Although neurologic Lyme disease is known to
cause cognitive dysfunction in adults, little is
known about its long-term sequelae in children.
Twenty children with a history of new-onset
cognitive complaints after Lyme disease were
compared with 20 matched healthy control sub-
jects. Each child was assessed with measures of
cognition and psychopathology. Children with
Lyme disease had significantly more cognitive and
psychiatric disturbances. Cognitive deficits were
still found after controlling for anxiety, depres-
sion, and fatigue. Lyme disease in children may be
accompanied by long-term neuropsychiatric dis-
turbances, resulting in psychosocial and academic
impairments. Areas for further study are dis-
cussed. :

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2001; 13:500-507)
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yme disease (LYD) is a multisystemic iliness caused
by the tick-borne spirochete Borrelia burgdorferi (Bb).
LYD, the most common tick-borne illness in the United
States,! may manifest in a variety of ways: dermatologic,
arthritic, ophthalmologic, cardiac, and neuropsychiat-
ric? The incidence and spread of the disease increased
during the 1980s,’ stabilizing somewhat in the late
1990s. Children below the age of 9 are at a high risk for
Bb infection,* with many new cases of Lyme occurring
among persons younger than 14 years
The neuropsychiatric symptoms of LYD in adults
have been described,®” but little has been published
about the neuropsychiatric effect of the disease in chil-
dren and adolescents. In adults, deficits in attention and
memory have been reported.®’ In children, a controlled
study of cognitive symptoms investigated a sample of
all children and adolescents who presented to a LYD
clinic, most of whom presented with rheumatological
symptoms, had been diagnosed early, and had been
treated appropriately for LD.”® These children were
found to have an excellent prognosis for unimpaired
functioning. However, this sample may not be represen-
tative of all children diagnosed with LYD, especially
those who present initially with neurocognitive prob-
lems and /or those who were not treated until many
months after the initial infection. Our preliminary data

Received August 7, 2000; revised January 3, 2001; accepted January
10, 2001. From the Columbia University Department of Psychiatry,
Division of Behavioral Medicine, New York, New York. Address cor-

- respondence to Dr. Tager, Columbia Presbyterian Medical Center, 622

West 168th Street, Box 427, New York, NY 10032. E-mail:
ft49@columbia.edu.
Copyright © 2001 American Psychiatric Publishing, Inc.

J Neuropsychiatry Clin Newros<i 13:4, Fall 2001



using symptom-driven reports suggest that children
who develop chronic LYD have psychiatric and cogni-
tive difficulties in the area of attention and memory."
However, subjective reports of cognitive dysfunctionare
not often correlated with objective findings. In a case
series,'? 12 of 86 children (14%) developed neurocogni-
tive symptoms associated with chronic LYD. If a sub-
group of children develop cognitive problems associ-
ated with LYD, then teachers, parents, and physicians
should be aware of this possibility. In addition, if our
preliminary findings are replicated in a controlled study,
then in Lyme-endemic areas it may be reasonable for
LYD to be considered in the differential diagnosis of
new-onset neurocognitive disorders in children and ad-
olescents.

This study examined the question of whether a sub-
group of children with a history of LYD and persistent
cognitive complaints have objective cognitive deficits,
independent of psychiatric comorbidity.

METHODS

Subjects

Children between 8 and 16 years of age were recruited.
Twenty children with chronic LYD and 20 healthy con-
trol subjects were enrolled.

Children with a history of LYD who were symptom-
atic for 6 months to 3 years, with persistent cognitive
complaints including memeory problems, distractibility,
and school decline, were referred by their pediatricians.
The diagnosis of LYD was confirmed based on a) history
of exposure to a Lyme-endemic area, b) an illness course
distinguished by symptoms characteristic of LYD, and
¢) either 1) history of a physician-documented erythema
migrans (EM) rash or unambiguous EM described by a
parent, or 2) history of a positive whole-blood polymer-
ase chain reaction (PCR) test for Bb or a positive Western
blot meeting explicit current Centers for Disease Control
and Prevention (CDC) criteria. The CDC criteria for the
immunoglobulin G Western blot (IgG WB) were broad-
ened to recognize that the 31-kD and 34-kD bands rep-
resent the highly specific Osp A and B bands. Children
were accepted into the study only if LYD infection oc-
curred after completion of a marking period in school.
This helped to establish good academic performance
prior to the onset of LYD.

Twenty healthy control subjects with no history of
LYD were included. An attempt was made to match the
groups on gender, age, grade, and socioeconomic status
determined by wusing Hollingshead occupational
codes.’® Healthy children were solicited through the
families of children with LYD, including siblings,
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friends, and relatives. In addition, control subjects were
recruited from flyers posted at Columbia Presbyterian
Medical Center, although many of these self-referred
children were not eligible because they were not fluent
in English. Negative enzyme-linked immunosorbent as-
say and Western blot tests were required for control sub-
ects.

} Eligibility for both groups was determined by an ex-
tensive phone screen with a physician (BE) and by
documentation of a positive Western blot assay for the
LYD group. No children were accepted into the study if
there was a preexisting or pre-Lyme history of signifi-
cant diagnosed medical, neurologic, psychiatric, or
learning problems (including, but not limited to, seizure
disorder, head trauma, attention deficit disorders, learn-
ing disability, and conduct disorder). Healthy control
subjects were not included if they presented with a sig-
nificant history of any of the following symptoms: ar-
thralgias /arthritis, recurrent neck pain or headache,
marked fatigue, EM rash, or cranial /radicular neurop-
athies. Control subjects were not selected as “super-nor-
mals,” since we included all children unless there were
marked medical or psychiatric problems.

All procedures were conducted at the New York State
Psychiatric Institute, where parents and children gave
signed informed consent and were asked to avoid dis-
closing the diagnostic group of the child.

Cognitive Evaluation
All subjects were administered a neuropsychological
battery selected in part to replicate a previous pediatric
LYD study.! Tests were administered in a standardized
manner and in a systematic order. The cognitive do-
mains assessed included 1) general intelligence, using
the Wechsler Intelligence Scale for Children Il (WISC-
1I);* 2) short-term memory for visual and verbal ma-
terial, using subtests of the Wide Range Assessment of
Memory and Learning (WRAML);?® 3) learning of new
verbal and nonverbal material, using subtests of the
WRAML; 4) attention, using the Conners” Continuous
Performance Test (CPT);' 5) executive functioning, us-
ing the Wisconsin Card Sorting Test (WCST)Y; and 6)
language, using the word association subtest of the
Clinical Evaluation of Language Fundamentals.!®

Prior to testing, all children completed a Likert-type
scale for physical symptoms, assessing fatigue, joint
pain, previous night’s sleep, appetite, headache, and
other pain, as well as the Children’s Depression Inven-
tory (CDD' and the Youth Self-Report (YSR).2

Parents completed a general information question-
naire and a physical symptom checklist (rating symp-
tom severity and frequency over the past year). Parents
rated learning and attention problems on the Conners’
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Parent Rating Scale (CPRS48)”' and psychopathology
on the Child Behavior Checklist (CBCL).?

Because the present study is not a longitudinal one,
the children had no pre-Lyme cognitive assessment.
Given that limitation, school grades and standardized
achievement test scores were used as an indirect way to
assess premorbid cognitive functioning. School records
were obtained for the current year and all years starting
from the disease onset. Premorbid standardized
achievement test scores were also obtained.

Statistical Methods

Statistical analyses were conducted by using SPSS 7.5.
The continuous demographic variable of age was con-
traziad between the two groups by independent-sample
i-teviz. Demographic variables of socioeconomic class
anc! sex were analyzed between the groups by #-test and
chi-square analysis. The neuropsychological test results
as well as the self- and parent-report questionnaires
were compared by using independent-sample ¢-tests for
the various indices and subtests. Test performance be-
tween the groups was also analyzed by analysis of co-
variance to control separately for differences in Verbal
Comprehension, depression, anxiety, and fatigue. Bon-
ferroni correction was applied separately to groups of
indices and subtests of the measures to correct for mul-
tiple comparisons. Results before and after Bonferroni
correction are presented for the reader’s information.
The CPT’s overall assessment of the presence, absence,
or possibility of attentional problems was compared be-
tween the groups by chi-square analysis. When avail-
able, analyses were done using standardized scores pro-
cured from published age-corrected normative data. All
hypothesis-testing was two-tailed. A P-value of <0.05
was applied for significance.

RESULTS

Patient Characteristics )

Twenty children were eligible for the study, and all
agreed to participate. There were 13 females and 7 males
(mean age 13.83+241 years; mean+SD reported
throughout). All children were Caucasian, fluent in En-
glish, and, consistent with the demographics of Lyme
disease, all but one came from middle- or upper-lass
families. The mean age at diagnosis was 11.90£2.85
years. The mean number of physicians consulted before
the diagnosis of LYD was 3.80 +4.48. The mean time
since diagnosis was 74.95+68.04 weeks; from parent-
reported symptom onset until diagnosis, 47.28 x44.41
weeks; and from diagnosis to treatment, less than 1
week (0.30+0.92). Thus, these children were symptom-
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atic for many months before being diagnosed and
treated.

Of the 20 children with LYD, 16 (80%) had a fully
reactive WB and 6 (30%) had a history of an unambig-
uous EM rash. Of the 4 without a reactive WB, 3 had
both well-documented EM rashes and 4 /5 bands on an
IgG WB, and 1 had a positive whole-blood PCR for Bb
DNA and frank arthritis.

All of the children had received oral antibiotics
(mean =23.21 £21.99 weeks), and 11 had received intra-
venous antibiotics (8.79 +16.10 weeks). All initially ben-
efited from antibiotic therapy, but improvement was
sustained in only 10% (2/20) after oral antibiotics and
in 36% (4 /11) after IV antibiotics. At the time of testing,
7 children (35%) were being treated with oral antibiotics
and 2 (10%) were being treated with IV antibiotics.

Based on physician assessment, the most common
symptoms during LYD were marked fatigue (100%), ar-
thralgias (100%), frequent and severe headaches (100%),

Iirtitability /depression (34%), shori-term memory prob-

lems (94%), schoolwork deterioration (94%), myalgias
(88%), brain fog (88%), neck pain (88%), insomnia (82%),
distractibility (82%), word-finding problems (82%), and
severe flu (80%). Arthritis was noted in only 38% of the
sample. On the more extensive parent-rated question-
naire, children were rated as having moderate to severe
sensory hyperacusis to sound (58%) and /or light (74%);
insomnia (77%); word-finding problems (79%}; and rad-
icular pains (56%).

Thirteen females and 7 males (mean age =13.53 +2.67
years) were entered into the study as healthy control
subjects. Nine of these children were siblings of children
in the LYD group, 6 were friends of children in the LYD
group, and 5 were recruited independently. All children
were Caucasian and English-speaking. No significant
age, sex, or sociceconomic differences were found be-
tween the two groups.

Outcome Measures

Neuropsychological Testing: Performance of the groups
on the neuropsychological measures was compared (see
Table 1). On two generally accepted measures of pre-
served premorbid intellectual functioning (Vocabulary
and Verbal Comprehension Index), the two groups were
not significantly different. On other indices, however,
the LYD group had significantly lower scores: Full Scale
IQ; Performance IQ; the Perceptual /Organization and
Freedom from Distractibility indices of the WISC-III;
and the General Memory, Verbal Memory, and Visual
Memory indices of the WRAML. The LYD group had
significantly lower scores on the digit span, picture com-
pletion, coding, and block design subtests of the WISC-
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II. They had significantly lower scores on the design
memory, story memory, finger windows, sentence mem-
ory, and number /letter subtests of the WRAML. The
LYD group had significantly greater difficulty maintain-
ing set on the WCST. The CPT data are available only
for a subset of the subjects because this version of the
test was added mid-study. Despite the small n (9 LYD,

TAGER et al.

14 Healthy), there was a strong trend for the LYD group
to have greater attentional difficulties. There was a sig-
nificantly greater frequency of definite attention prob-
lems in the LYD group than in the control subjects (9:1;
P=0.007). After correction for multiple comparisons,
Performance IQ, General Memory Index, Verbal Mem-
ory Index, and finger windows remained significant.

TABLE1. N psychological and results in the Lyme disease and healthy control groups
Lyme Disease Healthy Control
Test n Mean+SD n Mean=+SD t2 P
WISC-II
Full scale IQ 20 104.7+12.9 20 1153127 —2.6 0.013*
Verbal IQ 20 1105+162 20 1179+135 -16 0.128
Performance IQ 20 979+11.7 20 109.7+13.0 -3.0 0.005**
Verbal Comprehension Index 20 1119+15.6 20 117.8+124 -13 0.194
Perceptual /Organization Index 20 979+117 20 1075+138 -24 0.022*
Freedom From Distractibility 20 103.8+14.3 20 1164+ 149 -2.6 0.010%*
Processing Speed Index 20 102.7+17.9 20 111.1+109 -1.8 0.085
Verbal subtests
Information 20 123%32 20 134=*24 -12 0227
Similarities 20 122+29 20 13.4+£29 -12 0223
Arithmetic 20 10.7+3.7 20 125+34 =17 0.101
Vocabulary 20 12.1%28 20 13.1x23 -13 0.218
Comprehension 20 115*46 20 12.8+34 -1.0 0319
Digit Span 20 104231 20 13.032 26 0.014*
Performance subtests
Picture Completion 20 9.3x21 20 115£35 —24 0.022*
Coding 20 10.0+28 20 124+27 -2.8 0.009+%
Picture Arrangement 20 95+41 20 10.8+28 -12 0249
Block Design 20 96+34 20 119+29 -23 0.028*
Object Assembly 20 98+19 20 105227 -0.87 0.390
Symbol Search 20 115x47 20 11531 0.00 1.00
Mazes 20 9.7+44 20 10.7x32 -0.86 0.3%4
WRAML Index Scores
General Memory Index 20 955+16.9 20 1094117 -3.0 0.004*2
Verbal Memory Index 20 96.8+13.6 20 1085+123 -28 0.007+*
Visual Memory Index 20 929+187 20 1053=102 2.6 0.013**
Learning Index 20 100.6£15.7 20 108.6+135 =17 0.090
Subtests
Picture Memory X 20 93237 20 9.6x28 -029 0.775
Design Memory 20 8.7+3.0 20 108227 23 0.025*
Verbal Learning 20 103%34 20 123+35 ~1.8 0.079
Story Memory 20 9228 20 11127 -22 0.036*
er Windows 20 89+33 20 119+23 -32 0.003**
Sound Symbol 20 10532 20 10.8+26 -027 0.787
Sentence Memory 20 103%3.1 20 121225 -2.0 0.048*
Visual Learning 20 95+25 20 10.9+22 -18 0.077
Number/Letter 20 84+26 20 10.83+238 -29 0.007**
CELF—R Word Assodation 18 93+3.76 20 115x36 -1.3 0.086
Wisconsin Card Sorting Test
Categories Completed 20 53+1.8 20 55+14 -0.49 0.623
Failure to Maintain Set 20 07512 20 0.15+037 22 0.034*
Percent error (T-score) 20 559=129 20 56.9+107 -025 0.802
Continuous Performance Test
Attentiveness score {d) 9 593+7.6 14 52777 20 0.056
Overall Index 9 85=6.8 14 3547 2.1 0.051

Note: In the comparisons, df =38 for all measures except CELF-R Word Association (df=34) and Continuous Performance Test measures
(df=21). WISC-II = Wechsler Intelligence Scale for Children, 3rd edition; WRAML =Wide Range Assessment of Memory and Learning; CELF-

R=Clinical Evaluation of Language Functioning —revised.}®
*Significant at P<0.05.
*Significant after Bonferroni correction for multiple comparisons.
PA trend after Bonferroni correction for multiple comparisons.
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Premorbid Academic Achievement: School grades indi-
cated children in the control group were functioning in
the above-average range.

Pre-LYD school grades indicated children in the LYD
group had been functioning in the above-average range.
Premorbid standardized achievement test scores were
available for 14 children (70%) in the LYD group. Eight
of 14 children (57%) had scores greater than 90%, 3 (22%)
in the 80%—89% range, 1 (7%) in the 70%—79% range, 1
(7%) in the 60%—69% range, and 1 (7%) in the 50%-59%
range. For the 6 who were missing standardized tests,
pre-Lyme report card grades of A’s and B’s indicated
above-average functioning in school.

Physical Symptoms and Psychopathology: The LYD group
had significantly elevated scores on all measures of
physical distress and parent /child-reported psychopa-
thology. After controlling for multiple comparisons,
most scales remained significantly different (Table 2).
Regarding depression, parents indicated that 41% (7/
17) of children with LYD had suicidal thoughtsand 11%
(2/18) had made a suicide gesture. On the child rating
(CDI), 40% (8/20) had suicidal thoughts. The LYD
group scored far worse on measures of learning prob-
lems and hyperactivity: almost 7 SD above the control
subjects’ mean on the CPRS Learning Problems scale,
and 5 SD above the controls’ mean on the Hyperactivity
Index scale.

Because affective disorders influence cognitive per-
formance, the data were analyzed in an attempt to con-
trol these potentially confounding variables. Depression
did not account for group differences in Perceptual /Or-
ganizational Index (P=0.050), General Memory Index
(P=0.045), Verbal Memory Index (P=0.021), digit span
(P=0.045), coding (P=0.002), design memory
(P=0.034), finger windows (P=0.011), or number /let-
ter (P=0.003). Parent-rated anxiety did not account for
differences in Performance IQ (P=0.027), Visual Mem-

ory Index (P=0.049), coding (P=0.038), finger windows

(P=0.005), or number /letter (P=0.038). Self-ratings of
fatigue did not account for differences in digit span
(P=0.038), finger windows (P=0.016), or number /let-
ter (P=0.024). When we attempted to statistically con-
trol for depression, anxiety, and fatigue together, three
non-independent variables, group comparisons for
many index and subtest scores failed to attain statistical
significance. However, finger windows (P=0.022) and
number /letter (P=0.010), two important tests of visual
and auditory processing, continued to be significantly
different between the groups.

DISCUSSION

In adults, LYD can cause significant cognitive deficits,
specifically in the domain of memory. This is one of the

504

few controlled studies of the cognitive sequelae of LYD
in children. We did not attempt to study the prevalence
of cognitive deficits in children with LYD. Rather, we
have described a subgroup of children who developed
persistent neuropsychiatric complaints subsequent to
the onset of LYD, despite having been premorbidly neu-
ropsychiatrically healthy. Thus, our LYD group was de-
fined by their cognitive complaints. We were interested
to see if these children would have objective cognitive
deficits as well. The LYD group was compared with
healthy control subjects and was found to have com-
parable premorbid intellectual functioning. The groups
were compared on multiple neuropsychologic, self-re-
port, and parent-report measures. Qur results indicated
that compared with control subjects, the Lyme sample
had significantly more psychopathology and more ob-
jective cognitive deficits.

Our prior work?! indicated that children with chronic
LYD had higher rates of anxiety, mood, and behavioral
disorders than children without LYD. Our current study
specifically recruited patients with cognitive com-
plaints, not psychiatric ones, and hence may be less
likely to suffer from a referral bias in the area of psy-
chopathology. Yet the children with LYD had signifi-
cantly higher rates of psychopathology than control sub-
jects across various domains.

Both children and parents agreed that these children
had difficulty with learning and focusing attention. The
self-report forms indicated that learning and attention
problems, feelings of ineffectiveness, and mood prob-
lems were significantly greater for the LYD group com-
pared with the control group. These findings are im-
portant because children with LYD who present with
psychiatric problems may be misdiagnosed as having a
primary psychiatric problem such as an affective dis-
order, oppositional defiant disorder, or attention deficit
disorder.

In order to assess the meaning of our findings, we
examined whether our children with LYD had premor-
bid cognitive abilities comparable to the control subjects.
On the available standardized tests and school grades,
the two groups appeared comparable. The groups did
not differ on the particular neuropsychological mea-

.sures that tend to be least affected by brain injury (mea-

sures of vocabulary and verbal abstract reasoning).
Thus, the two groups appeared to have similar cognitive
endowments.

On the neuropsychological measures of cognitive
functioning, children with LYD had significantly lower
scores on certain measures. As with the self-report mea-
sures, the particular areas of deficits fell within a pat-
tern. On the standardized measure of intellectual func-
tioning (WISC-HI), the deficit in Performance IQ
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suggests a problem in overall perceptual and organiza-
tional abilities, and the lower Freedom from Distracti-
bility score suggests a problem with attention and con-
centration. Visual and auditory tracking or scanning
difficulties could account for these results.

On standardized tests of memory, deficits were noted
in both visual and auditory primary processing as well
as visual memory. These deficits might mislead one to
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think that these children have primary memory prob-
lems. However, the two groups did not differ on the
Learning Index, indicating intact ability to learn and re-
call /recognize both visual and auditory material over
trials. In other words, children when presented with
complex information may initially “miss” some of it, but
with repetition they can both learn and remember.

The data from the Continuous Performance Test are

TABLE2 Self- and parent-reported physical symptoms and psychopathology in the Lyme disease and control groups

Lyme Disease _Healthy Control _
Measure n Mean +SD n Mean+SD t p
Children’s Depression Inventory
Total score 20 58.8+13.8 19 417+62 494 0.000+*
Anhedonia 20 577+103 19 414+59 6.02 0.000**
Ineffectiveness 20 58.8+13.8 19 421+48 5.01 0.000*~
Interpersonal Problems 20 55.1+118 19 462+53 298 0.005**
Negative Mood 20 585x15.1 19 454+65 351 0.001**
Negative Self-Esteem 20 52.6+10.8 19 43*65 291 0.007*=
Physical Symptoms Analog Scale
Fatigue/tired 20 45x19 20 11+12 6.64 0.000+*
Sleep 20 37x24 20 05+0.8 520 0.000*
Appetite 20 21x25 20 005022 5.62 0.001+*
Headache 20 231222 20 0.1+03 3.61 0.000*
Joint Pain 20 24+18 20 02+05 3.95 0.000*
Other Pain 20 15x19 20 0.1x05 329 0.002**
Conner’s Parent Rating Scale
Anxiety Index 20 56.8+13.1 20 47.1+69 294 0.006**
Conduct Problems 20 64.6+19.1 20 44865 439 0.000**
Learning Problems 20 728+16.6 20 425+47 7.86 0.000**
Psychosomatic 20 877+145 20 503+10.8 924 0.000%
Impulsivity/ Hyperactivity 20 546114 20 421+82 3.98 0.000**
Hyperactivity Index 20 64.6+14.7 20 40351 6.98 0.000**
Child Behavior Checklist
Total Competence Score 20 429+97 18 52.8%69 -3.59 0.001**
Withdrawn 20 66.6+11 20 54.1+6.8 4.31 0.000*~
Somatic Complaints 20 70.6+145 20 53.7x6.3 4.78 0.000**
Anxious/Depressed 20 644+104 20 527+37 4.76 0.000%
Social Problems 20 579+73 20 524+42 2.89 0.006**
Thought Problems 20 647+122 20 51127 4.87 0.000+*
Attention Problems 20 662+9.1 20 51.8+39 6.49 0.000**
Delinquent Behavior 20 569+84 20 51.7x39 251 0.016*
Aggressive Behavior 20 579+83 20 51.5%32 323 0.003*~
Internalization 20 679+£97 20 502+79 633 0.000**
Externalization 20 578x123 20 444+91 364 0.001*
Total 20 649+10 20 46.1+82 6.49 0.000**
Youth Self-Report
Total Competence Score 15 539+115 19 53.1+84 0259 0.797
Withdrawn 18 592+99 19 513%31 333 0.002*~
Somatic Complaints 18 705+14.9 19 52.9+*43 491 0.000*
Anxious/Depressed 18 62.6+129 19 529+53 3.03 0.005**
Social Problems 18 58.1+9.1 19 53.1+5.0 2.10 0.043*
Thought Problems 18 574+98 19 51528 253 0.016*
Attention Problems 18 64.1+119 19 51.8+34 4.28 0.000**
Delinquent Behavior 18 56464 19 524+438 217 0.037*
Aggressive Behavior 18 583+8.7 19 532+49 225 0.031*
Internalization 18 63.1+144 19 482=73 3.99 0.000*~
Externalization 18 563+14.1 19 48.1%92 211 0.042*
Total 18 605+125 19 46.6+73 4.15 0.000+*

Note: In the comparisons, df =38 except for Children’s Depression Inventory (37), Child Behavior Checklist Total Competency Score (36),

and Youth Self-Report (Total Competence Score =32, Rest=35).
*Significant at P<0.05.

*Significant at P<0.05 after Bonferroni correction for multiple comparisons.
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more difficult to interpret because of the small sample
size. However, the groups significantly differed on the
percentage in each group who had attention problems
based on an overall categorical rating. The trend seen
for the Lyme group to have higher scores on Attentive-
ness (d) and Overall Index indicated that these children
had difficulties in perceptual sensitivity—that is, in dis-
criminating the perceptual features of signals from non-
signals.

Taken as a whole, our study demonstrated that a
group of children with LYD had a pattern of cognitive
deficits, as defined by both objective measures of cog-
nitive functioning and self-report measures. Since these
children were included because of their cognitive com-
plaints and we do not have any premorbid objective
cognitive assessments on the children with LYD, we can-
not say for certain whether these cognitive deficits are
caused by LYD. However, the objective neuropsycho-
logical findings and the subjective parent and child re-
port measures all point to deficits in visual and auditory
attention, or in working memory and mental tracking,
in children with cognitive problems associated with
LYD. These particular functions tend to be very sensitive
to brain injury and disease. As noted above, these types
of deficits may be incorrectly perceived by the patients
and others as memory impairments, since the new in-
formation is not attended to and processed and there-
fore will not be recalled. Consistent with this possibility
are the reports by children and parents that the children
with LYD had increased short-term memory problems,
such as forgetting homework assignments.

Our findings were consistent with the cases reported
by Bloom et al.’? but differed from the findings of Ad-
ams et al.’® An important difference between the two
studies is that Adams and colleagues’ sample was taken
from a clinic population of all LYD cases, in which only
approximately 22% of the population presented with
mental status changes and neurological involvement.
Their sample may be more reflective of a rheumatolog-
ical LYD population than a neurological LYD popula-
tion.

This study has several limitations. First, because of the
small sample size, only large differences can be detected
between groups. Second, it would be useful to know
whether the control subjects and the patients were pre-
morbidly comparable on cognition. This would have
been possible only if all children had been given iden-
tical standardized testing at a similar age. Such was not
the case. Premorbid standardized achievement test
scores were available for only some of the Lyme group,
and quantitative school grades were not available for all
children. Given the information available to us, how-
ever, it does appear that the two groups were premor-
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bidly comparable on academic performance. Third, it
would be useful to know whether the cognitive perfor-
mance of our Lyme patients differed from that of other
chronically ill children who do not have a disease that
affects the central nervous system, or of children who
have LYD without neurologic involvement. Only with
such a comparison group can we be certain that the cog-
nitive profile of our patients reflects a disease process
that actually affects the brain, as opposed to the non-
specific effects of a chronic illness.

CONCLUSION

Our study highlights the presence of attentional prob-
lems in a sample of children who develop persistent
cognitive symptoms after LYD. Published pediatric
studies on LYD often include only children with either
early localized or early disseminated LYD. These chil-
dren tend not to develop long-term problems, perhaps
because treatment was initiated early. In contrast, our
study demonstrates that children whose diagnosis and
treatment are delayed may suffer considerable impair-
ment. The present study, comparable to Belman et al.?
and Bloom et al.,’? indicates that children with chronic
neurologic LYD can have significant neuropsychiatric
problems. Our study raises the question of whether a
repeated course of antibiotics would be helpful. Only a
placebo-controlled treatment study can answer this
question and determine whether neuropsychiatric prob-
lems are due to past damage or secondary to persistent
infection.

Our findings have relevance to mental health profes-
sionals as well as educators working in Lyme-endemic
areas, who may be the first to recognize the possible
underlying infectious origin of the neuropsychiatric dis-
order. Recognizing that LYD may present with neuro-
psychiatric symptoms can lead to timely diagnosis and
treatment. Furthermore, identification of children with
persistent neuroborreliosis is imperative so that these
children can receive the most appropriate medical, psy-
chological, and educational assistance.
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