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Hemolysis in Neonates Born to Mothers With History of
SARS-CoV-2 Infection During Pregnancy:
A Case Series
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Abstract

Hemolytic anemia has been associated with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection in adult and pedi-
atric patients. Here we report a case series of preterm newborns with
hemolytic anemia whose mothers had a history of SARS-CoV-2 infec-
tion. In two of the cases maternal infection occurred early in pregnancy
and the newborns had a reactive SARS-CoV-2 antibody test. Hemoly-
sis and coagulopathy improved with the use of washed blood products
and prothrombin complex concentrate. Our cases highlight the need for
increased awareness of a possible association between hemolysis and
exposure to SARS-CoV-2 infection during intrauterine life.
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Introduction

While respiratory symptoms are the most common, extra-pulmo-
nary manifestations of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection in adults are becoming increas-
ingly described, with both Coombs-positive and Coombs-negative
hemolytic anemia reported in the literature [1-3]. However, the
precise mechanism that leads to hemolysis in patients with SARS-
CoV-2 infections is still not completely understood [4].

Studies looking at the effects of SARS-CoV-2 infection on
the placenta and the newborn have indicated a possible increased
risk of preterm birth [5], while others have reported respiratory
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distress, tachycardia, shock, thrombocytopenia, and even death
or stillbirth in some neonates born to mothers with coronavi-
rus disease 2019 (COVID-19) [6, 7]; and a recent meta-analysis
concluded that maternal SARS-CoV-2 infection in pregnancy
was significantly associated with small increases in some neo-
natal morbidities such as: admission for neonatal care, neonatal
respiratory disorders and hyperbilirubinemia [8].

Vertical transmission of SARS-CoV-2 while possible,
remains rare and most neonates born to mothers with SARS-
CoV-2 infection during pregnancy test negative for SARS-
CoV-2 [9]; but newborns born to both symptomatic and asymp-
tomatic SARS-CoV-2-positive mothers have detectable levels
of immunoglobulin G (IgG) antibodies transferred across the
placenta, and these antibodies are believed to have protective ef-
fect for the newborns [10, 11]. It is also postulated that in certain
genetically susceptible newborns, these antibodies may bind to
receptors on neutrophils and macrophages causing activation of
cytokines leading to various manifestations consistent with neo-
natal multisystem inflammatory syndrome [12].

Here, we describe three neonates born to mothers with his-
tory of SARS-CoV-2 infection during pregnancy who devel-
oped hemolytic anemia.

Case Reports

Case 1

A baby girl of 29 1/7 gestational weeks born to a 22 years old
primigravida mother with SARS-CoV-2 pneumonia, acute res-
piratory failure and shock (Table 1) was delivered due to non-
reassuring fetal heart tones with prolonged decelerations and
sinusoidal pattern. There was no history of smoking or substance
abuse. Maternal history was significant for COVID pneumonia
and respiratory failure requiring intubation and transfer to our
hospital, followed 24 h later by transfer to another facility for
extracorporeal membrane oxygenation cardio-respiratory sup-
port. During admission, maternal medications included: ceftriax-
one, azithromycin, norepinephrine, vasopressin, propofol, mida-
zolam, fentanyl, cisatracurium and hydroxychloroquine, At the
delivery baby’s Apgar score were 1, 3 and 7 at 1, 5 and 10 min, re-
spectively, and required positive pressure ventilation followed by
endotracheal intubation for apnea and high oxygen requirement.
She received one dose of surfactant and was admitted to neonatal
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Table 1. Maternal Severity of COVID Disease, Birth History and Newborn Anthropometric Data

Case 1

Case 2

Case 3

Severity of maternal
SARS- CoV-2 disease

Gestational age
Birth weight
Length

Requiring ECMO

29 1/7 weeks

1,275 g (64.7th percentile)
38 cm (61.6th percentile)
26.3 cm (64.3th percentile)
Apgar scores 1/5 min 1/3

Head circumference

Asymptomatic, positive test
2 months prior to delivery

27 6/7 weeks

665 g (5.1th percentile)

31 cm (1.7th percentile)
23.6 cm (10.6th percentile)

Cough, vomiting

36 1/7 weeks

2,800 g (53.5th percentile)
47 cm (44.3th percentile)
31 cm (11.8th percentile)
8/9

SARS-CoV-2 disease: severe acute respiratory syndrome coronavirus 2; ECMO: extracorporeal membrane oxygenation.

intensive care unit (NICU). On admission, her temperature was
37.8 °C with a pulse of 150/min, respiratory rate of 50/min, oxy-
gen saturation of 96% on 40% oxygen, and blood pressure (BP)
of 48/20 mm Hg with a mean of 29 mm Hg. Birth weight was
1,275 g (64.7th percentile), length 38 cm (61.6th percentile) and
head circumference 26.3 cm (54.3th percentile). A limited sepsis
evaluation was performed, and she received intravenous ampi-
cillin and gentamicin for 48 h until blood culture was negative.
On physical exam she was alert and active, head normocephalic
with anterior fontanel open and flat, no dysmorphic features were
appreciated, lungs had good air entry bilaterally, normal sinus
rhythm, no murmurs, abdomen soft, not distended, no organo-
megaly, anus patent, symmetrical Moro and decreased tone as
expected for her gestational age. Her respiratory status improved,
and she was extubated to continuous positive pressure on first
day of life (DOL). She remained on continuous positive airway
pressure (CPAP), and she tolerated full enteral feeds with donor
breast milk and human milk derived fortifier until her episode of
clinical deterioration. On DOL 17 she developed abdominal dis-
tension, hypotension, and bloody stools. She underwent another
sepsis evaluation, and antibiotics (vancomycin and gentamicin)
were started. The initial abdominal X-ray was negative for pneu-
matosis, and an abdominal ultrasound was negative for volvulus
or malrotation. She received red blood cells (RBCs) transfusion
for hemoglobin of 10.1 g/dL. On DOL 18, her status deteriorated
with respiratory failure requiring intubation, refractory hypoten-
sion requiring vasopressors, persistent bloody stools, and hemo-
globinuria. A blood transfusion reaction was suspected, and giv-
en minor crossmatch positive, T-cryptantigen (TCA) activation
was considered likely. The peripheral blood smear reported ane-
mia with moderate anisocytosis, nucleated RBC, and increased
spherocytes and schistocytes. Plasma free hemoglobin was el-
evated to 2,280 mg/dL. She also developed thrombocytopenia
and coagulopathy (Table 2). The patient received blood products
that were less likely to exacerbate hemolysis: washed RBC and
platelets, prothrombin complex concentrate (PCC), and fibrino-
gen concentrate with improvement in coagulopathy.

The clinical course worsened with multiorgan failure
(metabolic acidosis, acute kidney injury) with continued ab-
dominal distension and coagulopathy. Due to concern for pos-
sible ongoing bowel ischemia or perforation she underwent
an exploratory laparotomy where a large sigmoid perforation
was found. On DOL 19 the abdominal distension worsened
and was accompanied by discoloration of the overlying skin.
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The coagulopathy improved after receiving multiple doses of
washed platelets and PCC. She continued to be hypotensive
requiring vasopressors, with persistent metabolic acidosis and
increasing lactate. Furthermore, secondary to severe kidney
dysfunction with anuria she developed more symptomatic hy-
perkalemia and hypocalcemia with arrhythmias. Over the next
2 days, the baby underwent two additional explorations of the
abdomen and entire small bowel, and colon were found to be
ischemic, with multiple focal areas of necrosis. After discus-
sions with the family, the care was redirected.

The autopsy’s report was consistent with necrotizing en-
terocolitis (NEC) totalis, diffuse hypoxic-ischemic injury in
the cerebral cortex, basal ganglia and thalamus, hippocampus
and brainstem and extensive subarachnoid hemorrhage. Ad-
ditionally, multiorgan microvascular fibrin thrombi involving
heart, renal glomeruli, stomach, small and large bowel may
have been associated with intravascular hemolysis.

During this episode of decompensation, she received mul-
tiple medications in addition to vancomycin and gentamicin
including: calcium gluconate continuous infusion and boluses,
dexamethasone, dopamine, fentanyl, hydrocortisone, insulin,
albuterol, piperacillin-tazobactam, sodium bicarbonate infu-
sion and boluses, vasopressin.

Case 2

A preterm boy of 27 5/7 gestational weeks was born to a 31
years old primigravida mother by cesarean section due to re-
versed end-diastolic flow and severe intrauterine growth restric-
tion (IUGR). There was a history of fetal growth restriction di-
agnosed on the 23 weeks anatomy scan with an estimated fetal
weight < 1st percentile. Pregnancy was complicated by maternal
history of systemic lupus erythematosus, Crohn’s disease, and
asymptomatic maternal SARS-CoV-2 infection 2 months before
delivery. There was no history of alcohol use or smoking. Mater-
nal medications included: enoxaparin prophylaxis for antiphos-
pholipid syndrome, methylprednisolone pulse for 3 days prior
to delivery followed by oral prednisone, azathioprine, hydroxy-
chloroquine, as well as betamethasone for fetal lung maturation.
She was group B streptococcus positive; however, no antibiotics
were administered due to delivery for fetal indication in the ab-
sence of labor. Apgar scores were 4 and 8, and he required posi-
tive pressure ventilation in the delivery room followed by CPAP.
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Table 2. Laboratory Results

Peripheral smear

Anisocytosis 3+, spherocytes,
schistocytes 1+

Anisocytosis 2+, schistocytes
2+, increased spherocytes

Case 1 Case 2 Case 3
Infectious
SARS-CoV-2 PCR Negative Not done Not done
SARS-CoV-2 antibodies (IgG + IgM) Not done Reactive Reactive
Blood culture Negative Negative Negative
HSV PCR blood/CSF Not done Not done Negative/not done
Hematologic
Blood type B positive A positive B positive
Antibody screen/DAT IgG Negative/negative Negative/negative Negative/negative
Hb/Het? (g/dL)/% 8.3/25.2 7.4/22.5 17/48.9
Nucleated RBC (%) (absolute x 103/uL) 37.5(1.74) 232.6 (20.67) 68.9 (15.89)
Platelets® (x 103 /uL) 51 46 196
Retic percent® (%) (absolute) 14.3 (0.609) 7.05 (0.173) 8.96 (0.57)
Immature reticulocyte fraction (14.5-24.6%) 6 40.4 41.2

Anisocytosis 3+,
spherocytes 1+,
schystocytes 2+

Glucose-6 phosphate dehydrogenase (U/g Hb) Not done Not done 54
Coagulation

PT (s) 43.7 233 12.8

INR®¢ 44 2.0 1.0

PTT® (s) > 150 42 31.1

D-dimer® (ug/mL FEU) Gross hemolysis 2.82 Not done

Fibrinogen® (mg/dL) 137 94 Not done

Plasma free hemoglobin® (mg/dL) 2,280 700 120

LDHe¢ (U/L) Gross hemolysis 555 1,853

Haptoglobin (mg/dL) Not done 8 <8
Renal

Creatinine® (mg/dL) 1.17 0.65 0.47

UA Blood 3+,RBC 0 -4 Normal Normal
Liver

Conjugated bilirubin® (mg/dL) Gross hemolysis 0 0.2

Total bilirubin® (mg/dL) Gross hemolysis 7.4 17

AST® (U/L) Gross hemolysis 119 65

ALT® (U/L) 40 5 23

Ferritin® (ng/mL) Not done 196 92

al owest level; Pat the time of hemolysis; °highest level. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; CSF: cerebrospinal fluid;
PCR: polymerase chain reaction; HSV: herpes simplex virus; |g: immunoglobulin; DAT: direct antiglobulin test; Hct: hematocrit; Hb: hemoglobin; RBC:
red blood cell; PT: prothrombin time; INR: International Normalized Ratio; PTT: partial thromboplastin time; LDH: lactate dehydrogenase; UA: urine
analysis; ALT: alanine transaminase; AST aspartate aminotransferase; FEU: fibrinogen equivalent unit.

On admission to NICU, his vitals were: temperature 37.2 °C,
pulse 150/min, respiratory rate 35/min, BP 63/29 mm Hg with
a mean of 41 mm Hg, oxygen saturation 94% on 30% oxygen.
His weight was 665 g (5.1th percentile), length 31 cm (1.7th per-
centile) and head circumference 23.6 cm (10.6th percentile). On
physical exam he was active, well hydrated, head normocephal-

ic, anterior fontanelle open and flat, no dysmorphic features, had
diminished breath sounds bilaterally, normal sinus rhythm with
no murmurs, abdomen soft, not distended, no organomegaly,
normal male genitalia; he was moving all extremities well and
there were no focal deficits. He was started on caffeine and vita-
min A for bronchopulmonary dysplasia prophylaxis based on his
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birth weight as per our unit protocol. On DOL 1, he was found
to be pancytopenic, followed on DOL 2 by mild disseminated
intravascular coagulation (DIC), which responded to plasma,
RBC, and platelet transfusions. On DOL 2, due to worsening
thrombocytopenia a limited sepsis evaluation was performed,
and he received ampicillin and amikacin for 48 h until blood cul-
ture was negative. The patient had evidence of intravascular he-
molysis with a hemoglobin of 7.2 g/dL, elevated unconjugated
bilirubin (7 mg/dL), lactate dehydrogenase (LDH) of 555 U/L,
high reticulocyte count, and plasma free hemoglobin (700 mg/
dL); the peripheral smear reported nucleated RBC and schisto-
cytes. The lupus anticoagulant panel was negative. Head ultra-
sound reported no intraventricular hemorrhage. SARS-CoV-2
antibodies were reactive (Table 2). He remained on CPAP until
DOL 52 when he was weaned to high-flow nasal cannula, and
then room air at a postmenstrual age of 36 5/7 weeks. The medi-
cations administered during his hospital stay included caffeine,
furosemide for 3 days and two short courses of antibiotics for
presumed sepsis. He was discharged home on DOL 84, at a post-
menstrual age of 39 5/7 weeks. Of note, his newborn screen was
concerning for possible severe combined immunodeficiency,
and he followed as an outpatient with the immunology service.
He was diagnosed with mild T cell lymphopenia of his CD3/4/8
cells which resolved by 1 year of age, and was deemed second-
ary to prematurity, as well as transient hypogammaglobulinemia
of infancy and neutropenia, but with adequate absolute neutro-
phil count and no episodes of infections.

Case 3

A preterm boy of 36 gestational weeks was delivered to a 27
years old primigravida mother by cesarean section due to fetal
intolerance to labor manifested as prolonged decelerations to 90/
min with a baseline fetal heart rate of 150/min, which recovered
only partially with repositioning. His Apgar scores were 8 and
9, and he required brief oxygen administration for hypoxemia.
Mother was found to be group B streptococcus positive and re-
ceived vancomycin, due to history of penicillin allergy, 6 h prior
to delivery. Pregnancy was complicated by SARS-CoV-2 infec-
tion during the second trimester, type 2 diabetes mellitus, chronic
hypertension, oligohydramnios, and chorioamniotic separation.
Maternal symptoms related to COVID infection were cough and
vomiting, and she did not require treatment or hospital admis-
sion. Maternal medications during pregnancy included labetalol
and insulin, and there was no reported history of smoking or al-
cohol use during pregnancy. At birth, the newborn had a glucose
level of 30 mg/dL, and he received dextrose gel and oral for-
mula, and repeat glucose was again 30 mg/dL which prompted
NICU admission. Upon NICU admission, his temperature was
36.8 °C, heart rate 142/min, BP 74/53 mm Hg, respirations 66/
min, and oxygen saturation 95% on room air, birth weight 2,800
g (53.5th percentile), length 47 cm (44.3th percentile) and head
circumference 31 cm (11.8th percentile). On physical exam he
was well appearing, pink and vigorous, normocephalic, anterior
fontanelle open and flat, with no dysmorphic features, breath
sounds clear and equal bilaterally, normal sinus rhythm with no
murmurs, abdomen soft with no masses and no organomegaly,
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anus patent, normal male genitalia, normal muscle tone, Moro
reflex symmetrical, rooting, sucking and grasp reflexes present
and no focal deficits. At 24 h of life, he was found to have el-
evated total bilirubin of 13.6 mg/dL requiring phototherapy and
close to the threshold needing exchange transfusion. Additional
investigations were consistent with intravascular hemolysis
with elevated reticulocyte count, elevated immature reticulocyte
fraction, elevated free plasma hemoglobin (120 mg/dL), elevat-
ed LDH (1,853 U/L) and low haptoglobin (< 8 mg/dL). SARS-
CoV-2 antibodies were reactive (Table 2). Hyperbilirubinemia
responded to intensive phototherapy. Glucose-6 phosphate de-
hydrogenase (G6PD) level was low at 5.4 U/g hemoglobin. Dur-
ing his hospital stay he received ampicillin and amikacin for 48
h as part of sepsis evaluation. He was discharged from the hospi-
tal on DOL 8 and was seen in the Hematology Clinic at 6 weeks
of life, as well as being followed regularly by his pediatrician.
He has remained clinically well, with no additional concerns for
hemolysis and no further investigations.

Discussion

We describe the clinical course of three neonates born to mothers
with history of SARS-CoV-2 infection during pregnancy, who
developed intravascular hemolysis while having other concur-
rent illnesses. No SARS-CoV-2 vaccine was available at the time
of hospital admission, and all cases were diagnosed using SARS-
CoV-2 polymerase chain reaction (PCR) of nasopharyngeal
swabs, as well as symptoms consistent with COVID infection for
mothers of patients 1 and 3. Two cases had a reactive anti-SARS-
CoV-2 antibodies test. Case 1 had two negative nasopharyngeal
swabs for SARS-CoV-2 PCR; cases 2 and 3 were not tested given
the negative maternal tests at the delivery. Vertical transmission
of SARS-CoV-2, although rare, has been reported, but our cases
did not meet the criteria for congenital infection [13]. However,
there have been reports of newborns born to SARS-CoV-2-pos-
itive mother who presented with thrombocytopenia, refractory
shock, and multiorgan failure [14]. Another study reported NEC
in a preterm infant born to a SARS-CoV-2-positive mother [15].
All our cases developed hemolytic anemia early in their course,
and it was associated with conditions that predispose to hemoly-
sis such as NEC, G6PD deficiency, and DIC.

Our first case had NEC, a complication of prematurity with
an incidence of 5-10% and with mortality rates as high as 30%
[16, 17]. Anemia is well described in NEC and is multi-factorial
due to bleeding, iatrogenic losses, thrombotic microangiopathy,
or activation of the Thomsen-Friedenrich cryptantigen on the
RBC. As many as 30% of newborns with NEC could have TCA
activation [18]. Surface TCA is an antigen concealed by a layer
of N-acetylneuraminic acid. When exposed, TCA may interact
with IgM anti-T antibodies present in plasma [19]. When RBCs
are destroyed, hemoglobin is released in plasma and couples ir-
reversibly with haptoglobin. This complex is cleared from cir-
culation by monocytes and macrophages. Low levels of hapto-
globin, as in cases 2 and 3, are useful to support the hemolytic
etiology, but it is important to note that solely low haptoglobin
levels in newborns may not be useful for diagnosis of hemolysis
[20]. In case 1, there was a strong clinical suspicion that TCA

www.theijcp.org



Itriago et al

Int ] Clin Pediatr. 2022;11(1):27-32

activation was responsible for the hemolytic process based on
positive minor crossmatch. The patient received washed RBC
and platelets, PCC, and fibrinogen concentrate with subsequent
improvement in hemolysis. Case 3 had decreased level of G6PD.
GOPD deficiency is mostly asymptomatic unless there is expo-
sure to oxidative stress, caused by infections, or medications,
followed by hemolysis [21]. There are reports of a possible asso-
ciation of SARS-CoV?2 infection with hemolysis in adults with
G6PD deficiency [22, 23]. All cases had elevated free plasma
hemoglobin, elevated reticulocyte count, schistocytes on periph-
eral smear, but the direct antiglobulin test (DAT) was negative.
About 5-10% of hemolytic anemias may have negative antibody
testing on routine testing [24], due to the presence of a different
type of antibody (IgM), small number of RBCs bound to IgG
molecules or low-affinity autoantibodies. Additionally, during
SARS-CoV-2 infection, hemolytic anemia may be DAT-nega-
tive, and traditional hemolytic markers may be unreliable [24,
25]. As seen in our cases, high plasma hemoglobin levels can
be highly pathogenic through direct endothelial damage, lipid
peroxidation, or activation of various inflammatory pathways.

None of the previous reports involving newborns born to
SARS-CoV-2-positive mothers describe hemolytic anemia,
but there are reports of autoimmune hemolytic anemia in
adults with SARS-CoV-2 infection, presumably caused by the
cytokine storm or through molecular mimicry [1-3, 14]. Most
of the reported cases of SARS-CoV-2 infection associated
with hemolytic anemia had an underlying condition predis-
posing to hemolysis such as spherocytosis, G6PD deficiency,
or malignancy [3, 26, 27], similar to our cases. Two of the
mothers have received treatment with hydroxychloroquine:
for the mother of case 1 the medication was given 2 h after
delivery, the mother of case 2 was started on the medication a
few weeks before delivery as a treatment for lupus exacerba-
tion, after being without this medication for many years. Hy-
droxychloroquine has been used in treatment of SARS-CoV-2
infections in adults, and has been linked to hemolysis in a few
case reports [28]; however the use of hydroxychloroquine in
pregnant women has been shown to reduce neonatal morbid-
ity in women with systemic lupus erythematosus by signifi-
cantly decreasing the rate of prematurity and [UGR without
increased risk of malformations [29, 30].

Our cases highlight the need for a prospective study to
identify if the incidence of hemolysis in neonates born to
mothers with active or resolved SARS-CoV-2 infection during
pregnancy is indeed increased. While a direct causal relation-
ship between intrauterine exposure to SARS-CoV-2 infection
or antibodies and hemolysis cannot be definitively proven,
based on the clinical presentation, we speculate that infants
with conditions known to cause hemolysis are at increased
risk of developing a more severe form of hemolytic anemia.
If intravascular hemolysis and coagulopathy are present, until
further information is available, using washed blood products
that are less likely to exacerbate the hemolytic process, irradi-
ated RBC, and PCC might be a consideration.
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