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Abstract
The pathogenesis of liver dysfunction that complicates coronavirus disease 2019 (COVID-19) remains unclear, especially in 
mild to moderate severity cases. In this case, a novel coronavirus infection was detected by polymerase chain reaction (PCR) 
in a 76-year-old woman hospitalized after presenting with fever. No other abnormal physical findings were observed, and oxy-
gen administration was not required. Chest computed tomography (CT) showed a ground-glass-like and an infiltrative shadow 
in the right lung, and moderate COVID-19 was diagnosed. Initially, the fever resolved, and PCR turned negative; however, 
the fever reappeared on hospitalization day 14, and CT showed pneumonia exacerbation accompanied by new onset of fatty 
liver. Biochemical testing revealed marked liver dysfunction, accompanied by elevated serum interleukin (IL)-6, IL-10, and 
tumor necrosis factor-α levels. Physical findings and all laboratory parameters improved after conservative treatment, and 
she was discharged on day 22. A liver biopsy performed 44 days post-discharge showed T-cell-dominant inflammatory cell 
infiltration, mainly in the portal region. Some hepatocytes showed fatty degeneration.
We report a case of moderate COVID-19 in which histological hepatitis persisted after a substantial period had passed since 
the initial infection had cleared and associated transaminase elevations had resolved, with a comparison of serum cytokine 
dynamics.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused a large global outbreak since the first 
cases of coronavirus disease 2019 (COVID-19) were 
observed in December 2019 in Wuhan, China [1, 2]. In 
Japan, the number of infected people has steadily increased 
since the first infection was confirmed in January 2020, and 
the cumulative number of cases exceeded 8,900,000 by June 
2022 [2, 3].

Liver dysfunction is frequently observed in COVID-19 
patients. A systemic immune response to the new corona-
virus infection, expressed as a cytokine storm, has been 
assumed to be involved in the occurrence of liver dysfunc-
tion, though many aspects of this mechanism remain unclear 
[4, 5]. Liver dysfunction observed in COVID-19 patients 
has been associated with aggravation of clinical symptoms 
in severe cases; however, the behavior of elevated liver 
enzymes in non-severe COVID-19 cases has not been inves-
tigated thoroughly [6–12].

Histological liver characteristics in patients who devel-
oped liver dysfunction associated with COVID-19 also 
require clarification, as most previous reports have evalu-
ated liver tissue collected from deceased patients, and his-
tological liver findings in surviving patients have not been 
fully explored [7, 12–14]. Furthermore, there are no reports 
of a detailed examination of liver histology after clinical 
improvement of COVID-19 infection with concomitant 
hepatitis.
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Here, we report a case of moderate COVID-19 illness 
with histological confirmation of hepatitis and steatosis after 
6 weeks of viral clearance and normalization of transami-
nase levels. This case also demonstrated fluctuating serum 
cytokine levels in accordance with the stage of COVID-19 
illness.

Case report

In April 2020, a 76-year-old woman with a history of 
COVID-19 illness in the family developed a low-grade fever. 
Two days later, she was hospitalized after her upper res-
piratory specimens tested positive for SARS-CoV-2 using 
polymerase chain reaction (PCR). The patient had a 20-year 
history of hypertension, hyperlipidemia, and hyperthyroid-
ism, and had been receiving antihypertensive, lipid-metab-
olizing, and antithyroid medications. There was no past his-
tory of abnormal liver function or glucose intolerance and 
no history of smoking or alcohol consumption. In addition, 
she had no history of COVID-19 vaccination. On the day 
of admission, no fever, subjective symptoms, or abnormal 
physical findings were present.

The clinical features of this case are presented in Fig. 1. 
Computed tomography (CT) of the chest performed on the 
second day of admission showed ground-glass opacities 
from the upper lobe to the dorsal side of the lower lobe of 
the right lung (Fig. 2a, b). Other than CT scan, no imaging 
studies were performed during her hospitalization. Although 
imaging showed findings of pneumonia, the patient did not 
require oxygen administration. Thus, she was diagnosed 
with COVID-19 with moderate I severity based on the 
classification of the JAPAN COVID-19 Case Management 
Guide Review Committee [3]. Because the patient’s clinical 
symptoms were not severe, blood biochemical tests were not 
performed at the time of admission. Minocycline (200 mg 
per day) was initiated on the day of admission, and the fol-
lowing day when she developed a fever of 38 °C, favipiravir 
was started (3600 mg per day on the first day and 1600 mg 
per day thereafter). The fever increased to 38.8 °C on the 
third day of admission and resolved by the 6th day. However, 
olfactory disturbance appeared on the 7th day and lasted 
for 2 weeks, and the fever increased again to 38.8 °C on the 
14th day.

A second CT scan was performed on the 16th day, which 
showed that the infiltrative lesion in the upper and lower 

Fig. 1  Clinical course of the 
patient. PCR polymerase chain 
reaction, DLST drug-induced 
lymphocyte stimulation test, 
CT computed tomography, AST 
aspartate aminotransferase, 
ALT alanine aminotransferase, 
LDH lactate dehydrogenase, 
ALP alkaline phosphatase, 
CRP C-reactive protein, Alb 
albumin, WBC white blood 
cells, IL-6 interleukin-6, IL-10 
interleukin-10, TNF-α tumor 
necrosis factor-alpha, TSH thy-
roid stimulating hormone, 
FT3 free triiodothyronine, 
FT4 free thyroxine, CA19-9 car-
bohydrate antigen 19–9
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lobes of the right lung that had been noted at the time of 
admission had improved, but a frosted glassy shadow had 
appeared in the upper lobe. A new partially frosted glassy 
shadow was also noted in the upper lobe of the left lung 
(Fig. 2c, d). The hepatic CT attenuation values and the liver-
to-spleen attenuation (L/S) ratio decreased from 52.8 to 34.4 
and 1.05 to 0.77, respectively (Fig. 3a, b, c, d). This was 
considered to reflect the appearance of fatty change in the 
patient’s liver [15]. Consecutive SARS-CoV-2 PCR assays 

were conducted three times (on days 14, 15, and 17) and 
were all negative. Hence, re-infection or re-growth of SARS-
CoV-2 was ruled out.

In order to examine the aetiology of fever recurrence, 
blood tests were performed alongside a second CT scan, 
which revealed an elevated white blood cell count with 
a predominance of neutrophils, accompanied by elevated 
C-reactive protein (CRP) levels. Elevated hepatobil-
iary enzymes were also observed as follows: aspartate 

Fig. 2  a Chest computed 
tomography (CT) taken on the 
second day of admission shows 
frosted and infiltrated shadows 
from the upper lobe of the right 
lung (arrowheads) to b the 
dorsal side of the lower lobe 
(arrowheads). c CT scan taken 
on the 16th day shows that the 
infiltrative image in the upper 
and lower lobes of the right 
lung, which had been noted on 
the second day, has improved, 
but there is the appearance of  
new frosted glassy shadows in 
the upper lobes (arrows). d New 
appearance of a partially frosted 
glassy shadow is also noted in 
the upper lobe of the left lung 
(arrow)

Fig. 3  a Abdominal computed 
tomography (CT) taken the 
second day of admission shows 
that the attenuation value of the 
liver parenchyma is higher than 
those of the inferior vena cava 
and hepatic veins (arrowheads). 
b On the second day, hepatic 
CT attenuation value (HU: 
Hounsfield units) and liver-to-
spleen attenuation (L/S) ratio 
was 52.8 and 1.05, respectively. 
c CT scan taken on the 16th 
day shows that the attenuation 
value of the liver parenchyma 
is reduced to the same level as 
that of the major intrahepatic 
vessels. d On the 16th day, the 
hepatic CT attenuation value 
(HU) and L/S ratio were 34.4 
and 0.77, respectively
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aminotransferase, 431 U/L; alanine aminotransferase, 
445 U/L; and alkaline phosphatase, 554 U/L. Increased 
serum lactate dehydrogenase (LDH) and decreased albu-
min (Alb) levels were also observed; however, there was 
no increase in serum bilirubin levels. There were no find-
ings suggestive of viral hepatitis, and tumor markers indi-
cated a minor abnormality in carbohydrate antigen 19–9 
(CA 19–9). Although thyroid-stimulating hormone (TSH) 
levels slightly decreased, free triiodothyronine and free 
thyroxine levels were within normal limits. Serum inter-
leukin (IL)-6 and tumor necrosis factor (TNF)-α levels 
were elevated to 26.4 and 31.0 pg/mL, respectively, on 
day 16. IL-10 levels were elevated to 8.0 pg/mL on day 
18 (Table 1).

Although the patient had recurrent fever and olfactory 
disturbance, her general condition was good and no other 
abnormal findings, such as hypoxemia or skin rash, were 
observed. Favipiravir and minocycline were discontinued 
on days 15 and 16, respectively, and conservative treatment 
was continued. The patient’s fever resolved on the 19th day, 
and her blood test findings improved. She was discharged 
on the 22nd day. Along with clinical symptoms and ele-
vated hepatobiliary enzyme levels, white blood cell count 

and serum IL-6, IL-10, TNF-α, CA 19–9, and TSH levels 
also improved (Fig. 1).

To examine whether there were any residual effects of 
COVID-19-associated liver damage even after the patient’s 
general condition recovered, an echo-guided percutaneous 
liver biopsy was performed 44 days after her discharge from 
the hospital, on day 66 of admission. Hematoxylin and eosin 
staining showed mononuclear cell-dominant inflammatory 
cell infiltration mainly in the portal area and partially in the 
dilated sinusoidal lumens. There was no evidence of throm-
bus formation in the sinusoids or other vessels. Fatty degen-
eration of some hepatocytes was also observed (Fig. 4a, 
b). There were no obvious abnormalities in the bile ducts. 
Masson’s trichrome staining showed inconspicuous fibrous 
enlargement of the portal area, and silver staining showed lit-
tle evidence of destruction of the marginal plate, indicating 
the absence of preexisting liver fibrosis (Fig. 4c, d). Tissue 
immunostaining revealed that the infiltrating mononuclear 
cells were predominantly cluster of differentiation (CD) 
3-positive mature T lymphocytes, with a similar proportion 
of CD4 and CD8 positive cells (Fig. 5a, b, c). Only a few 
CD20, forkhead box P3, and CD68 positive cells were found. 
Therefore, B cells, regulatory T cells, and macrophages were 

Table 1  Laboratory data at the onset of recurrent fever (day 16, *day 18)

WBC white blood cells, RBC  red blood cells, PT-INR prothrombin time-international normalized ratio, APTT activated partial thromboplastin 
time, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, ALP alkaline phosphatase, γ-GTP gamma-glu-
tamyl transferase, ChE cholinesterase, BUN blood urea nitrogen, CRP C-reactive protein, IgG Immunoglobulin G, IgA Immunoglobulin A, IgM 
Immunoglobulin M, HBs-Ag hepatitis B surface antigen, HCV-Ab hepatitis C antibody, RNA ribonucleic acid, HAV hepatitis A, HEV hepatitis 
E, TSH thyroid stimulating hormone, FT3 free triiodothyronine, FT4 free thyroxine, EBV Epstein-Barr virus, EBNA Epstein-Barr virus-nuclear 
antibody, CMV cytomegalovirus, PIVKA-II  protein induced by vitamin K absence-II, AFP  alpha-fetoprotein, CEA  carcinoembryonic antigen, 
CA19-9 carbohydrate antigen 19–9, IL-6 interleukin-6, IL-10 interleukin-10, TNF-α tumor necrosis factor-alpha

Peripheral blood ALT 445 U/L HAV-IgG ( +)
WBC 10,300 /μL LDH 703 U/L HEV-IgA ( −)
Neutrophil 88.0 % ALP 554 U/L EBV-IgM  <  × 10
Lymphocyte 6.0 % γ-GTP 31 U/L EBV-IgG  × 160
Monocyte 3.0 % ChE 258 U/L EBNA  × 20
Eosinophil 2.5 % BUN 15 mg/dL CMV-IgM ( −)
Basophil 0.5 % Creatinine 0.52 mg/dL CMV-IgG 117.0
RBC 412 ×  104 /μL Glucose 167 mg/dL CMV pp65 

antigenemia
( −)

Hemoglobin 12.8 g/dL Total cholesterol 102 mg/dL TSH 0.22 μIU/mL
Hematocrit 38.4 % Hyaluronic acid 31.2 ng/mL FT3 2.02 pg/mL
Platelet 21.3 ×  104 /μL Ammonia 22 µg/dL FT4 1.02 ng/dL
Coagulation Serology PIVKA-II 24 mAU/mL
PT-INR 1.06 CRP 7.51 U/L AFP 1.0 ng/mL
APTT 63.7 sec IgG 1389 U/L CEA 5.7 ng/mL
Fibrinogen 29.6 mg/dL IgA 241 U/L CA19-9 43.3 U/mL
Chemistry IgM 110 U/L Cytokines
Total protein 6.4 g/dL HBs-Ag ( −) IL-6 26.4 pg/mL (Normal value: ≤ 7)
Albumin 2.7 g/dL HCV-Ab ( −) IL-10* 8.0 pg/mL (≤ 5)
Total bilirubin 0.6 mg/dL HCV-RNA ( −) TNF-α 31.0 pg/mL (0.75–1.66)
AST 431 U/L HAV-IgM ( −)
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considered rare (Fig. 5d, e, f). These findings indicate that 
the histological liver dysfunction associated with COVID-
19 may persist for a substantial amount of time even after 
the patient’s general condition has improved. Additionally, 
angiotensin-converting enzyme 2 (ACE2) expression, which 
plays a role in the intracellular invasion of SARS-CoV-2 [4, 
5], was not found in the tissues (Fig. 5g). Sixty-three days 
after discharge (the 85th day), a drug-induced lymphocyte 
stimulation test (DLST) for favipiravir and minocycline was 
performed, and both were found to be negative.

Discussion

This report described a case of moderate COVID-19 ill-
ness with liver dysfunction where histological findings and 
cytokine dynamics were evaluated. Abnormal hepatologi-
cal results have been reported in 14–76.3% of COVID-19 
cases and have been recognized as a risk factor for worsen-
ing COVID-19 symptoms, especially in severe cases [6–12]. 
However, the significance of elevated hepatobiliary enzymes 
in mild and moderate cases of COVID-19 has not been fully 
investigated [4]. Because literature is scarce, we investi-
gated the prevalence and clinical features of all non-severe 
COVID-19 cases with liver dysfunction at our institution. 
Among 39 cases of mild or moderate COVID-19 illness, 
16 (41.0%) had developed liver dysfunction in the form of 
elevated hepatobiliary enzymes and/or jaundice (Table 2). 
Interestingly, 14 of them, including the present case, showed 

the presence of one or more of the following: hypoalbumine-
mia, increased serum CRP and LDH levels, or other reported 
markers of COVID-19 severity [4, 16]. In six cases, oxygen 
saturation fell below 93%, requiring oxygen supplementation 
[3]. These results suggest that non-severe cases of COVID-
19 with abnormal liver function may also exhibit systemic 
features similar to severe cases. Among the 16 cases with 
liver dysfunction, liver biopsy and serum cytokine measure-
ments were performed only for this case.

Evaluation of associated hepatic histological findings in 
COVID-19 patients with liver dysfunction, may aid in under-
standing the pathogenesis of novel coronavirus infection. In 
previous reports, morphological changes in the intrahepatic 
portal veins and sinusoids, inflammatory cell infiltration, and 
fatty degeneration of hepatocytes has been demonstrated [7, 
12–14]. However, those were mainly derived from autop-
sies of cases with a serious clinical course including acute 
respiratory distress syndrome, respiratory failure, and hem-
orrhagic shock. Interestingly, similar characteristics were 
observed in this case of moderate COVID-19 illness with 
complete recovery. In addition, histological evidence of 
hepatitis persisted for a long time after virus elimination 
and normalization of liver enzymes. Hepatic steatosis has 
been suggested as a risk factor for severe COVID-19, but 
the mechanism is still unknown [9, 15]. In this case with 
non-severe COVID-19, CT showed new-onset fatty changes 
in the liver along with worsening pneumonia. These indi-
cate that inflammatory cell infiltration of the portal region 
and hepatic fatty degeneration persist in the recovery phase 

Fig. 4  a Pathological manifesta-
tions of the liver biopsy speci-
men obtained on the 66th day. 
Hematoxylin and eosin (H&E) 
staining shows mononuclear 
cell-dominant inflammatory cell 
infiltration mainly in the portal 
area (arrows). Fatty degen-
eration of some hepatocytes is 
also observed (arrowheads). 
b Inflammatory cell infiltra-
tion is also mainly observed in 
the dilated sinusoidal lumens 
(arrowheads). There is no 
evidence of thrombus forma-
tion in the sinusoids or other 
vessels. c Masson’s trichrome 
staining shows an inconspicu-
ous fibrous enlargement of 
the portal area (arrows), (d) 
and silver staining shows little 
evidence of destruction of the 
marginal plate (arrows). (a 
H&E staining, × 100, b H&E 
staining, × 200, c Masson’s tri-
chrome staining, × 100, d Silver 
staining, × 100)
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of non-severe COVID-19 cases without a serious clini-
cal course. Therefore, liver dysfunction with concomitant 
histological changes in the liver may contribute to disease 
severity to some extent, but progression to severe COVID-19 
illness may be dependent on other factors.

Massive cytokine production is considered to be one of 
the causes of COVID-19-associated liver injury [4, 5]. As 
previously reported, systemic symptoms associated with 
cytokine (IL-6, IL-10, and TNF-α) surge may develop even 
after the viral load in the host has plummeted, showing a 
bimodal course of the illness [17, 18]. Despite testing nega-
tive for SARS-CoV-2 later on and showing an improvement 
in symptoms, the present case developed a recurrent fever. 
A repeat chest CT scan revealed progressing pneumonia 
accompanied by fluctuating serum IL-6, IL-10, and TNF-α 
levels (26.4, 8.0, and 31.0 pg/mL, respectively), which are 
possibly linked to serum hepatobiliary enzyme elevations. 
Thus, cytokine release after viral elimination could have 
resulted in liver injury.

Several previous studies had measured serum IL-6, 
IL-10, and TNF-α concentrations at the onset of acute viral 
hepatitis. Average serum IL-6, IL-10, and TNF-α levels 
ranged from 9.0 to 43.0, 7.8 pg/mL, and 10.3 to 44.6 pg/
mL in acute hepatitis B, respectively. The analysis of acute 
hepatitis A, C, and E cases showed that the mean values 
of IL-6 in the acute phase were 61.6, 26.3, and 15.5 pg/
mL, respectively, and those of TNF-α were 52.3, 22.8, and 
61.6 pg/mL, respectively. Interestingly, in all the studies, 
the serum cytokine concentrations were significantly higher 
in patients with acute hepatitis than in normal participants 
[19–21]. In addition, two reports of Japanese patients with 
severe acute Epstein–Barr virus or cytomegalovirus infec-
tion accompanied by extreme liver dysfunction, described 
elevated serum IL-6 levels of 7.0 and 10.3 pg/mL, respec-
tively, at the time of admission [22, 23]. These facts indicate 
that acute hepatic dysfunction associated with viral infection 
is mediated by the host immune response. Therefore, the 
cytokines dynamics may also correlate with the development 

Fig. 5  a Tissue immunostaining reveals that the infiltrating mononu-
clear cells are predominantly cluster of differentiation (CD) 3-posi-
tive mature T lymphocytes, b with a similar proportion of CD4 and c 
CD8 positive cells. d Only a few CD20, e forkhead box P3 (FOXP3), 
and f CD68 positive cells are found. g Angiotensin-converting 
enzyme 2 (ACE2) expression, which functions in the intracellular 
invasion of SARS-CoV-2, is not found in the tissues. h Abundant 
ACE2 staining is seen in the epithelium of normal small intestinal 

specimens obtained from a 64 year-old woman (shown as a positive 
control). For immunostainings of ACE2, goat antihuman/mouse/rat/
hamster ACE-2 antigen affinity-purified polyclonal antibody (R&D 
Systems, Catalog # AF933) was used as primary antibody and rabbit 
antigoat biotinylated IgG (Vector Laboratories, Catalog # BA-5000) 
as secondary antibody. (a CD3 staining, × 200, b CD4 staining, × 200, 
c CD8 staining, × 200, d CD20 staining, × 200, e FOXP3 stain-
ing, × 200, f CD68 staining, × 200, g & h ACE2 staining, × 200)
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of COVID-19-associated liver injury and affect the severity 
of SARS-CoV-2 illness [24, 25].

Invasion of novel coronavirus into the liver via the ACE2 
receptors expressed in cholangiocytes has also been assumed 
to cause liver dysfunction in COVID-19 [4, 5]. However, 
direct viral toxicity is less likely to have contributed to liver 
dysfunction in this case for two reasons. First, SARS-CoV-2 
PCR tests conducted thrice were found to be negative. Sec-
ond, ACE2 receptors were not expressed in the immunohis-
tochemical study of liver biopsy tissue.

In this patient, both minocycline and favipiravir were ini-
tiated on admission, so drug-induced hepatitis is an impor-
tant differential diagnosis. In general, hepatic and pulmonary 
damage caused by minocycline is associated with skin rashes 
and hypereosinophilia [26, 27], but neither was present in 
this case. Furthermore, concurrent drug-induced hepatic 
dysfunction, fever, and worsening respiratory symptoms 
are considered to be extremely rare based on the results of 
a Japanese multicenter study of COVID-19 patients receiv-
ing fabipiravir [28]. Murai et al. reported a case of favipira-
vir-associated drug-induced liver injury with fever where 
DLST was positive, unlike in the present case [29]. Thus, 
in this case of recurrent fever and progressive pneumonia, 
the likelihood of drug-induced hepatitis due to minocycline 
and favipiravir is low.

Apart from elevated liver enzymes, other risk factors for 
COVID-19 severity, such as older age and elevated CRP 
and LDH, were observed in this case [4, 6, 16]. The patient, 
however, had moderate disease, which was self-limiting. In 
addition to the absence of preexisting liver disease, which 
is reported to correlate with the severity of COVID-19 [30], 
it is worthwhile to discuss other predictive histological and 
immunological factors preventing this case from becoming 
severe.

In addition to systemic inflammation, microvascular 
thrombosis is hypothesized to induce liver dysfunction in 
patients with COVID-19 [30–32]. Recently, the frequency 
of circulating platelet aggregates and longitudinal variation 
of the frequency were reported to be strongly correlated with 
severity and mortality in patients with COVID-19 [33]. In 
this case, liver biopsy specimens were obtained after her 
general condition and liver dysfunction had improved; it 
showed remnant findings of hepatitis but no evidence of 
microthrombi. Therefore, microthrombi might not be formed 
even during the peak of liver dysfunction; or if they did 
form, they disappeared. This may provide another hint in her 
not developing severe COVID-19. However, more insight 
could have been gained by comparing the liver biopsy find-
ings obtained during the extreme phases of the patient`s liver 
dysfunction and systemic inflammatory response with those 
of the recovery phase.

Elevated serum cytokines levels and ACE2 expression in 
the liver should also be mentioned in this case. Using serum 

samples collected from patients with COVID-19, Del Valle 
et al. reported that high IL-6 (above cut-offs of 70 pg/mL) 
and TNF-α (in like manner, 35 pg/mL) levels at the time 
of hospitalization were independent and significant predic-
tors of disease severity and death [25]. Recently, Li et al. 
described that IL-6 could be the key cytokine in patients 
with COVID-19 developing severe liver injury. They also 
suggested that downregulation of ACE2 from host cells due 
to endocytosis of SARS-CoV-2 may be the starting point 
for amplification of serum IL-6 levels, leading to a systemic 
“cytokine storm” [30]. Hence, the scarce ACE2 expression 
in the liver and the insufficient cytokine elevation, including 
IL-6, may have prevented this case from becoming severe.

In this report, we demonstrated histological findings and 
cytokine levels in a case of non-severe COVID-19 compli-
cated by liver injury. Herein, distinct histologic changes 
were present despite disease improvement and reduction 
in cytokine levels with recovery. In patients infected with 
SARS-CoV-2, a cytokine surge may predict COVID-19-re-
lated liver disease.
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