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SUMMARY
The gastrointestinal system may be affected by
COVID-19 infection with an incidence variable from
3% up to 79%. Several works show that the pancreas, both in its exocrine and endocrine function,
can be affected by this viral infection, although this
organ has been poorly analyzed in this current epidemic context. This mini-review aims to provide a
summary of available studies on exocrine pancreas
involvement during COVID-19 infection. A search
through MEDLINE/PubMed was conducted on
the topic in hand. With regard to exocrine function,
some studies highlight the presence of an associated
hyperenzymemia (hyperamylasemia, hyperlipasem-

n INTRODUCTION

T

he term COVID-19 defines the disease caused
by a new coronavirus named SARS-CoV-2
(Severe Acute Respiratory Syndrome Coronavirus-2), which has led to the declaration of a pandemic some months ago by the World Health
Organization (WHO) [1]. It is mainly character-
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ia), while others describe isolated and rare cases of
acute pancreatitis. More attention should be paid to
pancreatic impairment in subjects with COVID-19,
as this may prove to be one of the elements aggravating its clinical course. Indeed, acute pancreatitis,
especially when presenting in severe forms with hyperstimulation of the pro-inflammatory response,
may represent a crucial factor in the progression of
COVID-19, entailing both an increase in hospitalization days and in mortality rate.
Keywords: Amylase, COVID-19, hyperamylasemia, hyperlipasemia, lipase, pancreas, SARS-CoV-2.

ized by the onset of respiratory symptoms and
pneumonia. However, this virus may affect a
wide spectrum of organs and may localize also in
the digestive tract, inducing gastrointestinal (GI)
symptoms. In a recent review, Tian Y et al. have
analysed the presence of this specific symptomatology in patients with SARS-CoV-2 related infection and found an incidence ranging from 3% up
to 79% according to the available studies. In particular, the following manifestations were found
with a variable incidence: vomiting (3.6-66.7%),
anorexia (39.-50.2%), diarrhoea (2-49.5%,) nausea
(1-29.4%), gastrointestinal bleeding (4-13.7%) and
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abdominal pain (2.2-6.0%) [2]. While a correlation
has been recognised between GI manifestations
and COVID-19, the possible association between
SARS-CoV-2 related infection and pancreatic diseases still remains uncertain and not-well defined
[3]. For example, it has been shown that COVID-19 is able to affect pancreatic endocrine tissue, leading to the disregulation in the control of
the glucose serum levels [4]. In this respect, the
involvement of this pancreatic compartment in
patients with COVID-19 and a higher probability of diabetes mellitus development in these individuals has been widely investigated and also
reported [4]. According to the available data, it
has been suggested that SARS-CoV-2 represents a
risk factor for the onset of diabetes in infected patients, with an increased morbidity and mortality
[5,6]. On the other hand, the pancreatic exocrine
function has been poorly examined in this specific virosis. Nevertheless, some works are pointing out the possible alteration of the pancreatic
structure/function in the course of COVID-19,
including either tissue injury with pancreatitis or
only the increase in pancreatic enzymes (amylase
and lipase). It is known that the involvement of
the pancreas is not a peculiar prerogative of the
SARS-CoV-2. In fact, in a recent systematic review
focused on various pathogens, such as the etiological cause of acute pancreatitis, viruses were
the main responsible agents in 65.3% of cases [7].
Figure 1 - Possible mechanisms underlying the pancreatic damage.

It has been demonstrated that a wide spectrum
of viruses, including hepatotropic ones, such as
Hepatitis A, B, C and E viruses, Cytomegalovirus,
Human Immunodeficiency virus, Coxackie virus,
Paramyxovirus, Herpes Simplex virus and Varicella-Zoster virus, infect pancreatic cells and induce clinical pictures with different grades, ranging from mild to severe [8,9]. Even influenza viruses related infection can be associated with the
development of acute pancreatitis, although a few
cases have been reported [10, 11]. However, since
only the infection of the pancreas by SARS-CoV-2
is the topic of this review, the etiopathogenetic
events occurring during acute pancreatitis caused
by the other viruses will be not further discussed.
The aim of this mini-review has been to identify, by a research conducted through MEDLINE/
PubMed, the studies which have considered the
exocrine pancreatic involvement arising during
COVID-19. In particular, the following keywords
have been searched: “pancreas”, “SARS-CoV-2”,
“COVID-19”, “amylase”, “lipase”, “hyperamylasemia”, “hyperlipasemia” and “pancreatitis”.
n PATHOGENETIC HYPOTHESIS
Which could be the pathogenetic events occurring
in the pancreas during a viral infection mainly
characterised by respiratory symptoms, possibly
leading to the damage of the exocrine compart-
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ment in this organ? Multiple mechanisms may
play a role in this process and may be very similar
to the ones proposed for the liver, including:
1) Direct damage: the virus is able to bind to the
receptors of ACE-2 which are expressed also
in the gastrointestinal tract and in the pancreas [12-14]. Generally, these receptors are proposed to counteract acute pancreatic inflammation. It is assumed that inflammatory markers are released as a result of their binding to
the SARS-CoV-2.
2) Kidney failure: as the kidneys are fundamental in eliminating amylases and lipases from
the circulatory stream, their malfunction, even
temporary, can lead to a transient increase in
pancreatic enzymes.
3) Intestinal translocation: as observed in a recent review, diarrhoea is present in about
2-49.5% of the COVID-19 cases and, in addition, it is known that the viral RNA can be
found in the stool [2, 15-17]. It is also necessary to consider both the presence of ACE-2
receptors in GI lumen and the alteration of the
barrier permeability, the latter resulting from
intestinal infections which can also facilitate
the reabsorption of the pancreatic enzymes
themselves [13, 18-20].
4) Drug-induced pancreatic injury: the available
therapies used for the COVID-19 treatment
may cause tissue injury in this organ. Several

drugs have been reported to damage the pancreatic tissue, including:
A) antiviral drugs, such as lopinavir/ritonavir, when orally administered together,
B) antipyretics,
C) tocilizumab and baricitinib, which may induce hypertriglyceridemia.
5) Cytokine storm: this condition refers to the key
role of the activated immune system in response
to “external agents”, with consequent uncontrolled inflammatory systemic response [21-26].
Accordingly, following SARS-CoV-2 infection, especially in severe forms of COVID-19, a release of
wide spectrum of cytokines, such as interleukin
IL-2, IL-6, IL-8, IL-7, interferon-γ and tumour necrosis factor-α, occurs [26, 27]. As emphasized in a
recent review, viruses generally may stimulate the
release of these cytokines and inhibit the anti-viral
response induced by interferon [28, 29]. Moreover,
SARS-CoV-2 promotes the development of cytokine
storm, via some of its structural proteins, including
spike and nucleocapsid ones [25] (Figure 1).
n INCREASE OF PANCREATIC ENZYMES
AND ACUTE PANCREATITIS IN COVID-19
PATIENTS
According to the available data in the literature,
we have identified five papers describing the increase of pancreatic enzymes (hyperamylasemia

Table 1 - Hyperamylasemia and hyperlipasemia during SARS-CoV-2 infection.
Authors

Number of patients
with SARS-CoV-2

Wang F et al. [22]
Zhang J et al. [30]

Amylase (U/L)

Lipase (U/L)

9 of 52 (17%)

115±25

71±34

19

64.3 (56.4-94.6) (mg/L)

NA

Bruno G et al. [31]

6 of 70 (8.5%)

Serum amylase peak:
562
223
194
202
730
119
(Mean value=338.3)

Serum lipase peak:
2,430
1,025
812
831
3,445
511
(Mean value= 1641)

McNabb-Baltar J
et al. [32]

9 of 71 (12.1%)

NA

151.8 SD±148.4
Only 2 (2.8%) patients developed hyperlipasemia
exceeding 3 times the upper limit of normal (>180 U/L)

Barlass U
et al. [33]

14 of 83 (16.8%)

NA

Considered only the lipase values greater
than 3 times the normal one (>156 U/L)

NA = not available.
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and hyperlipasemia) in SARS-CoV-2 patients [22,
30-33]. These results are summarized in Table 1.
According to the revised Atlanta classification,
the diagnosis of Acute Pancreatitis (AP) can be
made when at least two of the following three
characteristics are present:

1) typical abdominal pain of this disease (“pancreatic pain”);
2) serum lipase or amylase levels at least three
times greater than the upper limit of normal;
3) findings of acute pancreatitis with imaging
techniques (contrast-enhanced computed to-

Table 2 - Acute pancreatitis during SARS-CoV-2 infection.
Num. of
patients

Age-Sex

Abdominal
pain

Amylase
Lipase (U/L)

1*

68-F

present

934
NA

NA

losartan,
levothyroxine,
alendronate,
cyanocobalamin

1*

47-F

assent

<1.500
NA

Abdominal
ultrasound:
pancreas
was diffusely
voluminous

antibiotics
(non specificated)

1**

36-F

present

88 (normal)
875

Abdominal
ultrasound:
pancreas not
visualized due to
bowel gas

acetaminophen,
dicloxacillin

Aloysius MM
et al. [37]

1

36-F

present

325
627

CT scan: pancreas
normal

none

Anand ER
et al. [38]

1

59-F

present

NA
NA

CT scan: pancreas
edematous

vancomycin

Kataria S
et al. [39]

1

49-F

present

501
1.541

CT scan: pancreas
edematous with
diffuse enlargement

ceftriaxone,
azithromycin

C Akarsu
et al. [40]

40

Median
age 55 yr
(26-84)

Present
in 35 pts
(87.5%)

383.9±76.3
663.8±98.7

CT scan:
(Balthazar score)
[33]:
A=19 pts
B=14 pts
C=3 pts
D=1 pts
E=3 pts

NA

Cerda-Contreras C
et al. [24]

1

72-F

NA
(patient
sedated)

NA
1.247 U/L

CT scan: pancreatic
edema

baricitinib,
dexamethasone,
enoxaparin

Alves AM
et al. [41]

1

56-F

NA
(patient
sedated)

544 U/L
2.993 U/L

CT scan:
tail parenchymal
enlargement and
surrounding
retroperitoneal fat
stranding

losartan,
hydrochlorothiazide,
antibiotics
(non specificated)

Kumaran NK
et al. [42]

1

67-F

present

1.483 U/L
NA

CT scan: necrotising
pancreatitis

NA

Authors
Hadi A
et al. [35]

Rabice SR
et al [36]

Imaging

Drugs taken in the
previous days

NA = not available; *two cases of AP in patients with severe forms of COVID-19, who both needed hemodialysis for acute renal failure; **woman
at the 33 weeks of gestation.
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mography, magnetic resonance imaging and
transabdominal ultrasonography) [34].
To date, forty-nine cases of AP have been reported
in literature in patients affected by COVID-19, as
shown in Table 2 [24, 35-42].
In a recent prospective study on 367 patients affected by COVID-19, acute pancreatitis was found
in 12.6% of patients, that is in 50 of the 316 individuals included in the analysis [40]. The authors
classified the COVID-19 patients, according to
the severity of the disease: 50 patients (15.8%) in
mild, 189 patients (59.8%) in severe and 77 patients (24.3%) in critical status. Acute pancreatitis was not observed in patients with mild grade
of SARS-CoV-2 infection, while it was detected
in 15 (7.9%) and 25 (32.5%) subjects with severe
and critical forms of this infectious disease. The
authors underlined that seriousness of acute pancreatic inflammation increases with the degree of
severity of the lung involvement (p<0.0001). The
hospitalization and the mortality rates were also
higher in patients with COVID-19 associated with
AP (p=0.0038 and p<0.0001, respectively) [40].
Barlass et al. assessed the relationship between a
significant increase of lipase serum levels (greater
than 3 times the upper limit of normal) and clinical outcome in a cohort study of patients with
COVID-19 between March 12th and April 3rd,
2020. Among 294 patients admitted to hospital
with SARS-CoV-2 infection, data about pancreatic
lipase levels were available in 83 and 14 of them
(7.9%) had high lipase serum levels (>3 ULN).
These individuals had more elevated rates of leukocytosis and altered liver enzymes (p<0.01). Furthermore, patients with higher lipase levels had
more elevated probability of ICU admission and
intubation (92.9% vs 32.8%; p<0.001) and (78.6%
vs 23.5%; p<0.002), respectively [33]. In a recent
retrospective study, Gubatan J et al. investigated the presence of a previous history of acute or
chronic pancreatitis in a cohort of 14.235 individuals tested for SARS-CoV-2 [43]. The authors found
out that these diseases were present in 102 cases
(0.7%). Among them, an acute pancreatitis was
detectable in 85.3% and a chronic pancreatitis in
14.7% [43] The authors also noted a higher prevalence (7.8%) (8/102) of COVID-19 among patients
with prior pancreatitis, which is greater if compared to the same population tested for the presence of the virus and proven to be serologically
positive (2.8%) in another study [44].

n DISCUSSION
Based on the analysis of the available data, this
review highlighted how SARS-CoV-2 infection
can also affect the exocrine pancreas. Liu L et
al. work may contribute to explain the probable
mechanisms underlying hyperamylasemia [45].
The authors focused on the virus SARS-CoV responsible for Severe Acute Respiratory Syndrome
in 2003, which has been recently shown to exhibit
the 79% of its genome in common with this new
virus (SARS-CoV-2) in animal models [46]. It was
found out that the first infected “target” cells
were epithelial ones, expressing ACE-2 receptors,
which line the ducts of the salivary glands [45].
Data related to SARS-CoV-2 virus and extra-pancreatic tissues as a source of possible enzymatic
increases are currently not available yet. Recently, Fox SE et al. have performed ten autopsies on
African American patients, aged 44-78 years. It
was shown the presence of thrombosis in lungs
and in heart, while these findings were not apparent in other organs, such as pancreas [47].
On the contrary, in a prospective autopsy study,
Lax SF et al. found focal pancreatitis in 5 out of
11 patients (mean age: 80.5 years; 8 male and 3
female) died from COVID-19 (45.5%), suggesting that the real incidence of pancreatitis may be
underestimated [48]. As previously underlined,
during AP the levels of amylase tend to increase
after 6-24 hours from the beginning of its development, reaching a peak at 48 hours [49]. Over a
period of the next 5-7 days after onset, amylase
levels typically tend to normalize and this event
could make diagnosis more difficult, as one of the
three Atlanta criteria would be missing [34, 49].
The patients with AP described in Table 2, were
hospitalized and most of them were under sedation and/or intubated in ICUs, so they were not
able to report the abdominal pain. In this condition another criterion of the Atlanta classification
(“pancreatic pain”) is missing, so the diagnosis
of AP is based exclusively on the finding of the
increase in pancreatic enzymes associated with
imaging. It is known that in the AP the immune
system initially tends to release pro-inflammatory
cytokines, with consequent Systemic Inflammatory Response Syndrome (SIRS) which is generally
followed by a Compensatory Anti-inflammatory
Response Syndrome (CARS) [50]. A strong factor
influencing the prognosis of AP is represented by
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the intensity of these two phases (SIRS, CARS).
In fact, the excessive prevalence of the first one
leads to the Multi-Organ Dysfunction Syndrome
(MODS), especially during the early course of the
disease [51]. To date, only a few studies have analysed the clinical course of patients with COVID-19 and suffering from pancreatitis, as well as
the possible association between the pancreatic
involvement and more severe forms of infection.
By using the Mhealth Fairview System, Dirweesh
et al. have carried out a retrospective analysis between March 1st and June 30th, 2020, with the aim
to assess the outcome and the prognosis of subjects with acute pancreatitis who were enrolled
during the development of COVID-19 epidemic.
Seventy-five individuals were tested for SARSCoV-2 by means of PCR and were included in the
study. The presence of the virus was proved in 14
of them. Significant higher morbidity and mortality, as well as multiorgan failure and persistent
organ failure, were observed in individuals with
coexisting acute pancreatitis and positive PCR
testing for SARS-CoV-2, according to Bedside Index of Severity in Acute Pancreatitis scores [52].
Recently, the lipotoxicity in COVID-19 Study
Group of the Mayo Clinic published a study focused on unsaturated fat intake which seems to
be associated with an increase in mortality due to
COVID-19. The Members observed how this kind
of fat are able to induce organ failure and how
early administration of albumin and calcium,
nutrients binding unsaturated fatty acids, can reduce this injury. The sudden progression of COVID-19 to MODS resembles the lipotoxic organ
failure occurring during severe acute pancreatitis.
The authors argued that in both of these pathologies (COVID-19 infection and AP), fatty lipolysis
from pancreatic inflammation leads to an increase
in the levels of fatty acids [53]. These last ones,
directly damaging the mitochondria, are able to
determine an increase in the production of pro-inflammatory cytokines (cytokine storm), with consequent facilitation of progression in a MODS
and in an Acute Respiratory Distress Syndrome
(ARDS), well-known causes of mortality related
to COVID-19 [54]. It may be also hypothesized
that the virus does not affect only the cells of the
exocrine pancreatic parenchyma, but also the adipocytes, with consequent fat lipolysis [53].
Furthermore, another possibility is that the virus
can directly replicate inside the cells of the pan-

creas as it has been reported for other viruses
(Hepatitis A, B, C and E viruses, Cytomegalovirus, Human Immunodeficiency virus, Coxsackie
virus, Paramyxovirus, Herpes Simplex virus and
Varicella-Zoster virus) [55-58]. It has to be underlined that the antigens and/or the genome of
some viruses have been detected inside pancreatic acinar cells (HBV, HCV, HIV, Cytomegalovirus,
Coxsackievirus etc.) [59, 60]. However, to date, no
studies have investigated whether the antigens
and/or genome of SARS-CoV-2 are identifiable in
the exocrine or endocrine cells of pancreas. If this
hypothesis was confirmed, new scenarios in our
diagnostic and prognostic abilities could emerge.
n CONCLUSIONS
In conclusion, to date, the pancreatic involvement
during SARS-CoV-2 infection is not yet well defined and, above all, little investigated. Analyzing the available data, it would seem that acute
pancreatitis, especially when observed in severe
forms with hyperstimulation of the pro-inflammatory response, may represent a crucial factor
in the progression of COVID-19. However, this
review has an important limit, as most of the data
collected mainly derive from case histories on
hospitalized patients. These individuals generally are affected by severe forms of COVID-19 infection and the association with acute pancreatitis
could be considered as kind of bias, also considering other confounding factors previously mentioned. Further studies are needed on this topic
to better clarify the real impact of SARS-CoV-2 in
pancreatic damage and its role in human pathogenesis.
Conclusive remarks
1) SARS-CoV-2, as several other viruses including hepatotropic viruses (Hepatitis A, B, C
and E viruses), Cytomegalovirus, Human Immunodeficiency virus, Coxsackie virus, Paramyxovirus, Herpes Simplex virus and Varicella-Zoster virus, have been recognized as a
cause of pancreatic involvement.
2) It is still unclear whether in patients affected
by COVID-19, SARS-CoV-2 causes a direct
pancreatic damage, by infecting its acinar
cells, or an indirect one, by stimulating an excessive and sudden systemic inflammatory
response with the release of a large amount
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of pro-inflammatory cytokines. However, it
has to be considered that antigens and viral
genome of some viruses, such as HBV, HCV,
HIV, Coxsackie virus, Cytomegalovirus have
been detected in pancreatic acinar cells. According to these observations, it may be hypothesized that SARS-CoV-2 also may have
a similar behavior. Therefore, the increase in
serum amylase and lipase levels, reported by
some articles, might be due to pancreatic infection or multiorgan interest, or both of these
factors together. However, further studies are
needed to clarify all these points.
3) The possibility of pancreatic involvement
should always be considered in patients with
SARS-CoV-2 related infection. Therefore, serum levels of amylase and lipase enzymes
should be tested in all patients with COVID-19, even in asymptomatic subjects. On the
basis of the above mentioned pathogenetic
mechanisms, it should be investigated whether more elevated amylase and lipase levels are
associated or not with a more severe course of
this specific virosis. More data concerning to
this topic are requested.
4) A better knowledge of the mechanisms involved in the development of acute pancreatitis, during the course of COVID-19, may represent a paradigm to understand the pathogenesis and the outcome of SARS-CoV-2 related
infection and may provide useful insights for
the possible introduction of effective treatments against this disease.
Acknowledgements
The authors thank Dr. Annalisa Varlotta, Rome,
Italy-Washington, USA, for her contribution to
graphic illustration (email: avarlotta@yahoo.com)
and Dr. Saveria de Vito, Italian Medicines Agency,
Rome, Italy, for English editing.
Conflict of interest
The authors declare no conflicts of interest.
Funding
None
n REFERENCES
[1] Zheng J. SARS-CoV-2: an Emerging Coronavirus
that Causes a Global Threat. Int J Biol Sci. 2020; 16 (10),
1678-85.

[2] Tian Y, Rong L, Nian W, He Y. Review article: gastrointestinal features in COVID-19 and the possibility of
faecal transmission. Aliment Pharmacol Ther. 2020; 51 (9),
843-51.
[3] McNabb-Baltar J, Jin DX, Grover AS, et al. Lipase
Elevation in Patients With COVID-19. Am J Gastroenterol. 2020; 115 (8), 1286-88.
[4] Pal R, Banerjee M. COVID-19 and the endocrine system: exploring the unexplored. J Endocrinol Invest. 2020;
43 (7), 1027-31.
[5] Hussain A, Bhowmik B, do Vale Moreira NC. COVID-19 and diabetes: Knowledge in progress. Diabetes
Res Clin Pract. 2020; 162, 108142.
[6] Rubino F, Amiel SA, Zimmet P, et al. New-Onset Diabetes in Covid-19. N Engl J Med. 2020; 383 (8), 789-90.
[7] Imam Z, Simons-Linares CR, Chahal P. Infectious
causes of acute pancreatitis: A systematic review. Pancreatology. 2020; 20 (7), 1312-22.
[8] Rawla P, Bandaru SS, Vellipuram AR. Review of infectious etiology of acute pancreatitis. Gastroenterology
Res. 2017; 10 (3), 153-8.
[9] Simons-Linares CR, Imam Z, Chahal P. Viral-attributed acute pancreatitis: a systematic review. Dig Dis Sci.
2020; doi: 10.1007/s10620-020-06531-9.
[10] Blum A, Podvitzky O, Shalabi R, Simsolo C. Acute
pancreatitis may be caused by H1N1 influenza A virus
infection. Isr Med Assoc J. 2010; 12 (10), 640-1.
[11] Avalos C, Estifan E, Swyden S, Yuridullah R. Acute
pancreatitis caused by complications of influenza a in
the setting of chronic lymphocytic leukemia. Cureus.
2020; 12 (2), e7067.
[12] Zippi M, Fiorino S, Occhigrossi G, Hong W. Hypertransaminasemia in the course of infection with SARSCoV-2: Incidence and pathogenetic hypothesis. World J
Clin Cases. 2020; 8 (8), 1385-90.
[13] Leung WK, To KF, Chan PK, et al. Enteric involvement of severe acute respiratory syndrome-associated
coronavirus infection. Gastroenterology. 2003; 125 (4),
1011-7.
[14] Liu F, Long X, Zou W, et al. Highly ACE2 Expression in pancreas may cause pancreas damage after
SARS-CoV-2 Infection. medRxiv. 2020; doi: 10.1101/2020.
02.28.20029181.
[15] Wang J, Liu R, Qi H, et al. The ACE2-angiotensin-(1-7)-Mas axis protects against pancreatic cell damage in cell culture. Pancreas. 2015; 44 (2), 266-72.
[16] Junge W, Mályusz M, Ehrens HJ. The role of the
kidney in the elimination of pancreatic lipase and amylase from blood. J Clin Chem Clin Biochem. 1985; 23 (7),
387-92.
[17] Yeo C, Kaushal S, Yeo D. Enteric involvement of
coronaviruses: is faecal-oral transmission of SARS-CoV-2
possible? Lancet Gastroenterol Hepatol. 2020; 5 (4), 335-7.
[18] Wang W, Xu Y, Gao R, et al. Detection of SARSCoV-2 in different types of clinical specimens. JAMA.
2020; 323 (18), 1843-44.

514 M. Zippi, W. Hong, G. Traversa, et al.

[19] Hu Q, Ren H, Li G, et al. STING-mediated intestinal barrier dysfunction contributes to lethal sepsis. EBioMedicine. 2019; 41, 497-508.
[20] Pieper-Bigelow C, Strocchi A, Levitt MD. Where
does serum amylase come from and where does it go?
Gastroenterol Clin North Am. 1990; 19 (4), 793-810.
[21] Potì F, Pozzoli C, Adami M, Poli E, Costa LG. Treatments for COVID-19: emerging drugs against the coronavirus. Acta Bio-medica. 2020; 91 (2), 118-36.
[22] Wang F, Wang H, Fan J, Zhang Y, Wang H, Zhao Q.
Pancreatic injury patterns in patients with Coronavirus
Disease 19 pneumonia. Gastroenterology. 2020; 159 (1),
367-70.
[23] Morrison AR, Johnson JM, Ramesh M, Bradley P,
Jennings J, Smith ZR. Acute hypertriglyceridemia in
patients with COVID-19 receiving tocilizumab. J Med
Virol. 2020; doi: 10.1002/jmv.25907.
[24] Cerda-Contreras C, Nuzzolo-Shihadeh L, Camacho-Ortiz A, Perez-Alba E. Baricitinib as treatment for
COVID-19: friend or foe of the pancreas? Clin Infect Dis.
2020; doi: 10.1093/cid/ciaa1209.
[25] Fiorino S, Zippi M, Gallo C, et al. The rationale for
a multi-step therapeutic approach based on antivirals,
drugs, and nutrients with immunomodulatory activity
in patients with Coronavirus-Sars2-Induced Disease of
different severity. Br J Nutr. 2020; doi: 10.1017/
S0007114520002913.
[26] Fiorino S, Gallo C, Zippi M, et al. Cytokine storm in
aged people with CoV-2: possible role of vitamins as
therapy or preventive strategy. Aging Clin Exp Res.
2020; 32 (10), 2115-31.
[26] Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze MG. Into the eye of the cytokine storm.
Microbiol Mol Biol Rev. 2012; 76 (1), 16-32.
[27] Mehta P, McAuley DF, Brown M, et al. COVID-19:
consider cytokine storm syndromes and immunosuppression. Lancet. 2020; 395 (10229), 1033-4.
[28] Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine storm in COVID-19: An overview of
the involvement of the chemokine/chemokine-receptor system. Cytokine Growth Factor Rev. 2020; 53, 25-32.
[29] Thiel V, Weber F. Interferon and cytokine responses
to SARS-coronavirus infection. Cytokine Growth Factor
Rev. 2008; 19 (2), 121-32.
[30] Zhang J, Liu P, Wang M, et al. The clinical data from
19 critically ill patients with coronavirus disease 2019: a
single-centered, retrospective, observational study. Z
Gesundh Wiss. 2020; 21, 1-4.
[31] Bruno G, Fabrizio C, Santoro CR, Buccoliero GB.
Pancreatic injury in the course of coronavirus disease
2019: A not-so-rare occurrence. J Med Virol. 2020; doi:
10.1002/jmv.26134.
[32] McNabb-Baltar J, Jin DX, Grover AS, et al. Lipase
Elevation in Patients With COVID-19. Am J Gastroenterol. 2020; 115 (8), 1286-8.
[33] Barlass U, Wiliams B, Dhana K, et al. Marked Ele-

vation of Lipase in COVID-19 Disease: A Cohort Study.
Clin Transl Gastroenterol. 2020; 11 (7), e00215.
[34] Banks PA, Bollen TL, Dervenis C, et al. Classification of acute pancreatitis - 2012: revision of the Atlanta
classification and definitions by international consensus. Gut. 2013; 62, 102-11.
[35] Hadi A, Werge M, Kristiansen KT, et al. Coronavirus Disease-19 (COVID-19) associated with severe
acute pancreatitis: case report on three family members. Pancreatology. 2020; 20 (4), 665-7.
[36] Rabice SR, Altshuler PC, Bovet C, Sullivan C, Gagnon AJ. COVID-19 infection presenting as pancreatitis
in a pregnant woman: A case report. Case Rep Womens
Health. 2020; 27, e00228.
[37] Aloysius MM, Thatti A, Gupta A, Sharma N, Bansal
P, Goyal H. COVID-19 presenting as acute pancreatitis.
Pancreatology. 2020; 20 (5), 1026-7.
[38] Anand ER, Major C, Pickering O, Nelson M. Acute
pancreatitis in a COVID-19 patient. Br J Surg. 2020; 107
(7), e182.
[39] Kataria S, Sharif A, Ur Rehman A, Ahmed Z, Hanan
A. COVID-19 induced acute pancreatitis: a case report
and literature review. Cureus. 2020; 12 (7), e9169.
[40] C Akarsu, M Karabulut, H Aydin, et al. Association
between Acute Pancreatitis and COVID-19: could pancreatitis be the missing piece of the puzzle about increased mortality rates? The Lancet. 2020; doi: 10.2139/
ssrn.3608082.
[41] Alves AM, Yvamoto EY, Marzinotto MAN, Teixeira
ACS, Carrilho FJ. SARS-CoV-2 leading to acute pancreatitis: an unusual presentation. Braz J Infect Dis. 2020;
S1413-8670 (20), 30139-2.
[42] Kumaran NK, Karmakar BK, Taylor OM. Coronavirus disease-19 (COVID-19) associated with acute necrotising pancreatitis (ANP). BMJ Case Reports. 2020; 13
(9), e237903.
[43] Gubatan J, Levitte S, Patel A, et al. Prevalence, risk
factors and clinical outcomes of COVID-19 in patients
with a history of pancreatitis in Northern California.
Gut. 2020; gutjnl-2020-321772.
[44] Bendavid E, Mulaney B, Sood N, et al. COVID-19
antibody seroprevalence in in Santa Clara County, California. medRxiv. 2020; doi: 10.1101/2020.04.14.20062463.
[45] Liu L, Wei Q, Alvarez X, et al. Epithelial cells lining
salivary gland ducts are early target cells of severe
acute respiratory syndrome coronavirus infection in
the upper respiratory tracts of rhesus macaques. J Virol.
2011; 85 (8), 4025-30.
[46] Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z.
Review of the clinical characteristics of Coronavirus
Disease 2019 (COVID-19). J Gen Intern Med. 2020; 35 (5),
1545-9.
[47] Fox SE, Akmatbekov A, Harbert JL, et al. Pulmonary and cardiac pathology in African American patients with COVID-19: an autopsy series from New
Orleans. Lancet Respir Med. 2020; 8 (7), 681-6.

Involvement of the exocrine pancreas during COVID-19 infection 515

[48] Lax SF, Skok K, Zechner P, et al. Pulmonary arterial
thrombosis in COVID-19 with fatal outcome: Results
from a prospective, single-center, clinicopathologic
case series. Ann Intern Med. 2020; 173 (5), 350-61.
[49] Hong W, Geng W, Chen B, et al. Predictors of acute
pancreatitis with low elevation of serum amylase. Ther
Clin Risk Manag. 2017; 13, 1577-84.
[50] Bhatia M, Moochhala S. Role of inflammatory mediators in the pathophysiology of acute respiratory distress syndrome. J Pathol. 2004; 202 (2), 145-56.
[51] Sendler M, van den Brandt C, Glaubitz J, et al.
NLRP3 Inflammasome regulates development of systemic inflammatory response and compensatory anti-inflammatory response syndromes in mice with
acute pancreatitis. Gastroenterology. 2020; 158 (1), 25369.e14
[52] Dirweesh A, Li Y, Trikudanathan G, Mallery JS,
Freeman ML, Amateau SK. Clinical Outcomes of Acute
Pancreatitis in Patients with COVID-19. Gastroenterology. 2020; S0016-5085(20)35001-0.
[53] El-Kurdi B, Khatua B, Rood C, Snozek C, Cartin-Ceba R, Singh VP. Lipotoxicity in COVID-19 Study
Group. Mortality from COVID-19 increases with unsaturated fat, and may be reduced by early calcium and
albumin supplementation. Gastroenterology. 2020; 159
(3), 1015-18.e4.

[54] de Oliveira C, Khatua B, Noel P, et al. Pancreatic
triglyceride lipase mediates lipotoxic systemic inflammation. J Clin Invest. 2020; 130 (4), 1931-47.
[55] Shimoda T, Shikata T, Karasawa T, Tsukagoshi S,
Yoshimura M, Sakurai I. Light microscopic localization
of hepatitis B virus antigens in the human pancreas.
Possibility of multiplication of hepatitis B virus in the
human pancreas. Gastroenterology. 1981; 8 (6), 998-1005.
[56] Dejean A, Lugassy C, Zafrani S, Tiollais P, Brechot
C. Detection of hepatitis B virus DNA in pancreas, kidney and skin of two human carriers of the virus. J Gen
Virol. 1984; 65 (Pt 3), 651-5.
[57] Yoneda S, Imagawa A, Fukui K, et al. A Histological Study of fulminant type 1 diabetes mellitus related
to human cytomegalovirus reactivation. J Clin Endocrinol Metab. 2017; 102 (7), 2394-400.
[58] Mena I, Fischer C, Gebhard JR, Perry CM, Harkins
S, Whitton JL. Coxsackievirus infection of the pancreas:
evaluation of receptor expression, pathogenesis, and
immunopathology. Virology. 2000; 271 (2), 276-88.
[59] Yan FM, Chen AS, Hao F, et al. Hepatitis C virus
may infect extrahepatic tissues in patients with hepatitis C. World J Gastroenterol. 2000; 6 (6), 805-11.
[60] Chehter EZ, Longo MA, Laudanna AA, Duarte MI.
Involvement of the pancreas in AIDS: a prospective
study of 109 post-mortems. AIDS. 2000; 14 (13), 1879-86.

