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INTRODUCERE

Sepsisul este o entitate clinica a carei manifestari sunt variate si nespecifice la
nou-nascut, mai ales la nou-nascutul prematur. De asemenea, reprezintd o cauza importata
de morbiditate si mortalitate la aceasta categorie de varsta.

Din cauza gravitatii evolutiei sale, sepsisul neonatal s-a regasit in ultima perioada
intre preocupdrile medicilor neonatologi si nu numai. Tratamentul sepsisului neonatal
ramane o provocare, acest lucru in conditiile in care, in ultima perioada, au fost inregistrate
progrese remarcabile in terapie, fundamentate pe o mai bund intelegere a patogenezei
sepsisului.

In aceste conditii, evaluarea unor teste de laborator uzuale sau a unor markeri mai rar
utilizati in practica medicala se impune in vederea diagnosticarii rapide a sepsisului
neonatal. Acestea vin sd completeze tabloul clinic, ajutand la orientarea corectd a conduitei

terapeutice.

Adresez pe aceastd cale sincere multumiri si ganduri de recunostinta,
D-nei Prof. Dr. Antonia Popescu, pentru increderea acordata in cercetarea acestei teme si
indrumarea deosebit de competentd pe tot parcursul pregétirii pentru doctorat si elaborarea
tezei;
D-nei Prof. Dr. Gabriela Zaharie, D-nei Sef de Lucrari Dr. Ligia Blaga, personalului
medical al Clinicilor Ginecologie I si II pentru sprijinul acordat in alegerea cazurilor incluse
in acest studiu;

Parintilor mei pentru intelegere si sprijin.



. STADIUL ACTUAL AL CUNOASTERII

Sepsisul este o entitate clinicd ale carei manifestari sunt variate si nespecifice la
nou-nascut, mai ales la nou-nascutul prematur. De asemenea, reprezintd o cauza importata de
morbiditate si mortalitate la aceasta categorie de varsta.

Tratamentul sepsisului neonatal rdmane o provocare, in conditiile in care, in ultima
perioada, au fost inregistrate progrese remarcabile in terapie, fundamentate pe o mai buna

Evaluarea unor teste de laborator uzuale sau a unor markeri mai rar utilizati in
practica medicala se impune in vederea diagnosticarii rapide a bolii.

In prima parte a tezei ce cuprinde informatiile teoretice, sunt prezentate: definitia,
clasificarea, patogeneza, etiologia, tabloul clinic, diagnosticul prin teste uzuale de laborator,
dar si prin utilizarea unor markeri imunologici serici mai putin Intdlniti in practica clinica
(imunoglobulinele serice, fractiunile C3, C4 ale complementului, procalcitonina si
interleukina-6).

In capitolul urmator sunt prezentate particularititile imunologice ale nou-nascutului
si implicatiile acestora in sepsisul neonatal.

II. CONTRIBUTII PERSONALE

IPOTEZA DE LUCRU

Lipsa semnelor clinice evidente de boald 1n sepsisul neonatal, a impus
implementarea in practicd, a numeroase si variate teste de laborator, unele uzuale, altele
necesitand echipament special de laborator si personal calificat.

Atat in Romania cat si in statele dezvoltate, diagnosticul rapid al sepsisului are la
baza in principal examenul clinic atunci cand semnele clinice sunt elocvente precum si testele
de laborator ce investigheaza markeri bacterieni, hematologici, biochimici si imunologici. Nu
exista teste de laborator cu valoare exhaustiva in predictia sepsisului neonatal.

SCOPUL SI OBIECTIVELE STUDIULUI

Scopul studiului de fata il constituie imbunatatirea diagnosticului sepsisului neonatal
cu precadere la nou-nascutul prematur dar si la cel la termen.

Obiectivele studiului au fost reprezentate de: investigarea serologica pentru sepsis
neonatal a unui lot de nou-nascuti; analiza comparativa a gradului de sensibilitate a fiecarui
marker in prevederea stdrii de sepsis; diagnosticarea precoce a sepsisului neonatal in vederea
instituirii rapide a tratamentului adecvat; cuantificarea datelor obtinute in vederea stabilirii
relatiei intre incidenta sepsisului la nou-nascuti si varsta gestationalda a acestora, a aprecierii
relatiei intre factorii de risc si prezenta sepsisului, a estimarii gradului de concordanta intre
markerii serologici imunologici si prezenta starii de sepsis.

Un ultim obictiv a fost reprezentat de intocmirea unui protocol de diagnostic de
laborator cu sensibilitate si specificitate optime si cat mai avantajos din punct de vedere
economic.

MATERIALUL SI METODA DE LUCRU
Am efectuat un studiu prospectiv asupra unui numdr de 66 nou-nascuti (25 de
nou-nascuti sanatosi-lot martor; 41 de nou-nascuti cu infectie posibila si infectie dovedita
clinic) cu varste gestationale cuprinse Intre 27 si 42 de sdptamani.
Pentru unele determinari precum fractiunile C3 si C4 ale complementului,
procalcitonina si interleukina-6 a fost investigat in paralel un lot de 35 subiecti adulti cu boli
neoplazice (15 adulti sanatosi; 20 adulti cu sepsis dovedit) internati in Institutul Oncologic

Cluj-Napoca. )



Diagnosticul de laborator a inclus pentru loturile de nou-nascuti hemocultura
(sistem Biomerieux) hemoleucograma, tabloul sanguin, determinarea proteinei C-reactive
(imunoturbidimetrie), a fractiunilor C3 si C4 ale complementului (imunoturbidimetrie),
procalcitoninei (imunocromatografie) si a I1-6 (ELISA), iar pentru loturile de pacienti adulti
au fost investigate fractiunile C3 si C4 ale complementului, procalcitonina, I1-6.

Determinarea 11-6 s-a realizat prin metoda Quantikine 11-6 Immunoassay (ELISA)
cu ajutorul kiturilor Quantikine Immunoassay (R&D Systems).

Analiza datelor statistice s-a realizat cu ajutorul programelor Analyse si
StatsDirect. Testele statistice utilizate au fost testul Wilcoxon, testul de corelatie
Spearman,iar pentru evaluarea distributiei valorilor s-a utilizat histograma.

REZULTATE
Capitolul 6 reprezinta un studiu prospectiv de evaluare a factorilor de risc pentru
sepsis neonatal efectuat pe un lot selectat de 66 nou-ndscuti internati in Clinicile
Ginecologie I si I din Cluj-Napoca, Maternitatea Brasov, in perioada 2006-2008, la care au
fost evaluti factorii de risc pentru sepsis neonatal.
In Figura 7 sunt prezentati factorii de risc materni prezenti la subiectii lotului
martor de nou-nascuti (nou-nascuti fara sepsis).
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Figura 7. Factorii de risc materni la lotul martor de nou-nascuti

In Figura 8 sunt reprezentati factorii de risc materni pentru nou-niscutii din lotul
celor care prezintd semne clinice de sepsis fara o confirmare a bolii prin pozitivarea
hemoculturilor.
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Figura 8. Factori de risc implicati In declansarea sepsisului la nou-ndscutii presupus

infectati

In Figura 9 sunt prezentati factorii de risc materni identificati la lotul de nou-niscuti
cu sepsis dovedit clinic si paraclinic.
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Figura 9. Factori de risc materni implicati in declansarea sepsisului la nou-nascutii

cu sepsis dovedit

In continuare au fost evaluati factorii de risc fetali si neonatali. In primul rand a fost
evaluata distributia pe sexe a nou-nascutilor apartindnd loturilor studiate. Aceste aspecte
sunt evidentiate in figurile 10 si 11.
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Figura 10. Distributia pe sexe a nou-nascutilor neinfectati (lot martor)
Majoritatea nou-nascutilor (14 respectiv 24) sunt de sex masculin atat in cazul lotului
martor cat si in cazul loturilor de studiu.
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Figura 11. Distributia pe sexe a nou-nascutilor infectati si posibil infectati

Principalii factori de risc la sepsis, fetali si neonatali, sunt reprezentati de sexul
masculin, greutatea scdzutd la nastere (sub 2500g), varsta gestationald sub 37 sdptamani si
asfixia neonatald evaluata prin scorul APGAR.

Acesti factori de risc au fost analizati in continuare pentru fiecare lot de nou-nascuti.

Primul luat in discutie a fost parametrul greutate pentru fiecare dintre loturi si
distributia sa in functie de subcategoriile: G>2500g; G>1500-<2500g; G=1000-1500g;
G<1000g.

Un alt parametru considerat factor de risc pentru sepsisul neonatal este varsta
gestationala micd. Pentru fiecare lot de nou-ndscuti se va analiza distributia astfel: VG<30S;
VG= 30-34S;VG= 35-36S;VG>36S.(Fig.19, Fig.22, Fig.23).

Varsta gestationald medie a nou-ndscutilor din lotul martor (total 25 de subiecti) a
fost de 31.2 saptamani.

In cazul nou-nascutilor cu infectie dovedita (total 5 subiecti), varsta gestationald
medie a fost de 35 de saptamani. Lotul de nou-nascuti presupus infectati (36 nou-nascuti-27
prematuri si 9 nou-nascuti la termen) a prezentat o varsta gestationald medie de 34.94
saptdmani.
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Figura 19. Varsta gestationalad a nou-nascutilor ce fac parte din lotul de nou-nascuti
neinfectati
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Figura 22. Varsta gestationald a nou-nascutilor ce fac parte din lotul de nou-nascuti
osibil infectati
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Figura 23. Varsta gestationald a nou-nascutilor ce fac parte din lotul de nou-ndscuti

infectati

Ultimul parametru luat in discutie ca factor de risc pentru sepsisul neonatal este
scorul APGAR la 5 minute dupa nastere. Acesta a fost discutat si comparat pentru fiecare
dintre loturile studiate. S-a efectuat din considerente statistice si practice o divizare a
categoriilor de nou-nascuti in functie de scorul APGAR, astfel: nou-nascuti cu scor APGAR
>7 respectiv < 7, in functie de prezenta sau absenta asfixiei neonatale (Fig.29, Fig.30).

Nou-nascutii ce fac parte din lotul martor au prezentat majoritatea (21 de cazuri din
25- 84%) un scor APGAR > 7; 4 nou-nascuti (16%) au avut scorul APGAR < 7.

APGAR
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<=7
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Figura 29. Scorul APGAR al nou-nascutilor ce fac parte din lotul de nou-nascuti
presupus infectati
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Figura 30. Scorul APGAR al nou-nascutilor ce fac parte din lotul de nou-nascuti cu

infectie dovedita

In capitolul 7 au fost luati in discutie markerii bacteriologici, hematologici si
biochimici ca factori de predictie ai sepsisului neonatal.

Au fost inregistrate hemoculturi pozitive doar in cazul a 5 nou-nascuti: 4
nou-nascuti (80%) au fost infectati cu bacterii Gram-negative (3-Klebsiella spp. si 1-E.coli).
Intr-un singur caz infectia a fost cauzata de o tulpina de Staphylococcus aureus (20%).

Un alt parametru luat in discutie in aceasta sectiune a fost reprezentat de valoarea
comparativa a leucocitelor respectiv a neutrofilelor la fiecare dintre loturile de nou-nascuti.
La lotul martor (25 de nou-nascuti) au fost inregistrate 23 de cazuri cu valori normale ale
leucocitelor respectiv neutrofilelor (92%); unul dintre nou-nascuti a prezentat leucocitoza si
un altul leucopenie.

In figura 34 se prezinta distributia valorilor leucocitelor si a cuantumului
neutrofilelor la nou-nascutii din lotul cu infectie posibila si infectie dovedita.

Leucocite-VN/neutropenie

Leucopenie-neutropenie

Leucocitoza-neutrofilie

-

0] 5 10 15 20

Figura 34. Distributia valorilor leucocitelor si a cuantumului neutrofilelor la

nou-nascutii din lotul cu infectie posibila si infectie dovedita

In continuare a fost evaluat raportul dintre numéarul neutrofilelor imature si numarul
total de neutrofile (Figurile 36, 38).
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Figura 36. Graficul distributiei raportului I/T in cadrul lotului martor de nou-nascuti
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Figura 38. Graficul distributiei raportului /T in cadrul lotului de nou-nascuti

infectati si posibil infectati

Au fost calculati pentru proteina C-reactiva parametrii sensibilitate, specificitate,
valoare predictiva pozitiva si valoare predictiva negativa. Acestia au prezentat urmatoarele
valori:

- sensibilitate>82%;

- specificitate> 79%

- valoare predictiva pozitivi—>86%

- valoare prectiva negativa—=>73%

Aria calculata a perimetrului situat sub curba ROC a inregistrat valoarea de 0.13.

S-a calculat coeficientul de corelatie Spearman intre CRP si varsta gestationala.
Acesta a prezentat valoarea de 0.8264 (corelatie foarte buna) (95%CI=-0.28 - 0.34)

In capitolul 8 au fost evaluati parametrii IgG, IgA, IgM, fractiunile C3 si C4 ale
complementului, procalcitonina si I11-6 din perspectiva valorii lor diagnostice si a corelatiei
cu varsta gestationala.

Corelatia Spearman intre IgG si VG a nou-nascutilor este prezentatd in graficul de
mai jos. Valoarea corelatiei Spearman a fost 0.66 (95%CI=0.49-0.77; t statistic=6.95;
2-tailed p<0.0001)

Pentru studiul capacitdtii IgM de a prevedea starea de sepsis a fost trasatd curba
ROC pentru toti nou-ndscutii studiati. Aspectul acesteia este redat in Figura 55.
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Figura 55. Curba ROC a IgM-nou-nascuti

Aria situata sub aceasta curba a prezentat valoarea de 0.04.

Utilizand corelatia Spearman s-a calculat gradul de corelatie al IgM cu varsta
gestationala a nou-nascutior. Gradul de corelatie obtinut este de 0.45 (95%CI=0.23 to 0.62; t
statistic=4.00; 2-tailed p=0.0002)

In Figura 56 se observa ci din totalul de 66 de nou-niscuti luati in discutie doar la
24% dintre ei a putut fi detectat nivelul de IgA, aspect concordant cu datele din literatura de
specialitate.
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Figura 56. Valori detectabile vs.nedetectabile ale IgA in cazul tuturor
nou-nascutilor
In continuare a fost urmirit comportamentul fractiunilor C3 si C4 a complementului
pentru lotul martor de nou-nascuti si pentru loturile studiu.
Aria corespunzatoare curbei ROC pentru fractiunea C3 a complementului este de
0.88, iar cea a fractiunii C4 a complementului -- 0.80.
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Figura 65. Curbele ROC — C3 si C4 nou-nascuti
In graficele urmatoare va fi analizatd procalcitonina, ca posibil marker de detectare

precoce a sepsisului. In figura 67 sunt prezentate valorile procalcitoninei corespunzitoare
nou-nascutilor cu infectie doveditd sau probabila (Figura 67).
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Figura 67. Intervale ale valorilor procalcitoninei inregistrate la lotul de nou-nascuti

infectati si posibil infectati

In Figura 72 a fost trasati curba ROC corespunzitoare valorilor I1-6 inregistrate la
loturile de nou-nascuti. Aria corespunzatoare acestei curbe a fost 0.31.
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Figura 72. Curba ROC — II-6 nou-nascuti

Valorile ariilor situate sub curba ROC pentru fratiunile C3 si C4 ale complementului
la pacientii adulti prezintd valoare diagnostica ridicata. Pentru C3 valoarea este de 0.98, iar
pentru C4- 0.73, usor mai scazuta.

In cazul lotului martor de adulti (adulti fara sepsis) toate valorile procalcitoninei s-au
situat sub nivelul de 0.5ng/ml.

In cazul lotului de pacienti adulti cu sepsis se observi ci valorile procalcitoninei care
ar putea orienta asupra diagnosticului sunt distribuite, majoritatea, in intervale >0.5ng/ml
(65%, 13 cazuri din 20).

Comparativ cu loturile de nou-nascuti se observi o mai mare acuratete a
procalcitoninei in stabilirea diagnosticului de sepsis in cazul lotului de adulti decat in cazul
nou-nascutilor.

CONCLUZII

1. Ruperea prematurd si prelungitd a membranelor constituie factorul de risc cel mai
frecvent implicat in declansarea sepsisului la nou-nascut.

2. Nou-nascutii de sex masculin sunt cel mai frecvent intalniti atdt in cazul lotului
martor cat si in cazul nou-ndscutilor cu infectie presupusa si dovedita, ceea ce indicd
o posibila predispozitie a acestora pentru sepsis.

3. Atat nou-nascutii din lotul martor cat si cei din lotul de studiu au prezentat o varsta
gestationala medie mai micd de 37 de saptdmani, ceea ce indicd o preponderentd a
nou-ndscutilor prematuri.

4. Media scorului APGAR al nou-nascutilor din lotul martor s-a situat la o valoare de
8.48, superioara valorii scorului in cazul celorlalte doua loturi, ceea ce indica o lipsa a
asfixiei neonatale la lotul martor de nou-nascuti.

Principalul marker biologic de diagnostic al sepsisului neonatal este hemocultura.

6. In studiul de fati cei 5 nou-nascuti din lotul la risc (41 de nou-nascuti) au prezentat
hemoculturi pozitive (12.195%) germenii implicati fiind Klebsiella spp.(3 cazuri),
Escherichia coli (1 caz) si Staphylococcus aureus (1 caz).

7. Referitor la indicii leucocitari prezenta leucocitozei cu neutrofilie s-a constatat la 17
(41.46%) subiecti din lotul la risc . Un numar de 10 (24.39%) subiecti au prezentat
leucopenie cu neutropenie.

8. Leucopenia cu neutropenie a fost prezenta la toti cei 5 nou-nascuti cu sepsis
confirmat.

9. Raportul neutrofile imature/numar total de neutrofile pentru nou-ndscutii cu infectie
dovedita a prezentat valori mai mari decat 0.2 pentru 80% dintre subiecti, sugerand
debutul unei infectii. Valoare predictiva pozitiva a fost de 100% iar cea predictiva
negativa de 60.9%.

10. Trombocitopenia apare doar in fazele avansate ale bolii in prezenta coagularii
intravasculare diseminate, in studiul de fata inregistrdndu-se doar la doi pacienti cu
trombocitopenie (<100.000/ul), acest aspectul fiind concordant cu datele din
literatura.

11. Pentru proteina C-reactivda (CRP), datele din literatura sustin cresterea valorilor
acesteia precoce in infectia neonatald. In studiul nostru parametrii sensibilitate
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31.

32.

33.

(82%), specificitate (79%), valoare predictivd pozitivd (86%) si valoare predictiva
negativa (73%) dovedesc valoare prognostica pentru sepsisul neonatal, comparabil
cu raportul I/T.

predictive pozitive ale I/T si CRP.

Intre valorile proteinei C-reactive si vérsta gestationaldi a nou-niscutilor s-a
inregistrat o foarte bund corelatie (corelatia Spearman): 0.8264.

Corespunzator valorilor proteinei C-reactive aria situatd sub curba ROC a fost de
0.13, ceea ce indica o slaba valoare diagnostica a acestui marker inflamator.

Valorile IgG se coreleazd cu varsta gestationald a nou-nascutilor. Coeficientul de
corelatie Spearman a prezentat valoarea 0.66 (grad mediu de corelatie).

Valorile IgG nu se coreleaza cu greutatea la nastere a nou-nascutilor, indicele de
corelatie Spearman fiind stabilit la valoarea de 0.39 (lipsa de corelatie).

Nu s-au constatat modificari semnificative statistic intre loturile de nou-nascuti
sanatosi si nou-nascutii cu sepsis confirmat sau presupus in ceea ce priveste valorile
IgG ceea ce indica faptul ca IgG nu sufera modificari considerabile in conditii de
boala.

Valorile IgM la loturile de nou-nascuti cu sepsis confirmat sau presupus sunt
superioare celor inregistrate la lotul martor de nou-nascuti (valoare medie 40.1 mg/dl
in comparatie cu 29.5 mg/dl).

Valorile IgM nu se coreleaza cu varsta gestationald a nou-nascutilor.

Valoarea diagnostica a I[gM determinata cu ajutorul curbei ROC este scazuta.

IgA este nedetectabila intr-un procent crescut de cazuri ceea ce confirma datele din
literatura ce plaseazd inceputul secretiei sale posnatal, intre sdptamanile 3 si 4 de
viatd extrauterina.

Valorile fractiunii C3 a complementului inregistrate la lotul de nou-nascuti infectati
si presupus infectati sunt superioare celor inregistrate la lotul martor de nou-nascuti.
Acest fapt indicd o dependentd a fractiunii C3 a complementului de prezenta
sepsisului.

Fractiunea C4 a complementului a inregistrat valori superioare in cazul
nou-ndscutilor cu infectie doveditad sau presupusa fatd de nou-ndscutii sdnatosi.
Valoarea diagnosticd a fractiunilor C3 si C4 ale complementului, apreciatd cu
ajutorul curbei ROC a fost superioara tuturor celorlalti markeri de diagnostic.
Procalcitonina nu poate reprezenta singura marker de diagnostic al sepsisului.
Valoarea diagnostica a 11-6 determinata cu ajutorul curbei ROC este scazuta.
Comparativ, intre nou-nascuti si adulti se observd ca aria situata sub curba ROC
pentru valoarea fractiunii C3 a complementului este mai mare in cazul pacientilor
adulti.

Pentru fractiunea C4 a complementului valoarea ariei situate sub curba ROC este
mai mica in cazul pacientilor adulti decat in cazul nou-nascutilor.

In cazul lotului martor de pacienti adulti toate valorile procalcitoninei sunt distribuite
sub valoarea de 0.5 ng/ml.

In cazul lotului de pacienti adulti cu sepsis se observi ci valorile procalcitoninei care
ar putea orienta asupra diagnosticului sunt distribuite In majoritate in intervale
>0.5ng/ml (65%).

Comparativ cu loturile de nou-nascuti se observa o mai mare acuratete a
procalcitoninei in stabilirea diagnosticului de sepsis in cazul lotului de adulti decat in
cazul nou-nascutilor.

S-a constatat ca valoarea diagnostica a I1-6 este superioara in cazul pacientilor adulti
fatd de nou-nascuti .

Pentru markerii tratati in aceastd lucrare se observa ca valoarea diagnostica cea mai
ridicata corespunde fractiunii C3 a complementului, urmatd de fractiunea C4 a
complementului, II-6 si in final de IgM.
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34.

35.

Corelatia intre diferitii markeri biologici tratati in aceasta lucrare si varts gestationala
a nou-nascutilor exista urmatoarea relatie: corelatie foarte buna (indice de corelatie
0.82) pentru proteina C-reactiva; corelatie medie (indice de corelatie 0.66) pentru
IgG; corelatii scazute pentru fractiunea C3 a complementului (indice de corelatie
0.47), IgM (indice de corelatie 0.45), C4 (indice de corelatie 0.304), 11-6 (indice de
corelatie 0.18)

Gradul de predictie a sepsisului de catre markerii luati in discutie, evaluat cu ajutorul
curbei ROC prin calcularea ariei situate sub aceasta (test Wilcoxon) s-a prezentat
astfel: valoare diagnostica ridicata fractiunile C3 si C4 ale complementului (arii 0.88
respectiv 0.8), valoare diagnosticd scazuta pentru I1-6 (0.31), proteina C-reactiva
(0.13), IgM (0.04).
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INTRODUCTION

Sepsis is a clinical entity whose manifestations are varied and un-specific in the
newborn infant, particularly in the prematurely born infant. The sepsis also represents an
important morbidity and mortality cause in this age category.

Due to the gravity of its evolution, neonatal sepsis received a great deal of interest on
the part of neonatologist doctors, and beyond. The treatment of the neonatal sepsis remains a
challenge, in spite of the remarkable progresses recorded recently in its therapy, in turn a
result of a better understanding of its pathogenesis.

In this context, it is imperative to start from evaluating current laboratory tests or of
more rarely used medical practice markers, with a view to more rapidly diagnosing the
neonatal sepsis. This would thus complete clinical snapshots, analyses and diagnostics,

directly contributing to adjusting the correct therapeutical conduct.

| express my entire gratitude and sincere thanks to Prof. Dr. Antonia Popescu, for the
trust granted in researching this theme and the extremely competent guidance received
throughout the preparation and the elaboration of the thesis; to Prof. Dr. Gabriela Zaharie,
Project Coordinator Dr. Ligia Blaga, the medical staff of the Cluj Cliniques Gynecology |
and Il for the support granted in case selection and research; to my parents for

understanding and support.



I. CURRENT KNOWLEDGE ON THE SUBJECT

Sepsis is a clinical entity whose manifestations are varied and un-specific in the
newborn infant, particularly in the prematurely born infant. The sepsis also represents an
important morbidity and mortality cause in this age category.

Due to the gravity of its evolution, neonatal sepsis received a great deal of interest on
the part of neonatologist doctors, and beyond. The treatment of the neonatal sepsis remains
a challenge, in spite of the remarkable progresses recorded recently in its therapy, in turn a
result of a better understanding of its pathogenesis.

In this context, it is imperative to start from evaluating current laboratory tests or
of more rarely used medical practice markers, with a view to more rapidly diagnosing the
neonatal sepsis. This would thus complete clinical snapshots, analyses and diagnostics,
directly contributing to adjusting the correct therapeutical conduct.

In the first part of the thesis which is focused on presenting theoretical knowledge,
the following elements are covered: definition, classification, pathogenesis, ethiology,
clinical analysis, diagnostics through current laboratory tests and through the use of serial
immunological markers less used in clinical practice (serial immune-globulines, C3
fractions, C4 of complement, procalcitonine and interleukine-6).

In the next chapter the focus is on presenting immunological specificities of the
newborn and their implications for neonatal sepsis.

II. PERSONAL CONTRIBUTIONS
WORKING HYPOTHESIS

The lack of obvious clinical signs of illness in the neonatal sepsis imposed the
practical implementation of numerous and varied laboratory tests, some usual, some
requiring specialised equipment and laboratory personnel.

Both in Romania and in more developed countries, the early diagnostic of sepsis is
based mainly on clinical examinations when the clinical signs are sufficient as well as
through laboratory tests focused on the investigation of bacteriological, haematological,
biochemical and immunological markers. There are no laboratory tests with exhaustive
value for the prediction of neonatal sepsis.

PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of the research is improving the diagnostics of the neonatal sepsis, with
focus on premature newborns but also on normally delivered newborns.

The objectives of the research are: the serological investigation for neonatal sepsis of
a group of newborns; the comparative analysis of the sensitivity range of each marker in
prognosis of sepsis conditions; the early diagnostic of neonatal sepsis, with a view to
ensuring an early and adequate treatment; the quantification of resulting data with a view
to establishing the relation between the incidence of sepsis in newborns and their
gestational age, to assess the relation between risk factors and the presence of sepsis, to
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estimate the degree of correspondence between immunological serological markers and
the presence of sepsis conditions.

A final objective is represented by the development of a diagnostic protocol for
laboratory analysis with optimal sensitivity and specificity, as well as advantageous from an
economic point of view.

MATERIALS AND METHOD

A prospective study was undertaken on 66 newborns (25 healthy as a control
group; 41 with possible infection and with clinically identified infection), with gestational
age between 27 and 42 weeks.

For certain determinations such as C3 and C4 fractions of the complement,
procalcitonine and interleukine-6, a parallel investigation was carried out on a group of 35
adult subjects with neoplazical illnesses (15 healthy adults; 20 with identified sepsis) from
the Cluj-Napoca Oncologic Institute.

Laboratory diagnostics included, for the groups of newborns, hemoculture
(Biomerieux system), hemoleucograme, blood analysis, determination of proteine C-
reactive (immune-turbidimetrie), of fractions C3 and C4 of the complement (immune-
turbidimetrie), procalcitonine (immune-cromatography) and of 11-6 (ELISA). For the adult
patients investigations were also carried out for fractions C3 and C4 of the complement,
procalcitonine, 11-6.

The determination 1I-6 was realised through the method Quantikine 11-6
Immunoassay (ELISA) relying on Quantikine Immunoassay kits (R&D Systems).

The analysis of statistical data was realised with the programmes Analyse and
StatsDirect. Statistical tests were Wilcoxon, Spearman correlation. To analyse value
distributions histograms were used.

RESULTS

Chapter 6 represents a prospective study evaluating risk factors for neonatal sepsis,
undertaken on a group of 66 newborns from Gynecology Cliniques | and Il in Cluj-Napoca,
the Obstretics and Gynecology Clinique in Brasov, for the period 2006-2008.

In Figure 7 are presented maternal risk factors identified for the subjects of the
control group (newborns without sepsis). Blue: without risk factors; Red: praevia placenta;
Broken / ruptured membranes.
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Figure 7. Maternal risk factors in control group.



In Figure 8 are represented maternal risk factors for newborns in the group with
clinical sepsis signs without a confirmation of illness through the positivation of
hemocultures. Blue: Red: Broken / ruptured membranes.
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Figure 8. Sepsis risk factors for newborns suspected of infection

In Figure 9 are presented maternal risk factors identified in the newborns group with
sepsis proven clinically and para- clinically. Blue: More than one risk factor; Red: Broken /
ruptured membranes.
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Figure 9. Maternal risk factors in newborns with proven sepsis

The research continues with an evaluation of foetal and neonatal risk factors. Firstly,
the sex distribution of newborns was analysed (see Figures10 and 11). Blue: male; Red:
female.
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Figure 10. Distribution by sex of un-infected newborns (control group)

The majority of newborns (14 and 24 respectively) are males, both in the case of the
control group and the study groups.
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Figure 11. Distribution by sex of newborns with infection and suspected of infection

The main risk factors in sepsis, foetal and neonatal, are represented by sex (male),
under-weight (less than 2500 @), gestational age (less than 37 weeks), and neonatal
asphyxiation evaluated through APGAR score.

These risk factors were then analysed for each of the newborn groups.

The first one taken in discussion was the weight parameter and its distribution
according to the following sub-categories: G>2500g; G>1500-<2500g; G=1000-1500g; G<
1000g.

Another parameter is gestational age. For each of the groups its distribution was
analysed as it follows: VG<30S; VG= 30-34S;VG= 35-36S;VG>36S.(Figures19, 22, 23).

The mean gestational age of newborns in the control group (of 25 subjects) was 31.2
weeks.

In the case of newborns with proven infection (a total of 5 subjects), the average

gestational age was 35 weeks. The group of newborns suspected of being infected (36, out
of which 27 prematurely born) recorded an average gestational age of 34.94 weeks.
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Figure 19. Gestational age of newborns in the group with un-infected subjects.
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Figure 22. Gestational age of newborns in the group suspected of infection.
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Figure 23. Gestational age of newborns in the group with proven infection.

The last parameter taken into account as a risk factor for neonatal sepsis is the
APGAR score at 5 minutes from birth. This was discussed and compared for each of the
groups under study. For statistical and practical considerations, a disaggregation of newborn
categories was performed by APGAR score, as follows: newborns with APGAR score >7,

and < 7 respectively, in correspondence with the presence or absence of neonatal asphyxia
(Figures 29 and 30).

Newborns in the control group represented the majority (21 cases out of 25 with
84%) thus an APGAR score > 7; 4 newborns (16%) recorded an APGAR < 7.

APGAR
>7
APGAR
<=7
5 10 15 20 25

|
¢]

Figure 29. APGAR score of newborns in the group suspected of infection.
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Figure 30. APGAR score of newborns with proven infection

.5




In chapter 7 the research is focused on bacteriological, hematological and
biochemical markers as prediction factors for neonatal sepsis.

Positive hemocultures were recorded only in the case of 5 newborns: 4 infected with
Gram-negative bacteria (3-Klebsiella spp. and 1-E.coli). In the remaining case, the infection
was caused by Staphylococcus aureus (20%).

Another parameter taken into consideration in this section was the comparative value
of leucocytes, and of neutrofiles respectively, for each of the groups under study. In the
control case (25 newborns) 23 cases were recorded with normal values of both leucocytes
and neutrofiles respectively (92%); one newborn presented leucocythosis and a second one
leucopenia.

In figure 34 it is presented the distribution of the values of leucocytes and the
quantitative presence of neutrofiles for newborns in the group with suspected infection and
the group with proven infection.
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Figure 34. Distribution of the values of leucocytes and of neutrofiles.

Next, the ratio between immature neutrofiles and the total number of neutrofiles was
examined (Figures 36 and 38).
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Figure 36. Distribution of the I/T ratio in the control group.
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Figure 38. Distribution of the I/T ration in newborn with proven and suspected
infection.




For the C-reactive protein the following parameters were calculated: sensitivity,
specificity, positive predictive value and negative predictive value. They recorded the
following values:

- sensitivity >82%);

- specificity = 79%

- positive predictive value ->86%

- negative predictive value >73%

The square area under the ROC curve recorded the value 0.13.

The Spearman correlation coefficient was calculated between CRP and gestational
age. It recorded the value 0.8264 (very strong) (95%CI=-0.28 - 0.34)

In chapter 8 several parameters were evaluated: 1gG, IgA, IgM, C3 and C4 fractions
of the complement, procalcytonine and 11-6, from the perspective of their diagnostics value
and correlation with gestational age.

The Spearman correlation between IgG and VG is presented in the graph below. The
value of the Spearman correlation was 0.66 (95%CI1=0.49-0.77; t statistic=6.95; 2-tailed
p<0.0001).

For the study of the capacity of IgM to predict the sepsis state, the ROC curve was
plotted for all subjects under study. This is presented in Figure 55. The area under this curve
recorded the value 0.04.

ROCPIlot
Mo

discrimi
nation

True positive rate (Sensitivity)

0 0.10.20.304050.60.70.80.9 1
False positive rate (1-Specificity)

Figure 55. ROC curve for IgM in newborn subjects.

The Spearman correlation was used for the relation between IgM and gestational
age. The value obtained is 0.45 (95%CI1=0.23 to 0.62; t statistic=4.00; 2-tailed p=0.0002)
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Figure 56. Detectable vs un-detectable values for IgA for all newborns
under study.




In Figure 56 one can observe that out of the total of 66 newborns under study, only
in 24% of them it was possible to detect the level of IgA, which corresponds with data from
specialised literature.

Next, it was analysed the behaviour of fractions C3 and C4 of the complement for
both the control group and the study group.

The area corresponding to the ROC curve for fraction C3 of the complement is 0.88,
while that of fraction C4 is -- 0.80.
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Figure 65. ROC curves for C3 and C4.

In the following graphs it is analysed procalcytonine as a possible marker for the
early detection of sepsis. In Figure 67 its values are presented for newborns with proven or
possible infection.
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Figure 67. Intervals of the values of procalcitonin recorded for newborns with
infection or suspected of infection.

In Figure 72 the ROC curve corresponding to values I1-6 recorded in the groups of
newborns under study. The area corresponding to this curve is 0.31.
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Figure 72. ROC curve — Il-6.

The diagnostic value of C3 and C4 fractions of the complement, assessed with the
help of the ROC curve, was superior to all the other diagnostic markers in the adult patients.
For C3 the ROC curve values was 0.98 and for C4 it was 0.73.

In the case of the adult control group, all the values of procalcitonin are distributed
under the value 0.5 ng/ml.

In the case of adult patients with sepsis, one observes that the values of procalcitonin
which could provide orientation regarding the diagnostics are distributed in their majority
(65%) in intervals >0.5ng/ml .

Comparing with newborn groups, one observes a higher accuracy of procalcitonin in
establishing the sepsis diagnostic in the case of adults than in that of newborns.

CONCLUSIONS

1. Early and prolonged rupture of membranes constitutes the most frequent risk factor
associated with sepsis in newborns.

2. Male newborns are more frequent both in the control group and amongst newborns
with proven and suspected infection, which indicates their possible predisposition
towards sepsis.

3. Both newborns in the study group and in the control group recorded a gestational age
smaller than 37 weeks, which indicates a prevalence of early newborns.

4. The average APGAR score of newborns in the control group recorded the value 8.48,
which is superior to the values witnessed in the case of the other two groups, which
indicates a lack of neonatal asphyxia in the control group.

5. The main biological marker in the diagnostics of sepsis is the hemoculture.

6. In this study, 5 newborns in the risk group of 41 subjects recorded positive
hemocultures (12.195%), the present germs being Klebsiella spp. (3 cases),
Escherichia coli (1 case) and Staphylococcus aureus (1 case).

7. Regarding leucocytary indexes, the presence of leucocytisis with neutrofylia, it was
recorded in 17 of the subjects (41.46%) in the risk group. A number of 10 subjects
(24.39%) presented leucopenia with neutropenia.

8. Leucopenia with neutropenia was present at all 5 newborns with confirmed sepsis.

9. The ratio between immature neutrofiles and the total number of neutrofiles for
newborns with proven infection recorded value higher than 0.2 in 80% of the
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

subjects, suggesting the outbreak of an infection. The predictive value was 100%,
while the negative predictive value was 60.9%.

Trombocytopenia appears only in the advanced stages of illness, in the presence of
disseminated intra-vascular coagulation. In this study, this was recorded in the case
of only 2 patients with trombocytopenia (<100.000/ul), which corresponds with data
from specialised literature.

For the C-reactive proteine (CRP), data from specialised literature assert an increase
in its early values in neonatal infection. In this study, the parameters sensitivity
(82%), specificity (79%), positive predictive value (86%) and negative predictive
value (73%) prove the predictive value for the neonatal sepsis, comparable with the
ratio I/T.

In this study, it was recorded comparable values of sensitivity and positive predictive
value of I/T and CRP.

Between the values of C-reactive protein and gestational age of newborns it was
recorded a very strong Spearman correlation: 0.8264.

Corresponding to the values of the C-reactive protein, the area under the ROC curve
was 0.13, which indicates a weak diagnostics value of this inflammation marker.

IgG values correlate with gestational age of newborns. The Spearman correlation
coefficient recorded the value 0.66 (an average level).

IgG values do not correlate with weight at birth, the Spearman correlation index
being 0.39 (lack of obvious correlation).

There have not been recorded statistically significative changes between the healthy
newborns and those with proven or suspected sepsis with respect to IgG values,
which indicates that 1gG does not modify with significative changes in the
conditions of illness.

IgM values in newborns with proven or suspected sepsis are higher than those
witnessed in the case of the control group (average value 40.1 mg/dl as compared to
29.5 mg/dl).

IgM values do not correlate with the gestational age of newborns.
The diagnostic value of IgM, determinded with the help of the ROC curve, is low.

IgA is undettectable in a high percentage of cases, which confirms data from
specialised literature, which place the beginning of its secrettion in the post-natal
period, between weeks 3 and 4 of extra-uterine life.

The values of C3 fractions of the complement recorded in the group of newborns
with infection and those suspected of infection are higher to those recorded in the
control group. This fact indicates a dependency of the C3 fraction on the
complementul on the presence of sepsis.

The C4 fraction of the complement recorded higher values in the case of newborns
with proven or suspected infection.
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The diagnostic value of C3 and C4 fractions of the complement, assessed with the
help of the ROC curve, was superior to all the other diagnostic markers.

Procalcitonin cannot represent alone a marker of sepsis diagnostic.
The diagnostic value of 11-6, determined with the help of the ROC curv, is low.

Between newborns and adults one observes that, for the C3 fraction of the
complement, the area under the ROC curve is higher for adults.

For the C4 fraction of the complement, the value of the area under the ROC curve is
smaller in the case of adult patients than in the case of newborns.

In the case of the adult control group, all the values of procalcitonin are distributed
under the value 0.5 ng/ml.

In the case of adult patients with sepsis, one observes that the values of procalcitonin
which could provide orientation regarding the diagnostics are distributed in their
majority (65%) in intervals >0.5ng/ml .

Comparing with newborn groups, one observes a higher accuracy of procalcitonin in
establishing the sepsis diagnostic in the case of adults than in that of newborns.

It was witnessed that the diagnostic value of 11-6 is higher in the case of adult
patients than in the case of newborns.

For the markers treated in this research, one observes that the highest diagnostic
value corresponds to the C3 fraction of the complement, followed by the C4 fraction,
11-6 and finally of IgM.

The correlation between the different biological markers treated in this research and
the gestational age of newborns is as follows: very strong (0.82) for the C-reactive
protein; average (0.66) for IgG; relatively low for the C3 fraction of the complement
(0.47), IgM (0.45), and low for C4 (0.304) and 11-6 (0.18).

The level of prediction of the sepsis by the markers in this research, evaluated with
the ROC curve by calculating the area under it (Wilcoxon test) is as follows: high
diagnostic value for the fractions C3 and C4 of the complement (areas of 0.88 and
0.8 respectively), low diagnostic value for 11-6 (0.31), C-reactive protein (0.13) and
IgM (0.04).
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German language: average

PC user, laboratory equipment (Sysmex 1800, Hitachi,

Vidas)
No
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Further informations

Publications:
In full in Romanian journals:

- Oana lulia Serban, Antonia Popescu, Ligia Blaga.
Sepsisul neonatal-Consideratii
etiopatogenetice.Obst.Ginec. 2008;LVI(1): 47-53

- Oana lulia Serban, Antonia Popescu, Ligia Blaga.
Valoarea diagnostica a testelor de laborator in sepsisul

neonatal.Clujul-Medical. 2008;LXXX1(4):477-82

- Ana-Nadia Schmidt, Gabriela Zaharie, Stamatian F.,
Carmen Micu, Emilia Maguran, Oana
Serban.Anatomy of Breathing in Neonates with
Congenital Diaphragmatic Hernias.
J.Clin.Anat.Embr.2008;1(3):29-34

- Ana-Nadia Schmidt, Gabriela Zaharie, Opincariu I,
Oana Serban, Carmen Micu. Encefalopatia hipoxic-
ischemicd neonatala.Corelatii anatomo-clinice.
Hipoxia perinatala. Primul congres national de
neonatologie cu participare internationala, 28-30
septembrie 2006, 46-51.

- Antonia Popescu, Ana-Nadia Schmidt, Andreica S.,
Oana Serban, Anatomo-Clinical Aspects In a
Newborn With Meckel-Gruber Syndrome,
J.Clin.Anat.Embr.2006; 1(4):13-6

- Ana-Nadia Schmidt, Opincariu I., Gabriela Zaharie,
Oana Serban, Carmen Micu, Raus C, Anencefalia sub
incidenta localizarii defectului de inchidere a tubului
neural. Consideratii anatomo-clinice,
Rev.Rom.Anat.Antropol.2006; 5(1):9-16

- Angelica Teodora Filimon, Antonia Popescu, Oana
Tulia Serban. Current Stage Of Knowledge of Risk
Factors, Etiology and Etiopathogeny of Hearing Loss,
J.Clin.Anat.Embr.2005;1(3):7-11

- Ana-Nadia Schmidt, Simona Oprita, Cristina Pais,
Barsan M., Gheban D., Oana Serban Defecte de
septare ale cordului. Corelatii anatomo-ecografice.
Partea I. Rev.Anat. Embriol. Clin.2005; 1(1):51-60

- Ana-Nadia Schmidt, Simona Oprita, Cristina Pais,
Barsan M., Gheban D., Oana Serban Defecte de
septare ale cordului. Corelatii anatomo-ecografice.
Partea Il. Rev.Anat. Embriol. Clin.2005; 1(2):55-59

Postgraduate courses

02.06.2009-12.06.2009 — Departament of Medical
Biochemistry

Laboratory medical laboratory services provided
in outpatients. settlement approval rating in the
contractual relationship with CAS .
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17.03.2008-28.03.2008 — Departament of Surgical
Oncology

Oncologic Cytology

20.11.2006- 24.11.2006 — Departament of Infectious
Deseases

Antibiotic Prophylaxis in Surgery
12.02.2006-24.02.2006 — Departament of Neonatology
Consultation of risk infant
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