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Obijective: To study prospectivel@_e_prevalence, clinical presentatioﬁs and laboratory findings of enterovirus
(EV) infection in infants under ;erltj;of ge wholpresent as-a sepsis-like syndrome.
nt

Method: All infants less than
Memorial Hospital between April 2003 an
or who had been admitted for
history, physical and laboratory fi
fluid were tested for enterovirus
followed to determine the clini
Results: Of 56 infants, thirty-six
in the neonatal intensive care uni
of the patients admitted to the pe
common clinical presentations were hi

enterovirus positive infants had evi

grade fever (9
fever (78.3 %), poor feeding (60.9 %) and lethargy (56
ncg @f tentral nervous System (CNS) involvement as evidenced by the

f.age admitted as a sepsis-like syndrome to King Chulalongkorn
ebruary %4 were included. Patients who were immunocompromised
an 14/days before developing symptoms were excluded. A detailed
er “;necordedéand analyzed. Specimens of blood and cerebrospinal
eic Acid Sequence-Based Amplification (NASBA). Patients were
d dlifation of hospitalization:

tted (o the pediatric wards and 20 had been hospitalized since birth
r nursery wards. Enterovirus infection was diagnosed in 13 (36.1 %)
tric wards.and neng in the group of NICU/nursery patients. The most
2 %), rashes (77 %) and lethargy (54 %) as compared to
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%) in the EV negative group. Ten (76.9 %) of the
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presence of EV RNA in cerebrospinal flUid{ESF)-or €SF pleocytosis plus EV RNA in blood and/or CSF.
Nevertheless, CSF pleocytosis was foupgi_jn,pmy i infa@(‘.@d@_%). Average duration of illness was 3.2 days
as compared to 3.5 days insthe nonenteroviral group with similar elinical-features. All enterovirus positive
patients had an uncompliqgtﬁd recovery. Ten (76.9 %) received parenterai=antibiotics for a mean of 5 days
(versus 4.8 days in enteroviignegatlve group). The average length of stayy_gﬁ 8.1 days as compared to 15 days
in enterovirus negative group._, .

—

Conclusion: Enterovirus infections are important causes of a sepsis-like syndromes in infants under 3 months
of age. Most enterovirus infected patients presented with fever without 16calizing signs and rashes. Detection
of enterovirus RNA by NASBA in serum and/or CSF represents a rapid method for the diagnosis of enterovirus
infection in infants preSenting with a-sepsis:like syndrome.
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Acute severe illness in infants under 3 months of
age is usually considered a bacterial sepsis. The infant
is hospitalized and treated with parenterally
administered antibiotics pending the results of blood
cultures [1]. However, a study showed that 90 % of
such cases in this age group are the result of viral
infections [2]. Review of the literature showed that
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enteroviruses are the most common etiology (25-45 %)
[3-6]. The most common syndromes associated with
enteroviral infection are meningitis and encephalitis
(62-75 %). Enteroviruses are usually transmitted
horizontally through fecal-oral and possibly oral-oral
(respiratory) routes but perinatal infection may also
occur. Clinical presentations can vary from barely
symptomatic to severe disease affecting many organ
systems, such as meningitis/meningoencephalitis,
severe hepatitis and myocarditis [7]. Neonatal
enteroviral hepatitis and coagulopathy can be life
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threatening. They can become apparent within the
first 7 days of life [8] and the case fatality rate may
be as high as 25-40 % [9]. Presenting signs and
symptoms may be indistinguishable from those seen
in bacterial sepsis.

Cell cultured-based tests for enteroviruses are
of limited use because of slow turn around time
(2-3 weeks) and limited sensitivity [10]. Molecular
techniques such as polymerase chain reaction (PCR)
or nucleic acid sequence-based amplification
(NASBA) are more sensitive and rapid [10-14]
in detecting enterovirus ribonucleic acid (RNA).
We studied the potential of this diagnostic.imethod-in
an effort to improve our understanding-of the
epidemiology and clinical spectrum of enterovi
infection in infants under 3 months
presented with a sepsis-like syndrome.
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Patients and methods
Patients

Between April 2003 and February:20
infants were admitted with a diagnosi
King Chulalongkorn Memorial Hospital. They ere
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included in this study. Twenty infantsthadbeen # -
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hospitalized since birth in the neonatal i
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by the attending staff until the patient was discharged
from the hospital. CSF pleocytosis was defined as
greater than 22 white blood cell (WBC) in infants
less than 4 weeks, greater than 15 WBC in infants 4
to 8 weeks, and greater than 7 WBC in infants older
than 8 weeks [15]. Informed consent was obtained
from the parents of the patients entering the study
which was approved by the ethics committee of King
Chulalongkorn Memorial Hospital.

Spemmollectlon

We_u specimens of blood and CSF that
remained-after-completion of routine tests for the
epterowrus NASBA assays This avoided additional
sample collections. If there was not a sufficient
valume of blood for both bacterial cultures and
NASBA assays, only the former was performed.
The gpemmens consisted of whole blood in edetic
aci'd and CSFin polypropylene-collection tubes. All
‘SPECimens were refrigerated at 4 °C. Specimens
Wexg sent to the laberatory within 48 hours and frozen

I§at +at Te °C until the NASBA assay was performed. It

= was’f)ﬂrfbrmed on all specimens within 30 days of

care unit (NICU). Inclusion criteria were individtals

with age of less than 90 days and those who had
more than 2 of the following symptoms: temperattire -

instability, abnormal behavior (Ietha[_g-ﬁor irritability),

colleé}rpn Viral cultures were not performed routinely.

NASBA é@say

E_,t'erokus was detected using a formatted
NASBA aSsay (NucliSens Basic Kit). The primers
permit genetic detection of probably all human

respiratory symptoms (apnea gjrjtachypnea),
gastrointestinal symptoms (feeding-intolerance,
vomiting, diarrhea, abdominal distensio@;neurological
symptoms (seizure, signs of menigeal irritation),
rash, hypotension, metabolic dearangement, abnormal
complete blood count (CBEC)(leukocytasis ar
leukopenia and/or thrombocytopenia)« Exelusion
criteria were patients in an immunocompromised
state and those who had been _admitted longer
than 14 days before developing™sueh symptoms.
Demographic and clinical information was recorded
on a prepared data collection form including date of
birth; gestational age; gender; birth weight; date of
discharge; maternal history; immunization history;
symptoms and timing of onset of the current
iliness; temperature; results of complete physical
examination; ill contacts; duration of illness;
cerebrospinal fluid (CSF) profile; CBC and other
laboratory tests; results of bacterial cultures; results
of viral diagnostic testing; discharge diagnosis and
clinical outcome. Daily follow ups were conducted

pathogenic memberstof the genus enterovirus by
amplification of a segiment of the highly conserved 5’
non-coding region. The assay is able to detect d”10
enterovirus RNA copies and d”1.5 TCID, per
amplifieation reaction. Enterovirus NASBA achieves
a similarsensitivity as;RT-PER [16, 17].

Statistical analysis

The differénces between clinical and laboratory
data for infants with and withoutenteravirus infection
were analyzed by Student’s t testfor continuous
variables and chi-square test or Fisher’s exact test
for dichotomous variables. A P-value <05 was set as
the level of significance.

Results

A total of 56 infants were enrolled and divided
into 2 groups. Group 1 included patients admitted to
the pediatric wards. Group 2 included NICU patients.
The main difference between the two groups was
that all infants from the NICU had been hospitalized
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since birth, whereas all infants from the pediatric 5 days. (versus 4.8 days in the enterovirus negative
wards had been at home prior to admission. Their group).The average length of stay was 8.1 days as

characteristics are shown in Table 1. compared to 15 days in the enterovirus negative group.
Group 1 Laboratory data
Thirty six patients were included in group 1. Their High white blood cell counts were common in

demographic and clinical characteristics are presented enterovirus infection. They ranged from 7,600 to
in Table 2. An enterovirus infection was detected 15,900 cells/mm?® (mean =10,433 cells/mm?). The
in 13 patients (36.1 %). Males predominated (62 %)’ = jabsolute neutrophil counts were usually within the
and ranged in age from 14 to 80 days. Our patients ?I:(mal range. None of the children had leukopenia or
were previously healthy term infants with high Apgar pmbocytopenla Five enterovirus negative infants
scores. Thirteen were infected with enterovirus, Ten Had*ah normal complete blood counts. Two
(76.9 %) presented with fever withoutdecalizing signss'  6f 23-enierovirus negative infants had leucopenia
Only 3 (23.1 %) patients had signs of.ENS mfectlog and 2-had leukocytosis. Only one patient had
(seizure, meningeal irritation). The 0mmo threambocytopenia. Each infant had a lumbar puncture
clinical presentations were high (92 %),x performed. In‘two infants, CSF specimens were not
rashes (77 %) and lethargy ( This jwas available for NASBA test. The CSF findings of the
compared to fever (78.3 %), p 5019 %) 4 é - enterovirus-infected infants are shown in Table 4.
and lethargy (56.5 %) in the E roup.~ Seven infants had a CSF pleocytosis (53.8 %).
(Table 3) Fever persisted for gg'of3 days Y Enterowrus RNA was recovered from 9 of 11 CSF
The longest duration of fever was 7 Hy therr,ma \ s‘peumens that were tested by NASBA. Three infants
was not noted. Rashes tended to.appear between the ~"J that were CSF enterovirus positive had no CSF
second and third day of symptoms. 10 of 3(’7&9%) 2 1pI90cyt03|s Of the 13 enterovirus-positive infants,
enterovirus positive infants had a wi varlegy ﬁleven blood specimens were available for NASBA
rashes as compared to only 3 of (13%) in = tes} Ten of 11 blood specimens were positive for
the enterovirus negative group. The mostf"common ~enterovirus. All blood enterovirus positive infants were
form was a maculopapular rash. It was found in:5 of :ﬁ'ebnle Only one patient (Number 7 in Table 4) who
13 enterovirus positive infants. Three 6f them had ~ “hada i negative enterovirus blood test had no fever
petichial rashes. i when admitted to.the hospital. This patient presented
Mottling and pustulo- vesic ar rashes were found with clinical encephalitis and was CSF enterovirus
in one patient. None of the 13 enterovirus-infected positive. 76.9-9% of enterovirus infected infants had
infants died. The average duration of acute evidence of CNS infection (EV positive in CSF or
illness was 3.2 days as compared to 3.5 days in CSF pIeocyt03|s and EV positive in either blood or
nonenteroviral group with similar clinical features. All CSF). However, only 53.8 % had CSF pleocytosis.
enterovirus-infected infants had. an"uncemphcated .Thefinal diagnosis for all infants in groupl is shown
recovery. 10 of 13 (76.9 %) enteroVirus-infected in Table-5.
infants received parenteral antibiotics for a mean of

ade

Tablegl. Characteristies of 56:infants under 3 months of age with clinical sepsis:

Characteristics Group 1 (N=36) Group 2 (N=20) P-value
Birth weight, mean gram (range) 2744 (1350-3660) 2604 (1290-4020) 0.445
Gestational age, mean weeks(range) 36.7 (30-40) 36.5(30-40) 0.7662
Age at onset, mean days (range) 38(7-87) 2.8(1-11) <0.0012
Sex, male/female (ratio) 20/16 (1.25) 12/8(1.5) 0.968°
Positive results of NASBA for EV 13(36.1 %) 0 0.002¢
Positive results of bacterial culture 7(19.4%) 5(25%) 0.737°

aTwo tailed t-test; "Two sided Chi-square; “Two sided Fisher’s exact; Group 1: admission from community;
Group 2: newborn ICU patients.
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Table 2. Characteristics of 36 infants who were admitted from the community to the pediatric wards
with a clinical diagnosis.

Characteristic Enterovirus Enterovirus P-value
positive n=13 negative n=23

Birth weight, mean gram (range) 2983 (2500-3500) 2619 (1350-3660) 0.035?

Age at onset, mean days (range) 35.7(14-80) 39.3(7-87) 0.672¢

Sex, male/female (ratio) 9/4(2.3) 11/12(0.9) 0.372°

Syndrome classification

- Clinical sepsis, without localizing signs 10 (43.5%)

- meningitis/meningoencephalitis ; 4(17.4%)

- clinical sepsis with focal signs/symptor /ﬁ 9(39.1%)

Peak temperature, mean celcius (range 8 4(36.8-40.5) 0.0642

Antibiotics, no. of patients
Acyclovir, no. of patients
Duration of antibiotic therapy,
mean days (range)

Duration of acute illness, mean
Length of stay, mean days (range)
ill contacts, no. of patients
Bacterial culture positive, no. of pati

6 (69.6%) 1.000°
7 %) 0.609°
0.858°

0.787*
0.143
0.003°
0.034°

aTwo-tailed t test; °Two-sided C

Table 3. Signs and symptoms for 36 in

Signs and symptoms P-value
Fever U ) e 0.385
Rash e <0.001
Lethargy D 1.000
Poor feeding 14(60.9 %) 0.344
Hypereflexia 5 (3 4 (17.4%) 0.235
Irritable 0.686
Meningeal irritation ﬂ wgﬁy w EJ ﬂ j g q ﬂ ‘j 0.124
URI %) 5(21. 0.385
\omiting 2(15.4%) 7(30.49 o) 0 438
Diarrhea

e AW aamm NW“?F’W 1R Eﬁi
Hypertonia 1 (7.7 %) 2(8.7%)

Apnea 4(17.4%) 0274
Respiratory distress 0 3(13%) 0.288

Poor tissue perfusion 0 2(8.7%) 0.525
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Table 4. The CSF findings of the enterovirus-infected infants.

Patient CSF CSF Serum CSF CSF CSF CSF
WBC BV BV ANC Glucose Glucose/  protein
(Umm3) (Umm3) (mg/dL) BSratio (mg/dL)

1 8 Neg. Pos. 0 43 0.56 65

2 330 Pos. Pos. 293 46 0.56 120

3 10 Neg. Pos. 0 42 0.57 59

4 5 Pos. ND 0 52 048 41

5 1 ND Posk r 0 50 0.84 71

6 161 ND Pos. ! /Q‘ 49 0.65 62

7 £3 Pos. Neg: || /Ao 04 146

8 115 Pos. Pos. o™ 0.39 69

9 205 = 0.67 112

10 12 47 049 32

1 18 46 051 104

12 0 51 0.65 53

13 560 44 044 55

ND=not done; ANC= Ab‘s’V phils:
Table 5. Final diagnosis for infan : h}

Final diagnosis

Enterovirus infection [
Viral infection, unspecified

Dengue infection

RSV pneumonia

Rotavirus gastroenteritis ’
Other viral gastroenteritis ' =
Herpes simplex encephalitis |}

1 that the majority of septic appearing infants under

3 months of age were infected with enteroviruses

f[[ Number. 144 . (25-45 %) [3-6]. During the summer and fall, the
"“"-*inbldence was as high as 50 % [3, 18].

J.:f We use NASBA to identify enterovirus infection.

' _Tmlﬂy six percent of the infants admitted to our

diatric wards from home with an admission diagnosis
Wsepﬂs were found to have an enterovirus infection.
Du‘fng the past, enterovirus infection was diagnosed
by viral cultures orserologic studies. NASBA or PCR

Chlamydia pneumonia

Bacterial meningitis Y i
Urinary tract infection

Bacterial skin infection (pustulosm)_,a
Orbital cellulitis

Necrotizing enterocolitis

Sepsis, unspecified

Noninfectious diagnosis

Total

WKR R RPREPNE RPN R

w
(op}

Group 2

The 20 patients (12 term and 8 preterm infants)
in group 2 had been hospitalized since birth in the
NICU (Table 1). Enterovirus was detected in none
of these patients. Five patients (25 %) had positive
bacterial blood cultures.

Discussion

Sepsis in neonates and infants is an important
clinical entity that leads to hospitalization and empirical
antibiotics treatment. Several previous studies showed

improved diag_@g.tic capability significantly [10-14].
NASBA assay-0f blood and CSF is very sensitive for
diagnosing enterovirus infection [10, 11]. In our study,
NASBA detection for enterovirus was positive in 10
of 11 blood specimens. All blood NASBA enterovirus
positivepatients'had fever. The blood negative ones
had no fever at admission. The utility of whole blood
in diagnosing enterovirus infection was encouraging
especially when, infants werefebrile. NASBA results
can become avatlable within-6 hours and may avoid
prolonged antibictic therapy and will expand the current
understanding of the epidemiology and consequences
of enterovirus infection in this age group. Enterovirus
infections were detected throughout the year and
a male predominance was shown. Our patients
were usually otherwise healthy, term infants without
history of perinatal complications. A non-specific
febrile illness was the most common presentation
of enterovirus infection (76.9 %) and the high grade
fever was striking. Fever was found in most of
our patients (92 %). Different forms of rashes were
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also observed. The most common types were
maculopapular (38.5 %), and petichial (23.1 %). The
presence of a rash, together with other clinical features
suggesting sepsis, suggests enterovirus infection as
one possible diagnosis.

Seventy-six percent of enterovirus positive infants
had evidence of CNS involvement (EV positive in
CSF or CSF pleocytosis plus EV positive in either
blood or CSF). Most of them had no obvious signs of
meningeal inflammation such as bulging anterior
fontanelles or nuchal rigidity. Of the 10 patients
with enterovirus CNS involvement, only 7 patients
had CSF pleocytosis. The diagnosis of imeningitis
was established by the presence of CSF pleeeytosis
or positive CSF NASBA, or both. The CSE
reaction to infection is a dynamic process
is possible that in some of the infant
diagnosed as having meningitis, pleocyi
later. Moreover, it is also possible that
lumbar puncture, cases of meningitis.i
infected infants might be missed. The
NASBA, may help diagnosing enter
infection before the presence of CSF pleocy

meningitis before 3 months of age [19, 20]. In anotﬁé‘r' £
long term follow-up study of 19 children who had
documented enterovirus infection,, three childrem -

(16 %) had definite neurologic Lr_nﬁalrment, five

the cause of the disease and prognosis [22-26].

Conclusions

Enterovirus infections are an important cause of
a sepsis-like presentation in infants under 3 months
of age. Febrile infants admitted to the hospital
from the community are likely to be infected with
enteroviruses. Most enterovirus infected patients
presented with fever without localizing signs and
rashes, SBA assay in blood and/or CSF was a
rapidimethed for diagnosis of enterovirus infection in
infants presé"' nting with a sepsis-like syndrome and if
carried outearly;should prevent unwarranted antibiotic

tfrerapy.

|
A\ﬁknowledgements
This study was supported by Ratchadapisek-

I sompotch Fund. The authors would like to thank Miss
' “Patta Poomeasm Molecular Biology Laboratory for

Ne&rologlcal Diseases, Department of Medicine, for

her.excellent laboratory work.
.l'_.i

e Ref’e;ﬁenbes

] -égychner H, Pelton SI. Management of the young
febrite child: a continuing controversy. Pediatrics.
1997:100:137-8.

2 Baratf LJ, Oslund SA, Schriger DL, Stephen ML.
F’rf)bab‘lllty of.bacterial infections in febrile infants
less than three moan of age: a meta-analysis. Pediatr

(26 %) had possible impairment in later ages during
follow up period of 2-5 years [21]. Thisunderscores
the importance of careful monitoring of ¢hildren who
have meningitis of any etiology during early infancy
for language development and Iong term neurdlogical
impairments. An enterovirus infection was detecied
in none of the NICU patients whohiad-a'sepsis or'a
sepsis-like syndrome. All these infants had been
hospitalized since birth, Although previous reports
show that intrauterine infection by ‘enteroviruses,
can be another mode ;of ‘transmission, this was not
found in our study. Usually, intrauterine infection was
more severe and almost always occurred within the
first week of life [7-9]. It is likely that our infants
were infected horizontally. Enterovirus detection by
NASBA can be used as a diagnostic adjunct in infants
who have a clinical sepsis-like syndrome. Rapid
diagnosis of enterovirus infection is important to
prevent unnecessary exposure to broad spectrum
antibiotics. It may also decrease the length of
hospitalization and reduce anxiety in parents about

Infect Dis J. 1992;1‘I\2§7—64.

3. Byington CL, Taggart EW, Carroll KC, Hillyard DR.
Apolymerase chain reaction-based epidemiologic
investigation of the incidence of nonpolio enteroviral
infections in febrile and afebrile infants 90 days and
younger. Pediatrics. 1999;103:E27.

4. T Krober MSyBass JW, Powell JIM, Smith FR, Seto DS.
Bacterial and viral pathogens causing fever in infants
less than"3 months.old. Am J'Bis Child. 1985;139:
889-92.

5" Dagan'R,"Hall 'CB; Powell KR;"Menegus MA.
Epidemiology and laboratory diagnosis of infection
with viral and bacterial pathogens in infants
hospitalized for suspected sepsis. J Pediatr. 1989;
115:351-6.

6. Verboon-Maciolek MA, Nijhuis M, van Loon AM,
van Maarssenveen N, van Wieringen H, Pekelharing-
Berghuis MA, et al. Diagnosis of enterovirus
infection in the first 2 months of life by real-time
polymerase chain reaction. Clin Infect Dis. 2003;37:
1-6.



Vol. 1 No. 1

June 2007

10.

11

12,

13.

14.

15.

16.

17.

Modlin JF. Perinatal echovirus and group B
coxsackievirus infections. Clin Perinatol. 1988;15:
233-46.

Abzug MJ, Levin MJ, Rotbart HA. Profile of
enterovirus disease in the first two weeks of life.
Pediatr Infect Dis J. 1993;12:820-4.

Abzug MJ. Prognosis for neonates with enterovirus
hepatitis and coagulopathy. Pediatr Infect Dis J. 2001;
20:758-63.

Rotbart HA. Enteroviral infections of the central
nervous system. Clin Infect Dis. 1995;20:971-81.
Yerly S, Gervaix A, Simonet V, Caflisch M, Perrin L,
Waunderli W. Rapid and sensitive-detection of'
enteroviruses in specimens from patientsWith asepti

meningitis. J Clin Microbiol. 1992?31.9@/
van Vliet KE, Glimaker M, l=ebon

the Amplicor Enterovirus PC
fluid from patients with asepti

Verstrepen WA, Bruynseels P, Mérten
of a rapid real-time RT-PCR assa
enterovirus RNA in cerebrospina
ClinVirol. 2002;25(Suppl 1):S39-43.
Monpoeho S, Coste-Burel M, Costa- M-éttloll M,
Besse B, Chomel JJ, Billaudel S, et al. Appllcayon of
a real-time polymerase chain reaction with internal
positive control for detect‘_oﬁ, and quantification of

A prospective study of enterovirus infection in Thai infants presenting as sepsis

B
i

..|"_.i

65

Westmoreland D. Development and evaluation of
nucleic acid sequence based amplification (NASBA)
for diagnosis of enterovirus infections using the
NucliSens Basic Kit. J Clin Virol. 2002;24:117-30.
Rotbart HA, McCracken GH Jr, Whitley RJ, Modlin
JF, Cascino M, Shah S, et al. Clinical significance of
enteroviruses in serious summer febrile illnesses of
children. Pediatr Infect Dis J. 1999;18:869-74.

18.

. 19, Baker RC, Kummer AW, Schultz JR, Ho M, Gonzalez

f"// R. Neurodevelopmental outcome of infants with
al meningitis in the first three months of life. Clin
ediatr (Phila). 1996;35:295-301.
20, Wikfert €M, Thompson RJ Jr, Sunder TR, O’Quinn A,
Zeller.J, Blacharsh J. Longitudinal assessment of
children with enteroviral meningitis during the first
three months of life. Pediatrics. 1981;67:811-5.
Sells CJ, Carpenter RL, Ray CG. Sequelae of central-
nervous-system enterovirus infections. N Engl J Med.
1975;293:1-4.
Ramers C, Billman G, Hartin M, Ho S, Sawyer MH.
Impact of a diagnostic cerebrospinal fluid enterovirus
polymerase chain reaction test on patient management.
Z) 44 IAVA. 2000;283:2680-5.
-"J,gs Robinson CC, Willis M, Meagher A, Gieseker KE,
otbart H, Glode MP. Impact of rapid polymerase
~'¢hain reaction results on management of pediatric
T ,. - patlents with enteroviral meningitis. Pediatr Infect
' Dis312002;21;283-6.
24, Marshall GS; Hauck MA, Buck G, Rabalais GP. Potential

Al

J’J'J‘f

enterovirusin cerebrospinali@d. Eur J Clin Microbiol
Infect Dis. 2002;21:532-6.
Bonadio WA, Stanco L, Bruce R, Barry D, Smith'D.
Reference values of normal cerebrospinal fluid
composition in infants ages 0 to 8=weeks. Pediatr
Infect Dis J. 1992;11:589-91.

Heim A, Schumann'J.'Development and evaluation
of a nucleic acid sequence based amplification
(NASBA) protocol for the detection of enterovirus
RNA in cergbrospinal fluidsamples. J Virol Methods.
2002;103:101-7.

Fox JD, Han'S, Samuelson A, Zhang Y, Neale ML,

cost savmgg:_tyrough rapid diagnosis of enteroviral
meningitis.-Pediatr Infect Dis J. 1997;16:1086-7.
Schlesinger Y, Sawyer MH, Storch GA. Enteroviral
meningitis in infancy: potential role for polymerase
chain reaction in patient management. Pediatrics. 1994;
94:157-62.

Stellrecht KA, 'Harding I, Woron AM, Lepow ML,
Venezia RA. The impact of an enteroviral RT-PCR
assay on.the diagnosis‘of aseptic meningitis and
patient management. J'Clin-Virol. 2002;25(Suppl 1):
S19-26.

20.





