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different ELISAs sequentially, accord-
ing to Eugene Shapiro, MD, a professor 
of epidemiology at Yale University in 
New Haven, Connecticut. Using this 
approach, one ELISA might measure a 
patient’s antibody response to whole-
cell sonicate, whereas the other might 
target the pathogen’s C6 epitope, 
providing complementary information.

This approach offers several 
bene� ts. First, “Multiple independent 
studies suggest that the two-ELISA 
algorithm has increased sensitivity 
over the standard two-tiered test-
ing algorithm during acute and even 
during later stages of Lyme disease,” 
said Theel. Second, because it removes 
the need for Western blot testing, “it 
is faster and easier to do, and maybe 
cheaper,” contended Shapiro. 

More research is needed before 
double ELISAs become de rigueur, 
Shapiro cautioned. “Maybe this type 
of testing is marginally more sensi-
tive than standard two-tier testing, 
but it may be less speci� c,” he said. 
“Additional studies performed in real 
clinical situations are needed to con-
� rm the bene� ts of this approach.”

Multiplex Makes Its Mark 
While the back-to-back ELISA strategy 
simmers away, a team led by Rafal 
Tokarz, PhD, an associate research 
scientist at Columbia University in 
New York, is exploring a more ambi-
tious approach: the TBD Serochip, 
which is designed to discriminate 
between antibody responses to eight 
different tick-borne pathogens pres-
ent in the United States. This assay 
includes roughly 170,000 overlapping, 
small linear peptides from the protein 
sequences of each of the pathogens, 
including Anaplasma phagocytophilum, 
Babesia microti, Borrelia burgdorferi, 
Borrelia miyamotoi, Ehrlichia chaffeensis, 
Rickettsia rickettsii, Heartland virus, 
and Powassan virus. The idea is that by 
measuring antibody responses to such a 
wide range of epitopes, the test will be 
able to discriminate between tick-borne 
infections that might otherwise be hard 
to distinguish. This approach might 
also identify characteristic early Lyme 
disease responses—or reliable differ-
ences between pre- and post-treatment 
samples—that await discovery.  

Tokarz and his colleagues reported 
promising preliminary results earlier 
this year (Sci Rep 2018;8:3158), and 

O
ver the past 20 years, 
climate change has 
expanded the range of 
the tick that carries 

Lyme disease, and reported cases in 
the United States have nearly 
doubled. According to the Centers for 
Disease Control and Prevention 
(CDC), as many as 30,000 people 
became infected each year during this 
2-decade period. Laboratory tests are 
a key tool in diagnosing Lyme disease, 
which if untreated can lead to serious 
damage to the joints, heart, and 
nervous system. However, even as this 

foe of outdoor activities has contin-
ued its upward trajectory, diagnostic 
testing for Lyme disease has not 
advanced with it. 

 The current two-tiered algorithm 
recommended by CDC was devel-
oped 2 decades ago. First, an enzyme 
immunoassay (EIA)—usually an 
enzyme-linked immunosorbent assay 
(ELISA)—or more rarely an immu-
no� uorescence assay, is performed 
to measure a patient’s antibody 
response to Borrelia burgdorferi, the 
bacterium that causes Lyme disease. 
If this yields a reactive or equivocal 
result, a Western blot is performed 
(Figure, above). Whereas the � rst test 
is more sensitive, the second is more 
speci� c. “Two-tier testing works really 

well for disseminated disease,” said 
Claudia Molins, PhD, a microbiologist 
and Lyme disease expert at CDC’s 
Division of Vector-Borne Diseases in 
Fort Collins, Colorado. 

While this algorithm has been 
adopted widely and has mostly served 
clinicians and patients well, it also has 
“a couple of prominent limitations,” 
according to Elitza Theel, PhD, direc-
tor of the infectious diseases serol-
ogy laboratory at the Mayo Clinic 
in Rochester, Minnesota. One is the 
approach’s low sensitivity in the � rst 
few weeks of infection, before some 

patients have a 
chance to develop 
a robust antibody 
response. Because 
only 29% to 
40% of patients 
with early Lyme 
disease have 
reactive results 
using the two-tier 
testing system, 
the Infectious 
Diseases Society 
of America 
advises clini-
cians to treat 
patients with 
possible early 
Lyme disease 
based instead on 
clinical � ndings 
(Clin Infect Dis 
2006;43:1089-
1134). However, 
some physicians 
may be unfamil-
iar with these 

guidelines or press forward with early 
stage testing, thereby either not treat-
ing some patients who are infected or 
prescribing antibiotics for others who 
do not have Lyme disease. 

The current testing system is also 
unable to differentiate between recent 
and past infections, further complicat-
ing treatment decisions. “Antibodies 
may persist for many months to years, 
even following successful treatment,” 
said Theel. 

Aware of these limitations, research-
ers have been developing new tests, and 
several are now in the pipeline. 

Doubling Up on ELISAs
In place of the current two-tier sys-
tem, some labs are already using two 
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