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Abstract

Hemolytic anemia has been associated with SARS-CoV-2 infection in adult and pediatric patients, we report a case series

of preterm newborns with hemolytic anemia whose mothers had a history of SARS-CoV-2 infection. In two of the cases

maternal infection occurred early in pregnancy and the newborns had a reactive SARS-CoV-2 antibody test. Hemolysis 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.

Introduction

We describe three neonates born to mothers with history of SARS-CoV-2 infection during pregnancy who
developed hemolytic anemia.

Case 1

A 29-weeks baby girl born to a mother with SARS-CoV-2 pneumonia and acute respiratory failure (Table
1) was delivered due to non-reassuring fetal heart tones. She had an uneventful hospital course until day
of life (DOL) 17 when she developed abdominal distension, hypotension, and bloody stools. She underwent
a sepsis evaluation, and antibiotics were started. The initial abdomen X-ray was negative for pneumatosis,
and an abdominal ultrasound was negative for volvulus or malrotation. She received red blood cells (RBC)
transfusion for hemoglobin of 10.1 g/dL. On DOL 18, her status deteriorated with respiratory failure requiring
intubation, refractory hypotension requiring vasopressors, persistent bloody stools, and hemoglobinuria.
A blood transfusion reaction was suspected and given minor crossmatch positive, T-cryptantigen (TCA)
activation was considered likely. The peripheral blood smear reported anemia with moderate anisocytosis,
nucleated RBC, and increased spherocytes and schistocytes. Plasma free hemoglobin was elevated to 2280
mg/dL. She also developed thrombocytopenia and coagulopathy. The patient received blood products that
were less likely to exacerbate hemolysis: washed RBC and platelets, prothrombin complex concentrate
(PCC), and fibrinogen concentrate with improvement in coagulopathy.

The clinical course worsened with multiorgan failure and she underwent an exploratory laparotomy where a
large sigmoid perforation was found. Over the next two 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 discussions with the family, the care was redirected.

The autopsy’s report was consistent with necrotizing enterocolitis totalis. Additionally, multiorgan mi-
crovascular fibrin thrombi involving heart, renal glomeruli, stomach, small and large bowel may have been
associated with intravascular hemolysis.

Case 2
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. A 27 weeks preterm boy was born by cesarean section due to reversed end-diastolic flow and severe intrauter-
ine growth restriction (IUGR). Pregnancy was complicated by maternal history of systemic lupus erythe-
matosus, Chron’s disease, and asymptomatic maternal SARS-CoV-2 infection two months before delivery.
On DOL 1, he was found to be pancytopenic, followed on DOL 2 by mild disseminated intravascular coag-
ulation (DIC), which responded to plasma, RBC, and platelet transfusions. The patient had intravascular
hemolysis 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 schistocytes. The lupus anticoagulant panel was negative. Head ultrasound
reported no intraventricular hemorrhage. SARS-CoV-2 antibodies were reactive (Table 2).

Case 3

A 36 weeks preterm boy was delivered by cesarean section due to fetal decelerations. Pregnancy was compli-
cated by SARS-CoV-2 infection during the second trimester, type 2 diabetes mellitus, hypertension, oligo-
hydramnios, and chorioamniotic separation. At 24 hours of life, he was found to have elevated 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 im-
mature reticulocyte fraction, elevated free plasma hemoglobin (120 mg/dL), elevated LDH (1853 U/L), low
haptoglobin (<8 mg/dL). SARS-CoV-2 antibodies were reactive (Table 2). Hyperbilirubinemia responded
to intensive phototherapy. Glucose-6 phosphate dehydrogenase (G6PD) level was low at 5.4 units/g Hb.

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 concurrent illnesses. 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.1 However, there have been reports of newborns born to SARS-CoV-2 positive mother
who presented with thrombocytopenia, refractory shock, and multiorgan failure.2 Another study reported
NEC in a preterm infant born to a SARS-CoV-2 positive mother. 3

All our cases developed hemolytic anemia early in their course, and it was associated with conditions that
predispose to hemolysis 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%. 45 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. 6 Surface TCA is an antigen concealed by a
layer of N-acetylneuraminic acid. 8 When TCA is exposed may interact with immunoglobulin M (IgM) anti
- T antibodies present in plasma.7 When RBCs are destroyed, hemoglobin is released in plasma and couples
irreversibly with haptoglobin. This complex is cleared from circulation by monocytes and macrophages. Low
levels of haptoglobin, 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. 8 In case 1,
there was a strong clinical suspicion that TCA 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. G6PD deficiency is mostly
asymptomatic unless there is exposure to oxidative stress, caused by infections, or medications, followed by
hemolysis.8 There are reports of a possible association of SARS-CoV2 infection with hemolysis in adults
with G6PD deficiency. 9 10

All cases had elevated free plasma hemoglobin, elevated reticulocyte count, schistocytes on peripheral smear,
but the direct antiglobulin test (DAT) was negative. 5-10 % of hemolytic anemias may have negative antibody
testing on routine testing, 12 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,
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. hemolytic anemia may be DAT negative, and traditional hemolytic markers may be unreliable.11 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. 1121

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, pre-
sumably caused by the cytokine storm or through molecular mimicry.14–17 Most of the reported cases of
SARS-CoV-2 infection associated with hemolytic anemia had an underlying condition predisposing to hemol-
ysis such as spherocytosis, G-6-PD deficiency, or malignancy 18 similar to our cases.

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 di-
rect causal relationship 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, irradiated RBC, and PCC might be
a consideration.
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