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Hemolytic Anemia after Acute Hepatitis B Virus Infection:
A Case Report and Systematic Review
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Abstract:
Hemolytic anemia and pure red cell aplasia are rare hematological complications of hepatitis B virus infec-

tion. We herein report a 24-year-old man who was diagnosed with hemolytic anemia and possible transient

pure red cell anemia eight weeks after a severe episode of acute hepatitis B virus infection. Rapid recovery

was observed with conservative management. Hemoglobin returned to baseline within three months. As the

clinical features of hemolytic anemia associated with hepatitis B virus have not yet been elucidated, we con-

ducted a systematic review and present an analysis of the 20 reported cases, including our present case.
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Introduction

Hepatitis B virus (HBV) infection affects about 400 mil-

lion individuals worldwide (1, 2). HBV is a partially

double-stranded DNA hepadnavirus that can be transmitted

by blood or other bodily fluids (3). In addition to liver dis-

eases, such as hepatitis, cirrhosis, and hepatocellular carci-

noma, HBV infection can lead to extrahepatic manifesta-

tions, including polyarthritis, polyarteritis nodosa, glomeru-

lonephritis, and hematological disorders, in 20% of affected

individuals (4-7).

Anemia is a well-known hematological complication of

viral infections, including hepatitis viruses (8). Hemolytic

anemia is a type of anemia characterized by the destruction

of red blood cells before their normal 120-day life span,

which results in jaundice and hemoglobinuria derived from

free hemoglobin (9). Hemolytic anemia as an extrahepatic

manifestation of acute hepatitis is rare, particularly after

HBV infection (10). HBV-related pure red cell aplasia

(PRCA), another cause of anemia that results from a sharp

reduction in erythroid precursors in the bone marrow, is ex-

ceedingly rare (11).

We herein report a case of severe hemolytic anemia after

HBV infection that was successfully treated conservatively.

The extremely low reticulocyte count prompted us to sus-

pect co-existing transient PRCA. We also present a system-

atic review of hemolytic anemia after HBV infection.

Case Report

A 24-year-old man was admitted for gradual-onset dysp-

nea and weakness. His medical history was only significant

for childhood asthma. He was a social drinker but had no

history of smoking. He denied any history of blood transfu-

sions, overseas travel, intravenous drug use, tattoos, inges-

tion of raw meats, or family history of hepatitis. However,

he admitted to sexual intercourse with a commercial sex

worker without protection one month earlier.

On admission, the patient was afebrile and vital signs

were normal. No altered mental status was noted. A physical

examination was only remarkable for severe jaundice. Initial

laboratory values were significant for total bilirubin (TB) of

13 mg/dL, direct bilirubin (DB) of 9.9 mg/dL, alanine trans-

aminase (ALT) of 4,191 IU/L, aspartate aminotransferase of

1,795 IU/L, alkaline phosphatase of 465 IU/L, lactate dehy-

drogenase (LDH) of 564 IU/L, prothrombin time (PT) of

16.6 seconds (57%), and an international normalized ratio

(INR) of 1.45. A complete blood count showed no abnor-

malities, with a hemoglobin level of 15.3 g/dL, mean cor-
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Figure　1.　Wright-Giemsa staining of aspirated bone marrow at (A) low-power (200×) and (B) high-
power (600×) magnification revealed slight hypercellularity with an increase in macroblasts and 
erythroblastic mitosis.

puscular volume of 89.6 fL, white blood cell count of

3,900/μL, and platelet count of 166,000/μL. HBV surface

and envelope antigens and antibodies of the immunoglobulin

M (IgM) class against the hepatitis B core antigen (anti-HBc

IgM) were positive. The virus was genotype B, which is

prevalent in Asia, and the viral load was 5.6 log copies/mL.

Human immunodeficiency virus antibody was negative. The

patient was diagnosed with acute HBV infection, most likely

incurred via sexual transmission. Clinical deterioration led to

the diagnosis of non-comatose acute liver failure nine days

after admission. The transplantation team was consulted, and

entecavir (0.5 mg/day) was started. However, his laboratory

values improved, and no liver transplant was necessary. The

patient was discharged 24 days after admission.

The patient returned five weeks later due to new-onset

cough, dyspnea, and malaise that had started two weeks ear-

lier. The patient denied any new medications or supple-

ments, alcohol consumption, contact with sick individuals,

travel, or sexual contact after his discharge. His hemoglobin

level had decreased markedly, from 13.9 (at discharge) to

5.9 g/dL. Curiously, the reticulocyte count had also de-

creased sharply, to 5,200/μL (0.25%). White blood cells and

platelets were within the normal range. Bilirubin remained

elevated (TB of 31.3 mg/dL and DB of 24.5 mg/dL), while

transaminases and INR had improved. LDH had increased to

756 U/L, with an increase in LDH isozyme 1. Haptoglobin

was undetectable (<10 mg/dL). Direct and indirect Coombs

tests were negative. Parvovirus B19 serologies were consis-

tent with past infection. Red blood cell-associated IgG was

within the normal range, making Coombs-negative autoim-

mune hemolytic anemia (AIHA) unlikely. Antinuclear and

anti-SSA/Ro antibodies were negative. Hepatitis envelope

antigen seroconversion was confirmed. A urinalysis was

positive for hemoglobin and urobilinogen. Small amounts of

schistocytes were observed in the peripheral blood smear.

Contrast-enhanced computed tomography showed no signifi-

cant interval change, notable only for mild splenomegaly.

Esophagogastroduodenoscopy and colonoscopy showed no

signs of gastrointestinal bleeding. The patient was diagnosed

with hemolytic anemia. Concomitant PRCA was also sus-

pected based on the sharp decrease in reticulocytes despite

severe normocytic normochromic anemia.

The reticulocyte count had recovered markedly to

269,500/μL (9.26%) by two days later, when bone marrow

aspiration was conducted and revealed slight hypercellularity

with 272,500/μL nucleated cells. Erythroid hyperplasia was

confirmed with an increase in CD71+ erythroid series

(Fig. 1). The results of a chromosomal analysis were unre-

markable. While the erythroid hyperplasia could be attrib-

uted to a response to hemolytic anemia, hematologists be-

lieved it also reflected the recovery phase from transient

PRCA.

The patient recovered rapidly with conservative manage-

ment, including transfusion of four units of packed red

blood cells. His hemoglobin level improved to 11.2 g/dL

over four weeks (Fig. 2). No recurrence of liver failure or

anemia was observed during 24 months of follow-up.

Discussion

Hemolytic anemia and HBV infection

Anemia after viral hepatitis has a relatively broad differ-

ential diagnosis, including gastrointestinal bleeding,

splenomegaly due to portal hypertension, and vitamin B12

and folate deficiencies associated with alcohol consumption

and nutritional deficits (8). Aplastic anemia (12), thrombocy-

topenia (7), leukopenia (13), hemolytic anemia (14), and

PRCA (11) have all been reported in association with HBV.

Hemolytic anemia may be suspected based on clinical

findings, such as anemia and jaundice, and diagnosed based

on normocytic normochromic anemia, marked reticulocyto-

sis, elevated indirect bilirubin, increased urinary urobilin,

low urine urobilinogen, schistocytes on peripheral blood

smear, and erythroid hyperplasia on bone marrow aspira-

tion (9). Since the first report in 1976 (15), HBV infection

complicated with hemolytic anemia remains extremely rare.

Hemolytic anemia is associated more frequently with hepati-
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Figure　2.　Clinical course timeline. Hb: hemoglobin, Retic: reticulocytes, TB: total bilirubin, LDH: 
lactate dehydrogenase, HBeAg: hepatitis B envelope antigen, HBeAb: hepatitis B envelope antibody

tis A virus (HAV), reported in up to 2.5% of affected pa-

tients (16, 17), and while rare, it has also been reported in

the setting of hepatitis C virus (HCV) (18). Four mecha-

nisms have been proposed for hemolytic anemia after viral

hepatitis: weakened erythrocyte resistance due to direct viral

action, rapid splenomegaly, erythrocyte fragility due to ab-

normal globulins, and increased hemolytic toxicants by de-

creased hepatic clearance (19). Hemolytic anemia may

therefore occur immediately after HBV infection or during

or after an episode of acute hepatitis.

There is some support for the use of antiviral agents in

acute HBV infection, although data are limited (20). Ente-

cavir may improve the clinical course of HBV-associated

fulminant hepatitis and can reduce the risk of reinfection af-

ter liver transplantation (21, 22). In the present case, ente-

cavir was started when the patient first met the criteria for

fulminant hepatitis and the transplantation team was con-

sulted.

While entecavir was briefly discontinued when severe

anemia was first noted, recovery from hemolytic anemia and

PRCA started the day after stopping entecavir. Recovery

was too rapid for entecavir to have been the cause of hemo-

lytic anemia and PRCA. We also found no reports of hemo-

lytic anemia or PRCA associated with entecavir. Continued

improvement was observed after carefully restarting the

drug, ruling out entecavir-induced hemolytic anemia and

PRCA.

We conducted a systematic review using MeSH terms and

pre-defined criteria, in accordance with the Preferred Re-

porting Items for Systematic Reviews and Meta-analyses

Statement (Fig. 3). Two researchers independently searched

PubMed, EMBASE, and Ichushi from their inception to

September 30, 2020, to review and extract data from rele-

vant cases. Acute HBV was diagnosed based on the detec-

tion of hepatitis B surface antigen with elevated trans-

aminases. Hemolytic anemia was diagnosed based on the

presence of anemia, hemolysis evidenced by high LDH,

high bilirubin, low haptoglobin, and/or increased reticulocyte

count after the exclusion of other causes of anemia. Patients

were only included if hemolytic anemia occurred concur-

rently with or within 10 years after the onset of HBV infec-

tion.

Nineteen cases from 10 studies were in-

cluded (14, 15, 23-30). The clinical characteristics of the 20

cases including our case are summarized in Table. The me-

dian age was 28 years old, and 40% were men. Most cases

were reported from Asia, with 75% originating in Japan.

The average time between the HBV diagnosis and hemolytic

anemia was 24.5 (range: 5-61) days. A fever was present at

the onset of hemolytic anemia in 65% of cases. Eighty per-

cent had acute HBV infection, and the remaining 20% had

chronic infection; 2 cases in each group were treated with

antiviral agents. Three out of five acute cases with INR data

had acute liver failure, defined as INR �1.5 with no pre-

existing cirrhosis or anticoagulant therapy, with or without

encephalopathy. Both peak ALT (n=6, median: 2,112 U/L,

range: 780-4,191 U/L) and peak TB levels (n=5, median:

29.0 mg/dL, range: 11.6-35.1 mg/dL) tended to be very high

in acute HBV cases with a delayed onset of hemolytic ane-

mia. Erythroid hyperplasia was the sole finding in all seven

cases for which bone marrow findings were reported. Ster-

oid therapy was introduced in 53% of cases. Anemia im-

proved within two months in 87.5% of cases, regardless of

treatment. No mortality was reported.
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Figure　3.　Flow diagram and search strategy for a systematic review of hemolytic anemia in the set-
ting of hepatitis B virus infection.

The liver function had generally improved at the onset of

the anemia, making an immunological mechanism more

likely than direct hemolysis due to viral infection or liver

damage. Reports of hemolytic anemia in chronic HBV in-

fection also support this hypothesis (23, 28, 31).

The Coombs test positivity was low (23.5%), possibly due

to Coombs-negative AIHA. AIHA is diagnosed based on

evidence of a shortened erythrocyte survival in the setting of

anti-red blood cell autoantibodies (32). Typical patients ex-

hibit a positive direct antiglobulin test, but false-negatives

occur in 5-10% of cases (33). Such false-negatives can oc-

cur in severe hemolysis, causing rapid erythrocyte loss (34).

In the present case, Coombs-negative AIHA was essentially

ruled out using red blood cell-associated IgG. The associa-

tion between hemolysis and specific HBV genotypes could

not be investigated in our study, as none of the case reports

mentioned genotypes.

The expected increase in indirect bilirubin at the onset of

hemolytic anemia was not clear in our case. We believe this

is due to the extremely high TB level, which lingered after

the acute HBV episode and may have masked the increase

in indirect bilirubin resulting from hemolytic anemia. Thus,

total and direct bilirubin trends may not be reliable indica-

tors of hemolytic anemia in patients with severe persistent

hyperbilirubinemia.

While no risk factors for HBV-induced hemolytic anemia

could be identified, the prognosis appears favorable. HBV-

associated hemolytic anemia should be suspected when ane-

mia develops approximately one month after the HBV onset.

PRCA and HBV infection

PRCA is characterized by severe normocytic anemia, re-

ticulocytopenia, and the absence of erythroblasts in other-

wise normal bone marrow (35). Most acute cases are ac-

quired, induced by either viruses or medications (35, 36).

Parvovirus is the most common viral cause (37). Approxi-

mately 30 cases of hepatitis-related PRCA have been re-

ported, mostly in connection with HAV (38-51) but also

with HBV (52), HCV (53), and hepatitis E virus (54). HCV

cases are generally iatrogenic, resulting from treatment with

interferon, ribavirin, mycophenolate mofetil, and epoetin

alfa (55-58). Multiple pathological mechanisms of drug-
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induced PRCA have been suggested, including direct toxic

effects on DNA synthesis by erythroid cells and indirect ef-

fects on accessory cells required for erythroid progenitor

cells to differentiate into mature erythroblasts (59, 60). Re-

ports of HBV-related PRCA (11, 52, 61, 62) suggest possi-

ble mechanisms, such as direct viral effects on hematopoie-

tic cells, production of toxic substances by injured hepato-

cytes, an inability to inactivate erythropoietic toxins due to

an impaired liver function, and autoimmune suppression of

red blood cell production. However, the precise mechanism

remains unknown. As many cases recover rapidly, the dis-

ease process may be transient and self-limiting in nature,

possibly resulting from the reversible cell-mediated suppres-

sion of erythroid colony formation. Interestingly, the time

interval of four to nine weeks from hepatitis to PRCA in

published cases is similar to that of aplastic anemia, pancy-

topenia, and hemolytic anemia after HBV (11, 49, 63-66).

Similar mechanisms may be involved in the viral inhibition

of bone marrow hematopoiesis and selective targeting of im-

mature bone marrow cells (67). As the mechanism underly-

ing hepatitis-induced PRCA is not well understood, previous

reports support the use of immunosuppressive agents in se-

vere cases.

Although the delay in the bone marrow aspiration pre-

cluded a definite diagnosis of PRCA, transient HBV-

associated PRCA was suspected in the present case. The

time interval and transient, self-limiting nature were both

consistent with previous reports.

Hemolytic anemia and PRCA

Hemolytic anemia and PRCA can occur in the same pa-

tient, either synchronously or metachronously (68). Synchro-

nous autoimmune hemolytic anemia and PRCA have been

reported in systemic lupus erythematosus (SLE), Sjögren’s

syndrome, HAV, human parvovirus B19, and Epstein-Barr

virus (35, 69-72).

There have been four reports of synchronous hemolytic

anemia and PRCA associated with hepatitis viruses, all in

the setting of HAV (38, 42, 50, 71). The average time from

the diagnosis of hepatitis to the onset of anemia was about

three weeks. All cases responded well to treatment with ster-

oids (1-1.5 mg/kg/day) and blood transfusions. There have

been no reports of both occurring after HBV infection.

The simultaneous development of hemolytic anemia and

PRCA could only be explained by direct damage to

erythroid progenitor cells and the presence of peripheral de-

struction of mature red blood cells (73). Given the reported

association between hepatitis viruses and myelosuppres-

sion (74) and the presence of antibody-related collagen dis-

eases, such as SLE and Sjögren’s syndrome, the possibility

of antibody-induced hemolysis and myelosuppression should

be considered (69, 70). As anemia resulting from autoanti-

bodies against the erythroid system and effective control

with immunosuppressants have been reported, steroids

should be considered if the clinical course is not favor-

able (75, 76).

In our case, the marked decrease in the reticulocyte count

could not be explained by hemolytic anemia alone, which

usually triggers an increase in reticulocytes. The two disease

processes may have both contributed to the rapid progres-

sion of anemia in our patient.

In conclusion, we herein report a case of acute HBV in-

fection complicated by hemolytic anemia and possible

PRCA that improved with conservative treatment. Further

research should be conducted to determine the risk factors

for hematological complications after acute viral hepatitis.
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