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Summary

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion is frequently associated with liver test abnormalities.

Aims: To describe the evolution of liver involvement during SARS-CoV-2 infection
and its effect on clinical course and mortality.

Methods: Data of 515 SARS-CoV-2-positive patients were collected at baseline and
during follow-up, last evaluation or death. Stratification based on need for hospi-
talisation, severe disease and admission to intensive care unit (ICU) was performed.
The association between liver test abnormalities (baseline and peak values) and ICU
admission or death was also explored.

Results: Liver test abnormalities were found in 161 (31.3%) patients. Aspartate ami-
notransferase (AST), alanine aminotransferase (ALT) and gamma glutamyl trans-
ferase (GGT) were increased in 20.4%, 19% and 13.6% of patients, respectively.
Baseline liver test abnormalities were associated with increased risk of ICU admis-
sion (OR 2.19 [95% Cl 1.24-3.89], P = 0.007) but not with mortality (OR 0.84 [95%
Cl10.49-1.41], P = 0.51). Alkaline phosphatase (ALP) peak values were correlated with
risk of death (OR 1.007 [95% Cl 1.002-1.01], P = 0.005) along with age, multiple
comorbidities, acute respiratory distress syndrome, ICU admission and C-reactive
protein. Alterations of liver tests worsened within 15 days of hospitalisation; how-
ever, in patients with the longest median follow-up, the prevalence of liver test al-
terations decreased over time, returning to around baseline levels.

Conclusions: In SARS-CoV-2-positive patients without pre-existing severe chronic
liver disease, baseline liver test abnormalities are associated with the risk of ICU ad-
mission and tend to normalise over time. The ALP peak value may be predictive of a

WOrse prognosis.
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1 | INTRODUCTION

On December 31, 2019, Chinese authorities reported a group of
pneumonia cases in Wuhan. A zoonotic infection was suspected, and
a novel pathogenic human coronavirus (CoV) with a certain homol-
ogy with respect to severe acute respiratory syndrome (SARS)-CoV
and Middle East respiratory syndrome (MERS)-CoV was sequenced
and identified as SARS-CoV-2.

The human-to-human transmission of SARS-CoV-2 was rapid, and
due to the increase in the number of cases outside China, the World
Health Organization (WHO) defined the infection as a pandemic on
March 12, 2020. Italy was the second country to be hit after China, but
Spain, Germany, France and other European countries, as well as the
United States, are also facing heavy consequences of this pandemic.

During the past SARS outbreak, hepatic impairment was de-
scribed in up to 60% of patients 1, and was associated with elevation
of serum transaminases, hypoproteinaemia and prolongation of pro-
thrombin time.

Chinese data on patients with SARS-CoV-2 infection report a
prevalence of abnormal liver test as high as 76.3%, while the preva-
lence in Western patients seems to be lower."4 However, these stud-
ies report baseline or short-term follow-up evaluations. Therefore,
the evolution of liver involvement, its correlation with patients’ mor-
tality or resolution of SARS-CoV-2 infection is still unknown.

In this paper, we report the experience of a tertiary care centre in
Italy facing the emergency of the SARS-CoV-2 infection, describing
the prevalence and the evolution of liver involvement over time and

its impact on patients’ clinical course and mortality.

2 | PATIENTS AND METHODS
2.1 | Study design and data collection

All patients aged >18 years tested positive for SARS-CoV-2 infection
at the Fondazione Policlinico Universitario Agostino Gemelli IRCCS
in Rome from March 6th to April 16th, 2020 were included in this
retrospective study.

Nasopharyngeal swabs for SARS-CoV-2 diagnostic testing were
obtained according to the WHO guidelines® and analysed in the
Microbiology Laboratory of our Hospital (Real-time PCR, AllplexTM
2019-nCoV Assay [Seegene]). To exclude the infection or to con-
firm its resolution, two negative samples must be obtained at least
48 hours apart.

According to the lItalian Society for Infectious and Tropical
Diseases (SIMIT) guidelines,6 patients were treated with antivirals
(lopinavir/ritonavir or darunavir/ritonavir) plus hydroxychloroquine
whereas the anti-interleukin 6 (IL-6) agent tocilizumab was used in
selected patients. Acute respiratory distress syndrome (ARDS) was
defined as the ratio of arterial oxygen partial pressure (PaO2) to
fractional inspired oxygen (FiO2) <100 mm Hg.”

To investigate the prevalence of liver damage in our cohort

of patients, serum aspartate aminotransferase (AST) and alanine
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aminotransferase (ALT), gamma glutamyl transferase (GGT), alkaline
phosphatase (ALP), total bilirubin and albumin were collected at base-
line, then on the date closest to 15 days from admission. At the same
timepoints, lactate dehydrogenase (LDH), C-reactive protein (CRP),
fibrinogen, D-dimer as inflammatory markers and international nor-
malised ratio (INR), platelets (PLTS), white blood cells (WBC), neutro-
phils and lymphocytes counts were also recorded. In a subgroup of 53
patients with a longer follow-up (>1 month), a third data timepoint was
recorded at the last available evaluation. Peak values of AST, ALT, GGT,
ALP and bilirubin achieved during the hospitalisation were recorded.
History of liver disease and comorbidities were also assessed.

The study was approved by the Institutional Ethics Committee of
the Fondazione Policlinico Universitario Agostino Gemelli IRCCS in
Rome (ID number: 3042) and was conducted according to the princi-

ples of the Declaration of Helsinki.

2.2 | Statistical analysis

Patients’ characteristics and laboratory examinations were reported
as median and interquartile range (continuous variables) or as fre-
quencies and percentages (categorical variables). Baseline serum
levels of liver function test (ie AST, ALT, GGT), which were the main
object of our study, were also stratified according to three cut-offs
(>ULN; >ULN but up to 3 x ULN) for a better definition of possible
alterations. Missing data for each variable in the database accounted
for <5% except for AST (12.1%).

Descriptive and inferential statistics were initially carried out on
the overall population, then on three different subgroups identified
on the basis of (a) need for hospitalisation (b) severity of the disease
(c) admission to intensive care unit (ICU). Wilcoxon test for continu-
ous variables and chi-squared test or Fisher exact test for categorical
ones were used for group comparisons. The strength of the correla-
tion between liver function test and markers of inflammation was
explored using Spearman coefficient, adjusting P-values for multiple
comparisons (Bonferroni correction). Wilcoxon test for paired sam-
ples was used to compare baseline laboratory examinations with
those detected during follow-up. Univariate analysis considering
ICU admission or death as outcomes was performed, including vari-
ables of clinical significance; those with a P-value < .05 were then
included in the multivariate regression model. In 75 out of the 77 pa-
tients admitted to ICU (97.4%) liver tests peak values occurred after
ICU admission. For this reason, liver tests peak values were included
only in the predictive model for mortality.

The analyses were performed using R statistics program version
3.6.2.

3 | RESULTS

During the study period, 515 patients who tested positive for SARS-
CoV-2 infection were admitted to the Emergency Department of our

Hospital and included in the following analysis (Table 1).
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TABLE 1 Demographic characteristics and laboratory examinations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-
infected patients. Continuous variables are reported as median (interquartile range), categorical ones as frequency (percentage). Statistically
significant comparisons are highlighted in bold

Overall
(515)
Age 65 (53-77)
Sex
Male 323 (62.7)
Female 192 (37.3)
BMI (kg/m?)  25.3
(23.4-27.6)

Comorbidities 350 (68)

1 144 (28.0)
2 90 (17.5)
8 59 (11.5)
>3 57 (11.1)
WBC (x107/L) 6.12
(4.78-8.14)
Neutrophils 4.54
(x10%/L) (3.30-6.32)
Lymphocytes 1.03
(x10%/L) (0.76-1.36)
Platelets 196 (156-247)
(x10%/L)
Abnormal 161 (31.3)
liver test
AST (IU/L) 31(22-48)
AST > ULN 105 (20.4)
AST up to 96 (18.6)
3 x ULN
AST 9(1.7)
>3 x ULN
ALT (1U/L) 27 (16-40)
ALT > ULN 98(19)
ALT up to 88 (18)
3 x ULN
ALT >3 x ULN 10(2)
GGT (IU/L) 40 (23-62)
GGT > ULN 70 (13.6)
GGT up to 60 (11.7)
3 x ULN
GGT 10 (1.9)
>3 x ULN
ALP (1U/L) 62 (51-79)

Bilirubin (mg/ 0.6 (0.4-0.8)
dL)

Albumin (g/L) 33 (29-36)
CPK (IU/L) 111 (68-197)

LDH (1u/L) 305 (234-415)

CRP (mg/L) 62.8
(22.2-134.7)

No-

Hospitalisation hospitalisation

(448)
68 (55-78)

286 (88.5)
162 (84.4)

25.35
(24.43-27.54)

321(71.7)
127 (28.3)
79 (17.6)
58(12.9)
57 (12.7)

6.17
(4.76-8.28)

4.69
(3.38-6.54)

1.01
(0.75-1.33)

195 (155-247)

154 (34.4)

31(23-48)
98(21.9)
89 (19.9)

9(2.0)

27 (16-40)
96 (21.4)
86 (19.2)

10(2.2)

40 (25-63)
70 (15.6)
60 (13.4)

10(2.2)

62 (51-79)

0.6 (0.4-0.8)

32 (29-36)

117 (67-218)

317 (244-430)

73.8
(25.9-143.4)

(67)
52 (43.5-59)

37(11.5)
30 (15.6)

24.83
(24.66-25.04)

591
(4.80-7.19)

4.22
(3.14-5.11)

1.18
(0.85-1.54)

198 (162-236)

7 (10.4)

31(19-38)
7 (10.4)
7 (10.4)

0(0.0)

25 (16-35)
6(9.0)
6(9.0)

0(0.0)
22 (14-26)

0(0.0)

0(0.0)

0(0.0)

80 (70-88)
0.6 (0.5-0.9)

43 (41-46)
86 (73-112)

217 (186-309)

13.9 (5.1-42.3)

P-value

<0.0001

0.178

0.66

0.26

0.017

0.017

0.68

<0.0001

0.67

0.22

0.025

0.22
0.92

<0.0001
0.009

<0.0001

<0.0001

ARDS
(146)

69 (58-77)

116 (35.9)
30 (15.6)

25.46
(24.22-27.71)

109 (74.7)
42 (28.8)
27 (18.5)
26 (17.8)
14 (9.6)

6.37
(4.76-8.68)

4.82
(3.58-7.23)

0.87
(0.65-1.18)

184
(151-241)

62 (42.5)

33(23-55)
44(30.1)
41(28.1)

3(2.1)

32(21-48)
42 (28.8)
40 (27.4)

2(1.4)
45 (30-65)
25(17.1)
21 (14.4)

4(2.7)

58 (48-74)
0.7 (0.5-0.9)

31 (28-35)

141
(90-299)

371
(293-467)

104.7
(39.6-161.5)

No ARDS
(369)

62 (52-77)

207 (64.1)
162 (84.4)

25.24
(23.43-27.34)

6.07
(4.79-7.85)

4.40
(3.21-6.10)

1.09
(0.79-1.46)

199
(158-249)

99 (26.8)

31(23-4¢6)
61 (16.5)
55(14.9)

6(1.6)

24 (15-37)
60 (16.3)
52(14.1)

8(2.2)
33 (20-61)
45(12.2)
39 (10.6)

6(1.6)

65 (52-83)
0.6 (0.4-0.8)

34 (30-36)

103
(60-188)

278
(217-371)

46.0
(16.4-116.7)

ICU
P-value (77)

0.009 70 (61-77)

<0.0001 60 (18.6)
17 (8.9)
0.07 25.95
(24.07-28.68)
= 56(72.3)
24 (31.2)
14 (18.2)
12 (15.6)
6(7.8)
0.27 6.89
(5.10-9.44)
0.016 5.77
(4.03-8.03)
<0.0001 0.80
(0.64-1.14)
0.17 182
(143-246.5)

<0.0001 41(53.2)

0.60 37 (24-60)
- 27 (35.1)
24 (31.2)

3(3.9)

<0.0001 35(21-53)
- 26(33.8)
23(29.9)

3(3.9)
0.026 47 (33-71)
- 20(26.0)
18(23.4)

2(2.6)

0.024 60 (49-82)
0.007 0.7 (0.5-0.9)

0.009 30(27-32)

<0.0001 160.5(83.25-
349.75)

<0.0001 396
(305-638)

<0.0001 134.4
(74.1-177.5)

No-ICU
(438) P-value

63(52-77) 0.019
0.003
263 (81.4)
175 (91.1)

25.3(23.43- 0.08
27.34)

6.02 0.010
(4.76-7.89)
4.40 0.0002
(3.25-6.06)
1.07 <0.0001
(0.79-1.42)

196 0.27
(158-247)

120(27.4)  <0.0001

31(22-44) 0.244
78 (17.8) -
72(16.4)

6(1.4)

25(16-38) 0.0004
76 (17.4)
69 (15.8)

7(1.6)
36 (20-60) 0.001
50(11.4) -
42 (9.6)

8(1.8)

63(51-78) 0.60
0.6 (0.4-0.8) 0.019

33(30-36) <0.0001

112 0.0004
(63-195)

288 <0.0001
(223-392)

52.5 <0.0001
(17.9-121.2)

(Continues)
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TABLE 1 (Continued)
No-
Overall Hospitalisation hospitalisation
(515) (448) (67) P-value
INR 1.04 1.05 1.02 0.003
(1.00-1.09) (1.00-1.09) (0.98-1.07)
Fibrinogen 486 (401-605) 497 (411-613) 402 (330-485) <0.0001
(mg/dL)
D-dimer (ng/ 1040 1091 425 (258-541) <0.0001
mL) (587-2539) (618-2682)

. X 1063
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ARDS No ARDS ICU No-ICU
(146) (369) P-value (77) (438) P-value
1.06 1.04 <0.001 1.07 1.04 0.008
(1.02-1.10)  (1.00-1.08) (1.03-1.09) (1.00-1.09)
530 467 <0.0001 594 475 <0.0001
(439-656) (387-589) (462-703) (394-588)
1417 959 <0.001 1393 970 0.003
(762-3359)  (522-1824) (914-3693) (522-2153)

Note: Laboratory examinations reference range: WBC 4-10 x 10%/L; Neutrophils 2-7 x 10%/L; Lymphocytes 1-3 x 10°/L; PLTS 150-450 x 10%/L; AST
7-451U/L; ALT 7-45 IU/L; GGT 8-61 IU/L; ALP 40-129 IU/L; Bilirubin 0.3-1.2 mg/dL; Albumin 34-48 g/L; CPK 30-170 IU/L; LDH <250 IU/L; CRP

<5 mg/L; INR 0.8-1.2; Fibrinogen 200-400 mg/dL; D-dimer <500 ng/mL.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CPK, creatine
phosphokinase; CRP, C-reactive protein; GGT, gamma glutamyl transferase; INR, international normalised ratio; LDH, lactate dehydrogenase; PLTS,

platelets; WBC, white blood cells.

Median age was 65 years (53-77), with a prevalence of men
(62.7%). All patients reported flu-like symptoms, such as fever (487
[94.6%]), cough (327 [63.5%]), fatigue (46 [8.9%]) and muscle pain
(11 [2.1%]); gastrointestinal symptoms were observed in 49 patients
(9.5%) and included diarrhoea (34), vomiting (8), abdominal pain (3),
rectal bleeding (3). Ageusia and/or anosmia (7 [1.4%]) and conjunc-
tivitis (6 [1.2%]) were also reported. Dyspnoea was present in 229
(44.5%) patients. In 415 patients (80.6%) radiological signs of pneu-
monia were observed at the first clinical evaluation.

A clear epidemiological link could be identified in up to 213
(41.4%) patients; contacts with positive subjects (102 [19.8%)]), stay
in long-term care facilities (49 [9.5%]) and recent travel in highly en-
demic areas (33 [6.4%]) were the most common ones. The preva-
lence of healthcare workers who tested positive was 2.9%.

At least one comorbidity could be recognised in about 68%
of SARS-CoV-2-positive patients included in this cohort, and
58.8% of them presented more than one pre-existing pathologic
condition. The most commonly associated ones were: arterial
hypertension (168 [48%]), cardiovascular disease (100 [28.6%]),
diabetes mellitus (60 [17.1%]), neurological diseases (57 [16.3%]),
obesity (42 [12%]), chronic obstructive pulmonary disease (39
[11.1%]), tumours (38 [10.8%]), chronic renal disease (16 [4.6%]),
psychiatric disorders (12 [3.4%]). Previously known chronic liver
disease without clinical and blood chemistry signs of decompen-
sated cirrhosis and including chronic hepatitis B virus (HBV) and
human immunodeficiency virus (HIV) coinfection in two cases,
chronic hepatitis C virus (HCV) infection in other two cases,
autoimmune hepatitis in one case and non-alcoholic fatty liver
disease (NAFLD) in another case, represented a minor comorbid
condition (1.2%).

Four-hundred-forty-eight (87%) patients required hospitalisa-
tion, and, among them, 146 (32.6%) presented with ARDS and 77
(15%) required ICU admission. Overall, liver test abnormalities were
found in 161 (31.3%) patients. Increase in AST, ALT and GGT above
ULN was found in 20.4%, 19% and 13.6%, respectively; these al-
terations were mild/moderate (lower than 3 x ULN), and in only

5% of cases a more severe increase, above 3 x ULN, was observed.

Relevant alterations in ALP or bilirubin serum levels were observed
in a minority of patients (Table 1).

The prevalence of liver test alteration was higher in patients
with ARDS (62 [42.5%]) and in those requiring admission to ICU (41
[53.2%]). AST or ALT elevation was more frequent than GGT ele-
vation, being present in up to 30% of those with ARDS and 35% of
those admitted to ICU. Conversely, only 10.4% of the patients who
were not hospitalised presented liver involvement (Table 1).

Peak values that occurred during hospitalization were AST 40.5
(25-66) IU/L, ALT 47 (24-104) IU/L, GGT 48 (26-88) IU/L, ALP 74 (57-
100) IU/L and bilirubin 0.8 (0.6-1.1) mg/dL. No cases of severe liver
injury were reported; antiviral therapy with lopinavir/ritonavir was
stopped in one patient aged 87 due to the severe increase of ALT
serum levels (ALT 537 IU/L), without evidence of significant choles-
tatic damage (GGT 169 1U/L, ALP 58 IU/L, bilirubin 0.6 mg/dL). This
patient died 6 days later due to severe respiratory dysfunction.

Indirect markers of systemic inflammation such as CRP, fi-
brinogen and D-dimer were increased in all patients at baseline
and were higher in patients requiring hospitalisation, those with
ARDS or admitted to ICU. Albumin serum levels were decreased
(33 [29-36] g/L), especially in patients with ARDS (31 [28-35] g/L)
and in those admitted to ICU (30 [27-32] g/L). AST, ALT and GGT
were weakly associated with inflammatory parameters at baseline
(Tables S1-S4).

After a median follow-up of 16 (10-26) days, 77 (15%) of the hos-
pitalised patients died, 410 (79.6%) were discharged and 28 (5.4%)
were still hospitalised. Liver test alterations at baseline were associ-
ated with higher risk of ICU admission (OR 2.19 [95% Cl 1.24-3.89],
P = 0.007; Table 2) but not with death (OR 0.84 [95% CI 0.49-1.41],
P = 0.51; Table 3). As shown in Figure 1, the cumulative incidence
of death or discharge was similar between patients with or without
liver test abnormalities at baseline. Older age, the presence of mul-
tiple comorbidities, ICU admission, high CRP and ALP peak values
were, instead, associated with an increased risk of mortality in our
multivariate regression model (Table 3).

We then analysed the evolution of liver involvement during hos-

pitalisation. Liver test recorded within 15 days after admission or at
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TABLE 2 Univariate analysis and multivariate logistic regression model considering intensive care unit (ICU) admission as outcome.
Statistically significant comparisons are highlighted in bold

Variable
Age
Sex (male vs female)
Comorbidities
One vs none
Two vs none
Three vs none
More than three vs none
ARDS
Baseline abnormal liver test (yes vs no)
CRP
Albumin
WBC
Lymphocytes

D-dimer

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate
aminotransferase; CRP, C-reactive protein; GGT, gamma glutamyl transferase; WBC, white blood cells.

Univariate Multivariate

Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value
1.01(0.99-1.03) 0.195 - -
2.26(1.29-4.14) 0.005 1.34(0.68-2.72) 0.402
1.18 (0.62-2.26) 0.62 - -
1.09 (0.51-2.27) 0.83 - -
1.32(0.58-2.87) 0.49 - -
0.59(0.21-1.48) 0.29 - -
7.12 (4.19-12.44) <0.0001 6.09 (3.42-11.17) <0.0001
2.60(1.58-4.30) 0.0002 2.19 (1.24-3.89) 0.007

1.006 (1.003-1.009) <0.0001 1.005 (1.001-1.008) 0.002

1.004 (0.99-1.01) 0.26 - -
1.00 (0.99-1.00) 0.08 = =
0.99 (0.998-0.999) 0.004 0.99 (0.99-1.00) 0.29
1.00 (0.99-1.00) 0.45 = =

TABLE 3 Univariate analysis and multivariate logistic regression model considering patients’ death as outcome. Statistically significant

comparisons are highlighted in bold

Variable
Age
Sex (male vs female)
Comorbidities
One vs none
Two vs none
Three vs none
More than three vs none
ARDS
ICU admission
Baseline Abnormal liver test (yes vs no)
AST peak value
ALT peak value
GGT peak value
ALP peak value
Bilirubin peak value
CRP
Albumin
WBC
Lymphocytes
D-dimer

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate

Univariate
Odds ratio (95% Cl) P-value
1.11(1.08-1.14) <0.0001
1.21(0.73-2.08) 0.46
2.49 (0.97-7.26) 0.07
5.12(1.99-14.87) 0.002
8.36(1.99-14.87) <0.0001
14.66 (5.86-42.33) <0.0001
2.53(1.53-4.18) 0.0003
5.15(2.97-8.94) <0.0001
0.84 (0.49-1.41) 0.51
1.002 (0.99-1.004) 0.17
1.00 (0.99-1.002) 0.75
1.001 (0.99-1.003) 0.15
1.004 (1.001-1.007) 0.007
1.39(1.03-1.96) 0.04
1.009 (1.006-1.01) <0.0001
0.87(0.82-0.92) <0.0001
1.00 (1.00-1.00) 0.0002
1.00 (0.99-1.00) 0.52
1.00 (1.00-1.00) 0.02

Multivariate

Odds ratio (95% Cl) P-value
1.18 (1.12-1.26) <0.0001
2.51(0.52-14.1) 0.26
3.81(0.74-23.20) 0.12
5.91(1.14-37.09) 0.04
10.19 (1.93-66.57) 0.009
1.77 (0.68-4.63) 0.23
6.68 (2.44-19.72) 0.0003
1.007 (1.002-1.01) 0.005
1.007 (1.001-1.01) 0.008
0.96 (0.87-1.005) 0.494

aminotransferase; CRP, C-reactive protein; GGT, gamma glutamyl transferase; ICU, intensive care unit; WBC, white blood cells.
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FIGURE 1 Cumulative incidence of
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the last evaluation for patients who were discharged or died, showed
a worsening trend in all groups (Table 4). Conversely, inflammatory
parameters decreased significantly, except for D-dimer. In the 53
patients with the longest median follow-up (36 [25-53] days) the last
available data were also acquired. Interestingly, although the pro-
portion of patients with liver function test abnormalities was higher
at the first timepoint (within 15 days after admission), it returned
similar to baseline at the last evaluation, suggesting a progressive
normalisation (Figure 2).

One hundred and six (20.6%) patients had a negative swab at the
time of the last evaluation. At that time, the prevalence of liver test
abnormalities between patients with positive or negative nasopha-
ryngeal swabs was not significantly different (150/343 [43.7%] vs
41/105 [39%], respectively; P = 0.43).

4 | DISCUSSION

This study demonstrates that in patients without severe chronic liver
disease liver involvement during SARS-CoV-2 infection is usually
mild, is associated with increased risk of ICU admission but not with
mortality and tends to resolve over time.

We found a 31.3% prevalence of liver test abnormalities in pa-
tients with SARS-CoV-2 infection, which was slightly lower than
reported in previous Western®? and Chinese studies .* Pure choles-
tatic alterations characterised by the increase of both ALP and GGT
were extremely rare, whereas GGT elevation was present in 13.6%

of patients. Noteworthy, all the recorded alterations were mild, did
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not require any intervention, except withdrawal of antiviral therapy
in a single case.

While previous studies mainly addressed liver test abnormali-
ties at baseline or few days after the admission,?* this is the first
analysis to include patients with a longer follow-up and to evalu-
ate liver involvement at more than 1 month after the admission.
Our study revealed that liver test initially increase during hospi-
talisation and then improve over time, finally reaching values sim-
ilar to baseline levels or even lower, as shown in Figure 2 by the
trend of the proportion of patients with liver test abnormalities.

This was to be expected in a population of patients affected by
a viral disease, but the reasons for liver involvement in patients with
SARS-COV-2 infection can be multiple.

The virus itself may probably exert a direct damage to the liver.
Post-mortem liver tissue examination from patients affected by
SARS-CoV-2 infection showed mild and nonspecific inflammatory in-
filtration.*®? Viral cytopathic effect is exerted on both liver cells and
cholangiocytes; indeed, SARS-CoV-2 binds the angiotensin-convert-
ing enzyme 2 (ACE2) receptor to enter the cells,'® which is mainly ex-
pressed on cholangiocytes, vascular endothelium and smooth muscle
cells.12 Therefore, both vascular and cholangiocellular damage may
represent the reasons for the increase in transaminases and cholesta-
sis parameters in infected patients. However, we demonstrated that
liver test tend to normalise regardless of the positive or negative re-
sult of the final nasopharyngeal swabs. This suggests that liver injury
due to direct viral cytopathic effect is usually of mild entity, and is
involved in the development of liver tests abnormalities mostly in the

early phases of the infection. On the other hand, histological features
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TABLE 4 Laboratory examinations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients at baseline (TO)
and within 15 days after admission or at last evaluation or death (T1). Continuous variables are reported as median (interquartile range),
categorical ones as frequency (percentage). Statistically significant comparisons are highlighted in bold

Hospitalisation Hospitalisation ARDS ICU patients  ICU patients

TO (448) T1(448) P-value TO (146) ARDS T1 (146) P-value TO (77) T1(77) P-value
AST (IU/L) 31(23-48) 33(23-52.7) 0.36 33(23-55) 39 (31-57.5) 0.12 37 (24-60) 47 (30.2-66)  0.07
ALT (IU/L) 27 (16-40) 32 (19-65.7) <0.0001 32(21-48) 51(27-89.75) 0.04 35(21-53) 54 (23.7-94.5) 0.09
GGT (IU/L) 40 (25-63) 40 (26-76) 0.22 45 (30-65) 47.5 0.55 47 (33-71) 59.5(43-111) 0.08

(32.2-82.75)
ALP (1U/L) 62 (51-79) 65 (52-84) 0.08 58 (48-74) 62 (51-84) 0.006 60 (49-82) 69.5 (54.7-90.7) 0.16
Bilirubin (mg/ 0.6 (0.4-0.8) 0.6 (0.4-0.8) 0.36 0.7 (0.5-0.9) 0.6 (0.4-0.8) 0.009 0.7 (0.5-0.9) 0.6(0.4-0.8) 0.01
dL)
WBC (x10%/L)  6.17 (4.76-8.28) 6.14 (4.57-8.68) 0.83 4.82 6.56 0.49 5.77 9.74 0.06
(3.58-7.23) (4.28-9.88) (4.03-8.03) (7.05-14.12)
Lymphocytes 1.01(0.75-1.33) 1.17(0.88-1.59)  <0.0001 0.87 0.98 <0.0001 0.80 0.97 (0.72-1.36) <0.0001
(x10%/L) (0.65-1.18) (0.70-1.35) (0.64-1.14)
Albumin (g/L) 32(29-36) 31(27-34) <0.0001 31 (28-35) 29 (25-34) 0.03 30(27-32) 26 (23-30) 0.02
LDH (1U/L) 317 (244-430) 251(207.5-341.5) <0.0001 371(293-467) 303.5 <0.0001 396 344 (280-419) <0.0001
(235-416.8) (305-638)
CRP (mg/L) 73.8(25.9-143.4) 23.3(6.3-89.3) <0.0001 104.7 30.6 <0.0001 134.4 71.5 <0.0001
(39.6-161.5) (5.6-123.75) (74.1-177.5) (10.5-159.3)

Fibrinogen 497 (411-613) 437 (324-567.5) <0.0001 530 (439-656) 410 <0.0001 594 (462-703) 442 (308-741) <0.0001
(mg/dL) (292.8-585.5)
D-dimer (ng/ 1091 (618-2682) 1585 (750-4232) 0.001 1417 2118 0.06 1393 4353 0.09
mL) (762-3359) (1060-4929) (914-3693) (2194-8826)

Note: Laboratory examinations reference range: AST 7-45 IU/L; ALT 7-45 1U/L; GGT 8-61 IU/L; ALP 40-129 IU/L; Bilirubin 0.3-1.2 mg/dL; Albumin
34-48 g/L; LDH <250 IU/L; CRP <5 mg/L; Fibrinogen 200-400 mg/dL; D-dimer <500 ng/mL.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate
aminotransferase; CRP, C-reactive protein; GGT, gamma glutamyl transferase; LDH, lactate dehydrogenase; WBC, white blood cells.

reported by previous studies may be consistent with the occurrence
of drug-induced liver injury (DILI) related to antiviral agents or to
other drugs used during hospitalisation**?; a possible contribution of
these mechanisms to the alteration of liver test also in our cohort of
patients should not be disregarded.

Liver damage can also be consequent to inflammation associ-
ated with cytokine storm during viral infection. Indeed, SARS-CoV-
2-related disease can evolve through different stages, starting as a
mild viral infection with few or no symptoms, potentially progressing
to pneumonia and to systemic extra-pulmonary hyperinflammation
syndrome.’ At this stage, serum levels of IL-6 and of other inflam-
matory mediators such as CRP, ferritin and D-dimer are significantly
elevated, whereas a parallel decrease in serum albumin is usually
observed. Although in our population the association between liver
test and indirect markers of inflammation was weak, we recently re-
ported a strict correlation with serum levels of IL-6, with the high-
est increase recorded within 15 days after patients’ admission.'
Probably, IL-6 serum levels are more sensitive indicators of the per-
sistence of the inflammatory response than nonspecific inflamma-
tory parameters.

In our population of patients, abnormal liver test were correlated
with ICU admission, probably reflecting a more severe evolution of
the disease, as previously reported.* We also demonstrated that

age, multiple comorbid conditions, ARDS, ICU admission and CRP

serum levels, but not abnormal baseline liver tests, were associated
with the risk of death. Therefore, the presence of other negative
prognostic factors is crucial to increase the risk of mortality during
SARS-CoV-2 inflammatory syndrome, of which abnormal liver test
are a collateral manifestation. The prognostic significance of ALP
peak value should be underscored, as also other studies reported an
association between clinical deterioration and increased ALP serum
levels, but not with other liver test.2®'” As previously discussed,
SARS-CoV-2 causes cholangiocytes injury in experimental models'?
ALP peak value could be a marker of virus-related liver injury and,
therefore, this event could be associated with an unfavourable prog-
nosis. Although this hypothesis is intriguing, multiorgan failure and
drug-induced cholangiocellular damage could also explain the asso-
ciation between ALP peak values and mortality.

This study is one of the few large available studies exploring
the outcome of liver involvement during SARS-CoV-2 infection in
Western patients. Although data were collected in a single centre,
being a guarantee of their homogeneity and of treatment approach,
this study suffers of the generic limitations related to the retrospec-
tive collection of data. In particular, the prevalence of chronic liver
disease was low in our study population, but we cannot exclude
that some patients (eg those with metabolic comorbidities) could
be affected by liver disease. However, patients’ records were accu-

rately revised, and based on laboratory examinations, radiological
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FIGURE 2 Bubble plot showing the evolution of liver test in 53 hospitalised patients with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and long follow-up. Colour intensity and size of the circles are proportional to the number of patients with or without liver
test alterations (aspartate aminotransferase [AST], red; alanine aminotransferase [ALT], blue; gamma glutamyl transferase [GGT], green;
alkaline phosphatase [ALP], purple; total bilirubin, grey) at baseline (TO), within 15 days after admission (T1) and at the last evaluation or

death (T2)

findings and clinical data, we can reasonably rule out that patients
with pre-existing advanced liver disease were included in the study
group. Therefore, our conclusions can only be applied to patients
with SARS-CoV-2 infection without severe chronic liver disease
or cirrhosis, for whom high morbidity and mortality have been
reported.g'18

In conclusion, SARS-CoV-2 infection is not associated with clin-
ically meaningful liver injury in Western patients without advanced
chronic liver disease. Baseline liver test abnormalities can be found
in more than 30% of cases, especially in patients with ARDS; these
alterations are associated with the risk of ICU admission, being a
possible indicator of more severe clinical evolution, but not with
mortality, and tend to normalise over time. ALP could be a surrogate
marker of virus-related liver injury and its peak value seems to be

predictive of a worse prognosis.

ACKNOWLEDGEMENTS

We thank the “Gemelli against COVID-19 group” for the management
of this emergency in our Hospital: Abbate Valeria; Agostini Fabiana;
Amato Elena; Andriollo Gloria; Antonucci Gabriele; Bellantone Rocco;
Benvenuto Francesca; Berardini Ludovica; Bernabei Roberto; Bianchi
Antonio; Biasucci Luigi Marzio; Bibbo Stefano; Biscetti Federico;

Borghetti Alberto ; Bosello Silvia; Bove Vincenzo; Bramato Giulia;

Brandi Vincenzo; Bruno Dario; Bungaro Maria Chiara; Buonomo
Alessandro; Burzo Livia; Camma Giulia; Calvello Maria Rosaria ;
Cambieri Andrea; Capristo Esmeralda; Cecchini Andrea Leonardo;
Calabrese Angelo; Capalbo Gennaro; Capaldi Lorenzo; Carfi Angelo;
Caruso Cristiano; Casciaro Antonio Francesco; Cauda Roberto;
Cianci Rossella; Ciciarello Francesca; Cingolani Antonella ; Coppola
Gaetano; Corsello Andrea; Costante Federico; D'Addio Stefano;
D'Alessandro Alessia; D'Alfonso Maria Elena; D'Angelo Emanuela;
D'Aversa Francesca; De Cunzo Tommaso; De Maio Flavio ; De Matteis
Giuseppe; De Siena Martina; De Vito Francesco; Del Gatto Valeria;
Della Polla Davide; Di Gialleonardo Luca; Di Giambenedetto Simona
; Di Luca Roberta; Esperide Alessandra; Faliero Domenico; Fantoni
Massimo; Fedele Annalaura; Feliciani Daniela; Franceschi Francesco;
Franza Laura; Funaro Barbara; Fusco Domenico; Gabrielli Maurizio;
Gallo Antonella; Gambassi Giovanni; Garcovich Matteo; Gasparrini
Irene; Gelli Silvia; Giampietro Antonella; Gigante Laura; Gremese
Elisa; Guglielmi Valeria; Guidone Caterina; laconelli Amerigo;
laquinta Angela; Impagnatiello Michele; Inchingolo Riccardo ; lorio
Raffaele; Lo Monaco Rita; Landi Francesco; Landi Rosario; Landolfi
Raffaele; Leo Massimo; Leone Paolo Maria; Liguori Antonio; Lizzio
Marco Maria; Locantore Pietro; Lombardi Francesco ; Lopetuso
Loris; Macagno Francesco; Macerola Noemi; Mancarella Francesco

Antonio; Mangiola Francesca; Marrone Giuseppe; Martis llaria;



1068 X .
W1 LE Y— APT Alimentary Pharmacology & Therapeutics

Martone Anna Maria; Matteo Maria Valeria; Miele Luca; Milardi
Domenico; Migneco Alessio; Mignini Irene; Montalto Massimo; Monti
Flavia; Mora Vincenzina; Murace Celeste Ambra; Murri Rita ; Nardella
Elisabetta; Natalello Gerlando; Nicoletti Alberto; Nicoletti Tommaso;
Pagano Francesco Cosimo; Papparella Luigi Giovanni; Papa Alfredo;
Paratore Mattia; Perniola Simone; Pero Erika; Parrinello Giuseppe;
Petricca Luca; Pizzoferrato Marco; Pizzolante Fabrizio; Policola
Caterina; Pontecorvi Valerio; Popolla Valentina; Porceddu Enrica;
Porfidia Angelo; Pulcini Gabriele; Rapaccini Gian Lodovico; Richeldi
Luca; Rinninella Emanuele; Rocchi Sara; Rossi Laura; Rossi Raimondo;
Rossini Enrica; Rota Elisabetta; Rovedi Fabiana; Rumi Gabriele; Russo
Andrea; Salerno Andrea; Salvatore Lucia; Santarelli Luca; Santini
Paolo; Sanguinetti Maurizio; Santoliquido Angelo; Sarnari Caterina;
Schepis Tommaso; Schiavello Francesca; Sestito Luisa; Settanni Carlo
Romano; Simonetti Jacopo ; Smargiassi Andrea; Stella Leonardo;
Talerico Rossella; Tarli Claudia; Tosoni Alberto; Tricoli Luca; Tritto
Marcello; Valletta Federico; Verardi Lucrezia; Vetrone Lorenzo Maria;
Visconti Elena; Zelano Lorenzo; Zileri Dal Verme Lorenzo.
Declaration of personal interest: None.

AUTHORSHIP
Guarantor of the article: FR Ponziani.

Author contributions: Ponziani, Pompili, Gasbarrini developed
the concept and designed the study; Ponziani, Del Zompo, Nesci,
Santopaolo and laniro collected the data; Ponziani, Del Zompo,
Nesci and Santopaolo participated in the statistical analysis and in-
terpretation of data; Ponziani, Del Zompo, Pompili and Gasbarrini
wrote the manuscript. All authors approved the final version of the

manuscript.

ORCID

Francesca Romana Ponziani

org/0000-0002-5924-6238
https://orcid.org/0000-0003-3905-9627

https://orcid.org/0000-0002-8318-0515

https://orcid.

Fabio Del Zompo
Gianluca laniro

REFERENCES

1. Mao R, Qiu Y, He JS, et al Manifestations and prognosis of gas-
trointestinal and liver involvement in patients with COVID- 19: a
systematic review and meta-analysis. Lancet Gastroenterol Hepatol.
2020;5:667-678.

2. Bloom PP, Meyerowitz EA, Reinus Z, et al Liver biochemistries in
hospitalized patients with COVID-19. Hepatology. 2020. https://doi.
org/10.1002/hep.31326

3. Singh S, Khan A. Clinical characteristics and outcomes of COVID-
19 among patients with pre-existing liver disease in United States:
a multi-center research network study. Gastroenterology. 2020.
https://doi.org/10.1053/j.gastro.2020.04.064

4. Cai Q, Huang D, Yu H, et al COVID-19: abnormal liver function
tests. J Hepatol. 2020. https://doi.org/10.1016/j.jhep.2020.04.006

5. World Health Organization. Laboratory testing for coronavirus disease
2019 (COVID-19) in suspected human cases: interim guidance. 2020.
https://apps.who.int/iris/handle/10665/331329Aceessed May 20,
2020.

PONZIANI ET AL.

6. Vademecum per la cura delle persone con malattia da COVID-19
Edizione 2.0, 2020. http://www.simit.org/medias/1569-covid19-
vademecum-13-03-202.pdf Aceessed May 20, 2020.

7. World Health Organization. Clinical management of severe acute
respiratory infection when novel coronavirus (nCoV) infection
is suspected. 2020. https://apps.who.int/iris/bitstream/handl
e/10665/330854/WHO-nCoV-Clinical-2020.2-eng.pdf?seque
nce=1&isAllowed=y Aceessed May 20, 2020.

8. Zhang, Zheng L, Liu L, Zhao M, Xiao J, Zhao Q. Liver impairment
in COVID-19 patients: a retrospective analysis of 115 cases from
a single centre in Wuhan city, China. Liver Int. 2020. https://doi.
org/10.1111/liv.14455

9. Schaller T, Hirschbuhl K, Burkhardt K, et al Postmortem examina-
tion of patients with COVID-19. JAMA. 2020;323:2518-2520.

10. Hoffmann M, Kleine-Weber H, Schroeder S, et al SARS-CoV-2 cell
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically
proven protease inhibitor. Cell. 2020;181:271-280.e8.

11. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H.
Tissue distribution of ACE2 protein, the functional receptor for
SARS coronavirus. A first step in understanding SARS pathogene-
sis. J Pathol. 2004;203:631-637.

12. ZhaoB,NiC,GaoR, etal Recapitulation of SARS-CoV-2 infectionand
cholangiocyte damage with human liver ductal organoids. Protein
Cell. 2020;7 1-5. https://doi.org/10.1007/s13238-020-00718-6

13. European Association for the Study of the Liver, Clinical Practice
Guideline Panel: Chair, Panel Members, EASL Governing Board
representative. EASL clinical practice guidelines: drug-induced liver
injury. J Hepatol. 2019;70:1222-1261.

14. Siddiqgi HK, Mehra MR. COVID-19 iliness in native and immunosup-
pressed states: a clinical-therapeutic staging proposal. J Heart Lung
Transplant. 2020;39:405-407.

15. Ponziani FRNA, Del Zompo F, Santopaolo F, Pompili M, Gasbarrini
A. Correlation between liver function tests abnormalities and in-
terleukin-6 serum levels in patients with SARS-CoV-2 infection.
Gastroenterology. 2020.

16. Aghemo A, Piovani D, Parigi TL, et al COVID-19 digestive sys-
tem involvement and clinical outcomes in a large academic hos-
pital in Milan, Italy. Clin Gastroenterol Hepatol. 2020. https://doi.
org/10.1016/j.cgh.2020.05.011

17. Vespa E, Pugliese N, Piovani D, et al Liver tests abnormalities in
COVID-19: trick or treat? J Hepatol. 2020. https://doi.org/10.1016/j.
jhep.2020.05.033

18. Moon AM, Webb GJ, Aloman C, et al High mortality rates for SARS-
CoV-2 infection in patients with pre-existing chronic liver disease
and cirrhosis: preliminary results from an international registry. J
Hepatol. 2020. https://doi.org/10.1016/j.jhep.2020.05.013

SUPPORTING INFORMATION
Additional supporting information will be found online in the

Supporting Information section.

How to cite this article: Ponziani FR, Del Zompo F, Nesci A,
et al; “Gemelli against COVID-19” group. Liver involvement is
not associated with mortality: results from a large cohort of
SARS-CoV-2-positive patients. Aliment Pharmacol Ther.
2020;52:1060-1068. https://doi.org/10.1111/apt.15996



https://orcid.org/0000-0002-5924-6238
https://orcid.org/0000-0002-5924-6238
https://orcid.org/0000-0002-5924-6238
https://orcid.org/0000-0003-3905-9627
https://orcid.org/0000-0003-3905-9627
https://orcid.org/0000-0002-8318-0515
https://orcid.org/0000-0002-8318-0515
https://doi.org/10.1002/hep.31326
https://doi.org/10.1002/hep.31326
https://doi.org/10.1053/j.gastro.2020.04.064
https://doi.org/10.1016/j.jhep.2020.04.006
https://apps.who.int/iris/handle/10665/331329
http://www.simit.org/medias/1569-covid19-vademecum-13-03-202.pdf
http://www.simit.org/medias/1569-covid19-vademecum-13-03-202.pdf
https://apps.who.int/iris/bitstream/handle/10665/330854/WHO-nCoV-Clinical-2020.2-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/330854/WHO-nCoV-Clinical-2020.2-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/330854/WHO-nCoV-Clinical-2020.2-eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1111/liv.14455
https://doi.org/10.1111/liv.14455
https://doi.org/10.1007/s13238-020-00718-6
https://doi.org/10.1016/j.cgh.2020.05.011
https://doi.org/10.1016/j.cgh.2020.05.011
https://doi.org/10.1016/j.jhep.2020.05.033
https://doi.org/10.1016/j.jhep.2020.05.033
https://doi.org/10.1016/j.jhep.2020.05.013
https://doi.org/10.1111/apt.15996

