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Conclusions: A non-negligible number of hospitalizations due to hepatitis with unknown eti-

ology in children/adolescents was observed in the last years in Brazil. Up to 15% of those
cases needed liver transplantation or died.
© 2022 Sociedade Brasileira de Infectologia. Published by Elsevier Espafia, S.L.U. This is an

open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Recently, a multicountry outbreak of acute hepatitis of
unknown etiology in children aged 16 years or below has
been reported by the World Health Organization (WHO) and
health agencies.” A person aged 16 years old or younger hav-
ing an acute hepatitis (non A-E hepatitis viruses) with aspar-
tate transaminase (AST) or alanine transaminase (ALT) over
500 IU/L, since October 1st 2021 could be considered a proba-
ble case of acute hepatitis of unknown etiology. Mostly, those
children had gastrointestinal symptoms, such as abdominal
pain, diarrhea, and/or vomiting, followed by a flare of transa-
minases and jaundice without any significant past medical
history.” As of 12 July 2022, 35 countries in five WHO Regions
had reported 1010 probable cases of severe acute hepatitis of
unknown etiology in children. Most cases were reported in
the WHO European Region (n = 484) and Region of Americas
(n = 435), including 334 cases (33% of global cases) in the
United States of America.® As of June 30th 2022, a total of 473
cases were reported in 21 countries by WHO Regional Office
for Europe, mainly in the United Kingdom (n = 268).* Epidemi-
ological data remain scarce in Latin America. As of June 29th
2022, a total of 163 suspected cases of acute hepatitis of
unknown etiology were reported by local health authorities to
the Brazilian Ministry of Health (BMoH). Of which, two proba-
ble cases, seven suspected, one child lost to follow-up, 67
cases considered as unlikely acute hepatitis of unknown eti-
ology, and 86 cases remained under investigation.”

International health authorities continue to investigate
suspected cases to determine the disease etiology and to bet-
ter inform prevention and control measures. However, it is
still unclear if there has been an increase in hepatitis cases,
or an increase in awareness of hepatitis cases in children that
occur at the expected rate but go undetected. Therefore, we
aimed to describe the number and incidence rates of children
or adolescents’ hospitalization due to hepatitis of unknown
etiology, liver diseases with specified causes and viral infec-
tions, including adenovirus and SARS-CoV-2, in Brazilian pub-
lic hospitals from 2019 to 2022.

Material and methods

We retrieved a database that included all hospitalization
information in the Brazilian Unified Health System (SUS) hos-
pitals from the Hospital Information System (SIH-SUS)
between January 2019 and February 2022 using the “microda-
tasus” R package® for the software (R version: 4.2).” The SIH-
SUS is a publicly available national database from the BMoH

where anonymous data concerning all hospitalizations that
occurs in the Brazilian Public Health System has been system-
atically registered in the last decade. The following data of
hospitalizations are available in this database: socio-demo-
graphic characteristics, geographical location, length of hos-
pitalization, causes of hospitalization (using the International
Classification of Diseases, Tenth Revision [ICD-10] codes), pro-
cedures (organ and/or tissue transplantation) and outcomes
(death during hospital stay) (https://bvsms.saude.gov.br/bvs/
publicacoes/07_0066_M.pdf).

A filtering function was used keeping only data of hospital-
izations in subjects aged lower than 18 years old. Within this
subset, the following etiology classification were used for each
hospitalization: (1) hepatitis with unknown etiology: hospital-
izations for hepatitis or other liver inflammatory disease with-
out any specific etiology or liver transplantation [ICD-10 codes:
B19 (unspecified viral hepatitis), B19.0 (unspecified viral hepati-
tis with hepatic coma), B19.9 (unspecified viral hepatitis with-
out hepatic coma), K72.0 (hepatic failure, not elsewhere
classified), K72.9 (hepatic failure, unspecified), K75 (other
inflammatory liver diseases), K75.9 (inflammatory liver dis-
ease, unspecified) or R93.2 (abnormal findings on diagnostic
imaging of liver and biliary tract)]; (2) viral hepatitis A-E (ICD-
10 codes: B15, B15.0, B15.9, B16, B16.0, B16.1, B16.2, B16.9, B17.0,
B17.1 or B17.2); (3) other infectious hepatitis (ICD-10 codes:
A06.4, B17, B17.8, B25.1, B67.0, B67.5, B67.8, B94.2, 098.4 or
P35.3); (4) other liver diseases (ICD-10 codes: K72, K74.1, K75.2,
K75.3,K75.4,K75.8,K76,K76.0,K76.1,K76.2,K76.3, K76.4, K76.5,
K76.8, K76.9, K77, Q26.6, Q44, Q44.6 or Q44.7); (5) adenovirus
infection (ICD-10 codes: A08.2, A85.1, A87.1, B30.0, B30.1, B34.0,
B97.0 or J12.0); (6) COVID-19 (ICD-10 codes: B34.2, B97.2, U07.1,
U07.2, U09.9, U10.9, U12.9 or U92.1); (7) other viral infection
(Chikungunya, Cytomegalovirus, Dengue, Epstein-Barr Virus,
Enterovirus, Norovirus, Yellow fever; ICD-10 codes: B25.9, B25,
B27.1, B25.8, B25.2, B25.0, A90, A91, D82.3, B30.3, A85.0, B97.1,
B08.4, B08.5, A88.0, B34.1, A87.0, A08.1, A95, A95.9, A95.0, A95.1
or Z24.3); and (8) complications of liver transplant (ICD-10
codes: T86.4 or Z94.4). Cases primary defined as hepatitis with
unknown etiology but having concomitantly ICD-10 codes of
any other disease [viral hepatitis A-E; other infectious hepati-
tis; other liver diseases; adenovirus infection; COVID-19; other
viral infection or complications of liver transplant] were reclas-
sified as the specific disease.

The overall number of hospitalizations of < 18 years old
individuals with disaggregation by the three age strata (0 to <
6, 6 to < 12, and 12 to < 18 years old) was determined and
used as the denominator to estimate the incidence rate of
hospitalizations for the different etiology classifications.
Descriptive tables were used to present the results of hospi-
talizations for hepatitis with unknown etiology and other
liver or viral diseases that could be considered possible
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confounders. Time series plots were developed presenting the
incidence rate of hospitalizations for hepatitis with unknown
etiology by months between 2019 and February 2022. The inci-
dence rate has the number of patients with hospitalization
with unknown etiology as numerator divided by the overall
number of hospitalizations within age strata for each month.
95% confidence intervals (CI) were constructed for the hospi-
talization incidence rates according to asymptotic standard
errors calculated from a Gamma distribution.®

Results
Overall hospitalizations

A total of 171,068 hospitalizations of children/adolescents
(age < 18 years) from January/2019 to February/2022 were
identified. Of them 94,198 hospitalizations due to hepatic or
infectious diseases with potential liver injury were analyzed
(Fig. 1). Overall, 53.2% of hospitalized children/adolescents

were male, 51.9% were aged less than six years, 45.4% with
bi-racial (“Pardo”) skin-color, and 42.4% occurred in the North-
east region. SARS-CoV-2 infection (52.7%, n = 49,293) and
Dengue (33.9%, n = 31,743) were the most prevailing causes of
hospitalization; up to 2.0% (n = 1844) of children/adolescents
were hospitalized due to an Adenovirus infection. The mean
length of hospitalization was 5.38 (SD, 6.53) days and 2.0%
(n = 1867) of individuals died during hospitalization. Table 1
describes the characteristics of children/adolescents hospital-
ized from January/2019 to February/2022. Liver diseases were
responsible for 7.6% (n = 7182/94,198) of hospitalizations; hep-
atitis with unknown etiology represented 1.6% (n = 1535) of
total hospitalizations, and 21.4% of hospitalizations were due
to other liver diseases. Viral hepatitis A-E were responsible
for 0.5% (n = 467) of total hospitalizations, mainly driven by
hepatitis A infection (n = 283). Additionally, 0.5% (n = 511)
were hospitalized due to toxic hepatic disease; 0.6% (n = 552)
due to autoimmune hepatitis, and 1.1% (n = 1009) due to com-
plications of liver transplant (Table 2). A total of 73 individuals
were primary classified as hepatitis of unknown etiology, but

171,068 hospitalizations of children/adolescents (age < 18 years) in public hospitals
in Brazil from January/2019 to February/2022

\

Data excluded:

n=76,870 hospitalizations without relationship
with hepatic or infectious diseases with
potential liver injury

94,198 hospitalizations of children/adolescents (age < 18 years)
due to hepatic or infectious diseases with potential liver injury
in Brazil from January/2019 to February/2022

v v

v

Age < 6 years-old
n=48,866

Age = 6-11 years-old
n=23,279

Age =12-17 years-old
n=22,053

Hospitalizations due to hepatitis of unknown etiology
ICD-10 codes B19, B19.0, B19.9, K72, K72.9, K75, K75.9 or R93.2
n=1,535 children/adolescents

Age < 6 years-old
n=639 (41.6%)

Age = 6-11 years-old
n=401 (26.2%)

Age = 12-17 years-old
n=495 (32.2%)

Fig. 1-Flow-chart of the study analysis.
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Table 1 - Characteristics of children/adolescents (< 18 years-old year) hospitalized from January/2019 to February/2022 in

the Brazilian Public Health System.

Overall 2019 2020 2021 2022 p-valuef
(n=94,198) (n =20,890) (n=26,723) (n=38,718) (n=7867)
Male sex at birth® 50,095 (53.2) 10,981 (52.6) 14,109 (52.8) 20,723 (53.5) 4282 (54.4) 0.009
Age, yearsP 6.76 (5.75) 8.65 (5.29) 7.11 (5.74) 5.78 (5.77) 5.34 (5.39) <0.001
Age categories * <0.001
<6 years-old 48,866 (51.9) 7003 (33.5) 13,142 (49.2) 23,712 (61.2) 5009 (63.7)
6—11 years-old 23,279 (24.7) 7526 (36) 6902 (25.8) 7241 (18.7) 1610 (20.5)
12—17 years-old 22,053 (23.4) 6361 (30.4) 6679 (25.0) 7765 (20.1) 1248 (15.9)
Skin-color® <0.001
White 19,744 (21.0) 4435 (21.2) 5718 (21.4) 7695 (19.9) 1896 (24.1)
Black 1877 (2.0) 381 (1.8) 591 (2.2) 742 (1.9) 163 (2.1)
Mixed (“Pardo”) 42,806 (45.4) 9550 (45.7) 12,455 (46.6) 17,151 (44.3) 3650 (46.4)
Yellow/Asian 1456 (1.5) 619 (3.0) 472 (1.8) 312 (0.8) 53(0.7)
Indigenous 654 (0.7) 83 (0.4) 232 (0.9) 298 (0.8) 41(0.5)
Not reported 27,661 (29.4) 5822 (27.9) 7255 (27.1) 12,520 (32.3) 2064 (26.2)
Macro-region® < 0.001
North 11,475 (12.2) 1891 (9.1) 4311 (16.1) 4393 (11.3) 880 (11.2)
Northeast 39,896 (42.4) 8937 (42.8) 10,157 (38.0) 18,251 (47.1) 2551 (32.4)
Southeast 24,201 (25.7) 6191 (29.6) 6647 (24.9) 8992 (23.2) 2371 (30.1)
South 9184 (9.7) 1030 (4.9) 2826 (10.6) 4247 (11) 1081 (13.7)
Center-west 9442 (10.0) 2841 (13.6) 2782 (10.4) 2835 (7.3) 984 (12.5)
Disease categories® < 0.001
Hepatitis of unknown etiology 1535 (1.6) 629 (3.0) 404 (1.5) 443 (1.2) 59 (0.8)
Viral Hepatitis A-E 467 (0.5) 205 (1.0) 113 (0.4) 129 (0.3) 20 (0.3)
Other infectious hepatitis 432 (0.5) 180 (0.9) 108 (0.4) 131 (0.3) 13(0.2)
Other liver diseases 3739 (4.0) 1303 (6.3) 1100 (4.1) 1158 (3.0) 178 (2.3)
Complications of Liver Transplant 1009 (1.1) 348 (1.7) 307 (1.2) 292 (0.8) 62 (0.8)
Adenovirus infection 1844 (2.0) 1015 (4.9) 455 (1.7) 306 (0.8) 68 (0.9)
SARS-CoV-2 infection 49,293 (52.7) 5(0.0) 14,467 (54.5) 28,876 (75.1) 5945 (75.9)
Other viral infection 35,255 (37.7) 17,021 (82.2) 9605 (36.2) 7142 (18.6) 1487 (19.0)
Outcomes
Length of hospitalization, days® 5.38 (6.53) 4.18 (4.73) 5.55 (6.88) 5.95 (7.11) 5.22 (6.02) < 0.001
Death? 1867 (2.0) 128 (0.6) 632 (2.4) 953 (2.5) 154 (2.0) <0.001

Data expressed as ® number (%) and ® mean (standard-deviation); p-values obtained by chi-square tests.

Disease categories were classified based on International Classification of Diseases (ICD-10) codes as hepatitis of unknown etiology (ICD-10: B19,
B19.0, B19.9, K72.0, K72.9, K75.9, R94.5, K75 or R93.2); viral hepatitis A-E (ICD-10 codes: B15, B15.0, B15.9, B16, B16.0, B16.1, B16.2, B16.9, B17.0,
B17.1 or B17.2); other infectious hepatitis (ICD-10 codes: A06.4, B17, B17.8, B25.1, B67.0, B67.5, B67.8, B94.2, 098.4 or P35.3); other liver diseases
(ICD-10 codes: K72, K74.1, K75.2, K75.3, K75.4, K75.8, K76, K76.0, K76.1, K76.2, K76.3, K76.4, K76.5, K76.8, K76.9, K77, Q26.6, Q44, Q44.6 or Q44.7);
adenovirus infection (ICD-10 codes: A08.2, A85.1, A87.1, B30.0, B30.1, B34.0, B97.0 or J12.0); COVID-19 (ICD-10 codes: B34.2, B97.2, U07.1, U07.2,
U09.9, U10.9, U12.9 or U92.1); other viral infection (ICD-10 codes: B25.9, B25, B27.1, B25.8, B25.2, B25.0, A90, A91, D82.3, B30.3, A85.0, B97.1, B08.4,
B08.5, A88.0, B34.1, A87.0, A08.1, A95, A95.9, A95.0, A95.1 or Z24.3); and complications of liver transplant (ICD-10 codes: T86.4 or Z94.4).

they had a secondary ICD-10 code referring to a specific
disease [complications of liver transplant (n = 55), hepatic
impairment (n = 5), auto-immune hepatitis (n = 3), reactive
hepatitis (n = 3), toxic liver disease (n = 2), cytomegalovirus
infection (n = 2), hepatitis A (n = 1), enterovirus (n = 1), and
other acute viral hepatitis (n = 1)].

Hepatitis with unknown etiology

A total of 1535 children/adolescents [48.2% male sex, 41.6%
with age < 6 years, 32.2% in the Southeast region] were hospi-
talized with an ICD-10 code that represents cases of hepatitis
with unknown etiology from January/2019 to February/2022.
The top ICD-10 codes reported in those hospitalizations were
B19.9 [unspecified viral hepatitis without hepatic coma; 39.9%
(n = 612)], K72.9 [hepatic failure, unspecified; 29.8% (n = 457)],
and K72.0 [hepatic failure, not elsewhere classified; 14.5%
(n=223)]. The mean (SD) length of hospital stay in those cases

was 7.84 (8.36). A total of 8.5% (n = 131) needed a liver trans-
plantation, and 7.0% (n = 107) died during the hospital stay.
No significant differences in socio-demographic characteris-
tics, as well as in proportions of ICD-10 codes, liver transplant,
or death were observed among the analyzed years (2019
—2022) (Table 3).

Incidence of hospital admissions due to hepatitis with
unknown etiology

The incidence rates of hospitalization for hepatitis with
unknown etiology per 1000 all-cause hospitalizations within
a year (95% CI) in children aged < 6 years were 6.11 (5.98
—6.25), 8.72 (8.52—8.91), and 7.80 (7.63—-7.98) in 2019, 2020 and
2021, respectively. In children/adolescents with age from 6 to
11 years, the incidence rates were 12.76 (12.41-13.13), 18.25
(17.73-18.77), and 17.96 (17.46—18.48) per 1000 all-cause hos-
pitalizations, respectively. Additionally, incidence rates of
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Table 2 - Causes of hospitalization in children/adolescents (< 18 years-old) in the Brazilian Public Health System from Janu-

ary/2019 to February/2022.

Overall 2019 2020 2021 2022
(n=94,198) (n=20,890) (n=26,723) (n=38,718) (n=7867)
Hepatitis of unknown etiology 1535 (1.6) 629 (3.0) 404 (1.5) 443 (1.2) 59 (0.8)
Viral hepatitis A-E 467 (0.5) 205 (1.0) 113 (0.4) 129 (0.3) 20(0.3)
Hepatitis A 283 (0.3) 134 (0.6) 76 (0.3) 63(0.2) 10 (0.1)
Hepatitis B 151 (0.2) 55 (0.3) 35 (0.1) 53(0.1) 8(0.1)
Hepatitis C 12 (0.0) 6 (0.0) 2(0.0) 4(0.0) 0(0.0)
Hepatitis Delta 13 (0.0) 4(0.0) 0(0.0) 8(0.0) 1(0.0)
Hepatitis E 8(0.0) 6 (0.0) 0(0.0) 1(0.0) 1(0.0)
Other infectious hepatitis 432 (0.5) 180 (0.9) 108 (0.4) 131(0.3) 13(0.2)
Hepatic amebiasis 22 (0.0) 9 (0.0) 8(0.0) 5(0.0) 0(0.0)
CMV hepatitis 23 (0.0) 8(0.0) 8(0.0) 7 (0.0) 0(0.0)
Echinococcus hepatitis 1(0.0) 0(0.0) 0(0.0) 1(0.0) 0(0.0)
Toxoplasma hepatitis 1(0.0) 0(0.0) 0(0.0) 1(0.0) 0(0.0)
Congenital hepatitis 60 (0.1) 22 (0.1) 12 (0.0) 23(0.1) 3(0.0)
Maternal Hepatitis 8(0.0) 5 (0.0) 1(0.0) 2(0.0) 0(0.0)
Consequences of viral hepatitis 2(0.0) 0(0.0) 1(0.0) 1(0.0) 0(0.0)
Other Acute Viral Hepatitis 315 (0.3) 136 (0.7) 78 (0.3) 91(0.2) 10 (0.1)
Other liver disease 3739 (4.0) 1303 (6.3) 1100 (4.1) 1158 (3) 178 (2.3)
Autoimmune hepatitis 552 (0.6) 230 (1.1) 148 (0.6) 149 (0.4) 25 (0.3)
Congenital liver malformation 49 (0.1) 10 (0.0) 21(0.1) 17 (0.0) 1(0.0)
Granulomatous hepatitis 2 (0.0) 2(0.0) 0 (0.0) 0(0.0) 0(0.0)
Hepatic impairment 2556 (2.7) 861 (4.2) 765 (2.9) 805 (2.1) 125 (1.6)
Reactive hepatitis 69 (0.1) 32(0.2) 15(0.1) 21(0.1) 1(0.0)
Toxic hepatic disease 511 (0.5) 168 (0.8) 151 (0.6) 166 (0.4) 26 (0.3)
Complications of liver Transplant 1009 (1.1) 348 (1.7) 307 (1.2) 292 (0.8) 62 (0.8)
Adenovirus 1844 (2.0) 1015 (4.9) 455 (1.7) 306 (0.8) 68(0.9)
SARS-CoV-2 49,293 (52.7) 5(0.0) 14,467 (54.5) 28,876 (75.1) 5945 (75.9)
Other viral infection 35,255 (37.7) 17,021 (82.2) 9605 (36.2) 7142 (18.6) 1487 (19)
CMV infection 1591 (1.7) 584 (2.8) 509 (1.9) 432 (1.1) 66 (0.8)
EBV infection 2(0.0) 0(0.0) 0(0.0) 2(0.0) 0(0.0)
Enterovirus 1334 (1.4) 456 (2.2) 273 (1) 511 (1.3) 94 (1.2)
Norovirus 122 (0.1) 56 (0.3) 26 (0.1) 33(0.1) 7 (0.1)
Chikungunya 406 (0.4) 208 (1.0) 60 (0.2) 122 (0.3) 16 (0.2)
Dengue 31,743 (33.9) 15,703 (75.9) 8720 (32.8) 6018 (15.6) 1302 (16.6)
Yellow fever 57 (0.1) 14 (0.1) 17 (0.1) 24 (0.1) 2 (0.0)

Data expressed as ® number (%).

Disease categories were classified based on International Classification of Diseases (ICD-10) codes as hepatitis of unknown etiology (ICD-10: B19,
B19.0, B19.9, K72.0, K72.9, K75.9, R94.5, K75 or R93.2); viral hepatitis A-E (ICD-10 codes: B15, B15.0, B15.9, B16, B16.0, B16.1, B16.2, B16.9, B17.0,
B17.1 or B17.2); other infectious hepatitis (ICD-10 codes: A06.4, B17, B17.8, B25.1, B67.0, B67.5, B67.8, B94.2, 098.4 or P35.3); other liver diseases
(ICD-10 codes: K72, K74.1, K75.2, K75.3, K75.4, K75.8, K76, K76.0, K76.1, K76.2, K76.3, K76.4, K76.5, K76.8, K76.9, K77, Q26.6, Q44, Q44.6 or Q44.7);
adenovirus infection (ICD-10 codes: A08.2, A85.1, A87.1, B30.0, B30.1, B34.0, B97.0 or J12.0); COVID-19 (ICD-10 codes: B34.2, B97.2, U07.1, U07.2,
U09.9, U10.9, U12.9 or U92.1); other viral infection (ICD-10 codes: B25.9, B25, B27.1, B25.8, B25.2, B25.0, A90, A91, D82.3, B30.3, A85.0, B97.1, B08.4,
B08.5, A88.0, B34.1, A87.0, A08.1, A95, A95.9, A95.0, A95.1 or Z24.3); and complications of liver transplant (ICD-10 codes: T86.4 or Z94.4).

10.83 (10.56-11.11), 13.23 (12.89-13.57), and 13.28 (12.95
—13.62) hospitalizations of adolescents aged between 12 and
17 years per 1000 all-cause hospitalizations were due to hepa-
titis with unknown etiology in 2019, 2020, and 2021, respec-
tively. Similarly, the incidence rates of hospitalization due to
hepatitis with unknown etiology per 1000 all-cause hospitali-
zation (95% CI) in January-February/2022 were 7.52 (7.11
—7.94), 16.82 (15.68—18.03), and 13.96 (13.10—14.85) for chil-
dren/adolescents with age < 6 years, aged between 6 and
11 years, and aged between 12 and 17 years, respectively
(Table 4). Fig. 2 shows the incidence rate of hospitalizations
(95% CI) due to hepatitis with unknown etiology stratified by
age strata from January/2019 to February/2022. No clinically
significant trends were observed for changing those inciden-
ces in this period (data not shown).

Discussion

This study highlighted that a non-negligible number of cases
of hepatitis without a well-recognized etiology has been hos-
pitalized in Brazil in the last years. In May 2022, the Brazilian
Ministry of Health (BMoH) established a national algorithm
for notification and follow-up of suspected cases of acute hep-
atitis with unknown etiology in children/adolescents (< 18
years) detected after April/2022. Up to June 29th 2022, a total
of 163 cases were registered in 19 federative units. Of them,
two (1.2%) were considered as probable and seven (4.3%) as
suspected cases of hepatitis of unknown etiology; one subject
lost follow-up, 86 remained under investigation, and 67
(41.1%) were rejected, mainly due to liver enzymes lower than
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Table 3 - Characteristics of children/adolescents (< 18 years-old) hospitalized due to suspected hepatitis with unknown eti-

ology from January/2019 to February/2022 in the Brazilian Public Health System.

Overall 2019 2020 2021 2022 p-valuef
(n=1535) (n=629) (n=404) (n=443) (n=59)
Male sex at birth? 740 (48.2) 291 (46.3) 199 (49.3) 224 (50.6) 26 (44.1) 0.472
Age, yearsP 8.27 (5.91) 8.72 (5.71) 8.02 (6.01) 7.89 (6.03) 8.12 (6.34) 0.096
Age categories?® 0.084
<6 years-old 639 (41.6) 233 (37) 179 (44.3) 201 (45.4) 26 (44.1)
6—11 years-old 401 (26.2) 187 (29.7) 97 (24) 103 (23.3) 14 (23.7)
12—17 years-old 495 (32.2) 209 (33.2) 128 (31.7) 139 (31.4) 19 (32.2)
Skin-color® 0.838
White 381 (24.8) 155 (24.6) 99 (24.5) 112 (25.3) 15 (25.4)
Black 56 (3.6) 25 (4) 15 (3.7) 14 (3.2) 2(3.4)
Mixed (“Pardo”) 644 (42.0) 247 (39.3) 178 (44.1) 193 (43.6) 26 (44.1)
Yellow/Asian 22 (1.4) 11 (1.7) 7 (17) 4(0.9) 0(0.0)
Indigenous 9(0.6) 2(0.3) 4(1.0) 3(0.7) 0(0.0)
Not reported 423 (27.6) 189 (30) 101 (25) 117 (26.4) 16 (27.1)
Macro-region® 0.284
North 292 (19.0) 122 (19.4) 86 (21.3) 76 (17.2) 8 (13.6)
Northeast 385 (25.1) 172 (27.3) 91 (22.5) 105 (23.7) 17 (28.8)
Southeast 494 (32.2) 186 (29.6) 133 (32.9) 154 (34.8) 21(35.6)
South 235 (15.3) 91 (14.5) 69 (17.1) 65 (14.7) 10 (16.9)
Center-west 129 (8.4) 58 (9.2) 25 (6.2) 43(9.7) 3(5.1)
ICD-10°% 0.202
B19 21 (1.4) 8(1.3) 7 (1.7) 6 (1.4) 0(0.0)
B19.0 16 (1.0) 7 (1.2) 6 (1.5) 3(0.7) 0(0.0)
B19.9 612 (39.9) 287 (45.6) 148 (36.6) 152 (34.3) 25 (42.4)
K72.0 223 (14.5) 86 (13.7) 61 (15.1) 70 (15.8) 6(10.2)
K72.9 457 (29.8) 163 (25.9) 124 (30.7) 153 (34.5) 17 (28.8)
K75 3(0.2) 1(0.2) 1(0.2) 1(0.2) 0(0.0)
K75.9 202 (13.2) 77 (12.2) 57 (14.1) 57 (12.9) 11 (18.6)
R93.2 1(0.1) 0(0.0) 0(0.0) 1(0.2) 0(0.0)
Outcomes
Length of hospitalization, days® 7.84 (8.36) 7.69 (7.85) 8.54 (9.87) 7.47 (7.76) 7.47 (6.27) 0.253
Liver transplantation® 131 (8.5) 49 (7.8) 25 (6.2) 52 (11.8) 5(8.5) 0.710
Death? 107 (7.0) 37 (5.9) 38 (9.4) 27 (6.1) 5(8.5) 0.134

Data expressed as either number (%) or mean (SD); 'p-values obtained either by F-tests (numerical continuous variables) or by chi-square tests

(nominal categorical variables).

B19=Unspecified viral hepatitis; B19.0=Unspecified viral hepatitis with hepatic coma; B19.9=Unspecified viral hepatitis without hepatic coma;
K72=Hepatic failure, not elsewhere classified; K72.9=Hepatic failure, unspecified; K75=Other inflammatory liver diseases; K75.9=Inflammatory
liver disease, unspecified; R93.2=Abnormal findings on diagnostic imaging of liver and biliary tract.

500 UI/L and/or diagnosis of arboviruses. The first probable
and suspected cases in Brazil were registered on May 27th
2022 and June 6th 2022, respectively. The main symptoms of
cases under investigation were jaundice (67%), fever (54%)
and/or digestive symptoms (51%). The median age was six
years (range, 4 months-16 years) and the use of few potential
hepatotoxic drugs was identified in those cases that remained
under investigation, such as paracetamol and amoxicillin. Of
all registered cases in Brazil, 6% (n = 10) needed liver trans-
plant and another 6% (n = 10) died.” Our findings of cases hos-
pitalized with an ICD-10 code considered as hepatitis with
unknown etiology in previous years were very similar to
those characteristics of suspected cases recently notified by
local health authorities to the BMoH.

Characteristics of cases of hepatitis with unknown etiol-
ogy identified in our analysis in the last years were also
aligned to those recently described in international publica-
tions. Baker et al. reported nine cases of acute hepatitis with
unknown etiology in children under six years in a hospital in
Alabama (USA). Most were female (n = 7), none died and two
needed a liver transplant.9 As of June 13th 2022, 260 cases

(251 confirmed and nine possible) were identified in the UK.
Of these, 4.6% (n = 12) needed liver transplant and no children
died. While new cases continue to be identified in the UK, an
overall decline in the number of new cases reported per week
has been observed.'® As of June 30th 2022, a total of 473 cases
of acute hepatitis with unknown etiology were reported in 21
countries of the European region. Most cases occurred in chil-
dren with age < 5 years (76%). Additionally, up to 30% were
admitted to an intensive care unit and up to 8% have received
liver transplantation.”* Globally, 5% (n = 46/1010) of cases
required liver transplant and 2.2% (n = 22/1010) died as the
WHO report from July 12th 2022.°

It remains unclear whether there is a real rise in pediatric
acute liver failure cases in comparison to previous years, or
an increase in awareness of hepatitis cases in children. A
web-survey completed by 34 centers in 22 European countries
reported that there is no clear overall increase in the occur-
rence of severe hepatitis in children in the first four months
of 2022 compared to data from previous years.'" In our analy-
sis, the incidence rate of hospital admissions per 1000 all-
cause hospitalizations, the proportion of liver transplantations
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Table 4 - Incidence rates of hospitalization of children/adolescents (< 18 years old) per 1000 all-cause hospitalizations and

their 95% confidence interval from January/2019 to February/2022 in the Brazilian Public Health System.

< 6 years-old

6—11 years-old

12-17 years-old

2019 Hepatitis of unknown etiology 6.11 [5.98—6.25] 12.76 [12.41-13.13] 10.83 [10.56—11.11]
Viral Hepatitis A-E 1.70 [1.63-1.78] 4.81 [4.59-5.03] 3.02 [2.88—3.17]
Other infectious hepatitis 1.93 [1.86—2.01] 3.57 [3.38—3.76] 2.56 [2.43—-2.70]
Other liver diseases 17.75 [17.52—17.98] 26.19 [25.68—26.72] 23.07 [22.67—23.47]
Complications of Liver Transplant 5.29[5.16—5.42] 6.65 [6.39—-6.92] 5.41[5.21-5.60]
Adenovirus infection 14.04 [13.83—14.25] 7.70 [7.43—-7.99] 2.93[2.79-3.08]
SARS-CoV-2 infection 312.73 [311.76—313.71] 252.26 [250.66—253.87] 189.62 [188.47—190.77]
Other viral infection 104.07 [103.51-104.64] 423.71 [421.64—425.80] 241.81 [240.51-243.12]
2020 Hepatitis of unknown etiology 8.72 [8.52—8.91] 18.25 [17.73—18.77] 13.23 [12.89—13.57]
Viral Hepatitis A-E 2.43[2.33-2.53] 6.87 [6.56—7.19] 3.69 [3.51—3.87]
Other infectious hepatitis 2.76 [2.65—2.87] 5.10 [4.83—5.38] 3.13[2.97-3.29]
Other liver diseases 25.31[24.98—25.65] 37.45 [36.71-38.19] 28.16 [27.68—28.66]
Complications of Liver Transplant 7.54 [7.36—7.73] 9.51[9.14-9.89] 6.60 [6.37—6.84]
Adenovirus infection 20.02 [19.73—20.32] 11.01 [10.61-11.42] 3.58 [3.41-3.76]
SARS-CoV-2 infection 446.00 [444.61—447.40] 360.62 [358.33—-362.92] 231.51[230.11-232.92]
Other viral infection 148.42 [147.61—-149.23] 605.72 [602.75—-608.69] 295.24 [293.66—296.84]
2021 Hepatitis of unknown etiology 7.80 [7.63—7.98] 17.96 [17.46—18.48] 13.28 [12.95-13.62]
Viral Hepatitis A-E 2.17 [2.08-2.27] 6.76 [6.46—7.08] 3.70 [3.53-3.89]
Other infectious hepatitis 2.47 [2.37-2.57] 5.02 [4.75—5.29] 3.14 [2.98-3.31]
Other liver diseases 22.65 [22.36—22.95] 36.87 [36.15—37.60] 28.28 [27.79—28.78]
Complications of Liver Transplant 6.75 [6.59-6.91] 9.36 [9.00—-9.737] 6.63 [6.39-6.87]
Adenovirus infection 17.92 [17.66—18.19] 10.84 [10.45—-11.24] 3.60 [3.42—-3.78]
SARS-CoV-2 infection 399.15 [397.90—400.40] 355.07 [352.82—357.33] 232.45 [231.04—233.87]
Other viral infection 132.83[132.11-133.55] 596.39 [593.47—599.33] 296.44 [294.85—298.04]
2022 Hepatitis of unknown etiology 7.52[7.11-7.94] 16.82 [15.68—18.03] 13.96 [13.10—14.85]
Viral Hepatitis A-E 2.10 [1.88—2.32] 6.34 [5.64—7.09] 3.89 [3.45—4.38]
Other infectious hepatitis 2.38[2.15-2.62] 4.70 [4.10-5.36] 3.30[2.89-3.75]
Other liver diseases 21.84 [21.14—22.55] 34.53 [32.88—36.24] 29.72 [28.46—31.02]
Complications of Liver Transplant 6.51[6.13—6.90] 8.77 [7.95-9.65] 6.96 [6.36—7.61]
Adenovirus infection 17.27 [16.66—17.91] 10.15 [9.27—-11.10] 3.78 [3.34—4.26]

SARS-CoV-2 infection
Other viral infection

384.80 [381.86—387.76]
128.05 [126.36—129.76]

332.54 [327.38—337.75]
558.55 [551.86—565.30]

244.29 [240.67—247.96]
311.54 [307.44—315.67]

Disease categories were classified based on International Classification of Diseases (ICD-10) codes as hepatitis of unknown etiology (ICD-10: B19,
B19.0, B19.9, K72.0, K72.9, K75.9, R94.5, K75 or R93.2); viral hepatitis A-E (ICD-10 codes: B15, B15.0, B15.9, B16, B16.0, B16.1, B16.2, B16.9, B17.0,
B17.1 or B17.2); other infectious hepatitis (ICD-10 codes: A06.4, B17, B17.8, B25.1, B67.0, B67.5, B67.8, B94.2, 098.4 or P35.3); other liver diseases
(ICD-10 codes: K72, K74.1, K75.2, K75.3, K75.4, K75.8, K76, K76.0, K76.1, K76.2, K76.3, K76.4, K76.5, K76.8, K76.9, K77, Q26.6, Q44, Q44.6 or Q44.7);
adenovirus infection (ICD-10 codes: A08.2, A85.1, A87.1, B30.0, B30.1, B34.0, B97.0 or J12.0); COVID-19 (ICD-10 codes: B34.2, B97.2, U07.1, U07.2,
U09.9, U10.9, U12.9 or U92.1); other viral infection (ICD-10 codes: B25.9, B25, B27.1, B25.8, B25.2, B25.0, A90, A91, D82.3, B30.3, A85.0, B97.1, B08.4,
B08.5, A88.0, B34.1, A87.0, A08.1, A95, A95.9, A95.0, A95.1 or Z24.3); and complications of liver transplant (ICD-10 codes: T86.4 or Z94.4).

and deaths during a hospital stay due to hepatitis with
unknown etiology in children/adolescents were similar in the
pre-pandemic (2019) period and during subsequent years of

the COVID-19 pandemic (Jan 2020-Feb 2022).

Several hypotheses have been raised to explain the causes of
those non-A-E hepatitis cases.’”
become one of the most suspected etiologic agents since up to

Adenoviruses infections have

53% of cases in Europe tested positive.* This could be explained
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Fig. 2-Incidence rate per 1000 hospitalizations (95% confidence interval) of hospital admissions due to hepatitis with
unknown etiology stratified by age strata [< 6 years; 6—11 years and 12 to 17 years] from January/2019 to February/2022.
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by an immune deficit in children due to lower exposure to patho-
gens during COVID-19 associated with a massive wave of adeno-
virus infections in the last year. Other hypotheses could be prior
infection with SARS-CoV-2" or an idiosyncratic drug reaction for
treatment of symptoms during viral infections.” Additionally, a
hypothesis of a new hepatotropic virus or new variants of adeno-
virus or SARS-CoV-2 cannot be discarded.'*'® Probably, there is
not a relationship with the COVID-19 vaccine because most cases
occurred in children with age < 5 years in whom the COVID-19
vaccine was being administered worldwide. A total of 24%
(n = 113/473) of European cases had data on COVID-19 vaccina-
tion and 86% (n = 97/113) of them were unvaccinated.*

This study has several limitations. Our analysis was per-
formed in a publicly available anonymous nationwide data-
base of hospitalizations in the Brazilian Public Health System.
Therefore, we did not have access to individual medical
records, laboratory exams or imaging results to check poten-
tial concomitant infectious diseases or use of hepatotoxic
drugs. However, the classification of the cause of hospitaliza-
tion in the SIH-SUS database using ICD-10 codes follow a sys-
tematic procedure as previously described by the BMoH
(http://tabnet.datasus.gov.br/cgi/sih/mxcid10lm.htm). In our
analysis, no children/adolescents hospitalized had a concom-
itant ICD-10 code of adenovirus or SARS-CoV-2 infection with
any of those that defined hepatitis with unknown etiology,
respectively. However, we acknowledge that the results of
this study might have been biased since our classification for
hepatitis of unknown etiology was based on ICD-10 codes reg-
istered in the report of hospitalization. We are aware of a lack
of standardization for registration of hospitalization cause in
a few Brazilian regions. Additionally, we could not access
data from March to May 2022 because they were not publicly
available at the time of the analysis. Therefore, we could not
compare the proportion of cases reported after the outbreak
alert by WHO with previous years to evaluate a recent poten-
tial increase in cases of hepatitis with unknown etiology. In
addition, our analysis is restricted to cases that required hos-
pital admission that might be a sub-sample of cases of hepati-
tis with unknown etiology. The main strength was the
estimation of the burden of hepatitis with unknown etiology
using a nationwide database of almost 95,000 hospitalizations
of children due to hepatic or infectious diseases with poten-
tial liver injury diseases in Brazil. Additionally, hospital
admissions data in the Public Health System has been sys-
tematically updated by the Brazilian Unified Health System
Information Technology Department (DATASUS). Finally, in
our analysis, acute hepatitis of unknown etiology was defined
by the presence of ICD-10 codes describing liver failure or
hepatic inflammation without a specific cause in absence of
any other code that could be related to other liver diseases to
avoid misclassification of cases.

In conclusion, this study reported a non-negligible number
of hospitalizations due to hepatitis with unknown etiology in
children/adolescents in the last years in Brazil. Additionally,
around 10% of those cases needed liver transplantation or died.
Our finding raises the hypothesis that we might be facing a
unusual scenario regarding the incidence of hepatitis of
unknown etiology in children in Brazil. However, we acknowl-
edge that further prospective studies are needed to confirm
these findings. Additionally, high-quality process for the

identification of new cases and the further investigation of
those recent cases of acute hepatitis in young people remain
essential to clarify the etiology and to recommend preventive
measures.
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