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We report a case of intravascular hemolysis and methemoglobinemia, precipitated by severe acute respiratory
syndrome coronavirus 2 infection, in a patient with undiagnosed glucose-6-phosphate dehydrogenase deficiency. Clinicians should be aware of this complication of
coronavirus disease as a cause of error in pulse oximetry
and a potential risk for drug-induced hemolysis.

C

oronavirus disease is a novel infectious disease
that primarily manifests as an acute respiratory
syndrome but can also cause multiorgan dysfunction. Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection has been documented to
cause vasoocclusive crisis and acute chest syndrome
in patients with sickle cell anemia (1). We report another potentially major complication of infection in a
patient with a common enzymatic disorder.
Glucose 6-phosphate dehydrogenase (G6DP)
deficiency is an X-linked enzymatic disorder that affects 400 million persons worldwide and has a high
prevalence (5%–20%) in African and Asian populations (2). G6DP catalyzes the formation of nicotinamide adenine dinucleotide phosphate (NADPH) (3).
NADPH maintains hemoglobin in the ferrous state by
forming reduced glutathione, which prevents oxidative damage (3). G6DP deficiency increases the risk
for intravascular hemolysis upon exposure to oxidative agents, such as fava beans, sulfonamides, and
hydroxychloroquine, the subject of clinical trials for
persons with SARS-CoV-2 infection.
G6PD deficiency can induce methemoglobinemia
by inhibiting NADPH-flavine reductase, which prevents the reduction of methemoglobin. Methemoglobin is unable to bind to oxygen, and the remaining
oxyhemoglobin develops heightened oxygen affinity
and diminished delivery, leading to tissue hypoxia (4).
Viral infections, including HIV, hepatitis viruses (A,
B, and E), and cytomegalovirus, can precipitate intravascular hemolysis in patients with G6PD deficiency
(5,6). Concurrent methemoglobinemia has also been
reported in the context of viral-induced hemolysis (5).

A 62-year-old Afro-Caribbean man with a medical history of type 2 diabetes and hypertension came
to the hospital for a 5-day history of fever, dyspnea,
vomiting, and diarrhea. Auscultation of his chest
showed bilateral crackles. He was tachycardic, hypotensive, and dehydrated, with a prolonged capillary
refill time and dry mucous membranes.
Laboratory tests showed an acute kidney injury.
Blood urea nitrogen was 140 mg/dL, creatinine 5.9
mg/dL (baseline 1.1 mg/dL), capillary blood glucose >31 mmol/L, and blood ketones 1.1 mmol/L.
A chest radiograph showed bilateral infiltrates, and
a result for a SARS-CoV-2 reverse transcription PCR
specific for the RNA-dependent RNA polymerase
gene was positive (validated by Public Health England, London, UK).
The patient was treated for SARS-CoV-2 pneumonitis and a hyperosmolar hyperglycemic state
with crystalloid fluid, oxygen therapy, and an insulin
infusion. His creatinine increased to 9.3 mg/dL, suspected secondary to hypovolemia and viremia, and
acute hemodialysis was started. Results of a screen
for other causes of acute kidney injury, including renal ultrasonography and autoimmune serologic analysis, was unremarkable.
On day 7 postadmission, his peripheral oxygen
saturations decreased, and oxygen therapy was increased to 15 L/min by use of a nonrebreather mask to
maintain saturations of 80%. Arterial blood gas analysis revealed a partial pressure of oxygen of 22 kPa and
an oxygen saturation of 100%. Co-oximetry showed a
methemoglobin level of 6.5%. Repeat laboratory tests
showed hemolytic anemia; hemoglobin was 52 g/L,
haptoglobin <0.1 mg/dL, and lactate dehydrogenase
1,566 U/L. A direct antiglobulin test excluded major
immune-mediated hemolysis. A blood film for the
patient showed normochromic normocytic erythrocytes and a few hemighost cells (Figure, panel A). A
2-stage G6DP assay confirmed G6DP deficiency (0.8
IU/g hemoglobin).
The patient was given 2 blood transfusions (Figure, panel B) and oxygen therapy. His medication history included amoxicillin/clavulanic acid, heparin,
amlodipine, and metformin, which did not indicate a
precipitant for the hemolytic crisis. The methemoglobinemia gradually resolved, and his oxygen requirements decreased. He recovered dialysis-independent
renal function. He was given folic acid (5 mg/d) and
discharged 22 days after admission.
The mechanism by which SARS-CoV-2 causes hemolysis is unknown. Other viral infections have been
reported to produce reactive oxygen and nitrogen
species, which impair intracellular proteins and DNA
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Figure. Testing of patient with G6PD deficiency and SARS-CoV-2 infection, United Kingdom. A) Blood film showing normochromic
normocytic erythrocytes and a few hemighost cells. Hemighost cells are formed after oxidative hemolysis seen in G6DP deficiency. Hb is
contracted to 1 pole of the cell, leaving an unfilled area enclosed by an intact membrane (original magnification ×100). B) Hb and metHb
concentration during admission. Each arrow indicates a 3-unit erythrocyte transfusion. G6PD, glucose-6-phosphate dehydrogenase; Hb,
hemoglobin; metHb, methemoglobin; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

in cells with damaged antioxidant enzyme metabolism (7). The concurrent secondary methemoglobinemia in this case also suggests oxidative stress and
impaired redox balance.
Patients with G6DP deficiency might be more
vulnerable to SARS-CoV-2 infection (8). Infection of
G6DP-deficient lung cells with human coronavirus
229E resulted in increased viral production and replication compared with normal cells (9). An increased
susceptibility to infection and hemolysis with secondary tissue hypoxia might result in increased illness
and death (8).
Hydroxychloroquine has been proposed as a
treatment for SARS-CoV-2 infection and is considered safe in usual therapeutic doses in class II or III
G6PD deficiency. However, caution is advised with
higher doses because data for this setting are limited.
Oxidative stress might contribute to the pathogenesis of severe SARS-CoV-2 infection (10). Evaluation
of parameters of oxidative stress in SARS-CoV-2 are
currently underway (ClinicalTrials.gov identifier
NCT04375137) and might determine whether there is
an increased risk for drug-induced hemolysis in patients with G6PD deficiency.
Treatment for methemoglobinemia with intravenous methylene blue is recommended if the blood
methemoglobin level is >20%–30%. However, in
G6DP deficiency, treatment with methylene blue is
contraindicated because the reduction of methemoglobin is NADPH dependent. This finding might
precipitate intravascular hemolysis and therapy
with ascorbic acid or supportive treatment with oxygen as indicated instead. During the SARS-CoV-2
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pandemic, clinicians must be aware of the possible
increased susceptibility of patients with G6DP deficiency to severe hemolytic crises and the consequences for investigation and treatment.
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During the coronavirus disease pandemic in Spain, from
April 10–24, 2020, a total of 5,869 persons were screened
for severe acute respiratory syndrome coronavirus 2 at
nursing homes. Among residents, 768 (23.9%) tested positive; among staff, 403 (15.2%). Of those testing positive,
69.7% of residents and 55.8% of staff were asymptomatic.

A

s of April 2020, Spain was one of the countries accounting for the most coronavirus disease (COVID-19) deaths (1). More than half of those deaths occur
in persons >80 years of age (2), which highlights the
vulnerability of the elderly. Moreover, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
can be easily spread within nursing homes, causing
outbreaks with high associated mortality rate (3,4).
By the beginning of April, the exponential increase of
cases overwhelmed the healthcare system in Spain. In
this context, rapid outbreak identification and early
intervention in nursing homes was needed.
At Vall d’Hebron Hospital, a tertiary hospital in
Catalonia, Spain, we conducted test-based screening
as a containment measure to promptly implement effective prevention and control measures in nursing
homes. We present the early results of a coordinated
intervention with primary care teams in ≈6,000 residents and facility staff in nursing homes in our catchment area.
We evaluated 69 nursing homes that had a total
census of 6,714 persons. We excluded previous laboratory-confirmed cases of COVID-19. During April
10–24, an integrated team of hospital and primary
care staff obtained samples for SARS-CoV-2 testing
from all residents and workers: nasopharyngeal and
oropharyngeal swab samples both combined in the
same collection tube with viral transport media. We
used a commercial CE-IVD–marked, real-time reverse transcription PCR–based assay (Cobas SARSCoV-2; Roche Diagnostics, https://www.roche.com)
on a Cobas 6800 system.
Each nursing home director recorded any symptoms present at least 48 hours before the scheduled
day of testing for all residents and staff. According
to the World Health Organization case definition of a
suspected case of COVID-19, a person was classified
as symptomatic if fever or acute respiratory symptoms were present at any moment during the preceding 14 days. In the absence of either, the person was
considered to be asymptomatic.
We obtained a total of 5,869 samples, 3,214 from
residents and 2,655 from facility staff. Overall, 768
(23.9%) residents and 403 (15.2%) staff members
tested positive for SARS-CoV-2 (Table). The presence
of fever or respiratory symptoms during the preceding 14 days was recorded in 2,624 residents (81.6%)
and 1,772 staff members (66.7%). Among those testing positive and for whom we had information about
symptoms, 69.7% of the residents and 55.8% of staff
were asymptomatic.
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