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A total of 149 sera, including 79 pre- and posttreatment sera from 33 patients with disseminated gonococcal
infections, 18 from patients with uncomplicated gonococcal infections, 6 from patients with pelvic inflamma-
tory disease, 4 from patients with genital Chlamydia trachomatis infections, and 42 from normal volunteers,
were examined for C-reactive protein with a latex agglutination C-reactive protein detection kit (Difco
Laboratories, Detroit, Mich.). Results were quantitated with LC-Partigen C-reactive protein radial immuno-
diffusion plates (Calbiochem-Behring, La Jolla, Calif.). Positive latex agglutination results were observed in all
of the pretreatment sera and some of the posttreatment sera of patients with disseminated gonococcal infections
and in two sera from patients with pelvic inflammatory disease, which corresponded to quantitative C-reactive
protein levels in the radial immunodiffusion plates. C-reactive protein levels were not detectable in the serum
samples from normal volunteers or patients with uncomplicated gonococcal infections or genital chlamydial
infections. Positive latex agglutination occurred as early as 20 s in sera with high C-reactive protein levels, and
all positive results were observed within 90 s of the 3-min test limit. Positive latex test results were obtained with
C-reactive protein levels as low as 1 mg/dl (10 ,ug/ml).

During the course of inflammatory stimulation, the acute-
phase response in a host exhibits a characteristic and notice-
able rise in the concentration of numerous plasma proteins.
These changes in the plasma protein profile may have an
effect on other nonspecific, indirect responses, such as the
erythrocyte sedimentation rate (ESR) and the plasma viscos-
ity (17). ESR measurement is a commonly used method for
monitoring inflammatory disease (17), and in the case of
pelvic inflammatory disease or disseminated gonococcal
infection, measurement of ESR is an adjunct in clinical
diagnosis (2-4, 8, 14). However, changes in ESR and plasma
protein are not rapid and usually occur over a period of days
(17). Unlike those of other plasma proteins, C-reactive
protein (CRP) concentration not only rises above its normal
level of 580 ng/ml faster than any other acute-phase proteins,
but it will also drop rapidly towards normal (17). Since it is a
trace constituent of normal plasma and can increase several
hundredfold within a period of hours, CRP is probably a
superior indication of an inflammatory response (1, 6, 9, 17,
21). In recent years, the biological activity of CRP is being
defined (5, 15, 18) and the role that it may play in the
mechanism of resistance to infection is progressively being
elucidated (10-13).

Because CRP is an indicator of inflammation and remains
elevated during that response, a test system that could
rapidly detect the presence of CRP would be advantageous.
The latex-agglutination (LA) kit for CRP detection (Difco
Laboratories, Detroit, Mich.) is a rapid, sensitive, and
simple test that requires a maximum of 3 min. Each kit
contains negative and positive CRP control sera, and the
reagents may be mixed by gentle hand rocking or by being
placed on a bench-top rotator.

In this study we evaluated the CRP LA test and compared
it with a quantitative radial immunodiffusion (RID) assay to
demonstrate its speed and sensitivity.

* Corresponding author.
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MATERIALS AND METHODS

The test serum was obtained from five different groups.
The first group consisted of 42 normal serum samples drawn
from 14 female volunteers before, during, and after their
menstrual cycles. The second group contained 79 serum
samples taken at the initial visit and, when there were return
visits, serum samples at 1 to 3 weeks posttreatment from
patients with confirmed cases of disseminated gonococcal
infections (DGI). The third group contained 18 serum sam-
ples from patients with uncomplicated gonococcal infections
(UGI). The fourth group contained six serum samples from
patients with confirmed cases of pelvic inflammatory disease
(PID), and the fifth group contained four serum samples
from patients with confirmed cases of genital Chlamydia
trachomatis (Ct) infection. Patients were confirmed as posi-
tive for DGI by cultures of blood and joint fluid that were
positive for Neisseria gonorrhoeae. The PID serum speci-
mens were obtained from patients admitted to a large urban
hospital in Atlanta, Ga. during a study of PID. All diagnoses
were confirmed by culdocentesis, laparoscopy, or both. All
patients had a temperature of 38°C or greater on admission
(20). Patients were confirmed as positive for UGI by cervical
cultures that were positive for N. gonorrhoeae. Patients
were confirmed as positive for Ct infection with infected
McCoy tissue culture cells by iodine staining of inclusion
bodies or immunofluorescence. Unless indicated otherwise,
all serum samples were obtained before administration of
antibiotics.
The LA test was performed by diluting the serum speci-

mens 1:5 and 1:50 in the glycine-buffered saline supplied
with the test kit. The positive and negative control sera, also
supplied, were used undiluted. All procedures were per-
formed as described in the instructions of the manufacturers.
With a Pasteur pipette, one drop (ca. 50 [ul) of each diluted

serum specimen was placed on each section of the reaction
slides, and with the dropper supplied with the reagent bottle,
one drop (ca. 50 ,ul) of the anti-CRP latex reagent was added
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TABLE 1. Detection of C-reactive protein in serum samples from
patients with sexually transmitted diseases as measured by LA

and RID assay

Presence of CRP (no. of positive samples/
total)

SeumR LA (1:5 LA (1:50
RID dilution) dilution)

DGI
Initial visit 33/33 33/33 14/33
1st Week posttreatment 11/20 11/20 3/20
2nd Week posttreatment 3/20 3/20 1/20
3rd Week posttreatment 2/6 2/6 0/6

PID 2/6 2/6 NDa
UGI 0/18 0/18 ND
Ct 0/4 0/4 ND
Normal 0/42 0/42 0/42

a ND, Not done.

to each. The glass slide was then rocked or rotated for up to
3 min. Very strong reactions, exhibiting large agglutinated
clumps, were graded 4+, which was the type of reaction
observed with the supplied positive control serum. Strong
reactions were graded 3+, moderate reactions were graded
2+, and weak reactions were graded 1+. A negative reaction
showed no agglutination and was compared with the lack of
reactivity of the latex reagent with the negative control
serum.
For quantitation of CRP levels in the test sera, LC-

Partigen CRP RID plates were obtained from Calbiochem-
Behring (La Jolla, Cal.). RID assay was performed by placing
20 [Li of each test serum and 20 ,ul of the supplied reference
serum dilutions (1:1, 1:2, 1:4) into the wells of the agarose
anti-human CRP plates. At 72 h, the diameter of each
reaction was measured with dissecting calipers and recorded
in millimeters. Concentrations of CRP were determined from
a standard curve constructed from data obtained with known
concentrations of CRP in the reference sera.

RESULTS
The results of the LA tests and RID assay correlated well,

especially at the 1:5 dilution (Table 1). Negative LA and RID
results were obtained with the normal volunteer sera. The
results were also negative by both test systems with the sera
obtained from both the Ct infections and the UGI. Only two
of the six serum specimens obtained from patients with PID,
showed a 1 + reaction with the LA, and the RID assay for
these samples showed an extremely small precipitin zone
that was barely measurable. All of the DGI sera obtained at
the initial clinic visit showed positive results in both the LA
test (1:5 dilution) and the RID assay. RID values ranged
from the highest value of 21.0 mg/dl to the lowest value of
2.1 mg/dl. Likewise, the LA patterns were 3+ to 4+
reactions within the low to high values. The DGI sera

showing the highest initial values demonstrated progressive-
ly lower RID values with the serum samples from the second
week posttreatment and in the few samples obtained in the
third week posttreatment, the CRP levels were undetectable
by either test system. Likewise, the sera with lower initial
CRP levels were negative in both test systems by the second
week posttreatment.

DISCUSSION
This study has demonstrated a 100% agreement of the

Difco LA test with a commercial RID assay for CRP. The
LA test did not show nonspecific agglutination or false-
positive reactions, within the limits of testing done in our

laboratory. This statement holds true even though we used
the LA test, in some cases, after the reagent expiration date.
We used serum samples taken from normal female volun-

teers before, during, and after menses because we were not
sure whether the commencement of menses would cause
CRP to be elevated in our test results. Although an increase
in ESR is not necessarily simultaneous with an increase in
CRP (7, 17), physiological changes in the human body, e.g.,
pregnancy menstruation, or anemia, can show an increased
ESR without an elevated CRP (19). Serum samples used in
the RID assay were used undiluted. In the LA test, serum
samples were tested at 1:5 and 1:50 serum dilutions. In most
cases, positive LA results occurred within 20 to 45 s, but
some weaker reactions required 60 to 90 s. However, all LA
test results were easily obtained before the 3-min limit
stipulated by the manufacturer. Compared with the known
concentration of the CRP control sera supplied in the RID
assay and the quantitation of each serum sample, the LA test
for CRP detection could demonstrate a 1+ reaction with a
CRP concentration of less than 1 mg/dl (10 ,.g/ml). The LA
test was shown to be a fast, simple, specific test for detecting
CRP compared with the RID assay, which required 60 to 72
h.
The elevation of CRP is a nonspecific response, much the

same as an elevated temperature or an increased ESR. Each
of these phenomena is affected by an inflammatory response
which can be induced by numerous factors (2-4, 8, 14).
Because CRP is a nonspecific response, we are not suggest-
ing that detection of CRP should be used solely to diagnose
DGI. But since CRP may rise more rapidly or fall more
rapidly than other nonspecific responses (1, 6, 9, 17, 21),
detecting elevated CRP may be a helpful adjunct for early
confirmation. Additionally, Penner has suggested that CRP
may be useful for therapy as a monitor during the course of
certain diseases (16). A rapid detection system, such as the
latex agglutination test, may be helpful then in following the
treatment response of patients with DGI. We are unable to
explain fully why there was not a significant elevated CRP
level in two PID patients and absent in the rest. Genital Ct
infections and UGI are localized and may not induce an
inflammatory response that would be acknowledged by a
systemic increase in CRP. The systemic infection in DGI and
the accompanying joint involvement demonstrated an ele-
vated CRP in all of the DGI sera obtained. Perhaps, since
PID is not a systemic involvement, it may be exhibited like
the localized Ct infections or UGI with regard to elevated
CRP. It is quite obvious that more PID serum specimens
need to be examined to determine what relationship exists
between CRP and PID. Additionally, since the binding
affinity of CRP to gonococci is quite low (12), it is unlikely,
in this case that CRP, with its ability to bind complement,
would aid as a defense mechanism in the host. Consequent-
ly, the detection of CRP in DGI can probably only serve as
an indication of the inflammatory response.
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