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The microenzyme-linked immunosorbent assay (ELISA) for the detection of
immunoglobulin M and G (IgM, IgG) antibodies to Legionella pneumophila
serogroup 1 antigens was evaluated. IgM antibodies were measured by both
double-sandwich and single-sandwich techniques. These assays were compared
with the previously standardized indirect immunofluorescence test in four groups
of subjects: (i) pneumonia patients with culture-proven Legionnaires disease with
serogroup 1 isolates, (ii) pneumonia patients with serogroup 1 organisms detected
by direct immunofluorescence testing of respiratory secretions but without
culture confirmation, (iii) pneumonia patients with negative culture and direct
immunofluorescence tests, and (iv) healthy hospital employees. In addition, the
sensitivity and specificity of the IgG ELISA were evaluated with larger groups of
controls and Legionnaires disease patients. The ELISA was more sensitive than
the indirect immunofluorescence test. However, it detected antibody rises in
pneumonia patients without culture or direct immunofluorescence evidence of L.
pneumophila serogroup 1 infection, thereby suggesting that the specificity of the
ELISA was slightly lower than that of the indirect immunofluorescence test. The
double-sandwich ELISA was a sensitive method for detecting IgM antibodies
and, as previously reported, appeared to be free from interference by rheumatoid
factor. IgM anti-Legionella antibodies detected by the ELISA appeared earlier
and were less persistent than IgG antibodies. In addition, the IgM ELISA was
useful in detecting antibodies in necropsy serum samples obtained from patients
dying acutely of Legionnaires disease. The data presented show that the ELISA is
a reliable method for the detection of specific anti-Legionella antibodies.

The indirect immunofluorescent-antibody
(IFA) test is the standard method for detecting
antibody to the Legionellaceae (9, 18, 20, 22, 24,
30, 33, 34, 36). An enzyme-linked immunosor-
bent assay (ELISA), one of several other tests
for detecting these antibodies, has also been
described (12, 13) but has not received wide-
spread use. When few serum samples are to be
tested, the ELISA is too complex and time
consuming, but with many samples it becomes
cost effective and time efficient since samples
can be tested in batches and the results can be
quickly screened visually. In addition, the
ELISA can be automated, the endpoint can be
determined spectrophotometrically, and the test
is more sensitive than the IFA test (38). The
advantage of the IFA test is its relative simplic-
ity; its disadvantages include its limited sensitiv-

t Present address: Department of Biological Sciences, Uni-
versity of Pittsburgh, Pittsburgh, PA 15260.

ity compared with the ELISA, its subjective
endpoint standardization, the cumbersomeness
of determining endpoints by fluorescent micros-
copy when many serum samples are tested, and
the expense of a fluorescent microscope.
The class of specific immunoglobulin pro-

duced in response to Legionella antigens has
been studied by IFA testing (19, 24, 34). In these
studies, slightly more patients with Legionnaires
disease (LD) were seropositive with the
immunoglobulin M (IgM) IFA test than with the
IgG IFA test. The kinetic response of IgM either
was similar to that of IgG or IgM tended to
appear slightly earlier in the illness (24). From
these studies it was recommended that a polyva-
lent anti-immunoglobulin reagent be used in the
IFA test for maximum efficiency (34).

In this paper, our experience with the ELISA
to detect IgM and IgG antibody to Legionella
pneumophila is described. Because rheumatoid
factors (RF) are reported to interfere with the
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IgM assay, a double-sandwich (DS) technique
was adopted which has been free ofRF interfer-
ence in assays for antibody to Toxoplasma gon-
dii and hepatitis A virus (6, 25-27). Four groups
of subjects were studied with single-sandwich
(SS) and DS ELISAs and with the IFA test: (i)
patients with pneumonia whose respiratory cul-
tures were positive for L. pneumophila; (ii)
pneumonia patients with negative cultures but
with positive secretions by the direct immuno-
fluorescent-antibody (DFA) test; (iii) patients
with pneumonia but whose culture and DFA
tests were negative for L. pneumophila; and (iv)
healthy volunteers among hospital employees. A
larger group of serum samples from controls and
LD patients was studied by the IgG ELISA
alone. Our results demonstrate that the ELISA
is a reliable method of anti-Legionella antibody
detection and suggest that the use of separate
ELISAs for IgM and IgG antibody will detect
the maximum number of patients with L. pneu-
mophila pneumonia.

MATERIALS AND METHODS
Sample selection. Since February 1979, the diagnosis

of LD was made for approximately 60 patients with
pneumonia at the Pittsburgh Veterans Administration
Medical Center. The criteria for this diagnosis were
clinical and radiological evidence of pneumonia com-
bined with a culture positive for L. pneumophila, a
respiratory tract or pleural fluid specimen positive for
L. pneumophila serogroup 1 by DFA testing, or a
fourfold rise in antibody titer to .1:128 by the IFA
test. Paired acute and convalescent serum specimens
were available from 37 of these patients (92 sera).

In addition, the ELISA was used to test 2,664 serum
samples obtained from unselected patients on hospital
admission, 129 samples from healthy hospital employ-
ees, and acute and convalescent serum samples ob-
tained from 47 patients with episodes of pneumonia
but without DFA, IFA, or culture evidence of LD.

Selected serum samples were screened for the pres-
ence of RF by latex agglutination (RA test; Hyland
Diagnostics, Costa Mesa, Calif.). All assays were
performed in a blinded fashion, without knowledge of
the identity of the patients or the results of earlier
testing.

Diagnostic tests for LD. Respiratory tract cultures
(specimens of transtracheal aspirate, sputum, and
bronchial washing), pleural fluids, and lung tissue
obtained by biopsy or necropsy were cultured on
charcoal yeast extract buffered with N-(2-acetamido)-
2-aminoethanesulfonic acid (14, 28) with and without
dyes (bromcresol purple, bromthymol blue) (32) or
antibiotics (7) in addition to other standard media.
Typical colonies with appropriate growth characteris-
tics (15) were confirmed by DFA staining or slide
agglutination (5, 35) and in some instances by fatty
acid analysis (23). Antiserum for the slide agglutina-
tion test was prepared as previously described (16).
IFA tests were performed at the Veterans Adminis-

tration Reference Laboratory for Selected Serologic
Studies, Lexington, Ky., with reagents from and by
the procedures recommended by the Centers for Dis-

ease Control, Atlanta, Ga. (33, 34, 36). Selected sam-
ples were sent to the Centers for Disease Control for
confirmation. The titer recorded is the highest serum
dilution giving at least 1 + staining of the antigen. At
least a fourfold rise in titer to a convalescent titer of
1:128 or greater was considered a seroconversion.
The DFA test was performed with reagents obtained

from and by procedures developed at the Centers for
Disease Control (4, 5). Positive and negative controls
were included in every run. To be considered positive,
a specimen had to contain strongly fluorescing bacilli
with typical morphology. For sputum, the presence of
five organisms was considered positive as suggested in
the Centers for Disease Control protocol accompany-
ing the reagents (revised May 1982), but only 4 of the
21 samples considered to be positive by DFA testing
contained fewer than 25 organisms, and all samples
positive by the DFA test from patients without culture
or serological confirmation of infection contained at
least 25 organisms per oil immersion field. All orga-
nisms recovered from samples positive by the DFA
test were tested with DFA for cross-reactivity if L.
pneumophila was not concomitantly cultured. No
cross-reacting organisms were recovered from our
population.

Antigens. Bacterial antigens were prepared from L.
pneumophila serogroup 1 (Knoxville strain) cultured
aerobically on charcoal yeast extract agar for 3 days at
37°C. The bacteria were collected by adding 3 ml of
sterile phosphate-buffered saline (PBS), pH 7.2, to
each plate and then gently scraping the growth off the
agar with a pipette. To prepare soluble antigens,
harvested organisms were heated to 100°C for 1 h in
flowing steam. These heat-killed bacterial suspensions
were centrifuged at 2,000 x g for 15 min, and the
bacterial pellets, after two washings with PBS, were
suspended in PBS. These suspensions (ca. 0.5 ml of
packed cells per 10 ml of PBS) were stored at 4°C for
10 days to allow the release of soluble antigens (12,
13). The bacterial cells were then removed by centrifu-
gation, and the supernatant was stored at 4°C as the
soluble antigen stock solution. Bacterial sonicates
were prepared from 0.3 g (wet weight) of washed
bacteria suspended in 20 ml of distilled water. These
suspensions were then sonicated with 10 bursts of 30 s
each in a Branson sonifier at full power at 4°C in a
biological safety cabinet. After centrifugation at 2,000
x g for 15 min, the supernatants were used as the
bacterial sonicate antigen in the studies. Protein deter-
minations were performed with the Bio-Rad protein
assay kit (Bio-Rad Laboratories, Richmond, Calif.) or
by the method of Lowry et al. (21) with bovine serum
albumin (BSA) as a standard.
Optimal dilutions of antigens used in the SS and DS

ELISAs were determined by block titration. The dilu-
tions giving the best resolution between positive and
negative control serum samples were selected.

Antibodies to human IgM. For the DS ELISA for
IgM, the IgG fraction of rabbit anti-human IgM (,.
chain-specific) antibodies were obtained from Cappel
Laboratories, Inc. (Cochranville, Pa.). The specificity
of this antibody preparation for human IgM and the
optimum dilution to be used in the DS ELISA for IgM
were determined as recently described (27).
Enzyme-conjugated F(ab')2 fragment of IgG antibod-

ies to L. pneumophUa. Rabbits were immunized with L.
pneumophila serogroup 1 (Knoxville 1 strain) as previ-
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TABLE 1. Distribution of IgG ELISA titers for L. pneumophila serogroup 1

Patients on admissiona Healthy hospital Pneumonia patients not

Titer employeesb suffering from LDC

No. t No. % No. %

c40 2,187 82.1 81 62.8 27 79.4
80 382 14.3 39 30.2 6 17.6
160 80 3.0 7 5.4 1 2.9
320 7 0.3 2 1.6
640 5 0.2

1,280 2 0.1
2,560 1 0.04

a Serum was obtained from patients at the time of admission to the hospital between January 1980 and June
1981.

b Serum was obtained from 129 healthy members of the hospital staff who had IFA titers sl1:64.
c Convalescent-phase serum was obtained from 34 pneumonia patients without evidence ofLD from culture or

the DFA test and with negative (<1:64) IFA titers. Etiological diagnoses include H. influenzae (8 patients), S.
pneumoniae (6), T. micdadei (5), P. aeruginosa (4), unidentified virus (4), K. pneumoniae (2), E. coli (2), S.
aureus (1), Mycoplasma sp. (1), and Aspergillus sp. (1). Serum samples from an additional 13 patients with
documented aspiration penumonia were tested and had titers of -<1:80.

ously described (16). The IgG fraction was isolated by
chromatography of the rabbit antiserum on Sepharose-
protein A. The isolated IgG was then digested with
pepsin (Worthington Diagnostics, Freehold, N.J.), and
the F(ab')2 fragment was separated from the Fc frag-
ment and undigested IgG on a Sepharose-protein A
column (1). These F(ab')2 fragments were conjugated
with alkaline phosphatase type VII from calf intestine
(Sigma Chemical Co., St. Louis, Mo.) by the one-step
method with glutaraldehyde as previously described
(11, 38). The optimal dilutions of enzyme-conjugated
antibodies were determined by block titration (12, 13).
Enzyme-conjugated antibodies to human immuno-

globulin (unfractionated), IgG, and IgM. Horseradish
peroxidase-conjugated rabbit anti-human immuno-
globulin, IgG, and IgM reagents were obtained from
DAKO-Immunochemicals, Ltd., Copenhagen, Den-
mark. The optimal dilution of conjugate was also
determined by block titration.

Detection of antibody by the SS ELISA. The SS
ELISA for detecting antibody to L. pneumophila was

performed as previously described by Farshy and
Feeley (12) and Farshy et al. (13) with some modifica-
tion. Wells of polystyrene microtitration plates (U
bottom) (Dynatech Laboratories, Inc., Alexandria,
Va.) were coated by incubation for 18 h at 37°C with
100 p1 of the soluble antigen (4.25 p.g of protein per ml)
or bacterial sonicate (6.25 p.g of protein per ml) in
PBS, pH 7.2, and then were stored at 4°C until use.
Before use, the plates were washed with PBS contain-
ing 0.05% Tween 20 (PBS-T). A 100-,ul sample of an
initial 1:80 dilution of serum made in PBS-T containing
0.05% BSA was added to the first row of antigen-
containing wells, and serial twofold dilutions were
made. After incubation for 1 h at 37°C, the plates were

washed, and 100 p.l of a working dilution of horserad-
ish peroxidase-conjugated rabbit anti-human unfrac-
tionated immunoglobulin (IgG + IgM + IgA), IgG, or

IgM in PBS-T-BSA was added. After a second incuba-
tion, the plates were washed, and 100 of substrate
solution containing 0.01% o-phenylenediamine and
0.003% hydrogen peroxide was added. The plates
were reincubated at 37°C for 50 min. The reaction was

then stopped by adding 8 N H2SO4. Serum titer
endpoints were read visually (for color) by comparison
with the first dilution of the negative control.
IgM detection by DS ELISA. The DS ELISA for IgM

was performed essentially as previously described for
the detection of IgM antibodies to hepatitis A antigens
(6) and for the detection of IgM antibodies in acute and
congenital toxoplasmosis (25, 26, 27). Briefly, the
wells of flexible polyvinyl microtiter plates with U-
shaped wells (Dynatech Laboratories, Inc.) were coat-
ed by overnight incubation at 4°C with 100 ,ul of rabbit
IgG antibodies to human IgM diluted in 0.1 M carbon-
ate buffer, pH 9.8. The plates were washed in PBS-T
and then were postcoated with 1% BSA in PBS-T at
37°C for 1 h. After additional washing, 150 p.l of PBS
was added to each well, and serial fourfold dilutions of
the serum samples were made in the wells, beginning
with a dilution of 1:4. Plates were incubated for 1 h at
37°C and then were washed with PBS-T. A 100-,ul
sample of L. pneumophila soluble antigens (6.25 ,ug of
protein per ml) or sonicated antigens (12.5 ,ug of
protein per ml) in PBS was added to each well, and the
plates were again incubated for 1 h at 37°C. After
washing, 100 ,ul of the alkaline phosphatase-conjugat-
ed F(ab')2 fragment prepared from the IgG of rabbits
immunized with serogroup 1 L. pneumophila diluted in
PBS-T containing 4% BSA was added to each well.
After incubation at 37°C for 1 h and washing, 100 p.1 of
1% p-nitrophenylphosphate disodium (Sigma Chemi-
cal Co.) in 0.05 M carbonate buffer containing 0.001 M
MgCl2 was added to each well. The enzyme-substrate
reaction was allowed to proceed at 37°C for 1 h, and
the absorbance of the enzymatic product (at 405 nm)
was determined directly in the wells with an automat-
ed micro-ELISA reader (Dynatech Laboratories,
Inc.). Positive and negative control serum samples
were included in each plate. The reported titer for the
DS ELISA for IgM is the highest serum dilution that
resulted in an absorbance at least twice that of the
average of eight wells containing the negative control
serum.

Control serum samples for DS and SS ELISAs. A
serum sample obtained from a previously diagnosed
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TABLE 2. Comparison of ELISA and IFA tests for the detection of antibodies to L. pneumophila serogroup
1 in patients with LD confirmed by culture or by the DFA test

Patient group No. of No. of seroconversionsa
patients IFA test ELISAb

Positive culture only 13 6 (46.2) 12 (92.3)
Positive culture and DFA test 6 5 (83.3) 5 (83.3)
Positive DFA test only 15 2 (13.3) 7 (46.7)
All groups 34 13 (38.2) 24 (70.6)

a Numbers in parentheses show percentages of whole group.
b Determined with immunoglobulin conjugate against human IgG, IgM, and IgA.

patient 35 days after the clinical onset of LD served as
positive control in the ELISAs. This serum sample
was positive in the IFA test (1:1,024) and IgG ELISA
(1:320). The diagnosis of LD was made in this patient
by finding both positive respiratory secretions (by
DFA testing) and a positive culture for L. pneumo-
phila serogroup 1. The negative control was a serum

sample obtained from an uninfected individual; this
sample was negative (<1:64) in the IFA test and
negative (<1:20) in the IgG ELISA.

RESULTS

A total of 2,932 serum samples were tested for
antibody to L. pneumophila serogroup 1 anti-
gens by the IFA test and the IgG ELISA. These
included 2,664 serum samples obtained from
patients on admission to the Pittsburgh Veterans
Administration Medical Center over an 18-
month period, 129 samples from healthy hospital
employees, 47 samples of convalescent-phase
serum from patients with non-LD pneumonia,
and 92 acute and convalescent serum samples
from 37 patients with LD pneumonia docu-
mented by culture isolation of L. pneumophila,
by DFA-positive clinical samples, or by demon-
stration of a fourfold antibody titer rise by the
IFA test. All the serum samples from the pa-
tients with LD were also tested for IgM by the
SS ELISA. In addition, serum samples obtained
from 57 of these individuals representing four
groups were tested for antibody to L. pneumo-

phila serogroup 1 antigens by seven different
procedures, including the SS ELISA for IgG or
total immunoglobulin (IgG, IgM, and IgA) with a
soluble antigen preparation, the SS and DS
ELISAs for IgM with both soluble and sonicated
bacterial antigens, and the standard IFA proce-
dure for total immunoglobulin.
To determine the specificity of the ELISA, 34

patients with pneumonia and with negative cul-
ture or DFA tests for L. pneumophila were
studied. Presumed or proven etiologies included
Haemophilus influenzae (8 patients), Strepto-
coccus pneumoniae (6), Tatlockia micdadei (5),
Pseudomonas aeruginosa (4), unidentified virus
(4), Escherichia coli (2), Klebsiella pneumoniae
(2), Staphylococcus aureus (1), Mycoplasma sp.
(1), and Aspergillus sp. (1). In 33 of these
patients, no anti-Legionella antibody was de-
tected by any of the serological tests used. One
patient with a diagnosis of pneumococcal pneu-
monia (based on sputum culture) and a negative
RF had IgM antibodies to L. pneumophila sero-
group 1 detectable by both the SS and the DS
ELISAs 14 days after the onset of pneumonia.
Two other patients in this group had significant
IgM and IgG antibody rises to L. pneumophila
serogroup 1 antigens detected by all ELISAs but
not by the IFA test. In addition, no antibody was
detected in a group of 13 patients with docu-
mented aspiration pneumonia, and serum sam-
ples obtained from 120 of 129 healthy hospital

TABLE 3. Comparison of results with anti-human IgM-specific, IgG-specific, and IgG + IgA + IgM-specific
conjugates in ELISAs of convalescent serum samples from 37 cases of LD'

No. No. positive with conjugate specific forb:
Basis of diagnosis positive byELISA/no. Immunoglobulin IgM IgG IgM or

tested mmngun ggIgG
Positive culture onlyc 12/13 12 12 10 12
Positive culture and DFA testc 5/6 5 5 5 5
Positive DFA test onlyc 9/15 7 4 8 9
Positive IFA test only 3/3 3 3 3 3

a Diagnosis based on positive culture of DFA test for L. pneumophila serogroup 1 or on serogroup 1
seroconversion demonstrated by IFA test.

b Percentages tested positive with different conjugates: Immunoglobulin, 73.0; IgM, 64.9; IgG, 70.3; IgM or
IgG, 78.4

c These may also have seroconverted by IFA test (see Table 2).
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TABLE 4. Representative antibody titers in 8 of the 13 LD cases proven by culture

ELISA

Patient onset DS for SS forggM
sonicate' Soluble' Sonicate'

1 9 <1:4 1:320 1:320
19 1:4,096 1:2,560 1:1,280
40 1:1,020 1:1,280 1:320
65 <1:4 1:640 1:320

2 4 <1:4
6 <1:4

11 1:256
20 1:16,384
40 1:16,384
63 1:4,096

3 0 <1:4
8 1:4,096
13 1:4,096
20 1:16,384
35 1:16,384
38 .1:65,536

<1:80
1:80
1:320
1:10,240
1:5,120

<1:1,280

<1:80
1:1,280
1:5,120
1:10,240

2.1:40,960
21:40,960

<1:80
1:160
1:320
1:5,120
1:5,120
1:2,560

1:80
1:5,120
1:5,120
1:5,120
1:10,240
1:20,480

Immuno-lgG globulin

1:80 1:320
1:2,560 1:1,280
1:1,280 1:640
1:640 1:320

<1:80
1:80
1:320
1:10,240
1:1,280
1:1,280

<1:80
1:160
1:160
1:160
1:160
1:640

<1:80
<1:80
1:320
1:10,240
1:5,120
1:1,280

<1:80
1:320
1:640
1:2,560
1:10,240
1:10,240

4 11 <1:4
15 <1:4
39 1:4,096

1:80 <1:80
1:80 <1:80
1:320 1:320

1:80
1:80
1:80

1:80 <1:64
1:80 <1:64
1:320 <1:64

5 13 <1:4
35 1:4,096
67 <1:4

6 3 <1:4
10 <1:4
25 <1:4
40 1:4,096

7 0 <1:4
6 <1:4

15 <1:4
32 <1:4
41 <1:4

8 0 <1:4
10 <1:4
16 <1:4
66 <1:4
115 <1:4

1:80
1:80

<1:80

1:320
1:320
1:1,280
1:5,120

<1:80
<1:80
1:80
1:320
1:320

<1:80
<1:80
<1:80
<1:80
<1:80

1:160
1:160
1:80

1:160
1:160
1:2,560
1:1,280

1:80
1:80
1:160
1:320
1:320

1:80
1:80
1:80
1:80
1:80

<1:80
1:80
1:80

1:80
<1:80
1:160
1:1,280

<1:80
1:80
1:160
1:320
1:640

<1:80
<1:80
<1:80
<1:80
<1:80

<1:80
1:80

<1:80

1:160
1:80
1:320
1:1,280

<1:80
<1:80
1:80
1:640
1:640

<1:80
<1:80
<1:80
<1:80
<1:80

<1:64
1:64

<1:64

<1:64
<1:64
<1:64
1:182

<1:64
<1:64
<1:64
<1:64
<1:64

<1:64
<1:64
<1:64
<1:64
<1:64

" ELISAs with sonicate or saline-soluble antigens as shown.
b Titers for IgG antibodies to saline-extracted T. micdadei antigens as detected by SS ELISA.
' NT, Not tested.

employees lacked antibody to L. pneumophila.
Table 1 shows the distribution of titers in these
individuals and in a large group of patients on

admission. Approximately 97% of all titers in
these groups were 1:80 or less.

Table 2 shows the number of seroconversions
detected by IFA or by ELISA for unfractionated
immunoglobulins in a group of 34 pneumonia
patients with evidence of LD by culture or by
the DFA test. Seroconversion was detected in
24 (70.6%) by the ELISA and in 13 (38.2%) by

the IFA test. In the group of 19 patients from
whom L. pneumophila was isolated, 17 (89.5%)
had significant titer rises detected by ELISA,
but only 11 (57.9%) showed significant rises by
IFA. In the group of 15 patients with evidence of
LD by the DFA test only but not by culture, the
seroconversion rate was much lower.
The sensitivity and immunoglobulin specific-

ity of ELISA antibody detection in convales-
cent-phase serum samples from 37 LD patients
are shown in Table 3. These patients include the

IFA
test

RE micadeiT.RF micdadei"

1:64
1:128
1:256
1:256

<1:64
<1:64
1:128
1:256
1:256
1:256

<1:64
1:128
1:128
1:256
1:160
1:256

NTC

NT

<1:80
<1:80

640
640
640
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TABLE 5. Presence of IgM and IgG antibodies to L. pneumophila serogroup 1 after onset of LD pneumonia

Week of Serum samples Positive samples by ELISAb
illness testeda IgM IgG
1 13 7 (53.8) 1 (7.7)
2 11 10 (90.9) 6 (54.5)
3-8 27 27 (100) 27 (100)
9-16 15 9 (60.0) 14 (93.3)
17-24 7 3 (42.9) 6 (85.7)
25-36 6 1 (16.7) 4 (66.7)
a A total of 79 serial serum samples from 21 patients with positive immunoglobulin ELISAs were tested.
b Positive serum samples were those with titers 21:160. Numbers in parentheses show percentages of the total

tested.

34 shown in Table 2 in addition to 3 in whom the
diagnosis was made by IFA seroconversion after
an episode of pneumonia, without a positive
culture or DFA test. All three of the patients
who had antibody rises detected by the IFA test
also had antibody detected by the unfractionated
immunoglobulin, IgM, or IgG ELISA. For all
groups, antibody was detected with approxi-
mately equal frequency by each ELISA test.
The detection rates of antibody and seroconver-
sion were slightly greater if both the IgM and the
IgG ELISAs were performed. For two LD pa-
tients with positive cultures, antibody to L.
pneumophila serogroup 1 could not be detected
in several convalescent-phase specimens by any
of the serological tests. One of these patients
had a convalescent rise in antibody levels to T.
micdadei antigens; the other had as a complicat-
ing disease multiple myeloma and so may not
have been able to respond to these antigens.
A total of 49 serum samples from 13 patients

with LD confirmed by the isolation of serogroup
1 L. pneumophila were tested for the presence
of antibody to serogroup-specific antigen by six
ELISA methods and by the standard IFA test.
One technique, the DS ELISA for IgM with a
soluble antigen, was abandoned early since it
was not as sensitive as the other IgM ELISA
detection systems. A total of 12 of the 13 pa-
tients seroconverted to serogroup 1 antigens; 11
seroconverted or had high titers in four or more
of the tests. Six patients were positive in all
serological tests. One LD patient had no sero-
logical response to serogroup 1 L. pneumophila
antigens in any of the tests but did, as previously
noted, seroconvert when tested with T. micda-
dei (Pittsburgh pneumonia agent) antigens. RF
was detected in the serum samples of two pa-
tients who were positive for IgM by the SS
ELISA but not by the DS ELISA. One serum
sample with a positive RF test was positive for
the presence of IgM antibodies by both the DS
and the SS ELISAs. The other serum samples
were negative for RF. Three patients had posi-

tive IgM and IgG titers by the ELISA but were
negative by the IFA test.
The antibody titers obtained in 8 of the 13

cases proven by culture are shown in Table 4 to
point out the differences in their antibody re-
sponses. Patients 1 and 2 had IgM and IgG
responses detected by all tests; the titers rose in
the second or third week and began to fall in the
second month. Patients 3, 4, and 5 had primarily
an IgM response. The early apparent IgM re-
sponse in patient 6 and the IgM response detect-
ed by the SS ELISA in patient 7 were presum-
ably due to the presence of RF in their serum
samples since they were negative when tested
with the more specific DS ELISA. Patient 8 was
the only patient with culture-proven LD who did
not develop detectable antibody to L. pneumo-
phila antigens but did, however, have a detectable
rise in antibody titer to T. micdadei antigens.

All serum samples tested from patients who
developed antibodies to serogroup 1 L. pneumo-
phila were positive 3 to 8 weeks after the onset
of their illnesses (Table 5). IgM antibodies were
detected by the ELISA in 7 out of 13 samples
during the first week and in 10 out of 11 samples
during the second. Three of seven samples ob-
tained from patients 17 to 24 weeks after the
onset of an LD pneumonia episode were still
positive for IgM antibodies. In contrast to IgM
antibodies, IgG antibodies were detected in only
6 of 11 serum samples tested during the second
week, but a greater number of samples had
persistent IgG titer elevations for over 6 months.

Figure 1 shows the distribution of titers in
acute and convalescent serum specimens from
the three groups of patients with pneumonia:
those with cultures positive for serogroup 1 L.
pneumophila (three were also positive by the
DFA test), those with a positive DFA test but
negative culture, and those with neither a posi-
tive DFA test nor a positive culture. In some
cases the absence of a positive culture or DFA
test may have been due to submission of an
inadequate or inappropriately timed specimen.
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FIG. 1. Distribution of titers to L. pneumophila serogroup 1 antigens. Test groups are defined in the text. (A)
DS ELISA for IgM with a bacterial sonicate antigen. (B) SS ELISA for IgM with soluble antigens. (C) SS ELISA
for IgM with a bacterial sonicate antigen. (D) SS ELISA for IgG with soluble antigens.

Titers are shown for the DS ELISA for IgM with
bacterial sonicate antigen, SS ELISA for IgM
with soluble antigen, SS ELISA for IgM with a

bacterial sonicate antigen, and the SS ELISA for
IgG with soluble antigen. To simplify the figure,
the data from the other tests are not shown; but
the distribution of titers with these tests was
similar. The distribution of acute- and convales-
cent-phase titers in the DFA-positive, culture-
negative pneumonia group was similar to that
seen in the group with a negative DFA test and
culture. Some 4 of the 13 DFA-positive pneumo-
nia patients had serological evidence of recent or
past infection with serogroup 1 L. pneumophila,
compared with 3 of 21 in the group with a
negative DFA test and culture (chi square =

0.52; not significant).
The titers of serum samples obtained at nec-

ropsy can be seen on Table 6. The necropsy

serum specimens obtained from all four patients
dying of LD confirmed by culture tests had
significant IgM antibody levels detected by the
ELISA. In this group with detectable IgM anti-
bodies, the titers obtained with the immunoglob-
ulin conjugate which detected IgG, IgM, and
IgA were at least one dilution lower than the
titers obtained when IgM was measured alone.
None of the four patients with LD confirmed by
antemortem respiratory secretions or postmor-
tem lung tissue that were positive by DFA tests,
but without culture confirmation, had detectable
antibody levels in their postmortem serum sam-

ples. None of the postmortem samples had a

significant IgG titer by the ELISA or a signifi-
cant titer by the IFA test.

DISCUSSION
This study evaluated the ELISA as a diagnos-

tic test for the detection of antibodies to sero-

group 1 L. pneumophila. The ELISA was used
to detect IgM, IgG, or IgG, IgM, and IgA
combined (the latter is referred to as the
immunoglobulin ELISA). Based on the analysis
of serum samples from unselected patients on

hospital admission and from healthy hospital
employees, a titer of 1:160 or greater was con-
sidered to be our threshold as it excluded ap-
proximately 97% of the titers found in these
populations. A seroconversion was therefore
defined as at least a fourfold rise in antibody
level to a titer .1:160. The slightly greater
proportion of titers of .1:80 in healthy hospital
employees may be due to the exposure of these
employees to L. pneumophila, which was wide-
ly present in the hospital environment in Pitts-
burgh (31). The relative sensitivity of the
immunoglobulin ELISA was 70%, compared
with a relative sensitivity of 38% for the IFA test
in our studies. If only culture-proven LD cases
were considered, 17 of 19 patients had fourfold
or greater rises in antibody titer by the immuno-
globulin ELISA (89.5%) as compared with only
11 of 19 by the IFA test (57.5%). The time
course and relative prevalence of the IgM and
IgG responses were similar to those previously
reported (24). Because early antigenic exposure
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TABLE 6. Detection of L. pneumophila serogroup 1 antibody by ELISA in necropsy serum samples from
eight cases of LD confirmed by the DFA test or by culture

Confirming test Days Antibody titer
Patient after ELISA

DFA Culture onset IgM IgG Immunoglobulin IFA

1 + + 6 640 <80 160 <64
2 - + 6 320 80 160 64
3 - + 5 640 80 320 64
4 - + 5 160 <80 80 <64
5 + - 5 <80 <80 <80 <64
6 + - 5 <80 <80 <80 <64
7 + - 6 <80 <80 <80 <64
8 + - 7 <80 <80 <80 <64

occurs to intact microorganisms, a bacterial
sonicate, which contains dispersed particulate
surface components, was used as the antigen in
IgM assays tested in parallel with the soluble
antigen prepared as described by Farshy and
Feeley (12) and Farshy et al. (13). The DS
ELISA for IgM with soluble antigen was less
sensitive than the other IgM ELISAs (data not
shown) and was abandoned early in the study.
The sensitivity of the SS ELISA with either
antigen preparation was, on the other hand,
comparable. The IFA test seemed to be resistant
to the influence of RF as noted by Wilkinson et
al. (33); however, as previously demonstrated
(25), the SS ELISA when used to detect 1gM or
total immunoglobulin was not. Another problem
of assays which simultaneously detect IgG and
IgM is that IgG binding, which occurs more
rapidly, may interfere with IgM binding to the
antigen. Indeed, immunoglobulin ELISA levels
were often lower than IgM ELISA levels. The
DS ELISA avoids this potential problem. There-
fore, although the immunoglobulin ELISA was
the most sensitive single assay in our experience
and is recommended for screening patient serum
samples for anti-Legionella antibodies, titers
should be determined definitively by a combina-
tion of the DS ELISA for IgM with a bacterial
sonicate as the antigen and the SS ELISA for
IgG with the previously described soluble anti-
gen extract (12, 13). Since these procedures can
be automated in a reference laboratory, the
triple test system is feasible for routine use.
Although our sample was small, our data with
necropsy serum samples suggest that the IgM
ELISA is the best procedure for detecting anti-
Legionella antibodies in patients dying acutely
of LD pneumonia. The patient with culture-
proven LD who had no significant rise in anti-
body levels except to T. micdadei antigens may
have suffered dual infection with L. pneumo-
phila and T. micdadei; a similar case confirmed
by culture has been reported (3).
The convalescent titers of the group of pneu-

monia patients with a positive DFA test but
without culture confirmation were not signifi-
cantly different from the titers of a group of
pneumonia patients with no evidence of LD by
the DFA test or culture (Fig. 1). The DFA test
was considerably less sensitive than the other
tests; only 6 of 19 patients with a positive culture
tests were also positive by the DFA test. The
association between seroconversion by any of
the serological tests and culture positivity was
great (chi square = 11.9; P < 0.001); there was,
however, poor correlation of DFA test results
with either culture or seroconversion (chi square
= 0.63 and 0.01, respectively). The specificity of
immunological tests for the detection of Legion-
ella antigens or anti-Legionella antibodies may
be compromised by the presence of antigens
shared with Chlamydia spp. (19), Pseudomonas
spp., (17), and certaid anaerobic organisms (8).
Although this may also influence antibody de-
tection systems, our data raise serious questions
about the specificity and sensitivity of the DFA
procedures as presently performed on clinical
specimens (primarily sputum). The experience
of others with DFA tests has been variable (2, 9,
10, 29, 37), although not as poor as ours.

In summary, the ELISA proved to be an
economical, sensitive, and specific method for
the detection of anti-Legionella antibodies when
many samples were tested. For screening pur-
poses, serum samples from patients may be
tested in duplicate at dilutions of 1:80 and 1:160
with a detection system which recognizes both
bound IgG and IgM. Positive serum samples
should then be titered out both with the DS
ELISA for IgM with a bacterial sonicate antigen
and with the SS ELISA for IgG with the previ-
ously described soluble antigen; this procedure
will maximize sensitivity and specificity. These
assays have also been successfully used to de-
tect antibody to the other serogroups of L.
pneumophila, T. micdadei, and Fluoribacter
spp. (data not shown). Serum specimens may be
screened on plates coated with a pool of two or
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three antigens without significant interference
(data not shown). We currently regard the
ELISA as the method of choice for detecting
antibodies for this group of organisms.
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