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Abstract
Infroduction

For two decades, pediatric autoimmune neuropsychiatric disorder associated with group a beta hemolytic streptococcal infection (PANDAS) has
been treated with high-dose intravenous immune globulin (IVIg) therapy based upon the understanding that the disorder is partly due to post-
infectious dysimmunity.

Study Aims
To summarize literature cases of PANDAS treated with 1V1g therapy.
Methods

A search for publications documenting the experience of PANDAS treated with 1\V1g therapy was carried out in the English-speaking medical
literature. This yielded seven articles comprising an observational study (114 patients), a randomized control trial (9 patients), five small case
series (21 patients), and a single case abstract, together documenting the experience of 145 published children who met established criteria for the
diagnosis of PANDAS and were treated with 1\VIg therapy for neuropsychiatric symptoms. An analysis of their findings was performed
contrasting and combining clinical characteristics and outcomes of cases in each study, and generalizing information with mean values for
continuous variables and percentages for character values.

Results

Sixty percent of children showed overall clinical improvement, 24% achieved remission of neuropsychiatric symptoms at final assessment, 9%
were unchanged, and none were worse following 1V1g therapy at doses between 1.0 and 2.0 grams per kilogram administered every 1 to 2 months
for a mean duration of 15.3 months (range 0.03 - 61.79 months) for refractory neuropsychiatric symptoms associated with PANDAS. Only 19
(13%) of children received a single one month course of therapy. Among 114 patients (15), 49 (35%) had low baseline Ig levels. Of 22 patients
(19.3%) who achieved remission, all 22 (100%) had low baseline IgG (20 patients) or 1gG subclass levels (2 patients), alone (8 patients) or
together (6 patients) or in association with reduced IgA or IgM levels (8 patients), indicative of humoral deficiency prior to 1\VIg treatment. One
other reported patient who achieved remission status (10) had combined 1gG2/4 subclass deficiency.

Conclusions

Children with PANDAS, often with baseline humoral immune deficiency derive a favorable response to 1VIg in PANDAS at 12 months follow
up consistent with its role in Ig replacement and immune modulation. While its use has not been substantiated in a large RCT, our findings
support its administration early in the course of the disease and continued until significant improvement or remission is achieved often without
serious side-effects.
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Introduction

From 1989 to 1992, Swedo and investigators [1-3] in the Child
Psychiatry Branch of the National Institute of Mental Health (NIMH)
in Bethesda, Maryland described the long-term course of children with
obsessive-compulsive disorders (OCD). In 1994, Swedo [4] described
a subgroup of children with sudden onset of OCD and tic disorders
following group A beta-hemolytic streptococcal (GABHS) infections.
An autoimmune process analogous to Sydenham’s chorea could be
postulated wherein exposure of a child and susceptible host to
GABHS infection evoked an autoimmune response in the central
nervous system (CNS). Postulating the benefit of immunotherapy in
so called pediatric infection-triggered autoimmune neuropsychiatric
disorders (PANDAS), Swedo and colleagues [5] established working
criteria for the diagnosis of pediatric infection-triggered autoimmune
neuropsychiatric disorders associated with PANDAS according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-R) [6].
Intravenous immunoglobulin  (IVlIg) has emerged as a useful
adjunctive agent in the treatment of PANDAS [7].
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There has not been an analysis of the efficacy and outcome of patients in
the literature with PANDAS treated with IVIg. The present analysis
combines and contrasts published cases of PANDAS in the literature
treated with 1VIg therapy.

Methods

A search for publications related to the case reports of children with
PANDAS who underwent treatment with 1V Ig therapy was carried out on-
line in PubMed. This yielded seven articles [8-14] to which an eighth
study [15] was added. Together the papers document 145 children who
met established criteria [5] for the diagnosis of PANDAS and received
treatment with 1V1g therapy for neuropsychiatric symptoms. The cohort of
145 children described in Table 1 was comprised of one large
observational study of 114 children all of whom were treated with 1VIg
[15], a single randomized control trial (RCT) of nine children comparing
IVIg to placebo and plasma-exchange (PE) [9], three small case series
totaling 21 children [8,11-14]; and a case abstract [10].
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Treatment with 1VIg was generally deemed necessary because of
neuropsychiatric symptoms refractory to maximal conservative
management that typically included prophylactic antibiotics and
psychotropic medications.
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Author (Reference Number) Stt;:z' :??::z Agef:ﬂ . Pﬁ;ﬁgf‘;ﬂ;ﬁi Available Ig Data
Allenetal[5] () | 13 M 008 NA

; Allsix patients had immune
Batbotisetal[14] s 6 149 MEW) 454 deﬁﬂm e
Frakovichetal [12] (S 1 1 M 12 A
Hachipaetal [11] [ 1| 1 f 0 NA
Hershetal [10] (R 1 10 M | 19621264 deficiency
Kovacevicet al[13] (N 12 10329  M(75%) 2413 A |
Youngeretal[19) Observationalstudy 114~ 106333 M(64%%) 43431 =5 paﬁeI]t§ dd ; pr L

deficiencies*

Perlmautter etal [9] kT 9 91:24 M 02:01  1g6IaMNR; No lgA deficencies

Table 1: Baseline Clinical Characteristics of 145 Cases (CR: case
report; CS: case series; NA: not available; NR: not reported; RCT:
randomized clinical trial. * see text for details of lg deficiencies.)

Clinical demographical characteristics at baseline such as age, sex,
duration of PANDAS and IVIg treatment, dosage, regimens, and
patient outcomes were abstracted in different studies and analyzed for
mean values and associated percentages for continuous, categorical
and discrete values.

Results
Literature Review

Allen and colleagues [8] reported successful treatment of symptomatic
tics and OCD in a child with GABHS infection complicating
Tourette’s syndrome with IVIg in conjunction with penicillin
prophylaxis. Perlmutter and colleagues [9] conducted a RCT
comparing the outcome of OCD and tics among 29 children with
PANDAS randomized to plasma exchange PE (10 children), 1VIg
(nine children) or saline solution placebo (10 children). The authors
noted global score changes of 48% and 41% respectively at one month
after treatment with 10 to 12 days of PE or 2 days of IVIg, compared
to 87.5% and 77.7% in those respectively treated with PE or IVIg in
open label at one year. Harsh and colleagues [10] reported a child with
PANDAS in whom immunologic evaluation disclosed low 1gG2/1gG4
subclass levels, suboptimal response to pneumococcal vaccine and
rapid decline of pneumococcal antibody titers with low levels of
proinflammatory cytokines (tumor necrosis factor [TNF]-a, interleukin
[IL]1-b, and 12p40) to liposaccharide without Toll-like receptor
(TLR)4 polymorphisms (Asp299Gly and Thr399lle). Treatment with
IV1g was associated with near complete resolution of Sino pulmonary
infection and symptoms of PANDAS. Thirty-two additional children
with PANDAS treated successfully with 1VVlg were reported in five
cases series [11-14]. Bouboulis and Mast [14] noted the favorable
impact of 1VIg on neuropsychiatric manifestations of PANDAS and
humoral deficiency in the patients however the nature and extent of
the latter was not described. Younger and colleagues [15] extended the
findings of Bouboulis and Mast [14] noting low serum
immunoglobulin levels in any category in 52.56%, and the favorable
prognosis of children with baseline lg deficiencies presumably in
which 1V1g acted as both replacement therapy and immune modulator.

Statistical Analysis

Table 1 and Table 2 summarize the clinical characteristics and
outcome of the combined cohort of study patients. The male: female
ratio was 1.9:1 with mean age 10.5 years, and mean duration of
neuropsychiatric symptoms of 3.7 years before treatment with
IVIg. Among the 145 children that comprised the study cohort, 120
(83%) received IVIg therapy at doses between 1.0 and 2.0 grams per
kilogram administered every 1 to 2 months for a mean duration of

15.3 months (range 0.03 - 61.79 months) for refractory
neuropsychiatric symptoms associated with PANDAS;
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19 (13%) children received a single course of therapy in the first month.

Author Dose per course, Total courses

Dosin s Status at final assessment
(Reference Number) g/ke osing (duration time) $
Allenetal [5] 0002 1 course (over 2 days) Symptoms improved
: 21 course ; : s
Bouboulis et al [14] 16 Every 2 months oo 4 had improved symptoms and 2 achieved remission
(over 2- 24 months)
Frankovich et al [12] 2 1 course Symptoms improved
Hachiya et al [11] NA NA Symptoms improved gradually
Hersh et al [10] 06 Every 3 weeks NA Achieved remission
| P 1 vi
Kovacevicet al [13] 15 Bk AR k2 2 had improved symptoms and 10 achieved remission
Separate courses ’
Average 7.5 cour 78 (644%) had improv and 22(193%
Yougeretal[5] 10-20 Siece i S -\\6.1 zge' _5comses 8(644‘3] ]ndnnprg\ed551:1pt01115111d -(1 3%)
i i (over 15.7 months) achieved remission at 12-month follow-up
: *were imoroved bv 539
Perimutteretal 3] 20 1 course Global change scores* were improved by 53%

(over2 days) at 12-month follow-up

** (linical Global Impression (CGI) change scale assesses the patient’s improvement or worsening from baseline which rates as 1=very much improved,
2=much improved, 3=minimally improved, 4=no change, S=minimally worse, 6=much worse, and 7=very much worse. At 1 month, the mean of clinical
global impression change score is 2.4 (SD=1.1), at 1 year the mean of score is 2.3(SD=1.1) NA, not available.

Table 2: Treatment and Outcome.

Altogether, 87 (60%) were clinically improved, 35 (24%) achieved
remission, and 14 (10%) were unchanged or worse at final assessment in
the one large observational study [15]. Baseline Ig levels were
documented in only two studies showing low 1gG subclass 2 and 4 levels
[10], and low levels of serum IgG subclasses, total 1gG, IgM and IgA
respectively in 26.47%, 25.51%, 16.28%, and 10.48% of cases [15].
Among 114 patients [15], 49 (35%) had low baseline Ig levels. Of 22
patients (19.3%) who achieved remission, all 22 (100%) had low baseline
1gG (20 patients) or 1gG subclass levels (2 patients), alone (8 patients) or
together (6 patients) or in association with reduced IgA or IgM levels (8
patients), indicative of humoral deficiency prior to 1VIg treatment [15].
One reported patient who achieved remission [10] had combined 1gG2/4
subclass deficiency.

Low levels of IgA (p < 0.006), IgG (p < 0.0001) and IgG subclasses (p <
0.0003) were associated with 100% improvement at 12 months, while age,
sex, duration of disease, and baseline IgM levels were not associated with
IVIg efficacy [15].

Mild adverse effects of treatment so noted in 16% of patients in the one
large observational study [15] included exacerbation of migraine headache
or flu symptoms at the beginning of therapy that did not preclude ongoing
treatment and was generally managed with slowing the rate of infusion,
vigorous hydration, or a change in 1VIg product.

Discussion

Intravenous Ig provides replacement Ig in immunodeficiency and
immunomodulation in the treatment of inflammatory autoimmune
pediatric diseases [16]. From immunodeficiency to autoimmunity, the
dynamic immunologic basis of PANDAS highlights the broad potential of
high-dose 1V1g therapy. One small early published RCT [9] and clinically
similar case reports [8;10-14] demonstrated improvement or remission
similar to a recent large observational study [15] that showed benefit of
IVIg for up to 84% of children with PANDAS concomitant with, or
following treatment at one-year final assessment [15].

Our study had several limitations mainly associated with lack of
uniformity within and among the published cases of PANDAS that
precluded statistically meaningful comparisons. First, the dose, duration of
treatment and timing of 1VVIg therapy was not uniform with some patients
treated for one month and others repeatedly. Second, there was lack of
uniform assessment of response to I\VVIg with employment of different
methods of scoring. A change in a global assessment score summing OCD
symptoms, tic severity, global measures of symptoms severity and
psychosocial functioning were used in the RCT [9], while quartile scales
of percentage improvement were employed in the observational study [15]
in assessing response to treatment at one month and one-year follow-up.
None of the patients described in case reports were objectively scored at
onset or after one month or 12 months of treatment.
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Third, it was not possible to ascertain the beneficial effects of
concomitantly prescribed medications such as chronic or prophylactic
antibiotics or psychotropic agents in the response to IVIg. Fourth,
there were no data in regard to patient's clinical status between the
long intervals of assessment. Neither was it possible to ascertain
whether unrelated bouts of exacerbation and improvement may have
influenced the response attributed to 1VIg. Fifth, with a mean
treatment period of 15.7months (SD = 13.8 months) in the
observational study [15], nearly half of patients were assessed while
receiving 1VIg leading to a possible excess of positive cases compared
to those treated for a shorter time. Lastly, baseline Ig status was
described in only two studies [10,15], including one that selected
patients for treatment with 1\VIg because of immune deficiency [14]
but did not provide further detailed information relevant to it.

The nosology and classification of autoimmune neuropsychiatric
disorders is rapidly evolving [17], and the recognition that some
affected children have infectious and immunologic triggers
emphasizes the importance of new avenues of treatment. Intravenous
Ig is a safe and useful adjunctive therapy in the treatment of refractory
neuropsychiatric symptoms due to PANDAS and its variants. Children
with PANDAS, often with baseline humoral immune deficiency
derived a favorable response to IVIg in PANDAS at 12 months follow
up consistent with its role in 1g replacement and immune
modulation. While its use has not been substantiated in a large RCT,
our findings support the use of IVIg early in the course of the disease
and continued until significant improvement or remission is achieved
often without serious side-effects. There is an urgent need for
standardized guidelines to address the selection of patients and the
most appropriate dosing regimens in those with refractory
neuropsychiatric symptoms due to PANDAS.
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