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The article reviews the literature about classical and atypical Reye’s syndrome, discusses the causes that contribute to its occur-
rence, provides criteria for diagnosis with the presentation of a Reye’s-like syndrome case in the 13-year-old child. Reye’s syndrome
is a dangerous pathological condition characterized by acute encephalopathy and fatty degeneration of internal organs, mainly
the liver.

There are different viral and bacterial infections that precede the development of Reye’s syndrome, namely influenza, acute
respiratory infections, chickenpox, entero- and rotavirus infections, whooping cough, mycoplasma infection, salmonellosis. For a
treatment of these infections in the presence of fever, a number of drugs to lower the temperature, such as acetylsalicylic acid,
ibuprofen, acetaminophen, diclofenac sodium is usually used.

Case presentation. We observed the case of a teenage girl with Reye’s-like syndrome associated with coronavirus infection and
antipyretic drug intake in the clinic.

Conclusions. Given the changes in the internal organs, namely the development of hepatic steatosis, therapy of such patients
should be aimed at preventing fatty degeneration. In addition to classic Reye’s syndrome, there is an atypical Reye’s syndrome
or Reye’s-like syndrome, which mainly occurs in children under 5 years old with congenital disorders of fatty acid metabolism.
Dosages of prescribing antipyretic drugs should be strictly based on the child’'s age and weight.

Pea-noai6HMI CUHAPOM Y AUTHHM BikOM 13 poKiB (KAIHIYHMI BUNAAOK)

0. M. Lyabrawn, M. I. KiHaw, A.-M. A. LLiyabrai

HaeeneHo ornsg dhaxoBoi nitepaTypy LWOAO KNACKYHOro Ta aTWMOBOrO CUHAPOMY Pesi, po3rmisiHyTO NpUUYKHK, L0 3yMOBIIIOKTL
110r0 BUHUKHEHHS, ONWUCAHO KpUTEPIi BCTAHOBMEHHS AiarHo3y, NPeACcTaBneHo Bunagok Pes-nofibHoro 3axBoproBaHHS B AUTUHN
BikoM 13 poKiB.

CwHppom Pest — HebeaneyHuii NaTonoriyHuin CTaH, SKoMy npuTaMaHHi rocTpa eHuedanonaris Ta Xuposa ANcTpodis BHYTPILLHIX
OpraHiB, nepeaycim neviHkv. € Huka BipyCHUX i GakTepianbHUX iHGEKLIi, Lo nepesyroTb po3BUTKY CMHAPOMY Pesi: rpun, rocTpi
pecnipaTopHi iHeKLii, BITpsiHa Bicna, EHTEPO- Ta POTaBIPYCHI iHCDEKLLT, KaLLIIOK, Mikonna3moBa iHekuis, canbMoHenbo3. Mig
yac nikyBaHHS LMX iHEeKLIR, Konn € NXoMaHKa, 3a3Buyan BUKOPUCTOBYIOTb HU3KY MeOMKaMEHTO3HUX 3aco6iB AN 3HUKEHHS
TEeMnepaTypyu: aLeTuncaniumnoBy KCnoTy, ibynpodeH, aueTamiHoteH, AnknodeHak HaTpito.

Mpe3seHTauin kniHiYHOro BUNagKy. Y kniHiui cnoctepirany Bunagok Pes-noaibHoro 3axsoptoBaHHs B 4iBYMHKM NigniTKOBOTO BiKY
Ha TN KOPOHABIPYCHOIT IH(EKLLT Ta MPUAMAHHS aHTUMIPETUYHOTO Npenapary.

BucHoBkM. BpaxoBytoun 3MiHW y BHYTPILLHIX OpraHax, 30KpeMa pO3BWTOK CTeaTosy MediHkW, Tepanito Takux naujieHTis Tpeba
CnpsiIMOBYBaTU Ha 3anobiraHHst XmpoBii aucTpodii. KpiM knacuyHoro cuHapomy Pes, giarHocTytoTb atunouid cuHapom Pes, abo
Pes-nopibHe 3axBoptoBaHHS, LLO BUHUKAE NepeayciM y AiTei BikoM [0 5 POKIB i3 YPOMKEHUMM NOPYLUEHHAMU OBMiHY XUPHUX
kucnot. MpusHadatoum aHTUNIpeTUYHI Npenapatu, Tpeba YiTko 4OTPUMYBATMCS 403K 3rigHO 3 BIKOM i Macoro Tina AnTUHN.

Pes-nop06HbIN CUHAPOM Y pe6€HKa 13 AeT (KAMHMYECKUH CAyUaH)

A. M. Wyabraw, M. U. Knunaw, A.-M. A. LLiyabrait

MpercraBneH 0630p Hay4HOV NUTepaTypbl KACATEMNBHO KITACCMYECKOrO M aTUMUYHOTO CMHAPOMA Pesi, paccMOTPEHbI MPUYMHBI,
NPUBOASALLME K €70 BO3HUKHOBEHUIO, NPUBEAEHBI KDUTEPHM MOCTAHOBKM [A1arHo3a, NPeAcTaBreH KIMHUYeCkuiA cryyan Pes-no-
no6Horo 3aboneBaHus y pebéHka B BospacTe 13 ner.

CuHapom Pest — onacHoe naTornoruyeckoe COCTOSIHUE, KOTOPOMY MPUCYLLM OCTPast 3HLE(anonaTis 1 kuposasi AMCTpous BHY-
TPEHHUX OpraHoB, NMPENUMYLLECTBEHHO NeveHu. CyLUeCTBYET psif BUPYCHBIX 11 GakTeprasnbHbIX MHADEKLIA, KOTOPbIE MPELIECTBYIOT
pa3BUTHIO CHpPOMA Pest: rpunn, OCTpbIE PECNMPaTOpHbIe MHGEKLMM, BETPSIHAS 0cMa, SHTEPO- U POTaBUpYCHast MHAEKLMM, KO-
KIHOLL, MUKOMNa3MeHHas UHEKLS, CanbMOHENNES.. B neveHnm aTuX UHAEKLMA NPY HAMMYMW NMXOpasKu 0BbIYHO UCTONb3YHoT
psif MEAVKAMEHTO3HbIX CPEACTB [N1S CHXKEHWS TeMnepaTypbl: aLeTUncanyuuuioByto KUCTOTY, UBYNpodeH, aueTaMuHoMeEH,
JuKnodeHak HaTpusl.

Mpe3seHTauus KnuHUYeckKoro cnyyas. B knuHuke Habniopanm cryyaii Pesi-nogo6Horo 3abonesaHms y 4EBOYKY NOAPOCTKOBOIO
BO3pacTa Ha (hoHe KOPOHABMPYCHOI MHGIEKLMM 1 MPpUEMA aHTUMMPETUYECKOO Npenapara.

BbiBoAbIl. YUnTbiBasi M3MEHEHNS1 BO BHYTPEHHWX OpraHax, 0COOEHHO pa3BUTME CTeato3a NeyeHu, Tepanus Takux NauneHToB
[OMmKHa ObITb HaNpaBneHa Ha NpeaynpexaeHne X1poBor auctTpocdnn. Kpome Knaccuieckoro cuHapoma Pesi, auarHoctupytot
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aTMNnYHbIA cuHapom Pest, unn Pesi-nonoBHoe 3abonesaHue, KOTOPoe BO3HWKAET MPerMYLLECTBEHHO Y AeTell B Bo3pacTe o 5 net
C BPOXAEHHBIMU HapyLLUEHUsIMU 0BMeHa XUPHBIX KUCTOT. Mpy HasHaYeHUN aHTUNUMPETUYECKVX NPenapaToB HEOGXOAMMO YETKO
NpUOepKUBATLCS O3bl COMMAcHO BO3pacTy 1 Macce Tera pebeHka.

Reye’s syndrome is a pathological condition manifested
by acute toxic encephalopathy in combination with fatty
degeneration of internal organs, mainly the liver. This pa-
thology was first described in 1963 by Australian pathologist
R. Reye and co-authors, who observed about 21 cases
of influenza in children who had taken acetylsalicylic acid
(aspirin), whereupon 17 children had died [1]. The World
Health Organization (WHO) experts recommend not to
use acetylsalicylic acid for fever in children under 12 years.
Refusal from acetylsalicylic acid in case of influenza and
acute viral infections in the United States and the United
Kingdom has significantly reduced the number of Reye’s
syndrome cases from 0.9 to 0.1 per 100000 children un-
der 18 years old. It should be noted that acetaminophen
(paracetamol) and non-steroidal anti-inflammatory drugs
for antipyretic use are taken by many children, but Reye’s
syndrome or Reye’s-like syndrome occurs among only a
few of them, which probably indicates that this group of
children may have latent mitochondrial dysfunction which
can arise in case of taking antipyretic drugs for treatment
of viral infection [1-3].

Reye.s syndrome or Reye’s-like syndrome, in addition
to influenza, can occur on the background of other acute
viral diseases, measles, rubella, chickenpox, entero- or ro-
tavirus infections, rarely bacterial infections (mycoplasmas,
chlamydiae, pertussis, salmonellosis, dysentery) [1,2,4].

In recent years, in addition to acetylsalicylic acid, the list
of antipyretic drugs that may cause Reye’s syndrome or
Reye’s-like syndrome has increased significantly: non-ste-
roidal anti-inflammatory drugs, acetaminophen, diphen-
hydramine, mefenamic acid and valproic acid. Besides
these drugs, the causes of these pathological conditions
are insecticides, herbicides, some paints and solvents,
hepatotoxic fungi [2,5].

The literature describes genetically determined cases
of Reye’s syndrome, the specified age when it occurs
most often, namely — children from 4 to 12 years, less
often — infants and over 18 years, but sex differences in
the occurrence of this pathology are absent, that is, girls
and boys are equally affected. Also, the seasonal variation
of Reye’s syndrome is described — from December to April,
which is probably associated with an increased incidence
of influenza and viral infections, as well as the possibility of
recurrent course [4-6].

Diagnostic criteria for Reyes syndrome were formulated
in 1990 by the Centers for Disease Control and Prevention
(CDC), in particular:

— acute non-inflammatory encephalopathy (alteration
in consciousness from confusion and drowsiness to coma,
lumbar puncture — 8 leukocytes/l, histological changes —
signs of neuronal degeneration, cerebral edema without
periventricular or meningeal inflammation);

— hepatopathy confirmed by either biopsy or autopsy
is considered as characteristic of Reye’s syndrome, spe-
cifically mild fatty degeneration of hepatocytes, significant
steatosis, dystrophy, edema and swelling of mitochondria,
absence of inflammatory cell infiltrates; or a 3-fold or greater
increase in the serum levels of alanine aminotransferase
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(ALT), aspartate aminotransferase (AST) (without jaundice)
or ammonia. However, such patients have no other expla-
nation for cerebral and hepatic disorders [1,2,5].

Later, in 2018, the criteria for Reye’s syndrome were
refined: a child under 16 years old with unexplained non-in-
flammatory encephalopathy combined with one or more
symptoms: 3-fold or greater elevation in serum ALT and
AST, orammonia levels, or fatty liver disease. These criteria
are also used for the differential diagnosis of Reye’s-like
syndrome [1,2,6].

Case report

Here is a case of our own observation of Reye’s-like syn-
drome. A 13-year-old girl O., a resident of Ternopil, was ad-
mitted to the Intensive Care Department of Ternopil Regional
Children’s Clinical Hospital with a diagnosis of “suspected
acute enteral drug poisoning”. It was found from the patient
history that symptoms had appeared suddenly with fever
(temperature rise to 38.7 °C), nausea, repeated vomiting,
which had brought no relief, myalgia, severe cephalalgia,
and restlessness. The child being home alone without pa-
rental supervision self-administered acetaminophen tablets
containing 50 mg of the drug in each for 4 hours. According
to the child, the frequency of taking the drug was 1 tablet per
30-60 minutes (the girl had taken 6-7 tablets for 2 hours), as
headache, muscle pain and weakness were troubling her, and
she tried to relieve the condition and eliminate these symp-
toms (neither the child nor her mother could not clearly state
exactly how many pills had been taken). After that, the child
fell asleep, her body temperature decreased to subfebrile
levels within 2 hours of sleep, but the girl became inactive,
sleepy, complained of progressive weakness, inadequately
answered questions, then she developed confusion, that is
why mother called the ambulance, and the child was admitted
to Ternopil Regional Children’s Clinical Hospital.

On admission, the child had impaired consciousness,
confusion, drowsiness, general cerebral and meningeal
signs were absent, she moved herself, but there was a
loss of coordination, specific odor from the mouth or body
was absent. The skin and visible mucous membranes
were pale pink, no rash, the throat was without redness,
submandibular lymph nodes were enlarged. In the lungs
— vesicular breathing, no wheezing, RR — 18 per minute.
Heart sounds were rhythmic, no murmurs, HR — 68 per
minute, blood pressure — 110/65 mm Hg. The abdomen was
symmetrical, soft, there was no muscle defense, the liver
edge was 1 ¢cm below the right costal margin, the spleen was
not palpable. There were no abnormalities of urination or
defecation. Blood oxygen saturation (SpO,) was determined
in the range of <96 %. SARS-CoV-2 RNA was established
by PCR from nasal and oropharynx smears.

Data from additional examinations: complete blood
count — lymphocytosis and insignificant leukopenia were
observed (RBC 4.0 x 10"/, Hb 123 g/l, MCV 88 fl, WBC
3.6 x 10%L, bands 5 %, seg. 27 %, eos. 4 %, lymph. 61 %,
mon. 3 %, ESR 2 mm/hr). Biochemical blood test - elevated
transaminases, urea, increase in LDH (total bilirubin 12.5
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mmol/L, total protein 76 g/L, ALT 428 [U/L (N <37 IU/L), AST
242 1U/L (N <39 1U/L), LDH 418 U/L (N 140-295 U/L), CPK
128 UIL, triglycerides 1.6 mmol/L (N <1.69 mmol/L), urea
12.1 mmol/L (N 2.5-8.3 mmol/L), creatinine 56 mmol/L. The
clinical urine analysis revealed no pathology. Cerebrospinal
fluid was not tested (the mother did not consent to it). On
ultrasound of the abdominal cavity: the liver was moderately
enlarged, the contour was clear, smooth, the structure of
heterogeneous echogenicity, pancreas, spleen and kidneys
— without changes. No pathology was detected according
to coagulation test.

Blood group typing: O (I), Rh +. Stool test — without
pathology. ECG: signs of metabolic disorders in the myocar-
dium. Chest X-ray: enhancement of the pulmonary pattern
on both sides, the contour of the heart without pathology.
Examination by an ophthalmologist and a neurologist — no
pathology was determined. EEG: data for the presence of
local, diffuse or generalized epileptiform activity at the time
of examination were not detected.

The child received a final clinical diagnosis of coronavi-
rus infection, Reye’s-like syndrome, toxic hepatitis. Taking
into account that there is a concern about Reye’s syndrome
or Reye’s-like syndrome in children under the age of 18 after
taking acetaminophen and other antipyretic drugs, the child
was diagnosed with Reye’s-like syndrome in time and pre-
scribed appropriate treatment. The child was assigned a
comprehensive therapy aimed at correcting metabolic disor-
ders, prevention of coagulopathy, and the development of
cerebral edema (gastric lavage, cleansing enema, infusion
therapy, hepato- and angioprotectors, glucocorticosteroids,
anticoagulants, diuretics, vitamins D, C) in the intensive
care unit. The girl’s condition was with positive dynamics
during the observation, and then she was followed up by a
gastroenterologist in the somatic department.

Discussion

Most children with coronavirus infection do not have severe
symptoms and need only symptomatic treatment, which
includes antipyretic drugs. Fever is a common symptom of
COVID-19, therefore, over-the-counter antipyretic drugs
such as ibuprofen and acetaminophen are included in
guidelines to relieve discomfort, reduce fever and enhance
patient wellbeing. Despite the efficacy and tolerability of
these drugs, an increase in side effects has been reported
in recent years after their use in children [7-11].

There are classical (aspirin-induced) Reye’s syndrome
and atypical Reye’s syndrome or Reye’s-like syndrome,
which has an identical clinical picture and the same etiolo-
gical factors. It occurs mainly in children under the age of 5
with congenital disorders of fatty acid oxidation as a result of
hereditary carnitine deficiency or Acyl-CoA dehydrogenase
deficiency, metabolism of organic acids or amino acids,
metabolism of urea, or with an organic lesion of the central
nervous system (CNS) of another origin [12-16].

Classical Reye’s syndrome is associated with general-
ized damage to mitochondria in the brain, liver, pancreas,
kidneys, myocardium, muscles due to impaired oxidative
phosphorylation and fatty acid oxidation processes with
the formation of fatty degeneration. These damages are
induced by intake of drug preparations containing acetyl-
salicylic acid or other salicylates [6,12].

According to the pathogenic mechanisms, pathomor-
phological damage of the CNS by toxic metabolites in
Reye’s syndrome are: damage to tissues and blood vessels
of the nervous system, blockade of neurotransmitters, ce-
rebral edema, demyelination, ischemic disorders, delayed
brain development [12,13].

Reye’s syndrome is characterized by severe liver and
brain damage and usually begins with sudden nausea
and vomiting, and vomiting is repeated and does not bring
relief. Neurological disorders develop a few hours later,
restlessness and emotional lability change to apathy and
drowsiness. An altered level of consciousness rapidly pro-
gresses from lethargy to its loss and the development of
cerebral coma. A child may be in a coma from one day to
several weeks [1,6,12].

Clinical diagnosis of Reye’s syndrome consists of
several stages:

1) obtundation, lethargy, drowsiness, gait disturbance,
slowed responses to stimulation, vomiting;

2) speech difficulties, the child stop moving and con-
tacting with others, lack of appropriate response to stimuli,
reflexes are preserved;

3) delirium, irritability, combativeness, disorientation,
hyperreflexia, hyperventilation, foot clonus, the appearance
of pathological reflexes, while respiratory movements and
the reaction of the pupils to light are preserved;

4) coma, hypoventilation, lack of spontaneous breathing
and the reaction of the pupils to light, decorticate rigidity
(leg extension, adduction, and arm flexion), changing in
muscle hypotonia, areflexia, seizures, flaccid paralysis, and
respiratory arrest[2,8,15].

Changes in biochemical parameters due to aspirin or
salicylates intake are quite convincing in Reye’s syndrome,
namely: an increase in the level of liver enzymes, urea
and ammonia from 3 to 20 times of the norm with normal
or slightly increased bilirubin levels. Significant hyperam-
monemia and elevated transaminases indicate the deve-
lopment of acute liver failure in such patients according to
progressive necrosis of liver cells. Anumber of patients also
have hypoglycemia, especially young children, electrolyte
imbalance and blood clotting (prolongation of prothrombin
time), increased levels of lactate dehydrogenase (LDH) and
creatine phosphokinase (CPK) [1,2,8,15,16].

Morphological examination in Reye’s syndrome reveals
apicture of acute encephalopathy: cerebral edema, neuro-
degeneration, lipid vacuolization around small vessels, hae-
morrhages, and brainstem infarction. Electron microscopy
detects neuronal damage, swelling of astrocytes and myelin
sheaths. Autopsy reveals the enlarged liver and microvesi-
cular accumulation of fat in hepatocytes. Massive steatosis,
which is a characteristic histological pathognomonic sign of
Reye’s syndrome, occurs from the first hours of this con-
dition. Mitochondria are damaged, deformed, edematous,
and the formation of polymorphic cells is revealed. Lipid
inclusions are found in the cytoplasm of renal proximal
tubule cells, myocardium, pancreas; acute necrosis of
pancreocytes may also develop [5,16,17].

The similarity of diagnostic criteria for typical (idiopathic)
Reye’s syndrome and atypical (Reye’s-like syndrome),
the occurrence of this pathology secondary to a viral in-
fection, symptomatic treatment with paracetamol or other
drugs of a similar action (ibuprofen, acetylsalicylic acid,
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metamizole sodium) contributed to their unification into one
group of heterogeneous diseases according to the similar
mechanisms of origin [14,16,17-20].

In our opinion, Reye’s-like syndrome diagnosis in
the presented patient is unquestionable, since there were
CDC criteria: acute non-inflammatory encephalopathy and
hepatopathy with changes in ALT and AST, paracetamol
intake for the viral infection in doses significantly exceeding
the therapeutic doses for the age, multiple organ lesions
with involvement of kidney (increased urea), myocardium
(increased LDH, AST) and the absence of jaundice, lack of
typical disease stage and rapid reversible positive develop-
ment of clinical and laboratory manifestations [16,18-20].

The peculiarity of this clinical case is that it was deve-
loped in an adolescent, clinical symptoms progressed quite
quickly (within a day). In presence of the condition, a 50 %
solution of metamizole sodium was administered to the pa-
tient according to fever in the Intensive Care Department. It
was concluded that the cause of the Reye’s-like syndrome
was not an infection, but the intake of certain medications
in an inappropriate dose with underlying probable latent
mitochondrial insufficiency.

Conclusions

1. The complexity of this clinical case is the symptom-
atic treatment. The main purpose of treatment for such pa-
tients is to restore the function of the liver and brain, as well
as to prevent the development of irreversible complications.

2. Unfortunately, the mortality rate in children with
Reye’s syndrome is quite high, reaching 80-95 % de-
pending on the brain damage, and it is less than 1 % in
Reye’s-like syndrome.

3. It is especially important to analyze such clinical
cases now, during the coronavirus pandemic, since one of
the symptoms in this viral infection is fever, and acetamino-
phen and ibuprofen, according to the guidelines, can be
used to reduce body temperature in children of all ages.

4. Dosages of prescribing antipyretic drugs should be
strictly based on the child’'s age and weight.

Prospects of further studies. The sooner Reye’s
syndrome (or Reye’s-like syndrome) is diagnosed and
the treatment is started, the more favourable is the prog-
nosis for a child.
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Biaomocrti npo aBTopiB:

LUyAbrait O. M., KaHA. MeA. HayK, AOLEHT Kad. AUTAUMX XBOPOO 3
AUTAYOLO Xipyprieto, TEPHOMIAbCHKMI HALOHAABHUIA MEAUYHUIA
yHiBepcuTeT imeHi |. f1. TopbaueBcbkoro MiHicTepcTBa OXOPOHK
3A0POB’A YKpaiHu.

KiHaw M. I., KaHA. MeA. HayK, AOLEHT Kad. AUTAUMX XBOPOb 3
AUTAYOIO Xipyprieto, TepHOMIAbCbKII HaLOHAABHWIA MEANYHUI
yHiBepcuTeT imeHi . f1. fTopbaueBcbkoro MiHicTepcTBa OXOPOHU
3A0POB’A YKpaiHu.

LUyAbrait A.-M. A., KaHA. MeA. HayK, acucTeHTka kad. neaiatpii Ne 2,
TepHOMIAbCbKUI HaLlIOHAAbHWIA MEAUYHUI YHIBEpCUTET

iMeHi |. 1. TopbaueBcbkoro MiHicTepCTBa OXOPOHU 3A0POB'S
Ykpainu.

CeepeHus 06 aBTopax:

LUyAbrait A. M., KaHA. MeA. HayK, AOLIEHT Kad. AETCKUX BOAE3HEN C
AETCKOM XMpypruem, TepHOMOAbCKMIA HALMOHAABHBIA MEAULIMHCKMIA
yHUBepcuTeT UMeHu W. 1. fopbaueBckoro MuHuctepcTsa
3APaBOOXPaHEHUA YKpanHbl.

KuHaww M. W., KaHA. MeA. HayK, AOLEHT Kad. AETCKMX Bone3Hel ¢
AETCKOM XMpypruem, TepHOMOAbCKMI HALMOHAABHBIA MEAULIMHCKUIA
YHUBEpPCUTET UMeHU W. A. Topbauesckoro MuHKUcTEPCTBa
3APaBOOXpaHEHUA YKpanHbl.

LLyabrait A.-M. A., KaHA. MEA. HayK, aCCHUCTEHT Kad. NeanaTpum

Ne 2, TepHONOABCKI# HALWMOHAABHbBIN MEAULIMHCKUIA YHUBEPCUTET
1Mmenu W. A. TopbaueBckoro MUHUCTEPCTBA 3APABOOXPAHEHUS
YKpauHbl.
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