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Wykaz stosowanych skrotow (wg kolejnosci alfabetycznej)

AAC — bezkamicze zapalenie pecherzyka zolciowego (ang. Acute Acalculous Cholecystitis)
ALT — aminotransferaza alaninowa (ang. Alanine Aminotransferase)

AST — aminotransferaza asparaginianowa (ang. Aspartate Aminotransferase)

CLIA — chemiluminescencyjny test immunologiczny (ang. Chemiluminescent Immunoassay)
CMYV — wirus cytomegalii (ang. Cytomegalovirus)

COVID-19 — choroba koronawirusowa 2019 (ang. Coronavirus Disease 2019)

CRP — biatko C-reaktywne (ang. C-reactive protein)

EBYV — wirus Epsteina-Barr (ang. Epstein-Barr virus)

v-GT — gamma-glutamylotransferaza (ang. Gamma-Glutamyl Transferase)

GGN - gbrna granica normy

GGTP — gamma-glutamylotranspeptydaza

GBWT — pogrubienie §ciany pecherzyka zotciowego (ang. gallbladder wall thickening)
HAV — wirus zapalenia watroby typu A (ang. Hepatitis A virus)

HBYV — wirus zapalenia watroby typu B (ang. Hepatitis B virus)

HCV — wirus zapalenia watroby typu C (ang. Hepatitis C virus)

HHV-4 — ludzki herpeswirus 4 (ang. Human Herpesvirus 4)

HIV — ludzki wirus niedoboru odpornosci (ang. Human Immunodeficiency Virus)

IM — ang. infectious mononucleosis

LDH — dehydrogenaza mleczanowa (ang. lactate dehydrogenase)

SD — odchylenie standardowe (ang. standard deviation)

ULN — ang. upper limit of normal

VCA — antygen kapsydu wirusa (ang. viral capsid antigen)

WBC — krwinki biate (ang. white blood cells)



Streszczenie w jezyku polskim

Charakterystyka zapalen watroby w przebiegu pierwotnych zakazen herpeswirusowych

(wirusem Epsteina-Barr oraz wirusem cytomegalii) u dzieci
Wstep

Mononukleoza zakazna jest powszechnie wystepujaca chorobg bedaca efektem
pierwotnego zakazenia wirusem Epsteina-Barr (EBV, Human Gamma-Herpesvirus 4 —
HHV-4), ktory jest patogenem wytacznie ludzkim. Serologiczne cechy przebytej infekceji
stwierdza si¢ u ponad 95% dorostej populacji na $§wiecie, ale wigkszo$¢ 0sob przechodzi
zakazenie w sposob bezobjawowy. Zespot objawoéw podobnych do obserwowanych w
mononukleozie zakaznej moze by¢ wywotany réwniez przez wirus cytomegalii (CMYV,
Cytomegalovirus) takze nalezacy do rodziny Herpesviridae. W przebiegu pierwotnej infekcji
EBV i/lub CMV moze rozwina¢ si¢ zapalenie watroby (zgodnie z dostepnymi danymi nawet
u 80 — 90% dorostych z mononukleoza zakazng) — najczesciej o tagodnym do umiarkowanego
przebiegu, cho¢ obserwowane sa takze objawy kliniczne i laboratoryjne cholestazy oraz
bezkamicze zapalenie pecherzyka zotciowego. Dane literaturowe dotyczace zapalenia
watroby w pierwotnym zakazeniu EBV u dzieci s3 znacznie bardziej ograniczone niz te
odnoszace si¢ do populacji dorostych. Patogeneza uszkodzenia hepatocytow w zakazeniach
EBV i CMV nie jest w pelni wyjasniona. Oba wirusy nie wykazuja tropizmu do komorek
watrobowych ani nablonka drog zotciowych. Przypuszczalnie kluczowa role odgrywa
odpowiedz uktadu odpornosciowego indukujaca procesy zapalne w watrobie. W praktyce
klinicznej leczenie mononukleozy zakaznej pozostaje objawowe. Dotychczas nie
potwierdzono korzysci ze stosowania acyklowiru, natomiast rola glikokortykosteroidéw

ogranicza si¢ do wybranych powiktan (np. obturacja drég oddechowych).

Cele rozprawy doktorskiej
Cele rozprawy doktorskiej byty nastepujace:

1. Analiza przebiegu klinicznego zapalenia watroby u dzieci z pierwotnym zakazeniem
EBYV, z uwzglednieniem znaczenia oceny laboratoryjnej funkcji watroby oraz badania

ultrasonograficznego (USG) jamy brzusznej (Publikacja nr 1.).



2. Porownanie przebiegu zapalenia watroby u dzieci z pierwotng infekcja EBV
leczonych glikokortykosteroidami (stosowanymi w leczeniu pozawatrobowych
powiklan mononukleozy zakaznej) z grupa pacjentéw nieotrzymujacych
glikokortykosteroidow (Publikacja nr 2.).

3. Porownanie przebiegu zapalenia watroby u dzieci z pierwotnym zakazeniem EBV
oraz u dzieci z koinfekcja EBV/ CMV potwierdzong badaniem serologicznym
(Publikacja nr 3.).

Material i metody
Rozprawa doktorska sktada si¢ z cyklu trzech pelnotekstowych publikacji:

1. Badania obserwacyjnego, w ktorym analizowano przebieg kliniczny zapalenia
watroby u dzieci z pierwotnym zakazeniem EBV (ze szczegdlnym uwzglednieniem
dynamiki zmian aktywnos$ci aminotransferaz watrobowych, czestosci wystepowania
cholestatycznego fenotypu choroby, analizy zmian uwidocznionych w badaniu USG)

— Publikacja nr 1.

2. Badania kliniczno-kontrolnego oceniajacego wpltyw steroidoterapii stosowanej z
powodu pozawatrobowych powiktan mononukleozy zakaznej na przebieg zapalenia
watroby w pierwotnej infekcji EBV — Publikacja nr 2.

3. Badania kliniczno-kontrolnego poréwnujacego przebieg zapalenia watroby u dzieci z
monoinfekcja EBV 1 pacjentow z koinfekcja EBV/ CMV potwierdzong badaniem

serologicznym — Publikacja nr 3.
Wyniki

W Publikacji nr 1. wykazano, Zze czesto$¢ wystepowania objawdw zwigzanych z
patologiag watroby i drég zotciowych u dzieci z pierwotnym zakazeniem EBV wynosita
odpowiednio: hepatomegalia — 80,72%, bdl brzucha — 31,32%, nudno$ci/ wymioty - 27,11%,
zottaczka — 11,44%, S$wiad skory — 11,44%, tkliwos¢ palpacyjna brzucha — 10,84%,
Sciemnienie moczu — 4,82%, odbarwienie stolca — 1,20%. Podwyzszong aktywnos$¢
aminotransferazy alaninowej (ALT) i asparaginianowej (AST) obserwowano od pierwszego
do trzeciego tygodnia choroby z tendencja do normalizacji od czwartego tygodnia.
Aktywno$¢ ALT przekraczala pieciokrotnos¢ wartosci gornej granicy normy (GGN) dla pfci i
wieku, najczesciej w pierwszym tygodniu choroby u 44/95 (46,31%) pacjentow. Aktywnos¢
AST przekraczata pigciokrotno$¢ wartosci GGN najczesciej] w drugim tygodniu choroby u
33/108 (30,55%) dzieci. Aktywnos$¢ ALT utrzymywata si¢ powyzej normy przez 3 tygodnie,
za$ aktywno$¢ AST wykazywata dwa szczyty: w pierwszym tygodniu ($rednio 186,34 +

148,17 TU/1) oraz w trzecim tygodniu ($rednio 169,00 = 140,98 1U/I). Aktywno$¢ gamma-
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glutamylotranspeptydazy (GGTP) byla podwyzszona w pierwszych trzech tygodniach
choroby osiggajac najwyzsze warto$ci w drugim tygodniu obserwacji (§rednio 183,84 + 97,48
IU/M). U 60,53% pacjentow wystepowato podwyzszone stezenie bilirubiny calkowite;j.
Stezenie bilirubiny zwigzanej przekraczato 20% stezenia bilirubiny catkowitej u 18 (47,37%)
dzieci, w kazdym przypadku wigzato si¢ to z podwyzszong aktywnoscia GGTP. U 18/166
(10,84%) pacjentéw z zapaleniem watroby obserwowano kliniczne i1 laboratoryjne objawy
cholestazy, dwanascioro (66,66%) z nich bylo starszych niz 15 lat. U wszystkich pacjentow z
objawami cholestazy wystepowaly ultrasonograficzne cechy bezkamiczego zapalenia
pecherzyka zétciowego.

W Publikacji nr 2. zidentyfikowano istotne rdznice pomi¢dzy badanymi grupami
dotyczace: czasu trwania hospitalizacji, ktory byt dluzszy w grupie pacjentéw leczonych
glikokortykosteroidami: 5,0 £ 2,1 dni vs. 43 £ 2.3 dni dla grupy nieotrzymujacej
glikokortykosteroidow (p = 0,015); czestosci wystgpowania klasycznych objawow
mononukleozy zakaznej, ktore byty czestsze u pacjentow leczonych glikokortykosteroidami:
84,61% vs. 61,29% w grupie 2 (p = 0,000); wystgpowania goraczki, ktdrg czgsciej
obserwowano u pacjentdw leczonych glikokortykosteroidami: 90,38% vs. 79,03% w grupie
drugiej (p = 0,040); czasu trwania gorgczki, ktéra utrzymywala si¢ dluzej u pacjentow
zakwalifikowanych do leczenia glikokortykosteroidami: 7,5 + 4,7 dni vs. 5,9 = 4,8 dni u
dzieci nieotrzymujacych glikokortykosteroidow (p = 0,049); czestoSci wystepowania
powiekszenia watroby w badaniu palpacyjnym brzucha, co stwierdzano u 85,58% dzieci z
grupy pierwszej vs. 72,58% z grupy drugiej (p = 0,040); podobnie powigkszenie $ledziony
czesciej stwierdzano u dzieci otrzymujacych glikokortykostaroidy: 73,08% vs. 56,45% w
grupie 2 (p = 0,027). Istotne roznice w zakresie wynikéw badan laboratoryjnych dotyczyty:
sredniej aktywnosci ALT w pierwszym tygodniu choroby, ktéra byla wyzsza u dzieci
nieotrzymujacych glikokortykosteroidow: 288,82 + 170,16 1U/1 (50,00 — 725,00) vs. 205,34 +
115,40 TU/1 (39,00 — 516,00) w grupie pierwszej (p = 0,024); $redniej aktywnosci AST, ktora
byla w obu grupach najwyzsza w pierwszym i trzecim tygodniu choroby, jednak rdznice te
byty istotne statystycznie jedynie w grupie dzieci nieleczonych glikokortykosteroidami (p =
0,024); srednia aktywno$¢ AST istotnie roznita si¢ pomigdzy grupami w pierwszym i trzecim
tygodniu choroby: w 1. tygodniu wynosita 170,63 + 159,47 1U/1 (40,00 — 852,00) vs. 218,85 +
128,22 1U/1 (42,00 — 589,00) odpowiednio w grupie 1. 1 2. (p = 0,009); za$ w 3. tygodniu
choroby wynosita 151,09 + 138,57 TU/1 (31,00 — 578,00) vs. 235,50 + 170.27 TU/1 (67,00 —
617,00) odpowiednio w grupie 1.12. (p =0,016).

W Publikacji nr 3. wykazano statystycznie istotne roznice w przebiegu zapalenia

watroby pomiedzy dzie¢mi z potwierdzong serologicznie pierwotng infekcja EBV (grupa 1.) a
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pacjentami z potwierdzong serologicznie koinfekcja EBV/ CMV (grupa 2.). Dotyczyly one
czestosci wystepowania poszczegdlnych objawdw choroby: zapalenie gardia 1 migdatkow
podniebiennych czesciej obserwowano w pierwszej grupie - u 148 (90,24%) vs. 65 (80,25%)
w grupie drugiej (p = 0,047); wymioty/ nudnos$ci czg$ciej wystgpowalty w grupie 2. — 35
(43,21%) vs. 45 (27,44%) w grupie 1., p = 0,010 (OR = 2,01 [95% CI: 1,15 — 3,51]); bol
brzucha zglaszato 37 (45,67%) dzieci z drugiej grupy vs. 52 (31,71%) dzieci z pierwszej
grupy, p = 0,042 (OR = 1,81 [95% CI: 1,05 — 3,13]); Sciemnienie moczu obserwowano
czgsciej u pacjentow z grupy 2. — 12 (14,81%) niz w grupie 1. — 8 (4,88%), p = 0,006 (OR =
3,39 [95% CI: 1,33 — 8,67]). W zakresie diagnostyki laboratoryjnej i obrazowej istotne
roznice dotyczyly: stezenia CRP, ktore byto wyzsze u pacjentow z pierwszej grupy — 21,93 +
16,54 mg/dl niz w grupie drugiej — 15,15 + 12,85 mg/dl (p = 0,001); odsetka granulocytow
obojetnochlonnych w rozmazie r¢gcznym krwinek bialych, ktéry byl wyzszy w pierwszej
grupie — 32,07 £+ 13,25% niz w drugiej — 25,33% + 12,35% (p = 0,000); czestosci uzyskiwania
nieprawidlowych wynikow badania USG jamy brzusznej, co cz¢$ciej zdarzato si¢ w grupie 2.
(u 100% badanych) niz w grupie 1. (66,46%), p = 0,045. Kryteria ci¢zszego przebiegu
choroby (stworzone na potrzeby niniejszego badania) istotnie czg$ciej spetnialy dzieci z grupy

2. - 60 (74,07%) vs. 96 (58,54%) w grupie 1., p = 0,018 (OR = 2,02 [95% CI: 1,13 — 3,64]).

Whioski

1. U dzieci z mononukleozg zakazng ocena aktywnosci aminotransferaz: ALT, AST,
GGTP oraz USG jamy brzusznej maja istotne znaczenie w konteks$cie
zidentyfikowania pacjentow z ci¢zszym, cholestatycznym przebiegiem zapalenia
watroby lub bezkamiczym zapaleniem pecherzyka zotciowego, ktdérzy wymagaja
wnikliwej kontroli po ustgpieniu objawow choroby (Publikacja nr 1.).

2. Steroidoterapia (najczesciej stosowana celem leczenia obturacji drog oddechowych w
przebiegu mononukleozy zakaznej) moze lagodzi¢ przebieg zapalenia watroby w
pierwotnej infekcji EBV u dzieci (zwlaszcza w pierwszym tygodniu choroby), jednak
nie wplywa na wartoSci parametrow cholestazy 1 czgstos¢ wystepowania
nieprawidlowosci dotyczacych watroby 1 drog zéiciowych uwidacznianych w USG
(nie modyfikuje ryzyka rozwoju powiklan). Wczesne obnizenie aktywnos$ci ALT i
AST u dzieci leczonych steroidami moze maskowac rzeczywista dynamike choroby,
dlatego kluczowa jest kontrola aktywnosci tych enzymow po zakonczeniu

steroidoterapii (Publikacja nr 2.).
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3. U dzieci z =zapaleniem watroby w przebiegu pierwotnego zakazenia EBV
potwierdzona serologicznie koinfekcja CMV wigzata si¢ z wigkszym nasileniem
objawow cholestazy 1 czestszym wystepowaniem nieprawidtowosci dotyczacych
watroby i drog zoélciowych w USG. U tych pacjentdéw obserwowano tez ciezszy
przebieg zapalenia watroby (wyzsza aktywnos¢ ALT i AST) w poczatkowej fazie
choroby (Publikacja nr 3.).
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Streszczenie w jezyku angielskim

Characteristics of hepatitis in the course of primary herpesvirus infections (Epstein-

Barr virus and Cytomegalovirus) in children

Introduction

Infectious mononucleosis (IM) is a common disease resulting from primary infection
with the Epstein—Barr Virus (EBV, Human Gamma-Herpesvirus 4 — HHV-4), which is a
human-exclusive pathogen. Serological markers of past infection are found in more than 95%
of adults worldwide, although the majority of individuals experience the infection
asymptomatically. A clinical syndrome resembling IM may also be caused by
cytomegalovirus (CMV), which likewise belongs to the Herpesviridae family. During primary
EBV and/or CMV infection, hepatitis may develop (according to available data) in as many as
80-90% of adults with IM. The disease course is usually mild to moderate, although clinical
and laboratory features of cholestasis as well as acalculous cholecystitis (AAC, Acute
Acalculous Cholecystitis) have also been described. Literature data on hepatitis in children
with primary EBV infection are limited compared with the adult population. The pathogenesis
of hepatocellular injury in EBV and CMV infections remains incompletely understood.
Neither of the viruses exhibits tropism for hepatocytes or biliary epithelium. The immune
response triggered by the infection is presumed to play a key role in inducing inflammatory
processes in the liver. In clinical practice, the treatment of IM is supportive. To date, the
benefits of acyclovir therapy have not been confirmed, and the role of glucocorticoids remains

limited to selected complications (e.g., airway obstruction).

The aims of the doctoral dissertation

The objectives of this dissertation were as follows:

1. To analyse the clinical course of hepatitis in children with primary EBV infection,
taking into account laboratory assessment of liver function and abdominal

ultrasonography (USG) (Publication No. 1).
2. To compare the course of hepatitis in children with primary EBV infection who were
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treated with glucocorticoids (administered for extrahepatic complications of IM) with

patients not receiving glucocorticoids (Publication No. 2).

3. To compare the course of hepatitis in children with primary EBV infection and those

with serologically confirmed EBV/CMYV coinfection (Publication No. 3).

Material and Methods

The dissertation consists of a series of three full-text publications:

1. An observational study analysing the clinical course of hepatitis in children with
primary EBV infection, with particular focus on temporal changes in liver aminotrans-
ferase activity, the incidence of cholestatic disease phenotype, and abnormalities iden-
tified on abdominal ultrasonography (Publication No. 1).

2. A case — control clinical study assessing the impact of steroid therapy, administered
for the treatment of extrahepatic complications of IM, on the course of hepatitis in pri-
mary EBV infection (Publication No. 2).

3. A case — control clinical study comparing the course of hepatitis in children with EBV
monoinfection and children with serologically confirmed EBV/CMV coinfection

(Publication No. 3).

Results

In Publication No. 1, the prevalence of liver and biliary tract-related symptoms in
children with primary EBV infection was as follows: hepatomegaly — 80.72%, abdominal
pain — 31.32%, nausea/vomiting — 27.11%, jaundice — 11.44%, pruritus — 11.44%, abdominal
tenderness — 10.84%, dark urine — 4.82%, pale stools — 1.20%. Elevated ALT and AST levels
were observed from the first to the third week of illness, with a tendency to normalise from
the fourth week onward. ALT values exceeded five times the upper limit of normal (ULN)
most frequently during the first week, in 44/95 patients (46.31%). AST exceeded five times
ULN most often in the second week, occurring in 33/108 children (30.55%). ALT levels
remained elevated for three weeks, whereas AST activity exhibited two peaks: in the first
week (mean 186.34 + 148.17 IU/L) and in the third week (mean 169.00 = 140.98 TU/L).
Gamma-glutamyltransferase (GGT) activity was elevated during the first three weeks, with
the highest mean value in the second week (183.84 + 97.48 IU/L).
Elevated total bilirubin concentration was found in 60.53% of patients. Conjugated bilirubin
exceeded 20% of total bilirubin in 18 children (47.37%), and in all cases this finding was
associated with elevated GGT activity. In 18/166 (10.84%) patients, clinical and laboratory
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features of cholestasis were observed and 12 (66.66%) of them were older than 15 years. All
children with cholestasis demonstrated ultrasound features of AAC.

In Publication No. 2, significant differences between groups included: the length of
hospitalisation — was longer in glucocorticoid-treated patients: 5.0 + 2.1 days vs. 4.3 + 2.3
days, (p = 0.015); the prevalence of classic IM symptoms — occurred more common in
glucocorticoid-treated patients: 84.61% vs. 61.29%, (p = 0.000); occurrence of fever — was
more frequent in the glucocorticoid group: 90.38% vs. 79.03%, (p = 0.040); the duration of
fever — was longer in steroid-treated children: 7.5 + 4.7 days vs. 5.9 + 4.8 days, (p = 0.049);
hepatomegaly on physical examination was observed more frequently in the steroid-treated
group: 85.58% vs. 72.58%, (p = 0.040); splenomegaly was also more frequent in children
receiving glucocorticosteroids: 73.08% vs. 56.45%, (p = 0.027). Significant differences in
laboratory findings included: mean ALT activity in the first week was significantly higher in
children not receiving glucocorticosteroids: 288.82 + 170.16 TU/L vs. 205.34 + 115.40 IU/L,
(p = 0.024); mean AST activity, which peaked in the first and third weeks in both groups,
with statistically significant differences observed only in children not treated with
glucocorticosteroids (p = 0.024). Between-group differences in AST activity were significant
in the first week: 170.63 + 159.47 TU/L (40,00 — 852,00) vs. 218.85 + 128.22 TU/L (42,00 —
589,00), p = 0.009 and the third week: 151.09 + 138.57 IU/L (31,00 — 578,00) vs. 235.50 +
170.27 IU/L (67,00 — 617,00), p = 0.016.

In Publication No. 3, statistically significant differences in the course of hepatitis
were demonstrated between children with serologically confirmed primary EBV infection
(Group 1) and patients with serological evidence of primary EBV and CMV coinfection
(Group 2). Regarding clinical manifestations: pharyngitis/tonsillitis was more frequent in
Group 1: 148 (90.24%) vs. 65 (80.25%), p = 0.047; nausea/vomiting occurred more often in
Group 2: 35 (43.21%) vs. 45 (27.44%), p = 0.010; OR = 2.01 [95% CI: 1.15-3.51]; abdominal
pain was reported more frequently in Group 2: 37 (45.67%) vs. 52 (31.71%), p = 0.042; OR =
1.81 [95% CI: 1.05-3.13]; dark urine was observed more often in Group 2: 12 (14.81%) vs. 8
(4.88%), p = 0.006; OR = 3.39 [95% CI: 1.33-8.67]. Significant differences in laboratory and
imaging findings included: higher CRP concentrations in Group 1: 21.93 + 16.54 mg/dL vs.
15.15 £ 12.85 mg/dL, p = 0.001; a higher percentage of neutrophils in Group 1: 32.07 +
13.25% vs. 25.33 £ 12.35%, p = 0.000; a higher frequency of abnormal abdominal ultrasound
results in Group 2: 100% vs. 66.46%, p = 0.045. The criteria for a more severe course of
disease (developed for this study) were met significantly more often by children in Group 2:

60 (74.07%) vs. 96 (58.54%), p = 0.018; OR = 2.02 [95% CI: 1.13-3.64].
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1.

Conclusions

In children with IM, laboratory assessment of ALT, AST, GGT activity and abdominal
ultrasound play an important role in identifying patients with a more severe,
cholestatic course of hepatitis or AAC. These patients require careful follow-up after
the resolution of clinical symptoms (Publication No. 1).

Steroid therapy (most commonly used to treat airway obstruction in the course of IM)
may alleviate the course of hepatitis during primary EBV infection in children,
particularly in the first week of illness. However, it does not affect cholestasis
parameters nor the frequency of abnormalities of the liver and biliary tract detected by
ultrasound (i.e., it does not modify the risk of complications). Early reductions in ALT
and AST activity in children treated with steroids may mask the true dynamics of the
disease; therefore, post-treatment monitoring of these enzymes is essential
(Publication No. 2).

In children with hepatitis resulting from the primary EBV infection, serologically
confirmed CMV coinfection was associated with more pronounced cholestasis and
more frequent liver and biliary tract abnormalities on ultrasound examination. These
patients also demonstrated a more severe course of hepatitis (higher ALT and AST

activity) in the early phase of the disease (Publication No. 3).
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Wstep uzasadniajacy potaczenie wskazanych publikacji w jeden cykl,
jak 1 komentujacy osiggni¢cie naukowe na tle dotychczasowego stanu

wiedzy.

Mononukleoza zakazna jest powszechnie wystepujaca chorobg bedaca efektem
pierwotnego zakazenia wirusem Epsteina-Barr (EBV, Human Gamma-Herpesvirus 4 —
HHV-4), ktory jest patogenem wylacznie ludzkim. Zakazenie zwykle nastepuje w
dziecinstwie lub w wieku miodzienczym, gtownie poprzez kontakt ze §ling; rzadziej droga
plciowa, poprzez transfuzje preparatow krwi lub przeszczepienia narzadow. Serologiczne
cechy przebytej infekcji stwierdza si¢ u ponad 95% dorostej populacji na $§wiecie [31,49].
Zwykle zakazenie przebiega bezobjawowo, a ryzyko wystapienia petnoobjawowe;j
mononukleozy zakaznej rosnie z wiekiem [9]. Klasyczna triada objawéw mononukleozy
zakaznej obejmuje goragczke mogaca trwac¢ do kilku tygodni, uogoélniong limfadenopati¢ oraz
zapalenie migdatkéw podniebiennych. Najczestsze pozostate objawy to powigkszenie
watroby 1 §ledziony, obrzek tkanki tacznej nasady nosa (objaw Glanzmanna), mowa nosowa,
nieprzyjemny zapach z ust. Czesto dochodzi do rozwoju obturacji drog oddechowych w
wyniku proliferacji tkanki limfatycznej we¢zlow chtonnych i pier§cienia Waldeyera.

Zespot objawdw podobnych do obserwowanych w mononukleozie zakaznej moze by¢
wywotany rowniez przez wirus cytomegalii (CMV, Cytomegalovirus), ktory tak jak EBV
nalezy do rodziny Herpesviridae [24]. Pierwotne zakazenie skutkuje latencja wisuséw w
limfocytach B, monocytach/ makrofagach, komorkach mig$ni gladkich, komoérkach
srodbtonka, neuronach. Reaktywacja moze mie¢ cigzki przebieg u pacjentow z niedoborem
odpornosci, zwlaszcza po przeszczepieniach komorek krwiotwoérczych lub narzadoéw litych.

W przebiegu pierwotnej infekcji EBV i/lub CMV moze rozwing¢ si¢ zapalenie
watroby (zgodnie z dostgpnymi danymi wystepuje ono nawet u 80 — 90% dorostych z
mononukleoza zakazng) — najczgsciej o lagodnym do umiarkowanego przebiegu, choc
obserwowane sg takze objawy kliniczne 1 laboratoryjne cholestazy oraz bezkamicze zapalenie
pecherzyka zolciowego [28, 46]. Dane literaturowe dotyczace zapalenia watroby w
pierwotnym zakazeniu EBV u dzieci s3 znacznie bardziej ograniczone niz te odnoszace si¢ do
populacji dorostych.

Patogeneza uszkodzenia hepatocytow w zakazeniach EBV 1 CMV nie jest w pehi

wyjasniona. Oba wirusy nie wykazujg tropizmu do komoérek watrobowych ani nabtonka drog
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z6tciowych. Przypuszczalnie kluczowa role odgrywa odpowiedz uktadu odpornosciowego —
m.in. naptyw limfocytow T CD8+ zakazonych EBV do migzszu watroby oraz produkcja
mediatoréw zapalnych (TNF-a, IFN-y, Fas ligand), co moze wtornie zaburza¢ transport z6kci
w obrebie kanalikéw zolciowych 1 zatok sprzyjajac cholestatycznemu fenotypowi zapalenia
watroby [26, 55].

Mononukleoza zakazna zwykle przebiega tagodnie i w sposdb samoograniczajacy sie.
Mozliwy jest ciezszy 1 powiklany przebieg choroby, przy czym dotychczas nie ustalono
czynnikOw ryzyka takiego przebiegu, a tym samym sposobu zapobiegania.

W praktyce klinicznej leczenie mononukleozy zakaznej pozostaje objawowe.
Dotychczas nie potwierdzono korzysci ze stosowania acyklowiru, natomiast rola
glikokortykosteroidow ogranicza si¢ do wybranych powiktan (np. obturacja drog
oddechowych) [43,55]. Glikokortykosteroidy stosuje si¢ najczg¢sciej w przypadku obturacji
drog oddechowych. Nie ustalono ostatecznie ich wptywu na przebieg zapalenia watroby w
przebiegu mononukleozy zakaZnej u dzieci.

Czestos$¢ wystegpowania koinfekcji EBV/ CMV u dzieci nie jest znana, cze¢$¢ autorow
opisywala ci¢zszy przebieg mononukleozy zakaznej u tych pacjentow w poréwnaniu do

monoinfekcji EBV [59]. Doniesienia te dotyczyly takze nasilenia zapalenia watroby [23, 34].

Uzasadnienie

Zapalenie watroby w przebiegu zakazen wirusami EBV 1 CMV jest czgstym
problemem w praktyce pediatrycznej. Dostepne dane literaturowe odnoszace si¢ do
problemow poruszanych w powyzszych pracach s3g ograniczone - zwlaszcza w konteks$cie
populacji pediatrycznej.

Gléwnym obszarem mojej pracy naukowo-badawczej w ramach niniejszej rozprawy
jest analiza manifestacji hepatologicznych i1 determinantéw ciezkiego przebiegu zakazen
herpeswirusowych (EBV 1 CMV) u dzieci.

Cykl publikacji otwiera praca oryginalna (Rutkowska M, Pokorska-Spiewak M.
Epstein Barr Virus Hepatitis - A Mild Clinical Symptom or a Threat? Vaccines. 2023; 11:
1119, 1-14.), w ktorej analizowano przebieg zapalenia watroby u dzieci z pierwotng infekcja
EBV. Skupitam si¢ na przebiegu klinicznym choroby, analizie wynikéw badan
laboratoryjnych (ze szczegdlnym uwzglednieniem aktywnos$ci enzymdéw watrobowych) oraz
nieprawidtowosciach w badaniu ultrasonograficznym jamy brzusznej. Praca stanowi punkt
wyjscia dla kolejnych artykuléw, w ktorych analizowano szczegdlne aspekty choroby w
wybranych podgrupach pacjentow (otrzymujacych glikokortykosteroidy oraz u dzieci z
koinfekcja EBV/ CMV).
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Kontynuacja opisu populacyjnego zawartego w pierwszej pracy jest kolejna publikacja
oryginalna (Rutkowska M, Pokorska-Spiewak M. The influence of steroid therapy of
complications of infectious mononucleosis on the course of Epstein-Barr virus hepatitis.
Clin Exp HEPATOL. 2023; 9 (4): 375-385) oceniajaca wptyw krotkotrwalej systemowej
terapii  glikokortykosteroidami  stosowanej z powodu pozawatrobowych powiklan
mononukleozy zakaznej na dynamike zmian parametréw watrobowych u dzieci z zapaleniem
watroby w przebiegu pierwotnej infekcji EBV. Wyniki analizy wskazujace na nizsza
aktywno$¢ enzymoéw watrobowych na poczatku choroby u dzieci otrzymujacych
glikokortykosteroidy sg istotne wobec niejednoznacznych zalecen dotyczacych steroidoterapii
w mononukleozie zakaznej.

W kolejnej pracy oryginalnej (Rutkowska M, Pokorska-Spiewak M. The impact of
acute CMYV coinfection on the course of EBV hepatitis in children. Clin Exp HEPATOL.
2025; 11, 3: 1-10) oceniono wplyw modulatora infekcyjnego jakim jest potencjalna
koinfekcja CMV na fenotyp zapalenia watroby w przebiegu pierwotnego zakazenia EBV u

dzieci.
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Zalozenia i cele pracy

Glowne cele rozprawy doktorskiej, na ktorg sktada sie cykl trzech publikacji to:

1.

Analiza przebiegu klinicznego zapalenia watroby u dzieci z pierwotnym zakazeniem
EBY, z uwzglednieniem znaczenia oceny laboratoryjnej funkcji watroby oraz badania
USG jamy brzusznej (Publikacja nr 1.).

Poréwnanie przebiegu zapalenia watroby u dzieci z pierwotng infekcja EBV
leczonych glikokortykosteroidami (stosowanymi w leczeniu pozawatrobowych
powiktan mononukleozy zakaznej) =z grupa pacjentow nieotrzymujacych
glikokortykosteroidow (Publikacja nr 2.).

Poroéwnanie przebiegu zapalenia watroby u dzieci z serologicznie potwierdzonym
pierwotnym zakazeniem EBV oraz u dzieci z koinfekcja EBV/ CMV potwierdzona

badaniem serologicznym (Publikacja nr 3.).
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Material i metody

Rozprawa doktorska sklada si¢ z trzech petnotekstowych publikacji bedacych

retrospektywnymi analizami klinicznymi opartymi na dokumentacji medycznej pacjentow (w

wieku od 18 miesiecy do 18 lat) Kliniki Choréb Zakaznych Wieku Dziecigcego

Warszawskiego Uniwersytetu Medycznego oraz Wojewodzkiego Szpitala Zakaznego w

Warszawie hospitalizowanych z powodu zapalenia watroby w przebiegu pierwotnej infekcji

EBV. Badania obejmuja okres od listopada 2017 r. do maja 2024 r. i koncentruja si¢ na

nastepujacych aspektach analizy zapalenia watroby w przebiegu pierwotnej infekcji EBV:

1.

Publikacja nr 1. — ogo6lna charakterystyka zapalenia watroby w przebiegu pierwotne;j
infekcji EBV u dzieci (ze szczegdlnym uwzglednieniem dynamiki zmian aktywnosci
aminotransferaz watrobowych, czestosci wystgpowania cholestatycznego fenotypu
choroby, analizy zmian uwidocznionych w badaniu USG jamy brzusznej);

Publikacja nr 2. — wplyw steroidoterapii stosowanej z powodu pozawatrobowych
powiktan mononukleozy zakaZnej na przebieg zapalenia watroby w pierwotnej
infekcji EBV;

Publikacja nr 3. — pordwnanie przebiegu zapalenia watroby u dzieci z monoinfekcja

EBV oraz u tych z koinfekcjg EBV/ CMV potwierdzonymi badaniami serologicznymi.

Wszystkie analizy opieraja si¢ na podobnych kryteriach wlaczenia pacjentéw do badania:

1.

2.

ostre zakazenie EBV potwierdzone obecnos$cia przeciwcial w klasie IgM przeciwko
antygenowi kapsydu wirusa (ang. viral capsid antygen, VCA) za pomocg testu
opartego na metodzie chemiluminescencji (ang. chemiluminescence immunoassay,
CLIA);

aktywnos$¢ ALT przekraczajaca warto$¢ gornej granicy normy dla ptci i wieku [52]

oraz kryteriach wykluczenia:

1.

potwierdzone inne wirusowe zapalenia watroby (HAV — wirus zapalenia watroby typu
A, ang. Hepatitis A Virus, HBV — wirus zapalenia watroby typu B, ang. Hepatitis B
Virus; HCV — wirus zapalenia watroby typu C, ang. Hepatitis C Virus);

przewlekte choroby watroby;

zakazenie ludzkim wirusem niedoboru odpornosci (ang. Human Immunodeficiency
Virus, HIV);

leki o dzialaniu potencjalnie hepatotoksycznym,;

cigzkie choroby przewlekte zaburzajace funkcjonowanie uktadu odpornosciowego.

Analizie poddano parametry kliniczne (czas trwania objawow, powiktania, kryteria

cigzkiego przebiegu), laboratoryjne (aktywno$¢ aminotransferaz watrobowych: ALT, AST,
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GGTP; stezenie bilirubiny wraz z frakcjami, morfologi¢ krwi, stezenie CRP 1 prokalcytoniny -
PCT), obrazowe (USG jamy brzusznej, w ktérym szczegdlng uwage zwracano na
hepatosplenomegali¢ oraz zmiany w obrgbie drog zotciowych 1 pecherzyka zotciowego) oraz
przebieg hospitalizacji.

W publikacji nr 3. w obu badanych grupach zidentyfikowano pacjentow spetniajacych
kryteria ciezszego przebiegu choroby (stworzone na potrzeby niniejszego badania), ktore
obejmowaty:

1. wystepowanie trzech lub wigcej sposrod nastepujacych objawdéw: nudnosci/ wymioty,
sciemnienie moczu (kolor moczu wyraznie ciemniejszy niz w stanie zdrowia),
odbarwienie stolca, zottaczka, §wiad skory, bol brzucha lub

2. minimum jeden nieprawidtowy wynik sposrdd ponizszych badan laboratoryjnych:

- aktywno$¢ ALT réwna lub wyzZsza niz pigciokrotno$¢ GGN dla plci 1 wieku [52],

- podwyzszona aktywno$¢ GGTP w surowicy,

- stezenie bilirubiny bezposredniej wyzsze lub réwne 20% stezenia bilirubiny

catkowitej lub

3. cechy zapalenia pgcherzyka zoétciowego lub drog zotciowych w USG (rozdecie
pecherzyka zotciowego, pogrubienie $ciany pecherzyka > 3 mm, btotko zodtciowe,
obecnos¢ ptynu wokot pecherzyka zotciowego).

Do analizy ststystycznej wykorzystano licencjonowany program STATISTICA 13.3
stosujagc testy nieparametryczne (Kruskal-Wallis, Mann-Whitney U) i testy dla zmiennych
jako$ciowych (y2, Fishera), przy poziomie istotnosci p < 0,05.

Poréwnanie kluczowych elementow metodologii publikacji stanowigcych podstawe

niniejszej rozprawy przedstawia tabela 1.
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Tabela. 1. Porownanie kluczowych elementow metodologii trzech retrospektywnych analiz

klinicznych, na ktorych oparta jest rozprawa doktorska.

Tytul EBYV Hepatitis — The Influence of The Impact of Acute CMV
publikacji A Mild Clinical Steroid Therapy on Coinfection on the Course of
Symptom or a the Course of EBV EBYV Hepatitis in Children.
Threat? Hepatitis.
Okres 08.2017 —03.2023 | 08.2017 — 03.2023 11.2017 — 05.2024
obserwacji
Liczebnos$¢ | 166 dzieci 166 dzieci: 244 dzieci:
badanych Grupa 1: 104 Grupa 1: 164 (67,22%) -
grup (62,65%) - pacjenci pacjenci z
leczeni pozytywnymi IgM dla VCA
steroidami; EBV;
Grupa 2: 62 (37,35%) | Grupa 2: 80 (32,78%) -
- pacjenci nieotrzy- pacjenci z
mujacy pozytywnymi IgM dla EBV i
steroidow. CMV.
Kryteria 1. Pozytywny wynik oznaczenia przeciwciat w klasie IgM anty-VCA
wlaczenia EBV.
2. Aktywno$¢ ALT przekraczajgca warto$¢ gornej granicy normy dla
ptci 1 wieku [52].
Kryteria 1. Pozytywny wynik oznaczenia 1. Zakazenia: HAV,
wykluczenia przeciwcial w klasie IgM dla CMV. HBV, HCV, HIV.
2. Zakazenia: HAV, HBV, HCV, HIV. 2. Przewlekte choroby
3. Przewlekle choroby watroby. watroby.
4. Przyjmowanie lekow hepatotoksy- 3. Przyjmowanie lekow
cznych. hepatotoksycznych.
5. Choroby przewlekte uposledzajace 4. Choroby przewlekle
odpornos¢. uposledzajace
odpornos¢.
Glowne Aktywnos$¢ ALT, AST, GGTP; stezenie Aktywnos$¢ ALT, AST,
analizowane | bilirubiny z frakcjami, CRP; morfologia GGTP; stezenie bilirubiny z
Zmienne krwi; USG jamy brzuszne;. frakcjami, CRP; morfologia

krwi; USG jamy brzusznej;
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objawy cholestazy;
dodatkowe

kryteria cigzkiego przebiegu
choroby.

Metody

statystyczne

Test Kruskala —
Wallisa

Mann—Whitney U Test, Test Kruskala —Wallisa, test
12, test Fishera

Skroty: ALT — aminotransferaza alaninowa, AST — aminotransferaza asparaginianowa, CMV

— wirus cytomegalii, CRP — biatko C-reaktywne, EBV — wirus Epsteina-Barr, GGTP —

gamma-glutamylotranspeptydaza, HAV — wirus zapalenia watroby typu A, HBV — wirus

zapalenia watroby typu B, HCV — wirus zapalenia watroby typu C, HIV — ludzki wirus

niedoboru odpornosci, VCA — antygen kapsydu wirusa (ang. viral capsid antigen).
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Kopie opublikowanych prac
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Publikacja nr 1.
Rutkowska M, Pokorska-Spiewak M.
Epstein Barr Virus Hepatitis — A Mild Clinical Symptom or a Threat?

Vaccines. 2023; 11: 1119: 1-14.
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Abstract: The present study aimed to characterize pediatric patients diagnosed with hepatitis asso-
ciated with primary Epstein-Barr Virus (EBV) infection. We described the changes in liver amino-
transferases activity during the disease, and we analyzed the results of abdominal ultrasonography.
A retrospective study was performed by analyzing the medical records of 166 immunocompetent chil-
dren diagnosed with primary EBV hepatitis hospitalized at the Department of Children’s Infectious
Diseases, Medical University of Warsaw, Regional Hospital of Infectious Diseases in Warsaw, between
August 2017 and March 2023. Elevated alanine aminotransferase (ALT) activity was noted in the first
three weeks of the disease. In 46.3% of patients, ALT values exceeded five times the upper limit of the
laboratory norm in the first week of illness. Aspartate aminotransferase activity increased from the
first to fourth week from the onset of symptoms and showed two peaks in the first and third weeks.
The changes over time of mean AST activity demonstrated significance. Transient cholestatic liver
disease was the predominant type of hepatic involvement in 10.8% of children; 66.6% of them were
older than 15 years. Clinical and ultrasound criteria of acute acalculous cholecystitis (AAC) were
met in three female patients over 16 years of age. Hepatitis associated with primary EBV infection
is usually a mild and self-limiting condition. Significantly elevated values of liver enzymes with
features of cholestatic liver disease may occur in patients with a more severe course of the infection.

Keywords: Epstein-Barr virus; alanine aminotransferase; aspartate aminotransferase; children;
adolescents; viral hepatitis

1. Introduction

The Epstein-Barr virus (EBV, HHV-4, human gamma-herpesvirus 4) is a double-
stranded DNA virus. EBV causes approximately 90% of infectious mononucleosis (IM),
so-called glandular fever, which typically manifests itself as the classic triad of symp-
toms: fever, pharyngitis, and lymphadenopathy. The remaining 10% of IM cases are
caused by: cytomegalovirus (CMV), human herpes virus 6, herpes simplex virus, and
human immunodeficiency virus (HIV) [1]. EBV infection can take various clinical forms,
as the virus can affect virtually any organ. EBV is an etiologic agent of other disorders
as well, for example, Burkitt lymphoma, nasopharyngeal carcinoma, undifferentiated B-
or T-lymphocyte lymphomas, leiomyosarcoma, X-linked lymphoproliferative syndrome,
and post-transplantation lymphoproliferative disorders. EBV is known to cause 5.6% of
infection-associated cancers [2]. EBV infection is estimated to be associated with the devel-
opment of cancer in approximately 200,000 patients worldwide each year. Therefore, work
is underway on an EBV vaccine [3,4].

The only known reservoir of EBV are humans, and over 95% of the worldwide adult
population have serological features of past infection [5,6]. Transmission occurs through
saliva (kissing, coughing, sharing of food), genital secretions, blood transfusion, and
transplantation [6]. The incubation period lasts from 30 to 50 days [6]. It is known that high
contagiousness of EBV may occur up to 180 days after the onset of symptoms [7]. Young
children and teenagers are most often affected.

Vaccines 2023, 11, 1119. https:/ /doi.org/ 10.3390/ vaccines11061119
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Usually, the course of IM is self-limiting with an excellent prognosis. In approximately
80-90% of cases, the infection has mild or no symptoms, particularly among yvoung chil-
dren [6,8]. The older the child is, the greater the risk of full-blown IM with fever, tonsillitis,
lymphadenopathy, fatigue, and hepatosplenomegaly [9]. The symptoms last for about two
to four weeks.

According to the literature review (most of the data relate to adult patients), primary
EBV infection is in 80-90% of cases associated with hepatic involvement, which is char-
acterized by a mild to moderate acute elevation of liver aminotransferases as an effect of
hepatocellular injury [8]. These abnormalities often persist unrecognized. The underlying
pathogenesis and immune mechanisms remain unclear. No standard diagnostic criteria
or management recommendations are available. The severity of the condition varies from
asymptomatic, self-limited icteric hepatitis to acute liver injury (in rare cases). Patients
diagnosed with hepatitis due to primary EBV infection may develop cholestatic features.
Adult patients present with jaundice more often than children. Hemolysis or cholestasis
are potential causes of jaundice in IM. The condition is usually benign and resolves sponta-
nepusly within a few weeks [9]. However, little information is available about children and
adolescents with hepatitis due to primary EBV infection.

The aim of the study was to characterize pediatric patients diagnosed with hepatitis
associated with primary EBV IM. Qur study was conducted on a fairly large cohort of
patients. Most studies to date concern much smaller groups. The assumption of this work
was to create a general characteristic of the study population. We described the changes in
the activity of liver aminotransferases during the infection, and we analyzed the results of
abdominal ultrasonography evaluation.

2. Patients and Methods
2.1. Patients

We retrospectively analyzed the data collected on patients aged 0-18 years managed
for IM due to primary EBV infection at the Department of Children’s Infectious Diseases,
Medical University of Warsaw, Regional Hospital of Infectious Diseases in Warsaw, between
August 2017 and March 2023.

The onset of the disease was defined as the first day of fever, lymphadenopathy, sore
throat, gastrointestinal symptoms, or jaundice. To confirm the primary EBV infection, we
performed a serological test detecting immunoglobulin M antibody to EBV viral capsid
antigen: anti-EBV VCA IgM (chemiluminescence immunoassay—CLIA test system, LI-
AISON EBV IgM, DiaSorin S.p.A., Saluggia, Italy) as a marker, which does not occur in
chronic disease. The diagnosis of hepatitis related to primary EBV infection was made
based on the increase of serum alanine aminotransferase (ALT) activity over age reference
values [10].

We also performed more laboratory tests to assess liver function: serum aspartate
aminotransferase and y-glutamyl transferase (y-GT) activity and bilirubin concentration
with fractions. The laboratory investigation also included a full blood count with differ-
ential and C-reactive protein (CRP). We defined leukocytosis according to age and sex
standards [11].

Abdominal ultrasonography was ordered in patients with a more severe course of
the disease. Splenomegaly was diagnosed when the longitudinal dimension of the spleen
exceeded the 97.5th percentile for age [12].

The following exclusion criteria were established:

(1) CMV co-infection (positive CMV IgM),

{2) pre-existing hepatitis or other underlying diseases with impaired liver function,

{3) positive tests result for other viruses (hepatitis A virus—HAV, hepatitis B virus—HBV,
hepatitis C virus—HCV) causing similar symptoms,

{4) pre-existing medication, which could impair liver function.
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2.2, Statistical Analysis

We analyzed collected medical records using STATISTICA 13.3 (StatSoft, Krakdw,
Poland). Data were presented as mean (Standard Deviation; SD) unless otherwise indicated.
The chi-square (x?) test was used to verify the normality of the variables’ distribution.
Since none of the tested variables showed a normal distribution, the differences over time
were compared through the non-parametric Kruskal-Wallis test for multiple comparisons.
A two-tailed p-value of <0.05 was determined to be statistically significant.

3. Results
3.1. Demographic and Clinical Characteristics

The data of 415 pediatric patients hospitalized due to IM syndrome within 79 months
were retrospectively analyzed. In this group, 199 (47.9%) patients developed hepatitis with
elevated ALT activity. Of these patients, 33 (16.6%) were excluded from the study because
of coinfection with CMV (n = 27) and potentially hepatotoxic medication due to underlying
chronic disease (n = 6) (Figure 1).

All patients with IM symptoms (n = 415)

Normal ALT (n = 216)

Elevated ALT (n = 199)

CMYV coinfection (n = 27)

Patients with primary EBV infection and elevated ALT (n = 172)

Patients with potentially
hepatotoxic medication

due to chronie conditions (n = 6)

Study population with

primary EBV hepatitis
(n = 166; male = 68)

Figure 1. Flowchart showing the enrollment of patients. EBV, Epstein-Barr virus; ALT, alanine
aminotransferase; CMV, cytomegalovirus.

One hundred sixty-six patients, aged 18 months to 18 years (mean, 11.9 & 5.1 years),
were enrolled in the study. Sixty-eight (40.9%) were male. There is an increased incidence
of IM in two age groups: from 4 to 10 years (46 patients) and between 14 and 18 years of
age (80 children). The age distribution is shown in Figure 2.
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Figure 2. Age distribution in the study population (166 patients) by sex of the patients (male = 63).
EBV, Epstein-Barr virus.

Forty-two (25.3%) patients suffered from other (chronic) diseases. Allergic conditions
(bronchial asthma, allergic rhinitis, atopic dermatitis, and inhalant or food allergy) were
the most common and concerned 23 (13.8%) patients. The second most common chronic
disease was adenoid hyperplasia which occurred in five (3.0%) children.

3.2. Clinical Course and Complications

We analyzed the frequency of symptoms and signs in the study population. The
average duration of symptoms was 14.4 + 5.3 days and ranged from 4 to 30 days. The
mean duration of hospitalization was 4.7 + 2.2 days and ranged from 1 to 14 days.

The most common sign was lymphadenopathy, which was observed in 154 (92.8%)
patients. Most often, the cervical lymph nodes were involved. Pharyngitis and tonsillitis
with tonsillar exudates were the second most common clinical features and occurred in
150 (90.3%) patients. One hundred forty-three (86.1%) patients developed fever with an aver-
age duration of 8.0 £+ 4.2 days (from 2 to 21 days). The classic triad of IM symptoms, including
fever, lymphadenopathy, and pharyngitis or tonsillitis, was seen in 126 (75.9%) children.

Hepatomegaly and splenomegaly were noted in 134 (80.7%) and 111 (66.9%) patients,
respectively. The concomitant enlargement of the liver and spleen presented 106 (63.8%)
children. The degree of liver enlargement on palpation ranged from 0.5 to 10 cm (mean,
25 £ 1.3 cm) below the costal arch. Seventy-seven (46.4%) patients suffered from gas-
trointestinal symptoms such as abdominal pain and nausea or vomiting. A rash was seen
in 55 (33.1%) children; among them, 28 (50.9%) developed an allergic-toxic generalized
rash after previous amoxicillin administration. The frequency of signs and symptoms is
presented in Table 1.
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Table 1. Frequency of signs and symptoms in 166 patients with primary EBV hepatitis.

Signs and Symptoms No. of Patients (%)
Lymphadenopathy 154 (92.8)
Pharyngitis with tonsillar exudate 150 (90.3)
Fever 143 (86.1)
Hepatomegaly 134 (80.7)
Splenomegaly 111 (66.9)
Rash 55(33.1)
Abdominal pain 52(31.3)
Eyelid swelling 49(27.7)
Nausea or vomiting 45(27.1)
Rash after amoxicillin administration 28 (16.9)
Jaundice / icteric sclera 19 (11.4)
Pruritus 19(11.4)
Abdominal tenderness 18 (10.8)
Dark urine 8(4.8)
Acholic stools 2(1.2)

Concomitant infections were recognized in eighty-three patients (50.0%). The most
common diagnosis was bacterial pharyngitis (based only on the clinical picture or confirmed
by microbiological testing). Four patients were diagnosed with cervical lymphadenitis
(2.4%), and three (1.8%) children developed sepsis. The incidence of the accompanying
infections is shown in Table 2.

Table 2. The incidence of concomitant infections in 166 patients with primary EBV hepatitis.

Infection No. of Patients (%)
Bacterial pharyngitis 51(30.7)
Acute otitis media 8(4.8)
Oral candidiasis 742

Scarlet fever 5(3.00
Prieumonia 4(2.4)
Lymphadenitis 4(2.4)
COVID-19 3(1.8)
Sepsis 3(18)
Urinary tract infection 3(1.8)
Herpes labialis 2(12)
Herpes zoster 1(0.6)
Varicella 1(0.6)
Influenza 1{0.6)

Eighty patients (48.2%) developed complications not related to the liver, biliary tract,
or gallbladder, which occurred before or during hospitalization. The obturation of the
upper respiratory tract due to severe nasopharyngeal and palatal tonsils enlargement was
the most common and was observed in 69 (41.5%) children. In four (2.4%) patients, the
EBV infection was complicated with thrombocytopenia without purpura. Table 3 presents
the incidence of particular complications.
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Table 3. The incidence of particular complications other than the liver, biliary tract, or gallblad-
der pathology.

Complication No. of Patients (%)
Obturation of the upper respiratory tract 69 (41.5)
Thrombocytopenia with or without purpura 1(24)
Urticaria 3(1.8)
Epistaxis 2(12)
Syncope/loss of consciousness 2(1.2)
Chest pain 2(1.2)
Anemia 1(0.6)
latrogenic inflammation and venous thrombosis 1(0.6)
Vertigo 1(0.6)

None of the study patients developed fulminant hepatitis, and no cases of EBV-
hepatitis-related mortality were noted.

3.3. Laboratory and Imaging Test Results

The leucocyte count was evaluated in all patients (166) with values ranging from 4470
to 49,000 cells /L (mean 14,621 + 6888). Leukocytosis with lymphocytosis was observed
in 129 patients (77.7%); thirty-three (19.9%) children had normal white blood cells count
with relative lymphocytosis. The median lymphocyte percentage in white blood cell smear
was 67.7 = 13.6%, and atypical lymphocytes: 25.6 £ 14.5%. The lowest number of platelets
was 9800, and the highest—was 455,000 (mean 209,823 + 66,780).

We assessed inflammation markers: C-reactive protein (CRP)}—in 161 patients and
procalcitonin (PCT)}—only in children with a more severe course of the disease. CRP ranged
from normal values (<5 mg/dL}) to 75 mg/dL. PCT serum concentration ranged from 0.05
to 37.0 ng/mL.

The activity of lactate dehydrogenase (LDH) in serum was assessed only in 20 patients
with a mean value of 686.95 + 232.25 U/L. Table 4 shows laboratory values on admission.

Table 4. Laboratory values on the admission of the 166 patients with EBV-hepatitis.

Laboratory Value Mean (£5D) No. of Patients
White blood cells count (cells/uL) 14,621 (6,8) 166
Neutrophils (%) 31.9(13.2) 162
Lymphocytes (%) 67.7 (13.6) 162
Atypical lymphocytes (%) 25.6(14.5) 162
Platelets (cells/uL) 209,823 (66,7) 166
CRP (mg/dL) 2.8(16.4) 161
PCT (ng/mL) 1.92 (6.9) 28
LDH (U/L) 68695 (232.2) 20

The activity of both enzymes ALT and AST were measured once or more in 164
(98.8%), twice or more in 83 (50.0%) and three or more times in eight (4.8%) children.
Table 5 presents the number and percentages of patients with different values of hepatic
laboratory parameters in the course of the disease.
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Table 5. Number and percentages (%) of patients with different values of ALT, AST, y-GT, and total
bilirubin during EBV infection.

Number of Patients (%)

ALT AST ¥-GT Total Bilirubin
Ist week * Normal 0(0) 0 {0) 0(0) 12 (52.2)
<2x 12 (12.6) 24(25.5) 1(5.6) 4(17.4)
2-5x 39(41.1) 47 (447) 5(27.8) 4(17.4)
5% 44(46.3) 28 (29.8) 12 (66.6) 3(13.0)
2nd week ¥ Normal 3(2.6) 7(6.5) 0(0) 9 (50.0)
<2x 19(16.2) 30 (27.7) 2(8.4) 2(1L1)
2-5x 53 (4.3) 38 (35.2) 5 (20.8) 5 (27.8)
»5x 42(35.9) 33 (30.6) 17 (70.8) 2(1L1)
3rd week © Normal 1(18) 2(42) 0(0) 4 (66.6)
<2x 7(13.0) 15(31.2) 0(0) 2(33.4)
2-5x 24 (44.5) 19 (39.6) 3(27.3) 0(0)
»5x 22 (40.7) 12 (25.0) B(72.7) 0(0)
4th week 4 Normal 2(10.0) 3(18.7) 0(0) 2 (66.6)
<2x 6(30.0) 7 (438) 2(33.4) 1(33.4)
2-5x 9(45.0) 1(25.0) 3(50.0) 0(0)
>5% 3(15.0) 2(125) 1(16.6) 0(0)
>4 weeks © Normal 1(50.0) 0 (0) 0(0) 0(0)
<2x 0(0) 1(334) 0(0) 0 (0)
2-5x 0(0) 2 (66.6) 0(0) 0 (0)
5% 1(50.0) 0 (o) 0(0) 0 (0)

* ALT was evaluated in 95 patients, AST was evaluated in %4 patients, y-GT was evaluated in 18 patients, and total
bilirubin was evaluated in 23 patients; B ALT was evaluated in 117 patients, AST was evaluated in 108 patients,
v-GT was evaluated in 24 patients, and total bilirubin was evaluated in 18 patients; © ALT was evaluated in
54 patients, AST was evaluated in 48 patients, y-GT was evaluated in 11 patients, and total bilirubin was evaluated
in 6 patients; 4 ALT was evaluated in 20 patients, AST was evaluated in 16 patients, y-GT was evaluated in
6 patients, and total bilirubin was evaluated in 3 patients; * ALT was evaluated in 2 patients, AST was evaluated
in 3 patients, y-GT was evaluated in 0 patients, and total bilirubin was evaluated in 0 patients.

An average of 1.71 (+0.84) evaluation of AST activity was performed in 164 (98.8%)
patients before or during hospitalization. The changes over time of mean AST activity
showed statistical significance (p = 0.0124). Elevated AST levels were observed even in the
first week of the illness and persisted until the fourth week showing two peaks: in the first
(mean 186.34 £ 148.17 IU/L) and third (mean 169.00 £ 140.98 IU/L) week. A decreasing
tendency was noted from the fourth week, with normalization in the fifth week from the
onset of the disease.

ALT was measured on average 1.79 (+0.86) times for each child. ALT levels showed
similar variability over time as AST, but there were no peaks of activity observed—ALT
remains at a comparable elevated level for the first three weeks of the disease (mean
234.16 + 164.77 IU/L).

vy-GT evaluation was performed from one to four times (mean 1.64 + 0.72) in thirty-six
patients. Mean y-GT activity was above the upper normal limit in the first 3 weeks of the
disease onset, reaching the highest values in the second week (mean 183.84 £ 97.48 IU/L).

Total serum bilirubin concentration was evaluated from one to three times (mean
1.26 =+ 0.55) in thirty-eight patients; in twenty-three of them (60.5%), it exceeded the upper
limit of the laboratory norm. Mean total bilirubin was elevated in the first two weeks of the
disease (mean 2.0 + 2.00 mg/dL), and normalization was observed from the third week.
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In 18 (47.4%) patients, conjugated bilirubin was at least 20% of total bilirubin, all of
them had elevated activity of y-GT and prothrombin ratio in normal ranges from 72 to 123%
{mean 88.9 + 9.6%). In this group (10.8% of the study population), transient cholestatic
liver disease was the predominant type of hepatic involvement. All of them presented with
jaundice, pruritus, and abdominal tenderness; eight (44.4%) children reported darkening
of the urine and two (11.1%)—acholic stools. The mean age in the group of patients with
cholestatic features was 13 &+ 5.23 years, and 12 (66.6%) children were older than 15 years

(Figure 3).

Figure 3. Age distribution by sex of 18 patients with cholestatic liver disease in primary EBV hepatitis
(male = 7). EBV, Epstein-Barr virus.

ALT activity and total serum bilirubin concentration exceeding five times the upper
limit of the laboratory norm were noted mainly in the first week of the disease in 46.3%
and 13% of patients, respectively (ALT level and total serum bilirubin concentration were
evaluated in the first week of the disease in 95 and 23 patients, respectively). AST and v-GT
activity more than five times the upper limit of the laboratory norm occurred predominantly
in the second week of illness and occurred in 30.6% and 70.8% of children, respectively (the
above parameters were measured in the second week of the disease in 108 and 24 patients,
respectively). Changes in ALT, AST, y-GT, and total bilirubin levels during the disease are
shown in Figure 4.

The abdominal ultrasound was performed in 116 (69.8%) patients, and abnormalities
were observed in 111 (66.8%) cases. Splenomegaly was the most common cause of abnormal
results and occurred in 99 (85.3%) children. Hepatomegaly was shown in 72 (43.4%)
children, and enlargement of the lymph nodes of the hepatic hilum—in 64 (38.5%) cases. In
97 (83.6%) out of 116 patients who underwent abdominal ultrasonography, an enlarged liver
was found on palpation. This finding was confirmed by abdominal ultrasound in 64 (65.9%)
children. Eight patients (6.9%) were diagnosed with hepatomegaly by ultrasonography,
which was not detected by palpation. Abnormalities related to the gallbladder and biliary
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tract were shown in 19 (11.4%) patients, and most often occurred the gallbladder wall
thickening—in 17 (10.2%) cases. Gallbladder polyps and fluid collection in the hepatic
hilum were observed in two (1.2%) and three (1.8%) patients, respectively.
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Figure 4. Cont.
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Figure 4. Mean activity of ALT, AST, y-GT, and total serum bilirubin concentration (+/— standard
deviation) during EBV infection. Kruskal-Wallis test was used for changes over time: p = 0.0124
for AST. No significant changes over time for ALT (p = 0.0581), y-GT (p = 0.0988), and total serum
bilirubin (p = 0.8562). ALT—alanine-aminotransferase; AST—aspartate-aminotransferase; y-GT—y-
glutamyl transferase.

3.4. Treatment

All patients required supportive care due to high fever, dehydration, upper respiratory
tract obturation, or severe allergic-toxic rash after amoxicillin.

Ninety-one (54.8%) patients received an empirical antimicrobial therapy before the
hospitalization (and before the establishment of the diagnosis), most often due to pharyn-
gitis. Among them, 23 (25.6%) were treated with several antibiotics: 24 (26.4%) received
two antibiotics, and 4 (4.4%) received three. Forty-three (47.2%) children were prescribed
amoxicillin, and 28 (65.1%) of them developed an allergic-toxic rash 7-10 days after the first
dose of the medication. The number (and percentage) of patients treated with particular
antibiotics are presented in Table 6.

Table 6. The number {and percentage from ninety-one cases) of patients treated with particular
antibiotics before hospitalization.

Antibiotic No. of Patients (%)
Cefuroxime axetil 31(31)
Amoxicillin with clavulanic acid 29 (31.8)
Phenoxymethylpenicillin 16 (17.6)
Azithromycin 15(16.5)
Amoxicillin 14 (15.4)
Cefadroxil 6 (6.6)
Clarithromycin 5(5.5)
Trimethoprim /Sulfamethoxazole 1(1L1)
Cefazoline 1(1.1)
No data on a specific preparation 2(22)

During the hospitalization, 85 (51.2%) children required antibiotic therapy. The most
common indication for the antimicrobial regimen was concomitant bacterial pharyngitis.
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Five patients (5.8%) received two antibiotics. Table 7 shows the number of patients treated
with particular antibiotics during the hospitalization.

Table 7. The number (and percentage from eighty-five cases) of patients treated with particular
antibiotics during the hospitalization.

Antibiotic No. of Patients (%)
Cefuroxime or Cefuroxime axetil 66 (77.6)

Clindamycin 8(9.4)
Clarithromycin 6 (7.0)

Penicillin G or Phenoxymethylpenicillin 4(4.7)
Ceftriaxone 4(4.7)
Azithromycin 2(23)
Metronidazole 2(23)

In 27 (29.7%) of the ninety-one patients previously treated with antibiotics, the therapy
was continued using the same medication, and in 25 (27.5%) patients, the therapy was
changed. The antibiotic therapy was discontinued in 39 (42.8%) children because of its inef-
fectiveness or occurrence of side effects (for example, allergic-toxic rash after amoxicillin).
Thirty-three (19.8%) patients required initiation of antibiotic therapy.

4. Discussion

In our retrospective study, we characterized a group of 166 pediatric patients diag-
nosed with EBV-hepatitis. The age distribution in the examined population indicates the
dominance of two age groups: 4-8 years and 14-18 years. In the first group of 41 patients
(24.7%), there is a slight female predominance (53.6%). This trend was more pronounced in
the second group of 90 patients aged 14-18, where girls constitute 62.2%.

The pathogenesis of EBV-hepatitis remains unclear. Infection of hepatocytes with
primary hepatotropic viruses, such as hepatitis B or C, has no direct cytopathic effect, and
symptoms of liver injury result from an immune response to viral antigens presented by
infected hepatocytes [13,14]. Hepatocytes, biliary and sinusoidal epithelium are not the
target cells for EBV [15]. The possible pathogenetic mechanism of parenchymal injury
of the liver tissue and cholestasis in EBV infection involves the effect of the virus on the
systemic and intrahepatic synthesis of pro-inflammatory cytokines that affect the sinusoidal
and tubular bile transport systems. EBV-infected CD8+ T cells in the liver are known to
secrete inflammatory mediators such as tumor necrosis factor o, interferon-y, and Fas
ligand. Another explanation could be an inhibition of antioxidant mechanisms through the
production of autoantibodies [15,16].

Available literature data in children indicate that 80-90% of patients with primary
EBV infection have clinical and /or laboratory evidence of hepatitis [£,17,18]. Our study
demonstrated that liver involvement during acute EBV infection develops in approximately
50% of hospitalized children, which is inconsistent with previous reports. In our study
cohort, hepatitis was mild and self-limited, and cholestatic features were present in 10.8%
of patients with hepatitis. It is known that cholestatic hepatitis in primary EBV infection
occurs more commonly with increasing age and has been reported mainly in adults [19]. In
our study, 66.6% of patients with clinical and laboratory features of cholestasis were older
than 15 years, which is consistent with previous reports.

Forty (24.1%) patients did not present the classic triad of IM symptoms (fever, lym-
phadenopathy, and pharyngitis or tonsillitis).

The abnormalities of ALT and AST serum activity in our study were observed from
the first to the third week of the disease and started returning to normal in the fourth
week. Qur findings are consistent with the existing literature [8,20]. Values of the above
parameters exceeding five times the upper limit of the laboratory norm were most often
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observed in the first week of the disease for ALT (46.3% of patients) and in the second week
for AST (30.6%). These results are, in part, inconsistent with studies in the adult population,
which state that serum aminotransferase levels are usually elevated by less than five times
the upper normal limit [17,18,21].

Cur study demonstrated two peaks in AST levels: in the first and third week of illness.
A similar pattern of changes in AST activity over time was described in 41 adult patients
by Kofteridis et al.

Abdominal ultrasonography in EBV infection may reveal splenomegaly, hepatomegaly,
porta hepatis adenopathy, periportal edema, and fluid collection or gallbladder wall thick-
ening (GBWT). A gallbladder wall thickness greater than 3 mm is considered abnormal [22].
The last of the listed abnormalities is recognized as a sign of the severity of hepatitis.
A possible explanation could be an immune reaction (as seen in hepatitis) or swelling of
the gallbladder wall as a result of lymphatic obstruction due to the enlargement of porta
hepatis lymph nodes [23]. Dehydration as a result of pharyngitis and poor appetite can
also increase bile viscosity.

GBWT greater than 3 mm in the absence of cholelithiasis in patients with abdominal
pain localized in the right upper quadrant is defined as acute acalculous cholecystitis (AAC).
Such gallbladder inflammation accounts for approximately 30-50% of cholecystitis in the
pediatric population [24]. Abdominal ultrasonography in AAC may reveal biliary sludge,
gallbladder distention (hydrops), or pericholecystic fluid as well. AAC as a complication of
viral infection in children is rare but was reported in primary CMV infection, EBV infection,
and human herpes virus type 6 infection [25-29].

In our study, 18 patients presented ultrasonographic signs of AAC, but only three of
them reported abdominal pain localized in the right upper quadrant. These three patients
were females older than 16 years. It is consistent with previous reports, which describe
female predominance in AAC in both adult and pediatric populations with EBV infec-
tion [27]. AAC, as a complication of EBV infection, is usually associated with a favorable
prognosis [30].

Immunocompetent patients with symptomatic EBV infection usually spontanecusly
recover with supportive care (antipyretics, analgesics, hydration, and rest). In our study,
children with complications in the form of upper respiratory tract obturation received
systemic corticosteroids. Antibiotics were administered in cases of concomitant signs
and symptoms of bacterial infection, especially in the presence of significantly elevated
inflammatory markers such as CRP and PCT or microbiological confirmation. All our
patients achieved full recovery without any chronic complications.

In conclusion, although our study has some limitations, namely its retrospective
nature and unavailability of all laboratory data, it demonstrates that primary EBV hepatitis
is mostly a mild and transient condition. No case of acute liver failure was reported in
this study group. In the available literature, isolated cases of fatal liver failure—even
in immunocompetent patients—have been reported [31]. Therefore, it is important to
determine the activity of liver enzymes and monitor them in patients with a more severe
course of IM. Delayed presentation of patients to the physician may have a negative impact
on our results. Not all children had performed additional tests at the beginning of the
disease. We analyzed the course of hepatitis only in children requiring hospitalization due
to primary EBV infection.
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Introduction

Abstract

Aim of the study: The purpose of the study was to characterize the differences in the course of Epstein-Barr
virus (EBV) primary infection-induced hepatitis between patients treated with steroids due to complications of
infectious mononucleosis (IM) and those not receiving such therapy.

Material and methods: We analyzed the changes in the activity of liver enzymes and differences in abdominal
ultrasound results. The study was based on reviewing the medical records of children hospitalized for primary EBV
infection at the Department of Children’s Infectious Diseases, Medical University of Warsaw, Regional Hospital of
Infectious Diseases in Warsaw, between August 2017 and March 2023. The study population was divided into
two groups: patients treated with steroids (Group 1) and children not receiving steroids (Group 2).

Results: Significant differences were obtained for alanine aminotransferase activity only in the first week of IM
(205.34 £115.40 vs. 288.82 £170.16 1U/1 for Group 1 and 2, respectively; p = 0.024), and for aspartate amino-
transferase in the first (170.63 +159.47 vs. 218.85 +128.22 IU/I for Group 1 and 2, respectively; p = 0.009)
and the third week (151.09 +£138.57 vs. 235.50 £170.27 1U/1 for Group 1 and 2, respectively; p = 0.016).
The analysis of the results of laboratory tests for the diagnesis of cholestasis (y-glutamyl transferase and total
serum bilirubin concentrations with fractions) did not show significant differences between the groups.

Conclusions: Qur results indicated that the two cohorts of patients may differ in the course of hepatitis asso-
ciated with primary EBV infection, especially at the beginning of the disease, when the laboratory features of
hepatitis were less pronounced in children treated with steroids.

Key words: steroids, viral hepatitis, alanine aminotransferase, aspartate aminotransferase, Epstein-Barr virus.
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EBV-shedder: by sharing food or utensils, kissing,
coughing, and sneezing (contact with saliva) or sexual

intercourse, as well as after blood transfusions or organ

Infectious mononucleosis (IM) is considered a be-
nign lymphoproliferative disorder caused by the Ep-
stein-Barr virus (EBV, human gamma-herpesvirus 4
- HHV-4). EBV is widespread in all human societies
and cultures (humans are the only known reservoir of
this pathogen), and approximately 95% of the world’s
population has detectable IgG antibodies against EBV
[1-3]. Infection occurs through close contact with an

transplantations [2]. The risk of infection is estimated at
10% [4]. About 10-20% of infected people develop full-
blown IM preceded by a 30-50-day incubation period
[2]. In the remaining infected persons (usually young
children), the condition is mild or asymptomatic [2, 5.
Primary infection results in a life-long latency of EBV
in memory B cells. The virus can periodically (during
reactivation) spread in saliva throughout the life of an
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infected person [3, 6, 7]. Contagiousness lasts up to
6 to 18 months from the onset of the disease.

The classic triad of IM symptoms includes fever,
pharyngitis, and lymphadenopathy. Patients may pres-
ent with other signs and symptoms, such as faligue,
nausea, vomiting, anorexia, rash, hepatosplenomegaly,
and abdominal pain. The condition is usually self-lim-
iting and resolves within 2 to 3 weeks. Eighty to ninety
percent of patients with primary EBV infection devel-
op hepatitis with mild to moderate elevation of liver
aminotransferases [5]. Liver enzyme values usually re-
turn to normal within a few weeks [8]. Symptoms of
cholestasis may appear. EBV infection is a potential
cause of acalculous cholecystitis as well [9]. Isolated
cases of fatal liver failure in immunocompetent patients
have been reported in the available literature [10].

The pathomechanism of parenchymal liver injury
and cholestasis in primary EBV infection remains un-
clear. An important role may be played by EBV-infect-
ed CD8* T cells in the liver, which secrete inflammatory
mediators such as tumor necrosis factor a, interferon s
and Fas ligand with a potential impact on the sinusoi-
dal and tubular bile transport systems [11, 12]. EBV in-
fection is not localized in hepatocytes and biliary cells.

Treatment of IM is symptomatic and includes ad-
equate hydration and management of fever and pain
with nonsteroidal anti-inflammatory drugs or aceta-
minophen. Patients who develop dehydration or com-
plications such as difficulty breathing due to swelling
of the pharyngeal lymphatic tissue or more severe hep-
atitis may require hospitalization.

To date, no target antiviral therapy has been devel-
oped. Acyclovir is not recommended - a meta-analysis
of five randomized controlled trials involving 339 pa-
tients showed no significant clinical benefit [13].

Steroids have been ordered for their anti-inflam-
matory effect since the 1950s, but there are no clear
guidelines for their use in IM. The above action of glu-
cocorticoids results from the direct and indirect mod-
ification of the expression of genes encoding pro-in-
ﬂa.mmatory factors. Accurd.ing to a literature review,
no clinical benefit from the use of steroids in IM was
found in 8/10 trials. Two studies have shown the benefit
of steroid therapy over placebo in reducing sore throat
at 12 hours, but this effect was not maintained [4].
Literature data indicate that corticosteroids may be
given especially to patients who develop complications
such as significant pharyngeal edema that threatens
respiratory compromise, or autoimmune disorders:
anemia, and thrombocytopenia [14]. On the other
hand, the value of such treatment is controversial and
steroids may delay clearance of the viral load [3].

Our study aimed to determine the differences in
the course of hepatitis associated with primary EBV
infection between the patients treated with steroids
and those not receiving such therapy.

Material and methods

Patients

The study was based on a retrospective analysis
of the medical records collected among patients aged
0-18 years hospitalized for IM due to primary EBV in-
fection at the Department of Children’s Infectious Dis-
eases, Medical University of Warsaw, Regional Hospi-
tal of Infectious Diseases in Warsaw, between August
2017 and March 2023.

The onset of IM was considered to be the appearance
of the first signs and symptoms such as swollen cervical
lymph nodes, sore throat, fever, gastrointestinal com-
plaints, or jaundice. The diagnosis was confirmed by
a positive result of a serological test detecting immu-
noglobulin M antibody to EBV viral capsid antigen -
anti-EBV VCA IgM (chemiluminescence immunoas-
say — CLIA test system, LIAISON EBV IgM, DiaSorin
S.p.A., Saluggia, Italy) - as a marker of acute infection.

Hepatitis associated with primary EBV infection
was diagnosed based on the elevation of serum ala-
nine aminotransferase (ALT) activity over age refer-
ence values [15]. In addition, the following laboratory
tests were performed: serum aspartate aminotransfer-
ase (AST) and y-glutamyl transferase (y-GT) activity,
and total serum bilirubin concentration with fractions.
The main indication for determining the activity of
y-GT and total serum bilirubin concentration with
fractions was symptoms of cholestasis: jaundice, pruri-
tus, acholic stools, and dark urine. We also performed
full blood count with differential and C reactive pro-
tein (CRP). Leucocytosis was defined according to age
and sex standards [16].

A more severe course of the disease, especially with
symptoms of cholestasis or markedly enlarged spleen
and/or liver on palpation, was an indication for ab-
dominal ultrasound. Splenomegaly was defined as
the longitudinal dimension of the spleen exceeding
the 97.5" percentile for age [17].

We divided the study population - children and
adolescents diagnosed with primary EBV hepatitis -
into two groups: the first cohort included patients who
received steroids, and the second consisted of patients
not treated with steroids.

The most common indication for steroid therapy
was significant airway obturation with sleep apnea or
allergic-toxic rash after amoxicillin.
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We established the following exclusion criteria:
1. Coexisting cytomegalovirus (CMV) infection (pos-
itive CMV IgM), 2. Pre-existing liver diseases of any
etiology, 3. Diagnosis of other viral liver infections:
hepatitis A virus (HAV), hepatitis B virus (HBV), hep-
atitis C virus (HCV), 4. Prior pharmacotherapy with
potential hepatotoxicity.

Statistical analysis

Statistical analysis of collected medical records was
performed using STATISTICA 13.3 (StatSoft, Krakow,
Poland). Data were presented as mean (standard de-
viation; SD) unless otherwise indicated. To compare
clinical features between study groups, the x* test
(for categorical variables) was performed; in the case
of an insufficient number of observations in the sub-
groups, Fisher’s exact test was used. We analyzed the
differences in laboratory findings, the duration of signs
and symptoms, and the length of hospital stay (con-
tinuous variables) between the study groups using the
Mann-Whitney U test. A p-value of < 0.05 was consid-
ered statistically significant.

Results

Demographic and clinical characteristics

The medical records of 415 children and adoles-
cents hospitalized due to IM associated with EBV
infection within 79 months were retrospectively ana-
lyzed. In this cohort, 199 (47.9%) patients were diag-
nosed with hepatitis with increased ALT activity. Of
this group, 33 (16.6%) were excluded from the study
because of positive serological test results (IgM anti-
bodies) for CMV (n = 27), and potentially hepatotoxic
pharmacotherapy due to pre-existing chronic disease
(n = 6). For the study, 166 patients, aged 18 months to
18 years (mean, 11.9 +5.1 years), were recruited. In the
first group of 104 patients (62.6%) who were treated
with steroids the male-to-female ratio was 1: 1.47. In
the second cohort of 62 (37.3%) children who did not
receive steroids the male-to-female ratio was 1 : 1.38.

Qur patients received steroids intravenously, tem-
porarily, mainly in the case of symptoms of upper
respiratory tract obturation. Forty-eight children
(46.1%) received dexamethasone, 47 (45.2%) hydro-
cortisone, and prednisolone were administered much
less often - only in 8 patients (7.7%). Children up to
5 years of age were treated with hydrocortisone at
a dose of 8-10 mg/kg/day, and older children at a dose
of 4-8 mg/kg/day, in 3 divided daily doses. The dose of
dexamethasone was 0.15-0.6 mg/kg/day in 4 divided

daily doses. Prednisolone was administered at a dose
of 1-4 mg/kg/day, in 3 divided daily doses. During hos-
pitalization, patients received an average of 4.06 +2.81
doses of steroids (from 1 to 14 doses). Most frequently,
patients were administered steroids in the first and sec-
ond weeks of illness.

The flowchart (Fig. 1) shows the enrolment of pa-
tients in the study.

The age distribution in the two groups of the study
population is shown in Figure 2.

Clinical course and complications

Analyzing the clinical course of IM in Groups 1
and 2, we obtained signiﬁcant differences regarding
the length of hospitalization (5.0 2.1 vs. 4.3 +2.3 days;
p = 0.015), the occurrence of the classic triad of IM
symptoms (which was observed in 84.6% of children
treated with steroids and in 72.6% of patients without
steroid therapy; p = 0.000), fever - the most common
clinical feature (90.4% of patients in Group 1 vs. 79.0%
in Group 2; p = 0.040), and its duration (patients re-
ceived steroids presented with fever for 7.5 +4.7 vs,
5.9 +4.8 days in children without steroid therapy;
p = 0.049). Significant differences were observed in
the occurrence of hepatomegaly (85.5% of children in
Group 1 vs. 72.6% in Group 2; p = 0.040), and spleno-
megaly (73.1% vs. 56.4%; p = 0.027) as well. As regards
age, the male-to-female ratio, the duration of signs and

All patients with IM symptoms
and positive anti-VCA Ight
(N=415)

Normal ALT (n = 216)

| BeedAiT(n=199)

CMV coinfection (n = 27)

Patients with primary EBV infection
and elevated ALT (n = 172)

Patients with potentially hepatotoxic
pharmacotherapy due to pre-existing —
chronic diseases (n = 6)

Study population with primary EBV|
hepatitis (n = 166)
Male/female = 68/98

Group Z:
Patients not receiving steroids
(n=62)
Male/female = 26/36

Group 1:
Patients treated with steroids
(n=104)
Malefemale = 42/62

Fig. 1. Flowchart showing recruitment of patients to the study. IM - infectious
mononucleosis, ALT - alanine aminotransferase, CMV - cytomegalovirus,
EBV - Epstein-Barr virus
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Fig. 2. Age distribution in Group 1 (n = 104) and Group 2 (n = 62) of patients
with primary Epstein-Barr virus (EBV) hepatitis

Table 1. Differences in clinical features of infectious mononucleosis (IM)
between study groups

symptoms of IM, the incidence of abdominal pain and
abdominal tenderness on palpation, and symptoms of
cholestasis (jaundice, pruritus, dark urine, and acholic
stools), they showed no statistically significant differ-
ences between the groups of patients. The differences
in clinical features between the study groups are shown
in Table 1.

Sixty-five patients (62.5%) treated with steroids and
15 (24.2%) children who had not received steroids de-
veloped complications of IM (p = 0.000). Obturation of
the upper respiratory tract as the main reason for ste-
roid administration was obviously more frequently ob-
served among patients in the first group - 58 (55.7%) -
than in the second group - 11 (17.7%); p = 0.000. Other
common complications occurred without a statistically
significant difference: allergic-toxic rash after amoxicil-
lin administration was reported in 21 (20.2%) children
in Group 1, and 7 (11.3%) in Group 2; thrombocytope-
nia with or without purpura was observed in 4 (3.8%)
patients only in patients treated with steroids.

Other complications were observed rarely, and are
presented in Table 2.

Laboratory and imaging test results

The mean number of white blood cells (WBC) as-
sessed in the peripheral blood count (performed in
all patients) in both groups of patients did not differ
and was 14.75 £5.76 cells/pl in the first group vs 14.39

Famtiy [r?:ulul :‘:E:] - cells/pl in the second group. Leukocytosis was
found in 85 (81.7%) patients treated with steroids and
oo 44 (70.9%) children not receiving steroids (p = 0.107).
Age (years) 121449 117452 0.766 A white blood cell smear was performed in 162 (97.6%)
Sex (male/female) 42/62 26/36  0.844 patients and statistically significant differences were
Duration of signs and symptoms 143 +48 146462 0.807 obtained in the percentage of neutrophils (33.5 +12.2%
(days) in Group 1 vs. 19.4 #14.5% in Group 2; p = 0.020). CRP
Days of hospitalization 50421 4323 0015 concentration - assessed in 161 (96.9%) patients - also
Fever duration (days) 75147 59+48 0049
. Table 2. Incidence of particular complications (other than the liver, biliary
No. of nts
pces {8 tract, or gallbladder pathology) in Groups 1 and 2
Fever 94(904)  49(79.0) 0.040
(Classic triad symptoms of IM 88(84.6)  38(613) 0.000 Complication :I'-'No; T :;04} NGM:fP 2(n=62)
0. 0. of patients
Hepatomegaly on palpation 89 (85.5) 45(726) 0.040 — posients () ()
- Urticaria 2(19) 1(1.6)
Splenomegaly on palpation 76(73.1) 35(56.4) 0027
: = Epistaxis 2(19) 0
Abdominal pain 30(288) 22(355) 0372 m——: o T
" yncope/loss o ; |
Abdominal tenderness 10 (9.6) 8(7.7) 0509 e hhene
Jaundice 10 (9.6) 9(86) 0337 Chestpaln 0 262
Pruritus 11 (10.6) 8(7.7) 0.664 Anemia 0 1(1.6)
Dark urine 5(4.8) 348 0992 latrogenic inflammation 109) 0
Acholic stools 1(0.9) 1(1.6) 0.709 and venous thrombosis
Vertigo 0 1(16)
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Table 3. Comparison of laboratory data between study groups

Variable Group 1 Group2  P-value
(n=104) (n=62)
Mean £5D Mean £5D
WBC (cells/ul) 14.75 15.76 1439849 010
Neutrophils (%) 3354122 194 £145 0020
Lymphocytes (%] 66.1+12.8 7071144 0013
Atypical lymphocytes (%) 2554143 2581149 0801
Platelets (cells/ulf 2087046372 21173 £7219 1.000
CRP (mgv/dl) 2551 #1792 1546 £11.11 0,000
PCT (ng/mi) 2.74 +8.86 006 £055  0.706
LDH (UAy 6135 +185.66 735.92 £254.35 0.231

= White blood cell smear showing the percentage of lymphocytes, neutraphils, and
atypical [ymphocytes was assessed in 162 patients; ® Platefets were evaluated in 165 pa-
tients; < CRP = C reactive protein was evaluated in 161 patients; ¢ PCT = Procalcitonin ws
assessed in 28 patients; = LD = Lactate dehydrogenase was evaluated in 20 patients.

differed statistically significantly: 25.51 +17.92 mg/dl
vs. 15.46 +11.11 mg/dl, respectively in the first and
the second group; p = 0.000. There were no significant
differences in the percentage of atypical lymphocytes,
platelet count, and serum concentration of procalci-
tonin (PCT) and lactate dehydrogenase (LDH) in the
study groups. Table 3 shows the comparison of labora-
tory data between study groups.

The analysis of ALT activity in both study groups in
the successive weeks of the IM showed that in the first,
second, and third weeks, ALT levels were higher in
Group 2, and the highest values were observed in the
first and third weeks of the disease. In the first group,
the ALT level was the highest in the first week of IM,
and a downward trend was observed in the following
weeks, without a peak in the third week as in Group 2.
Figure 3 shows the mean activity of ALT in successive
weeks of EBV hepatitis in both groups of patients.

The medians of serum ALT activity in the study
groups differed statistically significantly only in the
first week of the disease, and their mean values were
205.34 £115.40 IU/1 (ranging from 39.00 to 516.00) vs.
288.82 £170.16 IU/1 (ranging from 50.00 to 725.00) for
Groups 1 and 2, respectively; p = 0.024. ALT levels in
the first week of IM were evaluated in 95 (57.2%) pa-
tients: 61 (58.6%) from the first group and 34 (54.8%)
from the second group. The comparison of the median
activity of ALT in both groups in the first week of the
disease is shown in Figure 4.

The median ALT serum concentrations in the com-
pared groups of patients in the successive weeks (from
27 to 4%) of the disease did not differ statistically signifi-
cantly. Mean ALT values assessed from the first to fourth
week of IM in both study groups are shown in Table 4.

) : ; ; :

800 -

.
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s

sl i

-200 1 . . .
1 2 3 4

Weeks of illness

Fig. 3. Mean activity of alanine-aminotransferase (ALT) (+ standard deviation)
in successive weeks of Epstein-Barr virus (EBV) hepatitis in patients treated
with steroids (Group 1), p = 0.129 (A), and in patients not treated with
steroids (Group 2), p = 0.277 (B). The Kruskal-Wallis test was used for changes
over time

T =

1 0
Steroid therapy: 0 - no (n = 34), 1 - yes {n = 61)

ALT (/1)
-B8B&8E888¢=28

Fig. 4. Comparison of median activity of alanine aminotransferase (ALT)
in the 1¢ week of infectious mononucleosis (IM) in Groups 1 and 2; p = 0.024
in the Mann-Whitney U test (n = 95)

Aspartate aminotransferase activity in the first
three weeks of the disease was higher among patients
not treated with steroids than in the patients undergo-
ing this therapy. In both groups, slightly higher AST
levels can be observed in the first and third weeks of
IM. However, these differences are statistically signifi-
cant only in children not receiving steroids (p = 0.024).
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Table 4. Values of alanine aminotransferase (ALT) activity in Groups 1and 2 in successive weeks of the disease

Variable ALT (1U/1) ALT (lu/1) ALT (1) ALT (1U/1)
in the 1 week in the 2* week in the 3 week in the 4* week
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
No. of patients 61 34 12 45 30 24 11 9
Mean +5D 205.34 288.82 207.50 249.37 210.56 291.75 17836 167.44
+115.40 +170.16 +162.43 +187.94 +152.73 121265 +217.67 +132.29
Range 39516 58-725 42-1105 43-932 59-660 42-791 24-814 26-390
palue 0.024 0.284 0321 0.790
A 900 — : : - B a0 . . : :
800 a 700
700} g c00F 4
600 S0k 4
El :% I 1 § wo} J
2 300} 1 g %r 1
200k _l o 200F o . L] T
100 —E:_, | = L= I — 100 1T J_ o a
0 oF 7
00— 3 ; i 10— ; ; i
Weeks of illness Weeks of illness

Fig. 5. Mean activity of aspartate-aminotransferase (AST) (+ standard deviation) in successive weeks of Epstein-Barr virus (EBV) hepatitis in patients treated with
steroids (Group 1), p = 0.256 (A), and in patients not treated with steroids (Group 2), p = 0.024 (B). The Kruskal-Wallis test was used for changes over time

[ ] —
-100 1 0

Steroid therapy: 0 - no (1 = 34), 1 - yes (n = 60)

p=0.009

200 o
[ = |
=

0 i 0

Steroid therapy: 0 = no (n = 22), 1 -yes (n = 31)

PR —

p=0016

Fig. 6. Comparison of median activity of aspartate aminotransferase (AST) in Group 1 (p = 0.009) and Group 2 (p = 0.016) in the A) 1% (n = 94) and B) 3" weeks

(n = 53) of infectious mononuclecsis (IM) in the Mann-Whitney U test

Figure 5 shows the mean activity of AST in successive
weeks of EBV hepatitis in both groups of patients.

The median AST levels in the study groups differed
statistically significantly in the first and third weeks
of IM. The mean values of AST activity in the first week
were: 170.63 £159.47 IU/l (ranging from 40.00 to
852.00) vs. 218.85 +128.22 IU/I (ranging from 42.00
to 589.00) for Groups 1 and 2, respectively; p = 0.009.
The mean AST levels in the third week were: 151.09
+138.57 IU/1 (ranging from 31.00 to 578.00) vs. 235.50
+170.27 U/l (ranging from 67.00 to 617.00) for

Groups 1 and 2, respectively; p = 0.016. AST activity
in the first and third weeks of the disease was evalu-
ated in 94 (56.6%) patients and 53 (31.9%) children,
respectively. The comparisons of the median activity of
AST in both groups in the first and third weeks of the
disease are shown in Figure 6.

The median AST serum activity in the compared
groups of children in the second and fourth weeks
of the disease did not differ statistically significantly.
Mean AST values evaluated from the first to fourth
week of IM are presented in Table 5.
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Table 5. Values of aspartate aminotransferase (AST) activity in Groups 1 and 2 in successive weeks of the disease

Variable AST (1U/1) in the 1* week AST (1U/1) in the 2 week AST (1U/1) in the 3* week AST (1U/1) in the 4* week
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
No. of patients 60 34 64 £l 22 8 11
Mean +SD 17063 21885 136.98 193.97 151.09 23550 12287 9427
+159.47 +128.22 +99.61 +160.51 +138.57 +170.27 414160 +89.77
Range 40-852 42589 32418 4-676 31578 67-617 48-467 11-332
palue 0.009 0.054 0016 0.563
Table 6. Values of y-glutamyl transferase (y-GT) activity in Groups 1 and 2 in successive weeks of the disease
Variable +-GT (IU/1) in the 1% week 1-GT (1U/1) in the 2™ week +-GT (IU/1) in the 3" and 4™ weeks
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
No. of patients 8 10 13 1 7 10
Mean £5D 159.87 +65.23 186.50 £109.77 180.54 +101.64 195.82 £93.81 159.288 £73.91 131.40 £103.66
Range 80-266 41-330 60-341 40-341 38-233 41-365
pralue 0824 0.663 0.406
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Fig. 7. Mean activity of y-glutamyl transferase (y-GT) (£ standard deviation) in successive weeks of Epstein-Barr virus (EBV) hepatitis in patients treated with
steroids (Group 1), p = 0.697 (A), and in patients not treated with steroids (Group 2), p = 0.053 (B). The Kruskal-Wallis test was used for changes over time

Among patients not receiving steroids, a peak of
y-GT activity was observed in the second week of IM.
In the group of children treated with steroids, y-GT
levels showed an increasing trend with the duration
of the disease. However, the differences in y-GT levels
in the successive weeks of the disease in both groups
of patients were not statistically significant. Figure 7
shows the mean activity of y-GT in successive weeks of
IM in both cohorts of patients.

The median y-GT levels between the study groups
did not differ statistically significantly in any of the
weeks of illness. Mean y-GT values in successive weeks
of the disease are shown in Table 6.

As described for y-GT activity, total serum biliru-
bin concentration in children not treated with steroids
was highest in the second week of the illness. However,

these differences were not statistically significant.
Among patients receiving steroids, total bilirubin re-
mained at a comparable level throughout the course
of the disease. Figure 8 shows the mean total serum
bilirubin concentration in successive weeks of disease
in both groups of patients.

There were no significant differences between total se-
rum bilirubin concentrations between both study groups
in the successive weeks of IM. Table 7 contains the mean
values of total serum bilirubin concentrations in both
groups, determined in the successive weeks of the disease.

Patients receiving steroids had a mean direct bili-
rubin serum concentration of 1.46 +2.08 mg/dl (from
0.04 to 5.10). Among them, 8 (7.7%) had direct biliru-
bin at least 20% of total serum bilirubin concentration.
The mean direct bilirubin in Group 2 (steroid-naive)
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Fig. 8. Mean total serum bilirubin concentration (+ standard deviation) in
successive weeks of Epstein-Barr virus (EBV) hepatitis in patients treated with
steroids (Group 1), p = 0.834 (A), and in patients not treated with steroids
(Group 2), p = 0.424 (B). The Kruskal-Wallis test was used for changes over
time

was 1.70 +1.98 mg/dl (from 0.08 to 5.38). In 10 (16.1%)
children of this group direct bilirubin accounted for
at least 20% of total bilirubin.

Abdominal ultrasonography was ordered more
often in patients not treated with steroids - 80.7% vs.
62.5% in Group 1 - but abnormal results were ob-
tained in both groups in similar percentages of pa-
tients (97.2% in Group 1 vs. 95.2% in Group 2). The in-
cidence of hepatomegaly, splenomegaly, and periportal
lymphadenopathy was similar in both groups, as well.
Children treated with steroids more often presented
with perisplenic, intraperitoneal, and periportal flu-

id collection. However, gallbladder wall thickening
was observed with higher frequency in patients not
treated with steroids (14.5% vs. 7.7% in Group 1).
The percentage of patients with particular abnormali-
ties in the abdominal ultrasound examination in both
groups is shown in Figure 9 and Table 8. Differences
in the incidence of the above-described abnormalities
were not statistically signiﬁcant.

Treatment

The most common indications for hospitalization
of children with IM are high or long-lasting fever, de-
hydration, and symptoms of upper respiratory tract
obturation with sleep apnea. Therefore, symptomatic
treatment, including the administration of antipyretics
and adequate hydration, is the primary management.

The number of patients who received empirical
antibiotic therapy before admission to the hospital
and before the diagnosis of IM was significantly high-
er in Group 1 than in Group 2, and was respectively
68 (65.4%) and 23 (37.1%); p = 0.000. The main reason
for initiating antimicrobial treatment was pharyngitis.
The most commonly prescribed antibiotics were: ce-
furoxime axetil, amoxicillin with clavulanic acid, phe-
noxymethylpenicillin, azithromycin, and amoxicillin.
In Group 1, antimicrobial therapy was continued af-
ter hospital admission in 43 (41.3%) patients, and in
16 (15.4%)children who had not previously been
treated with antibiotics, it was started. In 12 (19.3%)
patients in Group 2 antibiotic therapy was continued
during hospitalization. In this group, antimicrobial
treatment was started after admission to the hospital
in 14 (22.6%) children. The most commonly used sub-
stance during hospitalization was cefuroxime. Eigh-
teen patients (17.3%) in the first group and 8 (12.9%)
in the second group were treated with more than one
antibiotic (p = 0.435).

Discussion

Our retrospective study is an attempt to character-
ize two groups of patients hospitalized with hepatitis

Table 7. Values of total bilirubin serum concentration in Groups 1 and 2 in successive weeks of the disease

Variable Total bilirubin (mg/dI) Total bilirubin (mg/dI) Total bilirubin (mg/dl)
in the 1+ week in the 2 week in the 37 and 4* weeks
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

No. of patients 11 11 9 6 5 -

Mean +5D 213+2.29 199 £1.92 146 £1.75 294 236 0.92 £0.46 0.85 £0.57
Range 0.23-5.52 0.19-6.26 0.23-4.96 0.27-6.22 0.43-1.61 0.42-1.69
palue 0.792 0.345 0.713
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Percentage of patients

M Patients treated with steroids (n = 104)

10 Patients not treated with steroids (n = 62)

Fig. 9. Abnormalities in abdominal ultrasound in patients receiving steroids and not treated with steroids

caused by primary EBV infection. The first group in-
cludes patients treated with steroids due to compli-
cations of infectious mononucleosis (mainly upper
respiratory tract obturation), and the second group
consists of children not receiving the above therapy.
In both groups, there is a noticeable predominance of
persons in preschool and early school age (4-8 years
old) and adolescents (14-18 years old), which is char-
acteristic of the epidemiology of IM [18-20]. However,
the above-described distribution of age groups is more
pronounced among patients treated with steroids.
Both groups are also characterized by a similar gender
distribution: the percentage of males was 40.1% and
41.9%, respectively, in Groups 1 and 2.

The rich symptomatology of IM causes patients to
present with a diverse constellation of symptoms and
possible complications [21, 22]. There were also some
differences between the two groups we studied. When
analyzing the course of the disease, we found that pa-
tients in the steroid-treated group stayed longer in the
hospital, and more often presented the classic features
of IM with fever, which was the most common clinical
symptom in them and lasted longer than in Group 2.
They were also more likely to have hepatosplenomega-
ly on palpation, although the presence of other clinical
signs suggestive of hepatitis (with features of cholesta-
sis in some cases) was not significantly different be-
tween the two groups. Complications other than upper

Table 8. Incidence of particular abnormalities in abdominal ultrasound
examination in the studied groups of patients

Variable Group 1, Group 2,
n=104 n=62
No. of patients No. of patients
(%) (%)
Abdominal ultrasound 3(28) 3(4.8)
without abnormalities
Hepatomegaly 51(49.0) 34 (54.8)
Splenomegaly 62 (59.6) 40 (64.5)
Perisplenic fluid collection 6(5.7) 1(1.6)
A small amount of intraperitoneal fluid 8(7.7) 1(1.6)
Gallbladder wall thickening 8(7.7) 9(145)
Gall mud 0(0.0) 1(1.6)
Ascites 0(0.0) 1(1.6)
Gallbladder polyp 1(0.9) 1(1.6)
Periportal fluid collection 2(19 00.0)
Periportal lymphadenopathy 28(26.9) 19 (30.6)
Abdominal ultrasound not performed 39(37.5) 12(19.3)

airway obturation occurred with similar frequency in
both cohorts.

As regards the laboratory test results other than
those evaluating liver function, statistically signiﬁca.nt
differences occurred only in the percentage of neutro-
phils in the white blood cell smear and CRP concen-
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tration. Both of these parameters were higher in pa-
tients who received steroid therapy.

The available literature provides an analysis of the
laboratory test results assessing liver function in the
course of IM [8, 9, 23]. However, it is difficult to find
such research in the context of steroid therapy used
in these patients. Analysis of the course of ALT and
AST activity during the disease showed higher activity
of both enzymes in the first, second, and third weeks
of IM in patients not treated with steroids. However,
statistically significant differences were observed only
in the first week for ALT and in the first and third for
AST. In an analysis involving the variability of enzyme
activity over time, levels of both enzymes showed
peaks at the first and third weeks of the disease in ste-
roid-naive patients. However, statistically significant
differences were seen only for AST activity. Our obser-
vations are consistent with the results of other available
studies [23]. These results may indicate greater severity
of hepatitis (defined as increased ALT and AST levels)
in patients with less pronounced upper respiratory
tract IM symptoms: pharyngitis and tonsillitis, cervical
lymphadenopathy, and consequent upper airway obtu-
ration. Despite the observed lower activity of ALT and
AST in the first three weeks of the disease in patients
treated with steroids, in the fourth week (usually after
the end of steroid therapy) the levels of both enzymes
were higher than in patients not receiving steroids.
Thus, the anti-inflammatory effect of temporarily ad-
ministered glucocorticosteroids (in doses appropriate
for the treatment of the complications of IM) might be
insufficient to achieve a sustained reduction in hepatic
inflammation. However, this conclusion would require
confirmation in further (more detailed) research.

Cholestasis is a possible complication of EBV-as-
sociated hepatitis [24-26]. Concerning the results of
laboratory tests useful in the diagnosis of cholestasis
(y-GT and total serum bilirubin concentration with
fractions), no statistically significant differences were
obtained between the study groups. y-GT activity was
higher in steroid-naive patients in the first two weeks
of illness. Among these patients, peak y-GT levels were
observed in the second week of IM, as was the case
for total bilirubin. Direct bilirubin of at least 20% of
total bilirubin was observed more frequently in ste-
roid-naive patients (16.1%) than in children receiving
steroids (7.7%).

Abdominal ultrasonography revealed perisplenic,
intraperitoneal, and periportal fluid collection more
often in patients receiving steroids, but gallbladder
wall thickening was described with higher frequency
among steroid-naive patients. However, the above dif-
ferences did not show statistical significance.

Patients who required steroids significantly more
often started empiric antibiotic therapy before admis-
sion to the hospital. They were also more likely to con-
tinue antimicrobial treatment during hospitalization.
Available literature data also indicate frequent admin-
istration of antibiotics in patients with upper respirato-
ry tract complications of IM [27-29]. However, in our
patients, the above therapy was implemented only after
admission to the hospital in a larger proportion of ste-
roid-naive patients.

An undoubted limitation of our study is its retro-
spective nature and the fact that not all patients in both
study groups underwent all laboratory tests that would
allow for a comprehensive assessment of liver function
and abdominal ultrasound. However, our analysis con-
cerns a fairly large cohort of patients. Literature data
related to this subject are limited, and most studies to
date have been conducted on much smaller groups
[4, 30, 31]. It should be noted that the doses of corti-
costeroids used in our patients were adjusted to treat
airway obturation. Perhaps administration of higher
doses would result in a stronger anti-inflammatory
effect in hepatitis.

In conclusion, our study suggests that the two an-
alyzed groups may differ in the course of hepatitis in
primary EBV infection, especially in the first weeks
of IM, when the laboratory features of hepatitis were
more pronounced in children not requiring treatment
with steroids. However, there was a noticeable trend
for higher values of liver parameters at the end of the
disease (suggestive of delayed resolution of hepatitis)
in patients receiving steroids, but without statistical
significance. A possible explanation for the above phe-
nomenon is potentially delayed viral clearance caused
by steroid therapy [3]. Cessation of steroid treatment
and the disappearance of their anti-inflammatory
effect could increase the activity of liver enzymes.

Institutional Review Board Statement

Ethical review and approval were waived for this
study because the study was retrospective, non-inter-
ventional, and based on data collected in the depart-
ment’s database. Therefore, it does not require approv-
al of the Ethics Committee. Due to the retrospective
nature of the present study, written consent from par-
ticipants was not necessary. The patients’ data were
protected according to the European Union General
Data Protection Regulation.
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Abstract

Aim of the study: Hepatitis occurs in 50-90% of patients hospitalized with primary Epstein-Barr virus (EBV)
infection. Dual serological positivity for EBV and cytomegalovirus (CMV) may occur. Our retrospective study
aimed to compare the dlinical course of hepatitis between children with EBV monoinfection (Group 1) and those
with EBV and CMV dual positivity (Group 2).

Material and methods: In total, 244 patients were recruited. Eighty (32.79%) of them belonged to Group 2.
The diagnosis of EBV and CMV infection was confirmed by positive viral capsid antigen (VCA) antibody testing
and serum CMV IgM antibodies.

Results: Clinical symptoms suggesting cholestasis occurred significantly more often in Group 2: nausea or vom-
iting in 35 (43.21%) vs. 45 (27.44%) in Group 1, p = 0.010 (OR = 2.01 [95% CI: 1.15-3.51]); abdominal pain
in 37 (45.67%) vs. 52 (31.71%), p = 0.042 (OR = 1.81 [95% Cl: 1.05-3.13]); dark urine in 12 (14.81%) vs.
8 (4.88%), p = 0.006 (OR = 3.39 [95% Cl: 1.33-8.67]). The alanine aminotransferase (ALT) activity was high-
er in Group 2 during the first week of the disease, although the difference was not statistically significant
(p = 0.083). Aspartate aminotransferase (AST) activity was significantly higher in Group 2 only in the first week
of the disease (p = 0.023). Abnormal abdominal ultrasound results occurred more often in Group 2: 100% of
patients vs. £6.46% in Group 1 (p = 0.045).

Conclusions: In Group 2, we observed more pronounced clinical symptoms of hepatitis and more frequently
abnormal ultrasound images of the liver and bile ducts.

Key words: Epstein-Barr Virus, cytomegalovirus, liver aminotransferases, children, viral hepatitis.
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Introduction

Infectious mononucleosis (IM) is a common dis-
ease in children and adolescents that most often re-
sults from acute Epstein-Barr virus (EBV) infection. In
early childhood, it is usually asymptomatic or mildly
symptomatic, while 30-50% of teenagers and young
adults develop a broad variety of clinical symptoms of
IM [1]. The classic triad of symptoms, including fever,
sore throat, and generalized lymphadenopathy, is often
accompanied by fatigue, mild headache, and hepato-
splenomegaly.

The available data from the literature show that
the percentage of children with hepatitis (usually as-
ymptomatically elevated transaminases) in the course
of EBV infection ranges from 50% (Polish study) to
80-90% (studies conducted in England and Greece)
[2-4]. These data concern patients hospitalized due to
IM. The activity of liver transaminases in serum most
often does not exceed two or three times the upper
limit of normal [5]. Although cholestatic hepatitis
is rare and usually reported in adults, it can also devel-
op in children; in a Polish study, it occurred in 10.8%
of pediatric patients with hepatitis due to primary
EBV infection [2, 6].
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In approximately 10% of patients with infectious
mononucleosis-like syndrome, the etiological factor
is not EBV and may include cytomegalovirus (CMV),
primary hepatotropic viruses, human immunodefi-
ciency virus (HIV) - acute retroviral disease, or ade-
novirus [7]. Primary EBV and CMYV infections in im-
munocompetent individuals cause similar clinical and
laboratory symptoms. Studies report a more severe
course of the disease in patients with dual-positivity
for EBV and CMV than in those with positive only an-
ti-VCA IgM for EBV [8]. Moreover, according to some
authors, CMV infection may be associated with more
severe hepatitis [9, 10].

Acute EBV and CMV coinfection confirmed by
positive serological test results (immunoglobulin M
[IgM]) is considered by many researchers and clini-
cians to be a false-positive finding due to the cross-re-
action of serum antibodies [11-14].

From April 2023 to May 2024, we observed an in-
crease in the number of patients hospitalized in our
department with hepatitis in the course of IM and pos-
itive serological test results for EBV and CMV com-
pared to the previous years.

The present study aimed to compare the course (in
terms of clinical symptoms and laboratory and imag-
ing test results) of hepatitis in pediatric patients with
positive anti-VCA IgM for EBV and in those with dual
serological positivity for EBV and CMV, and to identi-
fy the differences between the cohorts.

Material and methods

Patients

Our retrospective, single-center study was based
on the analysis of the clinical data of patients aged 0-18
years who were hospitalized for acute hepatitis due to
EBYV infection (with or without positive IgM for CMV)
at the Department of Childrens Infectious Diseases,
Medical University of Warsaw, Regional Hospital of
Infectious Diseases in Warsaw, between November
2017 and May 2024.

We established the following exclusion criteria:

» coexisting viral hepatitis (hepatitis A virus [HAV],
hepatitis B virus [HBV], hepatitis C virus [HCV]),

+ preexisting human immunodeficiency virus (HIV)
infection,

« other liver diseases (e.g., metabolic or autoimmune)
associated with impaired liver function,

» hepatotoxic drug therapy due to underlying chronic
diseases and other causes of toxic liver damage,

« chronic diseases affecting the hosts immune re-
sponse (e.g., immunodeficiencies, severe hemoglob-
inopathies, cancer).

Methods

We considered the onset of the disease to be the first
day of symptoms typical for infectious mononucleosis
syndrome (fever, lymphadenopathy, sore throat). Some
patients experienced isolated gastrointestinal symp-
toms, jaundice, hepatosplenomegaly, or increased liver
aminotransferase activity. We confirmed EBV infec-
tion using a serological test detecting IgM antibodies
to the EBV viral capsid antigen (anti-EBV VCA IgM,
chemiluminescence immunoassay — CLIA test system,
LIAISON EBV IgM, DiaSorin S.p.A., Italy) as a mark-
er which does not occur in chronic disease. Similarly,
the diagnosis of acute CMV infection was based on the
detection of immunoglobulin M antibodies to CMV in
serum or plasma samples (chemiluminescence immu-
noassay — CLIA test system, LIAISON CMV IgM, Di-
aSorin S.p.A., Italy). Both tests are routinely performed
in patients suspected of having infectious mononucle-
osis. Depending on clinical indications, tests for other
hepatotropic viruses were ordered.

The laboratory indicator of ongoing hepatitis was
increased over the upper limit of normal (concerning
age and sex references) activity of serum alanine ami-
notransferase (ALT) [15]. Additionally, we assessed
the activity of the serum aspartate aminotransferase
(AST), y-glutamyl transferase (y-GT), and bilirubin
concentrations in the fractions. AST and y-GT values
were related to age- and sex-specific norms [15]. Other
laboratory tests included a full blood count with dif-
ferential and C-reactive protein (CRP) levels. We de-
fined leukocytosis based on age and sex standards [16].
Thrombocytopenia was defined as a platelet count of
less than 100,000 per mm?®.

During the abdominal ultrasound examination
(which was performed in the vast majority of patients),
we paid special attention to the size of the liver, spleen,
and lymph nodes in the liver hilum, as well as to the
pathology of the gallbladder and bile ducts. Spleno-
megaly and hepatomegaly on ultrasound examination
were diagnosed when the longitudinal dimension of
these organs exceeded the 97.5® percentile for age [17].

In both study groups, we identified patients with
a more severe course of the disease who met at least
one of the following criteria:

» at least three of the following signs or symptoms:
nausea/vomiting, darkening of urine (the color of
urine darker than in a healthy state), discoloration
of stool, jaundice, pruritus, abdominal pain or
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« at least one laboratory abnormality of the follow-
ing: ALT activity equal to or greater than five times
the upper limit of normal for sex and age, increased
y-GT activity in serum, direct bilirubin concentra-
tion equal to or greater than 20% of total serum bil-
irubin concentration or

« signs of inflammation in the gallbladder/biliary
tract on abdominal ultrasound.

Statistical analysis

We performed a statistical analysis of the collect-
ed medical records using STATISTICA 13.3 (Stat-
Soft, Krakow, Poland). The data are presented as the
means (standard deviations; SDs) unless otherwise in-
dicated. The comparison of clinical features between
study cohorts was performed using Fisher’s exact test
or Pearson’s chi-square test (for categorical variables)
and the Mann-Whitney U test or Kruskal-Wallis test
for continuous variables, such as laboratory findings,
the duration of signs and symptoms, and the length
of hospitalization. None of the studied groups showed
a normal distribution concerning the analyzed vari-
ables. The level of statistical significance was set at
p <0.05.

Results

Demographic and clinical characteristics

We performed a retrospective analysis of the medi-
cal records of 253 pediatric patients who were hospital-
ized due to hepatitis with increased ALT activity in the
course of EBV infection with or without positive IgM
for CMV. Nine patients (3.55%) were excluded from
the study because of underlying diseases associated
with impaired liver function or potentially hepatotoxic
drug therapy. For the study, we recruited 244 children
and adolescents aged 0-18 years and divided them into
two groups. The first cohort consisted of 164 patients
(67.21%) with hepatitis during EBV infection (the
male-to-female ratio was 1 : 1.41). In the second group
of 80 (32.79%) children with increased ALT activity due
to EBV infection with positive IgM for CMV, the male-
to-female ratio was 1 : 1.86. The enrollment of patients
in the study is presented in the flowchart (Fig. 1).

The age distributions in both cohorts were similar:
12.02 +5.00 years in the first group and 11.92 +5.33
years in the second group (p = 0.851), with a predom-
inance of children aged 3-8 and 13-18 years as typical
epidemiological features of IM.

Children in the second group more often suffered
from chronic diseases (29; 35.80%) than did patients

in the first group (42; 25.61%), although this difference
was not statistically significant (p = 0.085). The most
common were allergic diseases (bronchial asthma, in-
halant or food allergy, atopic dermatitis), neuropsychi-
atric disorders (autism, depressive disorders, recurrent
headaches), and adenoid hypertrophy. The incidence
of particular disease entities did not differ significantly
between the groups. The drugs used to treat the above
conditions did not affect liver function.

Clinical course and complications

The analysis of the course of the disease did not
reveal any significant differences between the study
groups in terms of the duration of signs and symptoms
or hospitalization. These data are presented in Table 1.

A detailed analysis of the prevalence of particular
symptoms and signs of IM revealed significant differ-
ences concerning the following:

« pharyngitis with tonsillar exudate was more com-
mon among patients with isolated EBV infection,
148 (90.24%) vs. 65 (80.25%) in patients with EBV
and CMYV dual positivity; p = 0.047;

« nausea or vomiting occurred more often in the sec-
ond study group: 35 (43.21%) vs. 45 (27.44%) in the
first group; p = 0.010 (OR =2.01 [95% CI: 1.15-3.51]);

« abdominal pain was reported more frequently in
children in Group 2 (37 (45.67%) than in those
in Group 1 (52 (31.71%)); p = 0.042 (OR = 1.81
[95% CI: 1.05-3.13]);

« dark urine was observed in 12 (14.81%) individuals
with EBV and CMV serological dual positivity and

Patients with elevated ALT activity with positive
anti-VCA IgM for EBV alone or with serological
dual positivity for EBV and CMV

(n=253)
Patients with underlying diseases
impairing liver function or treated
with potentially hepatotoxic drugs
(n=9)
Study population
(n=244)
Group 1: ~ GrowpZ:
Patients with hepatitis with positive Patients with hepatitis
anti-VCA IgM for EBV with serological
(n=164) dual positivity for EBV and CMV
Male/female = 68/96 (n=280)
(4].46%."58.54%) Male/female = 28/52
(35.0%/65.0%)

ALT - alanine aminotransferase, CMV - cytomegalovirus, EBY - Epstein-Barr virus

Fig. 1. Study flow diagram
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Table 1. Differences in demographic and clinical features between the study groups

Variable Group 1 (n = 164) Group 2 (n = 80) p-value
Mean 15D (range)

Age (years) 12.02 £500 1192 4533 0.850
(1.50-18.00) (1.50-17.80)

Sex (male/female) 68/96 28/52 0413

Duration of signs and symptoms 14.46 £5.36 15.06 £5.77 0613

(days) (4.00-30.00) (7.00-32.00)

Days of hospitalization 4741218 482 +2.13 0.727
(1.00-14.00) (1.00-11.00)

Fever duration (days) 6.91 +4.83 7.64 +5.87 0.467
(0.00-21.00) (0.00-24.00)

p=0047 mGroup 1 (n=164) = Group 2 (n=80)

Fig. 2. Frequency of infectious mononucleosis (IM) symptoms in Group 1 and
Group 2

in 8 (4.88%) with EBV monoinfection; p = 0.006

(OR = 3.39 [95% CI: 1.33-8.67]).

The frequency of other symptoms of mononucle-
osis syndrome did not differ significantly between
the study groups. Figure 2 shows the frequency of IM
symptoms in both cohorts.

Complications (except those related to the liver
and biliary tract) were diagnosed in 24 (14.63%) pa-
tients in the first group and 13 (16.25%) in the second
group (without any significant difference). The most
frequently observed sequelae were as follows (number
and percentage of patients in Groups 1 and 2, respec-
tively): upper respiratory tract obturation: 68 (41.46%)
vs. 25 (31.25%); rash after amoxicillin administration:
27 (16.46%) vs. 8 (10%); thrombocytopenia (with or
without purpura): 4 (2.44%) vs. 3 (3.75%); and urticar-
ia: 2 (1.22%) only in the first group.

The frequency of infectious complications (or co-
occurring infections) was significantly higher in chil-

dren in the first group: 80 (48.78%) than in those in
the second group: 28 (34.57%, p = 0.036). The most fre-
quently diagnosed infections were as follows (in Groups
1 and 2): bacterial pharyngitis (usually caused by Strep-
tococcus pyogenes): 54 (32.93%) vs. 16 (20.00%); acute
otitis media: 4 (2.44%) vs. 3 (3.75%); oral candidiasis
(“thrush stomatitis”): 3 (1.83%) in the first group; and
bacterial pneumonia: 2 (1.22%) vs. 1 (1.25%). However,
only scarlet fever was diagnosed significantly more of-
ten in the first Group: 2 (1.22%) vs. 2 (2.50%), p = 0.027.

Laboratory and imaging test results

When we analyzed the values of the inflammation
parameters, we detected significant differences in the
CRP serum concentration — 21.93 +16.54 mg/dl in
Group 1 vs. 15.15 +12.85 mg/dl in Group 2 (p = 0.001)
- and the percentage of neutrophils in the manual white
blood cell smear: 32.07 £13.25% in the first group vs.
25.33 £12.35% in the second group (p = 0.000). Leu-
kocytosis occurred at a comparable frequency in both
study groups: 119 (72.56%) patients in the first group
and 59 (74.68%) children in the second group. Lactate
dehydrogenase (LDH) level was higher, though not sig-
nificantly, in children with EBV and CMV dual positiv-
ity (p = 0.089). Table 2 presents the comparison of labo-
ratory test results between the study groups.

The serum activity of ALT in the successive weeks
of the disease in both study groups is presented in Fig-
ure 3. The analysis conducted over time revealed no
significant differences between the cohorts. In patients
positive for EBV and CMYV, the values were higher
throughout the disease than in children with isolated
EBV infection, but without reaching statistical signif-
icance (in the first week, p = 0.083). The values dis-
cussed are presented in Table 3.

Aspartate aminotransferase activity in the serum
did not significantly differ between successive weeks of
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disease in either study group (Fig. 4). In the first group,
AST values were highest in the second week of illness,
with a decreasing trend in the third and fourth weeks.
In the second group, the highest AST levels were ob-
served during the first and fourth weeks. However,
AST activity was significantly higher in the second
group only in the first week (p = 0.023). The values of
AST in the serum in successive weeks of illness in both
study groups are presented in Table 4.

Analysis of y-GT revealed the highest activity in
the first group in the second week of the disease and
in the second group in the first week (Fig. 5). In both
cohorts, the differences between the successive weeks
were not statistically significant (although in Group 1
the p-value reached 0.082). In the second week the ac-
tivity of this enzyme showed a non-significant differ-
ence between groups (p = 0.091). The values of y-GT
activity in the serum in successive weeks of illness in
both study groups are presented in Table 5.

The concentration of total bilirubin in the serum
in both groups was the highest in the first week of
the disease and was similar, as shown in Figure 6.
The greatest difference was observed in the second
week. The above data are presented in Table 6. The per-
centage of children whose direct bilirubin concen-
tration exceeded 20% of total serum bilirubin in the
first group was 80.95%, and in the second group it was
78.26% (this difference was not significant).

For all patients in both groups, the Quick index
values were within normal limits.

Table 2. Comparison of laboratory test results between study groups

All the children underwent abdominal ultrasound
examination, with significantly more abnormal results
(100% of patients) in the second group than in the first
group (66.46%), p = 0.045. However, the frequency of
particular abnormalities on abdominal ultrasound did
not differ significantly between the study groups, al-
though they occurred more often in children with EBV
and CMV dual positivity: hepatomegaly in 71 (43.29%)
patients in the first group vs. 41 (51.25%) in the second
group (p = 0.532); enlargement of the lymph nodes
in the liver hilum in 63 (38.41%) in Group 1 and 40
(50.00%) in Group 2 (p = 0.921); and abnormalities of
the gallbladder and bile ducts in 18 (10.97%) children
in the first group vs. 16 (20.00%) in the second group
(p = 0.297). Abnormalities of the gallbladder and bil-
iary tract included thickening of the gallbladder wall,
dilatation of the bile ducts, and accumulation of fluid
in the hilum of the liver and around the gallbladder.

Holistic assessment of the course of hepatitis

Qur criteria for a more severe course of the disease
were met by 96 (58.54%) children from the first group
and by 60 (74.07%) patients from the second group,
p=0.018 (OR = 2.02 [95% CI: 1.13-3.64]).

Treatment

All study patients received supportive therapy for
fever, dehydration, respiratory tract obturation, or se-
vere sore throat.

Variable Group 1 (n = 164) Group 2 (n = 80) p-value
Mean # SD (range)

White blood cell count (cells/pl)® 14.41 £6.40 15.03 £5.58 0.136
(4.47-49.00) (5.10-33.90)

Neutrophils (%)? 32.07 £13.25 2533 1235 0.000
(5.00-77.00) (2.00-57.00)

Atypical lymphocytes (%) 25.71 £14.56 2827 £15.18 0.276
(0.00-70.00) (6.00-80.00)

CRP (mg/dl)® 21.93 £16.54 15.15 +£12.85 0.001
(0.41-75.00) (5.00-58.00)

PCT (ng/ml) 1.98 £7.04 0.60 £0.72 0.787
(0.05-37.00) (0.08-3.44)

Platelets (cells/pl)? 209.97 +67.17 205.87 £74.49 0.658
(9.80-4.55) (9.7-3.66)

LDH (U7l 686.37 +238.60 842.67 +283.14 0.089

(413.00-1427.00) (400-1350)

° White blood cell smears, including the percentages of lymphocytes, neutrophils, and atypical lymphocytes, were assessed in 160 patients in Group 1 and 78 children in Group 2;
¢ CRP (C-reactive protein) was evaluated in 159 patients in Group 1 and 78 children in Group 2  PCT (procalcitonin) was assessed in 27 patients in Group 1 and 28 children in Group 2:
? Platelets were evaluated in 163 patients in Group 1 and 79 children in Group 2; * LDH (lactate dehydrogenase) was evaluated in 19 patients in Group 1 and 15 children in Group 2
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Group 1 (n = 164)
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Fig. 3. Mean activity (£5D) of alanine-aminotransferase (ALT) in successive weeks of hepatitis in Group 1, p = 0.309, and Group 2, p = 0.864. The Kruskal-Wallis

test was used for changes over time

Table 3. Values of alanine-aminotransferase (ALT) activity in serum of patients in Groups 1 and 2 during successive weeks of the disease

Variable ALT (1U/L) in 1+ week ALT (1U/L) in 2" week ALT (IU/L) in 3" week ALT (IU/L) in 4* week
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

No. of patients 113 57 120 69 45 39 15 b

Mean +SD 232.65 31007 233.15 281.88 2271.22 306.56 200.40 255.00
+144.81 +238.26 +174.68 +238.59 +188.34 +292.16 +204.50 +160.46

Range 39.00-725.00 22.00- 42.00- 32.00- 42.00-791.00 23.00- 24.00-814.00 64.00-474.00

1082.00 1105.00 1234.00 1560.00
palue 0.083 0.370 0.187 0.330
Empirical antibiotic therapy (most often due to  Discussion

pharyngitis) had been implemented before hospital-
ization (and final diagnosis) in 90 (54.87%) patients
from the first group and 34 (41.98%) from the second
group (p = 0.116). Amoxicillin was most frequently
prescribed: 41 (25.00%) patients with EBV monoin-
fection vs. 15 (18.52%) children with EBV and CMV
dual-positivity, p = 0.275. Twenty-seven patients
(16.46%) from the first group and eight (9.87%) from
the second group developed an allergic-toxic rash after
amoxicillin (p = 0.176). Cefuroxime axetil was the sec-
ond most commonly used antibiotic.

After admission to the hospital (and IM diagnosis),
83 (50.61%) children from the first group required an-
tibiotic therapy compared to only 27 (33.33%) patients
from the second group (p = 0.011). The most com-
mon indication was pharyngitis. Cefuroxime was the
most frequently used agent: in 61 (73.49%) children
from the first group and 18 (66.66%) from the second
group. Five (6.02%) children with EBV monoinfection
and three (1.11%) with EBV and CMV dual positivity
required therapy with two antibiotics. The second anti-
microbial agent most frequently used was clindamycin
(due to inflammation of the cervical lymph nodes).

All patients fully recovered without any chronic
complications.

Our retrospective study aimed to compare the clin-
ical course of hepatitis between pediatric patients with
EBV monoinfection (Group 1) and those with EBV
and CMV dual positivity (Group 2). The percentage of
children belonging to the second group was 32.79% of
all patients, which was comparable to that reported in
other studies (20-42%) [1, 18, 19].

This study covers the period from November 2017
to May 2024. In our previous study, we described the
course of hepatitis caused by primary EBV infection in
children hospitalized from August 2017 to March 2023
[2]. The number of patients with hepatitis due to EBV
mono-infection is comparable in both studies. From
April 2023 to May 2024, the majority of children with
hepatitis associated with IM syndrome had positive se-
rological test results for EBV and CMV.

The studies conducted thus far among patients
with IM and hepatic involvement usually showed that
positive IgM for CMV was the effect of the antigenic
cross-reactivity related to the EBV infection [1, 12, 13,
20]. Most of these studies were conducted in adult pa-
tients. The phenomenon of positive antibodies against
both viruses can be explained by the polyclonal pro-
duction of antibodies against other viruses from the
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Fig. 4. Mean activity (+5D) of aspartate-aminotransferase (AST) in successive weeks of hepatitis in Group 1, p=0.107, and Group 2, p = 0.116. The Kruskal-Wallis

test was used for changes over time

Table 4. Aspartate-aminotransferase (AST) activity in serum of patients in Groups 1 and 2 during successive weeks of disease

Variable AST (1U/1) in 1% week AST (1U/1) in 2™ week AST (1U/1) in 3" week AST (1U/T) in 4™ week
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

No. of patients 100 57 119 64 41 39 15 4

Mean £5D 17037 238.40 177.55 187.26 161.27 186.43 121.00 202.75
+118.17 +192.52 +157.76 +151.37 +144.12 +187.98 +123.42 +125.78

Range 4.00-615.00 26.00- 32.00-852.00 13.00-709.00 31.00-617.00 29.00-897.00 11.00-467.00 52.00-354.00

1082.00
pvalue 0.023 0.455 0.813 0.177

Herpesviridae family (e.g., CMV, varicella-zoster virus,
human herpes virus 6) caused by acute EBV infection
[21]. According to the second theory, EBV infection
causes transient immunosuppression, which favors
the reactivation of latent CMV infection [20].

Some authors have suggested that liver involvement
in EBV infection may be the cause of double positivity
for EBV and CMV by stimulating the production of
antibodies [1].

In our study, the age distribution in both groups
was similar, which is inconsistent with the observa-
tions of other authors, indicating more frequent coex-
istence of positive results for EBV and CMV among
younger children [1, 18].

Complaints and symptoms that may indicate the
development of cholestasis were significantly more
frequently reported among children with positive sero-
logical test results for both viruses (Group 2). Nausea,
vomiting, and abdominal pain occurred approximately
twice as often as they did in the first group, and dark-
ening of urine occurred more than three times as often.

Pharyngitis and tonsillitis (usually due to Strep-
tococcus pyogenes) were observed significantly more
often among patients with positive serological test-
ing only for EBV. Other concomitant infections were
also diagnosed more frequently in the first group, al-

though this difference was not statistically significant.
The above observations were reflected in a significant-
ly higher CRP concentration in the serum and the
percentage of neutrophils in the manual smear of
white blood cells.

The difference in the incidence of scarlet fever be-
tween study groups was statistically significant, but
this result should be questioned due to the small num-
ber of patients with this condition in both cohorts.

Alanine aminotransferase and AST activities
were greater among children with positive EBV and
CMYV antibodies throughout the disease course (at
the 4-week follow-up), but a significant difference
was observed for both transaminases only in the first
week. Similar results were reported by Sohn et al. [1].
The y-GT activity and total serum bilirubin concen-
tration did not differ significantly between the study
groups. The percentage of children with direct biliru-
bin concentrations exceeding 20% of total serum bil-
irubin was also comparable. No disorders of the syn-
thetic function of the liver were found in any of the
patients; the Quick index was normal.

In the second group, abnormal abdominal ultra-
sound results were obtained significantly more often.
Particular abnormalities (hepatomegaly, enlarged

lymph nodes in the liver hilum, thickening of the gall-

Clinical and Experimental Hepatology 3/2025

60



Magdalena Rutkowska, Maria Pokorska-Spiewak

Group 1 (n = 164)

N .
L]

2
Weeks of illness
o Mean
O Mean 1 standard error
T Mean 1 standard deviation

Group 2 (n = 80)

¥GT (1U/1)
SR
]
]
[ ]
L]

Weeks of illness
o Mean
O Mean + standard error
T Mean + standard deviation

Fig. 5. Mean activity (+5D) of y-glutamyl transferase (y-GT) in successive weeks of hepatitis in Group 1, p = 0.082, and Group 2, p = 0.308. The Kruskal-Wallis

test was used for changes over time

Table 5. Values of y-glutamyl transferase (y-GT) activity in serum of patients in Groups 1 and 2 during successive weeks of disease

Variable 1-GT (IU/1) in 1% week v-GT (1U/1) in 2™ week ¥-GT (1U/1) in 3 week

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
No. of patients 18 19 27 29 13 18
Mean +SD 174.66 £91.19 185.10 £103.34 196.18 +95.89 168.86 £122.53 125.31 £73.77 142.83 1£98.11
Range 41.00-330.00 31.00-403.00 40.00-365.00 30.00-556.00 38.00-257.00 23.00-357.00
pvalue 0.879 0.091 0.810

bladder wall, or accumulation of fluid around the gall-
bladder) also occurred more frequently in this group,
although the differences were no longer statistically
significant.

Children with EBV and CMV dual positivity met
the criteria (created for our study), indicating a more
severe course of hepatitis (than usually observed in
IM) more than twice as often as did patients from the
first group.

In children with EBV monoinfection, antibiotic
therapy after hospital admission was used significantly
more often (usually due to acute bacterial pharyngitis).
The rate of prescription of antibiotics in the first group
reached 50.61%, which is consistent with the results
of studies by other authors [10, 18]. In children diag-
nosed with bacterial pharyngitis, the McIsaac clinical
criteria were met, and the S. pyogenes rapid test was
performed. Patients with streptococcal pharyngitis re-
ceived cefuroxime after hospital admission (although
it is not the first-line therapy), because EBV infection
may predispose to bacterial superinfections of etiolo-
gy other than S. pyogenes (bacterial superinfection of
mixed etiology).

The strength of this work is the large number of pa-
tients included in our study.

An inherent limitation of this study is its retrospec-
tive nature, which is based on medical records, and

the absence of some data in a few cases. Only patients
who required hospitalization were evaluated. Another
limitation is the lack of confirmation of acute CMV in-
fection with additional tests, such as polymerase chain
reaction (PCR), IgG seroconversion, or detection of
CMYV antigen; therefore, a false-positive result due to
antibody cross-reaction cannot be ruled out.

In conclusion, the results of our study highlighted
several characteristics of children with dual positivity
for EBV and CMV compared to those who were pos-
itive for EBV only. In children with dual positivity for
EBV and CMV, we observed more pronounced clinical
symptoms of hepatitis and more frequently abnormal
ultrasound images of the liver and bile ducts. These
differences may reflect true EBV and CMV coinfection
or may result from individual variability in immune
system function.

Nevertheless, the above uncertainties may be clar-
ified in subsequent prospective studies using broader
molecular diagnostic methods.
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Fig. 6. Mean total bilirubin serum concentration (+SD) in successive weeks of hepatitis in Group 1, p = 0.698, and Group 2, p = 0.769. The Kruskal-Wallis test
was used for changes over time

Table 6. Serum total bilirubin concentrations in Groups 1 and 2 during successive weeks of the disease

Variable Total bilirubin (pmol/l) in 1+ week Total bilirubin (umol/l) in 2~ week Total bilirubin (umol/l) in 3" week
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
No. of patients 16 17 26 19 25 4
Mean 5D 35.44 +36.26 35.85 £33.61 35.02 £31.08 26.93 +34.22 25.68 +25.65 26.52 +21.93
Range 3.40-107.00 4.00-106.93 4.00-106.30 1.80-125.00 4.70-107.00 7.30-54.50
palue 0.673 0311 0.949
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Podsumowanie tgczace wyniki zawarte w cyklu publikac;ji

W Publikacji nr 1. wykazano, ze zapalenie watroby wystepowato u 199 sposrod 415
(47,95%) dzieci hospitalizowanych z powodu mononukleozy zakaznej. U 40 (24,09%) dzieci
sposréd 166 pacjentdéw zakwalifikowanych do badania po uwzglednieniu warunkow
wyltaczenia nie wystepowaty klasyczne objawy mononukleozy zakaznej (goraczka,
powiekszenie weztow chtonnych, zapalenie gardta i migdatkéw podniebiennych). Chtopcy
stanowili 40,96% (68 z 166) badanej grupy. Dominowaty dwie grupy wiekowe: 4 — 10 lat
(27,71%) 1 14 — 18 lat (48,19%). Objawy trwaty $rednio 14,4 + 5,3 dnia, a hospitalizacja: 4,7
+ 2,2 dnia. Czgsto$¢ wystgpowania objawdw byla nastepujaca: limfadenopatia — 92,77%,
zapalenie gardia — 90,36%, goraczka — 86,14%, splenomegalia — 66,87%.

Czestos$¢ wystepowania objawdw $wiadczacych o patologii watroby i drog zoétciowych
wynosita: hepatomegalia — 80,72%, bdl brzucha — 31,32%, nudno$ci/ wymioty — 27,11%,
zottaczka — 11,44%, Swiad skory — 11,44%, tkliwos¢ palpacyjna brzucha — 10,84%,
$ciemnienie moczu — 4,82%, odbarwienie stolca — 1,20%. U trojki pacjentow (1,81%)
rozpoznano seps¢. Powiklania pozawatrobowe rozwineto 48,19% dzieci, najczesciej
obserwowano obturacj¢ drog oddechowych (41,56%).

Podwyzszong aktywno$¢ aminotransferazy alaninowej (ALT) 1 asparaginianowej
(AST) obserwowano od pierwszego do trzeciego tygodnia choroby z tendencja do
normalizacji od czwartego tygodnia. Aktywno§¢ ALT przekraczata pigciokrotnos¢ warto$ci
gbérnej granicy normy dla plci 1 wieku najczescie] w pierwszym tygodniu choroby u 44/95
(46,31%) pacjentow. Aktywnos¢ AST przekraczata pigciokrotno$¢ wartosci gornej granicy
normy najczegsciej] w drugim tygodniu choroby u 33/108 (30,55%) dzieci. Aktywno§¢ ALT
utrzymywala si¢ powyzej normy przez 3 tygodnie, za$ aktywno$¢ AST wykazywata dwa
szczyty: w pierwszym tygodniu (Srednio 186,34 + 148,17 1U/l) oraz w trzecim tygodniu
(Srednio 169,00 £ 140,98 1U/). Zmiany S$redniej aktywnosci ALT i AST w kolejnych

tygodniach choroby przedstawia rycina 1.
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Dynamika zmian aktywnosci ALT 1 AST w czasie.
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Ryc. 1. Dynamika zmian $redniej aktywnosci ALT 1 AST w kolejnych tygodniach obserwacji.

Skréty: ALT — aminotransferaza alaninowa, AST — aminotransferaza asparaginianowa.
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Aktywnos¢ GGTP byta podwyzszona w pierwszych trzech tygodniach choroby osiagajac
najwyzsze wartosci w drugim tygodniu (Srednio 183,34 + 97,48 TU/1). U 60,53% pacjentow
wystepowato podwyzszone stgzenie bilirubiny catkowitej. Stezenie bilirubiny zwigzanej
przekraczato 20% stezenia bilirubiny catkowitej u 18 (47,37%) dzieci, w kazdym przypadku
wiazato si¢ to z podwyzszong aktywnosciag GGTP.

U 18/166 (10,84%) pacjentow z zapaleniem watroby obserwowano kliniczne 1
laboratoryjne objawy cholestazy, a $redni wiek tych pacjentow wynosit 13,00 £ 5,23 lat.
Dwanascioro (12/18, 66,66%) z nich bylo starszych niz 15 lat. U wszystkich pacjentow z
objawami cholestazy wystepowaly ultrasonograficzne cechy bezkamiczego zapalenia
pecherzyka zotciowego (pogrubienie $ciany pecherzyka zotciowego powyzej 3 mm, obecnos¢
pltynu wokot pecherzyka).

Nieprawidlowo$ci w badaniu USG jamy brzusznej wykazano u 95,68% (11 z 116)
dzieci, wystepowaly one z nastepujaca czestoscia: splenomegalia — 85,34%, hepatomegalia —
62,07%, limfadenopatia wngki watroby — 55,17%, pogrubienie $ciany pecherzyka zolciowego
—14,65%.

W Publikacji nr 2. zidentyfikowano istotne statystycznie rdznice pomi¢dzy badanymi
grupami w przebiegu klinicznym zapalenia watroby pierwotnej infekcji EBV, ktore dotyczyty:

1. czasu trwania hospitalizacji — byla ona dluzsza w grupie pacjentow leczonych
glikokortykosteroidami: 5,0 £ 2,1 dni vs. 4,3 = 2,3 dni dla grupy drugiej (dzieci
nieotrzymujace glikokortykosteroidow), p = 0,015;

2. czestosci wystepowania klasycznych objawow mononukleozy zakaznej (goraczka,
limfadenopatia, zapalenie gardta i migdatkéw podniebiennych) — obserwowano je
czgsciej u pacjentow leczonych glikokortykosteroidami: 84,61% vs. 61,29% w grupie
2, p=10,000;

3. wystepowania goraczki, ktérg czgSciej obserwowano u pacjentow leczonych
glikokortykosteroidami: 90,38% vs. 79,03% w grupie drugiej, p = 0,040;

4. czasu trwania goraczki, ktora utrzymywala si¢ dtuzej u pacjentow zakwalifikowanych
do leczenia glikokortykosteroidami: 7,5 + 4,7 dni vs. 5,9 + 4,8 dni u dzieci
nieotrzymujacych glikokortykosteroidow, p = 0,049;

5. czgstosci wystepowania powigkszenia watroby w badaniu palpacyjnym brzucha, co
stwierdzano u 85,58% dzieci z grupy pierwszej vs. 72,58% z grupy drugiej, p = 0,040;
podobnie powigkszenie S$ledziony czegséciej stwierdzano u dzieci otrzymujacych

glikokortykostaroidy: 73,08% vs. 56,45% w grupie 2, p = 0,027.
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Istotne réznice w zakresie wynikow badan laboratoryjnych dotyczyty:

1.

odsetka neutrofilow w rozmazie r¢cznym krwinek biatych, ktory byl istotnie wyzszy u
pacjentow wymagajacych steroidoterapii: 33,5% + 12,2% vs. 19,4% + 14,5% w grupie
2, p=0,020;

stezenia CRP (C-reactive protein), ktore byto wyzsze u pacjentdw z pierwszej grupy:

25,51 mg/dl £ 17,92 mg/dl vs. 15,46 mg/dl += 11,11 mg/dl w grupie 2, p = 0,000;

sredniej aktywnosci ALT w pierwszym tygodniu choroby, ktdra byla istotnie wyzsza u
dzieci nieotrzymujacych glikokortykosteroidow: 288,82 + 170,16 IU/1 (50,00 —
725,00) vs. 205,34 + 115,40 1U/1 (39,00 — 516,00) w grupie pierwszej, p = 0,024;
roéznice obserwowane w kolejnych tygodniach badania nie byly istotne;

sredniej aktywnosci AST, ktora byta w obu grupach najwyzsza w pierwszym i trzecim
tygodniu choroby, jednak roznice te byly istotne statystycznie jedynie w grupie dzieci
nieleczonych glikokortykosteroidami (p = 0,024); $rednia aktywno$¢ AST istotnie
roznita si¢ pomigdzy grupami w pierwszym i trzecim tygodniu choroby: w 1. tygodniu
wynosita 170,63 + 159,47 1U/l (40,00 — 852,00) vs. 218,85 + 128,22 TU/I (42,00 —
589,00) odpowiednio w grupie 1. i 2., (p = 0,009); zas§ w 3. tygodniu choroby
wynosita 151,09 + 138,57 1U/1 (31,00 — 578,00) vs. 235,50 + 170.27 TU/I (67,00 —
617,00) odpowiednio w grupie 1. i 2., (p = 0,016). Dynamike zmian S$redniej
aktywno$ci ALT 1 AST w kolejnych tygodniach choroby w poréwnywanych grupach

pacjentdw przedstawiono na rycinach 2. 1 3.
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Dynamika zmian aktywnosci ALT w czasie
w porownywanych grupach
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Ryc. 2. Dynamika zmian $redniej aktywnosci ALT w kolejnych tygodniach choroby w

Grupa 1.
Grupa 2.

porownywanych grupach pacjentdw. Grupa 1 — pacjenci leczeni glikokortykosteroidami z

powodu powiklan mononukleozy zakaznej. Grupa 2 —

glikokortykosteroidow. Skroty: ALT — aminotransferaza alaninowa.
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Dynamika zmian aktywnosci AST w czasie
w porownywanych grupach
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Ryc. 3. Dynamika zmian $redniej aktywnosci AST w kolejnych tygodniach choroby w
porownywanych grupach pacjentow. Grupa 1 — pacjenci leczeni glikokortykosteroidami z
powodu powiktan mononukleozy zakaznej. Grupa 2 — pacjenci nieotrzymujacy

glikokortykosteroidéw. Skroty: AST — aminotransferaza asparaginianowa.
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Nalezy podkreslié, ze nie stwierdzono istotnej rdéznicy w czestosci wystepowania

nieprawidlowosci w badaniu USG jamy brzusznej (w tym takze hepatomegalii i

splenomegalii) pomiedzy badanymi grupami.

Pacjenci z pierwszej grupy istotnie czesciej byli leczeni antybiotykiem (najczgsciej z

powodu podejrzenia bakteryjnej infekcji gardta) przed przyjeciem do szpitala — 68 (65,40%)

w porownaniu z grupg 2. — 23 (37,10%), p = 0,000.

W Publikacji nr 3. wykazano statystycznie istotne réznice w przebiegu zapalenia

watroby pomiedzy dzie¢mi z potwierdzong serologicznie pierwotng infekcjg EBV (grupa 1.) a

pacjentami z serologicznymi cechami pierwotnej koinfekcji EBV 1 CMV (grupa 2.).

Dotyczyly one czesto$ci wystepowania poszczegdlnych objawow choroby:

1.

zapalenie gardla 1 migdatkow podniebiennych czeséciej obserwowano w pierwszej

grupie - u 148 (90,24%) vs. 65 (80,25%) w grupie drugiej, p = 0,047;

. wymioty/ nudnos$ci czgsciej wystepowaty w grupie 2. — 35 (43,21%) vs. 45 (27,44%)

w grupie 1., p = 0,010 (OR = 2,01 [95% CI: 1,15 — 3,51]);

. bol brzucha zgtaszalo 37 (45,67%) dzieci z drugiej grupy vs. 52 (31,71%) dzieci z

pierwszej grupy, p = 0,042 (OR = 1,81 [95% CI: 1,05 — 3,13]);
$ciemnienie moczu obserwowano czesciej u pacjentow z grupy 2. — 12 (14,81%) niz w

grupie 1. — 8 (4,88%), p = 0,006 (OR = 3,39 [95% CI: 1,33 — 8,67]).

Czestos$¢ wystepowania objawdw cholestazy w badanych grupach przedstawiono na rycinie 4.
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Objawy cholestazy w badanych grupach
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Ryc. 4. Czgstos¢ wystepowania poszczegdlnych objawow cholestazy w badanych grupach.
Grupa 1 — pacjenci z zapaleniem watroby w przebiegu pierwotnego zakazenia EBV. Grupa 2
— pacjenci z zapaleniem watroby w przebiegu koinfekcji EBV/ CMV potwierdzonej

serologicznie.
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W zakresie diagnostyki laboratoryjnej 1 obrazowej istotne rdéznice dotyczyty:

1. stezenia CRP, ktore bylo wyzsze u pacjentow z pierwszej grupy — 21,93 = 16,54 mg/dl
niz w grupie drugiej — 15,15 £ 12,85 mg/dl, p = 0,001;

2. odsetka granulocytow obojetnochtonnych w rozmazie recznym krwinek biatych, ktory
byl wyzszy w pierwszej grupie — 32,07 + 13,25% niz w drugiej grupie — 25,33% =+
12,35%, p = 0,000;

3. czgstosci uzyskiwania nieprawidtowych wynikéw badania USG jamy brzusznej, co
czesciej zdarzato si¢ w grupie 2. (u 100% badanych) niz w grupie 1. (66,46%), p =
0,045; poszczegdlne nieprawidlowosci (hepatomegalia, powickszenie weztow
chlonnych wneki watroby, patologie pecherzyka zolciowego i1 drog zodtciowych)
uwidaczniano cz¢$ciej w drugiej grupie, jednak roéznice pomigdzy grupami nie byty
istotne.

Kryteria cigzszego przebiegu choroby (stworzone na potrzeby niniejszego badania)
istotnie czeSciej spetniaty dzieci z grupy 2. — 60 (74,07%) vs. 96 (58,54%) w grupie 1., p =
0,018 (OR =2,02 [95% CI: 1,13 — 3,64]).

Dzieci z grupy pierwszej istotnie czes$ciej wymagaly antybiotykoterapii po przyjeciu

do szpitala: 83 (50,61%) niz dzieci z grupy drugiej: 27 (33,33%), p = 0,011.
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1.

Whnioski

U dzieci z mononukleozg zakazng ocena aktywnosci ALT, AST, GGTP oraz USG
jamy brzusznej maja istotne znaczenie w kontekscie zidentyfikowania pacjentow z
cigzszym, cholestatycznym przebiegiem zapalenia watroby lub bezkamiczym
zapaleniem pegcherzyka zotciowego, ktorzy wymagaja wnikliwej kontroli po
ustgpieniu ostrych objawow choroby (Publikacja nr 1.).

Steroidoterapia (najczgsciej stosowana celem leczenia obturacji drog oddechowych w
przebiegu mononukleozy zakaznej) moze lagodzi¢ przebieg zapalenia watroby w
pierwotnej infekcji EBV u dzieci (zwlaszcza w pierwszym tygodniu choroby), jednak
nie wplywa na wartoSci parametréw cholestazy 1 czestos¢ wystepowania
nieprawidlowosci dotyczacych watroby i drég zotciowych uwidacznianych w USG
(nie modyfikuje ryzyka rozwoju powiktan). Wczesne obnizenie aktywno$ci ALT i
AST u dzieci leczonych steroidami moze maskowac rzeczywista dynamike choroby,
dlatego kluczowa jest kontrola aktywnosci tych enzymoéw po zakonczeniu

steroidoterapii (Publikacja nr 2.).

. U dzieci z zapaleniem watroby w przebiegu pierwotnego zakazenia EBV pozytywny

wynik oznaczenia przeciwcial IgM dla CMV wigzal si¢ z wigkszym nasileniem
objawéw cholestazy 1 czestszym wystgpowaniem nieprawidlowosci dotyczacych
watroby i drog zoélciowych w USG. U tych pacjentdéw obserwowano tez ciezszy
przebieg zapalenia watroby (wyzsza aktywnos¢ ALT i AST) w poczatkowej fazie
choroby (Publikacja nr 3.).
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Oswiadczenia wszystkich wspdtautoréw publikacji okreslajace

indywidualny wkiad (udziat merytoryczny 1 procentowy) kazdego

z nich w ich powstanie.
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Warszawa, 30.12.2025
(miejscowosc, data)

Maria Pokorska-Spiewak

(imie i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. ..Epstein Barr Virus Hepatitis — A Mild Clinical Symptom or
a Threat?” oswiadczam, iz moj wiasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi: 20%.
Wktlad Magdaleny Rutkowskiej w powstawanie publikacji okreslam jako 80%,

(imi¢ i nazwisko kandydata do stopnia)

obejmowat on: koncepcje pracy, metodyke, zbicranie danych, analiz¢ danych, interpretacje
wynikéw, napisanie manuskryptu.

(merytoryezny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgsc rozprawy doktorskiej

(podpis oswiad : zajacego)

lek. Magdaleny Rutkowskie;j.

(imig¢ i nazwisko kandydata do stopnia)

*w szezegdlnosei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan. interpretacji wynikdow
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Warszawa, 30.12.2025
(miejscowosé, data)

Maria Pokorska-Spiewak
(imie i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ., The influence of steroid therapy of complications of
infectious mononucleosis on the course of Epstein-Barr virus hepatitis.” o$wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: 10%.

Wkiad Magdaleny Rutkowskiej w powstawanie publikacji okreslam jako 90%,
(imig i nazwisko kandydata do stopnia)
obejmowal on: koncepcj¢ pracy, metodyke, zbieranie danych, analizg danych, interpretacje

wynikdw, napisanie manuskryptu.

(meryvtoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej

lek. Magdaleny Rutkowskiej.

(imig i nazwisko kandydata do stopnia)

(podpis oéwiadcrajacego)

*w szezegolnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan. interpretacji wynikow
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Warszawa, 30.12.2025
(miejscowosc, data)

Maria Pokorska-Spiewak
(imie i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. .., The impact of acute CMV coinfection on the course of
EBV  hepatitis in  children.” oswiadczam, iz mo) wilasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: 10%.
Wklad Magdaleny Rutkowskiej w powstawanie publikacji okreslam jako 90%,
(imig i nazwisko kandydata do stopnia)
obejmowal on: koncepcje pracy, metodyke, zbieranie danych, analiz¢ danych, interpretacje

wynikéw, napisanie manuskryptu.

(merytoryezny opis wkladu kandydata do stopnia w powstanie publikacjiy*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Magdaleny Rutkowskiej.

(imi¢ i nazwisko kandydata do stopnia)

(podpis oswiadczajgcego)

*w szczegolnosci udzialu w przygotowaniu koncepeji, metodyki. wykonaniu badan, interpretacji wynikow
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	Introduction
	Infectious mononucleosis (IM) is a common disease resulting from primary infection with the Epstein–Barr Virus (EBV, Human Gamma-Herpesvirus 4 – HHV-4), which is a human-exclusive pathogen. Serological markers of past infection are found in more than 95% of adults worldwide, although the majority of individuals experience the infection asymptomatically. A clinical syndrome resembling IM may also be caused by cytomegalovirus (CMV), which likewise belongs to the Herpesviridae family. During primary EBV and/or CMV infection, hepatitis may develop (according to available data) in as many as 80–90% of adults with IM. The disease course is usually mild to moderate, although clinical and laboratory features of cholestasis as well as acalculous cholecystitis (AAC, Acute Acalculous Cholecystitis) have also been described. Literature data on hepatitis in children with primary EBV infection are limited compared with the adult population. The pathogenesis of hepatocellular injury in EBV and CMV infections remains incompletely understood. Neither of the viruses exhibits tropism for hepatocytes or biliary epithelium. The immune response triggered by the infection is presumed to play a key role in inducing inflammatory processes in the liver. In clinical practice, the treatment of IM is supportive. To date, the benefits of acyclovir therapy have not been confirmed, and the role of glucocorticoids remains limited to selected complications (e.g., airway obstruction).

