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A B S T R A C T

Background: Hemolysis due to ABO incompatibility is an important differential diagnosis in

newborns presenting with jaundice. Clinical studies evaluating ABO hemolytic disease of

fetus and newborn (ABO-HDFN) question the diagnostic value of the direct antiglobulin test

(DAT) in this situation.

Goals: To determine the clinical and laboratorial findings associated with the occurrence of

ABO-HDFN and to evaluate the accuracy of DAT as a diagnostic tool.

Methods: This was a nested case control study with a cohort of 4122 newborns. Clinical and

immunohematological data were retrieved from medical files including clinical and labora-

torial factors associated with ABO-HDFN. Sensitivity, specificity, positive predictive value

(PPV) and negative predictive value (NPV) of positive DAT were calculated.

Results: Among the 4122 newborns, 44 had the diagnosis of ABO-HDFN. Positive DAT, group O

mother and group A newborn were significantly associated with the occurrence of neonatal

jaundice and this association persisted in a multivariable model (p-value <0.001). DAT pre-

sented 65.85 % sensitivity, 96.28 % specificity, 16.9 % PPV and 99.6 % NPV for the diagnosis of

ABO-HDFN. Therewere no cases of positive DAT in cases other than O/A andO/B incompatibil-

ities. The newborn hemoglobin was significantly lower in O/A incompatibility (p-value <0.001).

Conclusion: Positive DAT, mother of group O and newborn of group A are independent risk

factors associated with ABO-HDFN. DAT exhibited high NPV for the diagnosis of this com-

plication. Thus, performing DAT in newborns with O/A and O/B incompatibilities is a cost-

effective strategy that can be applied as routine by blood banks.
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Introduction

Hemolytic disease of the newborn (HDNB) due to ABO incom-

patibility is a common cause of neonatal hyperbilirubinemia

and jaundice; usually it presents with a mild course. The

physiopathology of the disease relies on the presence of anti-

A and anti-B antibodies, mostly of the IgG2 class, that cross

the placenta barrier and sensitize fetal red blood cells (RBCs)

which still do not exhibit full expression of A and B antigens.1

The scenario of mother and fetus O/A and O/B incompatibili-

ties exhibit the highest risk of neonatal jaundice.2

The routine of immunohematological tests on newborns

at birth is not homogeneous in blood centers. Blood banks

usually perform direct antiglobulin test (DAT) for all new-

borns, irrespective of the ABO group of the mother. Some

commercial assays designed for ABO typing of newborns

under automation even link anti-A and anti-B sera with anti-

human globulin to perform polyspecific DAT. This is the case

of gel-method tests designed for newborns, in which one

microcolumn of agglutination is reserved for anti-A, one for

anti-B and one for anti-human globulin. A survey conducted

by the AABB Pediatric Subsection Working Party among US

and Canadian birth hospitals confirmed the heterogeneity in

the newborn immunohematology routine, mainly in respect

to the performance of DAT (mandatory versus optional) and

eluate.3 However, studies focusing on the clinical manage-

ment of neonatal jaundice show that the diagnosis of ABO-

HDFN should focus mostly on the clinical course of hyperbilir-

ubinemia in the context of newborns with ABO incompatible

mothers than on positive DAT.4

Our main objectives were to evaluate clinical and labora-

tory findings associated with the occurrence of neonatal jaun-

dice due to mother and fetus ABO incompatibility and to

calculate the positive and negative predictive value of DAT in

the diagnosis of this complication.

Methods

Description of the cohort

Mother and newborns were included in the study sequentially

as post-delivery samples were tested in three Brazilian immu-

nohematology laboratories. A total of 4122 full-term new-

borns were included in the study. Hemolytic disease of the

newborn (HDNB) was suspected in the presence of overt jaun-

dice with confirmed increased indirect bilirubin. Clinical and

laboratorial data were retrieved from hospital files.

Immunohematological tests

All newborn and mother samples were ABO typed using the

tube method with commercial anti-A and anti-B sera (BIO-

RAD, Lagoa Santa, Brazil). Only direct ABO typing was per-

formed after washing cord red blood cells (RBCs) eight times

with room temperature saline. All newborn samples under-

went polyspecific DAT using the tube method with commer-

cial anti-human globulin (Fresenius Kabi, Brazil).

Statistical analysis

Newborns presenting with ABO-HDFN were compared to con-

trol newborns in respect to clinical and laboratorial variables.

The chi-square test was used to compare the groups in uni-

variate analysis and if the resulting p-value <0.2, variables

were included in the multivariable model. Logistic regression

was performed for multivariable analysis and a p-value <0.05

was considered significant.

The frequency of positive DAT and the neonatal hemoglo-

bin were compared between groups of newborns with differ-

ent ABO blood types stratified according to the ABO group of

themother. The chi-square test was used for the first compar-

ison and Mann−Whitney test for the second. For both, a

p-value <0.05 was considered significant. All tests were

performed using SPSS (version 20).

Results

Cohort description

Of the 4122 newborns enrolled in the study, 44 had the diag-

nosis of ABO-HDFN. The incidence of this complication was

7.9 % considering only cases in which there was ABO incom-

patibility between mother and fetus. Figure 1 shows a sum-

mary of the immunohematological results.

Clinical and laboratorial factors associated with newborn

jaundice

Positive DAT, and ABO group of the mother and of the new-

born were significantly associated with clinical neonatal

jaundice (p-value <0.001) in univariate analysis (Table 1).

Intrauterine growth arrest, bacterial infection of the mother,

Figure 1 –Flowchart showing the number of samples

included in the study and a summary of the immunohe-

matological results.
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mother’s self-declared race and type of birth were not related

to the studied endpoint (p-value >0.2; Table 1). Maternal use

of corticosteroids was included in the multivariable model, as

the p-value was below 0.071. In the multivariable analysis,

only positive DAT, and ABO group of the mother and of the

newborn exhibited independent associations with newborn

jaundice (p-value <0.01).

The sensitivity, specificity, positive predictive value and

negative predictive value of positive DAT for the diagnosis of

neonatal jaundice were 65.85 %, 96.28 %, 16.88 % and 99.6 %,

respectively.

Direct antiglobulin test (DAT)

DAT was positive in 19.6 % of the mother and newborn pairs

with ABO incompatibility (139/710). Considering the ABO

group of the mother, DAT was positive in 0.9 % of newborns

of group A mothers (1 ABO incompatible newborn in 113

births), 27.3 % of newborns of group O mothers (138 ABO

incompatible newborns in 506 births) and in no newborns of

group B mothers (no ABO incompatible newborns in 91

births). The higher prevalence of positive DAT in mothers of

group O presenting with type A or B newborns was statisti-

cally significant (p-value <0.001; Table 2). The frequency of

positive DAT for newborns of group O mothers was 29.4 % in

the case of group A newborns and 22.2 % in the case of group

B newborns. There were 16 newborns presenting with posi-

tive DAT in the absence of ABO incompatibility. The eluate, in

these cases, did not reveal anti-A or anti-B antibodies.

Impact of ABO incompatibility on the newborn hemoglobin

A significant decrease in post-delivery newborn hemoglobin

was observed in newborns of group A with group O mothers

(p-value <0.001; Table 3). ABO incompatibility did not signifi-

cantly impact the hemoglobin of ABO-incompatible newborns

of group A or group B mothers (p-value = 0.109 and 0.95,

respectively).

Discussion

This nested case-control study evaluated a large cohort of

mother and newborn pairs focusing on immunohematologi-

cal findings associated with the occurrence of neonatal jaun-

dice due to ABO incompatibility. It was observed that: 1)

Positive DAT, mother of group O and newborn of group A

were variables significantly and independently associated

with neonatal jaundice, 2) Newborn hemoglobin levels were

lower in O/A incompatibility. In cases of non-group O moth-

ers, no differences were observed in neonatal hemoglobin

irrespective of ABO incompatibility and 3) The frequency of

positive DAT was significantly higher in O/A and O/B incom-

patibilities. In the scenario of group B mothers, no DAT was

positive, including in cases where newborns were of type A.

This study is the first to explore major ABO incompatibility

involving mother and newborn pairs in Brazil, a medium-

income country of highly mixed population. In most Brazilian

centers the routine tests performed at birth for all newborns

include DAT, with eluate in cases of positive results, and, in

some centers, eluate is performed in cases of O/A and O/B

incompatibility irrespective of DAT result.

Table 1 – Univariate analysis of clinical and laboratorial
factors potentially associated with ABO-HDFN.

Variable ABO hemolytic disease p-value

Yes No

DAT

Positive 27 133 <0.001

Negative 14 3447

Intrauterine growth arrest

Yes 0 80 0.092

No 41 3880

Mother infection

Yes 1 185 0.609

No 42 3767

Type of birth

Normal 32 2465 0.896

C-section 3 463

Forceps 0 58

Use of corticosteroids

Yes 4 116 0.071

No 39 3861

ABO type mother

A 2 1370 <0.001

O 40 2009

B 2 482

AB 0 149

ABO type newborn

A 30 1315 <0.001

O 3 1938

B 11 475

AB 0 152

Mother self-declared race

White 18 1516 0.965

Black 5 453

Mixed 13 1099

Other 0 9

Table 2 – Positivity of Direct Antiglobulin test (DAT)
according to the ABO type of the binominal mother and
newborn.

Mother type DAT A B AB O p-value

A Yes 5 0 1 6 0.48

No 765 47 65 332

O Yes 106 32 0 5 <0.001

No 254 112 2 1298

B Yes 0 0 0 0 *

No 3 210 56 138

Table 3 – Newborn hemoglobin values (g/dL; mean +
standard deviation) according to the ABO type of mother.

Hemoglobin
mean § SD

Mother type

A O B

A 15.83 § 0.71 15.41 § 0.104 15.93 § 0.306

O 15.91 § 0.149 16.01 § 0.07 15.74 § 0.182

B 16.49 § 0,265 15.36 § 0.174 15.77 § 0.13

AB 16.26 § 0.216 15.55 § 1.55 15.86 § 0.241

p-value 0.109 <0.001 0.95
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The results of this study show a positive DAT frequency of

19.6 % in the presence of ABO incompatibility between

mother and newborn. This result is in accordance with previ-

ously published data from different populations. The highest

frequency of positive DAT found in O/A and O/B incompatibil-

ity was also reported by other studies, reinforcing the evi-

dence that group O mothers have greater chances of having

babies with positive DAT.1,2,5

The calculated sensitivity, specificity, positive predictive

value (PPV) and negative predictive value (NPV) of positive

DAT for the diagnosis of neonatal jaundice in this study were

65.85 %, 96.28 %, 16.88 % and 99.6 %, respectively. The poor

PPV of DAT in the scenario of ABO-HDFN has been reported

by other studies, as has the high NPV.2,6

There is a great discussion concerning the role played by

DAT in the diagnosis and prognosis of ABO-HDFN. Studies

focusing on the clinical aspects of ABO-HDFN point out that a

positive DAT is not a very helpful diagnostic tool because of

the low PPV. This means that presenting positive DAT will

not confirm the diagnosis of HDFN. This is very important

information to highlight as neonatal jaundice has multiple

differential diagnoses (red blood cell membrane and enzyme

disorders, physiological jaundice, liver diseases, among

others). Even though most guidelines recommend performing

DAT to investigate prolonged neonatal jaundice, as shown in

Table 4, the interpretation of the results should take into con-

sideration the clinical course of the disease and the exclusion

of other possible causes in more severe cases (glucose-

6-phosphate dehydrogenase deficiency and sepsis, for

example).3

In the immunohematology laboratories, the high NPV of

DAT sheds light on the need to re-evaluate the newborn rou-

tine, as the practice of performing eluate to identify small

amounts of anti-A or anti-B in cases of negative DAT seems

questionable. Additionally, considering the present results,

even DAT could be performed only in cases of O/A and O/B

incompatibilities. A suggested guideline for immunohematol-

ogy laboratories is shown in Figure 2.

ABO-HDFN has a benign course in most cases. However, it

is known that for milder cases there is a wide variation in the

prevalence of ABO-HDFN, mainly depending on the clinical

parameters used to define the cases. Considering the low PPV,

Table 4 – Laboratorial tests indicated for the evaluation of prolonged neonatal jaundice.

National Institute for
Health and Care
Excellence (NICE)

American Academy
of Pediatrics (AAP)

Swiss Society of
Neonatology (SSN)

Canadian Pediatric
Society (CPS)

Blood group type

(mother and new-

born)

Yes yes Yes Yes

DAT Yes yes Yes Yes

G6PD Yes yes No Yes

Conjugated bilirubin Yes yes Yes Yes

Complete blood count Yes yes No Yes

Septic workup (if

applicable)

Yes yes No Yes

DAT, direct antiglobulin test; G6PD, glucose-6-phosphate dehydrogenase deficiency.

Figure 2 –Suggested workflow for the immunohematological testing of mother and asymptomatic newborns
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defining ABO-HDFN based only on DAT would certainly

increase the number of cases diagnosed with this complica-

tion. Thus, the diagnosis of ABO-HDFN should be based

on clinical suspicion (presence of jaundice correlated

with the number of days after delivery) as well as bilirubin

measurements.

This study has some limitations. The first refers to the fact

that newborn bilirubin levels were not assessed and, as a con-

sequence, the diagnosis of clinical jaundice relied on its

description in medical files. The measurement of bilirubin

levels in newborns with jaundice was performed by plasma

measurement, but the results were not included in the medi-

cal files for most patients. The second limitation is that the

treatment of newborns with ABO-HDFN was not included in

the analysis.

In conclusion, positive DAT and mother-fetus O/A and O/B

incompatibilities are risk factors for ABO-HDFN. DAT presents

a low PPV for the diagnosis of the disease, but a very high

NPV. As such, performing DAT in situations of O/A and O/B

incompatibilities may represent the most cost-effective strat-

egy to aid physicians in the differential diagnosis of neonatal

jaundice.
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