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the platelet count rose to 121 × 109/L. This report suggests 
that intrauterine transfusions with compatible RBC and 
CD36null platelets are useful in preventing the deleterious 
clinical effects of anti-CD36-mediated severe FNAIT.
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Introduction

Foetal and neonatal alloimmune thrombocytopenia 
(FNAIT), occurring in 1/800–1/1000 live births, is the most 
common cause of severe thrombocytopenia and intracranial 
haemorrhage (ICH) in foetus and term newborns [1, 2]. 
FNAIT is caused by maternal antibodies which recognize 
paternal-derived antigen on foetal platelets leading to plate-
let destruction. In Caucasians, more than 75% of FNAIT 
cases are induced by alloantibodies against human platelet 
antigen (HPA)-1a [3, 4], whereas the most common antibod-
ies related to FNAIT for Japanese are anti-HPA-4b alloan-
tibodies [5]. Both alloantibody specificities, however, have 
not been reported in Chinese population so far. In contrast, 
anti-CD36 isoantibodies, developed in type I CD36 deficient 
mothers are frequently reported as the cause of FNAIT in 
China [6, 7].

CD36 (also known as GPIV), is a highly glycosylated 
88-kDa protein and is expressed widely on human cells 
including platelets, monocytes, macrophages, erythroid 
precursors and endothelial cells [8]. There are two types of 
CD36 deficiency; type I with total absence of CD36 expres-
sion on platelets and monocytes and type II lacking of CD36 
on platelets but not on monocytes [9]. CD36 deficiency on 
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platelets is more frequent in Asians (about 3–11%) and Afri-
cans (about 8%) than in white people (<0.4%) [7].

Anti-CD36 antibodies (originally named anti-Naka) were 
first described in a case of platelet transfusion refractoriness 
[10, 11]. Meanwhile, the clinical relevance of anti-CD36 
antibodies has been reported in other immune mediated 
disorders including thrombotic thrombocytopenic purpura, 
adverse transfusion reactions and FNAIT [12–14].

The clinical pictures of anti-CD36 mediated FNAIT are 
heterogeneous ranging from widespread petechial haem-
orrhages, gastrointestinal bleeding, severe anaemia and 
thrombocytopenia and hydrops fetalis [14–17]. Recently, 
we reported two cases of FNAIT with recurrent abortions 
and hydrops [6, 18].

In comparison to anti-HPA alloantibodies, little is known 
about the management of FNAIT caused by anti-CD36 
isoantibodies. Here, we present a successful management of 
a life-threatening case of FNAIT case with hydrops fetalis, 
serious anaemia and thrombocytopenia caused by anti-CD36 
isoantibodies.

Case report

A Chinese male foetus was found with ascites, pericardial 
effusion, and cardiomegaly and hydropic placenta by ultra-
sound at 26 weeks of gestational age, and these clinical 
symptoms became severe at 27 weeks of gestational age 
(Fig. 1a). Doppler assessment of the middle cerebral artery 
revealed a peak systolic velocity (MCA-PSV) is 2.1 mul-
tiples of median (MOM). Umbilical cord centesis showed 
foetal anaemia (haemoglobin 84 g/L, haematocrit 25.1%) 
at 23 weeks of gestational age, whereas the reticulocytes 
(0.0385 × 1012/L) and platelet count (192 × 109/L) were nor-
mal. However, at 27 weeks of gestational age foetal anaemia 
(haemoglobin 48 g/L, haematocrit 16.6%) became severe; 
the reticulocytes (0.1417 × 1012/L) showed reactive pro-
liferation and thrombocytopenia (platelet 16 × 109/L) was 

found. Parvovirus and cytomegalovirus infections, maternal 
syphilis, thalassemia, fetomaternal haemorrhage had been 
ruled out. Furthermore, immunization against red blood 
cells (RBC) was excluded by negative direct antiglobulin 
test (DAT) and indirect antiglobulin test (IAT) using DG Gel 
Coombs (GRIFOLS).

His mother, a 36-year-old Chinese woman, gravida 3 
para 1, had a history of abortion at the first pregnancy and 
intrauterine foetal deaths with foetal hydrops occurred dur-
ing 6–8 months in the following five pregnancies. Blood 
tests of his mother for cytomegalovirus, parvovirus, irregular 
and autoantibody were negative. Interestingly, anti-CD36 
isoantibodies were detectable in the maternal serum indi-
cating a severe case of FNAIT associated with anti-CD36 
isoantibodies.

Materials and methods

The platelet antibodies in sera collected from the mother and 
umbilical cord were detected using a commercial ELISA 
Kit (PAKPLUS, Immucor GTI Diagnostics Inc., Waukesha, 
USA). Aliquots of 50 µL sera (1:3 dilutions) were added to 
microtiter wells coated with different platelet glycoproteins 
or HLA class I antigens. Bound antibodies were detected 
with alkaline-phosphatase-conjugated anti-human IgG and 
the appropriate substrate. The characterization of CD36 on 
protein as well as on DNA level was performed as previously 
described [18].

Results

Figure 2 shows the results of antibody containing in sera 
of maternal and umbilical cord at 14, 23 and 27 weeks of 
gestation. Increasing amounts of HLA antibodies against 
B*27:08, B*45:01, B*27:05, B*49:01, B*15:12, B*07:02, 
B*15:01, B*41:01, B*44:03, B*73:01, B*44:02, B*35:01 

Ascites:10.2mm

Ascites:55X18mm

(a) 27 weeks of gestation (b) 30 weeks of gestation

Fig. 1   Ascites was measured in diameter of fluid in the abdomi-
nal cavity by ultrasound. a 55 mm diameter of ascites was found at 
27 weeks of gestation (arrow). b The diameter of fluid (10.2 mm) at 

30  weeks of gestation shows significant reduction of ascites in the 
transversal view (arrow)
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and B*07:03 were found in maternal serum using LIFE-
CODES LSA (Gen-Probe). However, these antibody spe-
cificities could not be found in umbilical cord blood sam-
ple, and inconsistent with the HLA-genotype of foetus 
(A*02:03, A*24:02; B*40:01, B*54:01; C*01:02, C*07:02; 
DRB1*08:03, DRB1*16:02). This observation indicated 
that these HLA class I antibodies did not play a role in the 
pathomechanism of thrombocytopenia in this case. Inter-
estingly, although the amount of anti-CD36 isoantibodies 
in maternal sera decreased from 23 to 27 weeks of gesta-
tion, significant increase of anti-CD36 isoantibodies was 
detected in the umbilical cord blood sample. Flow cytom-
etry analysis showed the normal CD36 expression of father 
and foetus on platelets (MFI 240; MFI 20.0) as well as on 
monocytes (MFI 480; MFI 60.1). In contrast, total absence 
of CD36 was observed on the maternal platelets (MFI 2.87) 
and monocytes (MFI 1.14) (Fig. 3), demonstrating type I 
CD36 deficiency. This is in accordance with the molecular 
biological analysis. Two nucleotides deletion AC at position 
329–330 located in exon 5 of the CD36 gene of the mother 

was found. As expected, normal CD36 gene (wild-type) was 
found in the father. Accordingly, the foetus is heterozygous 
carrying both the mutant and the wild-type allele (Fig. 4). 
All together, these results strongly indicated that anti-CD36 
isoantibodies developed by CD36null phenotype mother, 
passed through placenta and induced severe FNAIT condi-
tions with hydrops fetalis and serious anaemia.  

From 27 until 29 weeks of gestation, a total of three intra-
uterine transfusions with RBC were performed to improve 
the severe anaemia. The haemoglobin value increased 
rapidly (113 g/L), and the ultrasound assessment showed 
the diameter of fluid in the abdominal cavity of fetus was 
decreased markedly (Fig. 1B). However, the platelet count 
(11 × 109/L) remained low (Table 1). At 30 weeks of gesta-
tion, 4.81 × 1010 CD36null leuko-depleted, non-irradiated 
platelets were transfused to the foetus and the platelet count 
rose to 177 × 109/L. In addition, the mother (body weight, 
50 kg) received prednisone for 11 days (10 mg, bid). Due 
to the persistent elevation of MCA-PSV (1.8–2.5 MOM), 
RBC and platelets from a CD36null donor were given 3 days 
later. The post-transfusion platelet count and haemoglobin 
were 105 × 109/L and 114 g/L, respectively. Foetal hydrops 
could not be detected by the subsequent ultrasound (data not 
shown). During this time the mother refused the prenatal 
treatment with intravenous immunoglobulin (IVIG).

At 32 weeks of gestation, the male baby (2250 g) was 
delivered vaginally due to premature rupture of membranes 
with Apgar scores of 10 (after 5 min). At birth, the hae-
moglobin was normal (186 g/L), but the platelet count was 
low (48 × 109/L). Although diffuse petechial haemorrhages 
in lower limbs and chest were observed shortly after birth, 
intracranial haemorrhage (ICH) was not detected by ultra-
sounds as well as by computed tomography (CT) scan. After 
2 days the platelet count rose to 121 × 109/L. The child 
was discharged from the hospital on day 30. No neurologic 
abnormality was observed until today (9 months old).

Discussion

We report a severe case of FNAIT complicated with foetal 
anaemia and hydrops due to anti-CD36 isoantibodies, which 
represents a rare clinical condition in this disorder. Usu-
ally the clinical features of FNAIT are associated with the 
occurrence of petechiae, hematomas and ICH [19]. Only 
anti-CD36 isoantibodies, but not specific anti-HLA class I 
antibodies could be found in the foetal blood sample indicat-
ing that anti-CD36 isoantibodies were directly responsible 
for the clinical complications observed in this FNAIT case.

Curtis et al. described five FNAIT cases caused by anti-
CD36, but neither prenatal nor postnatal anaemia was 
observed [15]. In two of these infants, the platelet counts 
rose to the normal range within 2  weeks without any 
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Fig. 2   Detection of anti-CD36 antibodies and anti-HLA class I by 
ELISA. Platelet reactive antibodies were screened by a commercial 
ELISA Kit (PAKPLUS). In maternal serum (upper panel), antibodies 
against CD36 and HLA class I were found at 14, 23 and 27 weeks of 
gestation age, respectively as indicated. In serum of umbilical cord 
(bottom panel) only anti-CD36 antibodies was identified at 23 and 
27 weeks of gestation age. Controls (Ctrl) 1 and 2 represent the nega-
tive control of anti-HLA class I and anti-CD36, respectively
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Fig. 3   Flow cytometry analysis of CD36 expression on platelets and 
monocytes. Platelets and monocytes of mother, father and foetus were 
measured with FITC labelled mab against CD36 and PE-labelled mab 
against CD14. Anti-CD36 reacted with platelets (top panel) from the 

father and the foetus, but none with the mother. Similarly, only mono-
cytes (CD14 positive) of the father and the foetus reacted with anti-
CD36 antibodies (bottom panel)

Fig. 4   Sequencing analysis 
of exon 5 of CD36 gene. The 
two nucleotides deletions AC 
at position 329–330 (arrow) in 
mother (homozygous state) and 
in foetus (heterozygous state) in 
comparison to the father (wild-
type) are presented
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specific treatment. Recently, Okajima et al. [17] described 
a case of two siblings with hydrops fetalis due to anti-
CD36. Foetal anaemia was observed in the elder sister. 
She was managed by intraperitoneal transfusion with RBC 
and delivered at 30 weeks of gestation. The younger sister 
was delivered at 29 weeks of gestation without intrauterine 
intervention.

In our patient, intrauterine transfusions with compatible 
RBC seem to be of benefit to manage severe foetal anaemia 
and the development of hydrop fetalis. Actually, platelet 
transfusion prior to RBC administration is recommended 
in severe thrombocytopenia (platelet count <50 × 109/L) 
to prevent haemorrhage [20]. In our case, transfusion with 
CD36null platelets did not be administered until 30 weeks 
of gestation for two reasons. First, compatible platelet donor 
was not formerly available. Second, comparing to foetal 
thrombocytopenia, hydrops fetalis and anaemia threatened 
the foetal life and may result in foetal demise so that imme-
diate red cell transfusion should be performed as the first 
priority. Transfusion with CD36null platelets after 30 weeks 
of gestation resulted in significance increase of foetal plate-
let counts. Fortunately, signs of ICH, intrauterine growth 
restriction or other structural abnormalities were not found 
by prenatal ultrasound or postnatal computer tomography.

Although ICH is regarded as the most severe compli-
cation of FNAIT [21], the mechanism has not been fully 
understood. Recently, Yougbaré et al. [22] demonstrated that 
anti-β3 antibodies developed in immunized β3 knock-out 
mice mothers could induce ICH in pups in a murine model 
of FNAIT. More recently, Santoso and co-workers found 
significant association between certain types of anti-HPA-1a 
alloantibodies with the development of ICH. This antibody 
type bound strongly to αvβ3 integrin expressed on endothe-
lial cells and inhibited thereby the interaction between αvβ3 
and its ligand vitronectin leading to endothelial cell apopto-
sis (anoikis) and consequently impaired angiogenesis [23]. 
These observations underline the important of anti-endothe-
lial antibodies as important trigger of ICH. The question 

whether anti-CD36 isoantibodies may impair endothelial 
function(s) leading to foetal hydrops is intriguing.

Nowadays, high risk cases of FNAIT cases caused by 
anti-HPA-1a alloantibodies are commonly treated with 
intravenous immunoglobulin (IVIG) and corticosteroid 
[24]. Currently, little is known about the benefit of IVIG for 
the treatment of FNAIT caused by anti-CD36 isoantibodies. 
In our case, this clinical approach could not be approved, 
because no compliance could be achieved.

Taking together, although anti-CD36 isoantibodies turn 
out to be the most frequent platelet antibodies found in Asia 
and can cause life-threatening FNAIT, this serious disorder 
is still precious little considered. In this study, we present the 
careful elaboration of the case, the laboratory diagnostic as 
well as the successful management of severe case of FNAIT 
caused by anti-CD36 antibodies. Since hydrops fetalis and 
anaemia rather than thrombocytopenia seem to threatening 
for the foetal life, immediate RBC transfusion should be 
recommended as the first priority.
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