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Objective: To investigate the clinical characteristics of seronegative hepatitis-associated aplastic 

anemia (AA) (SNHAA) and hepatitis B virus (HBV) infection complicating AA (HBVAA), 

and thereby compare the efficacy of immunosuppressive therapy (IST).

Methods: An analysis was conducted on the clinical data of ten patients with SNHAA out of 

332 cases of AA from our center at AA diagnosis, and on the efficacy of IST. This was compared 

to 22 cases of HBVAA at AA onset as well as the associated IST outcomes.

Results: Nine patients with SNHAA developed severe aplastic anemia, with a median age of 

18 years. After IST, six (60%) of the SNHAA patients achieved complete remission and two 

achieved partial remission. The patients with HBVAA had a total response rate of 82.3%. The 

disease recurred in two HBVAA patients. No statistically significant differences were observed 

in response rate, mortality, and recurrence rate between both groups. As compared with HBVAA, 

patients with SNHAA had a shorter interval from the acute episode of hepatitis to AA onset  

(4 months versus 92 months, P=0.00), a quicker response to IST (2.5 months versus 4.5 months, 

P=0.018), a lower proportion of bone marrow hematopoietic tissues (20.6% versus 23.6%, 

P=0.03), and lower white blood cell and absolute neutrophil count (0.8×109/L versus 1.23×109/L 

and 0.26×109/L versus 0.58×109/L, P=0.026 and P=0.0009, respectively). No significant liver 

damage or hepatitis B fulminant infection was observed in either group during the follow-up. 

Conclusion: The prevalence of SNHAA is 3.01%. SNHAA often presents as severe AA and 

responds to IST quickly. Neither hepatitis prior to AA nor AA complicating HBV infection 

have been shown to influence the early efficacy of IST and adverse events, and HBV may not 

be the causative agent of AA.
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Introduction
Hepatitis-associated aplastic anemia (HAA) is defined as aplastic anemia (AA) after 

the occurrence of acute hepatitis, and, accordingly, it is known as posthepatitic AA.1 

This disease has an abrupt onset, and the bone marrow failure and pancytopenia often 

occurs within several months to 1 year after an acute episode of hepatitis. The disease 

deteriorates rapidly at the time of AA onset and has a high mortality.1,2 The cause of 

hepatitis remains unknown in HAA patients. Most study results suggest non-A–E 

hepatitis in such patients.1,2 The People’s Republic of China has a high epidemiology 

of hepatitis B virus (HBV) infection, 3,4 but it is not known whether HBV infection cor-

relates to the occurrence of AA. Moreover, the efficacy of immunosuppressive therapy 

(IST) in AA patients coinfected with HBV is not certain, as AA patients who receive 

administrations of IST may suffer the worsening of HBV infection or even fulminant 

viral hepatitis. To encourage a fuller understanding of the disease, we conducted a 
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clinical study on patients with seronegative HAA (SNHAA) 

and HBV infection complicating AA (HBVAA) who had 

been treated at our center over the past few years. 

Patients and methods 
study subjects 
Thirty-two patients with SNHAA and HBVAA hospital-

ized at our hematologic center from January 2002 to March 

2013, accounting for 9.63% (32/332) of the total number 

of AA cases during the same period, were divided into the 

following two groups. The SNHAA group comprised ten 

cases, accounting for 3.01% (10/332), including eight males 

and two females; a median age of 18 (6–36) years; with 

non-A–G hepatitis in serologic markers or DNA/RNA by 

the polymerase chain reaction test; and Epstein–Barr virus 

(EBV), cytomegalovirus (CMV), human immunodeficiency 

virus (HIV), and human parvovirus B19 (HPV B19) also 

being tested as negative. The HBVAA group comprised  

22 patients, accounting for 6.62% (22/332) of the total 

patients with AA during the same period; it included  

14 males and eight females, with a median age of 28  

(17–57) years. Nineteen patients in the HBVAA group had 

HBV DNA ranging from 1×103 to 8×108 copies/mL (refer-

ence value 500 copies/mL), and three cases had HBV DNA 

below the detection threshold but with positive markers such 

as hepatitis B surface antigen (HBsAg).

Methods 
Test methods
Venous blood samples were for standard diagnostic serolo-

gies: HBsAg, HBsAb, and HBcAb. Test results were used 

to categorized patients in serological profiles: 1) infection 

(HBsAg positive, hepatitis B surface antibody [HbsAb] nega-

tive, hepatitis B c antibody [HbcAb] positive); 2) immune 

due to natural infection (HBsAg negative, HbsAb positive, 

HbcAb positive); 3) susceptible (HBsAg negative, HbsAb 

negative, HbcAb negative); 4) Immune due to vaccination 

(HBsAg negative, HbsAb positive, HbcAb negative); and 5) 

other/further testing required (HBsAg negative, HbsAb 

negative, HbcAb positive). The processing laboratory was 

instructed to retain blood for all individuals to subsequently 

verify HBsAg positive samples to hepatitis B e antibody, hep-

atitis B e antigen, and HBV DNA quantitative fluorescence 

polymerase chain reaction (COBAS® TaqMan®; Hoffman-La 

Roche Ltd., Basel, Switzerland. LOQ=29 IU/mL) tests. 

Other viral hepatitis – including anti-hepatitis C virus IgM, 

anti-hepatitis D virus IgM or IgG, and anti-hepatitis E virus 

IgM – were tested for in all the patients by enzyme-linked 

immunosorbent assay. Meanwhile CMV, HIV, HPV B19, 

and EBV were detected by routine clinical methods.

Treatments and follow-ups 
isT
As soon as a patient was diagnosed with severe AA (SAA) 

with no severe infection, he/she was given anti-human 

T  lymphocyte porcine immunoglobulin (ALG) in com-

bination with cyclosporine A (CsA) (ALG at a dose of 

20–30 mg/kg/d) for 5 consecutive days (day 1–5); the patient 

with no significant infection after administration of ALG was 

intravenously given CsA 5 mg/kg/d at the 3rd week (day 21) 

to maintain for 24 hours per day for 10 consecutive days, 

and then switched to 3–8 mg/kg/d divided into two doses 

for oral treatment. After 5 days, the CsA concentration 

was measured, its trough concentration was maintained at 

200–400 μg/mL within the first 3 months, and the dosage was 

gradually reduced when the maximum effect was achieved. 

The total course of treatment with CsA was 1–2 years. The 

patients treated with ALG were conventionally given corti-

costeroids (oral prednisone 1 mg/kg/d or equivalent infusion 

of dexamethasone for day 1–14; then treatment was tapered 

off from day 15, and ceased at the end of 3rd or 4th week), 

antihistamines, calcium, potassium, and either proton pump 

inhibitors for adult patients or famotidine for child patients 

as an adjuvant therapy. Once or twice each month, the 

patients were monitored for liver function, kidney function, 

 electrolytes, and CsA concentration. Depending on the abso-

lute neutrophil count and infection in the patient, recombinant 

human granulocyte colony-stimulating factor or recombinant 

human granulocyte-monocyte colony-stimulating factor was 

administered. The patients were carefully monitored for 

any infection and were given appropriate antibiotics in the 

event of infection. The patients were given transfusions of  

blood components as necessary in order to maintain 

 hemoglobin 60 g/L as well as to avoid the tendency toward 

serious clinical bleeding. 

Treatment with csa alone 
One patient in the SNHAA group and five patients in the 

HBVAA group received the treatment with CsA alone. The 

other treatments and surveillance were exactly the same as 

in the case of enhanced immunosuppressive therapy except 

for ALG, corticosteroids, and antihistamines. 

antiviral treatment
In the HBVAA group, patients with HBV DNA 104 copies/

mL were given conventional antiviral therapy at 3–5 days 
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before receiving immunosuppressive therapy. Four patients 

received lamivudine for 3 months, and nine patients used 

entecavir for 3 months. 

Diagnostic criteria, classification criteria, 
and efficacy criteria 
The criteria used for the diagnosis, classification, and effi-

cacy of AA were based on the criteria of Camitta et al.5,6 

Additionally, the patients underwent bone marrow biopsies, 

chromosome karyotype analyses, and peripheral blood eryth-

roid and myeloid CD55/CD59 testing in order to exclude 

low-proliferative myelodysplastic syndrome and paroxysmal 

nocturnal hemoglobinuria.

statistical methods
The SPSS13.0 software package was employed for statistical 

analysis. Categorical data were summarized as frequencies. 

Normally distributed continuous data were summarized 

as means with corresponding standard deviations. Non-

normally distributed continuous data were summarized as 

medians with the corresponding range. The categorical data 

of the baseline feature and efficacy in the two groups were 

compared using χ2 test or Fisher’s exact test, and continuous 

data were compared using Student’s t-test. A P-value less 

than 0.05 was considered statistically significant. 

ethics approval 
The study was approved by the Ethics Committee of the 100th 

Hospital of People’s Liberation Army. Informed written 

consent was obtained from all patients or their relatives in 

accordance with the Declaration of Helsinki.

Results 
clinical characteristics 
snhaa patients
The SNHAA patients had a previous history of conspicuous 

hepatitis prior to the onset of AA. All the virologic tests were 

negative, and the prior hepatitis was mainly manifested as 

jaundice and elevated transaminase. AA did not occur until 

the transaminase was close to or completely normal after 

treatments such as liver protection and transaminase reduc-

tion. The median time from AA to hepatitis was 4 months. In 

nine cases, AA had an abrupt onset with rapid deterioration 

into SAA, among which there were six cases of very severe 

AA (Table 1). In the HBVAA group, there were 12 cases of 

the SAA type, and there was no statistically significant dif-

ference in proportion of SAA type between the two groups 

(P=0.065). No statistical significance was observed in the 

hemoglobin or platelet count between the two groups at the 

time of AA onset (P0.05). In the HBVAA group, no patient 

had significant liver damage, and ten patients even denied 

that they had been infected with HBV. Twelve patients with 

known HBV infection had a median time from infection to 

AA diagnosis of 92 (22–144) months, with a distinctly long 

interval from hepatitis to AA onset when compared to the 

patients in the SNHAA group (P=0.001). At AA diagnosis, 

white blood cell and absolute neutrophil count were much 

lower in the SNHAA group than in the HBVAA group 

Table 1 Baseline data of the two groups at aa diagnosis 

SNHAA (n=10) HBVAA (n=22) P 

sex (male/female) 8/2 14/8
Median age (range in years) 18 (6–36) 28 (17–57) 0.006
Median interval for diagnosis  
from hepatitis to aa (range in months)

4 (1–8) 92 (22–144) 0.001

Type of aa
Vsaa 6 5 0.065
saa 3 7
nsaa 1 10

WBc (×109/l) (M±sD) 0.80±0.37 1.23±0.52 0.026
anc (×109/l) (M±sD) 0.26±0.16 0.58±0.25 0.0009
PlT (×109/l) (M±sD) 10.3±11.11 15.6±12.30 0.25
hB (g/l) (M±sD) 69.2±13.88 71.6±15.22 0.67
subtype of T-cell (%)

cD4+ 23.35±6.65 28.21±7.52 0.09

cD8+ 41.27±4.57 42.23±5.42 0.63

cD4+/cD8+ 0.58±0.21 0.78±0.31 0.07
hematopoietic cells in BM (%) 20.6±2.41 23.6±3.87 0.03

Abbreviations: aa, aplastic anemia; anc, absolute neutrophil count; BM, bone marrow; hB, hemoglobin; hBVaa, hepatitis B virus infection complicating aplastic anemia; 
nsaa, non-severe aplastic anemia; PlT, platelet; saa, severe aplastic anemia; snhaa, seronegative hepatitis aplastic anemia; Vsaa, very severe aplastic anemia; WBc, 
white blood cell.
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(0.8×109/L versus 1.23×109/L, P=0.026 and 0.26×109/L 

versus 0.58×109/L, P=0.0009, respectively), and residual 

hematopoietic tissues were significantly reduced (20.6% ver-

sus 23.6%, P=0.03). Additionally, there was a trend toward 

a reduction in CD4+ T-cell subsets (23.35% versus 28.21%, 

P=0.09) and CD4/CD8 ratio (0.58 versus 0.78, P=0.07) in 

the patients of the SNHAA group, but with respect to the two 

groups there was no significant difference in CD8+ T-cells 

(41.27% versus 42.23%, P=0.63) (Tables 1 and 2). 

Efficacy and recurrence 
The patients in the SNHAA group had a response to IST 

2 months faster than that in the HBVAA group (2.5 months 

versus 4.5 months, P=0.015). The response rate and complete 

remission in the SNHAA group was 80% and 60%, respec-

tively, while the response rate in the HBVAA group was 

81.8% and 10 (45.5%) cases were cured, showing no signifi-

cant difference in efficacy between the two groups (P=0.48). 

Four patients (two in each group) died, with one death being 

attributable to uncontrollable infection and the other three due 

to intracranial hemorrhage (two of which were complicated 

by severe infection), showing no significant difference in 

the mortality rate between the two groups (P=0.58). In the 

SNHAA group, there was not one case of recurrence, while 

in the HBVAA group there were two cases of recurrence, 

showing no significant difference in the recurrence rate 

between the two groups (P=0.56) (Tables 3 and 4). 

adverse reactions 
Common adverse effects such as fever, rash, and thrombocy-

topenia were observed in all the patients during the course of 

treatment with ALG. There was one case of hemolytic ane-

mia in each group, and in the HBVAA group there was one 

case of serum disease. Common side effects observed in the 

patients receiving long-term oral CsA included hirsutism, gas-

trointestinal reactions, hypertension, hand tremors, gingival 

hyperplasia, etc, in both groups, but no difference was found. 

Neither significant liver injury nor fulminant hepatitis B was 

observed in any of the patients during the follow-ups. 

Discussion 
HAA usually occurs at 2–3 months (but not more than a year) 

after an unexplained hepatitis.1,2,7 It has an abrupt onset and 

is usually manifested as SAA. It is common in children and 

young male patients.1 In the West it is found in 2%–5% of 

patients with AA, but in Asia the proportion ranges up to 

10%.8 HAA has abnormal T-cell subsets but shows good 

response to IST.1,2 Over a 17-year period, Locasciulli et al8 T
ab
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(up to 10%) of HBV infection in The People’s Republic of 

China’s population, and HBVAA cases make up only 6.62% 

in all AA patients in the current study, and the percentage 

is well below than 10% HBV infection rate in the common 

population of the People’s Republic of China. Therefore, 

we believe it appropriate to define patients with SNHAA as 

having HAA. However, in the HBVAA group, patients have 

a much longer interval from hepatitis to AA onset than that 

specified in the criteria for HAA diagnosis, and these cases 

have a lower HBV infection proportion, thus indicating that 

HBV infection may not be the causative agent of AA.

The cause of hepatitis in HAA patients has not been fully 

determined. Early studies suggest that it should be associated 

with infection of viruses, including various hepatitis viruses 

(A–G type), HIV, EBV, CMV, HPV B19, blood transfusion-

associated virus, and enteric cytopathogenic human orphan 

virus.2 Most of the findings in domestic studies show that it 

is associated with hepatitis virus infection. However, recent 

studies suggest an insufficiency of etiological evidence  

to support the association of hepatitis virus with AA, and most 

studies believe that the cause is unknown and that all relevant 

serologic markers of hepatitis virus are negative.9–11 These 

patients demonstrate good response to IST, and no case devel-

oped fulminant viral infection.1,8 Additionally, these patients 

have abnormal T-cell subsets.1 It is  speculated that hepatitis 

conducted a study on a total of 3,916 patients with AA in 

Europe; these included 214 cases of HAA, accounting for 

5.4% of all AA cases. The patients developed AA at an 

average age of 15 years, with the male to female ratio of 

2.1:1. Only 14 (6%) patients were coinfected with hepatitis 

virus. The 10-year overall survival rate was 69% in the 

IST treatment group and 70% in hematopoietic stem cell 

transplantation group, which showed no significant differ-

ence between the two groups. Cox multivariate analysis 

revealed that age 20 years and treatment delay 26 days 

after diagnosis were the two adverse factors affecting long-

term survival. In our study, this viewpoint is supported by 

the clinical characteristics of patients with SNHAA. This 

current study demonstrates results that are similar to the 

European studies with respect to the incidence and type of 

AA, the hepatitis etiological parameters, the interval from 

the acute episode of hepatitis to AA onset, the proportions 

of the patients’ ages and sexes, and the efficacy of IST. 

Patients with SNHAA tend to have severe abnormalities 

of T-cell subsets, but they show a quicker response to IST. 

However, patients with HBVAA generally do not have the 

symptoms of acute hepatitis, with median interval from HBV 

infection to AA onset of 92 months, which is far longer 

than the 1-year period specified as a presumptive interval in 

the classical definition.1,8 Additionally, there is a high rate 

Table 3 Efficacy of IST and complications in SNHAA patients

Case  
number

Sex Age  
(years) 

AST  
(U/L)

Treatment  
regimen 

Length of  
follow-up  
(months)

Outcome Complications or  
causes of death 

Recurrence 

1 F 28 12–38 isT 0.7 Died lung infection/ 
intracranial hemorrhage 

–

2 M 36 11–24 isT 36 cured no no
3 M 14 19–29 isT 0.6 Died intracranial hemorrhage –
4 M 22 15–56 isT 24 cured acute hemolysis no
5 M 6 11–32 csa 120 cured no no
6 M 12 13–35 isT 34 relieved Pneumonia no
7 F 15 10–41 isT 103 cured no no
8 M 20 9–38 isT 19 cured Pneumonia no
9 M 24 8–45 isT 77 cured Bloodstream infection no
10 M 16 17–37 isT 49 relieved no no

Abbreviations: asT, aspartate transaminase; csa, cyclosporine a; F, female; isT, immunosuppressive therapy; M, male; snhaa, seronegative hepatitis aplastic anemia.

Table 4 Comparison of efficacy between the two groups

Group (n) Efficacy n (%) Time to response  
(months [M±SD])

Recurrence  
n (%) 

Death 
n (%) CR PR No response 

snhaa (n=10) 6 (60.0) 2 (20.0) 0 2.5±1.2 0 (0) 2 (20.0)

hBVaa (n=22) 10 (45.5) 8 (36.4) 2 (9.1) 4.5±2.3 2 (11.1) 2 (9.1)
P 0.48 0.015 0.56 0.58

Abbreviations: cr, complete remission; hBVaa, hepatitis B virus infection complicating aplastic anemia; Pr, partial remission; snhaa, seronegative hepatitis aplastic 
anemia.
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and AA are mediated by autoimmune attacks. Previous 

studies have shown that the soluble liver antigen-specific 

IFN-γ level is significantly higher in patients with autoim-

mune hepatitis than in patients with HBV infection, sug-

gesting that T-cell abnormality in patients with autoimmune 

hepatitis may play an important role in developing AA and 

incurring liver damage.12,13

IST and hematopoietic stem cell transplantation continue 

as mainstays in the treatment of SAA, and they have the 

similar effective rate of approximately 70%.1,2,7 However, 

given the policy on family planning it is highly unlikely to 

have a sibling donor in a patient under the age of 30, so in 

The People’s Republic of China IST is a more realistic choice 

for the patient with SAA. Previous results from domestic and 

foreign studies revealed poor prognoses for patients with 

HAA.14–16 Today, thanks to early IST intervention, more 

efficient antibiotics, adequate blood-component transfusion, 

and hematopoietic cytokine therapy, the efficacy of HAA 

treatment is significantly improved and it is nearly the same 

for common SAA.1,2,17 Moreover, the results of our study sug-

gest that the early administration of IST can achieve a similar 

efficacy for patients with HAA or HBV infection compli-

cating AA. Most of the early deaths have been associated 

with intracranial hemorrhage resulting from the insufficient 

infusion of platelets, whereas the lower recurrence rate may 

be attributed to the longer duration of oral CsA.

The change in liver function among HAA patients after 

IST administration is an issue of concern to clinicians. 

However, most international research studies have confirmed 

that IST does not lead to liver damage or fulminant HBV 

infection. Osugi et al17 even found that IST in severe HAA 

patients did not increase the occurrence of liver injury but 

instead significantly reduced the liver transaminase level 

and consequently improved the liver function. Cytotoxic 

T-cells may mediate liver damage while IST can reduce 

cytotoxic T-cells and restore liver function, whereby early 

IST can serve a dual role and dramatically improve the 

patient’s prognosis. The patients with positive HBsAg or 

a small number of patients with negative HBsAg but posi-

tive HBcAb and hepatitis B e antibody may show increased 

HBV-DNA replication and elevated transaminase level after 

receiving IST.18 Therefore, prophylactic antiviral therapy 

can be given to patients with HBV infection who receive 

IST in order to limit the resurgence of HBV. Generally, 

drugs with low nephrotoxicity, such as lamivudine, tel-

bivudine, and entecavir, are selected as the means to limit 

resurgence.19 Moreover, the results of our study indicate 

that no patient had developed aggravation of liver damage 

other than  fulminant hepatitis viral infection. Among the 

HBV  infection patients with AA who are receiving IST, 

13 patients with high HBV DNA copies also have received 

lamivudine or entecavir antiviral therapy. The copies of 

HBV DNA decreased significantly after the treatment, 

confirming that IST in combination with antiviral drugs is 

beneficial to patients with hepatitis B. 

Conclusion
In conclusion, the prevalence of seronegative HAA is 3.01%. 

HAA is different from HBV infection complicating AA, 

which often occurs during the recovery period of hepatitis 

with an abrupt onset, and it responds more readily to IST than 

does HBV infection complicating AA. Neither hepatitis prior 

to AA nor hepatitis B infection affects the efficacy of IST. 

However, HBV infection may not be the causative agent of 

AA. Nevertheless, further study is needed to confirm and 

clarify these findings.
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