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ABSTRACT
Objective: Antibiotics have been used extensively by 
clinicians to treat patients with PANDAS or PANS (pediatric 
autoimmune neuropsychiatric disorders associated 
with streptococcal infections and pediatric acute-onset 
neuropsychiatric syndrome, respectively). This review 
examines the best-quality evidence supporting the practice-
based use of antibiotics in these psychiatric conditions.

Data Sources: PubMed was searched for English-language 
articles published between January 1994 and July 
2017 using the search terms [PANDAS OR PANS OR new-
onset pediatric OCD] AND [antibiotics OR macrolides OR 
beta-lactams].

Study Selection: Randomized clinical trials, observational 
studies, and case reports concerning antibiotic use in 
PANDAS/PANS were reviewed. Four publications were 
included in the quantitative synthesis.

Data Extraction: The evidence was rated using the GRADE 
(Grading of Recommendations, Assessment, Development, 
and Evaluation) method.

Results: Although the single studies conveyed no 
statistically significant results, there is some evidence for 
efficacy of antibiotic therapy in reducing neuropsychiatric 
symptoms in the PANDAS/PANS population.

Conclusions: Whereas the use of eradicating antibiotic 
therapy during active infections in PANDAS/PANS is well 
established, there is still a need for studies that improve 
the quality of evidence supporting use of antibiotics in this 
population independent of ongoing infections. Studies that 
compare antibiotics with other therapies, as well as studies 
that assess safety and efficacy of long-term use of antibiotic 
therapy in PANDAS/PANS, are still lacking. However, the 
available research supports evidence of a subgroup in the 
pediatric OCD population that is sensitive to antibiotic 
treatment and immunomodulatory therapy, independent 
of ongoing infectious conditions. Thus, more studies are 
warranted in the overall OCD spectrum.
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The link between neuropsychiatric symptoms and 
infections was first elucidated in the early 1990s.1,2 

These findings led to the definition of PITANDS (pediatric 
infection–triggered autoimmune neuropsychiatric disorders)3 
and then to the more specific PANDAS (pediatric autoimmune 
neuropsychiatric disorders associated with streptococcal 
infections) proposed as an entity with abrupt prepubertal onset 
of obsessive-compulsive disorder (OCD) and tic symptoms 
occurring in association with group A streptococcus (GAS) 
infections.4 However, the difficulty in operationalizing the 
association between GAS infection and onset and exacerbations 
of OCD and tic symptoms led to the definition of a new umbrella 
category called PANS (pediatric acute-onset neuropsychiatric 
syndrome).5 Although this category was developed to include 
acute-onset OCD cases that were not triggered by infections, 
the largest survey sample6 conducted on the PANS population 
to date showed that infection was implicated as the primary 
inciting factor in 65% of patients, and streptococcus was 
associated in 54% of patients. A recent study,7 the first to assess 
prevalence rates of PANDAS within a pediatric OCD sample 
(N = 136), found that 5% of pediatric OCD outpatients met the 
criteria for PANS or PANDAS, suggesting that this association 
is a relevant health issue.

Despite the controversy about the PANDAS hypothesis on 
pathogenesis,8 given the strong link between neuropsychiatric 
symptoms and streptococcus in patients with PANDAS, many 
clinicians use antibiotics in this population. According to 
the National Institute of Mental Health website,9 “the best 
treatment for acute episodes of PANDAS is to eradicate the 
strep infection causing the symptoms if it is still present” and 
“it may be helpful to use antibiotics as prophylaxis against strep 
infections,” considering the beneficial outcome observed in 
patients with rheumatic fever and Sydenham chorea.

Recently, the PANS/PANDAS Consortium proposed a set 
of practice-based guidelines10 for patient management that 
suggests an initial course of antibiotics for all PANS cases and 
secondary antimicrobial prophylaxis of streptococcal infections 
for children with PANDAS who have severe neuropsychiatric 
symptoms or recurrent exacerbations. Although there is 
accumulating evidence11,12 that immune dysregulation may 
contribute to the pathophysiology of not only PANDAS but 
also OCD as a whole, immunomodulatory therapies still have 
to be sufficiently investigated in the overall OCD population.

We reviewed the literature to assess levels of evidence for 
the use of antibiotics in the young OCD population and, 
specifically, in PANDAS/PANS patients, taking into account 
the method suggested by the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE)13 
working group.

Antibiotics for PANDAS?
Limited Evidence: Review and Putative Mechanisms of Action
Elisabetta Burchi, MD,a,b,* and Stefano Pallanti, MD, PhDa,c,d
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Figure 1. PRISMA Flow Diagrama for the Systematic Review of the 
Evidence for Antibiotic Use in PANDAS and PANS Populations

1 Additional record identi�ed 
through other sources  

81 Records identi�ed through  
PubMed searching 

67 Records after duplicates  
removed 

67 Records screened 

 
25 Records excluded because 

not related to the topic   

28 Studies included in the 
qualitative synthesis 

42 Full-text articles assessed for 
eligibility

14 Full-text articles excluded 
because they were 
• Reviews 
• Not English language 

 

4 Studies included in GRADE 
assessment  

aPRISMA Flow Diagram and methodology described in Moher et al.14

Abbreviations: GRADE = Grading of Recommendations Assessment, Development, and 
Evaluation; PANDAS = pediatric autoimmune neuropsychiatric disorders associated 
with streptococcal infections; PANS = pediatric acute-onset neuropsychiatric syndrome; 
PRISMA = Preferred Reporting Items for Systematic review and Meta-Analysis)

METHODS

A systematic review of PubMed was performed between January 
1994 and July 2017 using the search terms [PANDAS OR PANS OR 
new-onset pediatric OCD] AND antibiotics OR macrolides OR beta-
lactams (Figure 1). The search was limited to English-language articles. 
Randomized clinical trials (RCTs), observational studies, and case 
reports describing the efficacy of antibiotics in definitive or putative 
PANDAS or PANS patients were reviewed. 

Studies that did not report a comparison group or objective measures 
of effect were excluded from the quantitative synthesis. Studies were 
rated independently by 2 researchers (E.B. and S.P.) using the GRADE 
method, which systematically analyzes the factors important to interpret 
the quality of evidence—study limitations, inconsistency, indirectness, 
imprecision, publication bias—and the magnitude of effect for each 
outcome considered.13 Following this approach, the quality of evidence 
is rated high, moderate, low, or very low. Twenty-eight studies were 
included in the qualitative analysis, 415–18 of which were included in 
the GRADE assessment.

RESULTS

PANDAS and Antibiotic Therapy
RCTs. To date, there are 2 published RCTs15,16 

studying antibiotic efficacy in children with 
streptococcal-triggered OCD and tic disorders, 
specifically proposing as primary outcome 
measures the reduction in the number of both GAS 
reinfections and neuropsychiatric exacerbations 
in patients previously diagnosed with PANDAS. 
Garvey et al15 failed to provide support for the 
use of a 4-month prophylaxis with penicillin, 
with no significant differences in the number of 
infections or in ratings of tic or OCD severity 
between the active and placebo arms. Nevertheless, 
the results described relative efficacy of antibiotic 
compared to placebo, and the lack of statistical 
significance could be influenced by the carryover 
effect related to the crossover design, use of off-
study antibiotics, and the subclinical score of OCD 
symptoms at baseline.15 Conversely, Snider et al16 
reported statistically significant reductions in GAS 
infections and neuropsychiatric exacerbations 
in PANDAS patients treated for 1 year with 
prophylaxis with penicillin or azithromycin 
compared to the previous year. However, the effect 
size of antibiotics could have been overestimated 
due to the risk of bias with the study design, 
including lack of placebo control, the regression 
toward the mean phenomenon, and retrospective 
collection of the baseline year data.16 Interestingly, 
the observed rate of neuropsychiatric exacerbations 
in the intervention group (0.5 per person-year for 
those treated with penicillin and 0.9 for those 
treated with azithromycin)16 was similar to the 
rate reported in a case-control study19 comparing 
PANDAS with classic OCD in which children who 
met criteria for PANDAS had 0.56 exacerbations 
per person-year (versus 0.28 exacerbations per 
person-year for control subjects) but in the absence 
of prophylactic antibiotic treatment.

Observational studies. Murphy and 
Pichichero20 identified and followed 12 new-
onset PANDAS cases among approximately 4,000 
patients infected with GAS across a 3-year time 
period and evaluated antibiotic therapy in relation 
to acute GAS tonsillopharyngitis at the index 
episode and during recurrences. In every instance, 
PANDAS behavior was associated with evidence 
of acute GAS infection, and an early intervention 
with eradicating antibiotic therapy corresponded 
to remission of neuropsychiatric symptoms in 
12 of 12 PANDAS cases. Despite the lack of a 
comparison group, which prevented inclusion 
in the current quantitative synthesis, this study20 
conveys important clinical significance given 
the magnitude of the intervention in relation to 
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■■ Although antibiotics have become the standard therapy in the 
treatment of PANDAS/PANS, there are no conclusive studies to 
support their use regardless of whether the infection is detected or 
not.

■■ An evaluation of potential benefit and a personalized risk assessment 
for use of long-term antibiotic therapy are required for every patient.

■■ Clinicians should be aware of a subgroup of pediatric patients with 
OCD that is sensitive to antibiotic treatment and immunomodulatory 
therapy, independent of evidence of ongoing infection.
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neuropsychiatric symptoms during acute PANDAS episodes. 
Other studies19,21–24 supported the role of untreated GAS 
infection in triggering OCD and tic disorders in a subgroup 
of the pediatric population, also suggesting the preventive 
therapeutic role of eradicating antibiotic therapy.

In a sample of 109 children with tics or OCD, Murphy 
et al25 found that those diagnosed with PANDAS (n = 41) 
were significantly more likely to have had a remission of 
neuropsychiatric symptoms during antibiotic therapy than 
those without PANDAS (relative risk = 3.98). No dose or type 
of antibiotic was specified.25

Case reports. The first poststreptococcal case of OCD 
reporting use of antibiotics appeared in 1996.26 Since then, 
other case reports27–37 have been published describing 
patients with PANDAS prescribed antibiotics at the index 
episode. In every instance, the antibiotics β-lactams or 
macrolides were used.

PANS and Antibiotic Therapy
RCTs. Murphy and collegues17 conducted a placebo-

controlled trial examining the preliminary efficacy and 
tolerability of 4-week treatment with azithromycin in 
patients with PANS; 61% met criteria for PANDAS. Both 
study arms showed improvement during the trial. There 
was no significant difference in the Children’s Yale-Brown 
Obsessive Compulsive Scale (CY-BOCS) scores, but OCD 
severity on the Clinical Global Impressions-Severity of 
Illness scale was significantly reduced in the azithromycin 
group compared to the placebo group. Greater tic severity 
was associated with enhanced treatment response. The 
azithromycin group showed a potential for cardiac risk, 
with a trend toward significantly greater electrocardiography 
corrected QT interval (QTc) (P = .060) at the end of week 4.17

Observational studies and case reports. In a retrospective 
survey sample6 that included 698 patients with clinical 
diagnoses of PANS, 90% of patients with infection-associated 
onset (65% of the total) reported receiving antibiotics for 
the infection, with 59% having a resolution of infection and 
31% having a resolution of PANS symptoms following this 
intervention. Some case reports36–41 described efficacy of 
antibiotic therapy in infection-associated PANS cases.

New-Onset Pediatric OCD and Antibiotic Therapy
Our query identified an additional RCT18 that was 

included in the quantitative synthesis, although it did 
not include participants who strictly met PANDAS or 
PANS criteria. This study18 evaluated the efficacy of a 
cephalosporin (cefdinir) in a sample of patients comparable 
to the PANS population. Murphy et al18 examined the safety 
and efficacy of cefdinir (a third-generation cephalosporin) 
in the treatment of children aged 4–13 years old with new-
onset OCD or tics. No evidence of infection was required. 
Although no significant group differences were detected 
between the cefdinir and placebo groups, large within-group 
treatment effects were observed in the cefdinir group using 
the CY-BOCS and Yale Global Tic Severity Scale (YGTSS), 
identifying youth with tics as a subgroup more sensitive to 

antibiotic treatment. The effect size of the intervention could 
have been underestimated given that only a small number of 
subjects were not receiving antibiotics in the placebo arm.18

DISCUSSION

To date, only 4 studies15–18 yield objective measures 
of effect provided by antibiotic therapy in reducing 
neuropsychiatric symptoms in pediatric OCD samples. These 
studies are heterogeneous, differing in type of antibiotic used, 
duration of treatment, selection criteria of participants, study 
design, and primary outcome measures. Using the GRADE 
approach13 and distinguishing statistical significance from 
magnitude of effect, we stratified these studies according 
to 3 main outcomes: reduction in OCD symptom severity, 
reduction in tic symptom severity, and reduction in number 
of neuropsychiatric exacerbations using the CY-BOCS and 
the YGTSS (Table 1).

Despite the heterogeneity across studies that prevented a 
meta-analysis of results, collectively the 4 studies15–18 suggest 
some benefit from antibiotic treatment in the PANDAS/
PANS population. Even if the quality of the evidence for 
the outcomes considered was not highly rated (Table 1), the 
strength of recommendation for the use of antibiotics in this 
population, which would depend on the balance between 
desirable and undesirable effects, is not compromised.

Antibiotics and Mechanisms for  
Treatment Efficacy in PANDAS/PANS

On the basis of the immune-driven hypothesis for 
pathogenesis of PANDAS42–45 and given the results of 
studies46,47 describing mechanisms of action of antibiotics, 
we can hypothesize some possible mechanisms for treatment 
efficacy of antibiotics in this clinical population that 
supersede their anti-infective activities.

Immune-Driven Pathogenesis
Some preclinical studies48,49 have tried to elucidate the 

pathogenesis of PANDAS. Yaddanapudi et al48 found a 
strict relationship between GAS exposure and the syndrome, 
demonstrating that passive transfer of streptococcus-induced 
antibodies reproduces behavioral disturbances in a mouse 
model of PANDAS. Lotan and colleagues49 tested the efficacy 
of ampicillin treatment in a rat model of GAS-related 
neuropsychiatric disorders comparing controls and GAS-
exposed rats in the ampicillin condition. The findings showed 
that ampicillin prevented some of the behavioral alterations 
induced by GAS-antigen exposure, IgG (immunoglobulin 
G)deposition in the thalamus, and the increase in the level 
of TH (tyrosine hydroxylase) and D1 and D2 receptors in 
the striatum without reducing the level of sera anti-GAS 
antibodies.49

However, in humans, the pathogenesis is thought to be 
more complicated, and it seems that PANDAS represents 
a subgroup of patients with tics or OCD whose symptoms 
are vulnerable to GAS infection, although not exclusively. 
The proposed pathogenesis of PANDAS implicates the 
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production of antibodies in response to GAS infection, 
which cross the blood-brain barrier, and, due to molecular 
mimicry, cross-react with neuronal proteins that interfere 
with neuronal signaling.42–45 According to this hypothesis, 
a patient’s immunogenetics as a whole—through specific 
human leukocyte antigens, type of T response, specificity, 
affinity, and concentration of the autoantibodies induced—
become critical in eventually determining the disorder.

Recent preclinical studies45 have provided insight 
into the link between the central nervous system (CNS) 
and cellular immunity. In particular, in a mouse model, 
Dileepan et al45 illustrated the neuroimmune consequences 
of repeated intranasal GAS infections, with the pivotal role 
of Th17 cellular response in promoting blood-brain barrier 
breakdown, IgG deposition, microglial activation, and loss 
of excitatory synaptic proteins. This study45 suggested that in 
children with PANDAS, once autoantibody levels are primed 
by previous GAS infections, flare-ups may be produced by 
other common pathogens including the influenza virus, 
mycoplasma, and staphylococcus aureus that are able to 
induce a robust Th17 cellular response.50,51

This hypothesis might explain why subjects with new-
onset first-episode OCD are more likely to respond to 
antibiotic treatment than those with a recurrent OCD 
episode17 and why only a minority (7.5%–25%) of the clinical 

exacerbations in a PANDAS population had evidence of 
an association with group A beta-hemolytic streptococcal 
infections infections.19

β-Lactams and Macrolides: Actions on CNS 
β-Lactams and macrolides are the classes of antibiotics 

studied in PANDAS15,16 and PANS17 because they are the 
antibiotics recommended for eradication of GAS infections. 
In addition to the anti-infective activities, they provide other 
ancillary effects46,47 that may convey part of the treatment 
benefit reported in the PANDAS/PANS populations (Table 
2).

β-Lactam molecules have neuroprotective, antioxidant, 
analgesic, and immunomodulatory capabilities.46,52,53 They 
have been found to facilitate serotonin or dopamine release, 
to block γ-aminobutyric acid (GABA)-A receptors, to 
modulate astroglia and microglia, to down-regulate reactive 
oxygen, and to have anti-inflammatory properties. Notably, 
β-lactam molecules minimize glutamate neurotoxicity, 
increasing expression of glutamate transporter 1 GLT1 
by activation of promoter for GLT1 in a concentration-
dependent manner.53

While GLT1 dysfunction is implicated in several 
neurologic disorders,52 increasing evidence also suggests 
a dysregulation of glutamatergic signaling in patients with 

Table 1. GRADE Rating of Clinical Studies for Efficacy of Antibiotic Therapy in the PANDAS and PANS Populations
Summary of Findings

Absolute Comparative Effect
Quality of the Evidence for Outcome

Outcome Measure

Assumed Risk 
(no intervention 

group)
Corresponding Risk 
(intervention group)

Relative 
EffectStudy Population

No. of 
Patients

GRADE 
Rank Comment

Reduction in OCD severitya

3 RCTs Mean Change in CY-BOCS Score
Garvey et al15 PANDAS 37 1.39 2.52 1.81* Moderate Lower quality of evidence 

for risk of bias
Murphy et al17 New-onset 

OCD
20 4.7 7.84 1.67*

Murphy et al18 PANS 31 4.98 8.94 1.8*
Reduction in tic severityb

3 RCTs Mean Change in YGTSS Score
Garvey et al15 PANDAS 37 2.39 1.97 0.82* Low Lower quality of evidence 

for inconsistency; large 
variation of effect 
due to differences in 
population

Murphy et al17 New-onset 
OCD

20 0.12 9.5 79.17*

Murphy et al18 PANS 31 4.81 4.06 0.84*
Reduction in number of neuropsychiatric exacerbationsc

2 RCTs Mean Number of Exacerbations  
per Patient

Garvey et al15 PANDAS 37 1.02 0.95 0.93* Very low Lower quality of evidence 
for risk of bias and 
indirectedness

Snider et al16 PANDAS 23 1.94 0.66 0.34
aCY-BOCS (scale from 0 to 40).
bYGTSS (scale from 0 to 50)
cNeuropsychiatric exacerbation defined as a > 20% increase in at least one of the psychiatric ratings scales used or a > 3-point increase in CY-BOCS or YGTSS 

scores.
*Not a statistically significant result.
Abbreviations: CY-BOCS = Children’s Yale-Brown for Obsessive Compulsive Scale; GRADE = Grading of Recommendations Assessment, Development, 

and Evaluation; PANDAS = pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections; PANS = pediatric acute-onset 
neuropsychiatric syndrome; YGTSS = Yale Global Tic Severity Scale



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2018 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

    e5Prim Care Companion CNS Disord 2018;20(3):17r02232

Antibiotics for PANDAS? Limited Evidence

OCD,54 and 1 study45 raises the possibility that synaptic 
pruning of glutamatergic connections is increased in 
PANDAS.

Although ceftriaxone has been preferred in vivo as 
a neuroprotectant against many of glutamate/GLT1-
dependent neurologic diseases because of a large volume 
of distribution, penicillin also has been shown to be highly 
active in stimulating GLT1 protein expression in vivo.53

Clavulanate, a β-lactamase inhibitor commonly used 
in conjunction with amoxicillin, readily crosses the 
blood-brain barrier. Through reductions in glutamate and 
enhancements in dopamine and trophic factors, clavulanate 
has shown significant potential as an antidepressant and 
anxiolytic agent.52

The 14- and 15-membered ring macrolides are known for 
their immunomodulating properties that seem exceptionally 
suited for the treatment of chronic inflammatory diseases.47 
These effects are permitted by their capacity to concentrate 
in lymphocytic cells, where they have a dampening effect 
on the proinflammatory response.

Azithromycin, which has poor CNS penetration, is 
known to accumulate in leukocytes to a considerably 
higher degree than any other macrolide antibiotic. Recent 
findings55 suggest that it might be the macrolide of choice 
in the treatment of inflammasome-driven diseases in 
dose regimens lower than that used in antimicrobial 
chemotherapy. The efficacy of azithromycin during GAS 
infection and possibly during postinfection exacerbations 
seen in PANDAS could also be related to its impact on 
innate immunity, reducing TLR4 (toll-like receptor 4) and 
IL-12 (interleukin 12). TLR4 mutations to D299G and 
T399I were associated with vulnerability to recurrent GAS 
infection.56

Antibiotics may provide other indirect effects on 
cerebrospinal fluid through action on the composition 
of the commensal microbiota,57 which is involved in the 
production of neurotransmitters, gut hormone release and 
hypothalamic-pituitary-adrenal axis, and cytokine release 
and in the control of Th17/Treg (T helper 17 cells and 
regulatory T cells) balance.58

In brief, antibiotic efficacy in the PANDAS/PANS 
population could supersede the direct effect on GAS 
and may also be conveyed by immunomodulatory and 
neuroprotective effects—preventing the formation of 

autoantibodies, the expansion of Th17 response, the 
disruption of blood-brain barrier, or the activation of 
microglia—and by the action on the microbiota.

Safety of Antibiotic Treatment
With regard to β-lactams,59 they all act as GABA-A 

antagonists in a dose-dependent manner, an effect which 
may be potentiated by nonsteroidal anti-inflammatory 
drugs. This effect is not noticeable in concentrations 
within the therapeutic range, but patients with renal 
impairment or comorbidities, which may lower the seizure 
threshold, would be at risk. With regard to macrolides,59 
clarithromycin is known to cause drug-induced mania, and 
azithromycin has been found to have a neurotoxic dose-
dependent effect related to action on GABA-A receptors.

Other concerns with use of macrolides for long-term 
treatment are the QTc increase, which is based on peak 
concentration60 and duration of treatment,17 and risk 
of development of resistance.61 Although therapy with 
macrolides is indicated in some chronic inflammatory 
diseases, an increase of macrolide-resistant bacteria 
occurred as a result of long-term, low-dose use in some 
cases.62 A study in Italy63 identified that 32% of GAS isolates 
exhibit resistance to macrolides. Macrolide resistance 
during the 1990s in other European countries was between 
1% and 7%.63 Macrolide resistance could be associated 
with serious consequences such as acute rheumatic fever, 
therefore patients should be monitored.61

Prevention of GAS Infection
Considering the pathogenetic role of GAS in the 

index episode of PANDAS, as well as the association with 
other neuropsychiatric disorders,64 prevention of GAS 
infections would obviously represent a crucial therapeutic 
intervention. Although GAS vaccines have been defined 
as impeded vaccines mainly for the complex epidemiology 
of GAS infections, the worldwide prevalence of severe 
GAS disease—approximately 18.1 million cases65—has 
led to efforts to develop a vaccine against pharyngitis and 
impetigo that should also prevent acute rheumatic fever, 
rheumatic heart disease, and serious invasive disease. A 
review66 outlined a clinical development strategy for the 
registration of a candidate vaccine for GAS pharyngitis, and 
one has been proposed recently as a vaccine candidate.67

Table 2. Neuroimmune Activities of Antibiotics and SSRis
Activity β-Lactams Macrolides SSRIs
Modulation of neurotrasmitter signaling  GLT1 

 5-HT, DA
×GABA-A receptors
×Action on microbiota

×GABA-A receptors
×Action on macrobiota

Immunomodulating effects  ROS, IL-1, IL-6, IFN-γ, TNF-α
 Astroglial and microglial modulation

 IL-6, IL-8, IL-12, TNF-α, TLR4, iNOS
 IL-10
 Activated neutrophils

 IFN-γ, IL-β, IL-2, IL-6, TNF-α
 T cell proliferation
 Lymphocyte apoptosis

Neurogenesis  Apoptosis  Hyppocampal neurogenesis

Abbreviations: DA = dopamine, 5-HT = 5-hydroxytryptamine (serotonin), GABA-A = γ-aminobutyric acid type A, GLT1 = glutamate transporter 1, 
IFN = interferon; IL = interleukin; iNOS = inducible nitric oxide synthase; ROS = reactive oxygen species, SSRI = selective serotonin reuptake inhibitor, 
TLR4 = toll-like receptor 4; TNF-α = tumor necrosis factor α.

Symbols:  = increase,  = decrease × = antagonism.
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Antibiotics Versus Other  
Treatment Options in PANDAS/PANS

We found no studies comparing antibiotic therapy to 
other therapies in the young OCD population. Research 
concerning immune-based treatments is particularly 
relevant in the PANDAS OCD subtype, which has been 
found to be at elevated risk for behavioral activation 
following selective serotonin reuptake inhibitor (SSRI) 
initiation.68

Recently, Williams and colleagues69 failed to demonstrate 
superiority of intravenous immunoglobulin over placebo.70 
To date, RCTs assessing the symptomatic efficacy of 
SSRIs or comparing SSRIs with other treatments in the 
PANDAS population are lacking as are RCTs comparing 
the effect of different SSRIs on immune biomarkers. To our 
knowledge, only 1 study72 was proposed with the objective 
of determining the safety and efficacy of SSRI + antibiotic 
compared to SSRI + placebo for the treatment of OCD 
symptoms in patients with PANDAS, but it was not 
completed due to lack of funds.

With regard to cognitive-behavioral therapy (CBT), even 
if cognitive-behavioral intervention for OCD symptoms 
in the PANDAS subtype demonstrated promising 
preliminary efficacy,72 CBT does not appear to prevent 
a full episode of GAS-triggered exacerbations. Nadeau et 
al73 conducted the first pilot trial of CBT augmentation 
in youth meeting criteria for PANS and presenting with 
an incomplete response to antibiotic treatment. Subjects 
received a minimum of 4 weeks of antibiotic treatment and 
had a CY-BOCS total score > 16. Relative to pretreatment, 
youth who completed CBT in conjunction with antibiotic 
treatment showed significant reductions on the CY-BOCS 
of 49% and 50% at posttreatment and follow-up, 
respectively. This open trial73 showed a great effect size of 
the combined therapy in a resistant population but did not 
utilize a control condition, thus it is unclear to what extent 
continuation of antibiotic treatment accounted for OCD 
symptom reductions.

CONCLUSIONS

Antibiotics Versus  
No Antibiotics in PANDAS/PANS

The objective of this review was to rate the quality of 
the best-available evidence for efficacy of antibiotic therapy 
in reducing OCD and tic symptom severity and number 
of neuropsychiatric exacerbations in the PANDAS/

PANS population. The review did not intend to support 
recommendations that reflect the extent to which a guideline 
panel is confident that desirable effects of an intervention 
outweigh undesirable effects.

Given the available evidence and following the GRADE 
approach, we are moderately confident in the effect estimate 
for efficacy of antibiotics in reducing OCD symptoms in the 
PANDAS/PANS population. However, our confidence in 
the effect estimate is limited for reduction of tic symptoms 
and very limited with regard to reduction in number of 
neuropsychiatric exacerbations.

Further Studies
Despite the identification of PANDAS dating back 

to 1998,4 to date there are only 4 RCTs15–18 studying the 
efficacy of antibiotic therapy in this population. Beyond the 
recommendation to assess the presence of infection when 
PANS is suspected8 and eradicate infection when present,10 
conclusive studies that assess superiority of antibiotic versus 
placebo or other therapies in the PANDAS/PANS population 
are still lacking. However, the available studies suggest the 
existence of a pediatric OCD subtype sensitive to antibiotic 
treatment, independent of evidence of infection.17,18

These results, along with the poor remission rates 
associated with standard therapies provided by the largest 
multisite RCT74 conducted in a general pediatric OCD 
population, support the existence of different subtypes of 
pediatric OCD, particularly a subgroup characterized by 
sensitivity to immunomodulatory therapies.

It is probable that neuroinflammation or autoimmunity 
occur not just in childhood OCD cases, but also in adult OCD. 
A recent study12 strongly supported the neuroinflammatory 
theory of OCD that goes beyond the involvement of basal 
ganglia to include the cortico-striato-thalamo-cortical 
circuit. If neuroinflammation is involved in most OCD cases, 
immunomodulatory therapies, including antibiotic agents 
used as neuromodulators and immunomodulators, should 
be also investigated in adult OCD.

To improve the quality of studies concerning the efficacy 
of antibiotic treatment in the PANDAS/PANS population 
and to identify an immunotherapy-susceptible subgroup 
in the overall OCD population, RCTs in youth with new-
onset tic and OCD symptoms and in adults with OCD are 
needed. These RCTs should be of sufficient duration of time 
and compare prophylactic antibiotic treatment (both at 
eradicating and low doses) with placebo, SSRIs, CBT, and 
other immunomodulatory therapies.
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