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Sera from 48 infertile women with tubal pathology and from 77 infertile women with
normal fallopian tubes were tested by enzyme linked immunosorbent assay (ELISA) using Chlamydia trachomatis and Neisseria gonorrhoeae antigens. Control sera were obtained from women undergoing abortion, sterilisation, and from women practising barrier contraception. The results of
ELISA for antibodies to chlamydiae were in close agreement with results published previously of an
immunofluorescence test on these sera.8 Antibodies to Ctrachomatis were found in 73% of the
infertile women with tubal pathology, significantly more than in any of the control groups. Only a
very low prevalence (2-5%) of antibodies to gonococcal pili was found in all groups, except women
undergoing abortion (16%).
SUMMARY

Several studies have established the importance of
Chlamydia trachomatis in the aetiology of infertility
due to tubal occlusion following salpingitis.' 2 The
relative importance of Neisseria gonorrhoeae as
opposed to C trachomatis in this process has been less
extensively investigated, particularly in the United
Kingdom. Studies in southern Sweden and France
indicate that gonococci or mycoplasma are a less
common cause of salpingitis, and by implication, of
infertility, than are chlamydiae.34 In Holland, however, a serological study suggested that gonococci
were a more common cause of infertility with tubal
dysfunction than were chlamydiae.5 In The Gambia
in West Africa both gonococci and C trachomatis are
highly prevalent in sexually active urban populations,6 and serological studies indicate that these
organisms are of similar importance in the aetiology
of infertility following tubal occlusion.7
Conway et al,8 using a whole inclusion
immunofluorescence test (WIF),9 showed circulating
antibodies to C trachomatis in 36 of 48 infertile
women with damaged tubes, 23 of 75 infertile women
with normal tubes, and 17 of 72 normal women using
barrier contraception in Bristol. The present paper
describes the results of a collaborative study performed on these Bristol sera with two main objectives.
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Firstly, to determine the importance of gonococci in
the aetiology of tubal infertility in the United Kingdom by measuring the prevalence of gonococcal antibody, and secondly, to determine in two independent
laboratories the comparative merits of enzyme linked
immunosorbent assay (ELISA) and WIF as screening
procedures for the serological identification of past or
present chlamydial infection.
Patients and methods

Blood samples were collected from 48 infertile
patients with tubal pathology and from 77 infertile
patients with normal fallopian tubes (table 1). Primary infertility was defined as failure to conceive at
any time, while secondary infertility meant that the
patient had been pregnant. Tubal condition was
assessed by laparoscopy, hysterosalpingography, or
both. Additional control sera were obtained from
Table 1 Gynaecological history ofinfertile patients studied
Infertility with:

No of patients
Mean age (years)
Age range (SD)
No using coil (%)*
No with history of PID (%)*

Tubal pathology

Normal tubes

48
28-9
19-42 (4-83)
5/43 (11*6)
13/42 (31)

77
29-2
19-41 (3-96)
8/71 (113)
0/71 (0)

*Data not available for all patients.
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SEROLOGY

C trachomatis LGV LI and L2 were chosen as test
antigens because they show broad reactivity with a
wide range of antibodies to C trachomatis, and the
a-pili of Ngonorrhoeae P9-2 have immunodeterminants common to all gonococcal pili. Purification
of these antigens has been described." "
Sera were tested previously8 by an indirect whole
inclusion fluorescence test using acetone fixed tissue
culture cells infected with C trachomatis L2 as antigen
and antihuman gamma globulin fluorescein conjugate.9
Conventional ELISA was performed using
C trachomatis LGV Ll or Ngonorrhoeae P9-2 pili at
protein concentrations of 10 pg or 0-1 pg per well,
respectively, in carbonate-bicarbonate buffer (pH
9 6). Coating was carried out overnight at 4°C for
chlamydiae and 37°C for pili. Tripling serum dilutions were made in 0-05M Tris (pH 7T4) containing
1 % v/v normal goat serum, and the second antibody
was a peroxidase conjugated, heavy chain specific
rabbit antihuman IgG or IgA (DakoPats, Copenhagen). The substrate was 0-1 5M tetramethylbenzidine in 0-1 5M sodium acetate (pH 6), with
00003% v/v H202 and the optical density 450 nm
was determined with a Flow Multiskan spectrophotometer.
All serology was performed blind in each laboratory to avoid subjective error-ELISA in Southampton and WIF in Bristol.
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different. One explanation is that the antibodies in
serum A, are of higher avidity than those in serum B.
Integration of the area under the titration curve

reflects these differences, giving values of 19 and 6-9,

respectively.
Fig 2 shows the relation between area under the
curve or titre end point and the maximum ELISA
optical density achieved (in this case at the maximum
serum concentration of 1/100). Fig 2a shows an excellent curvilinear correlation between maximum optical
density on ELISA and the computed area under the
ELISA curve (r = 0 95). Fig 2b shows a similar but
weaker correlation between maximum optical density
on ELISA and titre end point (r = 0 93). The wider
dispersion of optical density at each titre end point
compared with area under the curve reflects the fact
that area under the curve is a continuous and not
discrete variable, and thus is a more accurate measurement than titre as it utilises data from all the
titration wells.
DETERMINATION OF CHLAMYDIAL ANTIBODY
BY ELISA AND WHOLE INCLUSION
FLUORESCENCE (WIF)

Sera were given a numerical code so that the clinical
condition of the patient was unknown to the laboratories measuring chlamydial antibody. In Bristol antibodies were measured by immunofluorescence using
cells infected with C trachomatis L2 as antigen and in
Southampton by ELISA using purified elementary
bodies from C trachomatis LI. Fig 3 shows the correlation between ELISA area under the curve and
WIF titre. The results show good agreement between
the two tests in the two laboratories, with a correlation coefficient r = 0 921 assuming a linear correlation.

ANALYSIS OF DATA

For ease of computation, the tripling serum dilutions
(from 1/100) were transformed to an integral log3
scale (1,2,3, etc.). After subtraction of the background the value of the absorbance was used to calculate the area under the titration curve using Simpson's
rule by adaptation of a BASIC computer programme.12 Statistical analysis of the data was performed on a Honeywell 6080 mainframe computer
using the software packages Minitab (Pennsylvania
State University, University Park, Pennsylvania
16802, USA) and SPSS-X.
Results
EXPRESSION OF ELISA RESULTS USING AREA
UNDER TITRATION CURVE

Fig 1 shows titration curves for two sera from this
study. The sera have identical titres (1/8100) using the
conventional titration end point but are clearly
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Fig I ELISA titration curve for two sera with identical
titration endpoint of 1/8100. Integration of area under these
titration curves reflects obvious difference between these sera.
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patients undergoing abortion (n = 63), sterilisation
(n = 40), and from women practising barrier methods
of contraception (n = 72). Sera were stored at -20°C
until tested by WIF and ELISA.
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Table 2 Prevalence ofantibodies to chlamydiae and
gonococcal pili in infertility and in controls
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Infertile with tubal
pathology
Infertile with normal
tubes
Barrier contraception
Pregnancy termination
Sterilisation

37/48 (77)

35/48 (73)

26/77 (34)
17/72 (24)
29/63 (46)
19/40 (48)

26/77 (34) 2/77 (3)
18/72 (25) 3/72 (4)
25/63 (38) 10/63 (16)
15/40 (38) 2/40 (5)

Chlamydia Gonococcal pili
ELISA
ELISA
1/48 (2)

Antibody to purified gonococcal pili was measured by ELISA.
Antibody to C trachomatis was measured both by ELISA and by
whole inclusion immunofluorescence (WIF).
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Fig 2a and 2b Scatter diagrams ofantibody response to
C trachomatis LI measured by ELISA for infertile patients
with tubal pathology. Graphs show relation between optical
density on ELISA at 1/100 serum dilution and either (a) area
under titration curve or (b) titre endpoint. Area under
titration curve showed better correlation than titre endpoint
with optical density. Thus optical density on ELISA of 1/100
serum dilution could be used as simple screen for chlamydial
antibody.

the clinical categories. Excellent agreement was
observed between the results of Conway et al8 using
WIF and the ELISA results. Antibodies to
Ctrachomatis LI were found in more of the infertile
women with tubal pathology (73% by ELISA) than
in any of the control groups (p < 0-0001, table 2). No
difference in antibody prevalence was found among
the infertile women with normal tubes, the group
undergoing sterilisation, and the women having abortions (34%, 38%, and 38%, respectively). Twenty five
percent of women using barrier methods of contraception had antibodies to chlamydiae. When the
sera were tested by ELISA for antibodies to gonococcal pili very low prevalences (2-5%) were found in
all groups except those women having abortions,
where 16% were positive for antibodies to pili
(p = 0 03). Mean ELISA antibody (area under the
curve) for infertile women with tubal pathology or
with normal tubes, and fertile women seeking ster30-
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PREVALENCE OF ANTIBODY TO CHLAMYDIAE
AND GONOCOCCAL ANTIGENS

Fig 4 shows the percentage of patients with a given
level of antibody to chlamydiae (measured by WIF or
ELISA) and to gonococcal pili for each of the clinical
categories examined. On the basis of these frequency
distributions, sera having a WIF titre of > 1/32 or an
ELISA area of > 10 were regarded as positive for
chlamydial antibody. An ELISA area of > 9 was
regarded as positive for antibody to gonococcal pili.
Table 2 shows the prevalence of antibody in each of
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Fig 3 Sera from infertile women with tubal pathology were
tested in Bristolfor antibody to C trachomatis L2 by whole
inclusion immunofluorescence ( WIF) and independently in
Southampton for antibody response to C trachomatis Li by
ELISA. There was close agreement between results of both
test procedures (r = 0 921).
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Fig 4 Frequency distributions of antibody response to purified gonococcalpili measured by ELISA and to C trachomatis
serovars LI or L2 measured by ELISA, or whole inclusion immunofluorescence ( WIF), respectively, in different clinical
categories. ELISA results were expressed as area under titration curve. WIF results were expressed as titre endpoints.
Antibody responses considered to be positive have been shaded.
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Table 3 Prevalence of antibody to C trachomatis in infertile women with normal or damagedfallopian tubes
Infertility with:

Tubal pathology

Normal tubes

Type of infertility

Primary

Secondary

Primary

Secondary

Mean length of infertility (years)
No of patients*
Prevalence of antibody to C trachomatis LI
Mean antibody response by ELISA in positive
patients (area under curve)

5 67
25/46 (54%)
17/25 (68%)

3-33
21/46 (46%)
16/21 (76%)

3 52
50/71 (70%)
14/50 (28%)t

2 55
21/71 (30%)
9/21 (43%)t

18-9

20-2

14 3

13 9

Data not available for all patients.

tNot significant.

Primary infertility was defined as failure to conceive. Secondary infertility was infertility developing subsequent to an initial pregnancy. There
was a significantly increased prevalence of chlamydial but not gonococcal antibody in infertile women with tubal pathology compared with
that in infertile women with normal tubes.

ilisation, termination of pregnancy, or using barrier
contraception was 19 6, 14-1, 16-4, 17 3, and 18 7,
respectively indicating little difference in the level of
antibody among positive sera in these groups.
Table 3 shows the prevalence of chlamydial antibody in sera from infertile women with either primary
or secondary infertility. There was no significant
difference between the prevalence of antibody to
Ctrachomatis in women with tubal pathology with
either primary or secondary infertility. In infertile
women with normal tubes, however, there was an
increase in the prevalence of sera with chlamydial
antibody in cases of secondary infertility. The mean
antibody level, calculated from the area under the
curve, was greater in positive sera from infertile
women with tubal pathology than in positive sera
from infertile women with normal tubes. There was
no significant difference between level of antibody
response according to whether these women were
suffering from primary or secondary infertility.
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Fig 5 Relation between IgG and IgA antibody response by
ELISA to C trachomatisfor infertile patients with tubal
pathology. Patients making IgG response generally also made
IgA response.

PREDICTIVE VALUE OF SERUM IgA ANTIBODY

Sera from the 48 women with infertility associated
with tubal pathology and from the 72 fertile women
using barrier contraception were compared for the
prevalence of serum IgA antibody to Ctrachomatis.
Twenty six of the infertile women (54%) had IgA
antibody compared with 22 (31%) of the fertile
controls. Fig 5 shows the correlation between ELISA
area under the curve for circulating IgG and IgA
antibody to Ctrachomatis in infertile women with
tubal pathology. In all cases high IgA antibody titres
were associated with high IgG, but high IgG values
were not necessarily associated with high IgA (fig 5).
Discussion
It is now well established that both N gonorrhoeae
and C trachomatis cause salpingitis, which may lead
to tubal damage and resulting infertility. In a recent
worldwide survey tubal dysfunction was attributed as
a cause of infertility in 11% of infertile European couples and in 49% of African couples.13 The risk of
infertility following acute salpingitis is related to the
number of episodes of salpingitis and the severity of
the tubal inflammatory response observed at laparoscopy.
Studies in Scandinavia, France, Holland and the
United Kingdom have documented an association
between infertility with tubal pathology and the presence of circulating antibody to C trachomatis. The
results reported here confirm the findings of Conway
et al8 on the same group of patients, supporting the
concept of C trachomatis as a major cause of tubal
damage and resultant infertility in the United Kingdom. Less information is available on the importance
of gonococci in the aetiology of tubal infertility.
Gonococcal infection results in persistent circulating
IgG antibody to gonococcal pili.'4 Pilus structure is
hypervariable as a result of gene reassortment"5;
nevertheless, the human immune response includes
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greater likelihood that the more florid gonococcal salpingitis would be promptly treated in the United
Kingdom.
Our findings have shown an association between
infertility due to tubal obstruction and serological
evidence of a history of chlamydial infection. Clearly
it would be desirable if serology could be used in conjunction with other tests to establish the presence of
chlamydial infection when the patient presents with
pelvic inflammatory disease. This would permit the
use of antichlamydial chemotherapy prior to the
development of infertility, might obviate unnecessary
and expensive investigation of the patient, and could
provide data on the success of local sexually transmitted disease clinic control measures. Technically,
ELISA offers a simple method of screening large
numbers of patients for chlamydial antibody. Sera
can be screened at a single dilution as shown by the
high correlation (r = 0 929 for the tubal pathology
group) of OD4sonm at a 1/100 dilution of serum for
IgG with the integrated titration curve. Moreover, the
close agreement observed between the results of the
ELISA and immunofluorescence tests in this study
suggests that the tests were measuring similar antibodies. By comparison with immunofluorescence,
ELISA is far less tedious for screening large numbers
of sera, can be more objectively quantitated, and permits ready automation. The high titres of chlamydial
(but not gonococcal) antibody by ELISA and WIF in
control women using barrier contraception may
result from previous infection with chlamydiae or
might be due to antibody to other organisms cross
reacting with chlamydial antigens. Essentially similar
results were obtained irrespective of whether the
ELISA was performed with whole C trachomatis elementary bodies or with purified outer membrane
complex derived from them (data not shown).
In one study of acute salpingitis confirmed by laparoscopy, results for chlamydial antibody tests correlated well with the severity of tubal inflammation
and duration of lower abdominal pain, but chlamydiae were isolated from less than 40% of patients.3
Thus failure to isolate chlamydiae from the lower genital tract does not exclude these organisms as the
causative agent. In these circumstances, given appropriate clinical indications, chlamydial antibody above
a suitable cut off level might be a useful indicator of
chlamydial infection. 18 Commercial kits are available
for measuring chlamydial antibodies by ELISA or
WIF. Microimmunofluorescence has been widely
used as a diagnostic test for type specific chlamydial
antibody20 and might provide useful confirmation of
sera found positive by ELISA. Unfortunately, the
microimmunofluorescence test is mainly restricted to
research and reference laboratories. Moreover, the
persistence of chlamydial antibodies following infec-
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antibody to a common immunodeterminant present
on different gonococcal pili.'6 Thus-pili have been
regarded as an excellent and specific antigen for the
serological detection of gonococcal infection."4 The
presence of persistent IgG antibody for both gonococci and chlamydiae as an indicator of past infection
is of major importance in establishing the aetiology of
tubal infertility, as, by the time infertility has become
apparent, the acute genital tract infection will have
usually resolved. The measurement of serum IgA titre
against chlamydiae, however, did not improve the
discrimination between sera from infertile and fertile
women (fig 5), although it has been reported to be
useful in the diagnosis of acute chlamydial infections,
including salpingitis."7 IgM antibody to chlamydiae
is rarely found in acute salpingitis."8
The prevalence of gonococcal antibody in infertile
women and in women using barrier contraception or
seeking sterilisation in this study was only 2-5%. This
low prevalence of antibody is consistent with a low
cumulative rate of gonococcal infection in these
women. Ten of 63 Bristol women (16%) seeking termination of pregnancy, however, had antibody to
gonococcal pili, suggesting that this group had a
higher rate of gonococcal infection.
Overall, the data suggest that in the United Kingdom (Bristol) chlamydiae, rather than gonococci, are
the most identified cause of tubal infertility. This
finding is in agreement with data from Sweden3 and
Denmark,'8 19 but is at variance with results from
Holland.5 In that study gonococcal and chlamydial
antibody was found in 60% and 21%, respectively, of
infertile women with tubal pathology but was absent
from blood donors and children presumed not to
have experienced gonococcal infection. Gonococcal
antibody was found in 25% of infertile women with
normal tubes, an unexpected result in view of the
absence of antibody in control blood donor sera
investigated by the same group. The reason for this
difference in the aetiology of tubal infertility between
Scandinavia and the United Kingdom on the one
hand and Holland on the other is not clear.
In developing countries gonococci may be a more
important cause of tubal infertility than in the United
Kingdom. Using similar serological techniques in
The Gambia, we observed that both gonococcal and
chlamydial antibody were significantly associated
with tubal infertility compared with that of matched
fertile controls.7 The importance of gonococci in
West Africa but not the United Kingdom in the
aetiology of tubal fertility can be explained by the
high level of carriage of both organisms in Gambian
women,6 the four-fold increased proportion of overall infertility associated with infection in Africa,'3 the
increased contribution of chlamydiae to sexually
transmitted disease in the United Kingdom, and the
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tion and the possibility that infections with C psittaci
and some other organisms might give rise to antibodies cross reactive with C trachomatis antigens
means that caution is needed in interpreting the
results of tests for chlamydial antibody on an individual patient. Improved methods of serological diagnosis for chlamydial pelvic inflammatory disease (PID)
can be expected following detailed investigation of
the antigenic specificity and persistence of human
antibodies of different immunoglobulin class and subclass to chlamydiae. Meanwhile, although a diagnosis
of chlamydial PID cannot be established with certainty by serology alone, a positive chlamydial antibody result by ELISA or immunofluorescence indicates the need for a more thorough investigation for
chlamydial infection.

