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Abstract 

Sera from patients suffering from Mediterranean spotted fever (i.e. an infection due to Rickettsia conorii) were studied 
by immunoblot to investigate cross-reactivity. A prevalence of IgM antibodies to Proteus OX 19, Proteus OX 2, to the 
Rickettsia typhus group, to Legionella pneumophila serovars 4 and 5, to L. bozemanii Wiga and to L. micdadei Tatlock was 
found. Western blot confirmed that the antibodies were directed against the lipopolysaccharide as demonstrated by 
proteinase K digestion of the antigens. Cross-adsorptions showed that there is a common cross-reacting epitope among L. 

bozemunii Wiga, R. typhi and Proteus OX 19 but cross-reacting antibodies to L. micdadei and OX 2 were distinct and 
independent. This IgM cress-reaction could lead to a misdiagnosis. 
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1. Introduction 

Diagnosis of rickettsial diseases is done essen- 
tially by serology due ‘to the fact that rickettsiae are 
hazardous, and sophisticated equipment is required. 
The first serological reaction used in rickettsiosis 
was the Weil-Felix test which depended upon the 
antigenic cross-reactivity between Rickettsia spp. and 
Proteus vulgaris OX 19, OX 2, and Proteus mirabilis 
OXK. Samples from patients infected by a Proteus 
were capable of giving positive Weil-Felix reactions, 
thus contributing to the lack of specificity. Patients 
suffering from unidentified febrile diseases in Israel 
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[l], and patients suffering from acute cerebral vas- 
culitis in the USA [2], had antibodies to L. boze- 
manii, R. typhi and Proteus OX 19 by microim- 
munofluorescence and crossed immunoelectrophore- 
sis. The authors suggested that the cross-reactivity 

was due to a lipopolysaccharide common antigen. In 
this work we have investigated sera obtained from 
the blood of 42 patients suffering from Mediter- 
ranean spotted fever, using Western blot and the line 
blot analysis. 

2. Material and methods 

2.1. Serum selection 

The diagnosis of Mediterranean spotted fever in 
patients was confirmed by micro-immunofluores- 
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cence 131; a four-fold increase represented serocon- 
version. One hundred sera from 42 patients were 
studied, 28 had 2 or more sera and 14 had one 
serum. The blood was sampled as early as the fourth 
day of the disease and as late as one year after the 
disease. Negative controls (50 sera) were selected 
from patients suffering acute febrile illness without 
clinical or serological evidence of Mediterranean 
spotted fever. All sera were stored at - 20°C. 

2.2. Antigen production 

Rickettsia conorii (Moroccan strain), R. conorii 
(Marseille 11, isolated from the blood of a patient, R. 
rickettsii, (Sheila Smith), R. prowazekii (Breinl), R. 
@phi (Wilmington) and R. canada were grown in 
embryonated eggs and purified by ultracentrifugation 
on a renograffin gradient [4]. 

Legionella pneumophila serovars 1 (Philadelphia 
21, 2 (Togus), 3 (Bloomington 21, 4 (Los Angeles), 5 
(Dallas), 6 (Chicago), L. bozemanii strains Wiga, 
Toronto, Arizona and Georgia, L. micdadei strains 
Tatlock, Heba and PPA (Pittsburg pneumonia agent), 
were grown on biphasic charcoal medium [5]. 

2.3. Enzyme treatment 

Proteinase K in water 2.5 mg ml-’ (Boehringer 
Mannheim Gmbh, 745 723) was mixed with the SDS 
digestion mixture (4% SDS, 10% Mercaptoethanol, 
0.25 M, Tris pH 6.8, 0.05 Bromophenol blue, 25% 
glycerol) according to Laemmli 181 and the antigen 
material in a proportion of 1:2:4. The mixtures were 
incubated for 1 h at 60°C after which 1 vol of the 
proteinase K solution was added and the sample was 
reincubated for 1 h at 60°C and boiled for 10 min. 

2.4. Line blot 

The line blot was derived from the dot im- 
munoblot procedure; antigen was applied as lines on 
nitrocellulose with a pen [6]. One part of the antigen, 
adjusted to 1.0 mg ml-’ was mixed with l/2 part of 
phosphate buffered saline (PBS) and 0.5 part of the 
Laemmli solubilizer as described above, and applied 
to the nitrocellulose, then blocked with 5% non-fat 
dry-milk-PBS overnight. In this experiment 17 lines 
were traced using 17 different antigens [7]. Rabbit 
affinity purified antibodies to human IgG (gamma- 

chain specific), M (mu-chain specific), and A 
(alpha-chain specific), conjugated to horseradish per- 
oxidase (HRP) were diluted in Tris buffered saline 
3% non-fat dry-milk at a dilution of 1 in 3000 for the 
IgM, 1 in 1000 for the IgG and 1 in 3000 for the 
IgA. The 100 sera were tested using this assay from 
patients with Mediteranean spotted fever as well as 
the 50 negative control sera. 

2.5. Western blot 

Antigens were solubilized in Laemmli solubilizer 
as described above. Except for the Rickettsia spp. 
the mixtures were boiled for 6 min. The digested 
protein was separated using SDS-PAGE by the 
method of Laemmli [8] with 20.0 ~1 of antigen per 
well. The stacking gel was 3.9% (w/v> polyacryl- 
amide gel and separated on a 8-16% (w/v) gradient 
gel. After SDS-PAGE the separated antigens were 
transfered to nitrocellulose paper (by the method 
described by Towbin et al. [9]>. After transfer the 
sheet was blocked in 5% non-fat dry-milk-TBS for- 
mation washed and incubated in a 1 in 200 dilution 
of the serum overnight at 4”C, washed in PBS and 
reincubated with a rabbit anti-human IgM or IgG 
with only IgM HRP-conjugate; enzyme was detected 
by reaction with 4-chloro-1 naphtol (0.015%), 
0.015% hydrogen peroxide in 16.7% methanol in 
TBS for 10 min. Following the line blot and the 
micro-immunofluorescence results, 46 sera exhibit- 
ing IgM antibodies to R. conorii were tested against 
Proteus and Legionella spp. as well as 3 negative 
controls in order to detect IgM cross-reacting anti- 
bodies. Among those sera, 10 which detected anti- 
bodies to Legionella micdadei Tatlock and L. boze- 
manii Wiga were tested against other L. micdadei 
strains (Heba and PPA) and other L. bozemanii 
strains (Toronto, Arizona and Georgia). Fourteen 
sera positive in IgG and IgM against R. conorii and 
3 negative controls were also tested against the 
typhus group rickettsia in order to detect IgG and 
IgM antibodies; 5 sera were tested against proteinase 
K digested antigens in order to determine if cross-re- 
acting epitopes were proteic or not. 

2.4. Adsorption of sera 

In order to investigate the common epitope among 
cross-reacting antigens, two sera were adsorbed with 
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either R. conorii, R. prowazekii, L. bozemanii, L. 
micdadei, or Proteus OX 2 and Proteus OX 19, and 
the sera were re-examined by Western blot. The sera 
were diluted 1 in 20, mixed in equal volumes with 
0.5 mg of antigen and placed on a rocker for 16 h, 
centrifuged at 10000 >: g for 10 min and the super- 
nate was diluted to give a final serum dilution of 1 in 
500. 

3. Results and discussion 

One hundred sera from patients suffering from 
Mediterranean spotted fever and 50 negative controls 
were tested using the line blot (see Table 1). Many 
of the sera showed cross-reacting IgM antibodies 
(Table 1). In the 50 negative control sera, 2 had 
antibodies to Proteus OX 19, 2 to L. bozemanii 
Wiga, and 2 to L. micdadei Tatlock. One serum 
sampled had detectable IgA antibodies; this was the 
second sample from one patient obtained after 1 

month which was positive for both R. conorii and 
R. bellii. 

This technique allowed 17 antigens to be screened 
in the same experiment. The specificity of the method 
as a screening test was confirmed with the negative 
controls. In this first part of this work we found out 
that the cross-reactivity essentially involved IgM an- 
tibodies to typhus group rickettsia, Legionella spp. 
and Proteus spp. 

The cross-reaction with Proteus species is fre- 
quent and has been known since 1917 [lo]; it was 
used as the first serological test for rickettsiosis, the 
We&Felix test [ll]. With this the line blot Proteus 
OX 19 is much more frequently positive that Proteus 
OX 2 but with the Weil-Felix test Proteus OX 19 
and Proteus OX 2 were equally positive. Proteus 
mirabilis OX k was positive in only 1% of the sera 
using the line blot and is negative in the Weil-Felix 
test. The cross-reaction with the typhus group showed 
that 18% were positive for R. typhi which is close to 
that observed with micro-immunofluorescence [12]. 

Table I 

Detected antibodies to Rickettsia, Proteus and Legionella spp. using line blot in 100 sera from 42 patients suffering from Mediterranean 

spotted fever, and 50 negative controls 

Antigen Patients vvitb Mediterranean spotted fever Negative controls 

Sera patients IgM (% in patients) Seroconversion IgG sera patients (% in patients) IgM IgG 

R. conorii 69 39 (93%) 11 66 34 (81%) 0 0 

R. bellii 41 27 (64%) 29 15 (36%) 0 0 

Proteus 

ox 19 3.5 21 (50%) 9 15 6 (14%) 2 0 

0x2 15 9 (22%) 4 12 6 (5%) 0 0 

OXk 1 1 (2%) 0 3 2 (5%) 0 0 

Typhus group 

R. typhi 18 14 (33%) 4 1 1 (2%) 0 0 

R. prowazekii 13 10 (24%) 2 1 (2%) 0 0 

R. canada 23 18 (43%) 3 2 (5%) 0 0 

L. pneumophila 
Serotype 1 6 6 (14%) 0 0 0 0 

2 2 2 (5%) 0 0 0 0 

3 0 0 

4 14 9 (21%) 1 1 (2%) 0 0 

5 13 9 (21%) 0 0 0 0 

6 0 0 0 0 0 0 

L. bozemanii 
Arizona 1 1 (2%) 0 0 0 0 

Wiga 26 15 (36%) 7 0 0 2 0 

L. micdadei 
Tatlock 20 11 (26%) 5 5 4 (10%) 2 0 

Total 100 42 100 42 50 50 

D
ow

nloaded from
 https://academ

ic.oup.com
/fem

spd/article/11/1/13/594670 by guest on 18 M
ay 2023



16 D. Raoult, GA. Dasch/FEMS Immunology and Medical Microbiology 11 (1995) 13-18 

ox 19 

0x2 

OX K 

R. canada 

R. typhi 

R. pro wazekii 

Wiga 

Fig. 1. Western blot of a serum of a patient with Mediterranenan spotted fever using, as antigens, Proteus (OX 19, OX 2, OX k) Rickettsia 
Canada, R. typhi and R. prowazekii, Legionella pneumophila (LP), Tatlock and Wiga. 

More interestingly a higher percentage of positiv- 
ity was noticed for R. canada, an organism geneti- 
tally intermediate between the typhus group and the 
spotted fever group of Rickettsia [13]. Our results 
correlate with those of Ormsbee et al. [14] who 
found that, of 15 patients suffering Rocky Mountain 

spotted fever, 30% had antibodies to R. prowazekii, 
46% to R. typhi and 60% to R. canada. R. bellii, an 
unclassified Rickettsia [15], exhibited a high level of 
cross-reactivity (41%). 

Of the negative controls, 4% of sera were positive 
for both L. bozemanii Wiga and L. micdadei Tat- 

. L. pneumophila 

Wiga 

Tatlock 

ox 19 

0x2 
Fig. 2. Western blot of a scmm of a patient with Mediterranean spotted fever with proteinase K digests antigens of L. pneumophila 
(serovars l-6), L. bozemunii Wiga, L. micdadei Tatlock and Proteus OX 2 and OX 19. 
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lock; these findings correlated with previous sero 
epidemiological studies [ 161. 

The fact that, in France, 14.5% of blood donors 
had low levels of antibodies, (16-32% by MIF) to 
L. bozemanii and 11% to L. micdadei was sugges- 
tive of a wide cross-reactivity between these species 
and other bacteria and/or a lack of specificity. Anti- 

bodies to L. bozemanii Wiga to L. micdadei Tatlock 
and to L. pneumophila 4 and 5 were found in 

20-40% of patients. These results agree with the 
finding of Westfall et al. [17] that sero-positive 
patients for L. bozemanii have antibodies to Rick- 
ettsia typhi. A frequent association of the three anti- 
gens Proteus OX 19, R. typhi and L. bozemanii 
Wiga was also noted in this study. 

To confirm antigenic cross-reactivity, Western 
blots detecting IgM antibodies were done only with 
the most interesting antigens (Fig. 1); Western blots 
were more sensitive than the line blot. Weakly stained 
bands, representing a low level of cross-reactivity 
were revealed by Western blotting where other sero- 

logical methods did not. This was the case in our 
work for Proteus OX 2 and L. micdadei Tatlock due 
to the fact that the (cross-reactivity was generally 
weaker than with Proteus OX 19 and L. bozemanii 
Wiga. To investigate the cross-reactivity with the 
different strains of L. bozemanii, Wiga and Toronto 
positivities were associated, but Georgia and Arizona 

were rarely positive, which confirmed the results of 
the line blot. Within the L. micdadei species the 

three strains reacted in the same way and may 
represent a single serovar. As for the typhus group 
rickettsia, an 1gM reaction to three rickettsial pro- 

teins were present with the negative control sera, 
thus indicating a lack of specificity. 

The major cross-reaction for any bacterium was 
directed against the lipopolysaccharide (LPS) and it 
was more often present than suggested by the line 
blot. A good correlation between L. bozemanii Wiga 
and Proteus OX 19 cross-reactivities was found. To 
confirm the importance of the LPS in this cross-reac- 
tivity the antigens were digested with proteinase K, 

and similar results with Proteus and Legionella (see 
Fig. 2) were obtained which demonstrated that pro- 
teins were not involved in the cross-reactions. 

This study indicates that many of the sera from 
patients with Mediterranean spotted fever had anti- 
bodies directed against the LPS of Proteus OX 19 

and Proteus OX 2 [lo], of the typhus group rickettsia 
and of L. pneumophila 4 and 5, L. bozemanii Wiga 
and L. micdadei Tatlock. It appears that there is an 
association between Proteus OX 19, L. bozemanii 
Wiga and the typhus group of rickettsia and we 
suggest that the antigen reacting with Mediterranean 
spotted fever sera could be common to all three. 
There was no clear evidence of a specific association 
among the other antigens. In order to explore cross- 
reacting epitopes, two sera reacting against Proteus 
OX 19, Proteus 0X2, R. prowazekii, L. bozemanii 
Wiga and L. micdadei Tatlock were adsorbed with 
these different antigens. Adsorption with either L. 
bozemanii Wiga, R. prowazekii or Proteus OX 19 
removed antibodies directed against these three or- 
ganisms, and we concluded that antibodies were 

directed against a single common epitope to R. 
conorii, the causative pathogen, R. prowazekii, L. 
bozemanii Wiga and Proteus OX 19 which is deter- 
mined by quinovosamine [18]. In conclusion, cross- 

reactivity occurs among Rickettsia spp., Legionella 
spp. and Proteus spp. involving IgM antibodies and 
directed against the LPS. 
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