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ABSTRACT

Lyme disease is caused by the spirochete, Borrelia burgdorferi, which 
is most commonly transmitted to humans in the bite of a deer tick. 
Because it is a pathogenic bacterium, the correct choice of antibiotic 
as well as the timely application of this antibiotic kills the bacterium 
thus halting the effects of the disease. The main problem in treating 
patients is the lack of a consistent and accurate diagnostic test. 
Because of this problem, a diagnostic test for Lyme borreliosis has 
been developed by researchers at Rocky Mountain Laboratories in 
Hamilton, MT. To determine the accuracy of this immunoassay, 
various human samples of urine, synovial fluid, cerebrospinal fluid, 
and breast milk were blindly tested. The results of these tests were 
compared to other diagnostic tests currently being used and also 
were checked with the host’s Lyme disease history. The test 
appeared to be as accurate as other tests being used today. If 
further studies verify these results, the diagnosis and, therefore, 
treatment of Lyme borreliosis patients will be improved.
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INTRODUCTION AND LITERATURE REVIEW

In 1977, researchers investigating a cluster of arthritis cases in 

children living in the area around Lyme, Connecticut, named this 

puzzling outbreak Lyme arthritis. Later, scientists realized that there 

were many symptoms besides arthritis related to this outbreak so 

the name Lyme arthritis changed to Lyme Disease. The carrier of the 

disease was identified as a tiny deer or bear tick called Ixodes 

dammini. As it feeds, the tick infects its host with the Spirochete 

Borrelia burgdorferi - named for Willy Burgdorfer, the scientist who 

initially recognized the organism (13). Because the causative agent is 

a bacterium, the agent can be killed through antibiotic treatment.

The administration of this treatment requires the positive diagnosis 

of a Lyme Disease patient. For this diagnosis, researchers at Rocky 

Mountain Laboratories (RML) in Hamilton, Montana, devised a new 

diagnostic test that detects the outer surface of this spirochete.

The reason for proposing a new diagnostic test for Lyme disease 

is that none of the current methods of diagnosis is successful. The 

symptoms caused from Lyme disease mimic a variety of other 

illnesses from flu to arthritis which has led to the disease being 

called the “great new imitator” (18). The best known of these 

symptoms is Erythema Migrans- a reddish, purplish, or brownish

• rash around the site of the bite. Other effects of Lyme disease

include meningitis, swollen lymph nodes, conjuctivitis, hepatitis, 

swollen joints, and, in later stages, dementia and paralysis (7). These 

effects vary considerably in Lyme patients, so symptoms alone 

cannot be used for the diagnosis of this disease.
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A better way to determine if a patient has Lyme disease would be 

through an accurate clinical test, but to date none have been 

developed. Currently, serological tests are used which search for 

antibodies that the immune system of an infected host has made in 

response to B. burgdorferi infections. The problem with these 

serological tests stems from the various strains of B. burgdorferi 

stimulating the production of a variety of different antibodies (19). 

These different antibodies cause a cross-reactivity within these 

serological tests which leads to false results (14). This variation in 

strains has also made monoclonal antibodies ineffective for 

diagnostic testing because all strains would not be detected with a 

monoclonal antibody raised against a single strain (7). One way to 

deal with the problem of cross-reactivity would be through a 

western blot test. This would provide a more sensitive way of 

looking at all the patient’s antibodies. In western blots, immunoblot 

patterns of a patient’s sera are produced which can be labeled with 

probes thus providing all of the patients proteins for detection (17). 

Western blots are the most effective diagnostic tool available at 

present and are still only 60 percent accurate which further indicates 

the large variance in the strains of B. burgdorferi.

These problems in detecting antibodies lead to approaches that 

attempted to identify the antigenic surfaces of the Borrelia 

spirochete. Spirochetes have the ability to release membrane 

vesicles throughout the body of their infected hosts as seen in Fig. 

la-e (8). These vesicles form as outpocketings of the spirochete and 

are a means by which an infection can be spread without the entire 

bacterium dividing (2). These membrane vesicles have the same
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antigenic surface as the spirochete, so both of these can be searched 

for in detection tests. Because many of the tissues and fluids 

including urine within the bodies of infected hosts were reported to 

contain these antigens (9), the RML test was designed to search for 

these antigenic surfaces in urine.

In order to use these antigenic surfaces for detection, a common 

component to all strains of B. burgdorferi had to be found. Two 

surface proteins considered universal to all strains but not to other 

closely related species are outer surface protein A (OspA) and outer 

surface protein B (OspB) (1). OspA and OspB occur within an 

extracellular multiprotein complex which was resolved by 

electrophoresis as an 83-kDa band. This 83-kDa band has recently 

been characterized through sequencing of the N-terminus of the 

predominant peptide in the band and examining the interaction 

between associated proteins. This peptide sequencing as well as 

amino acid composition comparisons showed identity with the heavy 

chain of immunoglobulin M (IgM) (5). Immunoelectron microscopy 

and immunoprecipitations demonstrated that the apparent 

interaction between IgM and the Osps occurs extracellularly. It is 

suspected that this IgM contributes to immune evasion by 

camouflaging the surface of antigens (5). Our diagnostic test was not 

affected by these IgM antibodies because the antibody-containing 

reagents used were developed in rabbits. Therefore, when this 

reagent is used on human samples this attempted camouflaging fails 

(6).

Once these universal Osps were determined, polyclonal 

antibodies had to be raised against them by injecting membrane
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vesicles as well as the 83-kDa band known as the Major Extracellular 

Protein (MEP) into rabbits. The specificity of this anti-MEP antibody 

was verified through immunoblot assays in which all strains of B. 

burgdorferi were identified but none of the other closely related 

species was detected as shown in Table 1 (4). Our assay system 

utilized these polyclonal antibodies to capture antigens thus forming 

an antigen-antibody complex that is labeled with protein-A gold. An 

example of this test identifying a spirochete is seen in Fig. 2. Since 

there are actually very few of these spirochetes present in infected 

hosts, a more likely positive test shows labeled antigen-antibody 

complexes. Examples of these complexes are shown in Fig. 3 and Fig. 

4, and a negative test is shown in Fig. 5.

This report will discuss the techniques involved with this 

diagnostic test and will also compare the results to current data 

existing on these samples.

*
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Fig a. Fig b.

Fig c. Fig d.

Fig e.

Fig. la-e. a. Negatively-stained B. burgdorferi with membrane 
vesicles, b. Gold-coated B. burgdorferi with membrane vesicles.
c. Silver stained B. burgdorferi with membrane vesicles.
d. Backscattered electron image of B. burgdorferi with membrane 
vesicles, e. Silver-stained purified membrane vesicles. These 
purified membrane vesicles were used to make the F(ab’)2 antibody. 
These pictures were taken with permission from Garon (8).
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Table 1. Results of immunoblot assays showing the specificity of the 
anti-MEP antibody in response to various strains of B. burgdorferi 
and other closely related species.

Organism and Strain Source Reactivity to anti-MEP
B. burgdorferi

19678 Peromyscus, NY +
20004 Ixodes ricinus, France +
26816 Microtus, RI +
B31 Ixodes dammini, NY +
G2 Human CSF, Germany +
HB19 Human blood, CT +
Sh-2-82 Ixodes dammini, NY +

B. anserina RML, MT -
B. coriaceae Ornithodorus, CA -
B. hermsii Onithodorus, WA -
B. parkeri RML, MT -
B, turicatae. RML. MT -

(+) Indicates recognition of organism by anti-MEP 
(-) Indicates no recognition of organism by anti-MEP

Note: Taken with permission from Dorward (4).
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Fig. 2. B. burgdorferi labeled with Protein-A gold The gold 
particles appear black in this 48 000 X magnification. Note the 
affinity these particles have for the surface of the Borrelia as there is 
little background gold.



Fig. 3. Positive test indicating antigen-antibody complex labeled 
with protein-A gold (a). 25 000 X magnification. Note the affinity
the gold particles have for the flocculent material.
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Fig. 4. Positive test indicating antigen-antibody complex labeled 
with protein-A gold (b). 16 000 X magnification. Note the affinity
the gold particles have for the flocculent material.
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Fig. 5. Negative test displaying a lack of protein-A gold. 25 000 X 
magnification. There is little flocculent material and little gold
labeling.
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MATERIALS AND METHODS

Antibodies. Polyclonal rabbit sera were raised against both 

membrane vesicle concentrates and also against the 83-kDa major 

extracellular protein band (MEP) that was electrophoretically 

purified from vesicles (4). Immunoglobulin G (IgG) antibodies were 

purified from both of these sera by affinity chromatography with 

protein-A agarose. These two types of IgG, the anti-vesicle and the 

anti-MEP, were dialyzed overnight with water and lyophilized for 

storage (4). The anti-MEP IgG was later hydrated with 0.1 M 

Delbucco’s phosphate-buffered solution (dPBS) to a final 

concentration of 50 pg per ml to be used for the diagnostic test.

The anti-vesicle IgG was later cleaved to make F(ab’)2 

fragments. F(ab’)2 fragments were useful because they were able to 

bind to both the antigen and the electron microscope grid due to 

their two binding regions. The production of F(ab’)2 fragments 

involved first hydrating 13.5 mg of the anti-vesicle IgG with 3 ml of 

0.1 M dPBS. This antibody solution was placed into a pepsin agarose 

column for 2 hr which allowed the pepsin to cleave the Fc portion 

from the antibody (10). The pepsin agarose had been hydrated 

overnight with 0.1 M sodium acetate (pH 4.4). The mixture of 

degraded Fc portions and F(ab’)2 fragments then passed through the 

column. Determination of when to stop the passage was made by use 

of ultraviolet spectrophotometry. The mixture was dialyzed with 0.1 

M ammonium bicarbonate which raised the pH of the solution to 7.2. 

This pH change was necessary for passage of the mixture through a
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protein-A agarose column, because the F(ab')2 portions now adhered 

to the column while the Fc portions passed through and were 

discarded. The F(ab’)2 portions were later removed by passing 

0.58% acetic acid through the column (10). After dialyzing and 

lyophilizing the F(ab')2 solution, the fragments were added to dPBS 

(1 mg per ml) for use in the diagnostic test.

Antigen. To test the accuracy and further verify the possible 

clinical usage of the RML test, a large amount of fluids had to be 

tested. To do this various samples were sent to Rocky Mountain 

Laboratories from around the United States. These samples were 

received and tested without any knowledge of other clinical tests 

performed on the samples or clinical histories of the patients 

supplying the samples. Specimens were sent mostly in the form of 

urine but others came as cerebrospinal fluid, synovial fluid, or breast 

milk for testing (Table 2). These specimens were kept frozen at -70 

C until immediately before testing. Each sample was thawed at room 

temperature and diluted 1:10 with dPBS before use in the diagnostic 

test.
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Table 2. Location from which the samples of urine, breast milk, 
synovial fluid, and cerebrospinal fluid originated

Sample Numbers Locations
1-20 Jersey Shore Medical Center
21-22 Private
23-117 Center of Disease Control, CO
118-139 San Francisco Rheumatology Assoc.
140-162 Jersey Shore Medical Center
163-168 East Hampton. NY

Protein-A Gold. The protein-A gold conjugates were prepared by 

the methods of Robinson and co-workers (16) and consisted of 10- 

nm particles of gold attached to protein-A. This solution was diluted 

1:9 with a stabilizing buffer. The stabilizing buffer contained 0.15 M 

sodium chloride, 0.05 M Tris, 500 mg per ml of polyethylene glycol, 

and 1 % BSA.

Immunoassay Technique. The immunoassay was developed onto 

parlodian-coated, meshlike copper microscopic grids. These grids 

were first incubated for 20 min at room temperature on 6-pl 

droplets of the F(ab')2 reagent. The grids were then washed twice 

for 10 min with dPBS. This removed excess F(ab')2 fragments that 

had not adhered to the grid. Next the grids were incubated for 20 

min at room temperature on 6-p.l droplets of the antigen-containing 

fluids. Once again the grids were washed twice for 10 min with 

dPBS to remove any substances not adhering to the F(ab')2 

fragments. The grids were then incubated at room temperature for 

20 min on 6-pl droplets of the more specific anti-MEP reagent. These

CORETTE LIBRARY 
r OARROLL COLLEGE
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anti-MEP antibodies bound only to the Lyme Borrelia antigens that 

were bound to the F(ab')2 fragments thus completing the antigen- 

antibody complex. After two more 10-min washes with dPBS, the 

grids were placed on 6-pl droplets of protein-A gold for 20 min at 

room temperature. These protein-A gold particles adhered to and 

therefore labeled the complexes. The grids were then washed three 

times for 10 min per wash with 0.25 M ammonium acetate. To 

complete the assay the grids were negatively stained with 0.5% 

ammonium molybdate (pH 6.5) and air-dried. This procedure is 

diagrammed in Fig. 6.

Electron Microscopy. The grids produced in the immunoassay 

were viewed between 12 000 X and 16 000 X magnification through 

a Phillips CM10 transmission electron microscope at 80 kV. The 

antigen-antibody complexes appear as flocculent material labeled 

with 10-nm gold particles (small black dots). Pictures of each grid 

indicating a positive or a negative reaction were taken at

magnifications between 16 000 X and 45 000 X. Some examples of 

these results are shown in Fig. 3-5. .
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Anti-vesicle
F(ab')2

t

B. burgdorferi 
Antigen 
Source

Activated 
Parlodian Grid

Antigen
Capture

anti-MEP 
polyclonal IgG

Complex

<■>
Protein-A Gold 

Label

by Electron Microscope

Fig. 6. Diagram of RML immunoassay procedure. This 
diagram shows the activated surface due to F(ab’)2 
attachment, the antigen capture, the formation of the 
antigen-antibody complex due to anti-MEP attachment, and 
visualization of the protein-A gold label.
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RESULTS

A total of 168 patients supplied specimens to be tested. In only 

one instance were two different specimens sent from the same 

person. Patient 2 had both urine and cerebrospinal fluid sent. If by 

electron microscopy a grid showed labeled antigen-antibody 

complexes, then the sample used for this grid was termed positive.

If the grid showed none of these complexes, then the sample used for 

this grid was termed negative. The results for these tests are found 

in Table 3. Also found in this table is information supplied after the 

testing was completed. Since the specimens were sent from different 

sources, the tests that had been performed on these samples varied. 

Specimens 1 through 20 and 118 through 139 had combined patient 

histories and provided only a positive or negative response.

Therefore, the only additional rating besides our results for these 

samples is seen in the column under patient history (11,15).

Dr. Leigner who supplied samples 23 through 117 provided three 

different scores with which to compare data. All the patients who 

sent these samples had positive clinical symptoms. Leigner sent 68 

of these samples to the Center for Disease Control (CDC) in Ft. Collins, 

CO, for serological testing. The serological tests on these patients did 

not score all positive which differed from the patient history data. 

Leigner also had western blot tests done on 32 of the samples at the 

State University Laboratory in Stoney Rock, NY, and these also did 

not all indicate positive (12). The results of these tests as well as the 

patient histories are found in Table 3.
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The doctor who sent samples 163 through 168 provided both 

patient history and serological tests (Table 3)(3). No additional 

results were received for samples 21, 22, nor 140 through 162.

Table 3. Comparisons between the RML test and the serological 
test, the western blot test, and the patient histories.

Specimen
Number

RML Urine 
Antigen Test

Serological Western blot
Test fkDa bands)

Patient
History

1 + +
2a - -
2b* + +
3 - -
4 + +
5 + -
6 - -
7 - +
8 + +
9 - -
10 - -
11 + +
12 + +
13 - -
14 - -
15 + +
16 + +
17* - -
18* + +
19 - -
20 + +
21 +
22 +
23 - - +
24 - + +
25 + n d +
26 - + 31,34,41,75 +
27 - - +
28 + n d n d +
29 + n d +
30 + 34 +
31 + + n d +
32 + n d +
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Specimen
Number

RML Urine 
Antigen Test

Serological
Test

Western blot 
fkDa bands')

Patient
History

33 + 34,41,66 +
34 + + 41,75 +
35 + - n d +
36 - - n d +
37 - + n d +
38 - + - +
39 + - 31,34,41,60 +
40 + + - +
41 - - 75 +
42 + + n d +
43 + n d n d +
44 + n d n d +
45 + n d n d +
46 + n d n d +
47 + - n d +
48 + n d n d +
49 - - 34 +
50 - n d n d +
51 + - - +
52 + + - +
53 + + 27,31,34,41 +
54 + + 31,34,41,66 +
55 - + n d +
56 - + n d +
57 + - n d +
58 + + - +
59 + + - +
60 + - n d +
61 + - n d +
62 + + 41 +
63 + - n d +
64 - - n d +
65 + - 41,66,75 +
66 - + n d +
67 + + - +
68 + - n d +
69 + n d n d +
70 + - 66 +
71 - + 34,41,66 +
72 + + 31,41 +
73 - n d n d +
74 - n d n d +
75 - n d n d +
76 + n d n d +
77 - n d n d +
78 + n d n d +
79 - n d n d +
80 - n d n d +
81 + n d n d +
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Specimen
Number

RML Urine 
Antigen Test

Serological
Test

Western blot 
fkDa bands)

Patient
History

82 + n d n d +
83 + n d n d +
84 + n d n d +
85 + n d n d +
86 - + n d +
87 + n d n d +
88 - n d n d +
89 - n d n d +
90 + + - +
91 + - 21,27,31,66 +
92 + - n d +
93 + + 31,41 +
94 - - n d +
95 - n d n d +
96 - + n d +
97 + + n d +
98 - + 41 +
99 + - n d +
100 - - 31,41 +
101 - - n d +
102 - - n d +
103 + - n d +
104 - + n d +
105 + - - +
106 - - n d +
107 - + n d +
108 + - n d +
109 + - n d +
110 + + 31,34,41,66 +
111 - + n d +
112 + + n d +
113 + - 21,31,34,41 +
114 - - n d +
115 - n d +
116 + n d +
117 + n d +
118 + +
119 + +
120 + -
121 + +
122 - +
123 - -
124 - +
125 + +
126 - +
127 + -
128 + -
129 + +
130 - -
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Specimen
Number

RML Urine 
Antigen Test

Serological
Test

Western blot 
fkDa bands)

Patient
Historv

131 + +
132 - -
133 - -
134 - +
135 - +
136 - +
137 - +
138 + +
139 - +
140 -
141* -
143 -
144 +
145 +
146 +
147 -
148 +
149*** -
150 +
151 -
152 -
153 +
154 +
155 -
156 +
157 -
158** -
159 +
160 -
161 -
162 +
163 + + +
164 + + +
165 - - +
166 + + +
167 + + +
1£8 + + +

Note: A blank space indicates that the test was not done on that group of 
samples. The symbol, nd, indicates that the test was not determined for that 
sample while it was determined for the other samples in that group.

* spinal fluid
** synovial fluid
*** breast milk
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DISCUSSION

The RML test correctly identified 18 out of the 20 samples when 

compared to data from the Jersey Shore Medical Center (15). When

• compared to samples 163-168 the data correlated exactly with data

provided by Burrascano of East Hampton, NY. Five of the patients 

providing these samples had both the clinical symptoms of Lyme and 

positive serological tests continued by the present study (3).

However, one patient who was not responding to antibiotic treatment 

tested negative (3). Burrascano was, therefore, certain that this 

patient did not have Lyme disease which my finding confirmed. This 

means that for samples from the eastern area of the United States, 

the RML test was 93 percent accurate.

According to Leigner who supplied specimens 23 through 117, 

each was from suspected Lyme disease patients with positive clinical 

symptoms (12). The three different tests performed on these 

samples indicated otherwise. Our diagnostic test scored 63 out of the 

95 specimens or 66 percent as positive. The serology tests scored 31 

out of 66 specimens or 46 percent positive (12). The western blot 

test scored 21 out of 32 specimens or 66 percent positive (12).

Since all three tests indicated that far less than 100 percent of these 

people was infected with Lyme disease, we questioned Leigner about

the samples. He reported that the CDC had told him to send
I

questionable samples. This meant that although these patients 

seemed to have Lyme disease, it was not definite. Because his 

samples were not clear-cut negatives nor positives, these samples 

provided no help in verifying our diagnostic test. Our test coincided
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slightly better than the serology test did when both tests were 

compared to the western blot test. The western blot test is 

considered the most accurate test for Lyme disease. Our test 

correlated with the western blot on 18 of 32 samples (56 percent) 

while only 15 of the 31 tested by the western blot matched up with 

the serology test (48 percent).

The RML test was least accurate in identifying samples from the 

San Francisco Rheumatology Association numbered 118 through 139. 

We correlated with the doctor’s findings only 50 percent of the time 

(11). Lavoi, who sent these samples, said that our tests did as well as 

any other diagnostic tests he had used, but these results were 

discouraging. There are two possibilities for the inconsistency of 

results in samples sent from Lavoi. First, his tests and other 

evidence are wrong, or second, the RML test is less effective in 

identifying the strains of B. burgdorferi from western United States. 

This does not seem likely given the results shown in Table 1 but is a 

possibility. Samples 23 through 117 would have been helpful in 

answering this question if more appropriate samples had been sent. 

Also, the non-reported samples would also have helped answer this 

question, but since reports were not received, these samples proved 

to be useless as well.

A promising aspect of the current study was that even in its 

crude form the RML test proved to be as accurate as any being used. 

Until further studies are done with clear-cut guidelines on the 

samples to be tested, however, the accuracy of this test will remain 

unknown.
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The most interesting result from our study was that of specimen

2. The clinical symptoms of patient 2 consisted of the neurological 

effects of Lyme disease, but his serological tests were negative. His 

urine was negative for the Borrelia burgdorferi antigen, but his 

cerebrospinal fluid was positive for the antigen. Upon receiving 

these results, this patient’s doctor placed him on an antibiotic that 

could cross the blood-brain barrier and the patient responded to this 

treatment and has since improved dramatically (15).

Although the RML test is promising, it is not without problems. 

One of its main problems comes from the use of an electron 

microscopei The viewing area on an electron microscope is very 

large, so it would be impractical for the diagnoser to view the entire 

area on every test. This means that the labeled antigen-antibody 

complexes are not quantified which makes the process of 

determining positive or negative results subjective. Even worse, it 

leaves the possibility that positive results could be missed if there 

are only a few of the antigen-antibody complexes. If an electron 

microscope is going to continually be used on this test, then these 

researchers must develop a way to make it more objective. One 

possibility would be through computer analysis of the grid to 

quantify the number of gold particles attached. By having an actual 

number researchers would have a cut-off line, which would make 

the test less subjective. Another problem stemming from the use of 

electron microscopes is their cost which limits their availability. Cost 

would also make this an expensive clinical test. The best solution for 

the problems with electron microscopes would be to replace the 

microscopes with more practical detection methods. Researchers

23



could devise an ELISA which links enzymes to the antigen-antibody 

complex. When substrate is later added, these enzymes catalyze a 

reaction which can be detected by such indicators as color change. 

This color change can be detected and quantified by computer 

analysis or spectrophotometry which would make the test both more 

objective and more practical.

Before an ELISA is useful, however, these researchers need to 

determine if the antibodies consistently identify B. burgdorferi. This 

of course, was the purpose of my work, but due to the problems that 

arose this question was left unanswered. The problems included 

inappropriate samples, the lack of objectivity due to the usage of an 

electron microscope, and inconsistent results when compared to 

other tests. Therefore, more work must be done to determine if the 

anti-MEP antibody specifically identifies B. burgdorferi. Because the 

diagnosis of Lyme disease could be enhanced through this antibody, 

this further work must be done to continue the battle against Lyme 

disease.
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