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Purpose: Guidelines for managing neonatal hemolytic disease of the newborn (HDN) 
recommend a selective approach in the use of direct antiglobulin test (DAT). In Saudi 
Arabia, many hospitals still perform routine DAT for all newborns. This study assessed the 
need for phototherapy in relation to DAT results in full-term healthy newborns.
Patients and Methods: A retrospective analysis of all healthy newborns admitted during 
2018 was performed. The primary outcome was the association of positive DAT results with 
phototherapy.
Results: There were 1463 newborns born during the study period. The DAT was positive at 
4.4%. The 24-hour bilirubin levels were higher in DAT-positive cases (P=0.06); however, 
peak bilirubin levels were not correlated with the DAT results (P=0.717). Thirty-six neonates 
(2.46%) required phototherapy, and the need was similar among DAT-positive and DAT- 
negative cases (P=0.271). The most common indication for phototherapy was clinical 
jaundice in 22 neonates (61.1%), followed by DAT positivity in 12 (33.3%) and hospital 
protocol in 2 patients (5.6%) (P <0.01 by chi-square overall comparison).
Conclusion: Our results indicate that factors other than DAT positivity are important in 
assessing the need for phototherapy in newborns. Clinical signs of jaundice were indicators 
of high serum bilirubin levels and subsequent phototherapy, further indicating that the DAT 
test was overused in predicting the need for phototherapy.
Keywords: hemolytic disease of the newborn, neonatal jaundice, neonatology, screening

Plain Language Summary
The direct antiglobulin test (DAT) is still used in many centers as a screening test to assess 
for the risk of hemolytic disease of the newborn. In this retrospective study of all healthy 
neonates admitted over a one-year period in a university teaching hospital, we correlated, in 
maternal-neonate pairs, the positive DAT results with the need for phototherapy in the 
neonates. The results of the study showed that the clinical evaluation of jaundice is more 
indicative of a need for phototherapy than the DAT result. In a multivariate analysis, only 
peak bilirubin and 24-hour bilirubin values were statistically significant for phototherapy. We 
suggest using American and European guidelines, which call for selective use of the DAT for 
the management of neonatal jaundice. Eliminating overuse will also result in considerable 
cost savings.

Introduction
The direct antiglobulin test (DAT), also known as the direct Coombs test, is 
a screening test used primarily to assess whether antibodies are attached to the 
patient’s red blood cells (RBCs), which can lead to destruction of the cell and 
subsequent immune hemolytic anemia.1 The predominant causes of positive DAT 
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results in neonates are fetal-maternal ABO incompatibility, 
maternal alloimmunization and, less frequently, maternal 
autoimmune hemolytic anemia.2 Hemolytic disease of the 
newborn (HDN) arises when the mother is exposed to for-
eign antigens present on fetal RBCs. The mother’s immune 
system recognizes them as foreign antigens and starts pro-
ducing immunoglobulin G (IgG) antibodies that are able to 
cross the placenta. Consequently, these antibodies can 
destroy and shorten the lifespan of fetal RBCs, resulting in 
clinical consequences.3 The clinical manifestations of hemo-
lysis in newborns can range from mild anemia and hyperbi-
lirubinemia to severe hemolysis and severe 
hyperbilirubinemia.4 Although neonatal jaundice is common 
and usually harmless, high levels of unconjugated bilirubin 
may place the infant at risk of developing a form of neuro-
toxicity known as kernicterus.4

For many years, blood typing and DAT testing of cord 
blood samples were considered standard procedures and 
performed in many hospitals for all infants. A positive 
DAT result has been considered a component of the diag-
nosis of HDN for many years.5 However, Levine and 
Meyer6 found that DAT was not diagnostic and did not 
predict the severity of hemolytic disease and was therefore 
unwarranted for routine screening. Madlon-Kay7 con-
cluded that a selective approach limited to significantly 
jaundiced infants might be preferable in infants not dis-
charged early. Dinesh8 reported that clinical jaundice, 
rather than a positive DAT result, alerted the physician to 
the possible need for phototherapy. Early onset and the 
rapid progression of bilirubinemia are the clearest indica-
tions of potential HDN and the need for phototherapy.5

Given the evidence in favor of a more selective 
approach to screening, our objective was to determine 
the need for DAT screening in full-term healthy newborns 
by correlating clinical signs and DAT results with the need 
for phototherapy. We also intended to describe the current 
practices at our institution with the goal of assessing 
whether changes should be instituted to reduce the costs 
of newborn screening. We determined the one-year inci-
dence of DAT positivity and studied the relationships 
between risk factors and the need for phototherapy. We 
also evaluated the indications for starting phototherapy 
within the first 48 hours of life and prior to discharge.

Patients and Methods
This study was a retrospective cohort chart review of all 
newborns admitted to the nursery between January 1 and 
December 31, 2018, at King Fahad Hospital of the 

University, Al-Khobar, Saudi Arabia. The study was 
approved by the University Institutional Review Board 
(lRB) Committee (lRB UGS-2019-01-349). Data were 
obtained for both the mothers and newborns from electronic 
medical records as well as blood bank records. The ABO/Rh 
status evaluation, DAT results and strength, and antibody 
identification were performed by the DiaMed gel testing 
method (Bio-Rad Laboratories, Cressier, Switzerland).

The data extracted for the mothers were age, parity, 
ABO group, and Rh status. The data collected for the 
newborns included gender, gestational age in weeks, birth-
weight in kilograms, ABO group, Rh status, and DAT 
results. The ABO/Rh type and DAT were determined 
from the cord blood for all babies and when a sample 
was clotted from the serum. Bilirubin levels were deter-
mined from the serum for all DAT-positive infants, or as 
per hospital protocol, which requires serum bilirubin to be 
assessed in infants of diabetic mothers and in infants small 
for gestational age, regardless of their clinical condition. In 
addition, the serum bilirubin level may have been assessed 
for clinical jaundice.

We compared the blood types of the mother with that 
of the neonate to determine ABO and RhD compatibil-
ity. In the newborns with a positive DAT result, we 
further determined the strength of DAT positivity. The 
strength of DAT positivity is graded on a scale from 
0 to 4+ depending on the degree of agglutination, where 
0 indicates no agglutination and 4+ indicates solid 
agglutination.

The bilirubin levels were determined from the serum in 
neonates at 3 hours of age if they were DAT positive, at 24 
hours of age as per the hospital protocol for infants small 
for gestational age and infants of diabetic mothers, and at 
various ages as part of the evaluation for clinical jaundice. 
The neonates with clinical jaundice were included in ana-
lysis if the first bilirubin level was done at an age less than 
48 hours and prior to discharge from the nursery. 
Additional bilirubin level assessments were performed as 
needed in follow-ups. We plotted bilirubin levels with 
neonatal age in hours. The need for phototherapy and the 
selection of the type (single phototherapy, double photo-
therapy, exchange transfusion) were decided after plotting 
the bilirubin levels according to an hour-specific bilirubin 
nomogram based on the National Institute for Health and 
Clinical Excellence (NICE) guidelines.9 The assessment of 
the need for phototherapy was limited to that subset of 
patients.
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Statistical Analysis
Categorical variables are expressed as frequencies and 
percentages. Continuous variables are summarized as the 
mean (standard deviation) or median (interquartile range), 
as appropriate, depending on the normality of the data 
distribution. Cross tabulation and statistical significance 
of variables were assessed by independent t-test or chi- 
square test. A separate multivariate logistic regression with 
possible phototherapy requirement as the dependent vari-
able was performed to explore which variables were asso-
ciated with the need for phototherapy. A p value of <0.05 
was considered to indicate statistical significance. The 
software package used in the multivariate analysis was 
jamovi, version 1.1.9.0 (retrieved from https://www. 
jamovi.org). The data were plotted with the R package 
ggplot2 3.2.1.

Results
Sixty-five neonates (65/1463, 4.4%) were DAT positive 
and 59 of those (90.8%) were born to mothers with 
blood group O. ABO incompatibility was more frequent 
in cases with a positive DAT result (P <0.001), but there 
was no difference in relation to Rh incompatibility 
(P=0.239). The serum bilirubin level was assessed in 251 
neonates for the following reasons: 65 (25.9%) due to 
DAT positivity, 106 (42.2%) due to hospital protocol, 
and 80 (31.9%) due to clinical jaundice. The median 
(25th percentile, 75th percentile, range) maternal age of 
the 251 mothers was 32.0 (28.0, 36.0, 19–49) years. The 
mean parity was 3.0.

The bilirubin levels in neonates with clinical jaundice 
were more commonly obtained after 24 hours of age, 
which was likely related to the timing of discharge exam-
ination. The 24-hour bilirubin levels were higher in DAT- 
positive cases (P=0.06); however, peak bilirubin levels 
were not correlated with the DAT results (P=0.717). The 
median age for the first bilirubin level for neonates with 
DAT positive results was 3.5 hours, while neonates 
assessed due to hospital protocol and neonates with clin-
ical jaundice were tested at a median of 24 and 36 hours, 
respectively. The 24-hour bilirubin level was measured in 
170 patients for the following reasons: 61 (35.9%) neo-
nates were DAT positive, 10 (5.9%) neonates had clinical 
jaundice, and 99 (58.2%) neonates were assessed per hos-
pital protocol. There were 4 patients who were DAT posi-
tive without 24-hour serum bilirubin data, as the treating 
physician deemed it not necessary to obtain these data 

because the 3-hour serum bilirubin level was <59.85 
µmol/L, and there were 9 patients in the hospital protocol 
group for whom testing was performed at variable times 
by request of the treating physician. The bilirubin levels in 
neonates with clinical jaundice were more commonly 
obtained after 24 hours of age, which was likely related 
to the timing of discharge examination.

Phototherapy was initiated in 36 (14.3%) of the 251 
neonates in whom the need was assessed. The assessment 
was based on serum bilirubin levels and the hospital 
nomogram (based on the NICE guidelines) (Table 1). 
The most common indication for phototherapy was clin-
ical jaundice in 22 neonates (61.1%), followed by DAT 
positivity in 12 (33.3%) and hospital protocol in 2 patients 
(5.6%) (P <0.01 by chi-square overall comparison). There 
was no difference in gender, gestational age, or birth-
weight between the groups (Table 1). There was also no 
difference in ABO/Rh incompatibility between the groups 
(Table 2). The need for phototherapy was similar in the 
DAT-positive cases and DAT-negative cases (P=0.271), 
with a sensitivity of 33.3% (95% CI 19.1–51.0) and posi-
tive predictive value of 18.5% (95% CI 10.3–30.4) for 
predicting phototherapy need. Phototherapy requirement 
did not differ in relation to the strength of DAT positivity 
(P=0.333) (Table 3). The lack of statistical significance 
emphasizes that DAT should not guide clinicians in their 
evaluation for the need of obtaining bilirubin levels to 
evaluate the need of phototherapy.

The 24-hour and first serum bilirubin levels were sig-
nificantly higher in infants who were deemed to require 
phototherapy (Table 3) (P <0.001 for both comparisons). 
There were only two babies in which serum bilirubin was 
assessed for hospital protocol reasons and required photo-
therapy, indicating the possibility that the bilirubin level is 
assessed excessively per our hospital protocols.

The type of phototherapy was single in most cases 
(91.7%, n=33), and none required exchange transfusion. 
In the comparisons of the peak bilirubin level by age at 
sampling, the serum bilirubin values for neonates who 
underwent phototherapy clearly clustered among the neo-
nates with higher peak bilirubin levels, regardless of the 
DAT results (Figure 1). Figure 1 reflects the difference in 
bilirubin levels by phototherapy requirement in Table 3. 
When neonates with a gestational age less than 38 weeks 
were compared with the others, the peak bilirubin levels 
for the neonates who underwent phototherapy were gen-
erally higher than in those who did not undergo photo-
therapy (Figure 2) (P=0.947).
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Table 1 Demographics of the Patients Assessed for the Need for Phototherapy (n=251)

No Phototherapy 
(n=215)

Required Phototherapy 
(n=36)

P value Overall 
(n=251)

Gender 0.625

Male 111 (51.6%) 17 (47.2%) 128 (51.0%)

Female 104 (48.4%) 19 (52.8%) 123 (49.0%)

Birthweight (kg)

Median [25th, 75th percentile] 3.10 [2.80, 3.40] 2.90 [2.60, 3.30] 0.196 3.02 [1.40, 4.70]

Missing 27 (12.6%) 3 (8.3%) 30 (12.0%)

Gestational age (categorical) 0.782

≤38+6 103 (51.0%) 19 (55.9%) 122 (51.7%)

39 to 40+6 84 (41.6%) 12 (35.3%) 96 (40.7%)

>41 15 (7.4%) 3 (8.8%) 18 (7.6%)

Gestational age (days)

Mean (SD) 271 (10.3) 269 (11.6) 0.216 271 (10.5)

Missing 24 (11.2%) 2 (5.6%) 26 (10.4%)

Note: Comparisons of the mean (independent t-test) for the normally distributed data and the median (chi-square test) for the nonnormally distributed data.

Table 2 Maternal and Neonatal ABO Blood Groups of the Patients Assessed for the Need for Phototherapy (n=251)

No Phototherapy 

(n=215)

Required Phototherapy 

(n=36)

P value Overall 

(n=251)

Maternal blood group 0.441

Blood group O 121 (56.3%) 22 (61.1%) 143 (57.0%)

Blood group A 46 (21.4%) 5 (13.9%) 51 (20.3%)

Blood group B 41 (19.1%) 9 (25.0%) 50 (19.9%)

Blood group AB 7 (3.3%) 0 (0%) 7 (2.8%)

Neonate blood group 0.082

Blood group O 86 (40.0%) 9 (25.0%) 95 (37.8%)

Blood group A 52 (24.2%) 8 (22.2%) 60 (23.9%)

Blood group B 63 (29.3%) 18 (50.0%) 81 (32.2%)

Blood group AB 14 (6.5%) 1 (2.8%) 15 (6.0%)

Maternal/neonatal ABO blood compatibility 0.292

Compatible 110 (51.2%) 15 (41.7%) 125 (49.8%)

Incompatible 105 (48.8%) 21 (58.3%) 126 (50.2%)

Maternal/neonatal Rh blood compatibility 0.5

Compatible 193 (89.8%) 33 (91.7%) 226 (90%)

Incompatible 22 (10.2%) 3 (8.3%) 25 (10%)

Note: Comparisons of the mean (independent t-test) for the normally distributed data and the median (chi-square test) for the nonnormally distributed data.
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Several factors were assessed to explore relationships 
with the need for phototherapy. In the univariate analyses, 
the serum bilirubin values were the only statistically sig-
nificant variables. Other variables, such as ABO compat-
ibility, gestational age, birthweight, and DAT results, were 
included in the multivariate analysis for clinical reasons or 
because of known or suspected associations with the need 
for phototherapy. However, only the peak bilirubin and 24- 
hour bilirubin values were statistically significant.

A total of 64 eluates were detected in the DAT-positive 
neonates. The most commonly detected antibodies were anti- 
B (45.3%) followed by anti-A (32.8%). There were 13 DAT- 
positive neonates with a positive maternal antibody screen. 
The most common maternal antibody detected was anti-D in 5 
mothers (38.5%). The remaining antibodies detected included 
anti-E (n=3), anti-M (n=1), and anti-c (n=1) antibodies. There 

was no antibody titer reported for the mothers or newborns. 
Eleven (84.6%) of the neonatal eluates had antibodies that 
were the same as in the mothers. The two newborns that had 
different eluates than the mothers were a nonspecific antibody 
in a neonate born to a mother with anti-D antibody, and anti-B 
antibody detected in a mother with anti-M.

Discussion
Our results indicate that factors other than a positive DAT 
are important in assessing the need for phototherapy in 
Saudi newborns potentially at risk for HDN. As expected, 
clinical signs of jaundice were found to be an indicator of 
high serum bilirubin levels. The neonates with positive 
DAT results did not have higher peak bilirubin levels or 
any other indication for phototherapy requirement com-
pared to those with a negative DAT.

Table 3 The DAT Results and Bilirubin Levels in Patients Assessed for Phototherapy (n=251)

No Phototherapy 
(n=215)

Required Phototherapy 
(n=36)

P value Overall 
(n=251)

DAT results 0.271

Negative 162 (75.3%) 24 (66.7%) 186 (74.1%)

Positive 53 (24.7%) 12 (33.3%) 65 (25.9%)

DAT strength (In DAT-positive patients, n=65) 0.333

1+ 25 (47.2%) 3 (25%) 28 (43.1%)

2+ 25 (47.2%) 8 (66.67%) 33 (50.8%)

3+ 3 (5.6%) 0 (0%) 3 (4.6%)

4+ 0 0 0

Missing 0 1 (8.3%) 1 (1.5%)

Total 53 (81.5%) 12 (18.46%) 65

First serum bilirubin level (µmol/L)

Median [25th, 75th percentile] 88.9 [65.0, 118.0] 130 [94.05, 191.52] <0.001

Age at first serum bilirubin level (hours)

Median [25th, 75th percentile] 24.0 [13.0, 25.0] 23.0 [4.75, 33.8] 0.629

24-hour serum bilirubin level (µmol/L)

Median [25th, 75th percentile] 88.9 [75.8, 110.6] 149.6 [115.9, 186.4] <0.001

Peak bilirubin level

Median [25th, 75th percentile] 104.31 [85.5, 141.9] 210.3 [181.3, 239.4] <0.001

Age at peak serum bilirubin level (hours)

Median [25th, 75th percentile] 25.0 [24.0, 48.0] 58.5 [48.0, 72.0] <0.001 31.0 [24.0, 52.0]

Note: Comparisons of the mean (independent t-test) for the normally distributed data and the median (chi-square test) for the nonnormally distributed data.
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Figure 1 Peak serum bilirubin by age at sampling in neonates by DAT results. Neonates that underwent phototherapy are red points and neonates that did not undergo 
phototherapy are blue points (n=251) by DAT results.

Figure 2 Peak serum bilirubin by age at sampling and gestational age in weeks < 38 weeks and > 38 weeks in neonates who underwent phototherapy and were DAT positive 
(red) or DAT negative (blue) (n=225).
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Our results are consistent with other reports in the litera-
ture. As noted by Keir et al1, hyperbilirubinemia alone does 
not indicate a need for the DAT in the absence of anemia, 
reticulocytosis, or other signs of hemolysis. The positive pre-
dictive value of the test for significant hyperbilirubinemia was 
poor, ranging from 12 to 53%, as shown in our results.8,10,11 

A third of neonates of ABO incompatible mothers may have 
a positive DAT result, but few develop HDN.12

Studies have shown that unselective DAT testing for all 
infants is not cost-effective.12,13 The authors of these stu-
dies concluded that selective newborn cord testing of 
neonates born to mothers with blood group O is feasible 
and can decrease hospital costs without increasing the risk 
of HDN. Resources and costs, as a result, would be saved 
without increasing the risk of clinically significant 
hyperbilirubinemia.12 Such selective testing in fact has 
been implemented in many institutions, and many recom-
mendations advocate for testing according to the clinical 
evaluations of newborns.14,15 In Saudi Arabia, there is no 
unified approach in screening for HDN. While some cen-
ters are performing routine DAT testing for all neonates, 
others perform only selective testing for blood group O or 
testing of symptomatic neonates only.

In our study, we examined the issue in terms of the 
need for phototherapy and found that the decision to use 
phototherapy in neonates did not differ between DAT- 
positive and DAT-negative infants. As expected, serum 
bilirubin levels, regardless of the age of testing, were 
significantly higher in neonates who required phototherapy 
and unrelated to DAT results. In the plot of the peak serum 
bilirubin levels as a function of the DAT results, the 
bilirubin levels are similar in the infants who did and did 
not undergo phototherapy. In the DAT-negative neonates, 
clinical signs of jaundice were indicators of high serum 
bilirubin levels, further indicating that the DAT test is not 
of value in predicting which infants might be in need of 
phototherapy. The neonates requiring phototherapy were 
more commonly identified by clinical evaluations, empha-
sizing the importance of clinical assessments and the like-
lihood that serum bilirubin assessments and the DAT are 
being overused in our institution.

Studies that evaluated the effectiveness of the DAT in 
predicting hyperbilirubinemia demonstrated sensitivity 
values ranging from 15% to 64%, which is consistent 
with our results.8,10,11 Maisels and Watchko16 suggested 
in 2013 that routine testing for blood type and the DAT in 
infants of blood group O mothers “can safely be aban-
doned”. The recommendations of the American Academy 

of Pediatrics (AAP) published in 2004 considered the tests 
optionally provided optimal follow-up.14 In multivariable 
analyses,17,18 bilirubin levels were the one factor most 
predictive of the need for phototherapy and future devel-
opment of hyperbilirubinemia. Our multiple logistic 
regression results were consistent with these findings.

There are some limitations in our studies that warrant 
future follow-up investigations. Although we included all 
maternal-neonate pairs over one year, the size of the sample 
was relatively small, being from one institution. However, 
we had sufficient data to evaluate the important variables in 
univariate analyses, namely, the serum bilirubin levels in the 
early ages of life, and associate those data with the need for 
phototherapy to prevent potential severe hyperbilirubinemia. 
We were not able to evaluate other factors that may cause an 
increased risk of HDN, such as hemoglobin H disease or 
glucose-6-dehydrogenase deficiency, as they are not 
assessed as part of neonatal screening and not routinely 
evaluated in neonates started on phototherapy. In addition, 
one aspect we were unable to evaluate was the strength of 
DAT positivity in relation to the need for phototherapy. 
Strength was measured in only 58 patients (89.2% of DAT- 
positive neonates), and of those patients, high values for 
strength were observed in only two patients who had DAT 
strength values of 3+, and neither required phototherapy. We 
did not observe any patients with DAT values of 4+, which 
has been reported to be strongly associated with the need for 
a prolonged duration of phototherapy.8,19 The NICE guide-
lines recommend that when the DAT is performed in infants 
who undergo a formal assessment for significant hyperbilir-
ubinemia, the strength of the reaction is considered.9 The 
results should be interpreted with consideration of whether 
the mother has received anti-D prophylaxis during preg-
nancy, as maternal anti-D is associated with positive DAT 
in neonates.20 Furthermore, there may have been selection 
bias regarding the infants from whom a serum bilirubin 
sample was taken after clinical evaluation, since the practice 
was to assess the bilirubin level in all DAT-positive infants. 
As the results show, clinical jaundice rather than DAT posi-
tivity was indicative of the need for phototherapy. We also 
do not have the complete records of the post discharge 
follow-ups of babies who may have later required photo-
therapy since some neonates may have gone to other hospi-
tals. Of the 27 babies that presented to our emergency 
department for the assessment of clinical jaundice, all of 
them were DAT negative, and five (18.5%) required 
phototherapy.
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Despite these shortcomings, our study supports the notion 
that unselective DAT testing in newborns should not be the 
standard care for HDN prevention and management. In this 
regard, the NICE guidelines also recommend against the use 
of DAT and provide a set of nomograms and guidance for 
initiating phototherapy based solely on the serum bilirubin 
level.9 For neonates of gestational age 38 weeks or more, 
they recommend that phototherapy be considered when bilir-
ubin levels are higher than 250 µmol/L at 24 hours of age. In 
many cases, this recommendation is followed but is not uni-
versally applied in our institution. All newborns in our study 
underwent direct antiglobulin testing. We recommend 
a change from this unselective use of the DAT to a policy 
that follows the American and European guidelines for mana-
ging neonatal jaundice to avoid the costs of routine DAT 
testing for all full-term healthy newborns. A prospective 
study evaluating selective DAT and bilirubin testing in cases 
of clinical jaundice in our center is warranted, and follow-ups 
post discharge are necessary to study the risk factors that may 
indicate an increased risk of readmission for neonatal jaundice.

Conclusions
Our paper confirmed that the DAT is not useful alone for 
screening for HDN, and there are other factors important in 
assessing the need for phototherapy. The test is overused in 
our center due to unselective testing. The most useful indi-
cator for the need for phototherapy is clinical jaundice. 
A clinical evaluation of neonates is essential and will likely 
provide the first indication for the need for phototherapy.
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