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Thank you 

¸Public Health England. Dr. Tim Brooks. 

 

¸Patients who seek to help disseminate 

knowledge, raise awareness, and raise 

funds to support research 

ÂU.S.: 

ïLyme Disease Association 

ïLyme Research Alliance 

ïTick-borne Diseases Alliance  



Preliminary Assumptions 

¸ Some patients experience disabling chronic 
symptoms after Lyme disease 

¸ The cause of these chronic symptoms is 
uncertain ï likely heterogeneous 

¸ Terms  ï  
ÂPost-treatment Lyme Disease 

ÂPost-treatment Lyme Syndrome 

ÂChronic Lyme disease 

¸Relatively few studies have been done of 
patients with chronic persistent symptoms.  





        ñThe Book of Jobò Illustrated by William Blake 

Multi -systemic Symptoms, Accusations, 

Economic Hardship, & Uncertainty = Suffering 



Cost to Society of Lyme Disease 

Based on large samples 

¸ Retrospective Medical 
Claim Study 

52,795 Lyme Patients vs 
263,075 matched controls 
without Lyme test orders 
or Lyme diagnosis 

ÂLyme Disease pts had 
$2,968 higher total 
health care costs and 
87% more outpatient 
visits in a 12 month 
period. 

(Adrion et al, PloS One 2015) 
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On-Line Survey: Number of poor physical 
(white) and mental (olive) days per month 
of patients by disease condition1 

3,090 Patients with chronic symptoms after 

Lyme Disease  report more days of feeling sick 

per month than those with many other  

common chronic diseases Johnson et al, Peer J , 2014. 



Outline of Talk 

¸Columbia Lyme Encephalopathy Study 

ÂOther U.S. Clinical Trials 

ÂPost-Trial Investigations 

 

¸Laboratory Testing in Patients with PTLS 

 

¸New Research: Implications & Questions 

 

 



GOALS  

Lyme Encephalopathy Study (PTLE) 

Post-treatment Lyme Encephalopathy ï a more 
objective subcategory of PTLDS (Fallon et al, Neurology 2008) 

 

¸ To assess brain structure (MRI) 

 

¸ To assess brain functioning (PET) 
ÂMetabolism by FDG PET 

ÂBlood flow by O-15 PET (before & after hypercapnea) 

 

¸ To assess improvement in response to 10 week of 
IV ceftriaxone vs IV placebo 
ÂPrimary Measures ï cognition/memory 

ÂSecondary Measuresï fatigue, pain, physical functioning 

 
 



Randomized, Double-Masked 

Study Design 

¸Random assignment to 10 weeks of IV 

ceftriaxone vs 10 weeks of IV placebo 

 

¸Because of repeated neurocognitive 

testing, a healthy control group was 

included to assess the practice effect 

 

¸Primary outcome at 12 weeks 

Sustainability assessed at 24 weeks  

 



These patients met highly conservative criteria 

for Post-treatment Lyme Syndrome 

¸ Age 18-65 

¸ Lyme patients: 
ÂHistorically well-documented Lyme disease based on 

CDC surveillance clinical and laboratory criteria 

ÂPrior treatment with at least 3 weeks of IV ceftriaxone 

ÂMemory deficit (-1SD) confirmed by cognitive testing 

ÂCurrent positive IgG Western blot at our reference 
lab 

¸Healthy Controls: age-, sex-, education-
matched 



Assessments 

¸Structural Imaging (MRI) 

¸Functional Imaging (PET) 

ÂFDG to assess metabolism 

ÂO-15 with hypercapnea to assess flow 

¸Primary Outcome: Neurocognitive Testing 

¸Secondary Outcomes (Self-reports): 

ÂFatigue, Pain, Functional Status 

 



Cognitive Index (avg score of Domains) 

Memory*  

Working memory  

Verbal Fluency  

Attention  

Motor 

Psychomotor 

PRIMARY OUTCOME - Cognition 



Final Study Entry Sample Size 

¸ Total: 55 
Â  Lyme patients: 37 
ï23 randomized to ceftriaxone 

ï14 randomized to placebo 

ÂHealthy controls: 18 

¸Of 3700 evaluated, 1% were enrolled 
ÂWhy so few?  Conservative criteria requiring cognitive 

impairment, current +IgG WB, at least 3 wks of IV Abx 

 

ÂResults may not be generalizable to larger sample of 
persistently symptomatic patients who do not meet these 
narrow study criteria 



Enrolled Sample of 37 Patients with  

Post-treatment Lyme Encephalopathy  

¸Age: 45.1 yrs,  

¸Gender: 59% female 

¸Delay bet symptoms and treatment: 1.2 yrs 

¸Amount of Prior Treatment: Considerable. 

This is a particularly chronic sample ï less 

likely to benefit from re-treatment 

ÂMean IV: 2.3 months 

ÂMean oral: 7.7 months 



Baseline CSF Laboratory Results 

¸CSF (n=33): 

ÂFew Routine abnormalities: 

ïWBC: 2 mildly increased 

ïProtein: 4 mildly increased 

ïOligoclonal bands: none 

ÂCSF Bb Antibodies: 

WCS Intrathecal Ab Index positive:           12.1% 

C6 Peptide Intrathecal Ab Index Positive: 62.5% 

ÂPCR Positive: None using OspA based PCR 

ÂCulture Positive: 1 sample (false positive)  

 



Clinical Profile of Post-treatment 

Lyme Encephalopathy  

¸Cognitive: mild-moderate deficits 
ÂVerbal Memory (z=-1.0), 

Â  Working memory (concentration) (z=-0.7) 

Â  Verbal Fluency (z=-0.8)  

¸ Psychiatric: mild depression & anxiety  

¸ Systemic Symptoms are debilitating: 

ÂPAIN ï comparable to post-surgical pain 

ÂFATIGUE ï comparable to M.S. patients 

ÂPHYSICAL DISABILITY ï comparable to congestive 

heart failure patients 

 



Significant Change in Cognition over time for 3 groups (p=.04): 

 10 wks of IV Ceftriaxone vs Placebo vs healthy controls-  

Response then Relapse when off antibiotics 

We ek

z-
sc

o
re

0 1 2 2 4

-0 .7

0 .0

0 .7

Cognitive Index (z-scores)

Con tro l
Pla c e bo
Dru g

Controls Healthy 

Controls 

Drug vs Placebo p=.053 

Week 0 Week 12 Week 24 

PRIMARY OUTCOME ï COGNITIVE CHANGE 



Baseline Severity is key to detecting a treatment 

effect.   Treatment response is sustained 

FATIGUE PAIN 
PHYSICAL 

FUNCTIONING 

SECONDARY OUTCOMES 



Baseline MRI:  

Lyme patients did not have significantly more white 

matter hyper-intensities than matched controls 

Scheltens scale of   5 for WMH 



Global Cerebral Blood Flow:  is there a difference 

in vasodilation capacity bet pts and controls? 

¸ Yes, the response to 
hypercapnic CBF 
challenge differed: 
ÂThe patient group showed a 

diminished ability to 
enhance blood flow 
compared to controls 

    (8.2% v 28.1%, p<.02)  

 

ÂThis finding suggests 
vascular compromise in the 
patient group (not 
attributable to CVD risk 
factors) 

Resting Flow 

After CO2 



FDG Imaging: are there regional metabolic 

differences between patients & controls? Yes.  

¸ Large clusters of 

specific areas of 

decreased metabolism  

¸ This was not a random 

distributionémost abnl 

areas on metabolic 

scan were also abnl on 

the 3 blood flow scans. 

Patients have lower metabolism  in  12 clusters (3049 voxels)  
Left Hemisphere: Temporal (1199v), Frontal (527v), claustrum (539v), Parietal (139v) 

Right Hemisphere: Cingulate (487 v BA 24/30), Parietal (265 v), Insula (154v) 

Patients have higher metabolism in 3 clusters (680 voxels)  



Which variables were not associated 

with response to re-treatment? 

¸  Presence of positive titers for other infections    
  (Anaplasma, Babesia, Bartonella)  

¸ Positive Lyme IgM Western blot 
 

 ̧ Magnitude of NK CD 57 

¸ Positive ANA, CRP, or ESR 
 

 ̧CSF abnormalities: protein, WBC, WCS ELISA, 
IgG WB 
 

¸ Amount of prior IV or oral Abx was not associated 
with responsiveness to IV Ceftriaxone treatment 



What was associated with greater 

likelihood of improvement? 

Greater impairment at the start of treatment 
 

Â  Worse Cognitive impairment 

 

Â Worse Pain, Fatigue, Physical Functioning 

 

Â Greater # of joints in pain on rheum exam 

 

Â Greater # of abnormal areas on neuro 
exam 

 

Elevated C6 Peptide index (CSF/serum) 

 



Intrathecal Ab Production in PTLS:  
Whole Cell Sonicate vs C6 ELISA 

C6 ELISA Index:  

4x more sensitive  

    Than Whole Cell Sonicate 
ELISA in identifying Bb-
specific Intrathecal Ab 
Production (p<.001) 

Positively correlated with 
improvement in Physical 
functioning Index of SF 
36 among drug-treated 
pts at wk 12 (r=.5, p=.04) & 
week 24 (r=.5, p=.02) 

AI= [OD CSF/OD Serum]/ 

         [Total IgG CSF/Total IgG Serum] 
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Summary 
 

Cognition: 
Â Memory, Verbal fluency, & Processing Speed are deficient  

Brain MRI:  
Â White Matter Hyperintensities do not distinguish Lyme vs controls 

PET Imaging:  Decreased perfusion and metabolism observed 

  

Treatment with Ceftriaxone 
Â Although change in cognition was more favorable for the ceftriaxone 

group than the placebo and control group at 12 wks ï by 24 weeks all 
gains were lost.  

Â Improvement was sustained over 24 weeks on secondary measures 
of pain & physical functioning when baseline severity was included as 
an interaction effect  

Durability to Week 24:  
Â Patients given antibiotic lose gains in cognition 

Â Improvement continues in pain & physical functioning related to 
baseline severity. 



Other Studies from this Lyme 

Encephalopathy sample 

¸MR Spectroscopy study of Ceftriaxoneôs 

effect on CNS Glutamate 

 

¸Studies suggesting heightened immune 

activation  

Â1. Proteomic Study of CSF of PTLS 

Â2. Serum Anti-neuronal Ab  

Â3. Serum Interferon Ŭ-inducible genes 



MR Spectroscopy before after 30 

days of ceftriaxone or placebo 

 

IV Ceftriaxone 

decreased the 

excitatory 

neurotransmitter 

glutumate  
Fallon et al, 

manuscript in prep. 



The CSF Proteome: unique proteins 

differentiate post-Lyme vs CFS vs Normal  

Schutzer, Angel, LiuéFallon, Natelson,  PLoS-One, 2011  

ÅUnique Proteins: 

Å738  in CFS 

Å692  in post-

treatment Lyme 

ÅProteins in the 

complement cascade 

were elevated in 

abundance in Lyme and 

CFS.  



 

Serum Antineuronal Antibodies are increased 

in PTLDSé. but not in recovered Lyme. 

Chandra et al.,  

Brain, Behavior, Immunology, 2010 


