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Abstract:

Background:

While the SARS-COV?2 infection affects mainly the respiratory system, there is more evidence on the gastrointestinal (GI)
involvement. However, data on the pathophysiology of infection and the secondary immune response on intestinal level
are still scarce. Our study aims at describing duodenal histologic findings in patients with history of COVID-19 infection.
Methods:

Between January 2021 and May 2021, we included patients with history of SARS-COV2 infection over the last 6 months
and who underwent an upper Gl endoscopy and duodenal biopsies (Group 1). We also selected a control group of
uninfected patients (Group 2) who had an upper endoscopy during the same period. Standard anatomopathological
analysis was done followed by immunohistochemistry to identify the lymphocytic phenotype notably the CD8+ T cells.
We then tried to correlate histologic abnormalities to patients’ characteristics.

Results:

Twenty-five patients were included in the Group 1 with a mean age of 46 years and female predominance (52%). The
indication of endoscopy was mainly related to abdominal pain and diarrhea (64 and 25% of cases, respectively). The
average time from the disease onset was 74.5 days. 45% of patients experienced Gl symptoms during their infection
mostly diarrhea and abdominal pain. On duodenal biopsies, intra-epithelial lymphocytes (IEL) count was elevated
(>20/100 enterocytes) in 60% of cases and CD8+ cells were found in 48% of patients in group 1. We did not find any
correlation between these abnormalities and the presence of Gl symptoms. Ten patients were included in Group 2, only
one had increased IEL count (20/100EC) and negative for CD8+ T cells on duodenal biopsies.

Conclusion:

The duodenal biopsy in patients with history of COVID-19 infection shows an increased IEL count as well as CD8+ T
cells even few months after the disease onset.
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INTRODUCTION syndrome coronavirus 2 (SARS-COV2). This virus
Coronavirus is a large family of single stranded RNA infects mostly the lungs and respiratory symptoms are
viruses that affect many organs and cause a wide the most common at presentation (2). Gastrointestinal
spectrum of symptoms (1). Coronavirus disease 2019 (GI) manifestations including abdominal pain, diarrhea,
(COVID-19) is caused by the severe acute respiratory vomiting, anorexia and loss of taste have been also
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reported (3)(4) The virus RNA has been detected in the
stool samples of COVID-19 infected patient (5)(6)(7).
SARS-COV2 cell entry is mediated by the angiotensin-
converting enzyme-2 (ACE 2) receptor and employs the
cellular serine protease TMPRSS2 for S protein priming
(8). ACE2 receptors are present not only in the
pulmonary system but also in many other organs
including the digestive tract (9). Most studies done on
the respiratory system suggested that activated CD8+T
cells have a critical role in the defensive mechanism and
may contribute to the eradication of SARS-COV?2 in the
lungs (10). The pathogenesis of the viral infection in the
Gl tract is still unclear. Few small sized studies
suggested that intestinal infection by SARS-COV2 can
induce an immune response similar to the respiratory
tract with a mucosal infiltration by activated T CD8+
cells (11). Our study aims at describing the intestinal
histologic findings in patients with a history of COVID-
19 with a highlight on the role of intestinal CD8+T cells
in the pathogenesis and its correlation to clinical
features.

METHODS:

We conducted an observational study by randomly
including patients aged more than 18 years with a
history of COVID-19 infection in the last 6 months who
underwent upper gastrointestinal endoscopy in our
endoscopy unit at Geitaoui University Hospital in Beirut,
Lebanon, between January 2021 and May 2021. This
group was defined as “Group 1”. To improve the
pertinence of our results, we enrolled in our study an age
and sex matched control group of 10 patients without a
known history of COVID infection and who had a
clinically indicated endoscopy during the same study
period. This group was defined as “Group 2”.

We collected patients’ data including age, gender, past
medical and surgical history and current medications.
We also noted the time since SARS-COV?2 infection as
well as the severity of the initial disease defined by the
need for hospitalization. The presence of GI symptoms
during the acute onset of infection and upon endoscopy
was recorded.

We excluded patients with a history of medical
conditions that could alter the duodenal histology such
as celiac disease, inflammatory bowel diseases (IBD) or
other autoimmune diseases. The study design was
approved by the local institutional review board (IRB) at
our university medical center.

All patients had their endoscopies done in the same
center. At least four biopsies were obtained from the
duodenum and the bulb, put in formalin and sent to the

pathology department for histologic analysis. The covid-
19 status in these patients was not shared with the
pathologistin order to decrease the confirmation bias.
First, the duodenal biopsies were evaluated by two
independent pathologists with hematoxylin and eosin
stain for villous atrophy, crypt hyperplasia and the
presence of intraepithelial lymphocytes (IEL). Then,
Immunohistochemistry (IHC) with a panel including
anti-CD3, anti-CD4 and anti-CD8 was done, in order to
characterize the type of intraepithelial lymphocytes. The
results reported independently by both pathologists were
then compared to each other. Finally, we underwent an
analysis of the histologic findings with a special
emphasis on the CD8+ T cells and IELs and their
correlation with patients and COVID infection
characteristics.

Statistical analysis was done using the SPSS statistics
program. Chi-squared test for independence or Fisher’s
exact test was used to compare frequencies and
percentages for qualitative results and independent t test
for mean comparisons in quantitative results. P value of
less 0.05 was considered as statistically significant. The
odds ratio (OR) and the 95% confidence interval (CI)
were computed for each independent factor.

We declare that this paper has not been published
elsewhere.

RESULTS:

Thirty-five patients with history of COVID-19 were
initially included in our study over 5 months (Group 1).
Ten were then excluded for various reasons (Seven
could not have a complete histological analysis
including IHC studies, two had IBD and one had
rheumatoid arthritis treated with rituximab). Among the
10 patients selected for control group (Group 2), only 5
were able to have full histologic analysis including IHC
study.

Patients’ demographics:

Twenty-five patients were finally included in the Group
1 with a mean age of 46.2 years +/- 17.9. Fifty-two
percent were females (Table 1). Five patients were on
Aspirin (20%) at cardiac dose, seven were on PPl (28%)
and one on Angiotensin Receptor Blockers (4%). The
indication of Upper Gl endoscopy was mainly related to
abdominal pain in 16 patients (64%), diarrhea in 5
patients (20%) and other causes (pyrosis, nausea) in 6
patients (24%).In Group 2, mean age was 43.3 years +/-
18.3. Fifty percent were females. Endoscopy was done
for abdominal pain in 60% and for diarrhea in 30% of
patients. There was no difference in demographic
patients’ characteristics between group 1 and 2.
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Table 1. Patient’s characteristics

Group 1 Group 2 P value OR 95% CI

Age (mean in years +/- SD) 46.2 +/-17.9 43.3 +/- 18.3 0.67 - -
Female sex 13/25 (52%) 5/10 (50%) 0.92 1.08 0.21-4.0

Interval between COVID and 74.48 +/- 37.9 - - - -

endoscopy (mean in days +/- SD)

e COVID severity . . . ° °

Mild 22/25 (88%) - - - -

Severe 3/25 (12%) - - - -

Gl symptoms during COVID 11/25 (44%)

Diarrhea 8/25 (32%) - - - -
Abdominal pain 6/25 (24%) - - - -
Nausea/vomiting 3/25 (12%) - - - -

No Gl symptoms 14/25 (66%) - - - -
GI symptoms upon endoscopy
Abdominal pain 16/25 (64%) 6/10 (60%) 0.7 1.41 0.31-6.47
Diarrhea 5/25 (20%) 3/10 (30%) 0.69 0.74 0.14-3.77
Other 6/25 (24%) 1/10 (10%) 0.64 2.8 0.29-27.20
Endoscopic findings
Normal aspect of the duodenum 25/25 (100%) 10/10 (100%) - - -
Duodenal biopsy findings
Mean IEL per 100EC 21.36 +/- 8.5 11.7 +/- 3.9 <0.0001
IEL>20 per 100EC 15/25 (60%) 1/10 (10%) 0.01 13.5 1.47-123.7
Increased CD8+ T cells 12/25 (48%) 0/5 (0%) - - -
Crypt hyperplasia 0/25 (0%) 0/10 (0%) - - -

Group 1: Patients with history of COVID-19; Group 2: Control group; SD: standard deviation, COVID: Coronavirus disease 2019,
Gl: gastrointestinal, IEL: Intra-epithelial lymphocytes, EC: enterocytes.

COVID INFECTION CHARACTERISTICS:
Twenty-two patients (88%) in Group 1 had mild
COVID-19 infection and three (12%) had a severe
disease needing hospitalization (two to regular floor and
one to intensive care unit). The mean interval between
COVID infection and the endoscopy was 74.5 days +/-
37.9. During the acute onset of their disease, 11 out of
the 25 patients (44%) experienced Gl symptoms
predominantly a diarrhea present in 8 patients (32%),
abdominal pain in 6 patients (24%) and nausea/vomiting
in 3 patients (12%).
ENDOSCOPIC AND
FINDINGS:

All patients in both groups had a normal aspect of the
duodenal mucosa upon endoscopy. Fifteen patients
(60%) in Group 1 had an increased number of IEL to
more than 20/100 enterocytes (EC) on duodenal biopsies
vs 10% in the control group (P=0.01). The mean IEL
count in Group 1 was 21.36/100EC and it was
significantly higher than the mean IEL count in Group 2
(11.7/100EC) (P<0.0001). No one in both groups had
villous atrophy. Crypt’s morphology was normal in all
patients. We did not note any crypt hyperplasia. IHC
studies in Group 1 identified an increased number of

HISTOLOGIC

CD8+ T lymphocytes in 12 patients (48%). Three of
these patients had no increased IEL count (two had 15
IEL/100EC and one had 10 IEL/100EC). Among the
five patients who had their IHC studies in the control
Group 2, no one had an increased CD8+ cells. Sub-
analysis of patients in the Group 1 according to IEL
count. We underwent an analysis of patients’
characteristics in the Group 1 according to whether they
had an increased number of IELs> 20 /100EC or not
(Table 2). Age and sex distribution was similar between
both groups. Mean time between COVID-19 and
endoscopy was 76.8 days +/- 35.5 for patients with
IEL>20/100EC vs 71 days +/- 43 for patients with
IEL<20/100EC (P value = 0.72). Only one patient with
increased IEL count had history of severe SARS-COV?2
infection vs two in the lower IEL count group (P value =
0.54). Abdominal pain and diarrhea were present at time
of COVID-19 disease in 13.3 and 26.7% of patients with
high IEL count, respectively, vs 40% in patients with
lower IEL count (P value = 0.17 and 0.67 for abdominal
pain and diarrhea, respectively). Upon endoscopy, 80%
of patients with IEL>20/100EC reported abdominal pain
and 12% reported diarrhea (vs 50 and 30% respectively
in the IEL<20/100EC group, P value >0.05).
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Table 2. Patients’ analysis in Group 1 according to their IEL status

IEL count (/100 EC) >20 (n=15) <20 (n=10) P value OR 95% CI
/Age (mean in years +/- SD) 47 +/-16.8 44.9 +/-20.2 0.78 - -
Sex (female) 9 (60%) 4 (40%) 0.43 0.44 0.09-2.3
Severe Covid 1 (6.7%) 2 (20%) 0.54 0.28 0.02-3.68
Time since COVID (mean| 76.8+/-35.5 71 +/- 43 0.72 - -

in days +/- SD)

Gl symptoms at COVID 5 (33.3%) 6 (60%) 0.24 0.33 0.06-1.75
onset

Diarrhea 4 (26.7%) 4 (40%) 0.67 0.54 0.1-3
/Abdominal pain 2 (13.3%) 4 (40%) 0.17 0.23 0.03-1.63
Gl symptoms upon

endoscopy

Diarrhea 3 (20%) 3 (30%) 0.65 0.58 0.09-3.71
/Abdominal pain 12 (80%) 5 (50%) 0.19 4 0.68-23

IEL: Intra-epithelial lymphocytes, EC: enterocytes, SD: standard deviation, OR: odds ratio, Cl: confidence interval, COVID

Coronavirus disease 2019

Sub-analysis of patients in the Group 1 according to
the presence of CD8+ T cells:

We underwent an analysis of patients’ characteristics in
the Group 1 according to the CD8+ T cells
predominance on duodenal biopsies (Table 3).

There was no significant difference in age or sex
distribution between the two populations. The interval
between COVID infection and the endoscopy was also
similar between both groups (77.6 and 71.5 days for
CD8 and non CD8 predominant groups, respectively, P
value = 0.69). Only one patient with CD8 predominant T

Table 3. Patients’ analysis in Group 1 according to CDS status

cells had history of severe COVID-19 vs two in the other
group (P value = 0.59).

About third of patients with CD8+ predominance had
diarrhea and two thirds had abdominal pain upon
endoscopy. However, these proportions were not
significantly higher than those present in patients
without CD8 predominance (P value = 0.38 and 0.89 for
diarrhea and abdominal pain, respectively). Additionally,
we did not notice a correlation between the presence of
Gl symptoms during the initial SARS-COV2 infection
and the predominance of CD8+ cells on duodenal
biopsies P value = 0.43).

. Predominant Non-predominant o
CD8 profile (n=12) (n=13) P value OR 95% CI
Age (mean in years +/- SD) 45,9 +/- 18 46.4 +/- 18 0.95 - -
Sex (female) 6 (50%) 6 (46.2%) 0.85 1.16 0.24-0.61
Severe Covid 1 (8.3%) 2 (15.4%) 0.59 0.5 0.04-6.35
Time since COVID (mean
in days +/- SD) 77.6 +/- 39 71.5+/- 37 0.69 - -
OGrLetsymptomS at COVIDl 4 (33.3%) 7 (53.8%) 0.43 0.4 0.1-2.2
Diarrhea 4 (16%) 4 (30.8%) 0.89 1.1 0.2-6
I/Abdominal pain 1 (8.3%) 5 (38.5%) 0.16 0.14 0.02-1.5
Gl symptoms upon
endoscopy
Diarrhea 4 (33.3%) 2 (15.4%) 0.38 2.7 0.4-18
I/Abdominal pain 8 (66.7%) 9 (69.2%) 0.89 0.9 0.16-4.7

SD: standard deviation, OR: odds ratio, Cl: confidence interval, COVID: Coronavirus disease 2019

DISCUSSIONS

SARS CoV-2 infection is known to involve the Gl tract
and viral RNA was detected in 66.7% in stool specimens
of infected patients (5). Gaebler et al detected SARS-
CoV-2 RNA in duodenal and ileal epithelial cells 3 to 5
months after a COVID-19 diagnosis without being able
to identify inflammatory infiltrates (12). As in the

respiratory tract, it is very likely that the infection
induces an immune dysregulation in the intestinal
mucosa and this hypothesis was supported by our
findings.

In our study, an increased IEL count was found in 60%
of patients with a history of SARS-COV?2 infection and
increased CD8+ T lymphocytes were identified in 48%
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of their duodenal biopsies. Even if the number of
patients in the control group was small especially for
IHC studies, those percentages were significantly higher
in the COVID-19 group. These abnormalities suggest the
Gl involvement during the course of the disease.
Moreover, we were able to identify these histologic
findings even few months after the initial infection (2.5
months in average) which can witness, as it is now
known, the long effect of the immune dysregulation
related to the infection. However, we did not find a
correlation between COVID 19 severity and the presence
of these abnormalities on duodenal biopsies provided
that the number of severe cases in our study was very
small to conclude on such correlation. Additionally,
patients with increased CD8+ T cells had not
experienced more GI symptoms during the acute SARS-
COV2 infection nor upon endoscopy, raising the
question of the role these cells are playing in the clinical
digestive manifestations.

Lehmann et al (11) have described the immune profile of
five patients with moderate COVID-19 who experienced
abdominal pain or diarrhea during their hospitalization.
Histologic analysis showed villous blunting and an
increase in intraepithelial lymphocytes (IEL) in four out
of five patients. As in our study, intra-epithelial CD8+ T
cells count were particularly higher in infected patients
when compared to a control group. In addition, they
found an increased IEC apoptosis as well as a
compensatory epithelial regeneration. However, the
study by Livanos et al (13) has found somewhat
contradictory results. While they were able to identify
small viral particles in the epithelial intestinal cells 25
days after SARS-COV2 infection, they have not found a
significantly increased intraepithelial lymphocytes count
nor an increased CD8+ cell count. They have even
described a downregulation of the intestinal pro-
inflammatory mediators as well as the dendritic cells in
patients with intestinal COVID, suggesting a potential
role of the GI tract in attenuating systemic inflammation
in these patients.

Our work is still a small sized study and results must be
evaluated prospectively on a larger population to
confirm their pertinence. However, we provided a
detailed description of the duodenal histologic findings
in patients with a history of COVID-19 and we tried to
correlate these findings to clinical manifestations.
Besides its small size, the study presents some other
limitations. We did not evaluate other common causes of
increased IEL count such Helicobacter pylori infection
or bacterial overgrowth. Also, the control group was
smaller in size in comparison with the group of COVID-
19 patients especially for those who had IHC analysis.
On the other hand, our study was done away from the
acute infection and these histologic abnormalities might

be more prominent at the time of ongoing infection
rather than later on. In conclusion,COVID-19 infection
is associated with an increase in IELs and CD8+ T cells
count on duodenal biopsies. The presence of these cells
was not associated with the appearance of GI symptoms
during infection or later on. These abnormalities could
be identified even few months after the onset of COVID-
19. Our findings should be confirmed by a larger
prospective study.

Acknowledgments:

Acknowledgements for each person who have made
genuine contributions to the manuscript. Special thanks
to Rose El Bacha MD who helped in data collection, and
Beatrice Akiki MD as second reading pathologist. Sirine
Miri MD for helping in page format.

REFERENCES:

1. Ali, N., &amp; Hossain, K. (2020). Liver injury
in severe COVID-19 infection: Current insights and
challenges. Expert Review of Gastroenterology
&amp; Hepatology, 14(10), 879-884.
https://doi.org/10.1080/17474124.2020.1794812

2. Aloysius, M. M., Thatti, A., Gupta, A., Sharma,
N., Bansal, P., &amp; Goyal, H. (2020). COVID-19
presenting as acute pancreatitis. Pancreatology,
20(5), 1026-1027.
https://doi.org/10.1016/j.pan.2020.05.003

3. Chen, A., Agarwal, A., Ravindran, N., To, C,,
Zhang, T., &amp; Thuluvath, P. J. (2020). Are
Gastrointestinal Symptoms Specific for Coronavirus
2019 Infection? A Prospective Case-Control Study
From the United States. Gastroenterology, 159(3),
1161-1163.e2.
https://doi.org/10.1053/j.gastro0.2020.05.036

4. Feng, G., Zheng, K. 1, Yan, Q.-Q., Rios, R. S.,
Targher, G., Byrne, C. D., Poucke, S. V., Liu, W.-
Y., &mp; Zheng, M.-H. (2020). COVID-19 and
Liver Dysfunction: Current Insights and Emergent
Therapeutic Strategies. Journal of Clinical and
Translational Hepatology, 8(1), 1-7.
https://doi.org/10.14218/JCTH.2020.00018

5. Gaebler, C., Wang, Z., Lorenzi, J. C. C,
Muecksch, F., Finkin, S., Tokuyama, M., Cho, A.,
Jankovic, M., Schaefer-Babajew, D., Oliveira, T.
Y., Cipolla, M., Viant, C., Barnes, C. O., Bram, Y.,
Breton, G., Hagglof, T., Mendoza, P., Hurley, A.,
Turroja, M., Nussenzweig, M. C. (2021).
Evolution of antibody immunity to SARS-CoV-2.
Nature, 591(7851), 639-644.
https://doi.org/10.1038/s41586-021-03207-w

6. Lehmann, M., Allers, K., Heldt, C., Meinhardt,
J., Schmidt, F., Rodriguez-Sillke, Y., Kunkel, D.,

IIMSCRR: May-June 2022

Page | 149


https://doi.org/10.1080/17474124.2020.1794812
https://doi.org/10.1016/j.pan.2020.05.003
https://doi.org/10.1053/j.gastro.2020.05.036
https://doi.org/10.14218/JCTH.2020.00018
https://doi.org/10.1038/s41586-021-03207-w

Schumann, M., Béttcher, C., Stahl-Hennig, C.,
Elezkurtaj, S., Bojarski, C., Radbruch, H., Corman,
V. M., Schneider, T., Loddenkemper, C., Moos, V.,
Weidinger, C., Kuhl, A. A., &amp; Siegmund, B.
(2021). Human small intestinal infection by SARS-
CoV-2 is characterized by a mucosal infiltration
with activated CD8+ T cells. Mucosal Immunology,
14(6), 1381-1392. https://doi.org/10.1038/s41385-
021-00437-z

7. Livanos, A. E., Jha, D., Cossarini, F., Gonzalez-
Reiche, A. S., Tokuyama, M., Aydillo, T.,Parigi, T.
L., Ladinsky, M. S., Ramos, I., Dunleavy, K., Lee,
B., Dixon, R. E., Chen, S. T., Martinez-Delgado,
G., Nagula, S., Bruce, E. A., Ko, H. M., Glicksberg,
B. S., Nadkarni, G., ... Mehandru, S. (2021).
Intestinal Host Response to SARS-CoV-2 Infection
and COVID-19 Outcomes in Patients With
Gastrointestinal ~ Symptoms.  Gastroenterology,
160(7), 2435-2450.e34.
https://doi.org/10.1053/j.gastro.2021.02.056

8. Lukassen, S., Chua, R. L., Trefzer, T., Kahn, N.
C., Schneider, M. A., Muley, T., Winter, H.,
Meister, M., Veith, C., Boots, A. W., Hennig, B. P.,
Kreuter, M., Conrad, C., &amp; Eils, R. (2020).
SARS -CoV-2 receptor ACE 2 and TMPRSS 2 are
primarily expressed in bronchial transient secretory
cells. The EMBO Journal,
39(10).https://doi.org/10.15252/embj.20105114

9. McNabb-Baltar, J., Jin, D. X., Grover, A. S,
Redd, W. D., Zhou, J. C., Hathorn, K. E., McCarty,
T. R., Bazarbashi, A. N., Shen, L., &amp; Chan, W.
W. (2020). Lipase Elevation in Patients With
COVID-19. American Journal of Gastroenterology,
115(8), 1286-1288.
https://doi.org/10.14309/ajg.0000000000000732

N., Henkel, M., Frank, A., Zsikla, V., Willi, N.,
Kempf, W., Hoyler, T., Barbareschi, M., Moch, H.,
Tolnay, M., Cathomas, G., Demichelis, F., Junt, T.,
&amp; Mertz, K. D. (2020). Two distinct
immunopathological profiles in autopsy lungs of
COVID-19.
Nature Communications, 11(2), 5086.
https://doi.org/10.1038/s41467-020-18854-2
11. Pellegrino, S., Villanacci, V., Sansotta, N.,
Scarfi, R., Bassotti, G., Vieni, G., Princiotta, A.,
Sferlazzas, C., Magazzu, G., &amp;Tuccari, G.
(2011). Redefining the intraepithelial lymphocytes
threshold to diagnose gluten sensitivity in patients
with architecturally normal duodenal histology:
Mild enteropathy coeliac disease. Alimentary
Pharmacology &amp; Therapeutics, 33(6), 697—
706. https://doi.org/10.1111/j.1365-
2036.2011.04578.x
12. Young, B. E., Ong, S. W. X., Kalimuddin, S.,
Low, J. G, Tan, S. Y. Loh, J, Ng, O.-T.,
Marimuthu, K., Ang, L. W., Mak, T. M., Lau, S. K.,
Anderson, D. E., Chan, K. S., Tan, T.Y., Ng, T. Y.,
Cui, L., Said, Z., Kurupatham, L., Chen, M. I.-C.,
. for the Singapore 2019 Novel Coronavirus
Outbreak Research Team. (2020). Epidemiologic
Features and
Clinical Course of Patients Infected With SARS-
CoV-2 in Singapore. JAMA, 323(15), 1488.
https://doi.org/10.1001/jama.2020.3204
13. Zhang, J., Wang, S., &amp; Xue, Y. (2020).
Fecal specimen diagnosis 2019 novel coronavirus—
infected pneumonia. Journal of Medical Virology,
92(6), 680-682. https://doi.org/10.1002/jmv.25742
Financial Disclosure: None
Conflict-of-interest ~ statement: There are no

10. Nienhold, R., Ciani, Y., Koelzer, V. H., conflicts of interest to declare.
Tzankov, A., Haslbauer, J. D., Menter, T., Schwab,
IIMSCRR: May-June 2022 Page | 150


https://doi.org/10.1038/s41385-021-00437-z
https://doi.org/10.1038/s41385-021-00437-z
https://doi.org/10.1053/j.gastro.2021.02.056
https://doi.org/10.15252/embj.20105114
https://doi.org/10.14309/ajg.0000000000000732
https://doi.org/10.1038/s41467-020-18854-2
https://doi.org/10.1111/j.1365-
https://doi.org/10.1001/jama.2020.3204

