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Abstract:
The onset of autoimmune hepatitis (AIH) during pregnancy is rare and often poses a diagnostic challenge.

A 29-year-old Japanese woman experienced epigastric pain and nausea during the third trimester of her third

pregnancy. Three days after the symptom onset, an emergency Caesarean section was performed because of

suspected acute fatty liver of pregnancy; however, the patient’s liver dysfunction worsened afterward. Despite

normal serum IgG concentration and absence of autoantibodies, biopsy-proven severe hepatitis with centri-

lobular zonal necrosis and good biochemical response to corticosteroids led to a diagnosis of AIH. Therefore,

AIH should be included in the differential diagnosis of liver dysfunction during pregnancy.
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Introduction

Autoimmune hepatitis (AIH) is clinicopathologically char-

acterized by liver dysfunction with elevated autoantibodies,

hypergammaglobulinemia, and lymphoplasmacytic interface

hepatitis (1). Its onset during pregnancy is rare, likely be-

cause the pregnancy status normally suppresses the immune

system. In fact, only 11 patients with the onset of AIH dur-

ing pregnancy have been reported to date (2-8). The diagno-

sis of acute onset or early-phase AIH may be difficult be-

cause of the absence of the characteristic clinicopathological

features of AIH described above (9). Centrilobular (perive-

nular or Rappaport zone 3) zonal necrosis (CZN) is a minor

pathological finding of AIH and has not been included in

the proposed criteria for the diagnosis of AIH (10, 11); how-

ever, recent data have elevated the importance of CZN in di-

agnosing AIH, as it is indicative of acute-onset or early-

phase AIH (9, 12-17).

We herein report a case of the acute onset of AIH during

the patient’s third pregnancy. CZN and amelioration of he-

patic dysfunction with steroid treatment supported the diag-

nosis of AIH despite normal serum levels of immunoglobu-

lin G (IgG) and autoantibodies. We present the detailed

clinicopathological findings of our patient and discuss the

differential diagnoses within the context of a literature re-

view.

Case Report

Clinical findings

A 29-year-old pregnant Japanese woman, gravida 2 para 2

with uterine leiomyoma, was admitted to the hospital be-

cause of labor at 38 weeks and 2 days of gestation. She had

no history of blood transfusion and had never consumed al-

cohol or smoked. She was taking no medications; however,

she had used iron supplements for 3 days at 31 weeks of

gestation due to anemia. The past two pregnancies had been

unremarkable; two term neonates without abnormalities had
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Table　1.　Laboratory Findings on Hospitalization.

Complete blood count Blood coagulation test
WBC 10,300 /μL (3,500-8,000) PT/PT activity 15.9 s/56.1 % (9-13/80-100)

RBC 526×104 /μL (360-470) PT-INR 1.4 (0.9-1.1)

Hb 12.3 g/dL (11.0-14.6) APTT 34.5 s (20-35)

Platelet 15.2×104 /μL (12.3-33.1) Fibrinogen 522 mg/dL (170-410)

FDP 15.4 μg/mL (<5)

Serum chemistry Serum immunological test
AST 1,216 IU/L (10-32) CRP 0.93 mg/dL (0.0-0.16)

ALT 1,091 IU/L (5-27) IgG 765 mg/dL (893-1,838)

LDH 467 IU/L (106-211) IgM 278 mg/dL (30-195)

ALP 488 IU/L (109-344) IgA 211 mg/dL (102-396)

γ-GTP 14 IU/L (8-45) ANA <40 (<40)

T-Bil 7.2 mg/dL (0.3-1.3) ASMA <20 (<40)

D-Bil 4.0 mg/dL (0.0-0.22) Anti-LKM1 Ab (-)

BUN 4.8 mg/dL (8.0-20.0) Anti-cardiolipin Ab 3 U/mL (<10)

Creatinine 0.45 mg/dL (0.36-1.06) AMA-M2 (-)
CPK 50 IU/L (43-165) Free T3 2.23 pg/mL (1.71-3.71)

Amylase 71 IU/L (28-99) Free T4 1.18 ng/dL (0.70-1.48)

Na 134 mEq/L (135-150) TSH 1.26 μIU/mL (0.35-4.94)

Cl 107 mEq/L (98-108) HGF 0.68 ng/mL (<0.39)

K 3.4 mEq/L (3.5-5.0) HLA DR8 (DRB1*08 allele)

NH3 62 μg/dL (12-66)

Glu 77 mg/dL (65-109) Viral markers
HA Ab (-)

Urinalysis IgM anti-HAV (-)

pH 6.5 HBs Ag (-)

Specific gravity 1.023 anti-HCV Ab (-)

Urine occult blood (-) HCV RNA (-)

Urine protein (1+) IgA anti-HEV (-)

Urine bilirubin (1+) IgM anti-CMV (-)

Urine ketone (-) IgG anti-CMV (-)

Urine urobilinogen (1+) IgM anti-HSV (-)

IgG anti-HSV (-)

IgM anti-EBV VCA <10 (<10)

IgG anti-EBV VCA ×160 (<10)

Anti-EBNA ×40 (<10)

Numbers in parentheses are the reference ranges. 

WBC: white blood cells, RBC: red blood cells, Hb: hemoglobin, AST: asparate aminotransferase, ALT: alanine aminotransferase, LDH: lactate 

dehydrogenase, ALP: alkaline phosphatase, γ-GTP: γ-glutamyltransferase, T-Bil: total bilirubin, D-Bil: direct bilirubin, BUN: blood urea nitro-

gen, CPK: creatine phosphokinase, Glu: glucose, PT: prothrombin time, INR: international normalized ratio, APTT: activated partial thrombo-

plastin time, FDP: fibrin degenerated products, CRP: C-reactive protein, Ig: immunoglobulin, ANA: anti-nuclear antibody, ASMA: anti-smooth 

muscle antibody, Anti-LKM1 Ab: anti-liver kidney microsome 1 antibody, AMA-M2: anti-mitochondrial antibody subtype M2, TSH: thyroid-

stimulating hormone, HGF: hepatocyte growth factor, HA Ab: hepatitis A antibody, HAV: hepatitis A virus, HBs Ag: hepatitis B surface antigen, 

HBc: hepatitis B core, HCV: hepatitis C virus, HEV: hepatitis E virus, CMV: cytomegalovirus, HSV: herpes simplex virus, EBV: Epstein-Barr 

virus, VCA: virus capsid antigen

been born vaginally. She had experienced no adverse clinical

events during her third pregnancy until she experienced epi-

gastric pain and nausea beginning at 37 weeks and 6 days

of gestation.

On admission, her blood pressure was 113/64 mmHg, and

other vital signs were normal (she was not comatose). Her

pre-pregnancy body mass index had been 23.4 kg/m2, and

she had gained 8 kg during pregnancy. A physiological ex-

amination revealed jaundice without pruritic skin lesions or

edema. The patient’s laboratory test results are summarized

in Table 1. She had elevated serum levels of total bilirubin,

aspartate aminotransferase (AST), and alanine aminotrans-

ferase (ALT). Her ammonia level and platelet count were

within normal ranges. Coagulation tests showed an elon-

gated prothrombin time, while renal function tests were nor-

mal. Ultrasonography revealed no fatty liver or hepatic atro-

phy, and no ascites was present.

Acute fatty liver of pregnancy (AFLP) was suspected ow-

ing to the elongated prothrombin time, and an emergency

Caesarean section was performed at 38 weeks and 2 days of
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Figure　1.　Clinical course of hospitalization after Caesarean section. ALT: alanine aminotransfer-
ase, AST: aspartate aminotransferase, mPSL: methylprednisolone, PSL: prednisolone, T-bil: total 
bilirubin, UDCA: ursodeoxycholic acid

gestation. A 2,660-g female neonate was delivered with Ap-

gar scores of 8 and 9 at 1 and 5 minutes, respectively. The

neonate showed no abnormalities on a physical examination

or laboratory tests.

Following delivery, the patient’s serum AST and ALT lev-

els decreased slightly for several days without treatment.

However, her total bilirubin level mildly increased (Fig. 1).

Serological test results indicated neither prior nor current in-

fections with hepatitis A, hepatitis B, hepatitis C, or hepati-

tis E viruses, herpes simplex virus, cytomegalovirus, or

Epstein-Barr virus. Although AIH was suspected, the IgG

and autoantibody levels, including anti-nuclear antibodies

(ANA), were within normal range. The human leukocyte an-

tigen (HLA) DR8 serotype was detected. Seven days after

the Caesarean section, the serum levels of AST and total

bilirubin increased, and reached pre-Caesarean section levels

by the eighth day (Fig. 1). Thus, AFLP appeared to be un-

likely. Steroid therapy was started 8 days after the Caesarean

section (following a core needle biopsy of the liver); meth-

ylprednisolone 500 mg/day was administered for three days,

followed by the oral administration of 30-40 mg/day of

prednisolone (Fig. 1).

Serum transaminase and bilirubin levels returned to nor-

mal within one month after commencing treatment (Fig. 1).

AIH was deemed probable because 14 and 16 aggregate

points were obtained before and after steroid therapy, re-

spectively, per the criteria for the diagnosis of AIH as re-

vised in 1999 (10). However, AIH could not be confirmed

when using the simplified diagnostic 2008 criteria for AIH

because only three points were met (a minimum of six

points are required for a probable diagnosis) (11). Ulti-

mately, AIH was diagnosed after ruling out other liver disor-

ders and based on pathological findings, as well as the fact

that the liver function rapidly recovered after steroid therapy.

The oral administration of prednisolone was tapered, and

the patient continued to be treated with low-dose predniso-

lone (5 mg/day). Her condition remained stable with neither

flare-ups nor occurrence of autoimmune disease other than

AIH for three years after her Caesarean section. Her serum

IgG and ANA levels were within normal range during the

three-year follow-up period. No developmental issues were

seen in her child.

Pathological findings

A core needle biopsy of the liver predominantly showed

features of lobular hepatitis (Fig. 2A, B). The necroinflam-

matory changes were particularly severe in the perivenular

area; multiple foci of CZN were observed. The periportal

parenchyma was damaged with scattered foci of lympho-

cytic infiltration and acidophilic bodies. Portal inflammation

was mild, and interface hepatitis was focally observed. The

inflammatory infiltrate consisted of predominantly lympho-

cytes, and plasma cells were rare. Hepatocellular rosettes

and emperipolesis were inconspicuous, and no bridging fi-

brosis was detected. Neither cholangitis nor concentric fibro-

sis around the bile ducts was found, and no steatosis or cho-

lestasis was observed. Fibrinoid necrosis was not detected in

the vessels, and no periportal necrosis with intrasinusoidal

fibrin deposition was observed. Immunohistochemically, adi-

pophilin staining did not identify abundant intracytoplasmic

lipid droplets in hepatocytes, and none of the cells were

positive for anti-cytomegalovirus or anti-herpes simplex vi-
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Figure　2.　Microscopic findings of the core needle liver biopsy sample obtained from our patient 
with autoimmune hepatitis. A, B: Low-magnification image of the liver sample [A, Hematoxylin and 
Eosin (H&E) staining section; B, periodic acid-Schiff-stained section]. Zonal hepatocellular necrosis 
was noted in the centrilobular (perivenular, zone 3) regions indicated by asterisks. In panel B, the 
purple-stained areas (including the portal areas indicated by triangles) show hepatocellular cords of 
glycogen-rich hepatocytes. Non-purple areas, including central venules, correspond to a loss of hepa-
tocytes. C, D: High-magnification image of the centrilobular area (C, H&E staining section; D, section 
prepared using the silver impregnation method). Loss of hepatocytes was observed around a central 
venule, while the reticular fibers along the hepatic cords were preserved. Steatosis is inconspicuous in 
residual hepatocytes. Scale bar: 1 mm in A, B; 100 μm in C, D.

rus type 1 antibodies. Epstein-Barr virus infection was un-

likely owing to the lack of Epstein-Barr virus-encoding

small RNA 1 detection by in situ hybridization. The patho-

logical findings were thus consistent with the acute onset or

early manifestation of AIH.

Discussion

The acute liver damage experienced by our pregnant pa-

tient markedly improved with steroid therapy that com-

menced eight days after her Caesarean section. The time of

the onset of her liver damage was unknown but was as-

sumed to be during the third trimester of pregnancy, consid-

ering that symptoms started at 37 weeks and 6 days of ges-

tation and a liver biopsy exhibited no apparent fibrosis. The

potential causes of such liver damage can usually be attrib-

uted to drugs, viral hepatitis, pregnancy-related diseases, and

AIH (18). However, drug usage and viral hepatitis were

ruled out in our patient. Wilson’s disease was also consid-

ered unlikely due to her responsiveness to steroid therapy.

Hepatic diseases unique to pregnancy include hyperemesis

gravidarum, intrahepatic cholestasis of pregnancy,

preeclampsia/eclampsia, AFLP, hemolysis, elevated liver en-

zymes, and low platelet (HELLP) syndrome (19). In our pa-

tient, hyperemesis gravidarum was unlikely because vomit-

ing and weight loss were not observed. Furthermore, the

lack of pruritus and intrahepatic cholestasis ruled out intra-

hepatic cholestasis, while preeclampsia/eclampsia was im-

probable owing to a lack of hypertension and seizures. Al-

though AFLP was clinically suspected because of the elon-

gated prothrombin time, the histological findings were not

consistent with this condition. HELLP syndrome could not

be diagnosed using Sibai’s diagnostic criteria (20). Our pa-

tient experienced transient improvement in serum AST and

ALT after her Caesarean section, suggesting that some

pregnancy-related liver disease might have been present.

AIH was the most likely cause of acute liver damage given

that her liver function worsened after her pregnancy and that

subsequent steroid therapy was remarkably effective.

Although AIH is clinicopathologically characterized by

elevated autoantibodies, elevated AST/ALT, hypergam-

maglobulinemia, and lymphoplasmacytic interface hepati-

tis (1), autoantibodies and hypergammaglobulinemia were

absent in our patient. Typical pathological findings of AIH

include interface hepatitis, predominant lymphoplasmacytic

infiltrates, and hepatocellular rosettes (10, 11); however, our

patient lacked significant plasma cell infiltration and hepato-

cellular rosettes. CZN and centrilobular necrosis have not

been included in the proposed criteria for the diagnosis of

AIH (10, 11), and both CZN and centrilobular necrosis were

reported as minor pathological findings in patients who had

AIH, with incidences of 29% (1) and 13% (9), respectively.

Recent data have elevated the importance of CZN or centri-

lobular necrosis in diagnosing AIH, as this condition is in-

dicative of acute-onset AIH (9, 12-17). Interestingly, the

clinicopathological features of AIH exhibiting CZN included

a higher frequency of acute-onset disease, lower titers of

ANA, lower levels of IgG, lower grades of interface hepati-

tis, less prominent lymphoplasmacytic infiltrates, and lower

AIH scores (9); these features were observed in our patient.
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Table　2.　Previously Described Patients with Autoimmune Hepatitis Onset during Pregnancy.

Reference

Patient age 

(years)/

gestational 

weeks at 

AIH onset

Gravida 

(G) and 

para (P)/

HLA-DR

Timing of AIH 

diagnosis

AST/ALT/T-bil/

D-bil level at 

onset of AIH

IgG 

(mg/dL)
ANA

Pathological 

findings
Therapy/effect

Baby/birth week/

birth method

2 24/16 G(NA)P3/

NA

NA Characteristic 

findings

PSL/effective NA

2 28/24 NA/NA NA (severe AIH) Steroid 

therapy was 

not performed 

due to sepsis

Serous physical 

and mental 

developmental 

difficulties/28/

CS

3 NA (Four patients had onset of AIH during pregnancy, and the outcome of pregnancy in these patients was favorable)

4 30/16 G2P1/NA 16 gestational 

weeks

1,433/1,202/

21.2/13.7

1,946 NA 

[Anti-

LKM1 

Ab (+)]

IH (+) PSL/ 

improved

1,170 g, LDH, 

VSD/31/VD

5 31/14 G(NA)P1/

HLA-DR4

1 month after 

AA (21 

weeks)

NA/344/6.1/4.8 

(20 weeks)

1,103 

(after AA)

(-) IH (+), PLPI 

(+), R (+) 

(after AA)

PSL/ 

improved

AA (21 weeks)

6 25/16 NA/

HLA-

DR9, 13

A few days 

after onset

361/101/

14.2/9.9

1,030 ×80 IH (+), PLPI 

(+), R (+), 

CLN (+)

PE, CHDF, 

PSL, AZA/ 

improved

Healthy 

neonate/29/CS

7 25/22 G0P0/NA NA (PSL 

started from 

25 4⁄7 

gestational 

weeks)

106/30/

11.1/7.7

3,600 ×320 IH (+), 

bridging 

fibrosis (+)

PSL/improved 1,800 g, AV 

block/32/VD

8 27/28 G0P0/NA 1-2 months 

after ECS

163/102/

21.6/16.8

2,062 ×640 Plasma cells 

in some portal 

tracts, MHN 

(+)

CHDF, PSL/ 

improved

NA/28/ECS

Our case, 

2021

29/37 6⁄7 G2P2/

HLA-DR8

8 days after 

ECS

1,216/1,091/

7.2/4.0

765 <40 IH (+), PLPI 

(-), R (-), 

CZN (+)

PSL/ 

improved

A healthy 

female, 2,660 

g/38 2⁄7/ECS

The underlined values indicate abnormal laboratory data. 

HLA: human leukocyte antigen, AIH: autoimmune hepatitis, AST: aspartate aminotransferase, ALT: alanine aminotransferase, T-bil: total bilirubin, D-bil: direct 

bilirubin, IgG: immunoglobulin G, ANA: antinuclear antibodies, NA: not available, PSL: prednisolone, IH: interface hepatitis, CS: cesarean section, Anti-LKM1

Ab: anti-liver kidney microsome 1 antibody, LDH: light for date, VSD: ventricular septal defect, VD: vaginal delivery, AA: artificial abortion, PLPI: predomi-

nant lymphoplasmacytic infiltrate, R: rosetting of liver cells, CLN: centrilobular necrosis, PE: plasma exchange, CHDF: continuous hemodiafiltration, AZA: aza-

thioprine, AV: atrioventricular, ECS: emergency cesarean section, MHN: massive hepatocellular necrosis, CZN: centrilobular zonal necrosis

Therefore, acute-onset or acute hepatitis-like AIH can be

challenging to diagnose based solely on clinical findings,

with CZN potentially being the only indicative finding; as

such, a pathological evaluation appears to be extremely

valuable for making a diagnosis.

However, CZN is not a pathological finding that is spe-

cific to AIH, as it can be observed in patients with various

other conditions, including adverse drug injury, viral hepati-

tis, venous outflow block (21), and transplanted liver (22).

Taken together, these findings indicate that the presence of

CZN as well as the absence of these other conditions can

suggest AIH.

Muratori et al. demonstrated that the 2008 simplified di-

agnostic criteria for AIH did not diagnose 31% (22/70

cases) of acute-onset AIH cases that had been diagnosed by

the 1999 revised diagnostic criteria (23). At present, acute-

onset AIH should be evaluated by the two diagnostic criteria

for AIH (10, 11), not only by the simplified diagnostic crite-

ria (11). Furthermore, newer and better diagnostic criteria

for acute-onset AIH may be needed, considering that 70

cases of acute-onset AIH received a diagnosis of ‘probable’

AIH (54%, 38 cases) and ‘definite’ AIH (46%, 32 cases)

with the 1999 revised diagnostic criterion (23).

Pregnancy usually suppresses the immune system; there-

fore, only less-intense immunosuppressive therapy can be

performed for pregnant AIH patients (24, 25). Heneghan et

al. reported 35 pregnancies in 18 women in a study of 162

female patients with AIH; 2 patients were diagnosed with

AIH during pregnancy (2). Floreani et al. reported that 4 pa-

tients (6.3%) had the onset of AIH during pregnancy, with

favorable outcomes (3). Five other case reports of de novo
AIH during pregnancy with detailed clinicopathological fea-

tures are available in the literature (4-8). A total of 11 pa-

tients with AIH onset during pregnancy have been reported

previously (Table 2). These findings suggest that AIH can

occur in pregnant women, particularly acute-onset AIH, dur-
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ing any trimester, as 4 out of 5 patients (80%) likely pre-

sented with acute-onset AIH (4-8). Similar to the present

case, another case with normal levels of IgG and ANA was

reported (5). CZN was not described in previous cases, but

one patient had massive hepatocellular necrosis (8), while

another had centrilobular necrosis (6). Centrilobular necrosis

and CZN can be treated as synonyms, and massive hepato-

cellular necrosis might have been a severe form of CZN;

thus, CZN and/or centrilobular necrosis might be useful

findings in cases with the onset of AIH during pregnancy.

All patients in the previous cases were steroid-sensitive and

had preterm infants. While one infant was healthy (6), se-

vere physical and mental developmental difficulties (2), ven-

tricular septal defect (4), or atrioventricular block (7) were

found in infants born to three patients, and two in-

fants (4, 7) did not seem to have any untreatable develop-

mental defects. The prompt diagnosis and treatment of AIH

with an onset during pregnancy is needed, as AIH can be a

risk factor for adverse pregnancy outcomes, such as preterm

birth and low-birth-weight children (26); furthermore, 11%

(8/70 cases) of patients with acute-onset AIH required liver

transplants or died from the disease (27). Our case with its

long-term follow-up is valuable, as previous reports (2-8)

did not present follow-up data, or the period was limited to

just one year.

The pathogenesis of AIH during pregnancy remains un-

known. Interestingly, the onset of AIH has also been re-

ported within one year after delivery (28, 29). AIH has also

been shown to have a genetic association with HLA-DR4 in

Japan and with HLA-DR3 (30, 31) and HLA-DR4 in white

European and North American populations, respec-

tively (32). In addition, the prevalence of HLA-DR9 was

significantly higher in AIH patients with CZN than in those

without CZN, whereas the prevalence of HLA-DR4 was sig-

nificantly lower in AIH patients with CZN than in those

without CZN (9). In another study, the HLA-DR status was

obtained in only 2 of 11 patients with the onset of AIH dur-

ing pregnancy (Table 2), and 1 patient with centrilobular ne-

crosis was positive for HLA-DR9 (6). The HLA-DR8 de-

tected in our patient was not reported in any of those 11 pa-

tients, although the prevalence of HLA-DR8 in AIH patients

with CZN of 20% has been reported to be similar to that in

AIH patients without CZN (9). We did not detect autoanti-

bodies related to AIH, potentially suggesting AIH-like

pregnancy-triggered hepatitis of unknown etiology. However,

unknown or unexamined autoantibodies might have been

triggered during pregnancy given that the patient was re-

sponsive to immunosuppressive therapy. Considering that

there were no liver abnormalities in the fetuses of any of the

patients reported to date (4-8), the autoantibodies likely tar-

geted the mother’s liver rather than the fetal liver.

Furthermore, the present patient exhibited hyperbilirubine-

mia. The direct and indirect bilirubin levels were elevated in

our patient and five other patients with de novo AIH during

pregnancy (4-8). While the cause remained unknown, steroid

therapy normalized the abnormal bilirubin levels of our pa-

tient and the five previous patients. Although indirect hyper-

bilirubinemia might indicate Gilbert’s syndrome or hemor-

rhagic anemia, the normalization of our patient’s bilirubin

levels after steroid treatment and her lack of anemia made

both conditions unlikely. Whether or not steroid therapy im-

proves glucuronic acid conjugation has not been reported.

Although cholestasis may be improved by steroids, cholesta-

sis was not pathologically detected or indicated in our pa-

tient or in the five previous patients. The CZN may have

been the cause of hyperbilirubinemia in our case; Hofer et

al. reported that bilirubin levels were markedly higher in pa-

tients with AIH with centrilobular necrosis than in those

without centrilobular necrosis (13). However, this hypothesis

has not been confirmed, as Aizawa et al. reported that the

total bilirubin levels in patients with AIH with or without

CZN were almost normal and not significantly elevated (9).

In summary, we encountered a case of de novo AIH dur-

ing pregnancy. Steroid therapy was remarkably effective,

and she experienced no recurrences during three years of

treatment. The acute onset or acute hepatitis-like manifesta-

tion of AIH should be included in the differential diagnosis

of acute liver damage in pregnant women, even if autoanti-

bodies and IgG are not elevated. Furthermore, AIH should

be included in the differential diagnosis of patients with

postpartum liver dysfunction. A pathological evaluation ap-

pears to be important for diagnosing acute-onset AIH. Addi-

tional documentation of similar cases will be needed to clar-

ify the clinicopathological characteristics of such patients, as

well as therapeutic options and fetal management.

Written informed consent was obtained from the patient.
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