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Background: ABO blood type incompatibility hemolytic disease of newborn (ABO-HDN)
and drug-induced immune hemolytic anemia (DIIHA) due to non-immunologic protein
adsorption (NIPA) mainly cause extravascular hemolysis. All the reported severe DIIHA
were caused by drug-induced antibodies, and rare report of acute intravascular hemolysis
was caused by the NIPA mechanism or ABO-HDN.

Case presentation:We report the first case of acute intravascular hemolysis induced by
cefotaxime sodium - sulbactam sodium (CTX - SBT) in a case of ABO-HDNwhich resulted
in death at 55 h after birth. The mother’s blood type was O and RhD-positive, and the
newborn’s blood type was B and RhD-positive. No irregular red blood cell (RBC)
antibodies or drug-dependent antibodies related to CTX or SBT was detected in the
mother’s plasma and the plasma or the RBC acid eluent of the newborn. Before the
newborn received CTX - SBT treatment, the result of direct antiglobulin test (DAT) was
negative while anti-B was positive (2 +) in both plasma and acid eluent. After the newborn
received CTX - SBT treatment, the results of DAT for anti-IgG and anti-C3d were both
positive, while anti-B was not detected in plasma, but stronger anti-B (3 +) was detected in
acid eluent. In vitro experiments confirmed that NIPA of SBT promoted the specific
binding of maternal-derived IgG anti-B to B antigen on RBCs of the newborn, thereby
inducing acute intravascular hemolysis.

Conclusion: The NIPA effect of SBT promoted the specific binding of mother-derived IgG
anti-B in newborn’s plasma to the newborn’s RBC B antigens and formed an immune
complex, and then activated complement, which led to acute intravascular hemolysis.
Drugs such as SBT with NIPA effect should not be used for newborns with HDN.

Keywords: hemolytic disease of newborn (HDN), cefotaxime, sulbactam, drug-induced immune hemolytic anemia
(DIIHA), non-immunologic protein adsorption (NIPA), acute intravascular hemolysis
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INTRODUCTION

Drug-induced immune hemolytic anemia (DIIHA) is a rare disease
resulting from immune damage to red blood cells (RBCs) caused
by drug-induced antibodies or non-immunologic protein
adsorption (NIPA) (1–4), and nearly 140 drugs have been
reported to cause DIIHA via drug-induced antibodies, and
approximately 10 via NIPA (2–12). Cefotaxime (CTX) is a third-
generation cephalosporin, which is a b-lactam broad-spectrum
antibiotic. The antibacterial mechanism of CTX is mainly
through inhibiting the cell wall penicillin binding proteins to
hinder the synthesis of cell wall mucopeptides, causing the
bacterial cell wall to be damaged and lysed. Because some
pathogenic bacteria can produce b-lactamase and are resistant to
CTX (13). Sulbactam (SBT) is an irreversible competitive
b-lactamase inhibitor. The combined administration of CTX and
SBT can avoid the resistance of pathogenic bacteria to CTX and
improve the antibacterial effect (14). Cefotaxime sodium -
sulbactam sodium (CTX-SBT) combined administration is
commonly used in diverse bacterial infections (15). However,
DIIHA caused by CTX and SBT has been reported in some cases
(2, 16, 17), and DIIHA caused by CTX-induced drug-dependent
antibodies can cause intravascular hemolysis although it is rare (16),
while SBT can only through the NIPA mechanism cause positive
direct anti-globulin tests (DAT) results and slow extravascular
hemolysis that is difficult to observe (2, 3). To date there are no
reports of SBT-induced drug-dependent antibodies and NIPA
induced by CTX. In addition, hemolytic disease of newborn
(HDN) is a type of extravascular hemolysis which is usually
caused by mother–infant ABO incompatibility in Asians (18–22).

Here, we report the first case of acute intravascular hemolysis
in a newborn with ABO blood type incompatibility hemolytic
disease of newborn (ABO-HDN) induced by CTX-SBT, which
did not caused by CTX-induced drug-dependent antibodies but
the NIPA of the SBT. The mother’s blood type was O and RhD-
positive, and the newborn’s blood type was B and RhD-positive.
No irregular RBC antibodies or drug-dependent antibodies
related to CTX or SBT were detected in the plasma or the RBC
acid eluent of the newborn, nor in the plasma of the mother.
Before the newborn received CTX-SBT treatment, the results of
DAT for anti-IgG and anti-C3d were negative and anti-B was
positive (2+) in both plasma and acid eluent. However, after the
newborn received CTX-SBT treatment, the results of DAT for
anti-IgG (3+) and anti-C3d (2+) were positive, and anti-B was
not detected in plasma, while stronger anti-B (3+) was detected
in acid eluent. Further investigation revealed that acute
intravascular hemolysis was caused by a NIPA mechanism of
SBT promoting specific binding of maternal IgG-B to the
newborn ’s RBC B antigens, which in turn activated
Abbreviations:HDN, hemolytic disease of newborn; ABO-HDN, ABO blood type
incompatibility hemolytic disease of newborn; DIIHA, drug-induced immune
haemolytic anaemia; NIPA, non-immunologic protein adsorption; RBC, red blood
cell; RBCs, red blood cells; WRBCs, washed red blood cells; DAT, direct
antiglobulin test; CTX, cefotaxime; SBT, sulbactam; CTX-SBT, cefotaxime
sodium - sulbactam sodium combination; PBS, phosphate buffer solution; Hb,
hemoglobin; GOT, glutamic-oxalacetic transaminase; LDH, lactate
dehydrogenase; DIIT, drug-induced immune thrombocytopenia.
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complement. This is a new understanding of the mechanism
with NIPA of drugs. This study shows that the administration of
drugs with NIPA-effect such as SBT for newborns with
incompatible mother–infant blood type has a great risk, and
drugs with NIPA-effect should be avoided as possible to avoid
aggravating hemolysis of newborns.
CASE REPORT

Patient Information
A male newborn with blood type B and RhD-positive was
delivered by cesarean section at 39 weeks due to “pregnancy
with uterine scar” in a second-level hospital. His mother was 24
years old with blood type O and RhD-positive, and this was her
third delivery. There was no history of special medication before
delivery. The newborn’s birth weight was 3.2 kg, his Apgar scores
were10-10-10 at 1, 5 and 10 min after birth, and there was no
history of intrauterine distress. After birth, he was fed with breast
milk and exhibited normal suckling, urine and feces. Twenty
hours after birth, the newborn’s skin became yellowish, and the
color gradually worsened. Thirty-two hours after birth, blood
samples were collected and examined. Detailed examination
results are shown in Table 1. The newborn was diagnosed with
ABO-HDN, and was treated with light therapy and intravenous
injection of human immunoglobulin.

Forty three hours after birth, the newborn excreted 3mL of
stool with mucus and blood, with shortness of breath and restless
crying. Examination results are shown in Table 1. An abdominal
X-ray showed accumulation of gas in the bowel, and the newborn
was diagnosed with necrotizing enterocolitis. He was treated with
intravenous injection of vitamin K1 and a solution of 50 mL 0.9%
NaCl and 0.15 g CTX-SBT (Cefotaxime and Sulbactam, 2:1). One
hour later, the newborn’s breathing became shallow and he was
diagnosed with metabolic acidosis. He was given endotracheal
intubation and breathing machine auxiliary ventilation, and
immediately transferred to a tertiary hospital.

After hospital transfer, 50 mL 0.9%NaCl solution and 50mLAB
type fresh frozen plasma were injected to supplement the newborn’s
blood volume. Five hours after the CTX-SBT treatment (48 h after
birth), blood samples were examined and the results are shown in
Table 1. Brown urine was observed in pad infiltration, the
newborn’s blood pressure was 41/29 (31) mmHg, shock score was
7 points, and the metabolic acidosis was further aggravated. The
newborn was considered to have acute intravascular hemolysis.
Blood volume replenishment was continued, and he was injected
with O type washed red blood cells (WRBCs) prepared from 100
mL whole blood. However, the newborn died of respiratory and
cardiac arrest 12 h after the CTX-SBT treatment (55 h after birth).
The 32, 43 and 48 hours after birth, blood samples were collected
and examined, respectively. Detailed examination results are shown
in Table 1 and Figure 1.

Serological Test Results
The ABO blood type and RhD of the mother and the newborn
were identified. Blood samples collected at 32 h, 43 h (before
December 2021 | Volume 12 | Article 698541
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CTX-SBT treatment) and 48 h (5 h after CTX-SBT treatment) of
the newborn after birth were centrifuged to separate the RBCs,
and the acid elution tests were performed after washing the RBCs
four times. The micro-column gel antiglobulin method was used
to screen irregular RBC antibodies in the blood samples of the
mother and the newborn before CTX-SBT treatment. The micro-
column gel antiglobulin method was also used to detect the titers
of IgG ABO blood group antibodies in the mother’s plasma, and
was also used to detect the ABO blood group antibodies in the
plasma and the acid eluent of the blood samples collected before
and after the newborn received CTX-SBT treatment. The blood
samples collected at 32 h, 43 h (before CTX-SBT treatment) and
48 h (5 h after CTX-SBT treatment) of the newborn after birth,
and the blood samples of the mother were performed DAT using
mono-specific anti-IgG and anti-C3d. According to references
(23), the “testing drug-induced antibodies with drug-treated
RBCs” and the “testing drug-induced antibodies in the
presence of a drug solution” were used to detected whether
there were drug-induced antibodies related to CTX or SBT in the
mother’s plasma, and in plasma or the acid eluent before and
after the CTX-SBT treatment of the newborn.

The blood type of the mother was O and RhD-positive, and the
titers of plasma IgG anti-A and anti-B were both in the range
4,096–8,192, while DAT for anti-IgG and anti-C3d were negative.
Frontiers in Immunology | www.frontiersin.org 3
The newborn’s blood type was B and RhD-positive. No irregular
RBC antibodies or drug-dependent antibodies related to CTX or
SBT was detected in the plasma, the acid eluent of the blood
samples taken before and after the newborn’s CTX-SBT treatment,
or in the plasma of the mother. Before the newborn received CTX-
SBT treatment, the results of DAT for anti-IgG and anti-C3d were
negative and anti-B was positive (2+) in both plasma and acid
eluent. After the newborn received CTX-SBT treatment, the
results of DAT for anti-IgG (3+) and anti-C3d (2+) were
positive, and anti-B was not detected in plasma, while stronger
anti-B (3+) was detected in acid eluent. The details of all results of
the newborn’s immunohematology tests are shown in Table 1
and Figure 1.

In Vitro Verification of NIPA Related to
CTX Versus SBT
To further validate the mechanism of hemolysis, the WRBCs and
the sodium citrate anticoagulated plasma from the newborn
before CTX-SBT treatment were incubated with SBT at final
concentrations of 10, 5, 3 and 1mg/mL at 37°C for 3 h, and then
DAT was performed. The results of DAT showed that the anti-
IgG levels were 4+, 3+, 2+, 2+, and anti-C3d were 2+, 2+, 1+, and
1+, respectively. However, when the plasma of the newborn was
replaced with other sodium citrate anticoagulated AB type
TABLE 1 | Blood indexes changes of the newborn before and after CTX-SBT treatment.

Detection items At Birth Before CTX-SBT treatment 5h CTX-SBT treatment Reference Range
32h (At birth 43h) (At birth 48h) (0-7 days after birth)

Serum or plasma color yellow yellow dark red light yellow
Blood cell and biochemical detection
G-6PD (U/L) 4580.90 NT NT 2500.00-5800.00
Hemoglobin (g/L) 160.00 191.00 80.00 170.00-200.00
Hematocrit (%) 45.50 57.30 17.30 51.00-60.00
RBC count (×1012/L) 4.20 5.04 2.43 5.20-6.40
Mean corpuscular volume (fL) 108.30 113.70 71.20 80.00-100.00
Mean corpuscular hemoglobin (pg) 38.20 37.90 32.90 27.00-31.00
MCHC (g/L) 353.00 333.00 462.00 320.00-360.00
RDW (%) 15.90 16.10 32.40 6.00-15.00
Reticulocyte proportion (%) 4.50 NT NT 3.00-6.00
Platelet count (×109/L) 258.00 321.00 85.00 100.00-300.00
WBC count (×109/L) 16.55 8.39 28.11 15.00-20.00
Total bilirubin (mmol/L) 269.00 NT 73.80 12.00-217.00
Direct bilirubin (mmol/L) 9.00 NT 5.00 0.00-10.00
Indirect bilirubin (mmol/L) 260.00 NT 68.80 0.00-180.00
ALT(U/L) 23.00 NT 96.70 1.00-25.00
GOT(U/L) 44.00 NT 1044.50 10.00-50.00
LDH(U/L) 478.00 NT 9266.00 145.00-765.00
CK(U/L) 883.00 NT 1623.00 18.00-198.00
CK-MB(U/L) 16.20 NT 1466.00 <12.00
Serum potassium (mmol/L) 4.71 NT 7.46 3.60-4.80
Immunohematological detection
ABO B B B /
RhD Positive Positive Positive /
Plasma anti-A 3+ 3+ 2+ /
Plasma anti-B 2+ 2+ Negative /
Irregular red blood cell antibodies Negative Negative Negative Negative
Drug-dependent antibodies Negative Negative Negative Negative
Red blood cell acid eluent anti-B 2+ 2+ 3+ Negative
Direct anti-globulin test for anti-IgG Negative Negative 3+ Negative
Direct anti-globulin test for anti-C3d Negative Negative 2+ Negative
December 2021 | Volum
SBT, sulbactam; CTX, cefotaxime; G-6PD, Glucose 6-phosphate dehydrogenase; RBC, red blood cell; MCHC, mean red blood cell hemoglobin concentration; RDW, red cell volume
distribution width; WBC, white blood cell; ALT, alanine transaminase; GOT, glutamic-oxalacetic transaminase; LDH, lactate dehydrogenase; CK, creatine kinase; CK-MB, myocardial
creatine kinase; NT, no tested.
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plasma, the DAT for anti-IgG was positive while that for anti-
C3d was negative. When these plasma or SBT solution was
replaced by phosphate buffer solution (PBS), or the SBT was
replaced by a final concentration of 10mg/mL CTX, DAT of both
for anti-IgG and for anti-C3d were negative. The details of all test
results are shown in Table 2.
Frontiers in Immunology | www.frontiersin.org 4
DISCUSSION

The etiology of HDN is the incompatibility of mother–infant RBC
blood groups, and the maternal IgG RBC antibodies are actively
transported to the fetus through the placenta and bind to fetal
(newborn) RBC blood group antigens. The RBCs bound to IgG
TABLE 2 | In vitro verification experiment of NIPA related to CTX versus SBT.

NO. Reactive materials Incubation
conditions

Direct
antiglobulin test

Newborn Newborn AB PBS 100mg/mL 20mg/mL 100mg/mL 20mg/mL Drug final
concentration

(mg/ml)

anti-IgG anti-C3d
RBCs plasma plasma SBT SBT CTX CTX-SBT
(ml) (ml) (ml) (ml) (ml) (ml) (ml) (ml)

1 20 160 / / 20 / / / 10 37°C,3h 4+ 2+
2 20 170 / / 10 / / / 5 37°C,3h 3+ 2+
3 20 150 / / / 30 / / 3 37°C,3h 2+ 1+
4 20 170 / / / 10 / / 1 37°C,3h 2+ 1+
5 20 160 / / / / / 20 2 37°C,3h 2+ 1+
6 20 / 160 / 20 / / / 10 37°C,3h 4+ Negative
7 20 / / 160 20 / / / 10 37°C,3h Negative Negative
8 20 160 / 20 / / / / 0 37°C,3h Negative Negative
9 20 160 / / / / 20 / 10 37°C,3h Negative Negative
Dece
mber 2021 | Volume
 12 | Artic
Newborn RBCs: washed and packed red blood cells prepared by the newborn’s blood samples collected before the CTX-SBT treatment. Newborn plasma: plasma isolated from the
blood samples that were anticoagulated with sodium citrate and collected before the CTX-SBT treatment of the newborn. AB plasma: sodium citrate anticoagulated AB type healthy
human plasma with negative irregular red blood cell antibodies. PBS, phosphate buffer solution with pH 7.3. SBT, sulbactam; CTX, cefotaxime; +, strong.
FIGURE 1 | Timeline of the newborn disease process. ABO-HDN, ABO blood type incompatibility hemolytic disease of newborn; DAT, direct antiglobulin test; CTX-SBT,
cefotaxime sodium - sulbactam sodium combination.
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antibodies are destroyed by macrophages mainly in the spleen and
other reticuloendothelial tissues, which belongs to extravascular
hemolysis. The main clinical manifestations of HDN are anemia
and hyperbilirubinemia (18, 19, 24). The allo-immune blood
group antibodies that can cause severe HDN mainly include
anti-D, anti-c and anti-E of the Rh blood group system (18, 19,
24), anti-K of the Kell blood group system (24–27), anti-Dia and
anti-Dib of the Diego blood group system (28, 29), anti-M and
anti-Mur of the MNSs blood group system (30–33), etc. While,
HDN caused by ABO blood group antibodies is the most common
among Asian populations, and the incidence and severity are
much higher than those of Caucasian populations. The reason for
the significant differences in incidence and severity of ABO-HDN
in different populations is still unclear (34–37). It may be that the
ABO blood group antigen has not matured during the fetal period
and has low reactivity with incompatible antibodies from the
mother. The vast majority of newborns with ABO-HDN are mild
cases, there are no reports of aborted due to fetal hemolysis caused
by maternal-fetal ABO blood group incompatibility. However, in
Asia, newborn hyperbilirubinemia caused by ABO-HDN is
relatively common, and a few cases of bilirubin encephalopathy
may occur, or the newborns must be treated with exchange blood
transfusion (20, 22).

In this case, the mother’s blood type was O and RhD-positive,
and her plasma had a high titer of IgG anti-A and IgG anti-B (both
4,096 – 8,192). The newborn’s blood type was B and RhD-positive,
and his clinical manifestations and immunohematology test
results were consistent with the diagnostic criteria of ABO-HDN
(anti-B in both plasma and acid eluent were 2+) before the CTX-
SBT treatment. However, ABO-HDN can cause acute and
intravascular hemolysis in rare cases (38, 39). After treatment
with CTX-SBT, the newborn developed hypoxia, metabolic
acidosis, dark red plasma, dark brown urine, rapid decrease of
hemoglobin (Hb), rapid increase of glutamic-oxalacetic
transaminase (GOT) and lactate dehydrogenase (LDH), positive
DAT for anti-IgG and anti-C3d, which were consistent with the
characteristics of DIIHA related acute intravascular hemolysis.

Causes of DIIHA can be classified into two broad categories:
drug-induced antibodies and NIPA (3, 4, 23). In this case, severe
intravascular hemolysis occurred after the first CTX-SBT
treatment at 43 h after birth, and no drug-dependent antibodies
related to CTX or SBT were detected in the blood of the mother or
the newborn, which would exclude DIIHA caused by drug-
dependent antibodies related to CTX and SBT. Thus the acute
intravascular hemolysis in the newborn was probably caused by
the NIPA mechanism of CTX-SBT.

Characteristics of a NIPA-mediated DIIHA include: (1) the
drug causes non-specific binding of the plasma IgG to the
erythrocyte membrane, it also causes complement binding to
the erythrocyte membrane, giving a positive DAT result for high-
titer IgG with or without C3, (2) drug-induced antibodies are
negative both in the patient’s serum and in an RBC eluent, (3)
after incubation with the drug, high titers of IgG and C3
reactivity with drug-coated RBCs are observed, the proteins
can be detected by the antiglobulin test, and (4) extravascular
hemolysis (3, 23, 40). Early observation has shown that NIPA
Frontiers in Immunology | www.frontiersin.org 5
patients treated with cefothiophene showed positive results in an
erythrocyte DAT using an antibody reagent against albumin,
complement, fibrinogen and immunoglobulin, but the patients
did not show hemolytic anemia (3). Later, NIPA induced by
ampicillin-sulbactam sodium compound (unasyn), termetin-
clavulanate compound, tazobactam and other drugs containing
beta-lactamase inhibitors was observed, marked by DAT-
positive erythrocytes and hemolytic anemia. Monocyte
monolayer assay (an in vitro test for predicting the survival
rate of erythrocytes in vivo) also revealed that the survival time of
erythrocytes was shortened. It is suggested that the high level of
plasma IgG may be related to the hemolytic anemia caused by
NIPA which is induced by beta-lactamase inhibitors (2, 41–43).
However, to date there are no reports of NIPA induced by CTX.

In this case, anti-B levels in plasma and acid eluent were both
2+, while DAT for anti-IgG and anti-C3d were both negative
before CTX-SBT treatment. However after CTX-SBT treatment,
DAT for anti-IgG (3+) and anti-C3d (2+) were positive, while
anti-B was not detected in plasma, and a stronger anti-B (3+)
result was obtained in the acid eluent compared to the acid eluent
before CTX-SBT treatment. These data suggest that CTX-SBT
can induce NIPA, but the shortened survival time of erythrocytes
induced by NIPA cannot explain the acute intravascular
hemolysis in the newborn after CTX-SBT treatment. Because
the erythrocytes of the newborn expressed B antigen, the NIPA
of CTX-SBT promoted the specific binding of anti-B
immunoglobulin to the B antigen of the erythrocyte membrane,
forming an immune complex, and then activated complement,
which caused acute intravascular hemolysis. Our in vitro test
verification experiments showed that CTX had no NIPA effect,
while the therapeutic concentrations of SBT had a strong NIPA
effect. Therefore, we concluded that the NIPA of this newborn
after receiving CTX-SBT was caused by the SBT in CTX-SBT.
Serum contains abundant and active complement, which is more
suitable for in vitro tests to verify that the NIPA effect of SBT
promotes the combination of specific antibodies with erythrocyte
antigens to form immune complexes, and then activates
complement. However, the amount of serum samples collected
before the newborn received CTX-SBT treatment could not
meet the needs of the trial we designed. Other studies have
shown that complement in plasma is not completely inhibited,
but partially inhibited, and incubation at 37°C is beneficial to
complement activation in plasma (44). Therefore, we used the
sodium citrate anticoagulant plasma of the newborn collected
before CTX-SBT treatment incubated with the newborn’s own
RBCs and SBT solution at 37°C to verify the NIPA effect of SBT.
The mechanism of SBT’s NIPA effect promotes the specific
binding of maternal IgG anti-B in newborn’s plasma with
newborn’s RBC B antigen to form an immune complex, which
then activates complement and causes acute intravascular
hemolysis is shown in Figure 2.

Meanwhile, the number of platelets in the newborn’s blood
decreased from 321.00×109/L to 85.00×109/L within 5 h after
receiving CTX-SBT. Necrotizing enterocolitis (infection) may be
one of the causes of thrombocytopenia (45). Moreover, more than
100 drugs have been proven to cause drug-induced immune
December 2021 | Volume 12 | Article 698541
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thrombocytopenia (DIIT) (46). The mechanism of DIIT is similar
to that ofDIIHA, beingmainly caused by drug-induced antibodies,
hapten-dependent antibodies and drug-induced platelet-reactive
autoantibodies produced by drugs (46–50). However, for the same
reasons that we excluded the possibility that the DIIHA was
associated with drug-based antibodies, in this case we also ruled
out that the DIIT caused by drug-induced antibodies.

However, other studies have shown that weakly-reactive
platelet antibodies can significantly increase the affinity for
platelet glycoprotein epitopes through the bridging of drugs
and platelets, leading to platelet destruction (50, 51). Ueda
et al. reported a case of severe fetal and neonatal alloimmune
Frontiers in Immunology | www.frontiersin.org 6
thrombocytopenia (FNAIT) caused by high-titer anti-A (titers of
2,048–4,096) of pregnant women entering into the fetus,
confirming that maternal and newborn incompatibility of ABO
blood group antibodies can destroy neonatal platelets (52). The
NIPA effect of SBT also has the potential to promote further
binding of plasma proteins (including blood group antibodies) to
platelets. In this case, the newborn’s plasma contained IgG anti-B
from the mother, while his blood type was type B, and the platelet
membrane expressed the B antigen. Therefore, anti-B in the
plasma may be enhanced the specific binding to platelet
membrane B antigen through the bridging effect of drugs and
the effect of NIPA, thereby causing platelet destruction.
A B D

E F G H

C

FIGURE 2 | The mechanism of SBT’s NIPA induced acute intravascular hemolysis in the newborn with ABO-HDN. Before the newborn received CTX-SBT
treatment, RBCs coated with less IgG anti-B were engulfed by macrophages to produce bilirubin (A). Since IgG anti-B were present in both plasma and RBCs (B),
the anti-globulin method was used to detect IgG anti-B in plasma (C) and RBC acid eluent (D), the results were both positive (2+). Because the affinity between the
newborn’s B antigen and IgG anti-B was low, and IgG anti-B bound to RBCs were less, it was not enough to activate complement, so the results of DAT for anti-
IgG and anti-C3d were negative. After the newborn received CTX-SBT treatment, the NIPA of SBT promoted the combination of maternal IgG anti-B and the
newborn’s RBC B antigen to form an immune complex, which activated complement, led to the RBCs coated with a large amount of IgG anti-B to dissolve in the
blood vessel and produced hemoglobin (E). Since the NIPA promoted almost all maternal IgG anti-B in plasma to bind to the newborn’s RBCs (F), IgG anti-B
cannot be detected in plasma (G), while stronger IgG anti-B were detected in acid eluent (H). Since enough IgG anti-B and C3d were bound to the newborn’s
RBCs, the results of DAT for anti-IgG (3+) and anti-C3d (2+) were positive. FcgRn, Fc gamma receptor; SBT, sulbactam; CTX-SBT, cefotaxime sodium - sulbactam
sodium combination; RBC, red blood cell; RBCs, red blood cells; NIPA, non-immunologic protein adsorption; DAT, direct antiglobulin test; ABO-HDN, ABO blood
type incompatibility hemolytic disease of newborn.
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CTX and other b-lactam antibiotics combined with SBT are
widely used in the anti-infective treatment of neonatal patients.
However, the results of this case study indicate that when
newborns have antibodies derived from the mother that are
incompatible with their own blood type, SBT may cause
acute intravascular hemolysis of the newborn through the
NIPA mechanism. While CTX has no NIPA effect and will not
promote the formation of immune complexes between maternal
blood group antibodies and neonatal RBC corresponding blood
group antigens in newborns with maternal-infant blood group
incompatibility, and only administration of b-lactam antibiotics
such as CTX will not cause acute intravascular hemolysis in
newborns with HDN. It suggests that it is necessary to screen a
list of drugs suitable for newborns with incompatible mother–
infant blood type to avoid aggravating hemolysis due to the
NIPA mechanism of the drugs. In addition to SBT, drugs known
to induce NIPA include cefotetan, cephaloridine, cephalotinin,
cisplatin, clavulanic acid, diglycoaldehyde, oxaliplatin, suramin,
and tazobactam (4). We recommend that these drugs should not
be administered to newborns with maternal-infant blood
group incompatibility.
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29. Kuśnierz-Alejska G, Bochenek S. Haemolytic Disease of the Newborn Due to
Anti-Dia and Incidence of the Dia Antigen in Poland. Vox Sang (1992)
62:124–6. doi: 10.1159/000462181

30. Li S, Mo C, Huang L, Shi X, Luo G, Ji Y, et al. Hemolytic Disease of the Fetus
and Newborn Due to Alloanti-M: Three Chinese Case Reports and a Review
of the Literature. Transfusion (2019) 59:385–95. doi: 10.1111/trf.15054

31. Li S, He Z, Mo C, Ji Y, Luo Y, Fang Q, et al. Hyporegenerative Anemia in Anti-
M-Associated Hemolytic Disease of the Fetus. Transfusion (2021) 61:1908–15.
doi: 10.1111/trf.16350

32. Li S, Wei L, Fang Q, Ji Y, Lin L, Gao Y. Successful Prenatal Management of
Two Foetuses Affected by Antibodies Against GP.Mur With Prenatal
Frontiers in Immunology | www.frontiersin.org 8
Genotyping Analysis and a Literature Review. Blood Transfus (2021)
19:135–43. doi: 10.2450/2020.0058-20

33. Li S, 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) 20:539. doi: 10.1186/s12884-020-03235-w

34. Bhat YR, Kumar CG. Morbidity of ABO Haemolytic Disease in the Newborn.
Paediatr Int Child Health (2012) 32:93–6. doi: 10.1179/2046905512Y.
0000000002

35. Christensen RD, Baer VL, MacQueen BC, O'Brien EA, Ilstrup SJ. ABO
Hemolytic Disease of the Fetus and Newborn: Thirteen Years of Data After
Implementing a Universal Bilirubin Screening and Management Program.
J Perinatol (2018) 38:517–25. doi: 10.1038/s41372-018-0048-4

36. Lin M, Broadberry RE. ABO Hemolytic Disease of the Newborn Is More
Severe in Taiwan Than in White Populations. Vox Sang (1995) 68:136.
doi: 10.1111/j.1423-0410.1995.tb02569.x

37. Toy PT, Reid ME, Papenfus L, Yeap HH, Black D. Prevalence of ABO
Maternal-Infant Incompatibility in Asians, Blacks, Hispanics and
Caucasians. Vox Sang (1988) 54:181–3. doi: 10.1111/j.1423-0410.1988.
tb03897.x

38. Ziprin JH, Payne E, Hamidi L, Roberts I, Regan F. ABO Incompatibility Due
to Immunoglobulin G Anti-B Antibodies Presenting With Severe Fetal
Anaemia. Transfus Med (2005) 15:57–60. doi: 10.1111/j.1365-3148.
2005.00549.x

39. Drabik-Clary K, Reddy VV, Benjamin WH, Boctor FN. Severe Hemolytic
Disease of the Newborn in a Group B African-American Infant Delivered by a
Group O Mother. Ann Clin Lab Sci (2006) 36:205–7.

40. Garratty G, Arndt PA. AnUpdate on Drug-Induced ImmuneHemolytic Anemia.
Immunohematology (2007) 23:105–19. doi: 10.21307/immunohematology-
2019-328

41. Arndt PA, Leger RM, Garratty G. Positive Direct Antiglobulin Tests and
Haemolytic Anaemia Following Therapy With the Beta-Lactamase Inhibitor,
Tazobactam, May Also Be Associated With Non-Immunologic Adsorption of
Protein Onto Red Blood Cells. Vox Sang (2003) 85:53. doi: 10.1046/j.1423-
0410.2003.00323.x

42. Broadberry RE, Farren TW, Bevin SV, Kohler JA, Yates S, Skidmore I, et al.
Tazobactam-Induced Haemolytic Anaemia, Possibly Caused by Non-
Immunological Adsorption of IgG Onto Patient's Red Cells. Transfus Med
(2004) 14:53–7. doi: 10.1111/j.0958-7578.2004.00481.x

43. Arndt P, Garratty G, Isaak E, Bolger M, Lu Q. Positive Direct and Indirect
Antiglobulin Tests Associated With Oxaliplatin Can Be Due to Drug
Antibody and/or Drug-Induced Nonimmunologic Protein Adsorption.
Transfusion (2009) 49:711–8. doi: 10.1111/j.1537-2995.2008.02028.x

44. Mollnes TE, Garred P, Bergseth G. Effect of Time, Temperature and
Anticoagulants on In Vitro Complement Activation: Consequences for
Collection and Preservation of Samples to be Examined for Complement
Activation. Clin Exp Immunol (1988) 73:484–8.

45. D'Angelo G, Impellizzeri P, Marseglia L, Montalto AS, Russo T, Salamone I,
et al. Current Status of Laboratory and Imaging Diagnosis of Neonatal
Necrotizing Enterocolitis. Ital J Pediatr (2018) 44:84–9. doi: 10.1186/
s13052-018-0528-3

46. Curtis BR. Drug-Induced Immune Thrombocytopenia: Incidence, Clinical
Features, Laboratory Testing, and Pathogenic Mechanisms. Immunohematology
(2014) 30:55–65. doi: 10.21307/immunohematology-2019-099

47. Arnold DM, Kukaswadia S, Nazi I, Esmail A, Dewar L, Smith JW, et al. A
Systematic Evaluation of Laboratory Testing for Drug-Induced Immune
Thrombocytopenia. J Thromb Haemost (2013) 11:169–76. doi: 10.1111/jth.12052

48. Ochoa PS, Fisher T. A 7-Year Case of Furosemide-Induced Immune
Thrombocytopenia. Pharmacotherapy (2013) 33:e162–5. doi: 10.1002/phar.1279

49. Linnik YA, Tsui EW,Martin IW, Szczepiorkowski ZM, DenommeGA, Gottschall
JL, et al. The First Reported Case of Concurrent Trimethoprim-Sulfamethoxazole-
Induced Immune Hemolytic Anemia and Thrombocytopenia. Transfusion (2017)
57:2937–41. doi: 10.1111/trf.14315

50. Bougie DW, Wilker PR, Aster RH. Patients With Quinine-Induced Immune
Thrombocytopenia Have Both “Drug-Dependent” and “Drug-Specific”
Antibodies. Blood (2006) 108:922–7. doi: 10.1182/blood-2006-01-009803

51. Kam T, Alexander M. Drug-Induced Immune Thrombocytopenia. J Pharm
Pract (2014) 27:430–9. doi: 10.1177/0897190014546099
December 2021 | Volume 12 | Article 698541

https://doi.org/10.1080/07391102.2018.1439404
https://doi.org/10.1080/07391102.2018.1439404
https://doi.org/10.1517/14656566.9.16.2751
https://doi.org/10.7860/JCDR/2014/9742.5090
https://doi.org/10.7860/JCDR/2014/9742.5090
https://doi.org/10.1046/j.1537-2995.1987.27688071694.x
https://doi.org/10.1046/j.1537-2995.1987.27688071694.x
https://doi.org/10.1046/j.1537-2995.1990.30390194351.x
https://doi.org/10.1046/j.1537-2995.1990.30390194351.x
https://doi.org/10.1016/S0140-6736(09)60651-6
https://doi.org/10.1111/vox.12265
https://doi.org/10.1111/vox.12265
https://doi.org/10.1111/j.1423-0410.1995.tb02569.x
https://doi.org/10.1111/j.1423-0410.1988.tb03897.x
https://doi.org/10.4103/ajts.AJTS_106_17
https://doi.org/10.21307/immunohematology-2019-102
https://doi.org/10.1016/j.ajog.2015.01.049
https://doi.org/10.1056/NEJM199803193381204
https://doi.org/10.1056/NEJM199803193381204
https://doi.org/10.1016/j.ajog.2018.07.020
https://doi.org/10.1016/j.tmrv.2020.02.002
https://doi.org/10.1016/j.tmrv.2020.02.002
https://doi.org/10.1046/j.1537-2995.1982.22382224952.x
https://doi.org/10.1046/j.1537-2995.1982.22382224952.x
https://doi.org/10.1159/000462181
https://doi.org/10.1111/trf.15054
https://doi.org/10.1111/trf.16350
https://doi.org/10.2450/2020.0058-20
https://doi.org/10.1186/s12884-020-03235-w
https://doi.org/10.1179/2046905512Y.0000000002
https://doi.org/10.1179/2046905512Y.0000000002
https://doi.org/10.1038/s41372-018-0048-4
https://doi.org/10.1111/j.1423-0410.1995.tb02569.x
https://doi.org/10.1111/j.1423-0410.1988.tb03897.x
https://doi.org/10.1111/j.1423-0410.1988.tb03897.x
https://doi.org/10.1111/j.1365-3148.2005.00549.x
https://doi.org/10.1111/j.1365-3148.2005.00549.x
https://doi.org/10.21307/immunohematology-2019-328
https://doi.org/10.21307/immunohematology-2019-328
https://doi.org/10.1046/j.1423-0410.2003.00323.x
https://doi.org/10.1046/j.1423-0410.2003.00323.x
https://doi.org/10.1111/j.0958-7578.2004.00481.x
https://doi.org/10.1111/j.1537-2995.2008.02028.x
https://doi.org/10.1186/s13052-018-0528-3
https://doi.org/10.1186/s13052-018-0528-3
https://doi.org/10.21307/immunohematology-2019-099
https://doi.org/10.1111/jth.12052
https://doi.org/10.1002/phar.1279
https://doi.org/10.1111/trf.14315
https://doi.org/10.1182/blood-2006-01-009803
https://doi.org/10.1177/0897190014546099
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wu et al. CTX-SBT Induced Acute Intravascular Hemolysis
52. Ueda H, Sugiura T, Katano K, Matsuhashi M, Kato S, Ito K, et al. Perinatal
Management of Neonatal Alloimmune Thrombocytopenia Associated With
Anti-Group A Antibody. Transfus Med (2015) 25:42–6. doi: 10.1111/
tme.12178

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
Frontiers in Immunology | www.frontiersin.org 9
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Wu, Wu, Yang, Chen, Li, Guo and Xiong. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.
December 2021 | Volume 12 | Article 698541

https://doi.org/10.1111/tme.12178
https://doi.org/10.1111/tme.12178
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Case Report: First Case of Cefotaxime-Sulbactam-Induced Acute Intravascular Hemolysis in a Newborn With ABO Blood Type Incompatibility by the Mechanism of Non-Immunologic Protein Adsorption
	Introduction
	Case Report
	Patient Information
	Serological Test Results
	In Vitro Verification of NIPA Related to CTX Versus SBT

	Discussion
	Data Availability Statement
	Ethics Statement
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


