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O0BJECTIVES

= Discus the etiology and pathophysiology of Lyme Disease

= Discuss serologic testing and titer utilization associated
with Lyme Disease

= Apply evidence-based practice guidelines to a clinical
case




WHRT IS LYME DISEASE

Caused by the bacterium Borrelia burgdorferi

Vector-borne disease
Ixodes scapularis

Incidence 39.5 per 100,000

Stages
Early localized
Disseminated







Map of Lyme disease incidence* categories — United States 2019
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Number of Cases
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Lyme Disease — Cases* by State or Locality, United States State: Multiple se

State 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2020 Incidence*

Minnesota 1,282 1,543 1960 2,124 1,515 2,340 1416 1805 2126 2318 1541 1528 0O 0

North Dakota 10 15 33 27 15 29 14 33 32 56 33 38 36 47
South Dakota 3 1 1 4 4 4 2 5 11 12 7 10 8 0.9
U.S. TOTAL 1,295 1,559 1,994 2,155 1,534 2,373 1,432 1,843 2,169 2,386 1,581 1576 44 0.6
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EARLY LOCALIZED SIGNS AND SYMPTOMS
(3T0 30 DEYS AFTER TICK BITE) &




TREATMENT:
ERYTHEMA MIGRANS RASH

Children

Drug

Doxycycline
OR

Amoxicillin
OR

Cefuroxime

Doxycycline
OR

Amoxicillin
OR

Cefuroxime

Dosage

100 mg, twice per day orally

500 mg, three times per day orally

500 mg, twice per day orally

4.4 mg/kg per day orally, divided into
2 doses

50 mg/kg per day orally, divided into 3
doses

30 mg/kg per day orally, divided into 2
doses

Maximum

N/A

N/A

N/A

100 mg per
dose

500 mg per
dose

500 mg per
dose

Duration,
Days*

10-14

14

14

10-14

L




EARLY DISSEMINATED SIGNS AND SYMPTOMS
(DAYS T0 MONTHS AFTER TICK BITE)

= Non-Specific

- Patients also develop a musculoskeletal, flu-like syndrome,
consisting of malaise, fatigue, chills, fever, headache, stiff neck,
myalgias, and arthralgias (particularly in the knees) that may last for
weeks to months (late stages).

= Neurologic

 Inflammation of the brain and spinal cord
- Facial palsy
« Nerve pain

- Shooting pains, numbness, or tingling in the hands or feet




LYME ARTHRITIS

- Spirochete enters joint tissue and
causes inflammation

- Swelling of the knee joint most
common

- 4-week course of oral antibiotics

- risk of developing permanent joint
damage




Table 1. Oral antibiotic regimens for Lyme arthritis.*

Age Category Drug
Adults Doxycycline
Amaxicillin
Cefuroxime
Children Daxycycline
=8 years old
Amoxicillin
Cefuroxime

Children <8 years  Amoxicillin
old

Cefuroxime

Dosage

100 mg, twice per day orally

500 mg, three times per day orally
500 mg, twice per day orally

4.4 mgikg per day orally, divided
into 2 doses

50 mgfkg per day orally, divided
into 3 doses

30 mg/lkg per day arally, divided
into 2 doses

50 mg/kg per day arally, divided
into 3 doses

30 mg/lkg per day arally, divided
into 2 doses

Maximum

MAA

MFA

MAA

100 mg per
dose

500 mg per
dose

500 mg per
dose

500 mg per
dose

500 mg per
dose

Duration
(days)

28
25
28

28

28

28

28

28

References
1
1
Table 2. Parenteral antibiotic regimens for Lyme arthritis.t
1
Age Duration
1.4 Category Drug Dosage Maximum (days) References
Adults Ceftriaxone™ 2 grams intravenously, once a day MAA 14-28 23
1.4 Children Ceftriaxone*  50-75 mg/kg intravenously, once a 2 grams per 14-28 23
day day
4 tintravenous ceftriaxone is the preferred regimen for the second course of antibiotics for patients without any response
after the initial course of antibiotics.
a4
a4

* For patients with an initial episode of Lyme arthritis, a full course of oral antibiotics are recommended. For patients with
improving but persistent symptoms after an initial course of oral antibictics, a second course of the same oral antibiotic or

observation alone can be considered.




NEUROLOGIC LYME DISEASE

- Cranial nerve involvement: When the cranial
nerves are affected, facial palsy (droop) can occur on
one or both sides of the face.

- Peripheral nerve involvement: When the
peripheral nerves are affected, patients can develop
radiculoneuropathy which can cause numbness,
tingling, “shooting” pain, or weakness in the arms or
legs.

- Central nervous system involvement: When the
central nervous system is affected, Lyme meningitis
can cause fever, headache, sensitivity to light, and
stiff neck.




Antibiotic Treatment of Neurologic Lyme Disease

These regimens may need to be adjusted depending on a person’s age, medical history, underlying health conditions,
pregnancy status, or allergies. Consult an infectious disease specialist regarding individual patient treatment decisions.

Table 1. Facial palsy

Adults Doxycycline 100 mg, twice per day orally 14-21 2.3
Children (any Doxycycline 4.4 mg/kg per day orally, divided 100 mg per 14-21 2.3
age) into 2 doses dose

Table 2. Lyme meningitis or radiculoneuritis

Adults Doxycycline 200 mg per day orally, divided into 1 14-21 3,5
OR or 2 doses
Ceftriaxone® 2 grams intravenously, once a day MNA 14-21 5
Children (any Doxycycline 4.4 mgikg per day orally, divided into 100 mg per 14-21 1.3
age) OR 1 or 2 doses dose
Ceftriaxone® 50-75 mg/kg intravenously once a 2 g per day 14-21 4
day

* Oral therapy can be substituted when the patient is stabilized or discharged to complete the course.




LATE DISSEMINATED SIGNS AND SYMPTOMS
(DAYS T0 MONTHS AFTER TICK BITE)

=Myocardial Abnormalities (carditis)

« 0.3-10% of Lyme's disease cases

- Heart palpitations or an irregular heartbeat
- Spirochetes enter the tissues of the heart

- Episodes of dizziness or shortness of breath
- Treated with oral or intravenous (IV) antibiotics

- Can be fatal
- Between 1985 and 2019, 11 cases of fatal Lyme carditis




DIAGNOSIS OF LYME DISEASE

» Endemic areas with EM rash
= should be started on treatment without blood tests

= Laboratory tests are important for establishing the
diagnosis
= antibody detection tests most common




FDA CLEARED OR APPROVED TESTING

= CDC recommends a Two-step testing procedure
1. Enzyme immunoassay (EIA) or Enzyme-linked immunosorbent assay (ELISA)
2. Western immunoblot test is performed to confirm

= Guidelines from the Infectious Diseases Society of America, American Academy of
Neurology, and American College of Rheumatology (IDSA/AAN/ACR)

1. Performing acute-phase serum antibody testing in patients with 1 or more skin lesions

2. Repeat testing can be performed on a convalescent-phase serum sample collected at least 2—-3 weeks
afterward

“*Routine use of sequential serologic testing in individual patients with early Lyme
disease should be discouraged

<Acute and convalescent-phase serologic testing has no role in Lyme disease @
{



SEROLOGIC TESTING

=Test results do not DIRECTLY rule in or rule out Lyme disease

= Most frequently used test is the enzyme immunoassay (EIA) or
enzyme-linked immunosorbent assay (ELISA)
= Less common is the immunofluorescent assay (IFA)

=Principal limitation
= high frequency of both false-negative results and false-positive results

=EM Rash mimics
= Confirmation with Western Blot recommended

€



Noture Pevews | Moobology

Rosa P, Tily K, Stewart P. 2005. The burgeonng moleculas
genetics of the Lyime disease sprochacte, Nature Reviews
Microbiology 3:129-143 The burgeonmg molecular genetics of the
Lyme discase sprochaete

*Flagellin (FlaB) — illicits a strong 1gG and IgM
response, but it cross reacts with other
bacteria, and antigens in neural tissue,
synovium,, and myocardial tissue.

*Flagellar outer sheath protein (FlaA)

*OspC — expressed during tick feeding, may
have a role in initial pathogenesis

*Decorin binding protein A — binds to host-
collagen-associated proteoglycan decorin
*OspA and OspB — expressed later on during
infection

*Vmp-like sequence expressed (VisE) protein

€



Antigon Antbody Enzyme-labelled antibody

Lk & R i

ELSA and CMIA

Lateral Mow assay- you put the sampie and
flows doan the device. The conyugation pad acls
ke the artbody that is present on the wells of a
normal ELISA and the Teat zone works like the
added antibecy in an ELISA

pad P yastzone Control pad
z0n0

Thes 15 basically an OTC pragnancy test

@



Relative Frequency (%)

Serology

Early Early Disseminated Late

Erythema Migrans ' Neurologic Neurologic
Localized EM Cranial Neuropathy Peripheral Neuropathy
Flu-Like lliness Meningitis Encephalopathy
Multiple EM Radiculoneurapathy Chronic arthritis
Joint
Acute Inflammation of lange joints

Carditis

__i\___________
/
\
|
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N

: B0-T0% >90% _
g™ IgG
Weeks Months Years

{Adapted from: Balkn, OOV, 1998, Natural Histary af Lyme Diseade A Baho DWW . and 1. Evans (Eds), Lyme Didease, pp 35- 48] @
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1 Load and separate protein 2. Electrophoretically transfer 3. Block the membrane with
samples on SDS-PAGE gel. fractionated proteins onto PVDF neutral protein (BSA or milk),
OF ARFOCEIIOSY MEMbIINe You can think of this as being a very conveluted ELISA with an
addimonal step

Thus 15 helpfad because we can use teh whole cell protem components
from teh organism (i this case, Borrela Burdogen) and allows vou to
see wioch annbody reacts to said target protems.
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4. Incubate the membrane with 5. Incubate the membrane with 6. Incubate the blot with
primary antibody specific to HRP-labeled secondary antibody chemiluminescent HRP
target proten Wash. specific to primary antibody. Wash. substrate and expose to film,
Once m the membrane, then we Then we used
can use antbodies agamst a protem another antobody to

of mterest mark sad protem of



WESTERN BLOT TESTING

separate proteins
based on weight

*Expected
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antibody binds into a
different antigen

*unexpected
*cross-reacting
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HOW T0 INTERPRET WESTERN BLOT

MarBlot ViraBlot ViraStripe MarBlot ViraBlot ViraStripe
PC T Pﬁ PC T P T PC T PC T
i 23}, 18
‘ 23 18 18
M . 3 = a
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(6 PEPTIDE TESTING

In LONTrol suDjecis

sample Size and
~efarance

Specificity (%)

Standard 2-tier

2-ElA

C& ElA Alona

N = 1300; Ref [10]

N = 2208:; Ref [9]

N = 100; Ref [36]

= 347, Ref [27]

995 (98.9-99.8)

295 (99.1-99.7)

100 (95.6-100)

84.3 (96.2-99.3)

29.5 (38.9-09.B)
F=10

8995 (35.1-99.8)
F=10

100 {95.6-100]
F=10

898.3 (96.2-99.3)
F=10

98.4 (975-89.0]
P=.01
98.9 (98.4-99.3)

= [Fk

—_—

100 {95.6-100]
F=10

96.5 (34.0-98.1)
P=.12

The numbers in parenthesas represent the 95% confidence intervals sumounding the spec-

ificity values.

The P walues pertain to the comparison with results obtained by standard two-tiered
testing Pwhole-call sonicate anzymme immunoassay (ELA) follwed by immunoglobuline b
and immunoglobulin G Western blots). The values provided for the Z-ELA protocol refer to
results obtained using a Food and Drug Administration (FOAl-deared, commercially avail-
gible whole-cell sonicate ELA followed by an FOWM-cleared, commercially available C6 ELA.

Next gen ElAs

measures IgG

peptide from the sixth invariant region (C6)

variable major protein-like sequence-express
(VISE) lipoprotein

may be more sensitive in patients with EM

= may be effective in differentiating from Lyme
disease

= southern tick-associated rash illness (STAR

ed

)

= confirming infection in patients who may have

been infected in Europe

€



LABORATORY DEVELOPED TESTS FOR LYME DISEASE

= Clinical validity and safety have not been cleared or approved by
the FDA

= Examples include:
- Capture assays for antigens in urine

- Immunofluorescence staining, or cell sorting of cell wall-deficient or cystic
forms of Borrelia burgdorferi

- Culture for Borrelia burgdorferi

- Lymphocyte transformation tests

- Quantitative CD57 lymphocyte assays

- “Reverse Western blots”

- 1gM or 1gG blot assays without a previous enzyme immunoassay
- PCR testing







CASE #1

=3-year-old boy seen in urgent care for nausea,
vomiting, painful joints, body aches, and fever.

=History
=visiting his grand parents in Northern Minnesota
= He played outside daily for hours




CASE #1

= Mom had removed a “baby tick” 7 days earlier
=He had a “rash” at the bite site




CASE #1

= Provider at urgent care wanted to start antibiotic treatment
= 14-day regimen of antibiotics

= Wanted to order serologies for a Lyme Titer




Two-Tiered Testing for Lyme Disease

First Test Second Test

Enzyme ]
Immunoassay Signs of IgM and IgG

(E1A) symptoms Western Blot
< 30 days

Signs or IgG Western Blot
Immunofluorescence symptoms ONLY

Assay > 30 days
(IFA) Negative
Result

Consider alternative diagnosis

If patient with signs/symptoms consistent
with Lyme disease for < 30 days, consider

obtaining a convalescent serum

National Centerfor Emerging and Zoonotic Infectious Diseases

Division of Vector Borne Diseases | Bacterial Diseases Branch

1 week of
antibiotics




CASE #2

=47-year-old male presented to the ER for multiple episodes
of “fainting” over the last couple of weeks.

= Normal, healthy appearing

= All routine lab work is normal




CASE #2

= Works as a Hunting and Camping Trail Guide in the
Appalachian Mountains

= He has another “fainting” episode in the ER and physician
realizes they are seizures.
= Begins neurologic and cardiac work up
= Has complete AV heart block on his EKG




normal heart

LYME'S CARDITIS

electrical
impulse

sinoatrial node 3 A‘V‘ B].OCk
atrioventricular left atrium st
node right atrium = 1 degl‘ee
= 27d degree
right ventricle ' : = Mobitz 1
eft ventricle (W k b h)
encrkepac
heart block = Mobitz 2

= 3" degree

electrical
impulse

sinoatrial node o Reduced EF
) : left atrium
t t |
atrioventricular il = Aslow as 35%
right ventricle ’ & - ’_ S e o Ca_rdiomegaly @



AV BLOCK

Normal sinus rhythm
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First Degree Heart Block
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| >100msec >200 msec >2obmsec
- PRinterval . PRInterval PR interval

Second degree heart block type | (wenckebach/Mobitz 1)
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7 NN J L o | kTS Fois bmsv o SRS A7

e i

Dropped QRS complex
Progressive prolongation of PR interval P
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Second degree heart block, type 2 (Mobitz 2)

P wave P wave P wave P wave
¢ dropped QRS ¢ ¢ * * dropped QRS
\ r~_._complex ~ complex
fixed PR f_ixed PR fixed PR T
nonconducted interval interval interval nonconducted
P wave P wave

Third degree heart block

P waves march through the QRS-T comp|exes

% - 1 -
\J&/——/ %‘E._/\ bt

Regular P-P intervals unrelated to regular R-R intervals
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Second-degree type il

Heart ai
Blocks



AV INTER

Degree

VENTION

Findings

Prognosis/Rx

1%t degree Every P wave is followed by QRS complex, but PR interval is Usually benign, except under highly
prolonged. unusual circumstances.
N_r \_]rf \_.r‘_]rp | L _J'."\_/‘ ¥a \_‘Hli ‘_'_l// \_/‘J'_/\_ﬁ_k,_f \
Type | 27 PR interval progressively lengthens until a P wave is blocked. Usually benign, but may progress to 3™
degree degree block.
(Wenckebach) l ' ' Pacemaker needed if etiology is not
lm i k l\ ﬁ k Ar ‘l’ " reversible and patient is symptomatic.
Type 1l 2nd PR interval is constant with some P waves intermittently blocked. | Pacemaker is indicated if etiology is not
degree quickly reversible.
bl b
34 degree Complete dissociation of P wave and QRS complex. Pacemaker is necessary.
Urgency of pacemaker placement
ww\_ﬂww depends upon symptoms, width of QRS
" complex and the ventricular escape rate.

®




CASE #2

= He had been sick with flu-like symptoms a few months
back that had resolved

= Had a tick, but no rash that he noticed

= Patient received a temporary pacemaker and antibiotics




SUSPICIOUS INDEX IN LYME CARDITIS
(SILC) SCORE

Variable Value
Age < 50 years 1
Male 1
Outdoor activity/endemic area 1
Constitutional symptoms™ 2
Tick bite 3
Erythema migrans rash 4

* fever, malaise, arthralgia, and dyspnea

The total score indicates low (0-2), intermediate ’
(3-6), or high (7-12) suspicion of Lyme carditis. @



TREATMENT

TABLE 2. Antibiotic treatment for Lyme carditis.'*

Line of
treatment

Presentation
1st
2nd
1st degree AVB*
3rd
4th
1st
2nd or 3rd degree AVB 2nd
3rd

*AVB: atrioventricular block

Antibiotic

Doxycycline 100 mg PO BID
Amoxicillin 500 mg POTID
Cefuroxime 500 mg PO TID
Erythromycin 250 mg PO QID
Ceftriaxone 2 g IV q24h
Cefotaxime 2 g1V g8h
Penicillin G 5 million U IV g6h

tUntil 1:1 atrioventricular conduction is restored
*Combined total course of IV and oral antibiotics should be 14-21 days

Duration of therapy

14-21 days

10-14 days,' followed by
oral antibiotics*




FOLLOW-UP

Case #1

= Constitutional symptoms resolved within days of starting
antibiotics

= Joint/nerve pain resolved in about 6 weeks

= No further follow-up




FOLLOW-U

Case #2

= Resolution of AV block
= Complete: about 7-10 days
» Lesser/Minor: within 6 weeks

= AV Conduction restored stepwise fashion
= Resolution = temporary ventricular pacemaker (TVP)

= Regular EKG checks at 4-6 weeks initially, with taper




PROGNOSIS

* Some develop chronic conditions
 Musculoskeletal, cognitive disturbances, fatigue, difficulty sleeping

* Post-treatment Lyme Disease Syndrome (PTLDS)

Case #1 Case #2

- Good with appropriate therapy
- Few reports of permanent AV block

- Although rare, cases of fatal Lyme disease
secondary to carditis have been reported

= 11 cases 1985-2019
@

= Short term is good
= Long term 1s unknown









stephanie.jacobson55369@gmail.com
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https://www.cdc.gov/lyme/index.html
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