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The diagnosis of Lyme disease is a controversial topic. Most practitioners and
scientists recognize that Lyme disease is associated with certain objective clinical
manifestations supported by laboratory evidence of infection with Borrelia
burgdorferi sensu lato (the etiologic agent). There are others, however, who
believe that patients with Lyme disease may have a wide variety of entirely
nonspecific symptoms without any objective clinical manifestation and that
laboratory evidence of infection by B. burgdorferi is not required to support the
diagnosis. In reality, this perspective is not evidence based and would inevitably
lead to innumerable misdiagnoses, given the high frequency of medically
unexplained symptoms, such as fatigue and musculoskeletal pains, in the general
population. Although those espousing this viewpoint do not believe that a positive
laboratory test is required, nevertheless, they often seek out and promote
alternative, unapproved testing methods that frequently provide false-positive
results to justify their diagnosis. Herein, we provide a brief overview of Lyme
disease testing, emphasizing current usage and limitations. We also discuss the
use of nonvalidated procedures and the prospects for a reduction in such testing
practices in the future.

When the microbial cause of Lyme disease was discovered in the early
1980s [1], it could not have been anticipated that within a few years this
antibiotic-responsive bacterial infection
would be associated with social, political
and medical controversy. Although it
has been well established that the organism causing the disease is Borrelia
burgdorferi sensu lato (hereafter referred
to as B. burgdorferi), there are certain
clinicians, patients and patient advocates
who attribute nonspecific symptoms to
Lyme disease without objective evidence
of infection by this organism [2].
Undoubtedly, B. burdorferi is a complex spirochetal microorganism that has
a predilection for different types of tissue, leading to varied clinical presentations [3]. Although direct detection
methods are generally the most accurate
approach for diagnosing infectious diseases, such methods for B. burgdorferi
have had limited use, with the exception
of culture and PCR on skin (erythema
migrans [EM]) lesions and PCR on

synovial fluid specimens. However, as
with most spirochetes (corkscrew-shaped
microorganisms), such as Treponema pallidum, the agent of syphilis, infection
with B. burgdorferi leads to the production of antibodies. The longer the duration of infection, the more robust the
antibody response is [4]. Because B. burgdorferi is difficult to culture in vitro
from many tissue sites, the most widely
used laboratory method to confirm
infection is the detection of antibodies.
Tests for detection of antibodies are not
perfect because they depend on several
factors, such as the duration of time it
takes for detectable levels to be produced
in an infected individual, which may
take up to several weeks after the onset
of infection [5], and the quality of the
method used to detect them. The latter
involves using antigens that have the
desirable sensitivity and specificity to
confirm the presence of antibodies that
react with B. burgdorferi. First-generation
assays developed to detect B. burgdorferi
antibodies often lacked the most
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desirable performance characteristics. Many researchers have
since investigated and identified antigens of diagnostic significance, including those that are expressed predominantly or
exclusively in vivo, for inclusion in diagnostic assays [6]. In
addition, as more knowledge has been gathered on the biology
of this bacterium, we have come to understand the temporal
sequence of development of antibodies in infected patients
better.
In 1995, in an attempt to standardize and improve the specificity of Lyme disease antibody testing, the CDC, along with
other agencies, recommended the use of a two-step algorithm [7]. The first step should include a sensitive assay that
detects IgG and IgM antibodies, usually an enzyme immunoassay, and if reactive, then a second-step assay is run on the same
sample. The second step determines the antigens recognized by
the antibodies detected in the first step using separate IgG and
IgM immunoblots. The second step should not be performed
if the first-step enzyme immunoassay is negative. The reason is
that most first-step assays generate an objective value that correlates with the intensity of the antibody reaction, as opposed to
second-step immunoblots that, for the most part, are read and
interpreted visually. This subjective reading and interpretation
can lead to erroneous positive results if weak bands are scored
as positive in samples with negative enzyme immunoassay. As
in most infectious diseases diagnosed by serology, it is expected
that antibodies might not be present very early in the course of
infection. Therefore, two-step testing has limited sensitivity
during early infection but has excellent sensitivity in patients
who have been infected for several weeks [8]. Moreover, virtually everyone should be seropositive by 6 weeks. The limited
sensitivity of antibody assays during early infection is not considered a problem in most cases because the diagnosis of Lyme
disease at this point is confirmed clinically by the recognition
of the presence of the characteristic skin lesion EM [9]. It
should be emphasized that patients may not notice these skin
lesions, consequently, undergoing a complete skin examination
by a healthcare professional is essential. Even in those cases in
which EM was not detected or was atypical, antibodies should
be detectable during the convalescent phase, a few weeks after
the acute phase. Despite these recognized limitations, antibody
detection following the CDC guidelines performs well for
patients who have objective manifestations consistent with
Lyme disease other than EM [8]. As knowledge of the antigens
of significance has been expanding, it is expected that future
antibody assays will have greater sensitivity in early infection
without a reduction in specificity. The most common cause of
poor performance of serologic testing (as in other infectious
diseases diagnosed by antibody testing) is their use in unselected patient populations with a low pretest probability of
Lyme disease. This is a consequence of the fact that none of
the serologic assays is 100% specific. For example, even if a
serologic test were 99% specific and 99% sensitive, if the pretest probability was 1% in a given population, the post-test
probability that a positive test is a true positive is only 50%; if
the pretest probability were 0.1%, the post-test probability that
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a positive test is true positive would be less than 10%. Even
for a Lyme disease test that was 99% specific, for every million
patients tested without Lyme disease there would be 10,000
false-positive results.
A recent study conducted to assess the use of B. burgdorferi
serology in the USA revealed that more than 3 million tests
from 2.4 million patients were performed at large commercial
laboratories in 2008; two-thirds of the tests were performed
using the recommended two-step testing algorithm [10]. The
overall cost of such testing was close to half a billion dollars.
One of the conclusions of this study was that B. burgdorferi
antibody testing is overused. Only about 12% of the tests
yielded a positive result. In a recent survey on the experience of
US healthcare providers with Lyme disease and other tickborne illnesses, it was found, contrary to recommended practice, that about 75% of providers would order antibody tests
for Lyme disease when a patient presents with an EM skin
lesion, and only 18.7% would initiate treatment without using
antibody tests [11]. Thus, this study revealed that there are
knowledge gaps on the diagnosis and treatment of Lyme disease
by healthcare providers in the USA. Although two-step testing
has been recommended for nearly two decades, healthcare providers at large have many misconceptions on its use. Many
believe that western immunoblots can be used independently of
the first step; as stated above, this practice might lead to erroneous results and should be discouraged. Others interpret the
presence of any band as a positive result. However, most if not
all B. burgdorferi antigens are cross-reactive; therefore, immunoblot interpretation is dependent on the number and type of
immunoreactive bands that are found. It should be further
emphasized that the IgM immunoblot seropositivity is only of
diagnostic use during the first month of early disease and
should not be used to support the diagnosis in patients with a
prolonged illness who are IgG seronegative. These misconceptions and misinformation may be reinforced by the results of
testing performed at “Lyme Specialty Laboratories” (see below).
It is also important to emphasize that the humoral immune
response is often long lasting, meaning that treated patients
who have resolved their infection may remain seropositive for
months to many years. Retesting to assess whether the patient
is cured is not justified and illogical and often leads to unnecessary repeat courses of antibiotics. In patients who are known to
be seropositive, it would be desirable to have another type of
assay to judge whether new onset symptoms are actually due to
active Lyme disease. This is also true for those who are seropositive because of a prior asymptomatic infection that had
resolved. These are recognized limitations of two-stage serologic
testing for Lyme disease.
Other diagnostic methods that have been used by academic
researchers include culturing of B. burgdorferi in vitro, or the
detection of its nucleic acids by PCR. Both methods have performed with acceptable levels of sensitivity on skin samples of
patients with EM [12]. Culturing of samples other than skin
and blood is of limited use due to the scarcity of organisms. In
published studies using well-validated culture methods, the
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sensitivity of culture from blood specimens (i.e., large volumes
of plasma) from patients with early Lyme disease was approximately 50% [13]. A few studies have reported much higher rates
of positive blood cultures using unusual and improperly validated techniques that either could not be reproduced by other
investigators or for which there was convincing evidence of
contamination during the technical development phase [14]. For
example, another recent study showed a sensitivity of over 90%
on serum samples of tested patients. With this particular technique, the detection of B. burgdorferi is determined by microscopy followed by DNA sequencing [15]. A subsequent study
questioned the validity of those results; DNA sequences of the
cultured Borrelia from patients were compatible with those of
the control strains of Borrelia. Furthermore, the majority of the
genetic sequences from the patient isolates aligned with Eurasian Borrelia sp., which have not been found to cause disease
in the USA [16].
Patients having chronic, ill-defined clinical syndromes who
have tested negative using validated assays for detection of antibodies to B. burgdorferi, seeking a diagnosis for their condition
might encounter providers who use a variety of other unconventional, nonvalidated testing methods for Lyme disease
besides the serum culture method discussed above. Unfortunately, several laboratories in the USA are offering these tests.
Patients tested by these laboratories may be erroneously diagnosed as having Lyme disease and then may be prescribed long
courses of antibiotics. Unfortunately, long-term use of antimicrobials can lead to severe side effects and even death. The
nonvalidated assays being offered by such laboratories include
testing for urinary antigens of B. burgdorferi [17], lymphocyte
markers and ‘in house’ antibody assays often using interpretative criteria different from what has been recommended by the
CDC. A recent study documented a false-positivity rate of
>50% for serologic testing performed by one ‘Lyme specialty’
laboratory, which uses ‘in-house’ developed immunoblots and
unconventional interpretative criteria [18]. Many of these
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laboratories are offering these tests as per ‘customer’ requests,
including the reporting of ‘CDC nonspecific bands’ on immunoblots. Others are offering a variety of co-infection panels,
including testing for pathogens that have not been proven to
be transmitted by the ticks that transmit Lyme disease.
Unfortunately, until recently, ‘in-house’, also known as
‘home brew’, laboratory developed tests (LDT) have escaped
the US FDA regulatory scrutiny. Because the number, complexity and use of LDTs have expanded, including their use
outside of healthcare facilities, the FDA has recently initiated a
process to regulate such devices as was intended when the Food
Drug and Cosmetic Act was amended in 1976. The FDA has
determined that without oversight, LDTs have the potential for
causing harm to patients. It is anticipated that the regulatory
oversight of LDTs will start during the last quarter of 2014.
Until the cause of the ailments that afflict patients seeking
attention for what they believe is Lyme disease is better understood and managed, the controversy will likely continue. Meanwhile, education of healthcare providers at large on the clinical
features of Lyme disease and on the appropriate use and performance of available and reliable diagnostic tests, including their
limitations, should remain a priority to enhance patient care.
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