Name of Journal: World Journal of Gastrointestinal Surgery
Manuscript NO: 62256
Manuscript Type: SYSTEMATIC REVIEWS

Acute pancreatitis and COVID-19: A literature review

Correia de Sá T et al. AP and COVID-19

Tiago Correia de Sá, Carlos Soares, Mónica Rocha

Tiago Correia de Sá, Carlos Soares, Mónica Rocha, Department of General Surgery, Centro Hospitalar do Tâmega e Sousa, Penafiel 4564-007, Portugal

Author contributions: Correia de Sá T, Soares C, and Rocha M designed the research study and performed the research; Correia de Sá T analyzed the data and wrote the manuscript; All authors have read, reviewed, and approved the final manuscript.

Corresponding author: Tiago Correia de Sá, MD, Surgeon, Department of General Surgery, Centro Hospitalar do Tâmega e Sousa, Avenida do Hospital Padre Américo 210, Penafiel 4564-007, Portugal. tiago.rc.sa@gmail.com

Received: January 10, 2021
Revised: February 26, 2021
Accepted: June 1, 2021
Published online: 

 15 / 27

Abstract
BACKGROUND
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the ongoing pandemic of coronavirus disease 2019 (COVID-19), and has caused more than 80 million infections and 1.7 million deaths worldwide. Although it is primarily a respiratory virus, SARS-CoV-2 also has extra-pulmonary effects. Pancreatic injury and cases of acute pancreatitis (AP) have been recognized and attributed to SARS-CoV-2, but the mechanisms of pancreatic injury are still a subject of debate. There is also controversy on whether SARS-CoV-2 can cause AP or if it is an epiphenomenon.

AIM
To review and to explore the relationship between SARS-CoV-2 infection and AP, and to provide an overview of the existing literature on possible mechanisms of SARS-CoV-2-induced pancreatic lesion.

METHODS
A systematic review was conducted in accordance with PRISMA guidelines for papers on SARS-CoV-2 infection and AP. A narrative review on possible mechanisms of SARS-CoV-2-induced pancreatic lesion was also performed.

RESULTS
A literature review revealed a growing body of evidence on SARS-CoV-2-induced pancreatic lesions including the mechanisms of direct virus-mediated injury, systemic inflammatory response and circulating pro-inflammatory interleukins, virus-induced lipotoxicity, and drug-induced injury. A systematic review of the literature revealed 22 cases of AP in COVID-19 patients. However, limitations of the reported cases make it difficult to establish a causal relationship between SARS-CoV-2 infection and AP. All of the studies agreed on special monitoring and surveillance of this subset of patients due to the still unknown clinical progression, therapeutic implications, and prognosis.

CONCLUSION
AP should be considered in COVID-19 patients, especially in those exhibiting abdominal pain and systematic, and complete reporting of these cases should be general practice. However, there is still insufficient evidence showing that COVID-19 can cause AP or negatively impact prognosis. Additional studies are needed to clarify the relationship between these two entities and their theragnostic significance. 
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Core Tip: Recently, an association between acute pancreatitis (AP) and coronavirus disease 2019 (COVID-19) has been proposed, but the mechanisms of pancreatic injury of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are not fully understood. Although viral-induced AP is an established diagnosis, there is still insufficient evidence clearly showing COVID-19 as AP etiology. We conducted an in-depth analysis on the mechanisms of pancreatic injury by SARS-CoV-2 and reviewed published cases of AP in COVID-19 patients.


INTRODUCTION
Coronavirus disease 2019 (COVID-19) emergence in December 2019 brought unprecedented challenges to global health care. Until December 28, 2020, more than 80 million cases had been confirmed globally and were responsible for more than 1.7 million deaths[1].
The most common clinical manifestations of COVID-19 are respiratory, particularly fever and cough[2], but as cases have increased of widespread severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) across the globe, other symptoms and clinical scenarios have emerged. Gastrointestinal (GI) and hepatic involvement, among others, have been recognized and are mediated by the expression of angiotensin-converting enzyme 2 (ACE2) on the GI tract, the main receptor of SARS-CoV-2[3,4]. A recent systematic review and meta-analysis by Mao et al[5] showed that the estimated prevalence of digestive symptoms is 15%. Nausea, vomiting, diarrhea, and loss of appetite are the most frequent symptoms. Nineteen percent of patients present with liver injury, which may be more prevalent in fatal cases[5]. Furthermore, approximately 10% of COVID-19-positive patients may present with only GI symptoms. This clinical presentation may be associated with the delayed diagnosis of COVID-19 and a tendency of the disease to progress to more severe forms[5].
The expression of ACE2 in pancreatic cells (both exocrine glands and islets) renders the pancreas a potential target for SARS-CoV-2, but only recently has it received attention for its role in the COVID-19 clinical picture. Several case reports of pancreatic injury and acute pancreatitis (AP) caused by the novel coronavirus have been reported. About 1%-2% of non-severe and 17% of severe cases of COVID-19 exhibit pancreatic injury, which may have developed before the patient’s admission[6]. However, there is still uncertainty about the physiopathological mechanisms involved and the precise etiology of pancreatic injury in the reported cases. 
We conducted a literature review to clarify the relationship between SARS-CoV-2 infection and AP.

MATERIALS AND METHODS
A systematic review was conducted according to PRISMA guidelines[7]. We searched the PubMed and EMBASE databases on November 1, 2020 for published articles using the medical subject headings keywords “COVID-19” and “pancreatitis.” Considering the urgency of the topic, a grey literature search using the same keywords was done on Google Scholar to increase the sensitivity of the search. Articles were included if they reported AP cases in COVID-19 patients. Review studies and articles dealing with pediatric patients and COVID-19 patients without the diagnosis of AP, even if pancreatic lesion was suspected, were excluded from our systematic review. References of eligible manuscripts were screened for additional articles. The literature search was restricted to articles published in English, Spanish, and Portuguese. 
The titles and abstracts of studies retrieved by the search strategy and those from additional sources, namely by cross-referencing, were screened independently by all authors to identify studies that potentially met the inclusion criteria. Then full texts of these potentially eligible studies were retrieved and independently assessed for eligibility. Any disagreements between them over the eligibility of particular studies was resolved through discussion with the three authors, and a consensus was met in all included papers. When not available, the full texts were requested from the authors, and only full text articles were included in this review. Records were managed with Zotero (version 5.0) to exclude duplicates.
Data were extracted from each of the papers undergoing full text review, and included authors, study design, population number, gender of included patients, age, co-morbidities, symptoms on admission, AP etiology, severity and both local and systemic complications reported, method for COVID-19 diagnosis, intensive care unit admission, and need for mechanical ventilation. Descriptive statistics were used to analyze the data. Given the heterogeneity of the study population and design, a meta-analysis was not possible to perform. The results have been reported according to PRISMA and AMSTAR guidelines.
Secondary literature on the physiopathology of pancreatic involvement by SARS-CoV-2 was conducted and the review of paper titles, abstracts, and filtering for those requiring full text evaluation was made by the lead author. A cross-referencing search was done for additional articles.

RESULTS
For the systematic review, the initial search yielded 74 papers. After duplicate removal, abstract screening, cross-referencing search, and individual paper analysis, 17 were included in the study. The PRISMA flow diagram in Figure 1 depicts the reasons for paper exclusion.
Data were collected and the results are summarized in Table 1. A total of 22 cases of AP in COVID-19 patients was reported in 17 articles (11 case reports, 2 case series and 4 letters to Editor). Some of the included cases do not include important medical data, including patient previous medical history, a complete characterization and classification of the AP episode or of the COVID-19 infection. While all cases of AP were diagnosed based on the Atlanta guidelines, in many, the severity of the AP episode was not adequately recorded or there was insufficient available data to support the given severity score (mild, moderately severe, and severe). Even so, when clearly stated, we used the indicated severity score in this review. In very few reports, COVID-19 severity was assessed and different criteria were used, so we decided to remove this item from our review. 
In the narrative review, expert opinions, review articles, and experimental studies, including in vitro experiments were included. Several plausible explanations on pancreatic injury by SARS-CoV-2 are noted and can be grouped into direct virus-mediated injury, systemic inflammatory response and circulating pro-inflammatory interleukins and cytokines, virus-induced lipotoxicity, and drug-induced injury. These mechanisms are further explored in the Discussion.

DISCUSSION
Pancreatic lesions, usually defined by serum amylase and/or lipase elevations, and cases of AP have been reported in COVID-19 patients. Autopsy studies in patients previously infected by SARS-CoV-2 identified areas of focal pancreatitis and pancreatic and/or peripancreatic necrosis and calcifications, but only two-thirds of these patients had exhibited symptoms suggestive of AP[8]. The diagnosis of AP, based on the modified Atlanta criteria, requires two of the following three features: abdominal pain consistent with AP (acute onset of a persistent, severe, epigastric pain often radiating to the back), serum lipase activity (or amylase activity) at least three times greater than the upper limit of normal, and characteristic findings of AP on contrast-enhanced computed tomography (CECT) and less commonly magnetic resonance imaging or transabdominal ultrasonography[9]. This classification also divides AP into interstitial edematous pancreatitis and necrotizing pancreatitis and identifies local and systemic complications, which have a clear impact on disease progression, morbidity, and mortality[9]. All cases included in our study fulfilled the above criteria for the diagnosis of AP, but only a few included AP classification and local and systemic complications in the case report. 

Mechanisms of pancreatic injury by SARS-CoV-2
SARS-CoV-2 infection requires entry of the virus into the host cell. Metallopeptidase ACE2 has been identified as the cell receptor. Transmembrane serine protease 2 (TMPRSS2) facilitates viral entry at the plasma membrane surface. As such, co-expression of both ACE2 and TMPRSS2 is critical for successful SARS-CoV-2 infection (Figure 2)[10].
ACE2 is normally expressed in the pancreas. Liu et al[6] explored its expression and distribution, finding higher levels of ACE2 in the pancreas than in the lung and ACE2 expression in both exocrine glands and islets. Most studies have focused on ACE2 expression and there are few reports on TMPRSS2 expression in the pancreas. In one of these studies, Coate et al[11] found that ACE2 is mainly expressed in islet and exocrine tissue capillaries and some ductal cells, while TMPRSS2 is mainly expressed in ductal cells. However, ACE2 and TMPRSS2 are rarely co-expressed in pancreatic ducts. Pancreatic beta cells do not co-express ACE2 and TMPRSS2 and several authors have questioned the direct cytotoxic effects of SARS-CoV-2 on beta cells. It is still unknown whether SARS-CoV-2 directly and/or indirectly affects beta cell function[11]. However, COVID-19-associated glucose metabolism changes and diabetes appear to be multifactorial, resulting from systemic inflammation and metabolic changes in other organs, including the liver, muscle and adipose tissues, and are not exclusively the result of pancreatic damage. Further studies evaluating SARS-CoV-2 entry into beta cells and not only receptor expression are needed[11].
Severe cases of AP and COVID-19 are characterized by a cytokine storm, which ultimately leads to multiorgan failure and increased mortality. A recent meta-analysis by Hegyi et al[12] found similar patterns of cytokine expression in both COVID-19 and AP. In this scenario, pancreatic damage may result in interstitial leakage of pancreatic lipase and consequently fat tissue lipolysis increasing unsaturated fatty acid levels, which in turn causes mitochondrial injury and excessive production and release of proinflammatory mediators–a cytokine storm. Levels of interleukin (IL)-6, IL-8, and IL-10 were increased in severe cases of both AP and COVID-19 compared to non-severe cases[12]. Consequently, some authors have hypothesized a beneficial role of extracorporeal cytokine absorption in severe cases[13]. At this point, there are insufficient data to differentiate between severe AP caused by COVID-19 from severe AP with COVID-19.
After the cytokine storm associated with severe COVID-19 cases, there is a migration of inflammatory cells to the inflammation/infection site, promoting a pro-inflammatory feedback loop. Tissue factor is upregulated on platelets, white blood and endothelial cells, leading to activation of both extrinsic and intrinsic coagulation pathways and thrombin generation. This microthrombotic event described in lung vasculature[14] can also take place in the pancreatic vasculature, causing hypoperfusion and ischemia[15] with the subsequent induction of an inflammatory response and AP.

Current evidence and open research questions
After reviewing the clinical cases, certain issues are worth analyzing: abdominal pain, a cardinal symptom in most cases of AP, may be due to SARS-CoV-2 injury to the GI tract, and it may not be possible to differentiate it from the AP pain; SARS-CoV-2 pancreatic injury causing serum lipase and/or amylase elevation has been recognized, mainly in severe cases, but per se it is not diagnostic of AP; serum lipase elevation is not specific of pancreatic pathology, and can be seen in other GI pathology, including gastroparesis, gastritis, enteritis and colitis[16], which are also recognized to be part of the COVID-19 clinical picture; and although infrequent, there are cases of severe AP due to respiratory dysfunction in COVID-19 patients without abnormalities on CECT scan (most severe cases exhibit local peripancreatic complications).
A multiple-hit theory in AP has been recognized and multiple etiological factors can contribute to AP development. However, a complete work-up determining AP etiology is of utmost importance, to avoid deeming cases as idiopathic or establishing an incorrect diagnosis. Viral-attributed AP is rare, but well described, more frequently affecting immunocompromised patients[17,18]. The underlying pathophysiology varies with the type of virus involved. Although still controversial, the main receptors of SARS-CoV-2 are expressed in the pancreas and pancreatic injury has been recognized in COVID-19 patients, especially in severe cases. The thrombogenic state of COVID-19 can also contribute to pancreatic hypoperfusion and ischemia, another established etiology of AP. However, in some cases, it is difficult to exclude other causes of AP, including certain medications. (1) Tocilizumab, which has been proposed for the treatment of COVID-19, has been associated with the development of AP from 2 wk of treatment onset, and hypertriglyceridemia, an established etiology of AP[19]. (2) Propofol infusion in critically ill patients increases serum triglyceride levels, secondary to the lipid emulsion vehicle, which can contribute to hypertriglyceridemia and pancreatic injury in COVID-19 patients[19]. (3) Lopinavir/ritonavir, which are associated with lipid metabolism abnormalities in COVID-19 patients[20], have not been implied as causative agents of AP, but clinicians should be aware of possible treatment side-effects. (4) Doxycycline, lisinopril, estrogens and steroids are associated with AP development, and constituted the chronic medications of some of the patients included in the case reports.
Even SARS-CoV-2 detection in pseudocyst fluid, as reported by Schepis and colleagues[21], is not unequivocal evidence of AP caused by the novel coronavirus, and several hypotheses arise, including retrograde contamination from the GI tract and/or SARS-CoV-2 infection through inflammatory cells, as a Trojan horse. In a retrospective multicenter study on unusual manifestations of COVID-19, Miró et al[22] did not find an increased frequency of AP in these patients.
Furthermore, idiopathic AP (IAP) is an exclusion diagnosis, which indicates that no etiology has been determined after a complete diagnostic evaluation, including a detailed history, laboratory serum tests, and adequate imaging. Numerous studies have suggested that microlithiasis and sludge may be the cause of a large subset of previously diagnosed IAP and endoscopic ultrasound imaging and magnetic resonance cholangiopancreatography can detect biliary etiology in one-third of patients diagnosed with IAP[23]. The etiologic evaluation of the reported cases is highly heterogeneous and doubts may arise in their classification as IAP, viral-attributed AP cases or even SARS-CoV-2 induced AP. The controversy broadens when determining the role of SARS-CoV-2 in cases of AP with a defined etiology.
It is also important to consider the temporal relationship between COVID-19 diagnosis and AP. In some cases, COVID-19 was diagnosed several days after AP admission, which leads us to question the impact of COVID-19 in these cases. 
In a case series, published by Elhence et al[24], three cases of severe AP with respiratory failure (systemic complication of AP) tested positive for COVID-19 several days after the diagnosis of AP (34 to 91 d from admission). These patients did not develop severe respiratory complications due to the novel coronavirus. A marked inflammatory response early in the course of AP can lead to organ failure and the development of a compensatory anti-inflammatory response syndrome, a state of immune exhaustion[9], preventing a strong inflammatory response to SARS-CoV-2. It has also been postulated that the immune response in AP, determined by individual genetic factors, can also modulate the inflammatory response to SARS-CoV-2 and that COVID-19 may be associated with a milder course in most of these cases, especially in younger patients.
In relation to AP treatment in COVID-19 patients, currently no guidelines are available and no specific recommendations can be made. General supportive measures and fluid resuscitation guided by the patient’s hemodynamic status are the mainstay of AP treatment. However, careful monitoring is advised as many COVID-19 patients may pose specific and unpredictable challenges. Drugs known to cause pancreatic lesion should be considered for suspension, based on their indication, the patient´s clinical status, and their risk-benefit relationship.
Several sequelae of AP including new onset diabetes and exocrine insufficiency are more frequent in severe cases of AP, alcohol-induced pancreatitis, and when pancreatic and/or peripancreatic necrosis develops[25,26]. These sequelae are also recognized as indirect signs of pancreatic lesion in COVID-19 patients, which have a higher incidence than previously considered and can develop even in milder cases. Wang and colleagues[27], in a retrospective analysis, indicated that 6 of 9 patients with COVID-19 pneumonia and pancreatic injury developed blood glucose abnormalities and Gadiparthi et al[28] reported an AP case with new-onset type 2 diabetes. Exocrine insufficiency was not mentioned in the included cases, and to the best of our knowledge, no other pancreas-related sequelae are currently reported in the literature. Further studies and follow-up of patients with presumed COVID-19-induced AP are needed to evaluate the incidence and prognosis of these sequelae.
The paucity of published literature associated with short follow-up periods and some inconsistent findings, have rendered prognostic evaluation in this subset of patients difficult to determine. At this moment, no considerations in the prognosis of AP in COVID-19 patients can be drawn.
This review had some limitations. The case reports included in our review have a risk of bias, as certain clinical information was not included and none of the case reports were written according to CARE guidelines[29]. The etiologic work-up of some of these patients was also incomplete when considering current guidelines, and the attribution of SARS-CoV-2 as the causative agent of AP in some causes may be abusive.

CONCLUSION
Despite the trend in recent literature of trying to establish or refute the role of SARS-CoV-2 in AP cases, currently, there is no sufficient evidence showing that COVID-19 can cause AP or negatively impact prognosis. Adherence to AP guidelines, namely diagnosis and etiological work-up, and careful monitoring of patients are of utmost importance to ensure the most adequate orientation and avoid convenience diagnosis. Prediction of disease course, assessment of disease severity in the background of COVID-19 and overall outcome when these two entities coexist are some of the most pertinent open research questions. Further studies are needed to clarify SARS-CoV-2 pancreatic injury and to directly exploit a causal relation between SARS-CoV-2 and AP. Furthermore, patients with suspected SARS-CoV-2-induced AP should be followed in a timely manner to assess patient’s recovery and/or associated complications including new-onset diabetes, pancreatic exocrine insufficiency, pancreatitis-induced local complications, and/or chronic pancreatitis.

ARTICLE HIGHLIGHTS
Research background
There is increasing literature connecting acute pancreatitis (AP) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, but whether SARS-CoV-2 can cause AP or is an epiphenomenon remains a subject of debate. 

Research motivation
To explore current literature and provide a concise overview of the current evidence as well as possible mechanisms of pancreatic injury in coronavirus disease 2019 (COVID-19) patients.

Research objectives
To provide an overview of current evidence on AP in COVID-19 patients and to promote and enhance future studies on this special subset of patients.

Research methods
Systematic and narrative review of the literature.

Research results
Available studies on AP in COVID-19 patients present important limitations and mechanisms of pancreatic injury are debatable and not completely understood.

Research conclusions
Currently there is insufficient evidence showing that SARS-CoV-2 infection can cause AP and the therapeutic and prognostic significance of AP in COVID-19 patients is largely unknown. 

Research perspectives
This is a very important issue, requiring ongoing research.
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Figure Legends
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Figure 1 PRISMA flow diagram.
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Figure 2 Severe acute respiratory syndrome coronavirus 2 mechanism of cell entry. Host cell entry is caused by the binding of the spike S glycoprotein found on the viral cell surface to angiotensin-converting enzyme 2 (ACE2), a protease on the host cell surface. This entry process is assisted by priming of the S protein by the host cell transmembrane serine protease 2. After S protein binding, the virus is internalized, uncoated and the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome is released into the cytoplasm. The viral RNA is then replicated and translated. Following reproduction of all viral components, coronavirus is assembled and released via vesicular exocytosis. 


Table 1 Case reports/series of acute pancreatitis and coronavirus disease 2019 infection
	Ref.
	Study design
	Population, No.
	Gender
	Age (yr)
	Co-morbidities
	Symptoms on admission
	AP etiology
	AP severity
	Local complications
	Systemic complications
	COVID-19 diagnosis
	ICU
	Mechanical ventilation

	
	
	
	
	
	
	Resp
	GI
	
	
	
	
	
	
	

	Kumar et al[30], 2020
	Case report
	1
	F
	67
	HT, abdominal surgery
	✘
	✔
	Unknown
	(Moderately) severe1
	Pancreatic necrosis
	Respiratory dysfunction
	NP swab
RT-PCR2
	✔
	✘

	Ibrahim et al[31], 2020
	Case report
	23
	M
	33
	NA
	✔
	✔
	Unknown
	Severe
	None
	Respiratory and renal failure
Ileus
	NP swab
RT-PCR2
	✔
	✔

	Elhence et al[24], 2020
	Case series
	5
	F
	31
	NA
	✔
	✔
	Biliary
	Severe
	Infected WON
	Respiratory failure
	NA4
	NA
	✘


	
	
	
	M
	40
	Chronic alcoholism
	✔
	✔
	Alcohol
	Severe
	Infected WON
	Respiratory and renal failures
	RT-PCR5
	NA
	✘

	
	
	
	M
	42
	NA
	✔
	✔
	Biliary
	Severe
	Infected WON
	Respiratory failure
	NA6
	NA
	NA

	
	
	
	NA
	NA
	NA
	✔
	✔
	Unknown
	Mild
	✘
	NA
	NA2
	NA
	NA

	
	
	
	NA
	NA
	NA
	✔
	✔
	Unknown
	Mild
	✘
	NA
	NA2
	NA
	NA

	Cheung et al[32], 2020
	Case report
	1
	M
	38
	None
	✘7
	✔
	Unknown
	Mild8
	✘
	✘
	NP swab; RT-PCR2
	✘
	NA

	Brikman et al[33], 2020
	Case report
	1
	M
	61
	None
	✔
	✔
	Unknown
	NA
	✘
	NA
	NP swab; RT-PCR9
	NA
	✘

	Liaquat et al[34], 2020
	Case report
	1
	M
	53
	None
	✔10
	✔
	Type 1 AIP due to elevated IgG4 levels
	Severe
	Acute infected necrotic collection7
	NA
	NP swab; RT-PCR10
	NA
	✘

	Bokhari and Mahmood[35], 2020
	Case report
	1
	M
	32
	None
	✔
	✔
	Unknown
	NA
	Acute peripancreatic fluid collection
	NA
	RT-PCR11
	✘
	NA

	Gonzalo-Voltas et al[36], 2020
	Case report
	1
	F
	76
	GERD, dislipidemia
	✔
	✔
	Unknown
	Mild
	✘
	None
	RT-PCR2
	✘
	NA

	Gadiparthi et al[28], 2020
	Letter to editor
	1
	M
	40
	Obesity (grade II)
	✘
	✔
	Metabolic (hypertriglyceridemia)
	Moderately severe
	Acute fluid collections
	Respiratory
	NP swab; RT-PCR2
	✔
	✘

	Karimzadeh et al[37], 2020
	Case report
	1
	F
	65
	HT, asthma
	✘
	✔

	Unknown
	NA
	✘
	Respiratory failure
	RT-PCR2
	✔
	✘

	Pinte and Baicus[38], 2020
	Letter to editor
	1
	M
	47
	None
	✔
	✘
	Unknown
	NA
	✘
	NA
	NA
	NA
	NA

	Schepis et al[21], 2020
	Case report
	1
	F
	67
	NA
	✘
	✔
	Unknown
	Moderately severe
	Pseudocyst
	NA
	NP swab and pseudocyst fluid RT-PCR2
	NA
	NA

	Miao et al[39], 2020
	Letter to editor
	1
	F
	26
	None
	✘
	✔
	Unknown
	NA
	✘
	NA
	RT-PCR2
	NA
	NA

	Aloysius et al[40], 2020
	Case report
	1
	F
	36
	Obesity (grade II), chronic anxiety
	✔
	✔
	Unknown
	Severe
	✘
	Respiratory
	NP swab; RT-PCR12
	✔
	✘

	Hadi et al[41], 2020
	Case series
	313
	F
	47
	None
	✔
	✘
	Unknown
	Severe
	✘
	Respiratory and renal failure
	NP swab and tracheal aspirates RT-PCR2
	✔
	✔

	
	
	
	F
	68
	HT, hypothyroidism, osteoporosis
	✔
	✔
	Unknown
	Severe
	NA
	Respiratory and renal failure
	NP swab and tracheal aspirates RT-PCR2
	✔
	✔

	Anand et al[42], 2020
	Letter to editor
	1
	F
	59
	Thrombophilia, cholecystectomy
	✔
	✘14
	Unknown
	NA
	✘
	NA
	RT-PCR15
	✘
	NA

	Meireles et al[43], 2020
	Case report
	1
	F
	36
	CKD, HT
	✔
	✘
	Unknown
	NA
	✘
	NA
	NA16
	✘
	NA


1Respiratory disfunction not completely stratified; 2Cases are signaled with when coronavirus disease 2019 (COVID-19) diagnosis was established on the admission for acute pancreatitis (AP); 3Only one patient had diagnoses of AP; 4COVID-19 diagnosis made 62 d after AP onset; 5COVID-19 diagnosis made 34 d after AP onset; 6COVID-19 diagnosis made 91 d after AP onset; 7When presented to ED with AP (1 wk previously he was diagnosed with COVID-19, but no medical history is given); 8The patient was readmitted 1 wk after the initial episode. In both, he had a mild course with favorable evolution under conservative management; 9COVID-19 diagnosis established 14 d earlier to AP episode; 10On the 2nd readmission due to autoimmune pancreatitis; 11COVID-19 diagnosis established 1 wk before AP admission; 12COVID-19 diagnosis after AP admission; 13One patient without evidence of AP; 14Gastrointestinal symptoms present on readmission, but not on initial admission with COVID-19 complicated by streptococcal pneumonia; 15AP diagnosis established after COVID-19 diagnosis; 16AP diagnosis established 11 d after initial COVID-19 disease (on the 7th day of admission). AIP: Autoimmune pancreatitis; AP: Acute pancreatitis; CKD: Chronic kidney disease; COVID-19: Coronavirus disease 2019; F: Female; GERD: Gastroesophageal reflux disease; GI: Gastrointestinal; HT: Arterial hypertension; ICU: Intensive care units; M: Male; NA: Not available; NP: Nasopharyngeal; Resp: Respiratory; RT-PCR: Real-time polymerase chain reaction. 
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