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SUMMARY

The study was undertaken to continue investigations on the epidemiology
of spotted fever in Israel and the serological and biological properties of
locally isolated strains. Furthermore, it was undertaken to continue the de-
velopment of the reverse passive hemagglutination technique as a new serolo-
gical method for the diagnosis of rickettsial infections.

Sera from suspected cases of rickettsioses were tested by fluorescent
antibody and complement fixation. The former method revealed more cases of
past and present infection than the latter.

Follow-up bleedings from cases of murine typhus and spotted fever in-
dicated that IgM antibodies against rickettsiae m=y persist at low levels
for six months or longer.

Human sera were found to contain a non-antibody inhibitor of reverse
passive hemagglutination. However, immune sera could be titrated by measur-
ing the difference in agglutinating titer of antigen diluted in constant
concentrations of the immune serum and of normal serum.

Reverse passive hemagglutination can be used to differentiate between
epidemic and murine typhus rickettsiae.

A strain of spotted fever was isolated from the blood of a child Jjust
before death with disseminated intravascular coagulation. The strain was
found to be antigenically similar to five of the six previously isolated in
Israel.
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BACKGROUND

The first description of human infections with rickettsiae of the spot-
ted fever group in Israel was published in 1949 (1). At that time, and dur-
ing the following two decades the disease was thought to be confined to a
few definitely defined endemic foci in the coastal area. However, investiga-
tions started by this laboratory in 1971 revealed that human cases of infec-~
tion occurred throughout the country and the incidence of disease was higher
than it was previously thought to be.

During the course of these studies six strains of spotted fever ricket-
tsiae were isolated, five of which were antigenically similar and one which
differed from the others. All six strains were found to differ antigenically
from the taxonomically defined strains available in this laboratory.

Sera from suspected cases of rickettsioses and from cases diagnosed as
pyrexias of unknown origin were tested by fluorescent antibody and comple-
ment fixation. The former method revealed more cases of past and present in-
fections than did complement fixation and revealed current rickettsioses
among the previously undiagnosed cases,.

Methods were developed for performing reverse passive hemagglutination
(RPH) and reverse passive hemagglutination inhibition (RPHI) tests for the
detection and titration of antibodies to rickettsiae in immune and convales-
cent sera. These preliminary studies showed that the new methods had some
advantages as well as disadvantages when compared with other methods avai-
lable for similar purposes.

The aim of the study

The present study was undertaken in March 1975 with the aim to continue
studies on the epidemiology of spotted fever in Israel and the serological
and biological properties of the strains of spotted fever isolated during
the period of this grant and of previous contracts.

The scope of work during period of this grant was defined as follows:
1) Continued development of the reverse passive hemagglutination tech-
nique in the direction of a new serological method for diagnosis of

rickettsial infections.

2) Serologic diagnosis of suspected rickettsioses in humans, using va-
rious serologic techniques and comparison of the results.




=

3) Attempts at the isolation of new strains of spotted fever ricket-
tsiae and their characterization by comparison with taxonomically
known strains and with other strains already isolated locally.

L4) Continued efforts to use gas chromatography for identification of
rickettsiae and early diagnosis of infection.

MATERIALS AND METHODS

Diagnostic Serology

Except as otherwise indicated, the materials and procedures for collect-
ing and handling specimens, rickettsial strains, propagation of rickettsiae,
preparation of antigens, antisera, fluorescent antibody (FA) methods, comp-
lement fixation (CF) techniques, reverse passive hemagglutination (RPH) and
reverse passive hemagglutination inhibition (RPHI) procedures, etc. were as
previously described (2-5).

As in previous years, bloods or sera from human cases of suspected ric-
kettsioses were received from hospitals serving various areas from the Upper
Galilee in the North to the Negev, the South of Israel. In addition, samples
were submitted to us from the A. Felix Public Health Laboratory of the Minis-
try of Health as well as from District Health Offices of the Ministry of
Health in Hadera, Netanya, Ashdod, Rehovot and Beersheba.

All sera were tested by CF against soluble group specific spotted fever
and typhus antigens by the stardard LBCF method and by FA against spotted fe-
ver (SF) and murine typhus (MT) rickettsiae. In the FA tests, staining was
carried out with anti-human globulins conjugate as well as specific anti-
human IgM globulins in duplicate smears. When cross reactions appeared, i.e.,
staining was positive for both SF and MT, the methods and criteria used for
determining the etiologic sgent of infection were as described in a previous
report (4).

Some difficulties were encountered with some of the fluorescent conju-
gates used in this laboratory. Some lots of anti-human immunoglobulins gave
weakly positive reactions in the staining of SF in controls following the
use of human negative sera or saline. It was found that this could be pre-
vented by diluting the anti-~human conjugate in soluble group specific SF
antigen such as used in the CF test.

In testing for specific IgM antibodies in acute phase sera of suspected
rickettsioses, it was found that certain lots of anti-IgM fluorescein conju-
gates obtained commercially did not give satisfactory results.
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1t was therefore decided to use a three layer method such as described in

an earlier report (3).

Following the serum to be tested, rabbit anti-human IgM serum, apprcp-
riately diluted (1:100 - 1:200) was layered on the slide and this was fol-
lowed by fluorescein labelled caprine anti-rabbit globulin. The rabbit anti-
human IgM serum obtained commercially, was found to react slightly with human
IgG. In order to prevent staining as a result of this unwanted reaction, the
anti-IgM serum was diluted before use in a 1% solution of human purified IgG.
The caprine anti-rabbit globulin conjugate also showed some reaction with hu-
man immuno-globulins and was diluted before use in a 1% solution of pooled
human immunoglobulin in order to prevent "non specific" staining.

Column chromatography

Two types of columns were used in this work: brushite (6) and cellulosic.

Brushite was prepared by allowing equal volumes of 0.5 M Na HPOh and 0.5 M
CaCl, to drip slowly into a container with continuous mixin%. The precipi-
tate which formed was washed four times in four volumes of distilled water
and finally suspended in 0.001 M phosphate buffer at pH T7.2. This supension
of brushite could be stored in the cold up to approximately 10 days, after
which it was necessary to prepare fresh.

DEAE (diethylaminoethyl) cellulose and CM (carboxymethyl) cellulose weve

obtained commercially (Whatman DE1l, CM11) and the columns were prepared as
described elsewhere (7).

Serological Survey

For purpose of the serological survey two areas were selected: Nazareth
in the Northern area of Israel and Naan, a Kibbutz a few miles South of Re-
hovot. Ninety-one sera were taken from inhabitants of Nazareth and its sur-
roundings and sent to this laboratory by the District Health Office. In Naan
83 bloods tuaken from 79 individuals were submitted for testing.

Environmental Survey

One hundred and two rats (R. norvegicus and R. rattus) were trapped and
vled in the course of investigations on leptospirosis in Israel. Samples of
these bloods were submitted to this laboratory for testing for antibodies to
MI' and SF.




RESULTS

Serological data on suspected rickettsioses in humans

The serological results of FA and CF tests are presented in Table 1.
The total number of bloods or sera received in this laboratory from February
1975 - December 1976 was 685 from 552 cases of suspected rickettsioses, 26L
of which occurred during 1975 and 288 during 1976.

The sera were tested by both FA and CF using antigens derived from ric-
kettsiae of the spotted fever group and from rickettsiae of murine typhus.
In the table are listed all the sera from those cases of which one or more
sera gave positive results in the CF and/or FA tests. Under the hesading of
"town" are listed the cities or settlements in which the corresponding indi-
vidual had his permanent home, when such information was available. In those
cases in which the habitation was unknown, the referring hospital or clinic
is given.

Diagnosis of current infection on the basis of the CF test was made on
the appearance of a four-fold or greater rise in titer in sequential bleed-
ings. In the case of the FA test, more than minimal staining of specific
IgM was used as an indicator of current infection when no increase of titer
was noted or only one blood was obtained from the patient.

In some cases of serological crossing it was not possible to differen-
tiate between spotted fever or murine typhus infection on the basis of bright-
ness of staining. Frequently however, in such cases, the complement fixation
test showed far less cross reaction and it was therefore possible to make a
differential diagnosis on the basis of the two tests.

A summary of the results shown in Table 1 is presented in Table 2. In
this table it can be seen that of a total of 685 sera from 552 individuals,
372 sera from 293 cases showed the presence of antibodies to MI' and/or SF
according to the FA test. Of six hundred fifty-nine sera from 523 cases test-
ed by CF, 254 sera from 219 cases were positiye for MI' and/or SF. As in pre-
vious years many more positive for spotted fever were found using immuno-
fluorescence than using CF tests, and more sera showed cross reaction bet-
ween MI' and SF by FA than by CF.

The FA test permitted serological diagnosis of current infection with
SF in 223 individuals and with MT in 49, whereas only 66 cases of SF and 8
of MI' could be diagnosed by CF as current infection. The difference between
the total number of current infections diagnosed by the two methods was part-
ly due to the fact that in only 138 cases out of the 552 were two or more




bloods received from the same individual. In these 138 cases, CF showed a
significant rise in titer for SF in T3 cases and for MI in 8, whereas in the
same sera FA indicated current infection with SF, based on IgM staining, in
L17 casez and with MT in 9 cases.

A further comparison of the results using the two types of test is sum-
marized in Table 3. In this table are included all the sera of the suspected
cases of rickettsioses which were tested by both methods, excluding those
which showed anti-complementary activity. In this table it can be seen that
in tests for SF, the immunofluorescence methods picked up many more positives
than did the CF tests - 341 as compared to 210. However, the CF test also
picked up positives missed by FA.

In the case of the murine typhus sera, the overall agreement in the re-
sults of the two tests was better than in the case of SF, but here too, each
method picked up positives missed by the other. However, neither method
showed any advantage over the other, each revealing an approximately equal
number of positives missed by the other test.

During the course of this work, the question arose as to what extent
could the presence of specific IgM be considered as proof of current infec-
tion with the corresponding rickettsiae. Efforts were therefore made to ob-
tain bloods from known cases of rickettsioses at times of up to six months
or longer after the primary infection. These bloods were tested by FA for the
continuing presence - or disappearance of specific IgM. The results are pre-
sented in Table 4. Here it may be seen that in three out of four bleedings
taken up to 17 weeks following the first bleeding or onset of disease, speci-
fic IgM staining was still relatively strong. In the six bloods collected
during periods ranging from 18 to 27 weeks after the first bleeding,one
blocd still showed the presence of small amounts of specific IgM.

Isolation of Spotted Fever Rickettsiae

During the period of this report a fatal case of spotted fever occurred
in a child in the town of Kfar-Saba, about five miles North of Tel-Aviv. On
September 29, 1975, this child and her sister became ill and both children
were hospitalized on October 2nd. On the next day, one of the children ex-
pired with disseminated intravascular coagulation. Just before death, some
blood was taken and sent to this laboratory for isolation of rickettsiae.

One ml. of plasma was injected intraperitoneally into each of two adult
male guinea pigs. After 72 hours both animals showed fever and orchitis. One
animal was sacrificed and a 50% suspension was made uf the blood, testes and
spleen in sucrose phosphate (8). Aliquots of this material were injected into
the yolk sacs of 5 day embryonate hen eggs. The embryos died on the 6th -
Tth day following inoculation. Smears were prepared from the yolk sacs and FA
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staining showed the presence of spotted fever group rickettsiae. The above
isolate was labelled 2607 and was tested for antigenic similarity to the
other strains previously isolated locally using FA methods described in a
previous report (2). Strain 2607 proved to be antigenically similar to five
of the six strains isolated previously S-484, G-212, T-162, T-193, T-487)
(2-k).

Environmental Survey

During the period of this report 102 rats (R. norvegicus and R. rattus)
were captured and bled. The sera were tested by FA only. Twenty rats were
found positive for SF and seven for MI'. The rats found positive for spotted
fever were collected in the following regions: Ashdod (5 positive/12), Bei-
shan valley (1/25), Sharon district (8/41) and Nazareth (6/24). The seven
rats positive for murine typhus were all captured in Nazareth, and thus 13
out of the 24 rats collected in this area showed evidence of rickettsial in-
fection.

The overall rate of infection of the rats captured of the two species,

was higher than 1in previous years (2-4] and reached approximately 20%.

Some clinical and epidemiological observations on spotted fever which oc-
curred in 1975-1976.

The onset of disease by month in the 223 cases in which the diagnosis
of spotted fever was confirmed in our laboratory is presented in Table 5.
In 1975 no cases were found until April. From April through August the in-
cidence by month remained fairly constant. In September there was a sharp
rise in the number of cases which then decreased to the usual level of a few
isolated cases in December. In 1976 the picture was somewhat different; there
was no sharp peak in the number of cases, a rise in incidence began in June,
continued through August and then fell off gradually through October ending
with a sharp drop with the onset of colder weather.

The distribution of cases by sex and geographical area are presented in
Table 6. Approximately 40% of the cases appeared in the Sharon area(Hadera,
Netanya)and an equal number south of the Sharon. This indicates a definite
rise in the proportion of the cases appearing in the southern part of the
country especially in the vicinity of Beersheba.

In 279 cases of spotted fever infections of which 123 were laboratory
confirmed, additional epidemiological and clinical investigations were car-
ried out. The results of these investigations are summarized in Table T-13.
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The overall distribution of cases by sex(M/F)was 1.5 as compared with
1.6 in 1974 (5), 1.3 in 1973 (4) and 2.4 in 1972 (5). As in previous years,
the highest M/F ratio was in the 5-14 age group (2:1) as may be seen in
Table T. Here it may also be seen that T1% of the cases appeared in the
0-14 age group with the majority of these cases appearing in ages S11y.
Forty-five (16%) of the cases appeared in the 15-45 age group and 33 (12%)
in patients over 45 years old.

In 90% of the cases (249 out of 279) animals were known to be in the
environs prior to onset of disease. Information concerning the animal spe-
cies and numbers in the environment is given in Table 8(a) and 8(b). In the
majority of the cases (70%) dogs were present, and cats were present in the
environs of about one-half the cases (52%). In over 60% of the cases, two or
more animals were to be found in the surroundings. In Table 9 are presented
the data obtained concerning the type of contact of the 279 cases of spot-
ted fever with animals.

Information concerning the maximal temperatures, distribution and types

of rash, as well as some other clinical signs reported among the 279 select-
ed cases of spotted fever are summarized in Tables 10-13.

Serological Survey

During 19T7L a case of laboratory-confirmed spotted fever occurring in
Nazareth was brought to our attention in view of the fact that the attending
physician described the case as "classical Boutonneuse fever" including the
primary lesion or eschar. Unfortunately we learned of the case too late to
make attempts at isolation of the infecting organism. As this was the first
case of spotted fever in Nazareth from which serum was sent to our laborato-
ry, the aid of the District Health Office was sought in order to carry out
a sero-epidemiologic survey of human rickettsial infections in Nazareth.

The District Office agreed to cooperate and submitted 91 sera from Nazareth
and its surroundings. The sera were tested by FA and CF tests. The results
are shown in Table 1k,

An additional sero-epidemiologic survey was carried out in Kibbutz Naan,
a communal settlement a few miles south of Rehovot. In this settlement, dur-
ing the past few years, a high number of undiagnosed mild febrile illness
has occurred. The results of this survey are also included in Table 1k.

As in previous surveys, FA revealed many more positives for spotted fe~
ver than did the CF test. Nazareth proved to be an endemic area for spotted
fever showing a 25% rate of infection, whereas Naan seemed to be an hyper-
endemic area with 64.5% of the individuals tested showing signs of previous
infection.
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Reverse Passive Hemagglutination (RPH) and Reverse Passiyve Hemagglutination

Inhibition (RPHI)

A, Improvements in conditions for RPH and RPHI

1)

2)

3)

Preparation of erythrocytes for conjugation: The method used for
fixing the erythrocytes with glutaraldehyde was described in an
earlier geport (5).However, it was found that on prolonged stor-
age at 4 C the glutaraldehyde fixed cells darkened and eventually
become unsuitable for conjugation with antibody globulins. This de-
terioration in the properties of the fixed RBC could be prevented
by storage in the deep freezer. After testing several possibilities
it was found that optimal results were obtained when the 50% sus-
pension of glutaraldehyde fixed RBC in 0.005 M NaCl was stored
first at hOC for 3-4 days then transferred to -70°C and stored
frozen until used. When thawed the RBC suspension showed clumping
but the aggregates were easily dispersedby sonication for about 10
seconds without signs of hemolysis.

Storage of conjugated erythrocytes: Following conjugation of RBG
witg antibody globulins the conjugates were frozen and stored at
-T0°C. On th awing it was necessary to sonicate the suspensions to
break up clumps before carrying out RPH or RPHI tests. It was found
that the addition of 5% glycerine to the PBS-bovine albumin solu-
tion in which the conjugated RBC were suspended would prevent the
formation of such aggregates and the need for sonication after thaw-
ing. Such suspensions could be frozen and thawed seyeral times with
no signs of clumping or change in agglutinability in the presence

of the corresponding antigen.

Preparation of sera for the RPHI test: Most sera used in the RPHI
test were found to contain agglutinins either against the chicken
RBC or the globulin used in the preparation of the conjugated eryth-
rocytes or both. It was found that acetone precipitated liver-tis-
sue powders prepared similarly to those prepared for the absorption
of fluorescein labelled antisera (9) could be used to remove these
agglutinins, Thus chicken-liver powder could be used to remove ag-
glutinins against the chicken erythrocytes and rabbit liver powder
to remove the antibodies against the rabbit globulin moiety of the
conjugated erythrocytes,

Tissue powders were stored in the deep freezer and retained their
activity even after storage of over two years.

One tenth ml. serum was diluted 1l:U4 in saline and absorbed with
LO mg tissue powder for 1-2 hours at room temperature. Following
centrifugation the supernatant fluid was removed and used.
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The same treatment described above was used for globulins which
were to be conjugated to chicken erythrocytes. When such globulins
contained agglutinins against chick RBC the conjugates would show
non specific agglutination and it was therefore necessary to absorb
the globulins either with chicken liver powder or chicken erythro-
cytes to remove all anti-chicken antibodies.

4) Diluents for the RPH and RPHI tests: In earlier work, phosphate
buffered saline containing 1% bovine serum albumin was used as a
diluent for RPH and RPHI tests. In some microtiter plates however,
the coated RBC did not settle clearly in the negative controls, mak-
ing difficult the determination of end points in antigen or anti-
body titrations. It was thought that changes in the diluent used
might improve the test and after testing several variations, the
diluent which gave the best results was found to be: physiological
saline with the addition of 2% dextrose, 2% normal rabbit serum and
0.08% sodium azide as a preservative. Some batches of normal rabbit
sera were found to contain agglutinins against chicken RBC. These
sera were absorbed using one volume of 50% chicken RBC suspension
per volume normal rabbit serum or 100 mg chicken liver powder/ml
rabbit serum. The normal sera were frozen in small aliquots so
that any one aliquot of serum was frozen and thawed once only be-
fore use. The diluent could be stored at 4°C for several weeks with-
out deterioration.

5) The RPHI test: In carrying out RPHI tests the period of incubation
of antiserum-antigen mixtures was shortened to one hour at 37 C in-
stead of overnight in the refrigerator as described earlier (5) be-
fore adding conjugated RBC. This was found to give more reproducible
results and did not result in any losz in the sensitivity of the
test.

Results of RPHI tests

RPHI tests were carried out with 24 human sera which had previously

been shown to be positive for murine typhus by CF and/or FA tests and
ten human known negative sera. All known negative sera were negative

by RPHI at a dilution of 1:8, the lowest dilution used in the test.

All the sera which were positive by FA were zl.o positive by RPHI,
including three which were negative by CF. It was therefore concluded
that a RPHI titer of 1:8 in tests for murine typhus should be considered
as positive.

In the case of RPHI tests for spotted fever, it was reported earlier
(5) that known human negative sera gave positive titers ranging from
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1:16 - 1:64. Later work however has shown that if care were taken to
use a full four to eight hemagglutinating units of antigen, the known
sera did not give titers of over 1:16. Therefore titers of 1:32 were
considered as positive and 1:16 or less was considered to be negative.

RPHI tests were performed on paired sera from 25 cases of spotted fever
infections which had been found positive by CF and/or FA. In 13 cases

a rise in titer was detected by all three tests. In nine cases the FA
and RPHI tests were positive, whereas the CF test was negative. In se-
ven of these cases both FA and RPHI detected rises in titer. In one
case a rise in titer was detected by RPHI and CF but not by FA and in
two cases antibodies were detected in all three tests, but no rise in
titer was found in any test.

Two hundred thirty-one of the sera submitted to us from cases of sus-
pected rickettsioses were tested by RPHI, using murine typhus and spot-
ted fever soluble antigens, in addition to the usual CF and FA tests.
Of the 231 sera, 30 were positive by CF for murine typhus, 49 by FA,
and 58 by RPHI. Eighty-six were positive by CF for spotted fever, 205
by FA and 157 by RPHI.

A partial analysis of these results is shown in Table 15. In the case
of tests for murine typhus, RPHI and FA each gave negative results with ma-
ny sera which were positive according to the other test. Thus, the RPHI test
was negative in LO% of the FA positive sera and the FA test was negative in
approximately S0% of the RPHI positive sera. In tests for spotted fever, the
RPHI and FA tests were in better agreement. The FA test picked up 95% of the
RPHI positive sera and RPHI was positive in 73% of the FA positive sera. The
overall agreement was 73%.

In view of the discrepencies noted in the results of the different
tests, it was decided to investigate the possiblity that they were due, at
least in part, to the presence in sera of some component which blocks the
reaction between the rickettsial antigens and the conjugated erythrocytes.
To test for this component ,Kenya tick typhus soluble antigen was titrated
against chicken RBC conjugated with rabbit anti-Indian tick typhus immuno-
globulins, in the presence of various dilutions of normal human serum. This
serum was obtained from a blood bank and was tested before use for the ab-
sence of antibodies to rickettsiae by FA and CF tests. The results of the
block titration as shown in Table 16 indicate that the antigen titer is
strongly influenced by the concentration of serum used in the test. Thus,
there was at least a 16 fold difference in antigen titer in the presence of
normal serum at dilutions 1:4% - 1:16 and at serum dilution 1:128 - 1:256.
This might explain the fact that sera from normal individuals were found to
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give positive RPHI titers at a 1:16 dilution, since four hemagglutinating
units of antigens as determined in a diluent containing 2% normal rabbit se-
rum would have no hemagglutinaticg activity in a 1:16 dilution of normal hu-
man serum.

In order to eliminate some of the problems which arose in performing
hemagglutination inhibition tests by varying the serum dilution and keeping
the agglutinating antigen constant, the reverse procedure was devised, i.e.,
keeping the serum, which was to be tested, constant and varying the concent-
ration of antigen. The titer of a given serum could then be expressed as
the relative amount of antigen whose hemagglutinating activity could be
blocked by a given serum concentration as compared with the same concent-
ration of normal serum. An example of such a test is presented in Table 17.
When mixed with a 1:10 dilution of convalescent serum No. 2608, Kenya tick
typhus antigen agglutinated chicken RBC conjugated with rabbit anti-Indian
tick typhus immunoglobulins at an antigen dilution of 1:8, but not at high-
er dilutions. The same antigen mixed with 1:10 normal human serum agglutin-
ated the same RBC conjugate up to a dilution of 1:512. Thus, serum No. 2608
reduced the antigen titer under these circumstances 64 fold or by six two-
fold dilution. For the purposes of this report the number of two-fold dilu-
tions, by which the antigen titer is reduced in a 1:10 serum dilution, will
be called the index (RPHI index) of the serum, in this case six. In the same
Table, the effect of dilutions of the serum on the RPHI index is presented.
Dilution of the serum caused a decrease in the index but the relationship
was not one to one. A 64 fold dilution of the serum brought the index down
from six, to three.

The RPHI index method was tested for its potential usefulness for diag-
nostic purposes in spotted fever as compared with FA and CF tests. For this
purpose 15 known negative Norwegian sera (4) were used, as well as 33 single
sera and 32 paired sera from 16 cases of suspected rickettsioses. Results
of a few selected sera are illustrated in Table 18.

The RPHI indexes of the Norwegian sera ranged from 2 to -2. (A nega-
tive index number was assigned to a serum when the soluble antigen gave a
higher titer in a 1:10 dilution of that serum than in a 1:10 dilution of
the selected standard negative serum), and therefore any serum which showed
a RPHI index of three or greater was considered as a positive serum.

The overall agreement between FA and the RPHI indexes was 85% and each
method was positive in 86% of the sera found positive by the other. In the
cingle sera, the RPHI indexes were positive in 18 out of 4k, FA in 15 and
CF in 12. In the paired sera, FA showed a rise in titer in 13 of the 16
patients' sera as did the RPHI indexes, whereas CF tests showed a rise in
titer in only 7 of the 16 patients. Some of the discrepancies between the
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FA results and RPHI indexes were apparently due to the fact that some
the sera were from cases of murine typhus and the FA method showed
more serological crossing between MI' and SF than did RPHI or CF tests.

The RPHI index method was also tested for its potential usefulness

for diagnostic purposes in murine typhus as compared with the other
tests. A total of 67 sera, some taken at random and some selected, but
all derived from suspected rickettsioses were used in this experiment,
in addition to 10 known negative Norwegian sera. The serum obtained
from a blood bank, which served as the standard negative serum for the
determination of RPHI indexes for spotted fever was also used in these
tests as the standard negative serum. The RPHI indexes of the Norwegian
sera ranged from 2 to -1 and therefore any RPHI index ©f 3 or greater
was considered as positive. The overall agreement here was far better
than in the RPHI tests described earlier for MT, and reached 91%. The
RPHI index method was positive in all those sera which were positive by
FA, but was also positive in 6 sera negative by FA. In three of these
sera, the CF test was also positive.

The use of RPHI for the differentiation of rickettsial species

Glutaraldehyde fixed chicken RBC conjugated with hyper-immunized rab-
bit anti-murine and anti-epidemic typhus immunoglobulins were tested
against soluble and somatic antigens of both epidemic and murine ty-
phus rickettsiae. The results of such tests are presented in Table 19.
The anti MT conjugate reacted well with the various antigens, whereas
the anti ET conjugate reacted well only with ET antigens. In only two
out of six ET antigens did the anti MI' conjugate give significantly low-
er titers than did the anti ET conjugate with the same antigens. Thus,
it would seem that the two conjugates could be used to differentiate
between murine and epidemic typhus rickettsiae.

In view of the results described above, RPHI tests were made to deter-
mine whether this method could be used to differentiate between murine
and epidemic typhus infections. For this purpose sera were used from
guinea pigs and rabbits which had been infected with yolk sac suspen-
sions of viable epidemic and murine typhus rickettsiae. The RPHI me-
thod used was as described earlier (5), e.g., determination of the high-
est dilution of serum which would inhibit agglutination using four
hemagglutinating units of antigen. The results of this experiment are
shown in Table 20, Here the sera showed considerable degrees of speci-
ficity but in reverse manner 4o what was noted using conjugated RBC
against antigen preparations. In these cases the epidemic typhus anti-
sera failed to differentiate between murine and epidemic typhus anti-
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gens , whereas murine typhus antisera showed considerable differences
in titer against the antigens derived from the two species.

Experiments similar to the above were also performed using glutaral-
dehyde fixed chicken RBC conjugated with immunoglobulins derived from
rabbits hyperimmunized against R. rickettsi, R. conori, R. siberica

and several local isolates. None of these conjugates differentiated
satisfactorily among the antigens either soluble or somatic derived
from the various species of spotted fever rickettsiae. As it was thought
that these antigens might be mixtures of groups specific and species
specific antigens, attempts were made to separate the different anti-
gens with the aid of column chromatography. Calcium phosphate (brushite)
columns were used as well as ion excharge columns (DEAE cellulose and
carboxymethyl cellulose).

Using brushite columns,several spotted fever antigens were found to ad-
sorb strongly to the brushite in 0.005 M NaH Poh/K HPO, pH T.2 and to
elute in buffer using the same salts and pH but at a concentration of
0.2 M. The antigens that eluted at this phosphate concentration were
unchanged in specificity and the RPH and RPHI methods did not differen-
tiate well among them.

Using the ion exchange columns, antigens were eluted under conditions

of constant pH, but with increasing concentrations of NaCl. When the
various fractions were tested using RPH for determining antigen content,
several well defined peaks were noted. However, here too, no differen-
ces in antigenic specificity were found in the eluted material as com-
pared with the antigens before being chromatographed.

DISCUSSION

During the six years in which this laboratory has been engaged in in-
vestigations of spotted fever in Israel, 2,003 bloods were received from
1,579 cases as "suspected rickettsioses", i.e., the clinical diagnosis was
either spotted fever or murine typhus. Of the 1,579 cases, T02 were confirmed
as current infections with rickettsiae, 501 spotted fever and 201 murine
typhus. Thus, the physicians were able to make the correct diagnosis on
clinical grounds in only U4% of the cases.




From 1972 to 1976, the number od cases of murine typhus diagnosed by
this laboratory decreased from 70 in 1972 to 18 in 1976. Spotted fever in-
fections, on the other hand, have not shown any tendency to decrease in num-
ber, but on the contrary may be on the increase. Sixty-eight cases were diag-
nosed as current spotted fever in 1972, 122 in 1973, 67 in 19Tk, 123 in
1975 and 99 in 1976.

As in previous years, the FA test proved to be more sensitive in pick-
ing up past and present infections with rickettsiae. Thus, the FA test per-
mitted serological diagnosis of current infection with SF in 223 cases and
with MT in 49, whereas only T3 cases of SF and 8 of MT could be diagnosed
as current infections using the CF test. The differences in the results
using the two tests were partly due to the fact that in only 138 out of the
552 cases of suspected rickettsioses were paired sera submitted for testing.
Since current infection can be diagnosed using the CF test only by showing
significant changes in titer in sequential bleedings, only paired sera are
useful for this purpose. On the other hand, specific IgM is known to appear
as the result of primary infection and then tends to dissppear in a relative-
ly short time thereafter. The presence of IgM is therefore indicative of
current infection, even when only one serum sample is available. However,
as was shown in the present report, low levels of specific IgM can be de-
teted 6 months after primary infection. Therefore it is necessary to be
cautious in making a definite diagnosis of current infection on the basis
of only low levels of specific IgM.

As described in earlier reports (2-5), spotted fever infections showed
a seasonal pattern, reaching maximal incidence in late summer. With the on-
set of cold weather in November, the number of cases drop off rather sharp-

ly.

During the period covered by this report, there was some change in
the geographical distribution of spotted fever in Israel. The proportion of
cases in the Sharon area dropped to somewhat less than 40%. Of the remain-
ing cases approximately 66% appeared south of the Sharon area, as in years
previous to 1974 when 68% appeared north of the Sharon (5).

The distribution of cases by sex (M/F) continued to be greater than
unity, especially in the 5-14 age group (M/F = 2:1) where the majority of
cases occurred. This probably was due to the closer association of males
of this age group with pet animals, particularly dogs.

The close association of cases of spotted fever with household ani-
mals was also shown. Out of 279 cases of spotted fever infections, 123 of
which were laboratory confirmed, 249 were known to have contact with animals,
mostly dogs, and in over 60% of these cases two or more animals were present
in the immediate environs.
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During the period of this report, for the purpose of an environmental
survey, rats were tested for antibodies 'O rickettsiae. Twenty percent of
these rats were found to be positive for SF, indicating a continuing rise
over that found in previous years. It is difficult as yet to determine whe-
ther these rats may serve as sources of human infection, however they may
perhaps serve as sentinel animals, indicating a rise in the "pool" of in-
fected animals in nature which may serve as reservoirs of infection.

In a previous report (5) we described the beginnings of the develop-
ment of reverse passive hemagglutination (RPH) and hemagglutinaticn inhi-
bition (RPHI) tests suitable for use with rickettsial antigens and antise-
ra. Subsequently improvements were made in the conditions for these tests
in the reagents used and in the carrying out of the tests themselves.

Two hundred thirty sera from cases of suspected rickettsioses were
tested by RPHI and the results compared with findings in the CF and FA
tests. More sera were found positive to MT by RPHI than by either CF or
FA. In the case of spotted fever positive sera, RPHI picked up more posi-
tives than CF tests, but fewer than FA. When the results were analysed, the
agreement found between FA and RPHI was not good in MT and only fair in SF.

In the case of SF, it was found that normal human serum contains some
factor which blocks the agglutination of conjugated erythrocytes by cor-
responding antigens, and the amount of antigen blocked is proportional to
the serum concentration. In order to measure the amount of antibody in the
presence of the blocking agent it was decided to carry out the RPHI test
using a constant concentration of serum and varying the concentration of
antigen. The serum concentration was arbitrarily selected as 1l:1lo. In each
test a known normal serum was taken as a reference serum and the antigen
titered in the presence of the normal serum diluted 1:10 and in the presence
of the serum to be tested, also diluted 1:10.

The number of two-fold dilutions in which a significant difference in
agelutination of the conjugated RBC could be seen between the two sera was
called the RPHI index of the serum being tested.

The RPHI index method was tested for its potential usefulness as a
liagnostic tool and the results seem promising. The agreement between this
method and FA, in the relatively few sera tested, was good both in cases
of murine typhus and spotted fever.

The use of RPH and RPHI for the differentiation of rickettsial species
proved disappointing in the case of SF, but seems promising for the dif-
ferentiation of murine and epidemic typhus rickettsiae or antisera.
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In the case of known rabbit and guinea pig antisera it was found pos-
sible to differentiate among the sera resulting from the immunization or
infection of the animals with the two different rickettsiae. Unfortunately,
known positive human epidemic typhus antisera were not available to us so
that we were unable to test this method with human sera.

Attempts were made to separate various antigenic components from
spotted fever antigens, using brushite anionic and cationic ion-exchange
columns, in the hope that some of these components would be species spe-
cific rather than group specific. Results here too were disappointing.
Pecies specific antigens were not detected using RPH or RPHI techniques,
but only group specific antigens.

CONCLUSIONS

l. Fluorescent antibody methods revealed 293 past and present rickettsio-
ses in sera from 552 suspected cases. Of these, 223 were shown to be
current spotted fever and 49 current endemic typhus.

2. On the basis of complement fixation tests using paired sera, current
infections with spotted fever were confirmed in 73 cases and with mu-
rine typhus in eight. In the same sera, immunofluorescent staining of
IgM detected 117 cases of current spotted fever and nine cases of cur-
rent murine typhus.

3. OSpecific IgM antibodies against rickettsiae following primary infec-
tion, may persist at low levels - for six months or longer indicating
the need for caution in diagnosing current infections on the basis of
the presence of only minimal amount of specific IgM.

4. Normal human serum contains some factor which inhibits agglutination,
by homologous antigen, of glutaraldehyde fixed chicken erythrocytes
conjugated with anti-spotted fever immunoglobulin. The amount of anti-
gen inhibited is proportionate to the concentration of serum present.

5. It was found possible to titrate the level of antibodies against ricket-
tsiae by making serial dilutions of antigen in the presence of constant
concentrations of test sera, and adding glutaraldehyde fixed chicken
erythrocytes conjugated with homologous immunoglobulin. The same pro-
cedure was followed using normal human serum. The antibody titer or
RPHT index of the unknown serum was then expressed as the difference in
the amount (or number of antigen dilutions) inhibited by the known ne-
gative serum and the unknown serum.
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The RPHI index method was tested with selected animal immune sera and
humane acute and convalescent sera and found to give results in good
agreement with fluorescent antibody methods.

Reverse passive hemagglutination, using erythrocytes conjugated with
serum globulins from animals immunized against murine and epidemic
typhus differentiated between antigens prepared from the two species
of rickettsiae.

One isolation of spotted fever rickettsiae was made from blood taken
from a child just prior to death with disseminated intravascular co-
agulation. The strain proved to be antigenically similar to five of
the previous isolates (T-162, T-193, G-212, S-484, T-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>