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ABSTRACT

Testing for Lyme disease is challenging and if done incor-
rectly can lead to unnecessary treatment. To interpret
serologic test results, first assess the patient's pretest
probability of infection based on the probability of expo-
sure and clinical findings. Two-tiered testing remains the
gold standard in diagnosing Lyme disease, although new
guidelines may be published soon.

KEY POINTS

Lyme disease, the most common tick-borne infection
in North America, is a complex multisystem bacterial
disease caused by Borrelia burgdorferi.

Lyme disease preferably affects the skin, joints, and
nervous system and presents with typical and atypi-

cal features. Certain clinical features are diagnostic. Its
diagnosis is mainly clinical and epidemiologic and, when
doubtful, is supported by serologic testing.

Standard 2-tiered testing is the diagnostic testing meth-
od of choice—enzyme-linked immunoassay followed by
Western blot. Interpretation of the bands depends on the
duration of infection.

When interpreting the test results, be aware of false-
positives and the reasons for them.
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LYME DISEASE is a complex multisystem bacte-
rial infection affecting the skin, joints, heart,
and nervous system. The full spectrum of disease
was first recognized and the disease was named
in the 1970s during an outbreak of arthritis in
children in the town of Lyme, Connecticut.!

This review describes the epidemiology
and pathogenesis of Lyme disease, the advan-
tages and disadvantages of current diagnostic
methods, and diagnostic algorithms.

I THE MOST COMMON TICK-BORNE
INFECTION IN NORTH AMERICA

Lyme disease is the most common tick-borne
infection in North America.?’ In the United
States, more than 30,000 cases are reported
annually. In fact, in 2017, the number of cases
was about 42,000, a 16% increase from the
previous year, according to the US Centers for
Disease Control and Prevention (CDC).

The infection is caused by Borrelia burg-
dorferi, a particularly arthritogenic spiro-
chete transmitted by Ixodes scapularis (the
black-legged deer tick, (Figure 1) and Ixodes
pacificus (the Western black-legged tick). Al-
though the infection can occur at any time
of the year, its peak incidence is in May to
late September, coinciding with increased
outdoor recreational activity in areas where
ticks live.** The typical tick habitat consists
of deciduous woodland with sufficient hu-
midity provided by a good layer of decaying
vegetation. However, people can contract
Lyme disease in their own backyard.’

Most cases of Lyme disease are seen in the
northeastern United States, mainly in sub-
urban and rural areas.?’ Other areas affected
include the midwestern states of Minnesota,
Wisconsin, and Michigan, as well as northern
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Figure 1. Ixodes scapularis is the vector of Lyme disease in the eastern United States.

Infected nymphs account for most cases.

From Sigal LH. Myths and facts about Lyme disease. Cleve Clin J Med 1997; 64(4):203-209. doi:10.3949/ccjm.64.4.203

California.* Fourteen states and the District of
Columbia report a high average incidence (>
10 cases per 100,000 persons) (Table 1).?

I FIRST COMES IgM, THEN IgG

The pathogenesis and the different stages of
infection should inform laboratory testing in
Lyme disease.

It is estimated that only 5% of infected
ticks that bite people actually transmit their
spirochetes to the human host.> However, once
infected, the patient’s innate immune system
mounts a response that results in the classic
erythema migrans rash at the bite site. A rash
develops in only about 85% of patients who are
infected and can appear at any time between 3
and 30 days, but most commonly after 7 days.
Hence, a rash occurring within the first few
hours of tick contact is not erythema migrans
and does not indicate infection, but rather an
early reaction to tick salivary antigens.’

Antibody levels remain below the detec-
tion limits of currently available serologic
tests in the first 7 days after exposure. Im-
munoglobulin M (IgM) antibody titers peak
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between 8 and 14 days after tick contact, but
[gM antibodies may never develop if the pa-
tient is started on early appropriate antimicro-
bial therapy.’

If the infection is not treated, the spiro-
chete may disseminate through the blood
from the bite site to different tissues.” Both
cell-mediated and antibody-mediated immu-
nity swing into action to kill the spirochetes
at this stage. The IgM antibody response oc-
curs in 1 to 2 weeks, followed by a robust IgG
response in 2 to 4 weeks.°

Because IgM can also cross-react with
antigens other than those associated with B
burgdorferi, the IgM test is less specific than
the IgG test for Lyme disease.

Once a patient is exposed and mounts an
antibody-mediated response to the spirochete,
the antibody profile may persist for months to
years, even after successful antibiotic treat-
ment and cure of the disease.’

Despite the immune system’s robust series
of defenses, untreated B burgdorferi infection
can persist, as the organism has a bag of tricks
to evade destruction. It can decrease its ex-
pression of specific immunogenic surface-ex-
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posed proteins, change its antigenic properties
through recombination, and bind to the pa-
tient’s extracellular matrix proteins to facili-
tate further dissemination.’

Certain host-genetic factors also play a
role in the pathogenesis of Lyme disease, such
as the HLA-DR4 allele, which has been asso-
ciated with antibiotic-refractory Lyme-related
arthritis.’

B LYME DISEASE EVOLVES
THROUGH STAGES

Lyme disease evolves through stages broadly
classified as early and late infection, with sig-
nificant variability in its presentation.’

Early infection

Early disease is further subdivided into “lo-
calized” infection (stage 1), characterized
by a single erythema migrans lesion and lo-
cal lymphadenopathy, and “disseminated”
infection (stage 2), associated with multiple
erythema migrans lesions distant from the
bite site, facial nerve palsy, radiculoneuritis,
meningitis, carditis, or migratory arthritis or
arthralgia.®

Highly specific physical findings include
erythema migrans, cranial nerve palsy, high-
grade or progressive conduction block, and
recurrent migratory polyarthritis. Less specific
symptoms and signs of Lyme disease include
arthralgia, myalgia, neck stiffness, palpita-
tions, and myocarditis.’

Erythema migrans lesions are evident in
at least 85% of patients with early disease.” If
they are not apparent on physical examina-
tion, they may be located at hidden sites and
may be atypical in appearance or transient.’

If treatment is not started in the initial
stage of the disease, 60% of infected patients
may develop disseminated infection.’ Progres-
sive, untreated infection can manifest with
Lyme arthritis and neuroborreliosis.’

Noncutaneous manifestations are less
common now than in the past due to increased
awareness of the disease and early initiation of
treatment. '

Late infection

Manifestations of late (stage 3) infection in-
clude oligoarthritis (affecting any joint but
often the knee) and neuroborreliosis. Clinical
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TABLE 1

US states with the highest average
incidence of Lyme disease, 2015-2017

Confirmed cases

per 100,000
State persons
1 Maine 89.2
2 Vermont 86.7
3 Pennsylvania 66.7
4 Rhode Island 53.4
5 New Hampshire 51.9
6 Connecticut 41.8
7 New Jersey 40.5
8 Delaware 40.0
9 Wisconsin 26.6
10 Minnesota 23.4
11 Maryland 20.6
12 Massachusetts 16.6
13 New York 15.8
14 Virginia 12.3

15 Washington, DC 10.1

Data from reference 2.

signs and symptoms of Lyme disease may take
months to resolve even after appropriate an-
timicrobial therapy is completed. This should
not be interpreted as ongoing, persistent in-
fection, but as related to host immune-medi-
ated activity.’

I INTERPRET LABORATORY RESULTS
BASED ON PRETEST PROBABILITY

The usefulness of a laboratory test depends
on the individual patient’s pretest probability
of infection, which in turn depends on the
patient’s epidemiologic risk of exposure and
clinical features of Lyme disease. Patients with
a high pretest probability—eg, a history of a
tick bite followed by the classic erythema mi-
grans rash—do not need testing and can start
antimicrobial therapy right away.!!

Serologic tests are the gold standard
Prompt diagnosis is important, as early Lyme
disease is easily treatable without any future
sequelae.!!
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TABLE 2

Diagnostic testing methods
in Lyme disease

Direct methods
Borrelia culture
Polymerase chain reaction

Indirect methods
Immunofluorescent assay
Enzyme-linked immunosorbent assay
Western blot

Tests for Lyme disease can be divided into
direct methods, which detect the spirochete
itself by culture or by polymerase chain re-
action (PCR), and indirect methods, which
detect antibodies (Table 2). Direct tests lack
sensitivity for Lyme disease; hence, serologic
tests remain the gold standard. Currently rec-
ommended is a standard 2-tier testing strategy
using an enzyme-linked immunosorbent assay
(ELISA) followed by Western blot for confir-

mation.

Il DIRECT METHODS

Culture lacks sensitivity

A number of factors limit the sensitivity of
direct culture for diagnosing Lyme disease. B
burgdorferi does not grow easily in culture, re-
quiring special media, low temperatures, and
long periods of incubation. Only a relatively
few spirochetes are present in human tissues
and body fluids to begin with, and bacterial
counts are further reduced with duration and
dissemination of infection.” All of these limit
the possibility of detecting this organism.

Polymerase chain reaction may help

in some situations

Molecular assays are not part of the standard

evaluation and should be used only in con-

junction with serologic testing.” These tests

have high specificity but lack consistent sen-

sitivity.
That said, PCR testing may be useful:

e In early infection, before antibody re-
sponses develop

e In reinfection, when serologic tests are not
reliable because the antibodies persist for
many years after an infection in many pa-
tients
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¢ In endemic areas where serologic testing
has high false-positive rates due to high
baseline population seropositivity for anti-

Borrelia antibodies caused by subclinical

infection.’

PCR assays that target plasmid-borne
genes encoding outer surface proteins A
and C (OspA and OspC) and VisE (variable
major protein-like sequence, expressed) are
more sensitive than those that detect chro-
mosomal 16s ribosomal ribonucleic acid
(rRNA) genes, as plasmid-rich “blebs” are
shed in larger concentrations than chromo-
somal DNA during active infection.” How-
ever, these plasmid-contained genes persist
in body tissues and fluids even after the in-
fection is cleared, and their detection may
not necessarily correlate with ongoing dis-
ease.® Detection of chromosomal 16s rRNA
genes is a better predictor of true organism
viability.

The sensitivity of PCR for borrelial DNA
depends on the type of sample. If a skin bi-
opsy sample is taken of the leading edge of
an erythema migrans lesion, the sensitivity is
69% and the specificity is 100%. In patients
with Lyme arthritis, PCR of the synovial fluid
has a sensitivity of up to 80%. However, the
sensitivity of PCR of the cerebrospinal fluid
of patients with neurologic manifestations of
Lyme disease is only 19%.” PCR of other clini-
cal samples, including blood and urine, is not
recommended, as spirochetes are primarily
confined to tissues, and very few are present in
these body fluids.*!2

The disadvantage of PCR is that a positive
result does not always mean active infection,
as the DNA of the dead microbe persists for
several months even after successful treat-
ment.®

I INDIRECT METHODS

Enzyme-linked immunosorbent assay
ELISAs detect anti-Borrelia antibodies. Early-
generation ELISAs, still used in many labora-
tories, use whole-cell extracts of B burgdorferi.
Examples are the Vidas Lyme screen (Bioméri-
eux, biomerieux-usa.com) and the Wampole
B burgdorferi IgG/M EIA 11 assay (Alere, www.
alere.com). Newer ELISAs use recombinant
proteins.”
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TABLE 3

Causes of false-positive
enzyme-linked immunosorbent
assay testing for Lyme disease

Infections

Bacterial infection
Infective endocarditis
Other borrelial disease (eg, relapsing fever)
Other spirochetal infection (eg, syphilis, leptospirosis)

Viral infection
Epstein-Barr virus (polyclonal antibody production)

Parasitic infection
Malaria (polyclonal antibody production)

Noninfectious causes

Autoimmune conditions
Systemic lupus erythematosus
Rheumatoid arthritis

Three major targets for ELISA antibod-
ies are flagellin (Fla), outer surface protein C
(OspC), and VisE, especially the invariable
region 6 (IR6). Among these, VisE-IR6 is the
most conserved region in B burgdorferi.

Early-generation assays have a sensitiv-
ity of 89% and specificity of 72%.!"" However,
the patient’s serum may have antibodies that
cross-react with unrelated bacterial antigens,
leading to false-positive results (Table 3).
Whole-cell sonicate assays are not recom-
mended as an independent test and must be
confirmed with Western blot testing when as-
say results are indeterminate or positive.'!

Newer-generation ELISAs detect antibod-
ies targeting recombinant proteins of VisE, es-
pecially a synthetic peptide C6, within IR6."
VisE-IR6 is the most conserved region of the
B burgdorferi complex, and its detection is a
highly specific finding, supporting the diagno-
sis of Lyme disease. Antibodies against VisE-
IR6 antigen are the earliest to develop.” An
example of a newer-generation serologic test is
the VisE C6 Lyme EIA kit, approved as a first-
tier test by the US Food and Drug Adminis-
tration in 2001. This test has a specificity of
99%,'*15> and its specificity is further increased
when used in conjunction with Western blot
(99.5%)."® The advantage of the C6 antibody
test is that it is more sensitive than 2-tier test-

TABLE 4

Interpretation of the Western blot test
in the diagnosis of Lyme disease

Antibody  Antigen (molecular mass) Positive test
Immuno-  OspC (24 kDa)? 2 of 3 bands
globulin M BmpA (39 kDa)

Fla (41 kDa)
Immuno- OspC (18, 21 kDa)® 5 of 10 bands
globulin G

BmpA (28, 30, 39 kDa)
Fla (41, 45, 58, 66, 93 kDa)

2The apparent molecular mass of OspC depends on the strain of Borrelia burgdorferi
being tested. The 24 and 21 kDa proteins are the same.

Based on information in reference 16.

ing during early infection (sensitivity 29%-—
74% vs 17%—40% in early localized infection,
and 56%-90% vs 27%-78% in early dissemi-
nated infection).

During early infection, older and newer
ELISAs are less sensitive because of the lim-
ited number of antigens expressed at this
stage.” All patients suspected of having early
Lyme disease who are seronegative at initial
testing should have follow-up testing to look
for seroconversion.!? rates of

Western blot seropositivity

Western blot (immunoblot) testing identi- in endemic
fies [gM apd IgG antiquies against speciﬁg B areas can
burgdorferi antigens. It is considered positive
if it detects at least 2 of a possible 3 specific reach 4%
[gM bands in the first 4 weeks of disease or at
least 5 of 10 specific [gG bands after 4 weeks of
disease (Table 4 and Figure 2).1¢
The nature of the bands indicates the du-
ration of infection: Western blot bands against
23-kD OspC and 41-kD FlaB are seen in early
localized infection, whereas bands against all
3 B burgdorferi proteins will be seen after sev-
eral weeks of disease.!” The IgM result should
be interpreted carefully, as only 2 bands are
required for the test to be positive, and IgM
binds to antigen less specifically than 1gG."?

Background

Interpreting the IgM Western blot test:

The "1-month rule’

If clinical symptoms and signs of Lyme disease
have been present for more than 1 month,
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Figure 2. Positive Western blot test (Borrelia B31 ViraStripe [Viramed Diagnostics]) in a patient who presented
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with rash and arthritis. This test uses purified specific antigens of strain B31 of Borrelia burgdorferi sensu
stricto. Note that the patient has 3 of 3 IgM bands and 10 of 10 IgG bands (arrows).
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[gM reactivity alone should not be used to
support the diagnosis, in view of the likeli-
hood of a false-positive test result in this situa-
tion.'® This is called the “1-month rule” in the
diagnosis of Lyme disease.”

In early localized infection, Western blot is
only half as sensitive as ELISA testing. Since
the overall sensitivity of a 2-step algorithm is
equal to that of its least sensitive component,
2-tiered testing is not useful in early disease."

Although currently considered the most
specific test for confirmation of Lyme disease,
Western blot has limitations. It is technically
and interpretively complex and is thus not
universally available.” The blots are scored by
visual examination, compromising the repro-
ducibility of the test, although densitometric
blot analysis techniques and automated scan-
ning and scoring attempt to address some of
these limitations.”® Like the ELISA, Western
blot can have false-positive results in healthy
individuals without tick exposure, as nonspe-
cific [gM immunoblots develop faint bands.

This is because of cross-reaction between B
burgdorferi antigens and antigens from other
microorganisms. Around 50% of healthy
adults show low-level serum IgG reactiv-
ity against the FlaB antigen, leading to false-
positive results as well. In cases in which the
Western blot result is indeterminate, other
etiologies must be considered.

False-positive [gM Western blots are a
significant problem. In a 5-year retrospective
study done at 63 US Air Force healthcare fa-
cilities, 113 (53.3%) of 212 IgM Western blots
were falsely positive.!” A false-positive test
was defined as one that failed to meet seropos-
itivity (a first-tier test omitted or negative, >
30 days of symptoms with negative IgG blot),
lack of exposure including residing in areas
without documented tick habitats, patients
having atypical or no symptoms, and negative
serology within 30 days of a positive test.

In a similar study done in a highly endemic
area, 50 (27.5%) of 182 patients had a false-
positive test.”’ Physicians need to be careful
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High pretest probability
of Lyme disease

IgM and IgG enzyme-linked
immunosorbent assay

Positive or indeterminate

» \

Symptoms and signs Symptoms and signs
<30 days > 30 days

IgM and IgG Western blot  1gG Western blot only

N

Negative

N\

No further testing; Repeat using convales-
consider alternative cent serum if suspecting
diagnosis very early disease

Figure 3. Standard 2-tier testing for Lyme disease. Ig = immunoglobulin.

when interpreting [gM Western blots. It is al-
ways important to consider locale, epidemiol-
ogy, and symptoms when interpreting the test.

Limitations of serologic tests

for Lyme disease

Currently available serologic tests have inher-

ent limitations:

e Antibodies against B burgdorferi take at
least 1 week to develop

® The background rate of seropositivity in
endemic areas can be up to 4%, affecting
the utility of a positive test result

e Serologic tests cannot be used as tests of
cure because antibodies can persist for
months to years even after appropriate
antimicrobial therapy and cure of disease;
thus, a positive serologic result could repre-
sent active infection or remote exposure’!

e Antibodies can cross-react with related
bacteria, including other borrelial or trepo-
nemal spirochetes

e False-positive serologic test results can also
occur in association with other medical
conditions such as polyclonal gammopa-
thies and systemic lupus erythematosus.!?

M RECOMMENDATIONS FOR TESTING

Standard 2-tier testing

The CDC released recommendations for di-
agnosing Lyme disease after a second national
conference of serologic diagnosis of Lyme dis-
ease in October 1994."% The 2-tiered testing
method, involving a sensitive ELISA followed
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by the Western blot to confirm positive and
indeterminate ELISA results, was suggested as
the gold standard for diagnosis (Figure 3). Of
note, negative ELISA results do not require
further testing.!!

The sensitivity of 2-tiered testing depends
on the stage of the disease. Unfortunately, this
method has a wide range of sensitivity (17%
to 78%) in stage 1 disease. In the same stage,
the sensitivity increases from 14.1% in pa-
tients with a single erythema migrans lesion
and early localized infection to 65.4% in those
with multiple lesions. The algorithm has ex-
cellent sensitivity in late stage 3 infection

(96% to 100%).°

A 2-step ELISA algorithm
A 2-step ELISA algorithm (without the West-
ern blot) that includes the whole-cell sonicate
assay followed by the VisE C6 peptide assay
actually showed higher sensitivity and com-
parable specificity compared with 2-tiered
testing in early localized disease (sensitivity
61%-74% vs 29%-48%, respectively; speci-
ficity 99.5% for both methods).?? This higher
sensitivity was even more pronounced in eat-
ly disseminated infection (sensitivity 100%
vs 40%, respectively). By late infection, the
sensitivities of both testing strategies reached
100%. Compared with the Western blot, the
2-step ELISA algorithm was simpler to exe-
cute in a reproducible fashion.?

The Infectious Diseases Society of Amer-
ica is revising its current guidelines, with an
update expected late this year, which may
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Recommended tests in different stages of infection

Stage of illness

Primary testing

Clinical features

recommended

Additional testing

Stage 1 Early localized disease No serologic testing
(< 4 weeks)
Erythema migrans

Stage 2 Early disseminated disease Two-tiered testing

Iﬁgrggr g;?gc meningitis If initial test is negative, use

Radiculoneuropathy or carditis acute and convalescent phase

serology
Stage 3 Late Lyme disease ( > 4 weeks)

Lyme arthritis Two-tiered testing Synovial fluid polymerase chain
reaction (PCR) if no improvement
after 2 months of oral antibiotics

Lyme neuroborreliosis Cerebrospinal fluid (CSF) anti- ~ CSF PCR or CSF culture

bodies and 2-tiered testing
shift the recommendation from 2-tiered test- [l DIAGNOSIS IN SPECIAL SITUATIONS
ing to the 2-step ELISA algorithm. .
g fo the 2-step algorthm Early Lyme disease
Multiplex testing The classic erythema migrans lesion on physi-
Antibodi To overcome the intrinsic problems of pro-  cal examination of a patient with suspected
ntbodies can iy pased assays, a multiplexed, array-based ~ Lyme disease is diagnostic and does not re-
cross-react assay for the diagnosis of tick-borne infections ~ quire 1abor2.1tory conﬁrmatlop.lo .
with other called Tick-Borne Disease Serochip (TBD- In ambiguous cases, 2-tiered testing Qf a
bacteri Serochip) was established using recombinant ~ S€rum sgmple during the acute presentation
acteria, antigens that identify key immunodominant and again 4 to 6 we;eks later can be useful.. In
causing false-  epitopes.® More studies are needed to establish ~ Patients who remain seronegative on paired

positive results
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the validity and usefulness of these tests in
clinical practice.

Who should not be tested?

The American College of Physicians® recom-

mends against testing in patients:

® Presenting with nonspecific symptoms (eg,
headache, myalgia, fatigue, arthralgia)
without objective signs of Lyme disease

e With low pretest probability of infection
based on epidemiologic exposures and
clinical features

e Living in Lyme-endemic areas with no his-
tory of tick exposure®

® Presenting less than 1 week after tick ex-
posure’

e Secking a test of cure for treated Lyme dis-
ease.

VOLUME 86 ¢ NUMBER 11

serum samples despite symptoms lasting lon-
ger than 6 weeks and no antibiotic treatment
in the interim, the diagnosis of Lyme disease
is unlikely, and another diagnosis should be
sought.’

Antimicrobial therapy may block the sero-
logic response; hence, negative serologic test-
ing in patients started on empiric antibiotics
should not rule out Lyme disease.®

PCR or bacterial culture testing is not
recommended in the evaluation of suspected
early Lyme disease.

Central nervous system Lyme disease
Central nervous system Lyme disease is di-
agnosed by 2-tiered testing using peripheral
blood samples because all patients with this
infectious manifestation should have mount-
ed an adequate IgG response in the blood.!!
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B cells migrate to and proliferate inside
the central nervous system, leading to intra-
thecal production of anti-Borrelia antibodies.
An index of cerebrospinal fluid to serum an-
tibody greater than 1 is thus also indicative of
neuroborreliosis.!? Thus, performing lumbar
puncture to detect intrathecal production of
antibodies may support the diagnosis of cen-
tral nervous system Lyme disease; however, it
is not necessary.!!

Antibodies persist in the central nervous
system for many years after appropriate anti-
microbial treatment.

Lyme arthritis
Articular involvement in Lyme disease is
characterized by a robust humoral response

such that a negative IgG serologic test virtual-
ly rules out Lyme arthritis.?? PCR testing of sy-
novial fluid for borrelial DNA has a sensitivity
of 80% but may become falsely negative after
1 to 2 months of antibiotic treatment.?** In
an algorithm suggested by Puius et al,”> PCR
testing of synovial fluid should be done in pa-
tients who have minimal to no response after
2 months of appropriate oral antimicrobial
therapy to determine whether intravenous
antibiotics are merited.

Table 5 summarizes the tests of choice in
different clinical stages of infection. |
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