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INTRODUCERE
Meningitele acute bacteriene reprezinh capitol important al patologiei infgazase
si totodata o problemmajoia de gnatate datord morbiditgii relativ crescutesi
gravitatii deosebite,atat prin indicele crescut de leteditaatsi prin multitudinea de
sechele neuropsihice.
In ultimii ani s-au realizat progrese foarte impmite In cunagerea mecanismelor
patogenetice la nivel molecular. Stabilirea etic@ogneningitelor acute bacteriene la
adutki repreziné in continuare o probleinde interes majdfinand cont de faptul
ca,in continuare exigtun nunar mare de paciencare au primit tratament antibiotic
anterior internarii intr-o unitate spitaliceagdentificarea agentului patogen implicat
se realizeaz cu dificultate. De aceea dezvoltarea unor noi detcare % ajute la
stabilirea etiologiei este bineveni® probleni aparte o ridig etiologia bacilat,
datoritt faptului & n foarte ptine cazuri poate fi confirmatprin examen
microscopic direct sau prin cultudin LCR, iar prezega, in multe cazuri, a unui
tablou clinic necaracteristig dezvoltarea unor sechele cu mare poatmvalidant
impune mai mult necesitatea unui diagnostic catmagadsi mai corect.
Partea generad este structuratin trei subcapitolgi reprezini o sintez a datelor
de ultima ora din literatura de specialitate cu privire la patogenia, diagnosticyi
tratamentul meningitelor acute bacterignkacilare la adui.
Partea de cercetare personéleste structurétin patru subcapitole.
Scopul studiuluia fost evaluarea a ddmoi metode de diagnostic pentru o mai
bura diagnosticare a meningitelor acute bacteriene:
1. Metoda imunocromatografitestul NOW) pentru diagnosticarea meningitei
pneumococice.
2. Determinarea prezesi anticorpilor anti-BK in segi LCR pentru diagnosticul
meningitei acute bacilare.
De asemenea, au fost analizgtalte aspecte legate de meningitele acute banterie
si anume:antecedentele personale,eti@lalinici,alte date de laborator,tratamentul
administrat, prognosticul bolii.
Material si metoda: Au fost luai n studiu 87 de pacig@ninternai in Spitalul

Clinic de Boli Infegioase Cluj-Napoca pe o perigade 5 ani, din decembrie 2004



pari in decembrie 2009, impggr in doua loturi : primul lot a fost al@tuit din 66 de
pacieni la care s-a stabilit diagnosticul de meniagacuti bacteriad, inclusiv
cazurile de etiologie bacikarincluderea cazurilor de meningitBC(20 de cazuri)
in acest lot s-aatut pe considerentulicin majoritatea cazurilor manifésie
clinicesi evolutia acestora sunt caracteristice unei boli itibase acute.

Al doilea lot, martor, a fost altuit din 21 de pacigninternai cu suspiciunea de

meningi& acut, dar la care s-a infirmat acest diagnostic.

Diagnosticul de meningitacuti bacteriai s-a stabilit pe baza tabloului clinic de
meningi& acut, in prezeta modificarilor biochimicei citologice caracteristice ale
LCR. Diagnosticul etiologic de certitudine s-a dazee izolarea agentului patogen
prin:cultua din LCR (tehnica BacTAlert),identificarea pe frotcolorat Gram
efectuat din LCR dup centrifugare,hemocultar sau culturi din alte produse
patologice.Pentru diagnosticul etiologic s-au fdlosloa metode pentru
evidenierea antigenelor bacteriene specifice in LCR :odh@timunologig (testul
latex-aglutinare)si metoda imunocromatografic(testul NOW-denumit de firma
producitoare). Pentru diagnosticul etiologic al meningadalitei TBC s-a utilizat
izolarea bacilului Koch din LCR(tehnica MB Bactjlentificarea pe frotiu Ziehl-
Neelsen sau prezende modifidri citologicesi biochimice in LCR patognomonice
pentru etiologia bacil&rS-au determinat,de asemenea,anticorpii spec#idipdlg-
M si Ig-G anti-BK atat din ser cat din LCR prin metoda ELISA.
S-au calculat sensibilitatea, specificitatea, viedagredictid pozitiva si negatia si
intervalele de confided de 95% ale acestor valori, coeficientul de conantd
Cohen pentru testele diagnostice. Bdeste diagnostic au fost comparate utilizand
curbele ROC (receiver operating characteristic)opea comparii ariei de sub
curka (AUC).Pragul de semnifice pentru testele folosite a fost luat= 0,05.
Calculele statistice au fost efectuate cu ajutaplicaiilor SPSS 13.0, Statistica
8.0, Epilnfo 200G Microsoft Excel.

Rezultatesi discutii
Prin metoda imunocromatografi¢test NOW) in cazul celor 46 de padidnati in
studiu, s-a evidaiat o sensibilitate de 87,5% o specificitate de 94,74%.Prin

metoda latex-aglutirii s-a ohinut o sensibilitate de 87,5% o specificitate de



94,23%. Comparand rezultatele tiobte prin latex-aglutinaresi metoda

imunocromatografig(test NOW) s-au dinut rezultate asefinitoare, fira a fi o

diferena semnificativ statistic: p=0,48.

Analizand rezultatele aelmute n cazul imunglobulinelor specifice anti-BkKdersi

LCR pentru cei 51de pacigmlin lotul caz din care la 20 s-a pus diagnostdzil

meningi TBC pe baza examini LCR din punct de vedere biochimgccitologic-

cultura pentru BK a fost pozitivdoar intr-un caz- se obsémrmitoarele aspecte:

1. Pentru IgM din ser: sensibilitatea a fosizda: 30% , iar specificitatea a fost de
80%.

2. Pentru 1gG din ser :sensibilitatea a fost de 60%nip ce specificitatea a fost de
30%.

3. Pentru IgM din LCR: sensibilitatea a fost de 10%iimp ce specificitatea a fost
de 93,55%.

4. Pentru IgG din LCR: sensibilitatea a fost de 25%irip ce specificitatea a fost
de 87,10%.

Atat in cazul IgM cati in cazul IgG determinate din LCR sensibilitatedoat

scazui: 10%,respectiv25%. In schimb specificitatea a fkitati, atat pentru IgM

catsi pentru IgG determinate din LCR: 93,55%, respe8iiy10%.

Rezultatele ofinute Tn cazul anticorpilor serici sunt comparalsilecele intalnite in

cazul anticorpilor din LCR Tn ceea ce pgteesensibilitateai specificitatea pentru

IgM: sensibilitate de 30% in ser 10 % in LCRsi specificitate de 80% in ser

93,55% 1n LCR; pentru IgG rezultatele sustrudiferite: sensibilitate de 60% Tn ser

si 25% Tn LCRsi specificitatea de 30% in sgr87,10% in LCR .

Au fost oliinutesi unele rezultate, semnificativ statistic diferite cazul paciegiior

cu meningoencefafitacuti fata de cei din lotul martor, dar mai fn semnalate in

literatura de specialitate consuidtat

Concluzii

1. Utilizdnd metoda imunocromatografi¢test NOW) in cazul celor 46 de padien
cu meningid acuti bacteriad luati in studiu,s-a evidarat o sensibilitate de

87,5%si 0 specificitate de 94,74% a acestei metode.



2. Utilizdnd latex-aglutinarea in cazul celor 60 decipai cu meningi# acut
bacteriasi luati in studiu, s-a evideit o sensibilitate de 87,5%i o

specificitate de 94,23% a acestei metode.

Din cei 30 de paciencare au avut tratament antibiotic anterior inierrun
pacient din 26 a avut testul latex pozitiv (3,85%0)imp ce la paciai care nu
au avut tratament antibiotic anterior int&n9 din 34 (26,47%) au avut testul
latex pozitiv, fiind o difereta semnificativ statistic: p=0,033.

Acest fapt poate fi explicat prin liza bactetigndispartia agemilor patogeni la
nivelul LCR-ului in urma tratamentului antibiotic.

3. Analizdnd comparativ rezultatele totute prin latex-aglutinaresi metoda
imunocromatografit (test NOW) s-a evideiat faptul @ cele doéd metode au
valoare practic egal

4. Avantajele testului NOW sunt utoarele:

e este simplu,

» este rapid,

« este yor de efectuat,

e are o sensibilitatg o specificitate crescute.

5. Determinarea imunglobulinelor specifice IgM,IgG igBK din ser in vederea
confirmarii diagnosticului de meningitTBC la cei 20 de pacign luati Tn
studiu cu acest diagnostic a evidaho sensibilitate de 30% pentru IgMsi o
sensibilitate de 60% pentru 1gG, o specificitate de80% pentru IgM si o
specificitate de 30% pentru IgG.

6. Determinarea imunglobulinelor specifice IgM,lgGigBK din LCR in vederea
confirmarii diagnosticului de meningit TBC la cei 20 de paci@nluati Tn
studiu cu acest diagnostic a evidaho sensibilitate de 10% pentru IgMsi o
sensibilitate de 25% pentru IgG, o specificitate d®3,55% pentru IgM si 0
specificitate de 87,10% pentru IgGRezultatele otinute difet sensibil fa de

cele intalnite Tn literatura de specialitate.



7. Analiza datelor clinicgi a altor examiari de laborator ale materialului studiat a
permis formularea unor corgéliacu valoare importatit privind diagnosticul,
tratamentuki evolutia paciefilor, evideniate Tn restul concluziilor.

8. A existat o difereth semnificativ statistic intre cele dauoturi de paciet in
ceea ce priwte prezema sindromului infegos: p=0,01; pacientii din lotul caz
au prezentat acest sindrom intr-o masunai mare.

9. Sindromul de hipertensiune intracrariiam fost prezent in mod as&mitor la
pacienii din cele dod loturi(p=0,24).

Acest sindrom este un element foarte importantdbilrea suspiciunii de
meningoencefalitacuti,impunand examinarea LCR-ukiia altor examiiri
imagistice pentru confirmarea diagnosticului.

Din cei 44 de paciencu sindrom de hipertensiune intracratiiahl (25%) au

avut semne de focar, in schimb nici un pacigrt$indrom de hipertensiune

intracrania#i nu a avut semne de focar, fiind o difgéesemnificativi statistic:
p=0,012.

10.Starea de catienta alterali anterior interarii a fost corelat cu unele date
clinicesi date de laborator:

» Varsta a fost semnificativ difediitin funaie de prezega altedrii starii de
corgtienta anterior interarii. Pacienii cu alterarea 4&tii de cortienta
anterior interéirii au avut varsta semnificativ mai mareafae cei cu starea
de costienta pastrat: p=0,00003.

* Din cei 35 de paciencare au avut alteratstarea de cgtienta anterior
intermarii,32(91,43%) au avut sindrom de itimeningead fata de numai
22((70,97%) din cei 31 de paciercare nu au avut altetatstarea de
comgtienta anterior internarii, fiind o diferad semnificatid statistic:
p=0,031.

* Din cei 35 de paciencare au avut alteratstarea de catientd anterior
interrarii, 8(22,86%) au avut examinarea LCR-ului prin rogcopie direct

(frotiu Gram) pozitiv fata de nici un pacient din cei 31 de patierare nu



au avut alterat starea de catienta anterior interarii, fiind o diferernta
semnificativi statistic: p=0,005.
11.Starea de catienta alterai pe parcursul intesmii a fost corelat cu unele
aspecte clinico-evolutive:

» Pacienii cu alterarea 4&tii de contienta pe parcursul inteamii au avut
varsta semnificativ mai maretfade cei cu starea de ctienta pastrag:
p=0,0008.

* Din cei 54 de paciancare au prezentat sindrom de itigameningeai pe
parcursul inter#rii,32(59,25%) au avut altetatstarea de catienta pe
parcursul interérii,fatda de numai un pacient din 12 care nu au avut sindrom
de iritaie meningead fiind o diferena semnificativ statistic: p=0,001.

e Din cei 56 de pacien care au prezentat febr pe parcursul
intermarii,31(55,35%) au avut altefatstarea de catienta pe parcursul
intermarii,fata de numai 2(20%) din 10 pactercare nu au avut alteeat
starea de catienta pe parcursul internarii fiind o difergnsemnificati
statistic: p=0,039.

* Din cei 33 de paciencare au avut alterastarea de catienta pe parcursul
intermarii,10(30,3%) au avut statusul nefavorabil (agralextes) fa de
numai 3(9%) din cei 33 care nu au avut altersthrea de catienta pe
parcursul interdrii, fiind o diferernta semnificativ statistic: p=0,03.

12.Starea de catienta alteradi la pacieii din lotul caz s-a corelat cu varsta, cu
sindromul infegos (clinic si sindromul inflamator biologic), cu sindromul de
iritatie meningeah si/sau semne de focar, precugn cu unele modifiéri
biochimice serice (valoarea azotulgi) modificari biochimice ale LCR-ului

(albuminorahia). Aceste coréilliaarati faptul @ la alterarea furtélor cerebrale

din cursul infedilor SNC contribuie foarte muilfactori.

13.Tratamentul antibiotic anterior intemi a influenat aparia semnelor de
focar.Acestea au apt intr-un procent mai redus, semnificativ statjsta
pacienii care au primit tratament antibiotic anteriorantrii fata de cei care nu

au primit, dgi acesta are influgl negativd asupra stabilirii etiologiei .
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14.Prezema bolilor cardiovasculargi a tumorilor in APP ale paciglor cu
meningi& acut bacteriat s-a corelat cu o evaie nefavorabi intr-un procent
mai mare, semnificativ statistic,tfade paciefii cu meningit acut bacteriaa
fara aceste afeni in APP.

15.Pacienii cu evoluie nefavorabid din lotul caz au avut varsta semnificativ
crescul fata de cei cu evoltie spre ameliorare.

16.Decesele in randul pacidor din lotul caz s-au inregistrat intr-un procent
semnificativ mai mare la femeittade barba.

17.Analiza globai a datelor clinicei de laborator ale lotului de pactem@analizat
araf o dat in plus @ diagnosticul infetiilor SNC este dificil. Simptomatologia
de inceput uneori este necaracteris(@mmuri multor afeduni); se amplifié
n timp scurt, ceea ce conduce la intarzieri sau de diagnostic (pacigindin
lotul martor).
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INTRODUCTION
Acute bacterial meningitis is an important chagteinfectious pathology and also a
major health problem because of its relatively higbrbidity and particular gravity,

both through an increased lethality index and th@ymeuropsychological sequelae.

In the recent years, important progress has beate nmathe understanding of the
pathogenetic mechanisms at the molecular leveledabation of the aetiology of
acute bacterial meningitis in adults remains a enatf major interest. A large
number of patients are under antibiotic treatmegfole admission into a hospital
unit, which makes the identification of the pathogevolved rather difficult.

Therefore, the development of new methods to hslgbéish the aetiology is more
than welcome. A special problem is raised by thallaay aetiology, as this can be
confirmed by direct microscopic examination or GSiiture only in very few cases.
The presence, in many cases, of an uncharactegiiccal picture and the

development of potentially disabling sequelae nexguieven more a quick and

accurate diagnosis.

The general partis divided into three chapters and summarizesdtesi available
data on the etiopathogenesis, diagnosis and treamhacute and bacillary bacterial

meningitis in adults.

The personal research paris organized in four chapters.
The purpose of this studywas to assess two new diagnostic methods for a

better diagnosis of acute bacterial meningitis:
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3. The immunochromatographic method (the NOW test) tfee diagnosis of
pneumococcal meningitis.

4. The determination of the anti-BK antibodies in serand CSF for the diagnosis
of acute bacillary meningitis.

We also analyzed other acute bacterial meninglasted issues, such as: personal

background, clinical evolution, other laboratorytajatreatment administered,

prognosis.

Material and method: 87 patients admitted to the Infectious Diseasephidsof

Cluj-Napoca were studied for a period of five yedrem December 2004 to
December 2009, whom we divided into two groups:fitst group consisted of 66
patients diagnosed with acute bacterial meningitiduding the cases of bacillary
aetiology. Patients with TBC meningitis (20 casesye included into this group
based on the assumption that in most cases thé&atlimanifestations and

evolution are characteristic for an acute infectidisease.

The second group, a witness group, included 2lempsti admitted with the

suspicion of acute meningitis, a suspicion whicls wat confirmed.

The diagnosis of acute bacterial meningitis waaldished based on the clinical
picture of acute meningitis in the presence of Ibhechemical and cytological
modifications of the CSF characteristics. The tetyaetiologic diagnosis was
based on pathogen isolation through: CSF cultur@cTBlert technique),
identification of the Gram stained smear in the @8Formed after centrifugation,
blood cultures or cultures of other pathologicabdarcts. For the etiologic
diagnosis, we employed two methods in order to llggh CSF specific bacterial
antigens, namely: the immunological method (thexagglutination test) and the
immunochromatographic method (the so called NOW tesnamed by the
producing company). For the etiologic diagnosighef TBC meningoencephalitis
we isolated the Koch bacillus from the CRL (the BMBct technique), identifying it
on the Ziehl-Neelsen smear or identifying the pmese of cytological and

biochemical changes in CSF, pathognomonic for lzagilaetiology. We also
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determined specific antibodies of the 1g-M and Igfi-BK type in both serum
and in CSF by ELISA.

We calculated the sensitivity, specificity, posttiand negative predictive value and
the 95% confidence intervals of these values, thiee@ coefficient of concordance
of the diagnostic tests. Two diagnostic tests veammapared using the ROC curves
(receiver operating characteristic) based on thmpesison of the areas under the
curve (AUC). The relevance value of the tests used established at = 0.05.
Statistical calculations were performed using SAS9, Statistics 8.0, Epilnfo
2000 and Microsoft Excel.

Results and discussions

For the 46 patients studied, the Immunochromatdgcamethod (the NOW test)
showed a sensitivity of 87.5% and a specificitypdf74%. The latex-agglutination
method had a sensitivity of 87.5% and a specifioit®4.23%. By comparing the
results obtained using the latex agglutination métand those obtained using the
immunochromatographic method (the NOW test) we inbth similar results,

without any statistically significant difference=00.48.

Analyzing the results obtained for specific anti-BKmunoglobulins in serum and
CRL for the 51 patients in the case group, out bictv 20 were diagnosed with
TBC meningitis based on the CSF examination in $ewh biochemical and
cytological- the culture for BK was positive only one case. The following can be
noticed:

5. For the serum IgM: the sensitivity was low: 30% apécificity was 80%.

For the serum IgG: the sensitivity was 60%, whigespecificity was 30%.
7. For the IgM in CRL: the sensitivity was 10%, whilge specificity was 93,55%.
8. For the IgG in CRL: the sensitivity was 25%, whtkespecificity was 87,10%.
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Both for the IgM and the IgG determined in the C®i€, sensitivity was low: 10%,
and 25% respectively. However, the specificity viaagh for both IgM and 1gG
determined in CSF: 93.55% and 87.10%.

The results obtained for serum antibodies are coalyato those seen in the case
of the antibodies in CSF in terms of IgM sensitivand specificity: 30% sensitivity
in serum and 10% sensitivity in CSF, and 80% spyifin serum and 93.55%
sensitivity in CSF. However, for 1gG the resultse aslightly different: 60%
sensitivity in serum and 25% sensitivity in CSFhaa specificity of 30% in serum
and 87.10% in CSF.

We also obtained results that were statisticalgnificantly different in patients
with acute meningoencephalitis as compared to throslee witness group, results

which have been less reported in the literaturesglbed.

Conclusions

18.1n the case of the 46 patients with acute bacten@hingitis included in the
study, the immunochromatographic metod (the NOW) s&®owed a sensitivity
of 87.5% and a specificity of 94.74%.

19.1n the case of the 60 patients with acute bacten@hingitis included in the
study, the latex agglutination method showed a igeityg of 87.5% and a
specificity of 94.23%.

Of the 30 patients who had been under antibiogattment before admission,
one patient out of 26 had a positive latex te§5%), while of the patients who
had not received antibiotic treatment before hasmtimission, 9 out of 34
(26.47%) tested positive with latex agglutinatiothe difference being
statistically significant: p = 0.033.

This can be explained by bacterial lysis and disapgnce of the pathogens

from CSF, as a result of the antibiotic treatmeiceived.
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20.A comparative analysis of the results obtained guire latex agglutination and
the immunochromatographic method-test (NOW) haswshohat the two

methods have almost the same value.

21.The advantages of the NOW test are the following:
e itissimple,
e itis fast,
e itis easy to perform,

« it has a high sensitivity and specificity.

22.The determination of the IgM, IgG anti-BK speciiicmunoglobulins in serum
to confirm the diagnosis of TBC meningitis in th® Patients with this
diagnosis included in the study showedensitivity of 30% for IgM and a
sensitivity of 60% for 19G, a specificity of 80% fa IgM and a specificity of
30% for IgG.

23.The determination of the IgM, IgG anti-BK specifmmunoglobulins in CRL
to confirm the diagnosis of TBC meningitis in th® Ppatients with this
diagnosis included in the study, showedensitivity of 10% for IgM and a
sensitivity of 25% for IgG, a specificity of 93.55%for IgM and a specificity
of 87.10% for IgG. The results obtained differ significantly frono#e found
in the literature.

24.The analysis of the clinical data and of the othboratory examinations data of
the material studied allowed us to make certaimetations of important value
for the diagnosis, treatment and evolution of pasie highlighted in the
Conclusions.

25.1n as far as the presence of the infectious syndr@concerned, there was a
statistically significant difference between thetgroups of patients, namely: p
= 0.01; the patients included in the case groupgmed this syndrome in a
greater percentage.
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26.The intracranial hypertension syndrome was preseatsimilar percentage in

the patients of both groups (p = 0.24).

This syndrome is a key-element in establishing #suspicion of acute

meningoencephalitis, and requires an examinatiadheoCSF and other imaging

examinations to confirm diagnosis.

Of the 44 patients with intracranial hypertensigndsome, 11 (25%) had signs

of outbreak, while no patients without intracrartigpertension syndrome had

signs of the outbreak, which is a statisticallyngigant difference: p = 0.012.

27.Altered consciousness before admission was coecelaith some clinical and

laboratory data:

Age was significantly different depending on thegance of the impaired
consciousness before admission. Patients with neghaconsciousness
before admission had significantly higher age ttiamse with preserved
consciousness: p = 0.00003.

Of the 35 patients with altered consciousness rbefdmission, 32

(91.43%) had meningeal irritation syndrome, as camep to only 22

((70.97%) out of the 31 patients without impaireshgciousness before
admission, which is a statistically significantfdrence: p = 0.031.

Of the 35 patients who had altered consciousne$sreb@dmission, 8

(22.86%) had a positive CSF direct microscopic @ration (Gram smear)
as compared to O patients of the 31 patients withpaired consciousness

before admission, which is a statistically sigrafit difference: p = 0.005.

28.Altered consciousness during hospitalization wasetated with clinical and

evolutionary aspects:

Patients with impaired consciousness during hdgmteon had a
significantly higher age than those with presenemhsciousness: p =
0.0008.

Of the 54 patients with meningeal irritation synde during
hospitalization, 32 (59.25%) had impaired consaess during
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hospitalization, as compared to only one patieni®fwithout meningeal
irritation syndrome, which is a statistically sificant difference: p = 0.001.
« Of the 56 patients who experienced fever duringphakzation, 31
(55.35%) had impaired consciousness during hoggatain, as compared to
only 2 (20%) of 10 patients without altered conasizess during
hospitalization, which is a statistically significadifference: p = 0.039.
» Of the 33 patients who had altered consciousnessgihospitalization, 10
(30.3%) had a negative status (worsening, deathjoagpared to only 3
(9%) of the 33 without an altered the state of camssness during
hospitalization, which is a statistically significadifference: p = 0.03.
29.Altered consciousness in patients in the case gwap correlated with age,
with the infectious syndrome (clinical and biolagfienflammatory syndrome)
with the meningeal irritation syndrome and / ornsigof outbreak, and with
certain serum biochemical changes (the nitrogeneyaand CSF biochemical
changes (albuminorahia). These correlations inditzt there are a number of
factors that contribute to the alteration of thaibrfunction in CNS infections.
30. Antibiotic treatment before admission influencede tlonset of outbreak
symptoms. These appeared in a lower, statistisaiyificant percentage in the
case of patients who received antibiotic treatniefiore hospitalization than in
the case of those who did not receive antibiogatment, although this has a
negative influence on determining the aetiology.
31.The presence of cardiovascular diseases and tumouttse background of
patients with acute bacterial meningitis correlavdgth a poor outcome in a
higher, statistically significant percentage as pared to patients with acute
bacterial meningitis without these disorders.
32.Patients in the case group with a poor outcomeéhaynificantly higher age
than those with a favourable evolution.
33.Death among women patients in the case group axturr a significantly
higher percentage than in case men patients igaime group.
34.The overall analysis of the clinical and laboratdata of the patients included

in the study shows one more time that CNS infecti@gnosis is difficult to
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establish. Sometimes onset symptoms are unchastict§common to many

diseases); these amplify over a short period oktiheading to delays or

diagnosis errors (patients in the witness group).
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