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Background. Late-relapsing hepatitis after yellow fever (LHep-YF) during the convalescent phase of the disease has been
described during recent yellow fever (YF) outbreaks in Brazil. LHep-YF is marked by a rebound in liver enzymes and
nonspecific clinical manifestations around 46-60 days after YF symptom onset.

Methods. Here we have characterized the clinical course and risk factors for LHep-YF using data from a representative cohort
of patients who survived YF in Brazil, 2017-2018. A total of 221 YF-positive patients were discharged from the infectious disease
reference hospital in Minas Gerais and were followed up at 30, 45, and 60 days post-symptom onset.

Results. From 46 to 60 days post-symptom onset, 16% of YF patients (n = 36/221) exhibited a rebound of aminotransferases
(aspartate aminotransferase or alanine aminotransferase >500 IU/L), alkaline phosphatase, and total bilirubin levels. Other
etiologies of liver inflammation such as infectious hepatitis, autoimmune hepatitis, and metabolic liver disease were ruled out.
Jaundice, fatigue, headache, and low platelet levels were associated with LHep-YF. Demographic factors, clinical manifestations,
laboratory tests, ultrasound findings, and viral load during the acute phase of YF were not associated with the occurrence of

LHep-YF.
Conclusions.

These findings provide new data on the clinical course of Late-relapsing hepatitis during the convalescent phase of

YF and highlight the need for extended patient follow-up after acute YF.
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Yellow fever (YF) is a viscerotropic disease caused by the yellow
fever virus (YFV) (family: Flaviviridae; genus: Flavivirus). The
disease is classically divided into 3 periods: (1) infection,
marked by flu-like symptoms and viremia; (2) remission, char-
acterized by clinical improvement and seroconversion; and (3)
intoxication, which affects 15%-25% of symptomatic patients,
marked by clinical deterioration and onset of hemorrhage,
multiorgan dysfunction, jaundice, oliguria, anuria, renal and
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liver failure, and cardiovascular instability [1]. Although YF has
been described for centuries in the Americas, previous outbreaks
happened in remote areas with a low number of cases, making it
difficult to study the disease. The magnitude of the outbreak in
Brazil in 2016-2018 was unprecedented, allowing sufficient
case numbers in referral hospitals to be studied in detail [1, 2].
Following the infection or intoxication phases, a subse-
quent convalescent period is observed when persistent fatigue
and moderately elevated aminotransferase levels may be ob-
served [1, 2]. The convalescent phase of YF may last several
weeks with slightly abnormal liver function that persists for
60 days or more, together with jaundice or fatigue [1, 3, 4].
During the YF outbreaks in 2017-2018 in Brazil, studies
have demonstrated that some patients with YF developed
Late-relapsing hepatitis after yellow fever (LHep-YF) [5-7].
Patients with LHep-YF had a rebound in liver enzymes (as-
partate aminotransferase [AST] and alanine aminotransferase
[ALT]) within 6 months after a previous improvement or nor-
malization of liver function. Given its clinical significance as a
potential driver of hospital readmission following acute YF,
we aim to characterize the clinical course and risk factors
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for LHep-YF. Additional risk factors, such as background flavivi-
rus infection (ie, Zika and dengue immunoglobulin M [IgM] and
immunoglobulin G [IgG] titers), use of antiviral drugs (sofosbu-
vir), YFV viral load and viremia, and anti-YFV antibodies neutral-
ization levels, will be presented in subsequent reports.

Brazil experienced a significant YF outbreak from 2016 to 2018,
with 2166 confirmed cases and 751 deaths; 45% of cases and deaths
were reported in Minas Gerais (MQG) state, southeast Brazil [8, 9].
In MG, the Hospital Eduardo de Menezes (HEM) was the primary
referral hospital for YF patients in Belo Horizonte, MG, treating ap-
proximately 30% of the total cases in the state.

Using data from patients hospitalized at HEM in 2017 and
2018, we identified a cohort of patients meeting the LHep-YF
criteria. We then conducted a retrospective study of clinical
and laboratory test characteristics of this cohort, using patients
with nonfatal YF who did not develop LHep-YF as a control
group, to investigate risk factors for the development of
LHep-YF and to better characterize the syndrome.

METHODS

Study Design and Data Source

This study was conducted in a retrospective cohort, based on the
review of medical records from hospitalized and ambulatory
outpatient visits in a referral center for infectious diseases
(HEM) in Belo Horizonte, MG, during the 2017-2018 YF out-
breaks in Brazil. According to the Secretary of Health of MG
guidelines, the criteria to be referred and hospitalized were to
present a moderate or severe YF clinical picture, presenting lab-
oratory values of AST >2000 IU/L, international normalized ra-
tio (INR) >1.5, creatinine >2 mg/dL, or platelet count <50 000/
pL. Signs and symptoms were also analyzed, such as vomiting,
diarrhea, and abdominal pain for moderate cases; and jaundice,
oliguria, altered mental status, bleeding, hypotension, difficulty
in breathing, and convulsion for severe cases. Patients were re-
ferred to HEM and hospitalized there after this initial screening,
and a YFV polymerase chain reaction (PCR) test was ordered
for each patient. In cases when the patient presented at the hos-
pital with >6 days of symptoms, an enzyme-linked immunosor-
bent assay test was also ordered, together with a PCR test [10].

Study Population

Two hundred twenty-one patients with laboratory-confirmed
YF who were admitted to HEM between January 2017 and
June 2018 and discharged. YF diagnosis was performed by de-
tecting IgM anti-YFV (in addition to negative results for IgM
against dengue and Zika viruses), YFV RNA by reverse-
transcription  quantitative  polymerase chain reaction
(RT-qPCR), or YFV isolation using serum samples. Any patient
that presented at least 1 positive result in any of the laboratory

tests cited above was included in the study.

LHep-YF Case Definition

LHep-YF was defined as an increase in either aminotransferase
level (AST or ALT) to values >500 IU/L and an increase above
the normal range for alkaline phosphatase (ALP) (>120 IU/L)
and total bilirubin (TBil) (>1.0 mg/dL), 46-60 days after YF
symptom onset, following a normalization or 5-fold reduction
in either aminotransferase, ALP, or TBil level from the peak
observed during acute YF.

YF Patient Follow-up

Following hospital discharge, YF patients were initially advised
to return at 30, 45, and 60 days post-symptom onset (dps) for
ambulatory follow-up, but in some cases the follow-up period
was extended. During follow-up, clinical examination, complete
blood cell count, and liver and renal function tests were per-
formed. Serum samples were collected during acute disease hos-
pitalization and ambulatory follow-up and kept at —70°C. The
samples were further used for qualitative and quantitative
RT-qPCR, for the investigation of YFV RNA, as described below.

YFV RNA Detection and Quantitation

Serum samples collected during the hospitalization period and
the follow-up were used for a qualitative RT-qPCR using
YFV-specific primers and probes [11]. In brief, total RNA
was extracted from 140 pL of serum samples using the
QIAmp Viral RNA Mini Kit (Qiagen). Total RNA (5 pL) was
used in RT-qPCR targeting the 5'UTR region of the YFV ge-
nome [11]. Positive samples were then used for quantitative
RT-qPCR, using the Bio Gene Research Yellow Fever PCR kit
(Bioclin, Brazil), to determine the YFV RNA genomic viral
load. The genomic viral load was expressed as log-transformed
genomic copies (GC)/mL. The RNA quantification kit detects
at least 20 GC/mL of viral RNA. For RNA quantification, the
highest point for the standard curve (provided by the kit) was
2 x 10> GC/mL and diluted up to 2 x 10" GC/mL.

Statistical Analysis

Data were maintained in the Stanford University Research
Electronic Data Capture (REDCap) platform. We compared
patients with LHep-YF (n=36) and without LHep-YF (n=
up to 185: patients with nonfatal YF attended at HEM, depend-
ing on the availability of data for each patient) based on demo-
graphics, clinical manifestations, laboratory tests, and
ultrasound findings (the full description of variables analyzed
is shown in Supplementary Material 1). Analyses were run on
R software, version 1.3. For each variable, the relative risk
was estimated using the Wald test (with the R package “epito-
ols”). For categorical variables (demographic factors, symp-
toms and signs, and ultrasound findings), the proportion of
LHep-YF and non-LHep-YF patients with a given risk factor

were compared using Fisher exact test with Bonferroni correction
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for multiple comparisons. For continuous variables (initial
[admission day, corresponding to 2-5 dps]; maximum and
minimum values of inpatient examinations; and postdi-
scharge values at 30, 45, 60, 90, 120, and >150 dps), receiver
operating characteristic curves were estimated, and optimal
cutoff values by maximizing the sum of sensitivity and specif-
icity were selected (using the R package “cutpointr”). The rel-
ative risk associated with dichotomized variables was
estimated using the Wald test. LHep-YF and non-LHep-YF
patients were compared using the Wilcoxon signed-rank
test with Bonferroni correction for multiple comparisons.
Viral loads were log-transformed and compared using
Student ¢ test. P values < .05 were considered significant.

Ethical Considerations

This study was approved by the Ethics Committee at Instituto René
Rachou (FIOCRUZ-MG) and Fundagio de Hospitais do Estado de
Minas Gerais (protocols Certificado de Apresentagido de
Apreciagio Ftica (CAAE) 72569317.2.0000.5091 and CAAE
65910317.0000.5071) and by the institutional review board at
Stanford University School of Medicine (eProtocol 53676). No in-
formed consent of study participants was pursued due to the na-
ture of the de-identified data after institutional review board
authorization. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

RESULTS

Of the 289 total YF-positive patients attended at HEM during
the 2017-2018 YF outbreak, 221 patients survived and were

discharged from the hospital. For the first 2 follow-up visits
(30 and 45 dps), patients presented with normal or slightly elevat-
ed liver function markers (AST and ALT, TBil, and ALP) and did
not report any signs or symptoms since hospital discharge.

However, from 46 to 60 dps follow-up, some patients
returned to HEM exhibiting a rebound of aminotransferases
(>500 IU/L), ALP, and TBil levels whereas other patients pre-
sented normal or decreasing levels of those markers. According
to the definition of LHep-YF, 36 of 221 (16%) patients who sur-
vived YF (12% of total YF cases at HEM [n = 36/289]) devel-
oped LHep-YF (Table 1, Figure 1). Our cohort consisted of
36 LHep-YF patients, including a previous case report de-
scribed by our group [5].

The LHep-YF group showed general clinical worsening, in-
cluding reports of fatigue, headache, myalgia, and arthralgia
during the syndrome. Less common symptoms included ab-
dominal pain, postprandial fullness, dyspnea, and rash
(Table 2). Nine LHep-YF patients presented with jaundice dur-
ing the follow-up, including 3 patients who had developed
jaundice during the YF acute phase and a recurrence of jaun-
dice during LHep-YF. Six patients with LHep-YF presented
with jaundice during the YF acute phase only. Eleven patients
were readmitted during the LHep-YF phase (Supplementary
Table 1); they received supportive treatment and were dis-
charged after general clinical improvement.

Serum samples collected during follow-up were tested by
RT-qPCR and all were negative for the presence of YFV RNA,
indicating no YFV viremia/RNAemia during the LHep-YF
(Supplementary Table 2). Other causes of hepatitis were ruled
out by the following testing: IgM and IgG anti-hepatitis C virus,
anti-hepatitis A virus, anti-hepatitis E virus, anti-Epstein-Barr

Table 1. Characteristics of 36 Patients With Late-Relapsing Hepatitis After Yellow Fever

Non-LHep-YF LHep-YF Non-LHep-YF LHep-YF
Characteristic (n=185) (n =36) dps? dps?
Male sex, No. 161 26 NA NA
Female sex, No. 24 10 NA NA
Age, y 46 (36-56) 41.5 (36.0-52.0) NA NA
dps that patients presented at HEM, YF acute phase 4 (2.75-5.25) 4 (3.0-6.0) NA NA
Length of hospitalization (d), YF acute phase 7 (5-10) 6 (5-8) NA NA
AST peak® 74.5 (50.2-135) 633 (389-825) 38.5 (28-51.2) 68 (62, 76)
ALT peak® 145 (81.3-270) 1128 (684-1481) 39.5 (31-47.5) 70 (62, 78.5)
TBil peak® 0.9 (0.6-1.1) 1.7 (1.1-4.6) 42 (26.5-74) 68.5 (53.8, 79)
ALP peak® 93 (72.8-132) 158 (131-221.5) 37 (23-59) 68.5 (44.8, 83)
Compassionate use of antiviral sofosbuvir, No. (%) 21(9.5) 6 (16.6) NA NA
YF 17DD vaccination <15 d before symptom onset, No. (%) 54 (24.5) 13 (36.1) NA NA
YF 17DD vaccination at least 1 y before symptom onset, No. (%) 50 (25) 3(8.3) NA NA

Data are presented as median (interquartile range) unless otherwise indicated.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; dps, days post-onset of symptoms; HEM, Hospital Eduardo de Menezes;

LHep-FY, Late-relapsing hepatitis after yellow fever; NA, not applicable; TBIil, total bilirubin; YF, yellow fever.

#Median days of symptoms after YF onset, at which the highest value was measured.
°Normal values: AST and ALT, 10-40 IU/L; TBil, 0.3-1.0 mg/dL; ALP, 30-120 IU/L [12].
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Figure 1. Liver function marker values (A. Aspartate transaminase; B. Alanine transaminase; C. TBil; D. ALP) during hospitalization and follow-up of patients with yellow
fever who were admitted to Hospital Eduardo de Menezes and survived (Late-relapsing hepatitis after yellow fever [LHep-YF], n = 36; non-LHep-YF, n = 185). Abbreviations:
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; dps, days post—symptom onset; LHep-YF, Late-relapsing hepatitis after yellow

fever; TBIl, total bilirubin.

virus, anti-herpes simplex virus type 1, anti-cytomegalovirus,
and anti-toxoplasma; anti-hepatitis B core (HBc); total
anti-HBc IgM; hepatitis B surface antigen; anti-human im-
munodeficiency virus types 1 and 2 IgM; PCR against

hepatitis B virus and hepatitis C virus; and RT-qPCR against
dengue, Zika, and chikungunya viruses. Laboratory tests for
autoimmune hepatitis, including anti-smooth muscle, anti-
mitochondrial, anti-nuclear factor HEP2, and anti-neutrophil
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cytoplasm antibodies (P-ANCA and C-ANCA), were also

negative.

Medical records were searched to identify the use of hepato-

toxic herbals, drugs, and dietary supplements that could inter-

fere with hepatic function [13]. Among the few patients who

Table 2. Status of Patients With Late-Relapsing Hepatitis After Yellow
Fever, Reported at Any Timepoint of Yellow Fever Follow-up

reported the use of any medication, the majority used antihy-
pertensives such as angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers that are not related to an in-
crease in aminotransferases [13]. The patients denied the con-
tinuous use of contraceptives, anticonvulsants, and other
hepatotoxic drugs (eg, acetaminophen [paracetamol]).
Patients in both cohorts (LHep-YF and non-LHep) presented
at the hospital at a median of 4 days after symptom onset (inter-
quartile range [IQR], 2.75-5.25 and 3.0-6.0 respectively)
(Table 1). There was no significant difference in median age be-

Non-LHep-YF tween LHep-YF (median 41.5 years [IQR 36.0, 52.0], age range:
LHep-YF (n = 36) fn =185} 15-79 years old) and non-LHep-YF patients (46 years, [IQR 36.0,
Patient Status No. % No. % 56.0]; P=.379, age range: 14-65 years old). No difference was
Myalgia 33 91.7 32 17.4 observed among underlying medical conditions present before
Arthralgia 33 91.7 12 6.5  YF diagnosis and development of LHep-YF (Figure 2). There
S 22 61.1 25 136 yas no significant relationship to symptoms and signs present
Jaundice 9 25 1 82 at the time of initial admission to HEM that could predict subse-
Headache 9 25 32 17.4
Abdominal pain 5 16.7 14 76 quent LHep-YF (Figure 3). There is no significant difference be-
Vomiting 4 11.1 1 0.5 tween initial Model for End-Stage Liver Disease 3.0 scores [14]
Dyspnea 3 8.3 17 9.2 for LHep-YF (median 8.5, [IQR 7.25-10.5]) and non-LHep-YF
Fever 2 56 4 22 (8.5, [IQR 7.0-14.0]) patients. No initial, minimum, or maxi-
E(;i::andia‘ fullness 5 :2 l 22 mum inpatient laboratory test values during hospitalization at
Rash ) 5:6 : 0:5 YF acute phase were significantly related to the development of
S — 1 28 1 05 LHep-YF (Figure 4). There was no significant relationship be-
Hematuria 1 2.8 0 0.0  tween reported ultrasonographic findings (Supplementary
Diarrhea 1 2.8 2 11 Material 1) and a diagnosis of LHep-YF. There was no significant
Abbreviation: LHep-YF, Late-relapsing hepatitis after yellow fever. difference in initial or maximum inpatient genomic viral loads
Risk Factor Prevalence RR(95%Cl) P Value
Overall Non-LHep-YF LHep-YF
Anticoagulation 0.0138 0.0110 0.0278 2.05 (.402,10.4) 42 i3
Renal disease 0.0040 0.0054 0.0000 2.04 (.208, 20.0) 1 i i
Liver disease 0.0181 0.0162 0.0278 1.55 (.276, 8.69) 51 ™
Lung disease 0.0181 0.0162 0.0278 1.55 (.276, 8.69) 51 Bl i
Diabetes 0.0768 0.0703 0.1110 1.50 (.601, 3.74) 49 i
Hypertension 0.1950 0.1840 0.2500 1.38 (.701, 2.72) 362 =
YF vaccination 0.4550 0.4380 0.4850 1.17 (.631, 2.16) .699 =
Alcohol use disorder ~ 0.1270 0.1240 0.1430 1.14 (.484, 2.70) .783 -
HIvV 0.0136 0.0162 0.0000 0.86 (.065, 11.5) 1 ——
Tobacco use 0.2550 0.2660 0.1940 0.71(.328, 1.52) 41 -
Heart disease 0.0455 0.0489 0.0278 0.60 (.091, 3.95) 1 -
Proportion Male 0.8460 0.8700 0.7220 0.47 (.251, .89) .04 =
mrm
010 318

Figure 2. Risk factors for Late-relapsing hepatitis after yellow fever (LHep-YF) and non-LHep-YF cases. From left to right, columns list the risk factor of interest (ranked by
the magnitude of the relative risk), its overall prevalence, prevalence among non-LHep-YF cases, prevalence among LHep-YF cases, relative risk (RR) with 95% confidence
intervals, and a forest plot illustrating the RR (node) and intervals (whiskers) relative to a risk of 1 (vertical line), where nodes to the right of the line indicate increased risk of
LHep-YF outcome. (Patients analyzed in the non-LHep-YF cohort: n = 185.) The proportion of males refers to the proportion of LHep-YF or non-LHep-YF patients who were
male, not the proportion of male patients with LHep-YF. Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; LHep-YF, Late-relapsing hepatitis after
yellow fever; RR, relative risk; YF, yellow fever.
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Prevalence

: Non-LHep-YF, LHep-YF,
Symptony/sien Overall _NoniHepVE WiepvE | o d) F¥elue No.p N':;.
Syncope 0.0321 0.0163 0.0833 3.24 (1.370, 7.66) .05 184 36 _
Seizure 0.0108 0.0054 0.0278 3.11 (.754, 12.9) 30 184 36 _
Petechiae 0.0163 0.0109 0.0278 2.06 (.404, 10.5) 42 183 36 — -
Vomiting 0.4100 0.3460 0.5560 2.04 (1.120, 3.71) 02 185 36 —_—
Dyspnea 0.0535 0.0380 0.0833 1.91(.704, 5.18) 21 184 36 —_—
Fever 0.9090 0.8920 0.9440 1.88 (.484, 7.30) 54 185 36 _—
Cough 0.0430 0.0326 0.0556 1.56 (.451, 5.38) 62 184 36 _—
Abdominal pain 0.2810 0.2380 0.3060 1.33 (.700, 2.52) 40 185 36 —_—
Palpable liver 0.1060 0.0865 0.1110 1.26 (.495, 3.19) .75 185 36 —_—
Sensory depression  0.0535 0.0432 0.0556 1.24 (.346, 4.45) 67 185 36 —_——
Melena 0.0269 0.0216 0.0278 1.23(.208, 7.31) 59 185 36 —_——
Dehydration 0.1380 0.1150 0.1390 1.20 (.511, 2.80) 78 183 36 _
Myalgias 0.7690 0.0735 0.7500 1.07 (.534, 2.13) 1.00 185 36 —_—
Diarrhea 0.1830 0.1570 0.1670 1.06 (.478, 2.36) 81 185 36 —_—
Headache 0.7550 0.7210 0.6940 0.89 (.471, 1.71) 84 183 36
Epistaxis 0.0162 0.0162 0.0000 0.86 (.065, 11.5) 1.00 185 36 -
Hematochezia 0.0162 0.0162 0.0000 0.86 (.065, 11.5) 1.00 185 36 ——
Bleeding 0.1530 0.1350 0.1110 0.83 (.316, 2.17) 1.00 185 36 —_——
Hemathesis 0.0802 0.0703 0.0556 0.81 (.214, 3.04) 1.00 185 36 -
Gum bleeding 0.0430 0.0378 0.0278 0.76 (.119, 4.88) 1.00 185 36 _—
Arthralgias 0.1700 0.1520 0.1140 0.75 (.285, 1.99) 79 184 36 _—
Palpable spleen 0.0217 0.0217 0.0000 0.67 (.048, 9.25) 1.00 184 36 —_—
Weakness 0.4280 0.3970 0.2780 0.63 (.323, 1.25) .19 184 36
Confusion 0.0538 0.0486 0.0278 0.06 (.091, 3.97) 1.00 184 36
Jaundice 0.2500 0.2340 0.1110 0.46 (.171, 1.24) 12 184 36 ——
Oliguria 0.1250 0.1200 0.0278 0.24 (.035, 1.69) 14 183 36
] 1 I L] I 1 I 1 1
0031 0125 05 10 20 40 80
Figure 3. Initial symptoms and signs of Late-relapsing hepatitis after yellow fever (LHep-YF) and non-LHep-YF cases at admission. From left to right, columns list the risk

factor of interest (ranked by the magnitude of the relative risk [RR]), its overall prevalence, prevalence among non-LHep-YF cases, prevalence among LHep-YF cases, RR with
95% confidence interval (Cl), and a forest plot illustrating the RR (node) and intervals (whiskers) relative to a risk of 1 (vertical line), where nodes to the right of the line indicate

increased risk of LHep-YF outcome.

between LHep-YF and non-LHep-YF cases during the YF acute
phase (P =.278) (Figure 5).

Comparing clinical manifestations between patients with
LHep-YF (n=36) and without (n=185), a significant
association with LHep-YF was seen with emesis at >150 dps
(P=.0393) jaundice at 30 or 60 dps (P =.0101 and P =.0293, re-
spectively), fatigue at 60 or 150 dps (P =.0139 and P =.0162,
respectively), and myalgias at 60 dps (P = .0278), though no re-
sults were significant after Bonferroni correction. For laborato-
ry tests, other than liver function tests (AST, ALT, ALP, TBil),
significant associations with LHep-YF by Fisher exact test were
seen with platelets <245000/uL or blood urea nitrogen
>27 mg/dL at 30 dps (P =.00167 and P =.00228, respectively)
and INR >1.08 at 60 dps, though again no results were signifi-
cant after Bonferroni correction (Figure 4).

DISCUSSION

Late-relapsing hepatitis after YF is a recently described compli-
cation of YF defined by recurrent transaminitis following a pe-
riod of clinical and laboratory test value remission of acute
hepatitis secondary to YF [5-7]. This study describes the largest
clinical cohort of patients with LHep-YF and demonstrates that
this relapsing hepatitis was accompanied by nonspecific clinical

manifestations similar to those presenting during the infection
and intoxication phases of YF. Symptoms and signs included
myalgia, arthralgia, fatigue, and in some cases, jaundice with
notable decreases in platelet count, occasionally requiring read-
mission. All LHep-YF patients survived and recovered clinical-
ly with normalization of liver laboratory values (ALT, AST,
ALP, and TBil), suggesting a benign prognosis.

Here we describe the occurrence of LHep-YF from 46 to 60 dps,
with ALT and AST peaking at around 60 dps. Prior case series
from the same YF outbreak have described similar clinical features
in patients meeting aminotransferase criteria for LHep-YF, includ-
ing accompanying fatigue and, in some cases, decreases in platelet
counts [6, 7]. LHep-YF onset has previously been observed to oc-
cur between 25 and 128 days after onset of YF symptoms [6, 7],
with a median interval between onset of acute YF and relapse
ALT peak of 75 days in a prior case series of 26 Brazilian patients
attended in a hospital in Sao Paulo state [6].

Due to the 2017-2018 YF outbreak, an intense YF vaccina-
tion campaign happened in MG during this time, with
>7.1 million doses applied [15]. It is important to bring atten-
tion to the fact that around 45% of patients who were attended
at HEM and included in this study received 1 dose of the YF
vaccine during this mass vaccination campaign (Figure 2).
Even though none of these cases were related to adverse events
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Lab Test Normal Values Cutoff :;:THT::'F PT::::;" RR (95% Cl) P Value Non-hl-:p-YF, LH;':_YF’

AST 10-40 1U/L 322 0.696 0.944 6.06 (1.50, 24.4) .35 181 36 ———

LDH 80-225 U/L 1000 0.737 0.944 4.99 (1.250, 20.0) .50 170 36 -

ALT 10-40 1U/L 446 0.619 0.889 4.06(1.490, 11.0) .18 181 36 -

ANC 2000-8250/plL 1900 0.279 0.816 3.91(1.950, 7.84) .60 14 36 -

cK 55-170 U/L 807 0.067 0.200 2.67(.724,9.82) .85 34 36 T

pCo, 42-53 mm Hg 41 0.197 0.407 2.27(1.160, 4.45) .04 123 36 -

ALC 1000-4000/pL 1010 0.406 0.639 2.21(1.180, 4.13) .08 180 36 -

WBC 4000-11 000/pL 2300 0.680 0.833 2.09(.915,4.78) .23 181 36 &

TBil 0.3-1.0 mg/dL 0.5 0.834 0.917 1.97(.642, 6.06) .70 181 36 =

GGT 9-50 U/L 163 0.478 0.667 1.93 (1.020, 3.65) .07 180 36 Tl

Albumin 2000-8250/plL 3.4 0.551 0.694 1.68(.871,3.23) .69 176 36 ™

Het Female: 37%—47%. Male: 42%-50% 42.9 0.506 0.611 1.43(.775,2.65) .86 180 36 -

Hgb Female: 12-16 g/dL. Male: 14-18 g/dL  14.7 0.497 0.583 1.34(.729, 2,45) .78 181 36 -

APTT 25-35 seconds 26.6 0.593 0.629 1.13(.604,2.12) .51 176 36 -

HCO; 23-29 mmol/L 27 0.173 0.152 0.87(.365,2.11) .57 165 36 =

ALP 30-120 U/L 100 0.514 0.444 0.79(.435,1.45) .40 179 36 -

AEC 0-330/pL 28 0.525 0.448 0.77(.398,1.51) .82 134 36 -

Platelet 150 000-450 000/pL 104 000 0.414 0.278 0.59(.304,1.17) 74 181 36 =

NA 135-145 nmol/L 145 0.147 0.083 0.58(.189,1.76) .57 177 36 —u7

pH 7.00 7.41 0.679 0.515 0.57 (.306, 1.05) .23 165 36 -

Lactate 0.7-2.1 mmol/L 1.2 0.523 0.353 0.56(.291, 1.06) .12 170 36 -

INR <1.00 1.02 0.558 0.361 0.51(.273,.95) .06 181 36 -

CRP <0.8 mg/dL 3 0.857 0.714 0.50(.120, 2.08) .87 6 36 b

Creatinine 0.7-1.30 0.7 0.834 0.611 0.40(.233,.72) .00 181 36 -

DBil 0.1-0.3 mg/dL 3.4 0.144 0.056  0.397(.101,1.56) .50 181 36 ——

K 3.5-5.2 nmol/L 3.5 0.883 0.690  0.394(.203,1.56) .06 130 36 -

p0: 35-42 mm Hg 42 0.886 0.667 0.37(.182, .69) .08 123 36 -

Glucose 70-99 mg/dL 83 0.825 0.475 0.33(.220, .50) .67 156 36 -

Amylase 25-125 U/L 75 0.745 0.400 0.30(.134, .68) .00 86 36 -

BUN 8-20 mg/dL 13.5 0.875 0.571 0.27(.075, .99) .14 181 36 ——

Lipase 10-140 U/L 345 0.457 0.143 0.24(.076,.79) .01 90 36 —-—

rrrrrrTm
012 1040160
Figure 4. Initial laboratory test values of Late-relapsing hepatitis after yellow fever (LHep-YF) and non-LHep-YF patients. From left to right, columns list the risk factor of

interest (ranked by the magnitude of the relative risk [RR]), normal range values, the cutoff value selected for dichotomization, the proportion of non-LHep-YF cases above the
cutoff, the proportion of LHep-YF cases above the cutoff, RR with 95% confidence interval, the Pvalue comparing the 2 populations by Wilcoxon ranked-sign test, the number
of patients analyzed in the non-LHep-YF group, and a forest plot illustrating the RR (node) and intervals (whiskers) relative to a risk of 1 (vertical line), where nodes to the right
of the line indicate that a value above the cutoff is associated with an LHep-YF outcome. Normal values are presented according to the American Board of Internal Medicine
laboratory test reference ranges (January 2022) [12]. Abbreviations: AEC, absolute eosinophil count; ALC, absolute lymphocyte count; ALT, alanine aminotransferase; ALP,
alkaline phosphatase; ANC, absolute neutrophil count; APTT, activated partial thromboplastin clotting time; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cl,
confidence interval; CK, creatine kinase; CRP, C-reactive protein; DBIil, direct bilirubin; GGT, y-glutamyl transferase; HCOs, Bicarbonate; Hct, hematocrit; Hgb, hemoglobin;
INR, international normalized ratio; K, potassium; LDH, lactate dehydrogenase; LHep-YF, Late-relapsing hepatitis after yellow fever; NA, sodium; pCO,, partial pressure of
carbon dioxide; p0,, partial pressure of oxygen; RR, relative risk; TBil, total bilirubin; WBC, white blood cell count.

after YF vaccination [16], they still got infected, probably be-
cause the time between the YF vaccine and the YFV wild-type
infection was too short for the development of an immune re-
sponse due to the vaccination against YF [17].

A case report described by our group showed that in
1 LHep-YF patient, the levels of most chemokines, proinflam-
matory cytokines, regulatory cytokines, and growth factors re-
mained elevated at 78 dps, suggesting that altered profiles of
circulating inflammatory regulatory mediators could be associ-
ated with the LHep-YF outcome [5]. In the case series described
by Casadio et al, liver biopsies in 9 patients stained positive for
YF antigen and 1 patient had persistence of YFV RNA in serum
during this syndrome [6]. While the pathogenesis of relapsing
hepatitis is unclear, the presence of YFV RNA in in serum [6],
urine, and liver biopsy [5, 18], and the presence of YF antigen in
10 liver biopsies [5, 6] collected during this syndrome, along

with the absence of metabolic disorders and other markers of
common hepatitis etiologies including autoimmune hepatitis,
suggests that LHep-YF could be driven by either direct viral in-
jury [5-7] or a persistent proinflammatory immune response.
These data reinforce the potential role of RNA persistence in
causing specific late complications, as well as in preventing
complete recovery from acute viral infections (reviewed in
(19]).

Along with the possible immune response link to LHep-YF
occurrence, the 2017-2018 YF outbreak was caused by a new
YFV lineage, containing 8 unique mutations in the genome:
1 in the capsid protein and 7 in nonstructural proteins (NS3
and NS5) [20]. These mutations culminated in 8 semi-
conservative amino acid changes [20], which could be associat-
ed with an advantage for viral fitness and differences in YF
pathogenesis. More studies are necessary to show if this YFV
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Figure 5. Initial log-transformed viral load (VL) by outcome shown as violin plot

and superimposed boxplot, with a marker indicating median value, hinges indicat-
ing quartiles, and whiskers indicating ranges. Mean values for Late-relapsing hep-
atitis after yellow fever (LHep-YF) and non-LHep-YF cases were 2.86 and 3.42 log;q
copies, respectively (P=.278).

lineage difference would help to explain the LHep-YF
syndrome.

Notably, hepatitis A has also been associated with a similar
relapsing hepatitis syndrome in up to 10% of cases, typically af-
ter a remission period of 3 weeks or less [21]. The pathogenesis
of this syndrome is also incompletely understood, although in a
14-person case series, hepatitis A virus RNA was detected in the
serum of 3 of the patients [22] and has also been isolated from
the stool of patients during relapse [23].

Our study has limitations. Due to missing data, it was not
possible to analyze the same homogeneous control group for
each statistical comparison. Another limitation was that data
collection derived from a single hospital; however, it is note-
worthy that HEM received about 30% of the total YF cases of
MG, suggesting that it is likely a representative cohort.
Nevertheless, some LHep-YF cases could not have met the first
criteria for admission at HEM, and we are missing this data in
our analysis. One more limitation is that we could only analyze
patients who return for an ambulatory visit after discharge at
Eduardo de Menezes Hospital. Considering that less sympto-
matic LHep-YF cases may not have come back or come back
less frequently for the follow-up visit, we could have overesti-
mated the severity of LHep-YF. Furthermore, other studies
conducted with patients from Sdo Paulo and Rio de Janeiro
states have also described the same syndrome with similar find-
ings, showing that this clinical syndrome occurred in different
regions of Brazil during the same YF outbreak. Another

limitation of our study is that we could not precise an exact
day as a starting point for the development of LHep-YF. We
also did not analyze the interference of sofosbuvir in our co-
hort. However, other studies have shown that the use of this an-
tiviral did not appear to be associated with further alterations in
levels of liver enzymes.

CONCLUSIONS

Here we describe the Late-relapsing hepatitis after YF clinical
syndrome, associated with a rebound of AST, ALT, ALP, or
TBil levels, 46-60 days after YF symptom onset. LHep-YF
was not associated with any epidemiological, clinical, or labora-
tory factors analyzed in our study. Although LHep-YF seems to
be a benign condition, our results show the importance of
follow-up of patients with YF after hospital discharge.

Reliable prediction of the syndrome will require a deeper un-
derstanding of the disease’s pathogenesis and related host im-
mune response. Further studies to investigate the role of
possible viral persistence, immune responses, and viral biolog-
ical characteristics causing LHep-YF are needed to understand
the pathogenesis of this syndrome. These results provide new
data on the clinical course of YF and highlight the need for ex-
tended patient follow-up.
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Supplementary materials are available at Clinical Infectious Diseases online.
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materials are not copyedited and are the sole responsibility of the authors,
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