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ABSTRACT

Several cases of the hemolytic disease of the fetus and newborn *Corresponding author:
(HDFN) caused by immunoglobulin G (IgG) anti-M antibodjes Shuang Liang.

. . K Shenzhen Institute of
have been reported, in which almost all the HDFN-associated Transfusion Medicine,
anti-M were warmly reacting. Here we report two cases of severe Shenzhen Blood Center,

) . . . Shenzhen, No. 21, Tianbei First
HDFN associated with cold-reacting IgG anti-M. In both cases, ROZEZLirO'hu%istrict'agh:r']zr'::n

pregnancy was terminated, in weeks 33 and 23 respectively, due to china

a diagnosis of fetal growth retardation (FGR). To our knowledge, Email: liangshuang0307@163.
these are the most severe HDFN cases caused by cold-reacting IgG  **"

anti-M.

Cite this article as:

Liang YL, Shi Y, Su YQ, Wu

F, Liang Y, Fan X, Lin J, Liu Y,
Peng L, Ren J, Liang S. Maternal
Cold-Reacting Immunoglobulin

G Anti-M of MNS Blood Group
System Causing Hemolytic Disease
of the Fetus. [ran J Immunol. 2023;
20(1):129-134,

doi: 10.22034/ji.2023.93993.2273.

. . . . Received: 2021-12-17
Keywords: Anti-M Antibody, Cold-reacting IgG, HDFN, MNS Blood p v 5000 1410

Group Accepted: 2022-04-25

INTRODUCTION

Hemolytic disease of the fetus and
newborn (HDFN) is caused by maternal
alloimmunization against fetal red blood cell
(RBC) antigens [1, 2]. During pregnancy,
mothers may generate IgG alloantibodies
against fetal RBC antigens that enter maternal
circulation via transplacental feto-maternal
hemorrhage [3]. The IgG alloantibodies
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then enter the fetus through the placenta
and subsequently cause the agglutination
and destruction of fetal RBCs [4]. Common
symptoms of HDFN include fetal anemia,
edema, hepatosplenomegaly, and fetal
abortion or stillbirth [5]. Forty-three RBC
antigens have been reported to be related to
HDFN, most of which belong to ABO and RH
blood group systems [6]. Another blood group
incompatibility has also been reported to cause
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HDFN ,although the cases are rare [7, §].

Landsteiner and Levine (1927) discovered
the MNS blood group as the second blood
system. So far, 49 antigens have been
discovered, the most important ones being M,
N, S, s, and U antigens [9]. The MNS blood
group system antigens (M, N, S, s) are fully
developed and well detected in the second
half of pregnancy [10]. Usually, anti-M is an
IgM antibody, however, a component of IgG
with IgM occurs occasionally. IgM Anti-M
antibodies are cold-reacting and cannot cross
the placenta, hence they are considered not to
influence the fetus. However, IgG class anti-M
antibodies can penetrate the placental barrier
and cause agglutination and hemolysis of the
fetal RBCs carrying M antigens at 37 °C. In
China, the incidence of anti-M antibodies is
higher than that of anti-N antibodies [11]. Most
anti-M antibodies are naturally occurring
IgM ones, showing a detection rate of 10%
in pregnant women [12]. Pregnancy and blood
transfusion may stimulate the generation of
IgG anti-M, besides IgM alloantibodies.
Only 0.01% to 0.7% of pregnant women
are immunized to fetal M antigen-positive
cells for IgG Anti-M production [13]. These
antibodies cause hemolysis in fetuses. Various
regions like Japan, Turkey, India, Taiwan,
etc., have reported the occurrence of HDFN
cases caused by anti-M [14-17]. Among those
HDFN cases, in the maternal plasma, the titer
of IgM anti-M antibody varies from 2 to 512
and IgG anti-M antibody titer shows variation
between 8 and 512. Wikman reported a severe
case of HDFN induced by anti-M antibodies
of titer 1 [13]. More anti-M associated
HDEFN cases, especially those resulting in
serious consequences, have been reported in
Asians compared with that in the Caucasian
population, indicating there are racial/ethnic
disparities in risk factors that cause anti-M
related HDFN [7, 15, 18]. Almost all the
HDFN-related anti-M IgG have been found
warm-reacting, while cold-reacting anti-M
IgG has been rarely reported at present.

In this study, two severe HDFN cases that
were caused by cold reacting IgG anti-M
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antibodies are reported. In these two cases,
alloimmunization provoked hemolytic anemia
and subsequently led to FGR and pregnancy
termination.

CASE DESCRIPTION

Case 1

Fetal anemia was diagnosed at 31 weeks
gestation and the pregnant woman was
hospitalized. Complete blood count (CBC)
results showed 31 g/L hemoglobin and
10.7% hematocrit HCT, which was much
lower than the critical point of 30%. Color
Doppler ultrasound showed middle cerebral
artery peak systolic velocity (MCA-PSV,
66cm/s (>1.5MOM)). Blood group typing
showed that the fetus had phenotype O+, MN,
whereas the mother had phenotype O+ NN
(Figures 1A & C, Table 1). Anti-M antibodies
of both IgM and IgG classes were detected
in the mother’s serum by Coomb’s test (at
room temperature). The titer of anti-M IgG
was 128 (2-mercaptoethanol treated, 4 °C,
Table 2). Direct antiglobulin test (DAT)
results showed RBCs of the mother and
the fetus were not sensitized by antibodies,
however, alloantibodies against RBCs were
detected in the mother’s serum via Indirect
Antiglobulin Test (IAT, Figure 1A, Table
I). After an intrauterine blood transfusion,
the CBC showed an increase in hemoglobin
level of 58 g/L and an HCT increase of 18%.
The patient was discharged after treatment,
however, FGR was diagnosed afterward and
the pregnancy was terminated at week 33.

The pregnant woman was of Chinese Han
ethnicity. She was healthy and had no related
diseases or blood transfusion history before.
The mother delivered a healthy daughter with
O+, and NN blood types several years before
the occurrence of the above HDFN case. The
mother got pregnant again a few years after the
case and smoothly delivered a healthy infant
(blood group type O+, NN). Therefore, in the
above-described HDFN case, the IgG anti-M
antibodies should be naturally occurring but
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Figure 1. Antibody identification results of two cases. A&C. Mother’s antibody identification results at
37 °C of case 1 (A) and case 2 (C). B&D. Titers of IgG Anti-M antibodies at 4 °C in the umbilical cord
blood after 2-Me treatment of case 1 (B) and case 2 (D).

not induced by previous immune stimulation.

In this case study all data was collected
after the prior informed consent of the
participants.

Case 2

A fetus developed severe intrauterine and
edema at 21 weeks of gestation. The fetus had
blood group phenotype O+, MN whereas the
mother had A+, NN (Figures 1B&D, Table 1).
Anti-M antibody (IgG+IgM) was detected in
the mother’s serum by Coomb’s test (at room
temperature) and the titer of anti-M IgG was
64 (2-mercaptoethanol treated, 4 °C, Table 2).
The mother’s RBCs were not sensitized by
antibodies determined by DAT, while antibodies
against RBCs in circulation were detected in
IAT (Figure 1, Table 1). Since no cord blood
was collected, the DAT of the fetus was not
performed. The pregnancy was terminated due
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to fetal growth retardation at week 23.

The pregnant woman in this case was also
of Chinese Han ethnicity. She was healthy and
had no related diseases or blood transfusion
history before. It was the third time that the
woman got pregnant in the reported case.
She smoothly delivered a healthy infant of
O+, NN blood type in the first pregnancy and
ended in miscarriage in the second pregnancy,
in which the fetus had a blood grouping
phenotype of O+ MN. Therefore, the 1gG
anti-M antibodies that were detected in the
reported HDFN case, should be partially
induced by immune stimulation of the second
fetus. The spontaneous abortion of the second
pregnancy was also associated with the
naturally occurring IgG anti-M antibodies.

In this case study all data was obtained
after the prior informed consent of the
participants.
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Table 1. Irregular antibody identification cell profile and IAT result of the two cases

Cellbind ID 1 2 3 4 5 6 7 8 9 10 11
Rh-Hr C + + 0 0 + 0 0 0 0 0 +
D + + + + 0 0 0 0 0 0 +

E 0 0 + 0 0 + 0 0 0 0 +

c 0 0 + + 0 + + + + + 0

e + + 0 + + 0 + + + + +

cv + 0 0 0 0 0 0 0 0 0 0

f / / / / / / / / / / /

A% / / / / / / / / / / /

Kell K 0 + 0 0 0 0 + 0 + 0 +
k + + + + + + 0 + + + +

Kp? 0 0 0 0 0 0 0 + 0 0 0

Kp® + + + + + + + + o+ + +

Js? / / / 0 / / / 0 0 / /

Jsb + + + + + + + + + + +

Duffy Fy* + 0 0 0 + 0 0 0 + + +
Fy® 0 4 4 0 4 < + + 0 0 4

Kidd Jk? + + 0 + + + + 0 + + 0
Jk® 0 + + 0 + 0 + + 0 0 +

Lewis Le® 0 0 0 0 0 0 0 + + + 0
L& + + + 0 + + + 0 0 0 +

P P1 + + + + + + 0 + + + 0
MNS M 4 0 4 0 4 + + 4 0 4 +
N + + + + 0 + 0 + + 0 +

S 4 0 4 0 4 0 4 0 0 e +

s 0 + 0 + + + 0 + + + +

Luther Lu? 0 0 0 0 0 0 0 0 0 0 0
Lub + + + + + + + + + + +

Xg Xg* + 4 4 4 4 + 0 F F 4 4
Casel IS 2+ 0 2+ 0 3+ wt 3+ 2+ 0 3+ 2+
(Mother) IAT(37°C) 1+ 0 1+ 0 I+ w+t 1+ 1+ 0 1+ 1+
Case2 IS 2+ 0 2+ 0 3+ wt 3+ 2+ 0 3+ 2+
(Mother) TIAT(37°C) 1+ 0 1+ 0 I+ w+ 1+ 1+ 0 1+ 1+

A cellbind screen kit (Sanquin Reagents BV, The Netherlands) was used for the identification of antibodies.

Table 2. Serological tests of the two cases

Serological tests Casel Case2
Blood group of mothers O, D+ NN A, D+ NN
Blood group of fathers 0O, D+ MN A, D+, MN
Blood group of fetuses O, D+ MN O, D+ MN
DAT of mother Negative Negative
Isoantibody test of mother (Coombs test) Anti-M (IgM+1gG) Anti-M (IgM+IgG)
Anti-M antibody titer of mother (4 °C, IgG) 128 64
DAT of fetus Negative No detection

DAT: Direct antiglobulin test

DISCUSSION

Although Anti-M antibodies are mostly of
naturally occurring IgM class whose optimal
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reaction temperature is 4 °C [19], IgG class
was detected in about 78% of subjects in which
anti-M alloimmunization was confirmed [20].
Extant studies show little clinical significance

Iran J Immunol Vol. 20, No. 1, March 2023



Hemolytic disease of the fetus caused by maternal cold-reacting IgG anti-M

of the non-reactive anti-M antibody at 37
°C, however, the consensus remains elusive
currently on the clinical significance of
anti-M antibodies [21]. In general, fetal
anemia caused by anti-M is considered mild
and not fatal>. However, in recent years, cases
of severe fetal anemia caused by anti-M
antibodies have been increasingly reported,
especially in Asian populations [7, 15, 18, 22].
Two HDFN cases have been reported to be
related to IgG anti-M that reacted optimally at
cold temperatures. In both cases, the fetuses
were delivered smoothly and recovered after
the treatment [23, 24].

The two cases reported in this work were
quite similar: fetuses were MN blood type
and mothers were NN blood type. It was
the first time for both mothers to have M
antigen-positive fetuses and encountered
severe fetal hemolysis and edema that led
to the termination of pregnancy. To the best
of our knowledge, this is the first report to
show fatal intrauterine hemolytic anemia
cases that were caused by cold-reacting IgG
anti-M antibodies.

It was reported that HDFN caused by
anti-M antibodies might not show typical
laboratory changes, such as DAT negative
[13, 15], however, in both cases of our
work negative DAT results were obtained.
Therefore, the correct judgment of prenatal
hemolytic disease caused by the anti-M
antibody is very important for diagnosis.
When anti-M reactivity is detected in
maternal serum during pregnancy an
additional test of anti-M reactivity using
2-Me-treated samples at cold temperatures
is needed to determine the presence of a
clinically relevant low-temperature IgG
component.

Although in both cases of this report, the
patients received appropriate treatments,
the pregnancies were still terminated due
to the occurrence of FGR, indicating the
fatality risks of anti-M alloimmunization.
The severity of the consequences caused
by anti-M may range from asymptomatic
to severely hydropic with intrauterine or
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neonatal demise [7, 25]. Meanwhile, it seems
that anti-M-related HDFN occurs more
frequently in Asian populations than in the
Caucasian ones [7, 15]. In addition, it was
reported that a pregnant woman of NN blood
type successfully gave birth to a living child
of MN blood type after experiencing several
failed pregnancies including miscarriage
and intrauterine fetal death. All the pieces
of evidence indicate that some other factors
may also contribute to the severity of anti-
M-related HDFN. Therefore, it is important
to examine more changes other than anti-M
alloantibodies, e.g. dysregulation of the
complement activation [26], to better evaluate
the conditions of the fetus and mother for
appropriate treatment.

CONCLUSION

The incompatibility of the MNS blood group
between the mother and fetus may result in
very severe consequences, such as FGR and
termination of pregnancy in the Chinese
Han ethnicity. Anti-M antibodies can play
significant roles in causing HDFN even at
low titer, possibly due to other changes
in the patient’s immune system during a
particular period, such as dysregulation of the
complement system. More attention is needed
for early detection of anti-M antibodies in
NN blood type pregnant mother even though
negative standard DAT testing results are
demonstrated.

ACKNOWLEDGMENTS

Funding: This work was supported by the
Guangdong Medical Foundation Project
(B2020179, B2021093, A2022377), the
Shenzhen Medical Research Funding
(SZGW2018008), Guangdong Natural
Sciences (2020A1515010387), Sanming Project
of Shenzhen in Medicine (SZSM201811092),
Shenzhen Key Medical Discipline
Construction Fund (grant no.SZXKO070).

133



Liang YL et al.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

All the data were obtained with the informed
consent of participants.

Conflict of Interest: None declared.

REFERENCES

10.

11.

12.

134

Levine P, Pollack W. Hemolytic disease of the
fetus and newborn. Med Clin North Am. 1965;
49:1647-60.

Haas DM, Thurik FF, Koelewijn JM, et al.
Haemolytic disease of the fetus and newborn.
Vox Sang. 2015; 109(2):99-113.

Egbor M, Knott P, Bhide A. Red-cell and platelet
alloimmunisation in pregnancy. Best Pract Res
Clin Obstet Gynaecol. 2012; 26(1):119-32.
Abbasi N, Johnson J, Ryan G. Fetal anemia.
Ultrasound Obstet Gynecol. 2017; 50:145-53.
Prefumo F, Fichera A, Fratelli N, Sartori E. Fetal
anemia: Diagnosis and management. Best Pract
Res Clin Obstetr Gynaecol. 2019; 58:2-14.
Ghesquiere L, Garabedian C, Coulon C, Verpillat
P, Rakza T, Wibaut B, et al. Management of red
blood cell alloimmunization in pregnancy. J
Gynecol Obstetr Hum Reprod. 2018; 47:197-204.
Yasuda H, Ohto H, Nollet KE, Kawabata K, Saito
S, Yagi Y, et al. Hemolytic disease of the fetus and
newborn with late-onset anemia due to anti-M: a
case report and review of the Japanese literature.
Transfus Med Rev. 2014; 28:1-6.

Armstrong B, Smart E. Haemolytic diseases.
ISBT Science Series 2008;3:93-109.

Heathcote DJ, Carroll TE, Flower RL. Sixty years
of antibodies to MNS system hybrid glycophorins:
what have we learned? Transfus Med Rev. 2011;
25:111-24.

Habibi B, Bretagne M, Bretagne Y, Forestier
F, Daffos F. Blood group antigens on fetal red
cells obtained by umbilical vein puncture under
ultrasound guidance: a rapid hemagglutination
test to check for contamination with maternal
blood. Pediatr Res. 1986; 20(11):1082-4.

Xu P, Li Y, Yu H. Prevalence, specificity and
risk of red blood cell alloantibodies among
hospitalised Hubei Han Chinese patients. Blood
Transfus. 2014; 12(1):56-60.

Makroo RN, Arora B, Bhatia A, Chowdhry
M, Luka RN. Clinical significance of antibody
specificities to M, N and Lewis blood group
system. Asian J Transfus Sci. 2014; 8:96.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Wikman A, Edner A, Gryfelt G, Jonsson B, Henter
JI. Fetal hemolytic anemia and intrauterine death
caused by anti-M immunization. Transfusion.
2007; 47:911-7.

Ishida A, Ohto H, Yasuda H, Negishi Y, Tsuiki
H, Arakawa T, et al. Anti-M antibody induced
prolonged anemia following hemolytic disease of
the newborn due to erythropoietic suppression in 2
siblings. J Pediatr Hematol Oncol. 2015; 37:e375-¢7.
Stetson B, Scrape S, Markham KB. Anti-M
alloimmunization: management and outcome at
a single institution. Am J Perinatol Rep. 2017;
7:¢205-¢10.

Philip J, Kushwaha N, Jain N. Report of two cases
of anti-M antibody in antenatal patients. Asian J
Transfus Sci. 2015; 9:89.

Parsh BS. Hemolytic disease of the newborn due to
anti S antibodies. J Natl Med Assoc. 2000; 92:91.
LiS,He Z, Luo Y, Ji Y, Luo G, Fang Q, et al.
Distribution of maternal red cell antibodies and
the risk of severe alloimmune haemolytic disease
of the foetus in a Chinese population: a cohort
study on prenatal management. BMC Pregnancy
Childbirth. 2020; 20(1):539.

Yudin J, Heddle NM. A 13-question approach
to resolving serological discrepancies in the
transfusion medicine laboratory. Lab Med.
2014;45(3):193-206.

Smith ML, Beck ML. The immunoglobulin
structure of human anti-M agglutinins.
Transfusion. 1979; 19(4):472-4.

Duro EA, Desalvo L, Kuret S. Severe hemolytic
disease of the newborn caused by anti-m
antibodies. Iranian J Pediatr. 2013; 23:607-8.
Nazri HM, Haslina M, Shafini MY, Noor Shaidatul
Akmal AR, Rapiaah M, Wan Zaidah A. Anti-M
induced severe haemolytic disease of foetus
and newborn in a Malay woman with recurrent
pregnancy loss. Malays J Pathol. 2017; 39(1):73-6.
Andersen LH, Jacob EK, McThenia SS, Tauscher
CD, Patterson ER, Oliveira JL, et al. Hemolytic
disease and reticulocytopenia of the newborn
attributable to maternal immunoglobulin G
anti-M reacting optimally at cold temperatures.
Transfusion. 2021; 61:974-8.

Crispin P, Sliwinski K, Wilson C, Lennard S,
DeSouza M, Sethna F. Cold reacting anti-M
causing delayed hemolytic disease of the newborn.
Transfusion. 2019; 59(12):3575-9.

Gao XY, Huang H, Li LD. Hemolytic disease of
neonates due to anti-M: report of one case and
review of reports of 21 cases. Zhonghua Er Ke
Za Zhi. 2009; 47(9):648-52.

Bajic G, Degn SE, Thiel S, Andersen GR.
Complement activation, regulation, and molecular
basis for complement-related diseases. EMBO J.
2015; 34(22):2735-57.

Iran J Immunol Vol. 20, No. 1, March 2023



