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ABSTRACT 

Coccidioidomycosis is a fungal infection endemic to 

the southwestern United States. Hematogenous dissemination 

of the etiologic agent produces a chronic basilar meningitis 

in a small percentage of children. While new and aggressive 

therapy has decreased mortality, children with coccidioidal 

meningitis (CM) continue to suffer significant morbidity. 

A comprehensive investigation of intellectual, 

achievement, and behavioral outcomes in a series of 9 

children who were diagnosed and treated for CM at the Arizona 

Health Sciences Center between 1977 and 1988 was conducted. 

Nearest-age siblings were also evaluated. 

Findings revealed compromised cognitive abilities 

and an increased incidence of academic and behavioral 

difficulties in the patient group as compared to normative 

expectations and the performance of siblings. Results 

support the need for timely educational interventions to 

assist such patients in maximizing their potential in the 

academic environment. 
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CHAPTER 1 

INTRODUCTION 

Coccidioidomycosis is a fungal infection endemic to 

the southwestern United States. An estimated 100,000 

individuals are infected annually. The most common manifes

tation of the disease is a benign, asymptomatic, and self-

limited pulmonary infection (Smith, Beard, & Rosenberger, 

19 46). Susceptibility to primary coccidioidal infection is 

unaffected by age, sex, or racial background (Libke & 

Granoff, 1987). However, because of differences in play 

activity and exposure to dust and spores where the fungus 

resides, incidence rates are higher in rural areas and among 

older male children (Richardson, Anderson, & McKay, 1967 ; 

Roberts & Lisciandro, 1967; Smith, 1940). 

Hematogenous dissemination of Coccidioides immitis 

(C. immitis), the fungal agent, occurs in an estimated 0.5-

1.0% of patients with symptomatic pulmonary infections 

(Einstein, 1974; Paggagianis, 1977; Richardson et al., 1967; 

Salkin, 1967). As many as 50% of patients with disseminated 

disease may show signs of central nervous system (CNS) 

involvement (Bouza, Dreyer, Hewitt & Meyer, 1981; Einstein, 

1974 ). The frequency of dissemination of C. immitis is 

higher in young infants and in Filipinos, blacks, and 
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Orientals for reasons that are not as yet understood (Libke & 

Granoff, 1987). Although relatively rare, coccidioidal 

meningitis (CM) is a source of considerable morbidity and 

mortality when it does occur. 

The initial signs and symptoms of CM are meningeal 

irritation, increased intracranial pressure, or slowly 

progressive impaired mentation. Some patients, particularly 

children, may have a more prolonged and insidious clinical 

course, with symptoms such as malaise, weight loss, person

ality change, and disorientation (Caudill, Smith, & Reinarz, 

1970). Signs of meningeal irritation may be subtle or absent 

in these patients, resulting in delays in early diagnosis and 

treatment. Definitive diagnosis of CM is established by 

obtaining a positive complement fixation (C-F) antibody titer 

to the organism in the cerebrospinal fluid (CSF). 

In later stages of the disease, the meninges around 

the brain stem may be completely replaced by a thick inflam

matory exudate. As meningitis advances, obstruction of the 

aqueduct of Sylvius and the foramina of the fourth ventricle 

produce a noncommunieating hydrocephalus (Einstein, 1974 ; 

Zealear & Winn, 1967). Involvement of the CSF reabsorptive 

surfaces may result in a communicating hydrocephalus 

(Unterharnsheidt, Beukelaer, & Simon, 1969). Inflammation 

may also extend into the ventricular surfaces to produce a 

granular ependymitis. Ventriculitis, originating in the 
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posterior fossa, can produce complete or partial oblitera

tion, or focal dilatation, of the fourth ventricle (Harrison 

& Reynolds, 1982; Shetter, Fischer, & Flom, 1985). 

Computed axial tomography (CT) findings in patients 

with documented CM include hypodense areas in the subcortical 

white matter (Dublin & Phillips, 1980; Shetter et al., 1985), 

ventriculomegaly, enhancement or obliteration of the basal 

cisterns (Dublin & Phillips, 1980; Shetter et al., 1985; 

Sobel, Ellis, Nielsen, & Davis, 1984), vasculitis, and 

cerebral infarction (DeCarvalho, Allen, & Zafranis, 1980; 

Kobayashi, Coel, & Niwayama, 1977), presumably due to an 

intense inflammatory response around the cerebral blood 

vessels. The CT findings correlate well with known histo

pathologic changes of the disease, including a granulomatous 

meningitis with thickening and opacification of the basilar 

meninges. CT findings are similar to those in other bac

terial and fungal CNS infections (Casselman, Hasso, & Ashwal, 

1980; Cornell & Jacoby, 1982; Enzmann, Norman, & Mani, 1976; 

Stovring & Snyder, 1980). Patients whose CT scans are normal 

at the time of diagnosis appear to have a better long-term 

prognosis than those with abnormal scans (Shetter et al., 

1985). 

The treatment of CM is complicated, difficult and 

painful (Buchsbaum, 1977; Einstein, 1974; Kelly, Sievers, 

Thompson, & Echols, 1977; Paggagianis & Crane, 1977; Winn, 
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1964 , 1967). Prior to the advent of chemotherapy with 

Amphotericin B (AMB) in 1957 (Cherry, Lloyd, Quilty, & 

Laskowski, 1969; Horowitz & Berglund, 1957; Winn, 1963) and 

ventricular shunting procedures, CM was invariably fatal 

within one year of diagnosis (Einstein, Holemen, & Sandidge, 

1961; Kafka & Catanzaro, 1981). Amphotericin B, because of 

its poor penetration of the CSF, requires intrathecal and 

intraventricular administration via a subcutaneous scalp 

reservoir (Bindschadler & Bennett, 1969; Louria, 1958; 

Ratcheson & Ommaya, 1968). Neither procedure is benign. 

Ventricular hemorrhage, obstruction, sudden deafness, and 

bacterial infection have been reported with reservoir therapy 

(Bouza, 1981; Diamond & Bennett, 1973; Graybill & Ellenbogen, 

1973; Ratcheson & Ommaya, 1968). Inflammatory responses, 

producing irreversible neurological sequelae (e.g., para

plegia, chronic neuritis, arachnoiditis, spasticity, chronic 

pain, and cranial nerve deficits), have been reported 

following intraventricular, cisternal, and lumbar injections 

(Bouza et al., 1981; Carnevale, Galgiani, Stevens, Herrick, & 

Langston, 1980; Keane, 1973). In spite of documented side 

effects, including nephrotoxicity, hypokalemia, and phlebitis 

(Sobel et al., 1984 ), Amphotericin B remains the most fre

quently used anti-fungal agent for treatment of coccidioidal 

meningitis. 



14 

Newer antimycotic agents, including miconazole (MCZ) 

and orally administered ketoconazole (KTC) are available, 

and their clinical efficacy in treating CM in children 

appears promising (Harrison, Alexander, & Friedman et al. , 

1982; Harrison et al., 1983; Shehab, Britton, & Dunn, 1988). 

MCZ appears to be less toxic than Amphotericin B (Williams, 

Stiller, & Stevens, 1982), but has been associated with 

hyponatremia, anemia, thrombocytosis, phlebitis, hyperlipid-

emia, vomiting, and CNS effects (Bagnarello et al., 1977; 

Stevens, 1977, 1983; Stevens et al., 1983).. 

While aggressive therapeutic intervention has 

increased survival time, patients with CM continue to suffer 

substantial morbidity and mortality (Bouza et al., 1981; 

Buchsbaum, 1977; Carnevale, Galgiani, & Langston, 1977; Kelly 

et al., 1977; Paggagianis, 1977; Paggagianis & Crane, 1977; 

Stevens, 1980; Winn, 1964; Witorsch, Williams, & Ommaya 

et al. , 1965), both from their underlying disease and its 

treatment. Although the disease can be arrested, it cannot 

yet be cured. Children with CM face relapse, multiple 

hospitalizations, intensive therapeutic and neurosurgical 

procedures, chronic pain, and the disruption of their normal 

patterns of family, school, and peer relationships. By par

ental report, the children experience psychological distress, 

anxiety, and academic difficulties. However, there are no 
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published studies which report cognitive or behavioral out

comes of the disease in children. 

Other meningitides in infants and children, specifi

cally those due to Haemophilus influenzae (Ferry, Culbertson, 

& Cooper et al., 1982; Sell, Merrill, & Doyne et al. , 1972; 

Taylor, Michaels, & Manzur et al. , 1984; Tejani, Dobias, & 

Sambursky, 1982) and enterovirus (Bergman, Painter, & Wald 

et al., 1987; Sells, Carpenter & Ray, 1972; Wilfert et al., 

1981, 1983) are reported to produce significant deficits in 

some patients. Sensorineural hearing loss, cerebral palsy, 

mental retardation, seizure disorders, mildly depressed IQ 

scores, learning difficulties, perceptual and attentional 

deficits, language delay, and disturbances in behavior have 

been identified in some, but not all patients. Results, 

however, have not been consistent within patient groups or 

between studies. We cannot assume without further inves

tigation that the sequelae of CM are similar to those 

resulting from CNS infections caused by other agents. 

A comprehensive investigation of developmental status 

subsequent to CM is overdue: (1) to determine the cognitive 

and behavioral sequelae of the disease and its treatment; 

(2) to enable physicians to clarify prognosis and identify 

factors which may contribute to it; and (3) to assist parents 

and educators in planning appropriate behavioral and/or 

educational intervention for these children, when necessary. 
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The purpose of this study is to explore intellectual, 

achievement, and behavioral outcomes in a group of 9 children 

who were diagnosed and treated for CM at the Arizona Health 

Sciences Center (AHSC) between 1977 and 1988, compared with 

that of their nearest-aged siblings. The nine patients 

represent the largest series of children with this disease in 

the United States. 

The specific questions to be addressed in the study 

are: 

1. Using presently available instruments, is there 

evidence of cognitive and/or behavioral difficulties 

in children diagnosed and treated for CM? 

2. What is the nature and scope of cognitive and/or 

behavioral difficulties, if present? 

3. Is there a relationship between severity of the 

disease (as assessed by (a) an estimate of duration 

of symptoms prior to diagnosis, (b) C-F antibody 

titer in the ventricular fluid at diagnosis, (c) C-F 

antibody titer in the serum at diagnosis, and 

(d) number of neurosurgical procedures performed 

after insertion of the initial VP shunt) and 

cognitive and behavioral outcome at the time of 

testing? 
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Is there a relationship between the age at diagnosis 

and cognitive/behavioral functioning at the time of 

testing? 
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CHAPTER 2 

METHOD 

Subjects 

The subjects of this study (Table 1 ) are all nine 

children referred to the Arizona Health Sciences Center 

between 1977 and 1988 for diagnosis and treatment of CM 

(Harrison et al. , 1982 , 1983 ; Shehab et al., 1988 ). 

Diagnosis was established on the basis of isolation of C. 

immitus from the CSF and/or by determination of a positive 

complement-fixing antibody titer to C. immitus in ventricular 

or lumbar CSF fluid. 

The six girls (patients #1,2,4,6,7,9) and three boys 

(patients #3,5,8) were 19 to 120 months of age at the time of 

diagnosis (mean age = 48.2 months) and had been followed for 

a period of 35 to 128 months (mean = 78.6 months) at the time 

of testing. The mean age of the patient group at the time of 

testing was 125.8 months, with a range of 85 months to 184 

months. Seven children are of Hispanic descent (5 Mexican-

American, 1 Mexican-Filipino-American, 1 Mexican), 1 is 

Chinese-American, and 1 is black. 

Four of the 9 patients had primary coccidioidal 

pneumonia 2 to 8 months prior to the diagnosis of meningitis. 

Three of these had a positive skin test at the time of their 
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Table 1. Demographic and Clinical Data of Patient Sample. 

Patient Sex Ethnic 
Background 

Age at 
Diagnosis 
(months) 

Estimated Interval 
(months) Between 
First Symptoms 
and Diagnosis 

2 

3 

6 

7 

8 

F 

M 

M 

F 

F 

M 

Mexican-
American 

Black 

Chinese-
American 

Mexican-
American 

Mexican-
American-
Filipino 

Mexican 

Mexican-
American 

Mexican-
American 

Mexican-
American 

26 

74 

26 

60 

19 

31 

24 

54 

120 

Unknown 

6 

2 

2 

2 

8 

2 



Table 1—Continued 

Patient CSF Cultures at Diaqnosis C-F Antibody Titer at Diaqnosis CT Findings 
at Diagnosis 

Patient 

Ventric
ular 

Lumbar CSF Serum 

CT Findings 
at Diagnosis 

1 + Unknown Not done 256 Panventricular 
dilatation was 

2 - - 32 128 seen in all 9 
patients at time 

3 - - 32 1024 of diagnosis 

4 Not done Unknown 16 128 

5 + + 4 512 

6 + Unknown 8 1024 

7 + Unknown 16 512 

8 + Unknown 64 2048 

9 + Unknown 2 2 



Table 1—Continued 

Patient Type, Duration, Route of Administration of Druq Therapy Length of 

ic AMB ivn AMB it AMB iv AMB MCZ KTC 
Follow-up 
(months) 

1 14 31 19 0 30 90 128 

2 0 30 42 12 0 73 110 

3 0 3 3 0 79 79 85 

4 5 5 0 12 76 85 

5 0 0 0 0 23 74 79 

6 0 0 0 0 71 73 79 

7 0 0 0 0 28 54 61 

8 0 0 0 0 33 33 39 

9 0 0 0 0 31 31 33 

ic AMB = intracisternal Amphotericin B 
ivn AMB = intraventricular Amphotericin B 
it AMB = intrathecal Amphotericin B 
iv AMB = intravenous Amphotericin B 
MCZ = miconazole 
KTC = ketoconazole 

NJ 
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Table 1—Continued 

Patient Number of Estimated Estimated Number 
Neurosurgi- Number of Days of 

cal Procedures of Days in School Missed 
After Initial Hospital Between 

Shunt Between Diagnosis and 
Placement Diagnosis and Testing 

Testing 

1 2 94 7 

2 2 27 27 

3 9 47 20 

4 2 60 60 

5 12 290 6 

6 2 48 0 

7 0 15 0 

8 3 39 8 

9 0 21 21 



Table 1—Continued 

Status of Patients With Coccidioidal Meningitis at Evaluation: 
Patient Age Medication Grade in CT Findings Neurological Status 

(months) School 

1 154 Off MCZ 67 months 5#,* WNL Grossly normal examination 

2 184 Did not receive MCZ 8 #  R. parietal 
encephalomalacia 

Grossly normal examination 

3 111 On MCZ every 4 weeks 2#,* Bilateral calci
fications of 
cortex, meninges, 
basal ganglia 

Bilateral nystagmus; de
creased strength R < L; mild 
tremor of UEs; R 6th nerve 
palsy 

4 145 Off MCZ 68 months 6# WNL Grossly normal examination 

5 98 Off MCZ 69 months 1#,* R temporal-
occipital ence
phalomalacia 

Weakness and mild tremor of 
R hand; increased muscle 
tone in all extremities 

6 110 Off MCZ 8 months 1 WNL Grossly normal examination 

7 85 Off MCZ 33 months 1 WNL Grossly normal examination 

8 93 On MCZ every 3 weeks U , *  WNL Nystagmus to L 

9 154 Off MCZ 2 months 6# WNL Grossly normal examination 

# = repeated at least 1 school grade 
* = currently receiving special education 

WNL = within normal limit to 
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pneumonia, while the fourth had a positive coccidioidal 

serology. An additional child developed ataxia 7 months 

prior to admission that resolved spontaneously, and may have 

represented the onset of altered CSF dynamics. All patients 

had signs and symptoms suggestive of increased intracranial 

pressure (i.e., headaches, morning vomiting, gait disturb

ances, papilledema, nuchal rigidity, 6th nerve palsies) 

present from 2 to 8 months prior to diagnosis. In addition, 

patient #8 was diagnosed as having aseptic meningitis 5 

months preceding diagnosis and patient #9 had personality 

changes, visual and auditory hallucinations, headaches, and 

vomiting at the time of presentation, following an episode of 

coccidioidal pneumonia. None of the patients had evidence of 

bone, skin, joint, lymph node or kidney dissemination on the 

basis of examination, urine cultures, radiographs, or radio-

nucleotide scans. 

At the time of diagnosis, the ventricular CSF culture 

yielded C. immitus in 5 of the 8 patients (#1,5,6,7,8,9) in 

whom it was attempted. The lumbar CSF culture was positive 

in one of three patients (#5) where it was obtained. 

Patients #2 and 3 had negative cultures from both ventricular 

and lumbar CSF samples. The coccidioidal complement-fixation 

antibody titer was positive in the initial CSF specimen in 

all 8 patients (§2-9) tested, while the serum titer was 

initially positive in patients #1-8. The intradermal 
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coccidioidin skin test (1:100) was negative in all children 

except patient #8. 

At diagnosis, CT scans of all patients showed 

evidence of panventricular dilatation. Patient #3 showed 

extensive bilateral intracerebral and meningeal calcifica

tions, as well as calcifications of the basal ganglia on 

CT scan 52 months following diagnosis. Patients #1 and 3 

developed evidence of trapped fourth ventricles, 33 and 52 

months, respectively, post diagnosis, which required separate 

cannulation of the 4th ventricle (Harrison & Reynolds, 1982). 

All 9 children had ventriculo-peritoneal (VP) shunts 

inserted at the time of diagnosis to relieve increased 

intracranial pressure. The types, durations, and routes of 

drug therapy for each patient are indicated in Table 1. 

Intravenous therapy and a combination of intrathecal, intra-

cisternal, and intraventricular Amphotericin B therapy were 

used in patients #1-4 (Harrison et al., 1983). Patient #1 

was initially treated intracisternally for 14 months and 

intravenously for 26 months. Two months later the patient 

developed a shunt obstruction and C. immitus was grown from 

the ventricular fluid. After an additional 5 month course, 

C. immitis was isolated from the patient's ventricular fluid. 

She became cachexic and suffered renal failure. Patient #2 

was treated with Amphotericin B intraventricularly and 

intrathecally for 30 and 42 months, respectively, and 
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intravenously for 12 months. Intrathecal Amphotericin B was 

discontinued when the patient developed lumbar adhesive 

arachnoiditis. Patient #3 developed spastic paresis of the 

lower extremities with gait disturbance as the result of 

severe adhesive arachnoiditis from the level of the 7th 

cervical to the 8th thoracic vertebrae. In addition, he 

developed meningeal and intracerebral calcifications as 

documented on CT scan. Patient #4 developed ventriculitis 

and adhesive arachnoiditis following cisternal and 

ventricular injections of Amphotericin B, which were subse

quently discontinued. All 4 children were subsequently 

placed on imidazole therapy. 

All 9 children were placed on oral ketoconazole (KTC) 

starting at a dose of 5 mg/kg/day, which was increased by 

weekly increments of 5 mg/kg/day as tolerance permitted to a 

final dose of 14 to 23 mg/kg/day as a single daily dose. In 

addition, all patients (except #2) received intraventricular 

miconazole (MCZ) and one patient (#3) also received intra-

cisternal MCZ. Initially, MCZ was administered daily and the 

frequency of injections was tapered to one weekly within the 

first 2 to 6 months. Once the ventricular CSF coccidioidal 

C-F antibody titers became negative, frequency of injections 

was reduced to once every other week, then every third and 

fourth week before MCZ therapy was discontinued. 
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Patients were monitored for evidence of effectiveness 

of therapy and toxicity by clinical assessment and regular 

examinations of their complete blood count, renal and hepatic 

functions, CSF, blood titers and cultures for C. immitus. 

Six patients (#1,5,6,7,8,9) whose ventricular cul

tures were positive for C. immitus at the time of diagnosis 

had negative cultures within one month, including the 

5 patients (#5,6,7,8,9) treated only with imidazoles and 

1 patient (#1) initially treated with Amphotericin B. In 

addition, the CSF parameters in the lateral ventricle became 

normal in all nine children 3 to 51 months (mean = 17 months) 

after initiation of therapy. No relapse of CM was observed 

in any of the patients on imidazole therapy administered for 

a period ranging from 32-90 months. Intraventricular MCZ 

therapy had been discontinued in 6 of the 8 patients 

(#1,4,5,6,7,9) receiving it for periods of 12 to 71 months 

(mean = 39 months). The other 2 patients (#3,8) continue to 

receive intraventricular MCZ at a frequency of once every 

4 and 3 weeks, respectively. 

The most common side effect associated with oral KTC 

administration was emesis and/or abdominal pain, which usu

ally occurred within the first hour following administration 

early in the course of therapy. It usually resolved within 2 

to 12 weeks. Patient #9 suffered severe, recurrent vomiting 

for a period of 3 months; patient #1 had transient urticaria. 
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There was no evidence of hematologic, renal, or hepatic 

toxicity. There was no clinical evidence of adrenal failure 

in any child during illness or surgeries, nor was there 

evidence of delayed puberty. 

Ommaya reservoirs, initially used in 4 patients 

(#1,2,3,4) for administration of Amphotericin B, became 

obstructed within 3 to 12 months after insertion, even after 

revision in two cases. Patient 5 developed a cerebellar 

abscess due to infection of his cisternal reservoir and 

3 episodes of staphylococcal ventriculitis. Patient 8 had 

2 revisions of the peritoneal end of the shunt because of 

development of large CSF-filled cysts that occurred 5 and 

8 months after diagnosis and shunting. 

The range of hospital admissions for shunt-re la ted 

problems for the group of 9 patients from the date of diag

nosis to the time of testing was 0 to 12, with a median of 2 

(Table 1). Patient #1 had 2 shunt revisions, patient §2 had 

1 shunt and 1 pressure valve revision, patient #3 had 5 

superior ventricular shunt revisions, insertion and revision 

of a posterior fossa shunt, and 2 lateral ventricular shunt 

revisions, patient #4 has had 2 shunt revisions, patient #5 

has had 12 shunt revisions, patient #6 has had 2 shunt 

revisions, patients #1 and 9 have had no shunt revisions, and 

patient #8 has had 3 revisions. Patients #1 and 3 developed 

trapped fourth ventricles presenting as a posterior fossa 
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masses which required separate cannulation (Harrison & 

Reynolds, 1982). 

Current school placement of the patient group is 

listed on Table 1 . The mean grade placement of the patient 

group is 3rd grade, 4th month (range: 1st grade-8th grade). 

Five patients (#1,2,4,7,9) are currently in regular class

rooms in school, although 4 of them (#1,2,4,9) have repeated 

at least one school grade. Patient #1 was retained twice in 

the 2nd grade, initially by her mother because of "emotional 

immaturity" and then by her classroom teacher because of 

"poor academic performance.11 She is currently in a regular 

5th grade class but receives 90 minutes per day resource 

assistance in reading and mathematics. Patient #2 repeated 

2nd grade because of "poor academic performance." Patient #4 

repeated 3rd grade at her parents' request because of 

problems in reading. Patient #9 repeated 4th grade at her 

mother's request because of extensive school absences related 

to her illness. Patient #7 is in a regular first grade 

classroom and has not been retained in any grade. 

Patient § 3 ,  a second grader, repeated kindergarten at 

his parents' request and currently is in a full-time inten

sive resource room 3 hours/day. Patient #5 repeated kinder

garten because of academic and behavioral problems and is 

currently in a self-contained, cross-categorical classroom. 

Patient #6 is in the 1st grade of a Mexican public school. 
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Patient #8 is in the 1st grade and receives special education 

4 days/week. 

Comparison Group 

The potential influence of genetic, socioeconomic, 

and parental educational background on cognitive development 

is believed to be so great that interpretation of the results 

of IQ and emotional maturity testing in a chosen cohort is 

severely limited without reference to a proper comparison 

group (Taylor, Michaels, & Mazur et al. , 1984; Tejani, 

Dobias, & Sambursky, 1982). In light of these influences, 

the nearest age siblings of the 9 study children were used to 

comprise the comparison group; only those siblings with 

normal neurological histories and the same parents as the 

study child were included. 

The comparison group consisted of siblings of 

patients #3, 4, 8, and 9. (Two patients (#1,5) were only 

children; the 22-year old sibling of patient §2 declined to 

participate; one patient (#6), age 9 years 10 months, was the 

eldest of 6 younger, Spanish-speaking siblings who were not 

available for inclusion in the study; one patient (#7), age 

7 years 1 month, had a 19-year old half-brother from her 

mother's previous marriage who was not included in the 

study.) 

The sibling comparison group consisted of 2 boys and 

2 girls, with a mean age at testing of 12 years 10 months 
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(range: 6 years, 9 months to 16 years, 1 month) and with a 

mean grade placement of 7th grade (range: grades 1 to 11). 

By parental report, all siblings were the products of normal 

pregnancies and deliveries. None had neonatal problems and 

all reached major developmental milestones for gross and fine 

motor development, social skills, and language acquisition 

within normal limits. All siblings except the brother of 

patient #8 were in regular classrooms and appropriate grade 

placements for age. (The brother of patient #8 repeated 7th 

grade at the school's request because of failing perform

ance. ) 

Materials and Procedure: 
Psychometric Evaluation 

The outcome measures used in the study are listed in 

Table 2. The measures assess a broad range of abilities and 

skills and have been used in previous studies of cognitive 

sequelae of CNS infections in children. 

Psychometric testing of each patient and sibling was 

conducted by a trained psychometrist who was not "blind" to 

subject condition. Testing occurred in an average of three 

1-hour sessions approximately 1 month apart. (Total time 

required for testing varied with the child's age, attention 

span, and abilities. Testing of patient #5 was interrupted 

for 2 months by hospitalization for shunt replacement.) 
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Table 2. Evaluation Instruments Used to Assess Patients and 
Siblings. 

Assessment Area 

Cognitive Ability/General 
Intelligence (IQ) 

Academic Achievement 

Social Competence and 
Behavior Problems 

Neuropsychological Skills 

Language 

Abstraction and Reasoning 

Visuospatial and Construc
tion Abilities 

Memory and Learning 

Fine Motor Coordination 

Attention and Psychomotor 
Efficiency 

Measure 

WISC-R 

WRAT-R (Iowa Tests of Basic 
Skills) 

(Stanford Test of Academic 
Skills) 

Conners Teacher Rating 
Scale 

Conners Parent Symptom 
Questionnaire 

PIC-R 

CELF; STAL 

Category Test 

Benton Visual Retention 
Test 

Auditory Verbal Learning Test 

Benton Visual Retention Test 

Grooved Pegboard 

Stroop Color and Word 
Test 
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Tests were administered in the listed sequence for all 

subj ects: 

1. The Wechsler Intelligence Scale for Children—Revised 

(WISC-R) (Wechsler, 1974): The WISC-R, the most 

frequently used instrument to assess general intel

lectual functioning of children, is believed to be 

reasonably sensitive to the effects of brain damage 

(Lezak, 1983). 

The WISC-R consists of 11 subtests. The verbal 

subtests include: (a) Information, used to assess 

general knowledge normally available to persons 

growing up in the United States; (b) Similarities, 

used to assess verbal concept formation; (c) Arith

metic, an orally administered test that requires the 

subject to solve arithmetic problems without the use 

of pencil or paper; (d) Vocabulary, which requires 

the subject to provide definitions of words of 

increasing difficulty; (e) Comprehension, used to 

assess common-sense judgment and practical reasoning; 

and (f) Digit Span (Digits Forward and Digits Back

ward), which requires the subject to repeat seven 

pairs of random number sequences that the examiner 

reads aloud (Digit Span is not used in the computa

tion of the VIQ or FSIQ). 
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The timed performance subtests are: (a) Picture 

Completion f which requires the subject to identify 

the important part that is missing from incomplete 

pictures of human features, familiar objects or 

scenes; (b) Picture Arrangement, which requires the 

subject to rearrange a series of scrambled pictures 

to make the most sensible story; (c) Block Design, 

which requires the subject to construct, from blocks, 

3-dimensional replicas of 2-dimensiona1 stimulus 

designs; (d) Object Assembly, which requires the 

subject to complete four cut-up cardboard figures of 

familiar objects; and (e) Digit Symbol, a timed 

symbol substitution task. 

Raw scores on all subtests are converted to age-

appropriate scaled scores (mean = 10; SD = 3). 

Verbal scaled scores are summed and converted to a 

Verbal Intelligence Score (VIQ) (mean = 100; standard 

deviation = 15); Performance subtest scores are 

handled similarly. Verbal and Performance scaled 

scores are summed to produce a Full Scale score which 

is converted to a Full Scale IQ Score (mean = 100; 

standard deviation = 15). 

The Wide Range Achievement Test--Revised (WRAT-R) 

(Jastak & Wilkinson, 1984): The WRAT-R is an 

individually administered measure of academic 
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achievement in reading, spelling and arithmetic, 

which can be used to evaluate subjects ages 5-0 to 

11-11 years (Level 1) and 12-0 to 75 years (Level 2). 

Level 1 Reading begins with letter reading and 

recognition followed by a 75-word reading and pro

nunciation list; Level 2 Reading involves only the 

pronunciation list. Level 1 Spelling requires the 

subject to copy a short set of nonsense figures, 

write his/her name, and spell a series of words to 

dictation. Level 2 Spelling requires the subject to 

spell a series of words to dictation. Levels 1 and 2 

Arithmetic tests consist of an orally administered 

section of arithmetic problems followed by a timed, 

10-minute written test. 

The WRAT-R has been carefully standardized (mean 

= 100; standard deviation = 10), with a full set of 

norms for each subtest. All raw scores can be 

converted to school grades, standard scores, or 

percentiles. 

The Auditory Verbal Learning Test (AVLT) (Rey, 1964; 

Taylor, E. M., 1959): The AVLT is a measure used to 

assess a subject's immediate memory span for words. 

The test consists of 5 presentations (with recall) of 

a 15-word list followed by a 6th recall trial after a 

30 minute delay with interpolated activity. The test 
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provides a learning curve and elicits retroactive and 

proactive interference tendencies. The score for 

each trial is the number of words recalled correctly. 

The Benton Visual Retention Test--Revised (BVRT-R), 

Form C (Benton, 1974): The BVRT-R is an instrument 

designed to assess visual perception, visual memory, 

and visuoconstructive abilities. The test consists 

of 10 geometric designs, each containing 1 or more 

figures. Each design is exposed to the subject for 

10 seconds. The design is then removed and the 

subject is asked to draw the design from memory. The 

number of correct reproductions, as defined by scor

ing criteria in the test manual, provides a measure 

of the subject's general efficiency of performance. 

The error score reflects the specific types of 

errors, i.e., omissions, distortions, perseverations, 

rotations, misplacements, and size errors made by the 

subject, and provides a qualitative analysis of 

performance. Both the number correct score and the 

error score norms for administration take into 

account intelligence level and age. 

Impaired immediate recall or an attention defect 

appears mostly as simplification, simple substitu

tion, or omission of the last one or two design 

elements of a card. Visuospatial and constructional 
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disabilities appear as defects in the execution 

or organization of the drawings. Rotations and 

consistent design distortions generally indicate a 

perceptual problem. Perseverations on this test 

suggest a specific visuoperceptual or immediate 

memory impairment. Simplification of designs, 

including disregard of size and placement, may be 

associated with overall behavioral regression in 

patients with bilateral or diffuse damage (Lezak, 

1983). 

The Grooved Pegboard (Klove, 1963; Knights & Moule, 

1968; Matthews & Klove, 1964): The Grooved Pegboard, 

a timed test of hand-eye coordination, manipulative 

ability, and fine motor coordination, requires the 

subject to place 25 ridged pegs in a small board 

containing slotted holes angled in different direc

tions. The time to task completion is scored and 

compared for dominant and nondominant hands. 

The Category Test (Children's Versions: ages 5-8 

years; ages 9-14 years; Adult Version: 14 years-

adult) (Halstead, 1947; Russell, Neuringer, & 

Goldstein, 1970). 

The Category Test, was used to measure abstract 

concept formation (Pendleton & Heaton, 1982) and the 

subject's ability to profit from positive and 
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negative reinforcement as a basis for altering 

performance. 

The test uses a projection apparatus for presen

tation of stimulus figures (80 items for subjects 

ages 5-8 years, 160 items for subjects ages 9-14 

years, and 208 items for subjects 14 years to adult) 

onto a milk-glass screen. An answer panel, consist

ing of 4 levers colored red, blue, yellow, green 

(ages 5-8 years) or numbered 1 to 4 (ages 9-adult), 

is attached to the test apparatus. The stimulus 

figures are divided into subtests (5 subtests for 

ages 5-8 years, 6 for subjects ages 9-14 years, and 

7 for subjects 14 years-adult), each with a unifying 

principle or rule, which the subject must determine 

by noting recurring similarities and differences in 

stimulus material, postulating hypotheses that appear 

reasonable, testing these hypotheses with respect to 

positive or negative reinforcement, and adapting 

hypotheses in accordance with the reinforcement 

accompanying each response. The subject is never 

told the principle of any subtest. 

On the 5-8 year old version, the subject must 

select the colored answer lever which corresponds to 

the color of the stimulus figure (subtest 1), the 

color which appears in the greatest quantity in the 
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stimulus figures (subtest 2), the color of the unique 

figure in the stimulus series (subtest 3), and the 

lever which corresponds to the least prominent or 

missing color in the stimulus figure (subtest 4). 

Subtest 5 is a review group composed of stimulus 

figures used in previous subtests. 

On the 9-14 year old version, the subject must 

select the number of the answer lever which corres

ponds to the Roman numeral shown on the stimulus 

figure (subtest 1), the number of items in the stimu

lus figure (subtest 2), the position of the unique 

figure in the stimulus series (subtest 3), and the 

proportion of the stimulus figure composed of solid 

vs. dotted lines (subtests 4 and 5). Subtest 6 is a 

review group composed of stimulus figures used in 

previous subtests. 

On the 14 year-adult version, the subject must 

select the number of the answer lever which corres

ponds to the Roman numeral shown on the stimulus 

figure (subtest 1), the number of items in the 

stimulus figure (subtest 2), the position of the 

unique figure in the stimulus series (subtest 3), the 

quadrant missing from the stimulus figure (subtest 

4), and the proportion of the stimulus figure com

posed of solid vs. dotted lines (subtests 5 and 6). 
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Subtest 7 is a review group composed of stimulus 

figures used in previous subtests. 

The score on the Category Test is the total 

number of errors made on all trials. 

The Stroop Color and Word Test (Golden, 1978; Stroop, 

1935): The Stroop Color and Word Test measures the 

ease with which a subject can shift perceptual set 

to conform to changing task demands. Successful 

completion of the test requires selective attention, 

concentration, automatic verbal processing response, 

and flexibility of cognitive performance. 

The test consists of three pages, each of which 

contains 100 items, presented in 5 columns of 20 

items each. Page 1 contains the words "RED," 

"GREEN," and "BLUE," printed in black ink on a sheet 

of white paper. No word follows itself within a 

column. Page 2 consists of 100 items, all written 

"XXXX" printed in either red, green, or blue ink. No 

color follows itself in a column, nor matches the 

corresponding item on Page 1. Page 3 consists of the 

words on Page 1 printed in the colors of Page 2. In 

no case does the word and the color in which it is 

printed match. 

The test consists of 3 timed trials of 45 seconds 

each. In trial 1, the subject reads down the columns 
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of words on Page 1, beginning with the left-most 

column, reading as rapidly as possible. In trial 2, 

the child reads the color names on Page 2, reading 

down the columns starting with the left-most column. 

In trial 3, the child names the colors of the ink in 

which each word is printed, ignoring the word. 

The score on each trial is the number of items 

completed correctly within the 45-second time limit. 

The Stroop yields a Word Score (W), equal to the 

number of items correctly completed on trial 1, a 

Color Score (C), equal to the number of items 

correctly completed on trial 2, and a Color-Word 

Score (C-W), equal to the number of items correctly 

completed on trial 3. Word, Color and Color-Word 

Scores are converted to age-corrected Adjusted 

Scores. The Adjusted Color-Word Score minus the 

Predicted Color-Word Score provides an indication of 

"Interference." The higher the Interference Score, 

the less susceptible is the child to interference. 

The Clinical Evaluation of Language Functions (CELF) 

(Semel & Wiig, 1980): The Clinical Evaluation of 

Language Functions (CELF) is a language screening 

instrument which consists of Processing and Produc

tion subtests. The 31 Processing items are designed 

to screen for significant delays and potential defi
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cits in aspects of language processing related to the 

perception, recognition, recall, and interpretation 

of spoken language. These items probe selected 

aspects of accuracy in phoneme discrimination, 

sentence formation rules (morphology and syntax), 

interpretation of words, the logical relationships 

among sentence components and linguistic concepts, 

and retention and recall of word and action 

sequences. The 17 Production items are designed to 

screen for delays or deficits in aspects of language 

production related to the formulation, recall, 

retrieval, and production of language. These items 

probe selected aspects of agility and accuracy in 

phoneme production, ability to recall, identify, and 

retrieve words and concepts, accuracy in serial 

recall, and immediate recall of model sentences. 

Raw scores on Processing and Production subtests 

are summed to produce a Total Score. All scores are 

converted to percentile ranks based on age and grade 

levels. 

The Screening Test of Adolescent Language (STAL) 

(Prather, Breecher, Stafford, & Wallace, 1980): The 

Screening Test of Adolescent Language (STAL) is a 

language screening instrument which identifies 

students in 6th through 12th grades whose deficient 
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language skills warrant further evaluation. The 

instrument includes 23 items that measure receptive 

and expressive language skills through four subtests: 

(a) Vocabulary (12 items), (b) Auditory Memory Span 

(3 items), (c) Language Processing (5 items), and 

(d) Proverb Explanation (3 items). The Vocabulary 

subtest requires word finding and retrieval compe

tencies. The Auditory Memory Span subtest examines 

the aspect of memory span associated with related 

semantic and syntactic stimuli. The Language 

Processing subtest requires the student to decode a 

message and to use language for reasoning and problem 

solving. The Proverb Explanation subtest investi

gates paraphrasing and cognitive skills needed for 

verbal clarity. 

The number of correct responses provided by the 

student are summed to produce a Total Test Score. 

The minimum passing Total Test Score for grades 6-8 

and grades 9-11 are 11 and 13 correct responses, 

respectively. Failure of the test merely indicates 

the need for further testing; failure has neither 

identified nor diagnosed a language problem. 

Academic Achievement 

With parental consent, each child's school was asked 

to provide the results of standardized achievement tests, the 
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Iowa Tests of Basic Skills (Hieronymous et al., 1982) and the 

Stanford Test of Academic Skills (Gardner et al., 1982) 

administered during the current academic year. 

The Iowa Tests of Basic Skills is a group-admini

stered achievement test given annually in the Tucson schools 

to students from grade 1 through junior high school. The 

test yields grade equivalent and national percentile rank 

scores in the following areas: Listening Skills, Word 

Analysis Skills, Vocabulary (reading/ language, work-study/ 

social studies, mathematics/science, fine/applied arts, 

unclassified), Reading (facts, inferences, generalizations), 

Language Skills (including individual scores for Spelling, 

Capitalization, Punctuation, Us age), Work-Study Skills 

(including individual scores for Visual Materials, e.g., 

reading of maps, graphs, tables, and Reference Materials), 

Mathematics Skills (including individual scores for Math 

Concepts, Math Problem Solving, and Computation), Higher 

Order Thinking Skills, Social Studies, and Science. 

The Stanford Test of Academic Skills is a group-

administered achievement test given annually in Tucson to 

high school students. The test yields national stanine, 

grade equivalent, and percentile rank scores in the following 

areas: Reading Comprehension, Reading Vocabulary, and Read

ing (reading comprehension and reading vocabulary), Spelling, 

English, Total English, and Mathematics. 
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Parents' Reports 

Parents were asked to complete the Personal ity 

Inventory for Children--Revised (PIC-R) (Lachar, 1982; Wirt, 

Lachar, Klinedinst, & Seat, 1981) and the Conners Parent 

Symptom Questionnaire (Conners, 1969; Goyette, Conners, & 

Ulrich, 1978). 

The Personality Inventory for Children—Revised (PIC-

R) (Lachar, 1982; Wirt, Lachar, Klinedinst, & Seat, 1981) is 

a 600-item questionnaire of true/false items to be answered 

by a parent informant. Its purpose is to provide comprehen

sive and clinically relevant personality descriptions of 

children between the ages of 5-1/2 and 16-1/2 years. Four 

broad-band (Achenbach & Edelbrock, 1978), factor-derived 

scales that reflect the major content dimensions of the PIC-R 

item pool are derived from item responses. The PIC-R Factor 

Scales are: I: Undisciplined/Poor Self-Control; II: Social 

Incompetence; III: Internalization/ Somatic Symptoms; and 

IV: Cognitive Development. In addition, scores on 3 validity 

scales (Lie, F, and Defensiveness), 1 screening scale (Ad

justment) and 12 clinical scales (Achievement, Intellectual 

Screening, Development, Somatic Concern, Depression, Family 

Relations, Delinquency, Withdrawal, Anxiety, Psychosis, 

Hyperactivity, and Social Skills) are available. T-scores 

exceeding 70 (equivalent to the mean plus 2 standard 
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deviations) on a given scale are considered "clinically 

significant." 

Factor Scale I items are found primarily on the 

Adjustment, Delinquency, Hyperactivity, and Social Skills 

scales. The major content dimension in this scale reflects 

ineffective discipline (68.9% common variance of factor 

derived from factor analysis of scale items), with less 

robust dimensions reflecting impulsivity, problematic anger, 

poor peer relationships, limited conscience development, and 

poor school behavior. Factor Scale II items are found 

primarily on the Social Skills, Depression, Adjustment, and 

Psychosis scales. The major dimension extracted from these 

scale items reflects sad affect (54.3% common variance of the 

factor derived from factor analysis of scale items), with 

other dimensions tapping shyness, peer rejection, lack of 

leadership qualities, social isolation, lack of friends, and 

poor general adjustment. Factor Scale III items are primar

ily found on the Somatic Concern, Depression, and Anxiety 

scales. The major dimension extracted from these scale items 

reflects worry and a poor self-concept (47.1% common variance 

of factor derived from factor analysis of scale items), and 

secondary item clusters reflect content dimensions of 

somatization, crying spells, insecurity/fearfulness, vision 

problems, psychotic behavior, and body temperature. Factor 

Scale IV items are found primarily on the Development, 
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Intellectual Screening, Achievement, and Psychosis scales. 

The major dimension extracted from scale IV items is adaptive 

behavior (52.0% common variance of factor derived from factor 

analysis of scale items). Other item clusters reflect 

content areas such as deficient pragmatic skills, academic 

skills, lack of special abilities, psychotic behavior, poor 

motor coordination, and developmental delay (Wirt, 1981). 

The 280-item shortened version of the Inventory used 

in the current study allows scoring of the four factor 

scales, the Lie scale, the Development scale, as well as 

shortened versions of the clinical profile scales. Currently 

available evaluation of the shortened profile scales suggests 

that they may be accurately applied in instances in which 

completion of the entire PIC is not possible. Assessment of 

scale equivalence suggests that the 1979 interpretive 

guidelines (Lachar & Gdowski, 1979) may be used with similar 

success on T-scores obtained from the shortened profile 

scales (Wirt, 1981). 

The Conners Parent Symptom Questionnaire (Conners, 

1969; Goyette, Conners, & Ulrich, 1978) is a 48-item instru

ment in which a parent rates, on a 4-point continuum (i.e., 

"not at all," "just a little," "pretty much," "very much"), 

whether or not his/her child displays a specified behavior or 

symptom. A score of "0" is assigned to a parental response 

of "not at all," "1" to a response of "just a little," "2" to 
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a response of "pretty much," and "3" to a response of "very 

much." The points for each item on each of the 5 factor 

scales (i.e., conduct problems, learning problems, psycho

somatic problems, impulsivity-hyperactivity, and anxiety) are 

then summed and divided by the number of items loading on 

that factor. Norms for male and female subjects, ages 3-17 

years, are available (Goyette, Conners, & Ulrich, 1978). In 

addition, Barkley (1981) has developed a Hyperactivity Index 

using selected items from the scale which has extended its 

usefulness. 

Teachers' Reports 

With parental permission, each child's teacher was 

asked to complete the Conners Teacher Rating Scale (Conners, 

1969; Goyette, Conners, & Ulrich, 1978). The Conners Teacher 

Rating Scale is a 28-item instrument on which the classroom 

teacher rates, on a 4-point scale (i.e., "not at all," "just 

a little," "pretty much," "very much"), whether or not the 

child displays a specified behavior. The scoring system is 

identical to that used on the Conners Parent Symptom 

Questionnaire. The points for each item on each of the 

3 factor scales (i.e., conduct problems, hyperactivity, 

inattention-passivity) are summed and divided by the number 

of questions loading on that factor. Norms for male and 

female subjects, ages 3-17 years, are available (Goyette, 

Conners, & Ulrich, 1978). 
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Physical Examination and Chart Review 

A pediatrician obtained developmental histories and 

performed complete neurological examinations on all children 

enrolled in the study. 

The medical chart of each patient was reviewed to 

obtain: (1) age at diagnosis, (2) interval between first 

report of symptoms and diagnosis, (3) CT scan findings at 

diagnosis and at time of evaluation, (4) type, duration, and 

route of administration of drug therapy, (5) time until CF 

titer returned to normal, (6) number and location of VP 

shunts, (7) number and type of neurosurgical procedure(s), 

(8) complications (including seizures, focal neurological 

deficits, coma), (9) total days of hospitalization, and 

(10) current neurological status. These data are presented 

in Table 1. 
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CHAPTER 3 

DATA ANALYSIS 

Prior to data analysis, scores of all study subjects 

on the psychometric tests, parent and teacher rating scales, 

and Personality Inventory for Children-Revised were trans

formed to standard T-scores (mean = 50; standard deviation = 

10), using available age norms. For the Benton Visual 

Retention Test and Auditory Learning Test, where appropriate 

age-adjusted norms were unavailable, scores for all study 

subjects are reported as raw scores, and comparisons between 

groups are made on the basis of raw score data. 

Transforming raw scores to T-scores using available 

normative standards assumes that normative data were adequate 

for all age groups and that the distributions of scores in 

the groups tested were similar to those for the normative 

samples. Although acceptance of such assumptions for the 

present sample may be questioned, analysis of T-scores still 

provides the best means for comparing the two different-aged 

groups. The fact that mean T-scores for the sibling compar

ison group were close to 50 and that the standard deviation 

for this group approximated 10 in most instances supports the 

use of the T-score transformation. 
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Age-standardized T-scores equal to or greater than 2 

standard deviations from the mean were considered clinically 

significant. One-way analysis of variance (ANOVA) was used 

to evaluate between-group differences on outcome measures for 

the 4 patients with available siblings vs. their siblings. 

In an effort to determine which medical variables 

might predict cognitive and/or behavioral outcome, multiple 

regression analysis was conducted with (1) age at diagnosis, 

(2) duration of symptoms prior to initiation of treatment, 

(3) serum C-F antibody titer at diagnosis, (4) ventricular C-

F antibody titer at diagnosis, and (5) number of neurosurgi

cal procedures subsequent to initial placement of the VP 

shunt as independent variables with (1) WISC-R FSIQ, (2) 

WRAT-R Reading, (3) WRAT-R Spelling, (4) WRAT-R Arithmetic, 

and (5) PIC-R factor scores as dependent variables in separ

ate regression analyses. 
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CHAPTER 4 

RESULTS 

Characteristics of Illness and 
Neurologic Sequelae 

The mean age at diagnosis was 48.2 months (range: 19-

120 months) for the 9 children with CM and 65 months (range: 

26-120 months) for the subgroup of 4 patients whose siblings 

were also evaluated (Table 1). The estimated interval be

tween onset of symptoms, as identified by patients' mothers, 

and clinical diagnosis for the 9 children was 2 to 8 months. 

The average length of initial hospitalization was 18 days. 

The range of hospital admissions for shunt-related problems 

from the date of diagnosis to the time of testing was 0 to 

12, with a median of 2. On average, the total days of 

hospitalization for the CM patients between the date of 

diagnosis and the date of testing was 71 days (range: 15 to 

290 days). On average, the total days of missed school due 

to hospitalization for the CM patients from the date of 

diagnosis to the date of testing was 16.5 (range: 0 to 60 

days). This number underestimates the total days of school 

missed because most children were absent from school prior to 

hospital admission as well as following hospital discharge. 
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The average duration of follow-up was 76.6 months 

(range: 33-128 months) for the 9 children with CM and 60.5 

months (range: 33-85) for the subgroup of 4 patients whose 

siblings were also evaluated. 

The mean age at testing was 125.8 months (range: 85-

184 months) for the 9 children with CM, 125.5 months (range: 

93-153 months) for the subgroup of 4 patients whose siblings 

were also evaluated, and 154.7 months (range: 82-193 months) 

for the 4 siblings. 

At the time of testing, all patients had grossly 

normal neurological examinations except patient #3, who has 

bilateral nystagmus, decreased strength on the right, a mild 

tremor of his upper extremities, mild dragging of his right 

foot, and mild right 6th nerve palsy; patient #5, who has 

right-sided weakness and a mild tremor of his right hand, 

mild increase in tone in all extremities, and past pointing 

on the left side; and patient #8, who has nystagmus to the 

left. 

At the time of testing, abnormal CT findings in the 

patient group included a post-surgical right parietal 

encephalomalacia (patient #2), extensive bilateral cerebral, 

meningeal, and basal ganglia calcifications (patient #3), and 

encephalomalacia of the right temporal-occipital region 

(patient #5). All other patients had unremarkable scans. 
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WISC-R Scores 

The average age-adjusted T-scores on the WISC-R VIQ, 

PIQ, and FSIQ scores for the patient and sibling groups are 

shown on Table 3 and Figure 1 . On average, the mean scores 

for the 9 CM patients all fell within the "low average" range 

as referenced to the normative sample (Wechsler, 1974). For 

the subset of 4 patients whose siblings were also tested, 

mean WISC-R VIQ scores fell within the "borderline" range, 

while their mean PIQ and FSIQ scores fell within the 

"average" to "low average" range, respectively. Mean WISC-R 

VIQ, PIQ, and FSIQ scores for the 4 siblings fell within the 

"average range." 

One-way ANOVA revealed statistically significant (p < 

.01) differences between the patients with siblings and their 

siblings on the WISC-R VIQ and FSIQ. The difference in WISC-

R PIQ between patients and siblings was not statistically 

significant, a result most likely an artifact of the small 

sample sizes. 

On average, the group of 9 patients performed more 

than one standard deviation below the mean on the Informa

tion, Arithmetic, Vocabulary, Digit Span, Object Assembly, 

and Coding subtests of the WISC-R. The subset of 4 patients 

whose siblings were also evaluated performed more than one 

standard deviation below the mean on the Information, 

Arithmetic, Vocabulary Digit Span, Object Assembly, and 
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Table 3. Age-Adjusted T-Scores (and Standard Deviations) 
on Wechsler Intelligence Test for Children-
Revised (WISC-R) of Children Who Had Coccidioidal 
Meningitis and Their Siblings (Mean = 50; 
S.D. = 10). 

Children 
with CM 

Children 
with CM 
Who Had 

Available 
Sibling Siblings 

Scale (n = 9) (n = 4) (n = 4) F* 

VIQ 37 .3 9.8) 35 .5 ( 11.0) 55 .5 ( 6.1 ) .01 

PIQ 37 .8 9.5) 41 • 0 ( 10.6) 52 .5 ( 4.9) 

FSIQ 37 .0 8.0) 37 .0 ( 8.3) 55 .0 ( 6.2) .01 

Subtests: 

Information 35 .0 11.2) 29 .0 ( 12.8) 53 .0 ( 9.6) .02 

Similarities 45 .3 8.6) 44 .0 ( 10.2) 57 .2 ( 6.7) 

Arithmetic 34 .1 13.5) 31 .2 ( 15.4) 53 .0 (17.2) .04 

Vocabulary 39 .7 7.3) 36 .2 ( 8.3) 58 .7 ( 8.8) .01 

Comprehension 41 .5 6.5) 45 .5 ( 5.5) 51 .2 ( 4.2) 

[Digit Span] 34 .8 10.0) 33 • 0 ( 11.4) 51 .2 ( 4.2) .02 

Pict. Comple. 44 .6 9.2) 44 .5 ( 9.4) 56 .2 (11.6) 

Pict. Arr. 45 .6 11.0) 49 .7 ( 9.7) 45 .7 ( 6.7) 

Block Design 41 .5 7.6) 45 .5 ( 5.5) 55 .5 ( 6.6) .05 

Object Assem. 36 .7 12.7) 36 .2 ( 15.3) 47 .7 ( 8.8) 

Coding 34 .5 7.3) 38 .0 ( 6.2) 54 .7 (11.2) .04 

* F for ANOVA comparison of children with CM who had 
available sibling vs. siblings. 
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Figure 1. Average Age-Adjusted T-Scores on IQ Tests and Individual Achievement 
Tests for Children With Coccidioidal Meningitis and Their Siblings. 

Patients with CM (n = 9), x-x Patients with CM with available sibling 
(n = 4), and °-° Siblings (n = 4). 
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Coding subtests and uniformly lower than their siblings on 

all subtests expect Picture Arrangement. On average, 

siblings performed at or above the mean on all subtests 

except Picture Arrangement and Object Assembly. One-way 

ANOVA revealed statistically significant differences at the 

0.05 level between the patients and their siblings on the 

Information, Arithmetic, Vocabulary, Digit Span, Block 

Design, and Coding subtests. 

Academic Achievement Scores 

Individually Administered Tests 

The average age-adjusted T-scores on the on the Wide 

Range Achievement Tests-Revised (WRAT-R) for the patient and 

sibling groups are shown on Table 4 and Figure 1 . On 

average, scores for the entire patient group were more than 

2 standard deviations below the means established by the 

normative sample (Jastak & Jastak, 1965) but there was wide 

variation in scores within this group. Specifically, the 

range of standard scores was 46 (patient #3) to 97 (patient 

#2) on the Reading subtest, 47 (patient #3) to 96 (patient 

#2) on the Spelling subtest, and 1 (patient #3) to 99 

(patient #9) on the Arithmetic subtest. 

The mean age-adjusted standard scores on the WRAT-R 

subtests for the 4 patients whose siblings were also evalu

ated fell 3 or more standard deviations below the normative 

sample mean. There was a wide range of scores within the 
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Table 4. Age-Adjusted T-Scores (and Standard Deviations) on 
Wide Range Achievement Tests—Revised (WRAT-R) for 

.Children Who Had Coccidioidal Meningitis and Their 
Siblings (Mean = 50; S.D. = 10). 

Children 
,with CM 

Children 
with CM 
Who Had 

Available 
Siblinq Siblings 

Subtest 

CO ii c
 n c
 n p* 

Reading 21.7 (18.0) 17.5 (21.5) 58.5 (8.2) .01 

Spelling 18.7 (15.8) 11.2 (10.9) 50.0 (9.6) .001 

Arithmetic 23.5 (17.5) 19.0 (23.4) 57.7 (9.3) .02 

* F for ANOVA comparison of children with CM who had 
available sibling vs. siblings. 
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group, particularly on the Reading and Arithmetic subtests. 

Specifically, the range of standard scores was 46 (patient 

#3) to 94 (patient #9) on the WRAT-R Reading subtest, 47 

(patient #3) to 76 (patient #4) on the WRAT-R Spelling 

subtest, and 1 (patient #3) to 98 (patient #9) on the WRAT-R 

Arithmetic subtest. 

The mean age-adjusted standard scores on the WRAT-R 

subtests for the 4 siblings in the comparison group fell at 

or above the mean established in the normative sample. The 

range of standard scores on the WRAT-R Reading, Spelling and 

Arithmetic subtests for this group were 101-119, 92-114, and 

94-114, respectively. One-way ANOVA revealed statistically 

significant differences at the 0.05 level between the 4 

patients and their siblings on all WRAT-R subtests. 

Group-administered Tests 

Scores on the Iowa Tests of Basic Skills were avail

able for patients #1, 2, 4, 7, and 9 and for the siblings of 

patients #3 and 8 (Table 5). Although the content of the 

test varied by grade, comparison of performance was made on 

the basis of national percentile for grade. 

Only patients #7 and 9 scored at or above the 5 0th 

percentile for grade on all subtests. All subtest scores for 

the sibling of patient #3 exceeded the 86th percentile. All 

subtest scores for the sibling of patient §8 exceeded the 
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Table 5. National Percentile Ranks on the Iowa Tests of 
Basic Skills of Children with Coccidioidal Menin
gitis and Their Siblings. 

Patient/ Vocab. Reading Language Work- Math Composite 
Sibling Total Study 

Skills 
Total 

Patient 1 4 22 23 25 6 12 

Patient 2 54 - 30 65 32 26 40 

Sibling 3 96 86 98 99 95 98 

Patient 4 43 29 49 26 34 36 

Patient 7 99 67 95 99 98 99 

Sibling 8 60 48 61 58 37 54 

Patient 9 68 48 61 58 37 68 
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50th percentile except for Reading (48th percentile) and 

Mathematics (37th percentile). 

High school-aged siblings of patients #4 and 9 were 

administered the Stanford Test of Academic Skills. All 

subtest scores for both siblings were at or above the 62nd 

percentile nationally. 

Consistent with psychometric evidence for a greater 

incidence of academic difficulties in the CM group, five 

patients (#1,2,4,7,9) are currently in regular classrooms in 

school, although 4 of them (#1,2,4,9) have repeated at least 

one school grade because of "emotional immaturity" (#1) or 

poor academic performance (#1,2,4,9). Patients #3, 5, and 8 

all repeated one school grade because of academic problems 

and currently are in special education classes in their 

respective elementary schools. 

Neuropsychological Testing 

The average age-adjusted T-scores in the neuropsycho

logical measures for children with CM and their siblings are 

presented in Table 6 and Figure 3. 

Language Screening 

All patients (#1,3,5,7,8) and siblings (n = 1) in 

grades K-5 were evaluated with the Clinical Evaluation of 

Language Function (CELF) test. (Patient #6, who spoke only 

Spanish, was not administered the screening language test). 
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Table 6. Age-Adjusted T-Scores (and Standard Deviations) on 
Selected Neuropsychological Measures for Children 
Who Had Coccidioidal Meningitis and Their Siblings 
(Mean = 50; S.D. = 10). 

Measure 
Children 
with CM 

Children 
with CM 
Who Had 

Available 
Sibling Siblings F* 

Lanquaqe (n = 5) (n = 2) (n = = 1 ) 

CELF 28.0 (24.0) 18.5 (0.7) 48.0 not 
done 

Abstraction and 
Reasoninq 

(n = 9) (n = 4) (n : = 4) 

Category Test 35.5 (21 .3) 40.2 (11 .4) 49.7 ( 4.5) NS 

Fine Motor 
Coordination 

(n = 6) (n = 3) (n = = 3) 

Pegboard, 
dominant hand 

28.1 (22.2) 44.6 ( 4.1) 47.3 (10.6) NS 

Pegboard, 
nondominant 
hand 

17.0 (18.8) 34.0 ( 4.5) 41 .6 (12.5) NS 

Attention/ 
Psychomotor 
Efficiency 

(n = 7) (n = 3) (n = = 4) 

Stroop Word 36.5 ( 7.7) 38.0 ( 2.0) 40.7 ( 8.7) NS 

Stroop Color 42.0 ( 9.2) 48.8 ( 2.3) 39.7 ( 7.0) NS 

Stroop Color 
Word 

47.7 ( 8.7) 49.0 ( 9.5) 46.7 ( 9.1 ) NS 

Stroop Inter
ference 

56.1 ( 6.3) 56.3 ( 9.2) 54.5 ( 4.1 ) NS 

* F for ANOVA comparison of children with CM who had 
available sibling vs. siblings. 
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Figure 3. Average Age-Adjusted T-Scores on Selected Neuropsychological Tests 
for Children With Coccidioidal Meningitis and Their Siblings. 

Patients with CM (n = 9), x-x Patients with CM with available sibling 
(n = 4), and °-° Siblings (n = 4). 
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The average T-score on the total test for the 5 patients was 

more than 2 standard deviations below the mean and at the 

mean for the one sibling evaluated with this instrument. 

The range of age-adjusted total test scores for the 

patient group was 1 to 64 (patients #1 and 7, respectively) 

and was 48 for the one sibling. For patients, the percentile 

rank (for grade) of the Total, Processing, and Production 

subtest scores ranged from 4 to 87 (patients §8 and 7, 

respectively), 5 to 99 (patients #8 and 1, respectively), and 

1 to 82 (patients #1 and 7, respectively). For the one sib

ling evaluated with the CELF, the percentile rank (for grade) 

of the Total, Processing, and Production subtest scores were 

57, 59 and 53, respectively. 

All patients (#2,4,9) and siblings (n = 3) above 

grade 5 were evaluated with the Screening Test of Adolescent 

Language (STAL). Patients #2 and 4 and the three siblings 

achieved passing scores on all four subtests. Patient #9 

failed the Auditory Memory Span subtest. Since only 2 

patient-sibling pairs were administered the STAL, paired 

comparisons were not attempted. 

Abstraction and Reasoning 

The average age-adjusted T-scores on the Category 

Test for study subjects are shown on Table 6. The mean score 

of the total patient group fell within 2 standard deviations 

of the mean. However, there was wide variation in scores 
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within the group. Specifically, the T-scores of patients #2, 

5, 6, and 9 fell 2 or more standard deviations below the mean 

based on normative expectation. The average age-adjusted T-

score of the sibling group fell at the mean. The Category 

Test did not reliably discriminate between the 4 patients 

with CM and their siblings. 

Visual-Spatial and Constructional Abilities 

Raw scores of patients and siblings on the Visual 

Retention Test are reported in Table 7. All study subjects 

(except patients #3 and 9) correctly reproduced the expected 

number of drawings. Patient #3 produced two fewer drawings 

than expected, a performance which raises the question of a 

specific disability in visual memory or visuomotor function 

(Benton, 1974). Patient #9 produced 3 fewer drawings than 

expected, a performance which suggests such a disability 

(Benton, 1974). 

The error rate for all study subjects (except 

patients #1,3,4,6) fell within normative expectation. The 

high error rate for patients #1, 3, 4, 6 suggests a specific 

disability in visual memory or visuomotor function (Benton, 

1974). Both patients and siblings committed more errors of 

distortion than any other type of error and committed more 

errors involving the right side of the reproduction than the 

left. 
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Table 7. Raw Scores on Visual Retention Test 
with Coccidioidal Meningitis and Their 

for Children 
Siblings. 

Number of Correct 
Reproductions Number of Errors 

Obtained Expected Obtained Expected 

Patient 

1 5 6 10# 6 

2 7 6 5 6 

3 0* 2 22# 13 

4 6 6 10# 6 

5 2 1 16 14 

6 1 1 27# 14 

7 4 3 13 11 

8 5 2 12 12 

9 3# 6 8 6 

Siblinq 

3 4 4 9 8 

4 8 8 2 3 

8 7 7 5 4 

9 9 9 1 1 

* Discrepancy between expected and obtained scores raises the 
question of a specific disability in visual memory or 
visuomotorfunction. 

# Discrepancy between expected and obtained scores suggests a 
specific disability. 
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Memory and Learning 

Raw scores of the study subjects on trials 1-6 of the 

Auditory Verbal Learning Test are shown in Table 8. All 

groups demonstrated learning on successive presentations of 

the 15-item word list and a modest decrease in the number of 

recalled words following 30 minutes of interpolated activity. 

Because normative data was not available, between-group 

comparisons were not attempted. 

Fine Motor Coordination 

The average age-adjusted T-scores for time to task 

completion for all study subjects on the Grooved Pegboard are 

shown on Table 6. All study subjects were right-hand 

dominant. The 6 patients showed consistent evidence of sig

nificantly slowed motor performance bilaterally. The speed 

of performance of the 3 patients whose siblings were also 

evaluated fell within 2 standard deviations of the mean while 

that of their siblings fell within 1 standard deviation of 

the mean. There was a nonsignificant difference in speed of 

performance between patients and their siblings on both 

dominant and nondominant hands. 

Attention and Psychomotor Efficiency 

The average age-adjusted T-scores (Golden, 1978) for 

all study subjects on the Stroop Color-Word Test are shown on 



Table 8. Raw Scores on Auditory Verbal Learning Test for Children with Coccidioidal 
Meningitis and Their Siblings (C = number of words recalled correctly, S = 
number of substitutions). 

Trial 

C 

1 

S 

Trial 

C 

2 

S 

Trial 

C 

3 

S 

Trial 

C 

4 

5 

Trial 

C 

5 

S 

Trial 
Delay 

C 

6 

S 

Patient 

1 6 0 4 0 7 0 8 0 10 0 8 0 

2 7 0 8 0 8 0 10 0 9 1 5 0 

3 5 2 6 0 7 0 9 0 8 0 9 0 

4 4 0 6 0 8 0 11 0 13 0 9 0 

5 0 0 5 3 6 1 5 1 6 2 1 3 

6 0 0 5 3 6 1 5 1 6 2 1 3 

7 5 0 8 0 10 0 7 0 7 0 9 1 

8 3 1 4 1 5 0 4 1 3 1 0 1 

9 4 2 7 0 6 0 8 0 9 0 7 0 

Siblinq 

3 6 0 4 0 4 0 10 0 11 0 7 1 

4 7 0 9 0 12 0 15 0 15 0 14 0 

8 7 0 11 0 12 0 13 0 14 0 13 0 

9 7 0 10 0 10 1 12 2 12 1 13 0 

CTl 
00 
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Table 6. The scores for all subject groups fell within 

normal limits (i.e., T = 35-65). 

The interference score (mean = 0; S.D. = 10) is 

thought to measure a pure dimension of cognitive flexibility 

(Golden, 1978). Subjects scoring above 0 are classified as 

having "high resistance to interference." All subjects 

(except patient #2 ) had interference scores equal to or 

greater than the mean. 

Personality and Behavioral Adjustment 

To investigate potential differences in personality 

and behavioral adjustment, age-adjusted T-scores of the 

patient and sibling groups were compared on the Conners 

Teacher Rating Scale (Table 9 and Figure 2), Conners Parent 

Symptom Questionnaire (Table 10 and Figure 2), and the 

Personality Inventory for Children-Revised (PIC-R) (Table 11 

and Figure 2). 

Conners Teacher Rating Scale 

The Conners Teacher Rating Scale was completed and 

returned for 5 of the 9 patients (#1,3,4,5,8) with CM. The 

average age-adjusted T-score for the 5 patients fell within 

1 standard deviation of the mean on all factors and on the 

hyperactivity index. All factor scores for the individual 

patients fell within 2 standard deviations of the mean except 

for patient #5, whose scores on the hyperactivity factor and 
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Table 9. Age-Adjusted T-Scores (and Standard Deviations) on 
Conners Teacher Rating Scale for Children With 
Coccidioidal Meningitis and Their Siblings (Mean = 
50; S.D. = 10). 

Factor 

Children 
with CM 
(n = 5) 

Children 
with CM 
Who Had 

Available 
Sibling 
(n = 3) 

Siblings 
(n = 2) 

Conduct 
Problems 

54.2 ( 9.1 ) 53.0 ( 10.5) 71 .5 (31.1 ) 

Hyperactivity 58.0 (14.7) 49.6 ( 6.5) 70 .0 (33.9) 

Inattention-
Passivity 

56.8 ( 5.1 ) 55.3 ( 2.8) 56 .0 (14.1 ) 

Hyperactivity 
Index 

57.4 (11.9) 51 .0 ( 8.1 ) 69 .5 (33.2) 
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Figure 2. Average Age-Adjusted T-Scores on PIC-R, Conners Teacher Rating Scale, and 
Conners Parents Symptom Questionnaire for Children With Coccidioidal 
Meningitis and Their Siblings. 

Patients with CM (n = 9), x-x Patients with CM with available sibling ^ 
(n = 4), and °-° Siblings (n = 4). h 
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Table 10. Age-Adjusted T-Scores (and Standard Deviations) on 
Conners Parent Symptom Questionnaire for Children 
With Coccidioidal Meningitis and Their Siblings 
(Mean = 50; S.D. = 10). 

Factor 
-

Children 
with CM 
(n = 9) 

Children 
with CM 
Who Had 

Available 
Sibling 
(n = 4) 

Siblings 
(n = 2) F* 

Conduct 
Problems 

51 .5 ( 6.6) 49.2 ( 3.2) 47 . 7 (12.1 ) NS 

Learning 
Problems 

67 .5 (27.7) 63.0 ( 7.3) 45 .0 ( 8.3) .01 

Psychosomatic 
Problems 

64 .4 (21.2) 77.5 (26.9) 49 .5 (11.7) NS 

Impulsivity-
Hyperactivity 

48 .8(11.5) 47.7 (12.4) 55 .2 (23.4) NS 

Anxiety 54 .1 ( 8.0) 55.0 ( 6.2) 46 .2 ( 4.8) NS 

Hyperactivity 55 .2 (13.8) 55. 5 ( 2.3) 47 .2 (16.0) NS 

* F for ANOVA comparison of children with CM who had 
available sibling vs.their siblings. 
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Table 11. Age-Adjusted T-Scores (and Standard Deviations) on 
Personality Inventory for Children-Revised (PIC-R) 
for Children With Coccidioidal Meningitis and Their 
Siblings (Mean = 50; S.D. = 10). 

Scale 

Children 
with CM 
(n = 8) 

Children 
with CM 
Who Had 

Available 
Sibling 
(n = 4) 

Siblings 
(n = 4) F* 

Factor I 52.6 12.4) 50.5 12.3) 53.0 13.8) 

Factor II 58.2 11.4) 57.5 11.9) 44.7 4.2) 

Factor III 66.1 20.4) 75.2 25.2)# 46.2 2.3) 

Factor IV 67.7 18.5) 71 .5 16.3)# 44.0 7.7) .02 

Lie 54. 5 9.7) 58.2 12.7) 52. 5 11.1) 

F-S 72.0 18.5)# 70.5 13.5)# 43.7 2.8) .008 

Def-S 50.7 7.8) 50.2 6.1 ) 53. 5 0.5) 

Adj -S 65.1 12.9) 64.5 6.9) 49.7 5.1 ) .01 

Ach-S 63.0 11.0) 68.2 7.4) 37.2 6.3) . 0007 

IS-S 72.2 18.5)# 81 .5 19.7)# 63.2 18.2) 

Dvl 66.8 12.1 ) 72.0 10.0)# 39.5 7.5) .002 

Som-S 69.8 21 .3) 82.0 18.6)# 47.7 3.8) .01 

D-S 64.2 11.8) 65.2 13.8) 44.5 3.8) . 02 

Fam-S 51 .1 8.8) 49.7 8.7) 50.2 8.6) 

DLQ-S 65.6 14.7) 63.2 16.2) 47.7 6.7) 

WDL-S 61 .8 12.2) 58.5 9.3) 47.7 7.2) 

Anx-S 62.2 11.5) 67.0 13.7) 44.7 5.6 ) .02 

Psy-S 67.5 15.0) 65.0 10.5) 48.2 5.9) .03 

Hyp-S 49.6 17.0) 52.5 19.9) 53.7 3.6) 

SSK-S 53.0 8.2) 51 .7 9.7) 39.0 5.3) 

# Scores equal to or greater than 70 on a given scale are 
considered significantly elevated clinically. 

* F for ANOVA comparison of children with CM who had 
available sibling vs. siblings. 
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hyperactivity index were greater than 2 standard deviations 

above the mean. 

The rating scale was completed and returned for 

siblings of patients §3 and 8. All factor scores for the 

sibling of patient #3 fell within one standard deviation of 

the mean. In contrast, scores on the conduct problems and 

hyperactivity factors, as well as on the hyperactivity index 

for the sibling of patient #8 were greater than 2 standard 

deviations above the mean. 

Due to the small number of cases in each group, 

statistical tests were not performed on these data. 

Conners Parent Symptom Questionnaire 

The Conners Parent Symptom Questionnaire was com

pleted and returned for the 9 CM patients and the 4 siblings 

(Table 10). On average, the age-adjusted T-scores of the 

total patient group fell within two standard deviations of 

the mean on all factors. However, patients #1 and 5 had 

significantly elevated T-scores on the Learning Problems 

scale, patients #8 and 9 had significantly elevated scores on 

the Psychosomatic Problems scale, and patient §5 had signifi

cantly elevated scores on the Impulsivity-Hyperactivity scale 

and on the Hyperactivity Index. 

As a group, the four patients (#3,4,8,9) whose 

siblings were also evaluated showed a significant elevation 

on the Psychosomatic factor scale. There was, however, wide 
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variation of scores within the group. Average age-adjusted 

T-scores on all other factor scales for this group fell with

in 2 standard deviations of the mean. All factor scores for 

individual patients in this subgroup fell within 2 standard 

deviations of the mean except for patients #8 and 9, whose 

scores on the Psychosomatic Problems scale were greater than 

2 standard deviations above the mean. 

On average, the standard scores of the sibling 

comparison group fell within 2 standard deviations of the 

mean on all factor scales. All factors scores for the 

individual siblings fell within 2 standard deviations of the 

mean except for the sibling of patient #8, whose scores on 

the Impuls ivity-Hyperactivity factor and the Hyperactivity 

scale were greater than 2 standard deviations above the mean. 

One-way ANOVA revealed a statistically significant 

difference at the 0.05 level between patients with siblings 

and siblings on the Learning Problems scale only. Cochran's 

C test for homogeneity of variance revealed a significant 

difference between the group of patients with siblings and 

their siblings on the Conduct Problems Scale (p = . 05 ) and 

the Hyperactivity Index (p = .01). 

Personality Inventory for 
Children—Revised (PIC-R) 

The average age-adjusted T-scores for the study 

sample on the PIC-R are shown on Table 11. As a group, the 



76 

9 patients showed clinically elevated scores (equal to or 

greater than 70) on the F (validity) and Intellectual Skills 

(IS-S) subscales. 

Clinically elevated scores on Factor I: Undiscip

lined/Poor Self-Control were shown by patient #5, on Factor 

II: Social Incompetence by patients #1 and 8, on Factor III: 

Internalization/Somatic Symptoms by patients #8 and 9, and on 

Factor IV: Cognitive Development by patients #1, 3, 5, and 

8. In addition, elevated scores were shown by patients #2, 

5, and 9 on the Adjustment subscale, by patients #4 and 8 on 

the Achievement subscale, by patients #1 , 3, 5, 8, and 9 on 

the Intellectual Screening subtest, by patients #1 , 3, 4, and 

8 on the Development subscale, by patients #1 , 3, 8, and 9 on 

the Depression subscale, by patients #2, 5, and 9 on the 

Delinquency subscale, by patients #1 and 2 on the Withdrawal 

scale, by patients #8 and 9 on the Anxiety scale, by patients 

#1 , 5, and 8 on the Psychosis scale, and by patients #5 and 9 

on the Hyperactivity scale. 

As a subgroup, the 4 patients whose siblings were 

also evaluated, showed clinically elevated scores on Factors 

III and IV, and on the Validity, Intellectual Screening, 

Development, and Somatic Concern subscales. There was, 

however, wide variability among the scores in this subgroup. 

As a group, none of the mean subscale scores of the 

siblings were clinically elevated. However, the sibling of 
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patient #3 showed a clinically elevated score on the Factor I 

scale, and the siblings of patients #8 and 9 showed clini

cally elevated scores on the Intellectual Screening subscale. 

All other individual sibling subscale scores fell within two 

standard deviations of the mean. 

One-way ANOVA revealed statistically significant 

differences in scores between the 4 patients and their 

siblings at the .05 level on Factor IV and on the Validity, 

Adjustment, Achievement, Development, Somatic Concerns, 

Depression, Anxiety, and Psychosis subscales. Cochran's C 

test for homogeneity of variances revealed statistically 

significant differences between patients with siblings and 

their siblings on the PIC-R Factor 3 (p = .003), F (p = 

.030), Defensiveness (p = .003), Somatic Concerns (p = .028), 

and Hyperactivity (p = .02) subscales. 

In summary, Table 12 reports the measures on which 

there was a significant difference in scores between the 

children with CM (n = 9) and normative expectations. Table 

13 reports the measures on which there was a significant 

difference in scores between children with CM who had an 

available sibling (n = 4) and their siblings (n = 4). 

Medical Variables as Predictors of Outcome 

On the basis of clinical experience, five medical 

variables including (1) age at diagnosis, (2) duration of 

symptoms prior to initiation of therapy, (3) C-F antibody 
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Table 12. Measures on Which There Was Significant 
Difference (*) Between Scores of Children 
with CM (n = 9) and Normative Expecta
tions. 

WRAT-R Reading 

WRAT-R Spelling 

WRAT-R Arithmetic 

CELF 

Grooved Pegboard, dominant hand 

Grooved Pegboard, nondominant hand 

PIC-R F-S Scale 

PIC-R IS-S Scale 

* Significant difference is considered T-score 
equal to or greater than 2 standard deviations 
from the mean. 



Table 13. Measures on Which There Was A Significant 
Difference Between Scores of Children With 
CM Who Had Available Sibling (n = 4) and 
Siblings (n = 4). 

WISC-R VIQ 

WISC-R FSIQ 

WISC-R subtests: 

Information 

Arithmetic 

Vocabulary 

Digit Span 

Block Design 

Coding 

WRAT-R Reading 

WRAT-R Spelling 

WRAT-R Arithmetic 

Conners Parent Symptom Questionnaire: Learning 
Problems 

PIC-R Factor IV: Cognitive Development 

F-S (Validity Scale) 

Adj-S (Adjustment) 

Ach-S (Achievement) 

Dvl-S (Development) 

Som-S (Somatic Concern) 

D-S (Depression) 

Anx-S (Anxiety) 

Psych-S (Psychosis) 
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titer of ventricular fluid at diagnosis, (4) C-F antibody 

titer of serum at diagnosis, and (5) number of neurosurgical 

procedures subsequent to initial VP shunt placement, were 

selected as possible predictors of cognitive and behavioral 

outcome and entered as independent variables in multiple 

regression analyses with WISC-R FSIQ, WRAT-R scores, and PIC-

R factors as dependent variables. 

The statistically significant results of the multiple 

regression analyses are shown in Tables 14 and 15. None of 

the independent variables predicted WISC-R FSIQ or any PIC-R 

factor scores. Serum C-F antibody titer at diagnosis was the 

only independent variable which entered the multiple regres

sion equation to predict WRAT-R Reading and Arithmetic 

scores. 
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Table 14. Multiple Regression Analysis With WRAT-R Reading 
Score as Dependent Variable. 

Independent variables: 

1. Duration of symptoms prior to diagnosis (SXTODX) 

2. Age of patient at diagnosis (AGEDX) 

3. Complement-fixation (C-F) antibody titer (ventricular 
fluid) at diagnosis (VTITDX) 

4. Complement-fixation (C-F) antibody titer (serum) at 
diagnosis (STITSX) 

5. Number of neurosurgical procedures (SURG) 

Variable(s) entered on step number: 

1. Complement-fixation (C-F) antibody titer (serum) at 
diagnosis (STITDX) 

Multiple R 
R Square 
Adjusted R Square 
Standard Error 12.62588 

.77038 

.59348 

.51218 

Analysis of Variance: 

DF Sum of Mean Square 
Squares 

Regression 
Residual 

1 
5 

1163.64997 1163.64997 
797.06431 159.41286 

F = 7.29960 Signif. F = .0427 

Equation Number 1 Dependent Variable: WRATR 

Variables in the Equation 

B SE B Beta T Sig T 

STITDX -.02140 7.92160E-03 
(Constant) 35.13789 6.88216 

77038 -2.702 .0427 
5.107 .0037 
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Table 14—Continued 

Variables Not in the Equation: 

Variable Beta In Partial Min Toler T Sig T 

AGEDX .45806 .67823 .89123 1.846 .1386 
SURG -.46294 -.71133 .95979 -2.024 .1130 
SXTODX .24782 .32049 .67990 .677 .5357 
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Table 15. Multiple Regression Analysis With WRAT-R 
Arithmetic Score as Dependent Variable. 

Independent variables: 

1. Duration of symptoms prior to diagnosis (SXTODX) 

2. Age of patient at diagnosis (AGEDX) 

3. Complement-fixation (C-F) antibody titer (ventricular 
fluid) at diagnosis (VTITDX) 

4. Complement-fixation (C-F) antibody titer (serum) at 
diagnosis (STITDX) 

5. Number of neurosurgical procedures (SURG) 

Variable(s) entered on step number: 

1. Complement-fixation (C-F) antitody titer (serum) at 
diagnosis (STITDX) 

Multiple R 
R Square 
Adjusted R Square 
Standard Error 12.51753 

.75794 

.57448 

.48938 

Analysis of Variance 

DF Sum of Mean Square 
Squares 

Regression 
Residual 

1 
5 

1057.69996 1057.69996 
783.44290 156.68858 

F = 6.75033 Signif. F = .0484 

Equation Number 1 Dependent Variable: WRATA 

Variables in the Equation 

B SE B Beta T Sig T 

STITDX STITDX -.02040 7.85362E-03 
(Constant) 36.27340 6.82310 

75794 -2.598 .0484 
5.316 .0031 
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Table 15—Continued 

Variables Not in the Equation: 

Variable Beta In Partial Min Toler T Sig T 

AGEDX .24462 .35402 .89123 .757 .4912 
SURG -.38196 -.57365 .95979 -1.401 .2239 
SXTODX -.05034 -.06363 .67990 -.128 .9047 



85 

CHAPTER 5 

DISCUSSION 

Coccidioidal meningitis is not a benign disease as 

previous reports have suggested (Harrison et al., 1983). In 

our study sample, children with the disease showed 

compromised cognitive abilities and a significantly increased 

incidence of academic and behavioral difficulties compared to 

normative expectations and sibling controls. However, there 

was marked variability in performance of patients across most 

measures (as indicated by the magnitude of the standard 

deviations of the patient group), while the sibling group 

showed less pronounced variation. 

The group of children with CM showed significant 

deficiencies relative to normative expectations on age-

standardized, individually administered tests of academic 

achievement, language, fine motor coordination, and on the 

Intellectual Screening scale of the PIC-R. None of the other 

neuropsychological or behavioral variables reliably 

discriminated between the nine patients and normative data. 

Comparison of the performance of patients with their 

nearest-aged siblings, thus controlling for family and socio-

demographic influences, demonstrated a markedly compromised 

performance of the patient group across a broad range of 
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cognitive, behavioral and emotional measures. The patients 

performed significantly more poorly than their siblings on 

the WISC-R Verbal IQ, WISC-R Full Scale IQ, 6 of the 11 WISC-

R subtests (Information, Arithmetic, Vocabulary, Digit Span, 

Block Design, and Coding), all WRAT-R subtests, the Learning 

Problems factor on the Conners Parent Symptom Questionnaire, 

the PIC-R Cognitive Development factor scale, as well as the 

PIC-R Adjustment, Achievement, Development, Somatic Concerns, 

Depression, Anxiety, and Psychosis subscales. None of the 

neuropsychological variables reliably discriminated between 

the two groups. The sibling group performed at or above the 

mean on all measures, a finding which lends credence to the 

contention that the patients' deficits are a outcome of the 

disease and its treatment rather than a result of socio

economic and cultural factors. 

Due to the small sample size, the wide variability of 

scores across many measures, the lack of age-adjusted norms 

for several neuropsychological variables, and the limitations 

imposed by missing data, it was difficult to determine 

whether a pattern of deficits existed or whether specific 

functions were differentially affected by the disease and its 

treatment. Nonetheless, the study provided strong and 

convergent psychometric evidence for the greater incidence of 

academic difficulties in the patient group, a finding con

sistent with the fact that 7 of the 9 patients have repeated 
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at least one school grade and 4 are currently receiving some 

form of special education within their school settings. It 

is not surprising that the most notable difference in 

performance between patients and siblings is that of current 

academic achievement, a complex measure, perhaps the "final 

common pathway," of the child's attention, concentration, 

motivation, and underlying cognitive abilities. 

None of the medical variables chosen as likely 

predictors of outcome on the basis of clinical experience or 

anecdotal evidence predicted patients' Full Scale IQ or any 

PIC-R factor score. Serum complement-fixation (C-F) antibody 

titer at diagnosis was the only clinical variable which 

predicted academic achievement scores. Whether the titer is 

an accurate indicator of disease severity and, as such, is a 

useful predictor of outcome, is, at this time, uncertain. In 

a previous review of disease outcome, Kafka & Catanzaro 

(1981) found no relationship between C-F antibody titer and 

disease severity. However, in any one patient, clinical 

improvement was accompanied by a falling titer. 

Despite the fact that at the time of testing, three 

of the nine patients had overt neurological deficits and 

three had demonstrable changes on CT scan indicating cerebral 

involvement (including right parietal encephalomalacia in one 

patient, right temporal-occipital encephalomalacia in a 

second, and bilateral intracerebral, meningeal, and basal 
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ganglia calcifications in a third), number of neurosurgical 

procedures did not predict any of the selected outcome 

measures. 

Although only one-third of the patients in this study 

showed neurological signs of motor impairment, most children 

did not emerge from their illness unscathed. The results of 

the study, though limited in scope, call for the increased 

awareness and recognition of the significant academic and 

behavioral deficits experienced by children diagnosed with 

this chronic illness. The results of the regression analy

ses, though not definitive, provide supporting evidence for 

the potential of early intervention and the provision of 

remedial resources early in the patients' school careers. 

Ongoing longitudinal study of this sample of children will 

determine the stability of these findings and will permit 

further investigation of any age-related changes in sequelae. 
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