate and multiple regression analysis
Results of univariate analysis showing the effects of
risk factors on pregnancy are shown in Table 2. Increased maternal age was associated with an increased
risk of miscarriage (OR 1.07, 95% CI 1.02 - 1.12; p =
0.006). BMI and number of previous RIF were not
associated with pregnancy outcome. Increase in CD19+
B cell percentages before pregnancy (OR 0.92, 95% CI
0.85 - 0.99; p = 0.04) as well as during early pregnancy
(OR 0.83, 95% CI 0.70 - 0.99; p = 0.04) was associated
with decreased miscarriage rate. However, NK, T, Ts,
and Th before and in early pregnancy showed no association with pregnancy outcome.
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DISCUSSION
In this retrospective cohort study, the level of CD19+ B
cells showed an association with pregnancy outcome in
women affected by RIF, both when used as a categorical variable or continuous variable. The relationship
held true even after controlling for various clinical and
demographic variables. Furthermore, we found a nonlinear association between the CD19+ B cells before
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Table 1. Baseline characteristics of the entire cohort of recurrent implantation failure women.

*

Variable *

All participants (n = 196)

Age, years

37.49 ± 6.02

< 35

61 (31.12%)

≥ 35

135 (68.88%)

BMI a, kg/m2

22.36 ± 3.50

< 23

119 (60.71%)

≥ 23

77 (39.29%)

Number of previous RIF

6.80 ± 1.85

<5

86 (43.88%)

≥5

110 (56.12%)

- Values are presented as mean ± SD or n (%), a - BMI body mass index.

Table 2. Effect of risk factors on pregnancy outcome after univariate analysis.
Variable

Pregnancy outcome
OR (95% CI)

p-value

Age

1.07 (1.02 - 1.12)

0.006

BMI

0.98 (0.87 - 1.11)

0.80

1.09 (0.96 - 1.24)

0.19

Num. of previous RIF

Level T lymphocyte subsets before pregnancy
CD3+

1.01 (0.97 - 1.05)

0.53

+

1.03 (0.99 - 1.08)

0.15

CD3+CD8+

0.99 (0.94 - 1.03)

0.54

1.01 (0.97 - 1.05)

0.56

0.92 (0.85 - 0.99)

0.04

+

CD3 CD4
+

CD16 CD56
CD19

+

+

Level T lymphocyte subsets during pregnancy
CD3+

0.98 (0.93 - 1.03)

0.46

+

1.10 (0.94 - 1.08)

0.87

CD3+CD8+

0.99 (0.90 - 1.07)

0.73

1.03 (0.97 - 1.10)

0.32

0.83 (0.70 - 0.99)

0.04

+

CD3 CD4
+

CD16 CD56
CD19

+

+

al. reported that RSA patients with normal endometrial
B cell numbers subsequently underwent successful
pregnancies, while repetitive aborters with a strikingly
increased proportion of B lymphocytes (CD20+) suffered continuing abortions [16]. However, none of the
above studies included women suffering from RIF and
little attention was paid to live births. Both B cells as
well as antibodies produced by B cells were shown to
play a role in pregnancy associated pathophysiology
[17]. During normal pregnancies, antibodies secreted by
B cells against paternal antigens were shown to exhibit
asymmetry, as a protective mechanism [18]. B cells

pregnancy and the risk of miscarriage, with two turning
points of 6.99% and 20.66%. The percentage of peripheral CD19+ B cells may serve as a clinically useful
marker to predict pregnancy outcome for women with
RIF. We would recommend that clinicians should understand the importance of peripheral CD19+ B cell
analysis in women with RIF.
In previous studies, B cell levels in blood or endometrium did not differ in patients affected by recurrent spontaneous abortion (RSA) and infertility [12-14]. Jablonowska et al. found that circulating B cells did not affect
pregnancy outcome in RSA patients [15]. Lachapelle et
4
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Table 3. Adjusted ORs for associations between CD19+ and pregnancy outcomes.
Variable
Age

p-value

(OR 95% CI)
1.07 (1.02 - 1.12)

Adjusted I b
(OR 95% CI)

0.006

1.12 (1.03 - 1.22)

p-value
0.01

< 35

1.0

≥ 35

2.16 (1.17 - 4.00)

0.01

2.62 (1.04 - 7.31)

0.04

0.92 (0.47 - 1.00)

0.04

0.91 (0.45 - 0.99)

0.04

+

CD19 before pregnancy

1.0

< 15%

1.0

≥ 15%

0.44 (0.20 - 0.96)

0.04

0.39 (0.17 - 0.89)

0.02

0.83 (0.50 - 0.99)

0.04

0.78 (0.40 - 0.99)

0.03

0.04

0.21 (0.09 - 0.99)

+

CD19 during pregnancy

a

Non-adjusted a

1.0

<15%

1.0

≥ 15%

0.21 (0.09 - 0.98)

1.0
0.04

- Non-adjusted model adjusted for - None, b - Adjusted model adjusted for - (Age), BMI - Number of previous RIF.

Table 4. ORs for associations between pregnancy outcomes and CD19+, stratified by threshold levels.
Variable

OR (95% CI)

p-value

+

CD19 before pregnancy
< 6.99%

1.86 (0.66 - 5.250

0.24

≥ 6.99% and < 20.66%

0.85 (0.76 - 0.96)

0.02

≥ 20.66%

1.24 (0.78 - 1.97)

0.37

were shown to exhibit the ability to directly interact
with Th2 T cells, which are known to play a role in allograft tolerance and successful pregnancy [19]. According to our study, a higher percentage of CD19+ B cells
before pregnancy or during early pregnancy seemed to
be a clinical marker to predict miscarriage and live birth
for women with RIF.
We found no significant correlation of circulating T
(CD3+) cells, Ts (CD3+CD8+) cells, Th (CD3+ CD4+)
cells, and NK (CD56+CD16+) cells with pregnancy outcome in pregnant RIF women. These findings are consistent with those of previous studies. Thum et al. found
no relationship between the absolute counts of circulating T cells and NK cells on the implantation and miscarriage rate post-IVF treatment [12]. Baczkowski et al.
found no value of peripheral CD56+CD16+ NK and
CD3+ T cell levels in predicting the outcomes of intracytoplasmic sperm injection (ICSI). However, the total
counts of CD56-CD16+ cells in the pregnant group were
higher than those in the non-pregnant group, while the
CD56brightCD16- cells in the fertile group were more
abundant compared to women with unsuccessful ICSI
[14]. In the study by Chernyshov et al., higher expressions of CD8, CD158a, and HLA-DR in NK cells, and
lower levels of CCR4+ and IL-4+ T lymphocyte subsets
Clin. Lab. 1+2/2020

were associated with implantation failure [20]. These
results and our data revealed that the variation in the
percentage of peripheral NK cells, T cells, Th cells, and
Ts cells had no prognostic relevance with respect to
pregnancy outcome; however, lymphocytic activation
markers and the other fractions of lymphocyte subpopulations were found to have an influence on pregnancy
success.
Consistent with previous reports [21-23], age was identified as a potential risk factor for miscarriage in women
with RIF. The mean age in the miscarriage group (38.65
± 6.25 years) was higher than that in the live birth group
(36.20 ± 5.49 years). Jansen investigated the effects of a
woman's age on the possibility of a live birth after a single IVF treatment. They observed an age-dependent increase in the frequency of miscarriages, from 10.5% for
women < 35 years, to 16.1% for those aged 35 - 39
years, and 42.9% for those aged > 40 years [23]. In the
current study, the probability of miscarriage was further
increased for women who were aged > 35 years compared with women aged < 35 years (OR: 2.62; 95% CI
1.04 - 7.31; p = 0.04).
Maternal obesity and the number of previously unsuccessful IVF treatments have been identified as risk factors for multiple adverse pregnancy outcomes [24,25].
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Figure 1. The change in lymphocyte subpopulations in peripheral blood of women with RIF before and during early pregnancy.
A: Percentage of peripheral lymphocyte subsets in RIF women before pregnancy in the two groups (* p = 0.03), B: percentage of peripheral
lymphocyte subsets in RIF women during early pregnancy in the two groups (** p = 0.03), C: The difference in the percentage of lymphocyte
subpopulations after pregnancy in the two groups. Different value after pregnancy (DV), DV = level of T lymphocyte subsets during pregnancy - level
of T lymphocyte subsets before pregnancy, D: Rate of change in percentage of lymphocyte subsets after pregnancy in the two groups. Rate change after pregnancy (RC), RC (%) = 100 * (level of T lymphocyte subsets during pregnancy - level of T lymphocyte subsets before pregnancy)/level of T lymphocyte subsets before pregnancy).

Figure 2. The smooth curve showing the estimated relationship of peripheral percentage of CD19+ B cells before and during
early pregnancy with the pregnancy outcome. The dash line in the middle represents the relative risk. The other two dash lines
represent the 95% confidence intervals.
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According to our results, no remarkable difference was
found between our two groups with respect to BMI and
the number of RIF.
There were several limitations in our study. For example, we did not analyze the different subtypes of B cells
or various cytokines produced by B cells in our patients,
which may have helped clarify the critical protective
mechanism. In addition, the lack of cytogenetic analysis
on miscarriage specimens and etiological analysis for
RIF affected the accuracy and homogeneity of our studies. Further studies are required to better understand the
role of B cells in RIF.

3.

Kwak-Kim J, Han AR, Gilman-Sachs A, Fishel S, Leong M, Shoham Z. Current trends of reproductive immunology practices in in
vitro fertilization (IVF) - a first world survey using IVF-Worldwide.com. Am J Reprod Immunol 2013 Jan;69(1):12-20 (PMID:
22882306).

4.

Piccinni MP, Lombardelli L, Logiodice F, Kullolli O, Romagnani
S, Bouteiller PL. T helper cell mediated-tolerance towards fetal
allograft in successful pregnancy. Clin Mol Allergy 2015 Jun 10;
13(1):9 (PMID: 26064081).

5.

Zhou J, Zhao X, Wang Z, Wang J, Sun H, Hu Y. High circulating
CD3 + CD56 + CD16 + natural killer-like T cell levels predict a
better IVF treatment outcome. J Reprod Immunol 2013 Apr;97
(2):197-203 (PMID: 23452704).

6.

Coulam CB, Roussev RG. Role of T Cell activation and inhibition markers in diagnosing women experiencing immunologic
implantation failure after in vitro fertilization and embryo transfer. Am J Reprod Immunol 2002;48(3):138 https://www.researchgate.net/publication/247649974_Role_of_T_Cell_activation_and
_inhibition_markers_in_diagnosing_women_experiencing_immu
nologic_implantation_failure_after_in_vitro_fertilization_and_e
mbryo_transfer

7.

Ng SC, Gilman-Sachs A, Thaker P, Beaman KD, Beer AE,
Kwak-Kim J. Expression of intracellular Th1 and Th2 cytokines
in women with recurrent spontaneous abortion, implantation failures after IVF/ET or normal pregnancy. Am J Reprod Immunol
2002 Aug;48(2):77-86 (PMID: 12389596).

8.

Thum MY, Bhaskaran S, Abdalla HI, et al. An increase in the absolute count of CD56dimCD16+CD69+ NK cells in the peripheral
blood is associated with a poorer IVF treatment and pregnancy
outcome. Hum Reprod 2004 Oct;19(10):2395-400 (PMID: 15319
390).

9.

Beer AE, Kwak JY, Ruiz JE. Immunophenotypic Profiles of Peripheral Blood Lymphocytes in Women With Recurrent Pregnancy Losses and in Infertile Women With Multiple Failed In Vitro
Fertilization Cycles. Am J Reprod Immunol 1996 Apr;35(4):37682 (PMID: 8739457).

CONCLUSION
We demonstrated that peripheral CD19+ B cell levels
before and during pregnancy in women who had a miscarriage were significantly lower than those in the live
birth group. A nonlinear association was observed between the CD19+ B cells and the risk of miscarriage.
Each one-percent increment in the peripheral CD19+ B
cells percentage was associated with a decreased risk of
miscarriage. The risk of miscarriage in patients with
≥ 15% CD19+ B cells before and during pregnancy was
39% and 21% lower, respectively, than that in their
counterparts with < 15% CD19+ B cells. Measurement
of peripheral CD19+ subsets may help predict the pregnancy outcome in women with RIF.
Funding:
This study was supported by the Research Grant from
Shanghai Committee of Science and Technology (No.
17411967800), the Joint Key Project of New Frontier
Technology in Shanghai Municipal Hospitals (No. SHD
C12014129 and No. 2014ZYJB0003), and Shanghai
Municipal Medical and Health Discipline Construction
projects (No. 2017ZZ0 2015).

10. Yuksel H, Kayatas S, Boza AT, Api M, Ertekin AA, Cam C. Low
molecular weight heparin use in unexplained recurrent miscarriage. Pak J Med Sci 2014 Nov-Dec;30(6):1232-7 (PMID: 25674
114).
11. WHO Expert Consultation. Appropriate body-mass index for
Asian populations and its implications for policy and intervention
strategies. Lancet 2004 Jan 10;363(9403):157-63 (PMID: 14726
171).

Declaration of Interest:
The authors declare that there are no conflicts of interest
that could be perceived as prejudicing the impartiality
of the research reported.

12. Thum MY, Bhaskaran S, Bansal AS, et al. Simple enumerations
of peripheral blood natural killer (CD56+ NK) cells, B cells and
T cells have no predictive value in IVF treatment outcome. Hum
Reprod 2005 May;20(5):1272-6 (PMID: 15829490).
13. Michimata T, Ogasawara MS, Tsuda H, et al. Distributions of endometrial NK cells, B cells, T cells, and Th2/Tc2 cells fail to predict pregnancy outcome following recurrent abortion. Am J Reprod Immunol 2002 Apr;47(4):196-202 (PMID: 12069386).

References:
1.

2.

Margalioth EJ, Ben-Chetrit A, Gal M, Eldar-Geva T. Investigation and treatment of repeated implantation failure following
IVF-ET. Hum Reprod 2006 Dec;21(12):3036-43 (PMID: 16905
766).

14. Baczkowski T, Kurzawa R. Immunophenotypic profiles of peripheral blood lymphocytes on the day of embryo transfer in
women undergoing in vitro fertilization. Folia Histochem Cytobiol 2007;45 Suppl 1:S73-7 (PMID: 18292839).

Bord I, Tamir B, Harlev A, et al. Recurrent implantation failure in
IVF: features of cycles that eventually ended in conception. Arch
Gynecol Obstet 2016 Apr;293(4):893-900 (PMID: 26559422).

Clin. Lab. 1+2/2020

15. Jablonowska B, Palfi M, Matthiesen L, Selbing A, Kjellberg S,
Ernerudh J. T and B Lymphocyte Subsets in Patients with Unexplained Recurrent Spontaneous Abortion: IVIG versus Placebo
Treatment. Am J Reprod Immunol 2002 Nov;48(5):312-8
(PMID: 12516653).

7

Weiyan Tu et al.
16. Lachapelle MH, Miron P, Hemmings R, Roy DC. Endometrial T,
B, and NK cells in patients with recurrent spontaneous abortion.
Altered profile and pregnancy outcome. J Immunol 1996 May 15;
156(10):4027-34 (PMID: 8621945).
17. Muzzio D, Zenclussen AC, Jensen F. The role of B cells in pregnancy: the good and the bad. Am J Reprod Immunol 2013 Apr;69
(4):408-12 (PMID: 23351028).
18. Zenclussen AC, Gentile T, Kortebani G, Mazzolli A, Margni R.
Asymmetric antibodies and pregnancy. Am J Reprod Immunol
2001 May;45(5):289-94 (PMID: 11432403).
19. Maddur MS, Bayry J. B cells drive Th2 responses by instructing
human dendritic cell maturation. Oncoimmunology 2015 Feb 3;4
(5):e1005508 (PMID: 26155405).
20. Chernyshov VP, Sudoma IO, Dons'Koi BV, Kostyuchyk AA,
Masliy YV. Elevated NK cell cytotoxicity, CD158a expression in
NK cells and activated T lymphocytes in peripheral blood of
women with IVF failures. Am J Reprod Immunol 2010 Jul 1;64
(1):58-67 (PMID: 20236262).
21. de la Rochebrochard E, Thonneau P. Paternal age and maternal
age are risk factors for miscarriage; results of a multicentre European study. Hum Reprod 2002 Jun;17(6):1649-56 (PMID: 12042
293).
22. Sugiura-Ogasawara M, Ozaki Y, Kitaori T, Suzumori N, Obayashi S, Suzuki S. Live birth rate according to maternal age and previous number of recurrent miscarriages. Am J Reprod Immunol
2009 Nov;62(5):314-9 (PMID:19811466).
23. Jansen RP. The effect of female age on the likelihood of a live
birth from one in vitro fertilisation treatment. Med J Aust 2003
Mar17;178(6):258-61 (PMID: 12633481).
24. Nelson SM, Lawlor DA. Predicting Live Birth, Preterm Delivery,
and Low Birth Weight in Infants Born from In Vitro Fertilisation:
A Prospective Study of 144,018 Treatment Cycles. PLoS Med
2011 Jan 4;8(1):e1000386 (PMID: 21245905).
25. Stuebe AM, Landon MB, Lai Y, et al. Maternal BMI, glucose tolerance, and adverse pregnancy outcomes. Am J Obstet Gynecol
2012 Jul;207(1):62.e1-7 (PMID: 22609018).

8

Clin. Lab. 1+2/2020

