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A chromogenic substrate was used with Limulus amoebocyte lysate (LAL) and
compared by parallel testing with the traditional gelation LAL method for the
rapid evaluation of exudative urethritis in 125 male patients. Of these patients, 67
had positive cultures for Neisseria gonorrhoeae and 58 were negative. The
corresponding prevalence of gonococcal urethritis was 53.6%. For assay, diluted
urethral samples and chromogenic substrate were added directly to single-test
LAL vials, and objective color endpoint determinations were made visually after
a 10-min incubation period at 37°C. Sensitivity and specificity were 98.5% and
93.1%, respectively, with an overall accuracy in predicting culture results of
96.0%. The predictive value of a positive LAL test was 94.3% in our patient
population; in a population with a prevalence of gonococcal urethritis of only
10%, the predictive value would be 61.3%. Results were not statistically different
from those obtained by the 30-min gelation LAL method or by Gram-stained
smears read by experienced microscopists (P > 0.05). Unlike the delicate gel, the
color endpoint was not prone to accidental mechanical disruption during incuba-
tion or reading. Thus, use of a chromogenic substrate greatly improved the utility
and speed of the LAL assay for evaluating men with exudative urethritis while not
affecting the accuracy of the test.

Differentiation between gonococcal and non-
gonococcal urethritis is essential for the admin-
istration of appropriate therapy and proper dis-
position of sexual contacts. Currently, the Gram
stain is the only widely accepted procedure used
for the rapid evaluation of exudative urethritis,
and in most cases a firm and immediate diag-
nosis can be made provided the smears are
examined and interpreted by experienced micro-
scopists (6). Unfortunately, such expertise is usu-
ally restricted to venereal disease clinics, which
may not be available to private physicians,
who see and treat most cases of urethritis (1, 3,
9). Moreover, without extensive experience in
reading Gram-stained smears, the accuracy of
the test decreases. In a recent report, Gram stain
sensitivity of urethral smears varied from 79 to
96% and specificity from 52 to 97%, depending
on the microscopist reading the smear (4). Con-
sequently, the need exists for a simple, rapid,
and accurate test which can differentiate be-
tween gonococcal and nongonococcal urethritis
and can be used in the private practice setting.

Recently, we demonstrated the utility of the
Limulus amoebocyte lysate (LAL) assay for the
rapid, presumptive diagnosis of gonococcal and
nongonococcal urethritis in men whereby posi-

tive or negative results were indicated by gela-
tion or lack of gelation, respectively (13, 17, 18).
We subsequently developed an LAL test device
which could be used by those unskilled in labo-
ratory procedures at the time of the patient's
initial evaluation and reduced the time needed
for incubation from 60 to 30 min while retaining
an overall accuracy for predicting culture results
of 98.4% (15). Other investigators have since
used the LAL test device to evaluate exudative
urethritis and have reported overall accuracies
ranging from 94% (2) to 100% (10).
We report here the use of a chromogenic

substrate with Limulus lysate for the rapid eval-
uation of men with exudative urethritis. Color
development within 10 min was used as an
objective visual endpoint. The chromogenic
LAL method was comparatively evaluated with
the gelation method and Gram stain for its ability
to predict culture results for Neisseria gonor-
rhoeae in these patients.

MATERIALS AND METHODS
Patient population. A total of 125 men with uncom-

plicated exudative urethritis seen at the Columbus
Health Department Venereal Disease Clinic were eval-
uated by both the 30-min gelation and 10-min chromo-
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genic LAL methods. These patients had sought treat-
ment because of urethral discharge or dysuria or both
and were selected on a random basis. Demonstration
of a urethral discharge at physical examination was
considered as objective evidence of urethritis (8), and
a minimum of 0.015 ml of exudate was needed for
acceptance into the study. Patients who had received
antibiotics within 10 days of presentation were exclud-
ed.
LAL test procedures. Urethral samples were collect-

ed and assayed with the 30-min gelation LAL method
as previously described (15). Single-test LAL vials
(Mallinckrodt, Inc., St. Louis, Mo.) with a minimum
sensitivity of 0.1 ng of Escherichia coli endotoxin (lot
EC-2; Bureau of Biologics, U.S. Food and Drug
Administration, Bethesda, Md.) per ml were used for
both the gelation and chromogenic LAL methods. The
chromogenic substrate (lot R2FI) was kindly supplied
by Don Mills of Mallinckrodt. Each vial contained
18.72 mmol of substrate and was reconstituted with
19.5 ml of sterile, pyrogen-free water. For assay, 0.25
ml of the diluted urethral sample was added to a single-
test LAL vial, followed by the addition of 0.1 ml of
chromogenic substrate. The vial was mixed and incu-
bated at 37°C for 10 min in a heating block. After
incubation, the vial was read visually by two separate
observers for the development of a yellow color.
Development of any yellow color when compared with
a water blank was interpreted as a positive test; no

color development was interpreted as a negative test.
After visual reading, the reaction was stopped by the
addition of 0.1 ml of 50% glacial acetic acid, and
absorbance was measured at 405 nm in a spectropho-
tometer (model 330; Turner Associates, Palo Alto,
Calif.) for correlation with the visual results. A lysate
vial which contained substrate and pyrogen-free water
served as a blank.
Comparative endpoint determinations between the

gelation and chromogenic LAL methods were made,
using an E. coli endotoxin (lot 16707; Mallinckrodt),
and the results are shown in Table 1. The visual color
endpoint was two twofold dilutions less sensitive than
the gel endpoint, and the visual threshold correlated
with an absorbance value of approximately 0.2. Clini-
cal samples were diluted 1:1,600 for the gelation
method as previously determined according to the
lysate sensitivity (15) and 1:400 for the chromogenic
method, assuming a collection of 0.025 ml of urethral
exudate. The LAL test results were read without
previous knowledge of the microbiological findings.

Clinical laboratory procedures. Urethral samples
were also collected for Gram staining and for culture
of N. gonorrhoeae on Martin-Lewis medium (State

TABLE 1. Comparative reactions and endpoint
determinations for the gelation and chromogenic

LAL methods, using E. coli endotoxin

Endotoxin concn LAL method
(ng/ml) Gelationo Chromogenich

1 + + 0.63 0.03
0.5 + -L 0.37 ± 0.07
0.25 + + 0.22 ± 0.03
0.13 + - 0.10 + 0.04
0.06 + - 0.03 + 0.02
0.03 - - 0.01 ± 0.01

a Formation of an intact gel (+) or no gelation (-)
after a 30-min incubation.

b Development of a visible yellow color (+) or no
color (-) after a 10-min incubation.

' A405, Absorbance value at 405 nm; mean of four
determinations ± standard deviation.

Health Laboratories, Columbus, Ohio). The diagnosis
of gonococcal urethritis was based on a positive cul-
ture for N. gonorrhoeae. The details of the methods
used and criteria followed for smear interpretation
have been previously described (18). Cultures for
viruses or chlamydiae were not done.

Statistical analysis. The chi-square method of analy-
sis was used for the determination of statistical signifi-
cance. Sensitivity, specificity, and predictive values
were computed according to the methods of Vecchio
(21), assuming the culture method was 100% accurate.
The predictive value of a positive LAL test was
defined as the probability that a patient yielding a
positive test actually has gonococcal urethritis for a
given prevalence rate of the disease.

RESULTS
The results obtained with the Gram stain and

both LAL methods for 125 patients with exuda-
tive urethritis are shown in Table 2. Of the 125
patients, 67 had culture-proven gonococcal ure-
thritis and 58 had nongonococcal urethritis. The
sensitivities and specificities were 95.5% (64 of
67) and 100% (58 of 58), respectively, for the
Gram stain and 98.5% (66 of 67) and 93.1% (54 of
58), respectively, for each LAL method. Overall
ability to predict culture results was 97.6% (122
of 125) for the Gram stain and 96.0% (120 of 125)
for each LAL method. There were no statistical-

TABLE 2. Results of Gram-stained smears and both gelation and chromogenic LAL methods for 125 male
patients with gonococcal and nongonococcal urethritis

LAL assay method
No. of Gram-stained smears

Diagnosis patients Gram-stained_smears_Gelation' Chromogenicb
Positive Negative Positive Negative Positive Negative

Gonococcal urethritis 67 64 3 66 1 66 1
Nongonococcal urethritis 58 0 58 4 54 4 54

a Urethral samples diluted 1:1,600; incubation time, 30 min.
b Urethral samples diluted 1:400; incubation time, 10 min; results based on visual readings.
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ly significant differences between the LAL
methods and Gram stain results (P > 0.05).
The correlation between the absorbance val-

ues and visual test results for urethral samples
from patients with gonococcal and nongonococ-
cal urethritis which were assayed by the chro-
mogenic LAL method is shown in Fig. 1. The
objectivity of reading the LAL test visually is
demonstrated since results matched absorbance
values obtained with the spectrophotometer,
using a threshold value for a positive test of 0.22
(Table 1). The absorbance values for positive
and negative visual test results were 0.90 ± 0.18
and 0.06 ± 0.05 (mean ± standard deviation),
respectively. The lowest absorbance value ob-
tained for a sample read visually as a positive
test was 0.3. Positive and negative results were
easy to differentiate visually, and the same re-
sults were obtained by both observers.
The prevalence of gonorrhea in men evaluated

during the study was 53.6% (67 of 125), and the
predictive value of a positive test for both LAL
methods was 94.3%.

DISCUSSION
The mechanism of gel formation in the LAL

assay is enzymatic in nature and involves a
proclotting enzyme and coagulogen, two pro-
teins that are contained in Limulus lysate. Ini-
tially, the proclotting enzyme is activated by
bacterial endotoxin (19), although a factor B
now appears to be involved indirectly (12). Once
activated, the proclotting enzyme splits the pro-
tein coagulogen into peptides which interact to
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FIG. 1. Comparison of absorbance values with vi-
sual results for urethral samples from 67 male patients
with gonococcal urethritis and 58 patients with non-

gonococcal urethritis which were assayed by the 10-
min chromogenic LAL method.

form a clot (20). Recently, it was reported that
the proclotting enzyme has amidase activity and
will cleave certain synthetic amino acid sub-
strates which act as carriers for a chromogenic
p-nitroanilide group (11). Thus, by using a chro-
mogenic substrate, the subsequent splitting of
coagulogen by the activated proclotting enzyme
and formation of a gel as an endpoint could be
eliminated. Moreover, intensity of the color
generated is proportional to the quantity of
endotoxin present (5). Consequently, this proce-
dure has been evaluated for the quantitation of
endotoxin (16) and for the detection of endotox-
in in blood (22).

In the study reported here, we used a chromo-
genic substrate with Limulus lysate for qualita-
tive (color versus no color) determination of
endotoxin in samples of urethral exudate for
differentiation between gonococcal and non-
gonococcal urethritis in men. The simplicity of
performing the 30-min gelation LAL assay was
retained with the chromogenic method. The only
modification was the addition of substrate to the
LAL vial, a process which can be incorporated
in the manufacture of the single-test vials. Use
of acetic acid to stop the color reaction after the
10-min incubation period would not be neces-
sary. However, by adding acetic acid to the
LAL vial, a permanent record of the patient's
test results can be made. Incubation time was
reduced from the 30 min required for gelation to
10 min; and, unlike the delicate gel, the color
endpoint was not prone to accidental mechanical
disruption during incubation or reading. More-
over, there was a wide range around the visual
threshold (Fig. 1) which would allow for a mar-
gin of error in the volume of sample collected.
This margin of error was also shown in quantita-
tive LAL studies with the gelation method
whereby a 50% change in sample volume would
result in less than a 4% change in sensitivity at
the breakpoint dilution (14).
The use of a chromogenic substrate as an

alternate to gel formation with color develop-
ment as an objective endpoint greatly improved
the utility and speed of the LAL assay in evalu-
ating men with exudative urethritis. The overall
accuracy of 96.0% was equivalent for both the
chromogenic and gelation LAL methods used in
this study and was not statistically different (P >
0.05) from the accuracy of 98.4% previously
reported in evaluating 550 patients with the 30-
min gelation procedure (15). The predictive val-
ue of a positive test was also high (94.3%) for the
prevalence of gonorrhea (53.6%) encountered in
this study. However, in private practice set-
tings, the relative prevalence of gonorrhea
among men with acute urethritis would be about
30% (7). The predictive value of a positive LAL
test at this lower frequency of gonorrhea would
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be 86%, which is sufficiently high that a patient
with a positive test may be treated for gonor-
rhea. However, the possibility exists that the
prevalence of gonococcal urethritis may be as

low as 10% (7), and the predictive value of a

positive test would then be 61.3%. Therefore, it
is recommended that clinicians be familiar with
the prevalence of gonococcal urethritis in their
patient populations when interpreting LAL test
results. Only five (4%) LAL test results did not
correctly predict culture results. Although the
reasons for these discrepancies are speculative,
the possibility of culture failures, vancomycin-
susceptible strains, technical error, contaminat-
ed (pyrogen-containing) equipment, or unreport-
ed antibiotic usage may provide an explanation.
Thus, by modifying the LAL assay with the

addition of a chromogenic substrate, physicians
could obtain objective test results within 10 min
of sample collection with accuracy equal to
Gram stain smears read by experienced micros-
copists and to cultures processed by venereal
disease clinics without the need for sophisticat-
ed methods and materials.

ACKNOWLEDGMENT

We thank Joseph G. Lossick and his staff at the Columbus
Health Department Venereal Disease Clinic for their cooper-
ation and assistance.

LITERATURE CITED

1. Alexander, E. R. 1977. Chairman's report and discussion,
p. 47-51. In D. Hobson and K. K. Holmes (ed.), Non-
gonococcal urethritis and related infections. American
Society for Microbiology, Washington, D.C.

2. Chapel, T. A., M. Adcock, B. Smith, T. Barnes, and M.
Goodman. 1981. Evaluation of the Limulus amebocyte
lysate assay for presumptive diagnosis of gonorrhea in
men at a clinic for sexually transmitted diseases. Sex.
Transm. Dis. 8:175-178.

3. Fleming, W. L., W. J. Brown, J. F. Donohue, and P. W.
Branigin. 1970. National survey of venereal disease treat-
ed by physicians in 1968. J. Am. Med. Assoc. 211:1827-
1830.

4. Goodhart, M. E., J. Ogden, A. A. Zaidi, and S. J. Kraus.
1982. Factors affecting the performance of smear and
culture tests for the detection of Neisseria gonorrhoeae.
Sex. Transm. Dis. 9:63-69.

5. Iwanaga, S., T. Morita, T. Harada, S. Nakamura, M.
Niwa, K. Takada, T. Kimura, and S. Sakakibara. 1978.
Chromogenic substrates for horseshoe crab clotting en-

zyme-its applications for the assay of bacterial endotox-
ins. Haemostasis 7:183-188.

6. Jacobs, N. F., and S. J. Kraus. 1975. Gonococcal and
nongonococcal urethritis in men-clinical and laboratory
differentiation. Ann. Intern. Med. 82:7-12.

7. Kleris, G. S., and A. J. Arnold. 1981. Differential diagno-
sis of urethritis: predictive value and therapeutic implica-
tions of the urethral smear. Sex. Transm. Dis. 8:110-116.

8. Kraus, S. J. 1982. Semiquantitation of urethral polymor-
phonuclear leukocytes as objective evidence of nongono-
coccal urethritis. Sex. Transm. Dis. 9:52-55.

9. Morton, R. S. 1977. Gonorrhoea, p. 204-234. W. B.
Saunders Company Ltd., Philadelphia.

10. Nachum, R., and R. 0. Christiansen. 1982. Rapid pre-
sumptive diagnosis of gonococcal urethritis in males:
evaluation of a prototype limulus lysate test kit. Med.
Lab. Sci. 39:83-85.

11. Nakamura, S., T. Morita, S. Iwanaga, M. Niwa, and K.
Takahashi. 1977. A sensitive substrate for the clotting
enzyme in horseshoe crab hemocytes. J. Biochem. (To-
kyo) 81:1567-1569.

12. Ohki, M., T. Nakamura, T. Morita, and S. Iwanaga. 1980.
A new endotoxin sensitive factor associated with hemo-
lymph coagulation system of horseshoe crab (limulidae).
FEBS Lett. 120:217-220.

13. Prior, R. B., and V. A. Spagna. 1980. Comparative evalu-
ation of the tube and microdilution Limulus lysate tech-
niques for rapid presumptive diagnosis of gonococcal
urethritis in men. J. Clin. Microbiol. 11:340-342.

14. Prior, R. B., and V. A. Spagna. 1981. Response of several
Lim/ilus amoebocyte lysates to native endotoxin in gono-
coccal and nongonococcal urethral exudates from human
males. J. Clin. Microbiol. 13:167-170.

15. Prior, R. B., and V. A. Spagna. 1981. Application of a
Limulus test device in rapid evaluation of gonococcal and
nongonococcal urethritis in males. J. Clin. Microbiol.
14:256-260.

16. Scully, M. F., Y. M. Newman, S. E. Clark, and V. V.
Kakkar. 1980. Evaluation of a chromogenic method for
endotoxin measurement. Thromb. Res. 20:263-270.

17. Spagna, V. A., and R. B. Prior. 1980. The limulus amebo-
cyte lysate assay. Am. Fam. Physician/GP. 22:125-128.

18. Spagna, V. A., R. B. Prior, and R. L. Perkins. 1979.
Rapid presumptive diagnosis of gonococcal urethritis in
men by the limulus lysate test. Br. J. Vener. Dis. 55:179-
182.

19. Tai, J. Y., and T. Y. Liu. 1977. Studies on Limulus
amoebocyte lysate-isolation of pro-clotting enzyme. J.
Biol. Chem. 252:2178-2181.

20. Tai, J. Y., R. C. Seid, R. D. Huhn, and T. Y. Liu. 1977.
Studies on Limulus amoebocyte lysate. II. Purification of
the coagulogen and the mechanism of clotting. J. Biol.
Chem. 252:4773-4776.

21. Vecchio, T. J. 1966. Predictive value of a single diagnostic
test in unselected populations. N. Engl. J. Med. 274:1171-
1173.

22. Webster, C. J. 1980. Principles of a quantitative assay for
bacterial endotoxins in blood that uses Limulus lysate and
a chromogenic substrate. J. Clin. Microbiol. 12:644-650.

J. CLIN. MICROBIOL.


