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Acalculous cholecystitis is a common s

extrahepatic manifestation of hepatitis E
and suggests a more serious condition

Xuemei Cao'", Wei Jiang'", Lingfeng Shi'?, Yanping Wang?, Jie Chen', Wenxiang Huang' and Shujun Zhang'"

Abstract

Background This study aimed to understand the incidence and clinical significance of acalculous cholecystitis in
patients with acute hepatitis E (HE).

Patients and methods A single center enrolled 114 patients with acute HE. All patients underwent imaging of the
gallbladder, and patients with gallstones and cholecystectomy were excluded.

Results Acalculous cholecystitis was found in 66 patients (57.89%) with acute HE. The incidence in males was
63.95%, which was significantly higher than in females (39.29%) (P=0.022). The mean length of hospital stay and the
incidence of spontaneous peritonitis in patients with cholecystitis (20.12 +9.43 days and 9.09%, respectively) were
significantly higher than those in patients without cholecystitis (12.98 & 7.26 days and 0%, respectively) (P<0.001
and P=0.032). Aloumin, total bile acid, bilirubin, cholinesterase, and prothrombin activity in patients with cholecys-
titis were significantly inferior to those in patients without cholecystitis (P<0.001, P<0.001, P<0.001, P<0.001 and
P=0.003, respectively). After correction by multivariate analysis, albumin and total bile acid were found to be closely
related to acalculous cholecystitis in HE.

Conclusion Acalculous cholecystitis is very common in patients with acute HE, and may serve as a predictor of
increased peritonitis, synthetic decompensation, and longer hospital stay.
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Introduction

Hepatitis E (HE) is a disease mediated by the hepatitis E
virus (HEV) that is transmitted mainly through the diges-
tive tract. Most people infected with HEV are asymp-
tomatic or self-limiting, with a mortality rate of up to 3%
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ORF2 and encodes a multifunctional protein that may be
involved in viral secretion [4]. Recently, a new ORF4 was
discovered in genotype 1, which may mediate the interac-
tion of the virus with the host protein to participate in its
replication [5]. To date, eight genotypes have been identi-
fied [6, 7]. Genotypes 1 and 2 infect only humans and are
transmitted primarily in developing countries through
the fecal-oral route via contaminated water and food [8].
Genotypes 3 and 4 can infect pigs, deer, and other zoon-
oses and can be transmitted through contaminated water
and food, contact with infected animals, and transfusions
of contaminated blood products [9]. Genotypes 5 and 6
have been found in wild animals in Japan. Genotypes 7 and
8 have been detected in camels from the Middle East and
China, respectively.

Acalculous cholecystitis refers to inflammation of the
gallbladder without gallstones, which is usually caused by
mechanical factors, chemical materials, or infection [10].
Acalculous acute cholecystitis is identified in approxi-
mately 5-10% of patients with acute cholecystitis. Unlike
calculous cholecystitis, acalculous cholecystitis is the most
frequent complication in critically ill patients, with an inci-
dence ranging from 0.5 to 18%. Acalculous cholecystitis
can occur in conjunction with multiple organ failure, and
its occurrence often indicates multisystemic failure [11].
Although it was reported in 1987 that acalculous chol-
ecystitis may be an extrahepatic complication of liver dis-
ease [12], viral hepatitis-related acalculous cholecystitis
is mostly reported in relation to hepatitis A virus (HAV)
[13-20] with few reports in hepatitis B virus (HBV) [21]
and C [22-24]. Metabolites of the virus may invade the
wall of the gallbladder or biliary epithelial cells, leading to
cholestasis, which in turn results in acalculous cholecysti-
tis [10, 25]. The extrahepatic manifestations of HE reported
to date mainly include acute pancreatitis [26], neurological
diseases [27, 28], kidney injury [29], and hematologic disor-
ders [30, 31]. HE-related cholecystitis was not reported in a
study from Qatar until 2009; however, there were only two
cases [32]. Subsequent reports of HE related cholecystitis
were also case reports [25], two of which were coinfected
with HAV [33] and Salmonella typhi [34] making it difficult
to reveal the significance and mechanism of cholecystitis in
HE.

Therefore, we retrospectively investigated 114 patients
diagnosed with acute HE to demonstrate the significance of
acalculous cholecystitis in acute HE.

Patients and methods

Patients and definition of acute hepatitis E and acute
acalculous cholecystitis

Since no patients with chronic HE was identified in
our hospital, only patient with acute HE was included
in this study. Acute HE is defined as markedly elevated

Page 2 of 9

transaminases (alanine transaminase (ALT) > 2.5 x ULN)
with positive anti-HEV immunoglobulin M (IgM) or
HEV RNA. A total of 127 patients diagnosed with spo-
radic acute HE at the First Affiliated Hospital of Chong-
qing Medical University between January 2013 and April
2022 were included in the initial screening. Of the 127
patients, seven were excluded due to cholecystectomy,
three were excluded due to gallstones, two were excluded
due to imaging examination of the undiagnosed gall-
bladder, and one was excluded due to unclear gallblad-
der display. Ultimately, 114 patients were included in the
analysis. Cholecystitis was defined as edema of the gall-
bladder wall on ultrasound, computed tomography or
magnetic resonance imaging with a thickness of >3 mm
[35, 36].

Detection of anti-HEV IgM and I1gG

Serum anti-HEV-IgM and anti-HEV-IgG antibodies were
detected using enzyme-linked immunosorbent assay
kits (Beijing Hyundai Gundam from 2012 to 2019, and
Beijing Wantai Company from 2019 to 2022). A S/CO
value > 1 was considered positive, and all positive results
were confirmed by re-examination.

RNA extraction, sequencing, and phylogenetic analysis

Viral RNA was extracted from 200 pL of serum samples
using Trizol LS reagent (Invitrogen). Reverse transcrip-
tion of the extracted RNA was carried out in a 20 pl reac-
tion mixture containing 20 U of RNA sin (Takara), 1 x RT
buffer (Takara), 1 mM each dNTP (Takara), 5 U of AMV
reverse transcriptase (Takara), and 2.5 uM of reverse
transcription primer E5:5'-ctacacgaaaccgaragw-3' (r=a
OR g, w=a OR c). The mixture was incubated at room
temperature for 5 min, then at 42 °C for 60 min and at
95 °C for 5 min. Then,2 pl of the obtained cDNA was
added to a 20 ul reaction mixture containing 0.5 mM
each of the primers E5 and E1:5'-ctgtttaaycttgctgacac-3’
(y=c OR t), 1 U of Taq DNA polymerase (Takara), and
10 x PCR buffer (Takara), overlaid with 20ul of min-
eral oil, and subjected to 35 cycles of PCR in a thermos-
cycler (94 °C, 40 s; 53 °C, 40 s; 72 °C, 40 s). Then, 2 pl of
the first-round PCR product was amplified for a further
25 cycles (94 °C, 40 s; 53 °C, 40 s; 72 °C, 40 s) using the
internal primers E2:5’-gacagaattgatttcgtcg-3’) and E4:5'-
gtectaatactrttggttgt-3’ (r=an OR g). The length of the
product corresponding to the ORF2 sequence was 189 bp
(6298nt—6486nt). All the PCR products were subjected
to bidirectional sequencing (Invitrogen). The phyloge-
netic tree was constructed using MEGA 11 software
using the neighbor-joining method based on the refer-
ence sequences from genotype 1 to genotype 8, as rec-
ommended by Smith et al. [6]. The HEV genotyping tool
(https://www.rivm.nl/mpf/ typingtool/hev/, https://www.
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genome-detective.com /app/typing tool/virus/) was also
used for genotype confirmation and further subtype dif-
ferentiation. The amplified sequences were deposited
in GenBank under accession no. OP974689, OP974690,
0P999127, 0Q054343-0Q054355.

Statistics

Quantitative data are presented as the mean + standard
deviation and were compared using Student’s t test. The
Chi-square test or Fisher’s exact test was used to enu-
merate the data. The odds ratios (OR) for all variables
were calculated using univariate and multivariate logis-
tic regression. All tests were two-tailed, and P values of
<0.05 were considered significant.

Results
Demographic characteristics
Of the 114 patients, 86 were males (75.44%) and 28 were
females (24.56%). One of the women was pregnant at the
time of diagnosis. The male-to-female ratio was 3.07:1.
The ages of the patients ranged from 15 to 90 years
(52.35+£14.86 years), and 36 patients (31.58%) were over
60 years old. Eight patients had liver cirrhosis, including
five with alcoholic liver cirrhosis, two with hepatitis B
cirrhosis, and one with an unknown cause. Among the 15
patients coinfected with other hepatitis viruses, 11 were
coinfected with HBV, two with HAYV, and two with HAV
and HBV. Anti-HEV-IgM was positive in 112 patients
(98.25%), anti-HEV-IgG was positive in 84 patients
(73.68%), and both were positive in 82 patients (71.93%).
Serum samples were obtained from 41 patients after Jan-
uary 2019, of whom 16 (39.02%) were positive for HEV
RNA. CQ1, CQ6, CQ7, CQ8, CQ10, CQI12 and CQI15
were assigned to genotype 4a, CQ11, CQ14 and CQ16 to
genotype 4b, CQ2, CQ4, CQ5, CQY and CQ13 to geno-
type 4d, and CQ3 to genotype 4 h (Fig. 1).

Samples were numbered from CQ1 to CQ16 and the
reference sequences were represented by GenBank ID
and genotype (separated by the vertical line).

Incidence of acalculous cholecystitis in patients with acute
HE

Surprisingly, acute acalculous cholecystitis was found to
be very common in patients with acute HE (Fig. 2), with
a total of 66 positive cases, accounting for 57.89% (95%
CI 48.79-66.99%). Furthermore, we grouped patients by
sex, age, genotype (subtype), coinfection and presence
of liver cirrhosis to compare the incidence of cholecys-
titis. As shown in Table 1, the incidence of cholecystitis
in male patients was significantly higher in males than in
females. There were also no significant differences in the
incidence of cholecystitis between groups with different
genotypes and superinfections. Although seven of the
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eight patients with liver cirrhosis developed cholecys-
titis, the incidence rate was as high as 87.5%, while only
55.66% of patients without liver cirrhosis had cholecys-
titis. However, the difference was not statistically signifi-
cant possibly because of the small sample size of patients
with underlying liver cirrhosis.

Comparison between HE patients with or without
acalculous cholecystitis

To further clarify the significance of cholecystitis in HE,
we compared relevant parameters between the groups
with and without cholecystitis. As shown in Table 2, acal-
culous cholecystitis was more common in male patients
with acute HE. There was no significant difference in
the incidence of liver failure or mortality between the
two groups. However, the average hospital stay for HE
patients with cholecystitis was nearly 20 days, which was
significantly higher than the 12.98 days for patients with-
out cholecystitis. In terms of laboratory indicators, those
reflecting liver anabolism and reserve function, includ-
ing albumin (ALB), total bile acid (TB), bilirubin, cho-
linesterase (CHE), and prothrombin activity (PTA), were
significantly lower in the cholecystitis group than in the
cholecystitis group.

Risk factors of acalculous cholecystitis among patients
with HE by univariate and multivariate analysis

To further identify the risk factors for acalculous chol-
ecystitis in patients with HE, we first performed a uni-
variate analysis of factors that may be associated with
cholecystitis, and further performed a multivariate
analysis if these factors were statistically significant.
Complications including spontaneous peritonitis, upper
gastrointestinal hemorrhage, hepatic encephalopathy
and hepatorenal syndrome were excluded, because the
P value of the Hosmer—Lemeshow test of these vari-
ables was less than 0.05 so regression analysis could not
be performed. As shown in Table 3, only ALB and TB
were closely associated with acalculous cholecystitis
in patients with HE after correction using multivariate
analysis.

Discussion

Viral hepatitis is a group of diseases characterized by
hepatocyte damage caused by a hepatitis virus infection,
that mediates inflammation. However, hepatitis viruses
can also spread to other tissues and cells; for example,
HBV can infect the kidneys and cause hepatitis B related
nephropathy, HEV can spread to the central nervous
system and cause Guillain—-Barre syndrome [37]. Chol-
ecystitis, a common extrahepatic manifestation of liver
disease, has been reported more frequently in hepatitis
A; however, only a few cases have been reported in HE.
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Fig. 1 Phylogenetic analysis of fragments from 16 patients positive for HEV RNA

First, we retrospectively analyzed 114 patients with acute
HE who did not have gallstones or undergo cholecystec-
tomy or gallbladder imaging to determine the exact inci-
dence of cholecystitis. Surprisingly, this study found that
57.89% of patients with sporadic acute HE had signs of

acute acalculous cholecystitis, indicating that cholecys-
titis is very common in acute HE. However, the strains
infected in all the PCR-positive cases in this study were
confirmed to be genotype 4 by sequencing. Ken Fujioka
et al. reported a case of cholecystitis secondary to
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Fig. 2 Images of gallbladder in two patients with acute hepatitis E. Abdominal ultrasound (a) showed significant thickening of the gallbladder wall
(white arrow) in case 1. Both CT (b) and MRI (c) showed the presence of acalculous cholecystitis (white arrow) in case 2

Table 1 Incidence of acalculous cholecystitis in various groups

Group Incidence of cholecystitis P value
Gender

Male (n=286) 55/86 (63.95%)

Female (n=28) 11/28 (39.29%) 0.022
HEV genotype

4a(n=7) 4/7 (57.14%)

4b(n=3) 1/3(33.33%) 0.778

4d (n=5) 2/5 (40.00%) 0.921

4h(h=1) 0/1 (00.00%) 0.408
Coinfection

Without coinfection (n=99) 58/99 (58.59%)

Coinfected with HBV (n=11)  6/11 (54.55%) 0.797

Coinfected with HAV (n=2) 1/2 (50.00%) 0.807

Coinfected with HAV and HBV ~ 1/2 (50.00%) 0.807

(n=2)
Liver cirrhosis

With (n=8) 7/8 (87.50%)

Without (n=106) 59/106 (55.66%) 0.079
Age

<60y (n=78) 42/78 (53.85%)

> 60y (n=36) 24/36 (66.67%) 0.197

genotype 1 HEV infection in 2016 [25]. In 2020, ER et al.
also reported a case report of overlapping HAV and HEV
infection with cholecystitis, but only serological results
were available without genotype data [33]. Therefore,
whether acalculous cholecystitis is specific to genotype
4 HEV infection or similar manifestations are present in
other genotypes requires further investigation.

It has been previously reported that HBV and HAV
can cause acalculous cholecystitis. Therefore, we com-
pared the incidence of cholecystitis caused by HEV
infection alone and coinfected with HBV and/or HAV.
There was no difference in the incidence of cholecystitis
between the HEV-alone and HBV superinfection and/or
HAV groups. The multivariate analysis showed similar
results. These results suggest that acalculous cholecys-
titis is an inherent phenomenon of acute HE. However,
the mechanism of acalculous cholecystitis in patients
with hepatitis E remains unclear. Based on previous and
the present study, we speculate that there may be some
possible mechanisms as follows. Since evidence of HEV
replication has been reported in bile duct epithelial cells
in animal models [38], so whether gallbladder inflamma-
tion is caused by HEV directly or by immune responses
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Table 2 Comparison between the group of patients with and without cholecystitis
Parameters With cholecystitis (n=66) Without cholecystitis (n=48) P value
Age (years) 5414+ 15.34 49941397 0.133
Gender

Male (%) 55 (83.33%) 31 (64.58%) 0.022

Female (%) 11 (16.67%) 17 (35.42%)
Hospital days 20.12£943 12984726 <0.001
Liver cirrhosis no. (%) 7 (10.61%) 1(2.08%) 0.079
Liver failure no. (%) 12 (18.18%) 6 (12.50%) 0411
Death no. (%) 5(7.58%) 1(2.08%) 0.195
Spontaneous peritonitis no. (%) 6 (9.09%) 0 (0%) 0.032
Upper gastrointestinal hemorrhage no. (%) 2 (3.03%) 1 (2.08%) 0.755
Hepatic encephalopathy no. (%) 1(1.52%) 1 (2.08%) 0.820
Hepatorenal syndrome no. (%) 2 (3.03%) 0 (0%) 0.224
ALB (g/L) 30.58+4.79 35.65+4.27 <0.001
TBA (umol/L) 171.66+141.74 83.37£94.02 <0.001
TB (umol/L) 24131£136.67 102.07 £87.47 <0.001
DB (umol/L) 204.12£122.47 82.54+£76.72 <0.001
ALT (U/L) 1670.84+£1297.83 161460+ 1716.71 0.842
AST (U/L) 129040+ 1138.70 1151.55+1536.80 0.580
ALP (U/L) 213.02479.89 194.204+97.37 0.26
GGT (U/L) 268.60+274.15 286.76 £245.50 0.716
LDH (U/L) 71005+£716.46 613.07 £558.51 0.448
CHE (U/L) 3836.86+1426.02 5674.67 +2088.57 <0.001
BUN (umol/L) 6.66£6.19 517+£1.69 0.112
Cr (umol/L) 80.78£55.79 715742413 0.291
PTA (%) 74.72£24.51 88.87+£2546 0.003
TC (mmol/L) 357+£1.11 443+£1.86 0.037
TG (mmol/L) 2454137 1.6940.97 0.030
LDL (mmol/L) 145+0.98 2454129 0.002
WBC (x 10'%/L) 5294215 488+1.61 0.270
N (%) 63.54+10.59 5819+ 12.06 0.013

ALB albumin, TBA total bile acid, TB total bilirubin, DB direct bilirubin, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, GGT

gamma-glutamyltransferase, LDH lactate dehydrogenase, CHE cholinesterase, BUN blood urea nitrogen, Cr creatinine, PTA prothrombin activity, TC total cholesterol, TG
triglyceride, LDL low density lipoprotein, WBC white blood cell, N neutrophils, HBV hepatitis b virus, HAV hepatitis a virus

against HEV in human needs to be further verified. In
addition, when HEV causes inflammation of hepatocytes,
the bile secreted by the hepatocytes may contain elevated
inflammatory cytokines. And when the bile containing
increased inflammatory cytokines flow through the gall-
bladder, it may stimulate thickening and edema of the
gallbladder wall [39]. Furthermore, it has been shown
that bacterial translocation can occur in various acute
and chronic liver diseases [40], and also bacterial infec-
tion is one of the important mechanisms of acalculous
cholecystitis. The present study showed that the propor-
tion of patients with spontaneous peritonitis in the pres-
ence of cholecystitis was also significantly higher than
that in patients without cholecystitis. Therefore, whether
bacterial translocation is involved in the development of

cholecystitis in patients with hepatitis E requires further
investigation.

To obtain more information on the mechanisms and
their clinical meaning, we further analyzed the clini-
cal outcomes and biochemical parameters between the
two groups of patients with and without cholecystitis.
Since bile is synthesized and secreted by hepatocytes
and excreted through the biliary tract, we initially won-
dered whether cholecystitis was due to more severe
hepatocyte damage, leading to metabolite changes in
bile and cholestasis. However, there was no significant
difference between the two groups in the levels of ALT,
AST, ALP, GGT, and LDH, which reflect hepatocyte
damage and cholestasis. Interestingly, the indicators
that reflected the anabolic capacity of the liver, such as



Cao et al. Virology Journal (2023) 20:77 Page 7 of 9
Table 3 Univariate and multivariate logistic regression analysis of acalculous cholecystitis in patients with hepatitis E
Parameters Univariate analysis Multivariate analysis
OR 95% ClI Pvalue OR 95% Cl Pvalue
Age 1.02 0.994-1.046 0.134
Gender
Female 1
Male 2.74 1.141-6.59 0.024 2.889 0.823-10.149 0.098
Coinfection
Without 1
HBV 0.848 0.242-2.968 0.797
HAV 0.707 0.043-11.631 0.808
HAV +HBV 0.707 0.043-11.631 0.808
Liver cirrhosis
Without 1
With 5576 0.663-46.926 0.114
ALB 0.777 0.698-0.864 <0.001 0.843 0.722-0.986 0.032
TBA 1.006 1.002-1.010 0.002 1.002 0.997-1.007 0376
8B 1.012 1.007-1.016 <0.001 1.007 1.001-1.013 0.018
ALT 1.0 1.00-1.00 0.841
AST 1.00 1.00-1.00 0.578
ALP 1.003 0.998-1.008 0.261
GGT 1.00 0.998-1.001 0.714
LDH 1.00 1.000-1.001 0448
CHE 0.999 0.999-1.000 <0.001 1.000 0.999-1.001 0.836
BUN 1117 0.959-1.301 0.155
Cr 1.006 0.994-1.018 0.321
PTA 0977 0.961-0.993 0.005 1.003 0.980-1.026 0.828
TC 0.654 0.426-1.004 0.052
TG 1.863 1.013-3.427 0.045 1328 0.676-2.608 0410
LDL 0464 0.272-0.793 0.005 0.930 0438-1.978 0.851
WBC 1141 0.912-1429 0.249
HB 0.971 0.952-0.991 0.004 0.993 0.964-1.023 0.645
PLT 0.996 0.992-1.001 0.125
N% 1.047 1.010-1.086 0.012 1.037 0.986-1.091 0.156

ALB, CHE, TB, and PTA were significantly lower than
those in the group without cholecystitis. Multivariate
analysis showed that ALB and TB were the two major
risk factors for the occurrence of acalculous cholecys-
titis. However, the causality between acalculous chole-
cystitis and the decline of anabolic function is currently
difficult to determine, and further research is needed.
Bacterial infections have also been identified as an
important cause of acalculous cholecystitis. In the pre-
sent study, patients with cholecystitis also had a signifi-
cantly higher incidence of spontaneous peritonitis and
neutrophil percentage than those without cholecystitis.
In terms of clinical outcomes, there was no significant
difference in the incidence of liver failure and mortal-
ity between the two groups, but the mean hospital stay

in the cholecystitis group was significantly longer than
that in the non-cholecystitis group, consistent with the
worse anabolic indices in this group, suggesting that
gallbladder inflammation may serve as a potential indi-
cator of poor prognosis.

Nevertheless, the present study is retrospective, and
the sample size of patients with liver failure and death
was small. Therefore, our findings could be biased. In the
future, prospective studies with a larger sample size are
needed to clarify the value of mechanisms of acalculous
cholecystitis as an extrahepatic manifestation of HE.
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HE Hepatitis E

HEV Hepatitis E virus
ALB Albumin
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TBA Total bile acid

B Total bilirubin

DB Direct bilirubin

ALT Alanine aminotransferase
AST Aspartate aminotransferase
ALP Alkaline phosphatase

GGT Gamma-glutamyltransferase
LDH Lactate dehydrogenase

CHE Cholinesterase

BUN Blood urea nitrogen

Cr Creatinine

PTA Prothrombin activity

TC Total cholesterol

TG Triglyceride

LDL Low density lipoprotein
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