
Acta virol. 29: 338—349, 1985

DIAGNOSIS;AND CONTROL OF RICKETTSIAL DISEASES

R. BREZINA

Institute of Virology, Slovak Academy of Sciences, 817 03 Bratislava, Czechoslovakia 

Received November 19, 1984

Summary. — Common isolation procedures on chick embryos and 
laboratory animals are not of great importance for routine diagno­
sis of rickettsioses. Detection of rickettsiae in skin lesions by 
immunofluorescence technique allows early diagnosis of Rocky 
Mountain spotted fever (RMSF). Broad spectrum of methods is 
at disposal for serological diagnosis of rickettsial diseases. Their 
choice is determined by laboratory equipment, profesionality 
of laboratory staff, economy and simplicity of the given test. 
Though complement-fixation and microagglutination tests held 
their position and will certainly be used in future, the use of indi­
rect immunofluorescence test is recommended for its sensitivity 
and simplicity. Latex agglutination test is valuable especially in 
the diagnosis of acute rickettsial infections. Recently introduced 
ELISA method is expected to fulfil the highest requirements"as 
to sensitivity in differentiation of rickettsioses within the known 
classification groups. The efforts to obtain efficient antirickettsial 
vaccines have been limited to preparation of the Vaccines against 
RMSF and Q fever. As to the latter, elaboration of chemovaccine 
and preparation of chloroform-methanol-treated phase I C. 
burnetii suspension of decreased reactogenity seem promising in 
field trials.
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Introduction

In spite of the fact that rickettsial diseases still pose a serious 
problem world round, they have not received such public attention as many 
other maladies, largely because their presence or the true magnitude of their 
occurrence remain unrecognized. “Longevity” of rickettsial diseases as a pub­
lic health problem is based on the peculiarities of ecology of their agents: 
rickettsiae occur in nature (at present even Rickettsia prowazekii, the causati­
ve agent of epidemic typhus, does not represent any exception) in arthropod 
vectors and animal reservoirs, in the cycles of transmission not depending 
on man, who, with an exception of Q fever, can be infected only occasionally 
by arthropod bite. Of all rickettsial diseases only epidemic typhus and Q 
fever may occur as extensive and explosive epidemics. Significance of the
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occurrence of rickettsial diseases markedly varies in different geographic re­
gions, based on the whole number of ecological factors, on the part of causati­
ve agents, and on social and economic conditions, including the level of hygiene 
and education, on the part of susceptible human population. Escape of man 
from urban areas to nature, its cultivation, the possibility of rapid migration 
by modern means of transport represent new factors leading to the higher 
frequency of cases of tick-borne rickettsioses not only in suburban areas, 
but also in the areas in which their occurrence has not been previously 
registered. However, rickettsial diseases pose the greatest problems among 
population groups that have the least resources for their detection, surveillan­
ce and treatment.

Clinical information, while helpful, is insufficient for identification of ricket­
tsial disease and their reliable differentiation from other pyrexias. The clinical 
picture of rickettsial diseases may vary from inapparent forms to manifest 
ones. Q fever, because of little typical clinical signs, in acute form easily con­
founded with many virus and bacterial diseases, chlamydial incuding, mani­
fests in clinically distinct chronic forms as endocarditis and hepatitis (Turek 
et al., 1976; Turek, 1981). The possibility of application of wide-spectrum 
antibiotics in any febrile disease of microbial origin, weakens the efforts of 
exact diagnosis and leads to suppression of the development of typical clini­
cal signs. On the other hand, lack of information on clinical picture may cause 
an exclusion of antibiotics from the therapy with very serious consequences, 
because of the high mortality in some rickettsial diseases (epidemic typhus, 
RMSF, scrub typhus, chronic Q fever), which were not treated with efficient 
antibiotics. Finally, the recently observed atypical course of some rickettsial 
diseases should be taken into consideration, as the lack of eschar in scrub 
typhus after reinfection with antigenically differing strains or the enteric 
fever in murine typhus cases from Kuwait and Rangoon.

Early laboratory diagnosis of rickettsial diseases
Detection of identification of R. prowazekii by immunofluorescence in the 

gut of lice collected from the body of a patient suspicious from epidemic 
typhus, enable to confirm diagnosis as early as within several hours after 
hospitalization. The haemocyte test demonstrating the presence of spotted 
fever group rickettsiae in ticks (Gurgdorfer, 1970; Řeháček et al., 1971), 
1971), provides the same possibility for early diagnosis of tick-borne rickett­
sioses. For early diagnosis of the latter is also at disposal the identification of 
rickettsiae by direct immunofluorescence in skin biopsy specimens obtained 
from the rash by punch biopsy, as shown in cases of RMSF (Woodward et al., 
1976; Walker and Cain, 1978; Walker et al., 1978; Hall and Bagley, 1978; 
Fleisher et al., 1979). Negative result of the test, however, does not exclude 
the possibility of rickettsial disease (Linneman, 1980). Detection of rickettisal 
antigens in the patient’s blood and urine, as attempted in the past by many 
authors in epidemic cases of murine and scrub typhus, will probably be used 
in future at enzyme-linked immunosorbent assay (ELISA) capable to assess 
minimal amounts of antigen.
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Routine methods of rickettsial isolation are not of a greater importance 
for early diagnosis, with an exception of isolation and identification of rickett- 
siae by primary cultivation of monocytes collected from huffy coat of patients 
suffering from RMSF (DeShazo et al., 1976). Worth mentioning is also the 
biochemical met hod of early laboratory diagnosis of RMSF using the frequen­
cy-pulsed electron capture gas-liquid chromatographic analysis of sera to 
prove volatile components, which are formed as a consequence of metabolites 
produced by the infecting agent, as a result of metabolic changes induced 
in the host by the disease or as a result of specific host response (Brooke et al., 
1981). Even though this method is helpful from the onset ot rickettsial disease, 
evidently it will hardly be able to contribute to the diagnostic potential of 
great majority of rickettsial laboratories.

Serological diagnosis of rickettsial diseases
Serological methods still hold a leading position in diagnosis of rickettsial 

diseases. The spectrum of the methods used is broad, and the methods deve­
loped for other fields of microbiology are readily applied also in rickettsiology. 
Introduction of a new method is usually accompanied by authors commenta­
ry enumerating the disadvanteges of the older methods. Sensitivity, specifi­
city, simplicity, economy and quickness are proclaimed as attributed of 
each novel method. Advances in a few top laboratories are only poorly 
reflected in developing countries, i.e. in regions with the highest occurrence 
of rickettsial diseases. The lack of specific antigens as well as of skilled workers 
makes it possible surviving the use of Weil-Felix (WF) reaction. In collabo­
rative studies, the aim of which is to examine suitable sensitive and simple 
methods of serological diagnosis, are mostly engaged again only well equipped 
laboratories.

Complement-fixation (CF) and microagglutination (MA) tests
Both tests still hold and will probably hold their position and reputation 

in serological diagnosis of rickettsial diseases. The CF test is generally consi­
dered to become positive later in the course of disease (usually about on day 
10 from the beginning of disease); it reflects the presence of specific, mostly 
IgG antibodies for many years, so that it is suitable for serological surveys. 
It is commonly used for diagnosis of all rickettsial diseases. Because as many 
as 5 reagents participate in this test, its results are directly proportionate to 
their quality, especially to the quality of .rickettsial antigens, whether soluble 
or corpuscular. Lower susceptibility of CF test, e.g. in comparison with 
indirect immunofluorescence (IF) test (Newhouse et al., 1979), is not its only 
disadvantage. Repeated assertion (in text-books and scientific papers as well) 
on the possibility of differentiation between epidemic and murine typhus 
by washed corpuscular R. prowazekii and Rickettsia typhi antigens is rather 
superstition than reality. The future of such a differentiation among repre­
sentatives of typhus and spotted fever group rickettsiae is in the isolation and 
characterization of the surface protein antigens as indicated by Dasch and 
coworkers by demonstration of species-specific antigens in R. prowazekii
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and R. typhi (Dasch, 1981; Dasch et al., 1981). The possibility of such a differ 
rentiation is badly needed, because, e.g. sera of RMSF patients cross-react 
in CF test up to 68% with R. prowazelcii antigen (Shepard et al., 1976). 
Corpuscular antigens, however, were proved suitable for classification of 
Rickettsia tsutsugamushi strains in Japan, though plaque reduction assay 
represents the more exact approach to this problem (Oaks et al., 1980).

The MA test requires highly purified antigens stained either by haemato- 
xylin in case of Coxiella burnetii or by acridine orange in case of typhus or 
spotted fever group rickettsiae (Fiset et al., 1969). Because of these require­
ments, the MA test is less often used than it could deserve for its reliability, 
sensitivity and simplicity. In Q fever it detects antibodies earlier (on days 
5 — 6) than CF test. It can also be used for detection of residual antibodies 
and in serological surveys as well (Brezina et al., unpublished data). For 
routine diagnosis of Q fever the use of artificial phase II antigen is recommen­
ded, i.e. trichloroacetic acid (TCA) — or KIC>4-treated phase I C. burnetii 
cells (Brezina und Urvôlgyi, 1961; Schramek et al., 1972) or phase I C. burnetii 
cells subjected to mild acid hydrolysis (Schramek et al., 1978).

Both CF and MA tests are very important in diagnosis of chronic forms 
of Q fever, for which are significant the high levels of phase I antibodies that 
may reach extreme 105 values in either test used. However, our results (Kazár 
et al., 1977; Brezina et al., in preparation) and those of Haldane et al. (1983) 
have not confirmed the statement of Peacock et al. (1983) that predominance 
of phase I in comparison to phase II antibodies is a rule in chronic Q fever 
endocarditis. In both chronic Q fever endocarditis and hepatitis antibodies of 
IgA type can be detected by IF test.

IF test
The IF test is at present considered as the simpliest and the most economi­

cal test for early diagnosis of rickettsial diseases as well as for seroepidemiologi- 
cal studies and differentiation of rickettsial isolates. Microimmunofluores­
cence (MIF) test originally developed for diagnosis of chlamydial infections 
has the whole number of advantages; it requires negligible amounts of sera 
and antigens, serum can be titrated on one glass with several antigens, it 
enables determination of immunoglobulin classes and thus evidence for recent 
primary infection even in the case that only one serum sample is at the dispo­
sal for serological examination. The MIF test is highly sensitive and specific, 
its titres being higher than those of other serological reactions. The MIF 
test was the most consistently elaborated by Philip and coworkers for use in 
diagnosis of rickettsial diseases, especially of RMSF and epidemic typhus 
(Philip et al., 1976) as well as for the typization of isolates from different 
tick species collected in different regions of the U.S.A. (Philip et al., 1976, 
1978, 1981; Philip and Casper, 1981). Due to the use of this test, the authors 
found 18 rickettsial serotypes, 15 belonging to spotted fever group and 3 to 
typhus group rickettsiae, respectively, of them 7 isolates being related with 
human diseases.

The IF test is widely used also in scrub typhus studies. Since 1963, when 
it had been first employed for serological diagnosis of the disease, it has been
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used for serological classification of R. tsutsugamushi isolates from various 
animal hosts and mite vectors in different areas of scrub typhus occurrence 
(Shirai and Wisseman, 1975; Dohány et al., 1978; Shirai et al., 1980), making 
also possible to find out new serotypes (Shirai et al., 1982). Recently it has 
been successfully used for serological survey of exposed army contingents 
in Malaysia (Brown et al., 1983).

Advantages of MIF over the CF test were demonstrated in seroepidemio- 
logical survey of Q fever in some areas of Canada (Marrie et al., 1984). A new 
qualitative solid phase fluorescent antibody test (FIAT) has recently been 
developed to measure antibodies in Q fever in man and animals with excellent 
correlation with CF results (Asclier et al., 1983a).

In general, the MIF test was shown to be superior to the WF and CF tests. 
Antigens for the use in the MIF tests are purified preparations of rickettsiae 
killed with formalin and stabilized with merthiolate.

Indirect haemagglutination (IHA) and latex agglutination (LA) tests
It can hardly be said that the attempts of some laboratories to introduce 

IHA test for common diagnosis of rickettsial diseases would be proportionate 
to its actual use. An erythrocyte-sensitizing substance, which can be easily 
obtained from typhus and spotted fever group rickettsiae was characterized 
as to the conditions of tis extraction, resistance to trypsin and reduction of 
activity by sodium metaperiodate (Osterman and Eisemann, 1978). The test 
detects antibodies, predominantly of the IgM type, not only in humans but 
also in laboratory animals (Anacker et al., 1979). In humans it begins to be 
positive from day 6 of the disease in a greater percentage than the CF test. 
The possibility of using glutaraldehyde-stabilized erythrocytes represents 
the simplification of IHA test for detection of antibodies to Rickettsia rickettsii 
in man but not in laboratory animals (Shirai et al., 1975). Addition of comple­
ment changes the IHA test to passive haemolysis, in which substantially hig­
her antibody titres than in IHA test are achieved (Bázliková et al., in prepara­
tion). The IHA test can also be used for detection of phase I C. burnetii 
antibodies, when sensitizing erythrocytes by antigenic components extracted 
from purified phase I cells with TCA or phenol (Brezina et al., 19780).

In the LA test is utilized the ability of latex particles to bind to their surfa­
ce erythrocyte-sensitizing substance, so that they can be than agglutinated 
with antibodies directed to typhus or spotted fever group rickettsiae (Heche- 
my et al., 1981a, b). The results of absorbtion tests showed that erythrocyte- 
-senzitizing substances binding to erythrocytes and latex particles are not 
completely identical (Hechemy et al., 1983a). Comparative study carried out 
in 11 laboratories revealed good correlation between the results of LA and 
MIF tests. The LA test was proved suitable for diagnosis of recent acute 
infection, providing the finding of high antibody titres, but it cannot deter­
mine immunoglobulin classes (Hechemy et al., 19836).

Enzyme-linked immunoassay
Recently ELISA was developed to measure rickettsial antibodies. Moreover, 

this sensitive, versatile test will be excellent research tool for quantitating
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antibody response to antigenic fractions of rickettsiae, but the need for ex­
pensive instrumentation makes it so far impractical for routine serological 
diagnosis. It is more sensitive than CF test for detection of antibodies to 
typhus group rickettsiae, it differentiates to a certain extent between R. pro- 
wazekii and R. typhi and it is capable of detecting immunoglobulin classes. 
Renografin-purified rickettsial suspensions are more sensitive than particular 
antigens prepared by standard methods from chicken embryo yolk sacs (Halle 
et al., 1977; Halle and Dasch, 1980). In scrub typhus, the sensitivity of ELI­
SA corresponded to that of IF test including detection of IgM and IgG anti­
bodies (Dasch et al., 1978). In Q fever the use of ELISA for detection of IgM 
antibodies makes it possible in case of high antibody titre to determine correct 
diagnosis even when examining only one serum sample (Field et al., 1983).

For diagnosis of trench fever the enzyme immunoassay using rabbit and 
goat antisera to guinea pig and human IgG coupled with horseradish peroxi­
dase was tested. The results surprisingly showed antigenic relatedness of 
Rochalimaea quintana with R. tsutsugamushi and probably also with spotted 
fever group rickettsiae (Hollingdale et al., 1978). Its use in studies of antigens 
of R. tsutsugamushi strains Karp, Kato and Gilliam separated by dodecyl- 
-sulphate polyacrylamide gel electrophoresis revealed in each strain 6 antige­
nic components, two of which in strains Karp and Kato not reacting with 
heterologous sera (Eiseman and Osterman, 1981). Finally, it should be noted 
that Japanese authors used an direct immunopefoxidase technique for 
serological diagnosis of scrub typhus (Yamamoto and Minamishima, 1982).

Of importance for the choice of serological method in diagnosis of rickett­
sial diseases is the fact that for some tests, e.g. CF, MA and MIF, the same 
stock antigens can be used. Besides that, decisive is the availability of requi­
site equipment and supplies such as fluorescent microscopes, reliable fluores- 
cinated conjugates, microtitre plates and dilutors.

Prevention and control
Since the Ilnd International Symposium on Rickettsiae and Rickettsial 

Diseases in 1976, in which Wisseman (1978) completely and critically summa­
rized the state of immunoprophylaxis, chemoprophylaxis and chemotherapy 
of rickettsial diseases, with an exception of Q fever, only a few data have 
been accumulated that may lead to newer measures directed against aetiologi- 
cal agents, their vectors and to alteration of human susceptibility by specific 
immunization. This state was eventually reflected also in summarizing of the 
problem by WHO working group in 1982 (WHO working group on rickettsial 
diseases, 1982). For these reasons the analysis of contemporary state of con­
trol and prevention of rickettsial diseases will be limited only to chemoproph­
ylaxis and vaccination.

Chemoprophylaxis
WHO working group recommends chemoprophylaxis only in special situa­

tions where adherence to a critical time-dose relationship unique for each 
rickettsiosis can be assured. Moreover, the ecology of scrub typhus rickettsiae
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stimulates to elaboration of effective chemoprophylaxis in the problem 
regions. Recent results of two groups of authors classify doxycycline (Vibra- 
micin) as an excellent antibiotic for scrub typhus prophylaxis among personel 
exposed to high risk of infection. Weekly dose of 200 mg protected from the 
disease 20 volunteers who were exposed to blood sucking by infected chiggers 
(Twarz et al., 1982) as well as more than one thousand soldiers situated for 
о months in hyperendemic focus of scrub typhus on Pescadore Islands (Olson 
et al., 1980). The possibility of RMSF prophylaxis was suggested by experi­
ments in guinea pigs, in which one dose of oxytetracycline, administered 
shortly before expected onset of the disease, prevented its development 
(Kenyon et al., 1978).

Vaccination

Considerable stagnation is being registered in development of vaccines, 
whether live of killed, against epidemic typhus. Commercially produced 
killed vaccines are of variable and unpredictable potency. Mason et al. (1976) 
reported the results of clinical trials evaluating four lots of typhus vaccine. 
One vaccine lot was selected for possible use as a federal (in the U.S.A.) 
reference vaccine. The future obviously lies with subunit vaccines consisting 
of defined and characterized specific protein antigens which appears to be 
nontoxic and highly immunogenic (Dash and Bourgeois, 1981; Bourgeois and 
Dash, 1981).

Multiple serotypes complicate the problem of preparing effective vaccines 
against scrub typhus. The development and duration of immunity to lethal 
scrub typhus infection was studied in mice vaccinated with gamma-irradiated 
R. tsutsugamushi, strain Karp. A significant difference was found in the dura­
tion of homologous and heterologous protections (Eisenberg and Osterman, 
1978).

Ever lasting high incidence of RMSF in the U.S.A. stimulates interest for 
preparing the suitable vaccine against this disease. However, evaluation of 
different types of killed vaccines of rhesus and cynomolgus monkeys was 
not very encouraging. Cell-culture derived vaccines (chick or duck embryo 
cells) were proved more immunogenic than vaccines pepared from yolk sac 
membranes (Kenyon et al., 1975a, b, 1976). Vaccine density, number of its 
doses and interval between doses were shown decisive for development of 
effective protective effect (Sammons et al., 1976; Conder et al., 1979). Similar 
results were obtained in guinea pigs in which also indicators of cell-mediated 
immunity were followed (Folds et al., 1983). The method enabling comparison 
of efficiency of different vaccines in guinea pigs was elaborated (Anacker 
et al., 1976). A new formalin-inactivated vaccine prepared by sucrose-density 
gradient centrifugation of tissue grown R. rickettsii which was evaluated in 52 
persons, provided only partial protection against RMSF but ameliorated the 
illness (Clements et al., 1983). Anacker et al. (1983) indicated the way to deve­
loping a subunit vaccine by isolation and characterization of surface antigens 
of Triton X-100 extracts of R. riclcettsii.

No doubt, the best progress in preparation and evaluation of vaccines has
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been achieved with Q fever. In contrast to other rickettsiae, phase I C. burne­
tii has a highly efficient protective antigen in its surface extractable by tri­
chloroacetic acid (Brezina and Urvôlgyi, 1961). This substance is a protein- 
-lipopolysaccharide complex (Schramek and Brezina, 1974, 1976; Kazár et al., 
1978) and fulfils the requirements of subunit vaccine. It is far less toxic than 
the equivalent amount of phase I corpuscules from which it was extracted. 
It has been suggested to be promising, based on the experimental vaccination 
of human volunteers (Cracea et al., 1973; Brezina et al., 1974), though whole 
cell C. burnetii vaccine in very low doses was used recently for human vacci­
nation (Ascher et al., 19836), and the possibility of removing the toxic proper­
ties for mice of phase f, corpuscules by their chloroform-methanol treatment 
was demonstrated (Wiliams and Cantrell, 1982; Kazár et al., 1983). An immu­
nization trial carried out on 1410 persons professionally exposed to Q fever 
confirmed the suitability of our chemovaccine (Kazár et al., 1982). Excellent 
evidence fo its high protective effect is the fact that it completely prevented 
from contracting Q fever about 150 personels or visitors of the Rickettsial 
Department of Institute of Virology in Bratislava, where despite of all other 
prophylactic measures human Q fever infections had not been unfrequent be­
fore starting vaccination. Capability of the chemovaccine to induce both humo­
ral and cellular immune responses (Jerrells et al., 1975; Kazár et al., 1984) 
along with its low reactogenicity when excluding from vaccination persons 
who contracted Q fever in the past, suggest its use in personel at risk.

This review is far from completness and this has not been its purpose 
either. Development in rickettsiology using the favouring methods of mole­
cular biology promises more detailed characterization of rickettsial organisms. 
Obligatory biotropism of rickettsiae underlines interests for the study of their 
physiology. There in no doubt that results from these fields will be used in 
improving the diagnostic methods and in preparation of efficient vaccines 
based on defined antigenic substances capable to induce immune mechanisms 
responsible for protection measurable by parameters of both humoral and 
cell-mediated immunity.

References

Anacker, R. L., Smith, R. E., and Hamilton, M. A. (1976): New assay of protective activity of 
Rocky Mountain spotted fever vaccines. J. clin. Microbiol. 4, 309—311.

Anacker, R. L., Philip, R. N., Thomas, L. A., and Casper, E. A. (1979): Indirect hemagglutination 
test for detection of natibody to Rickettsia rickettsii in sera from humans and common laborato­
ry animals. J. clin. Microbiol. 10, 677—684.

Anacker, R. L., Philip, R. N., Casper, E., Todd, W. J., Mann, R. A., Johnston, M. R., and Nauck, 
Ch. J. (1983): Biological properties of rabbitt antibodies to surface antigen of Rickettsia, ricket­
tsii Infect. Immun. 40, 292—298.

Ascher, M. S., Berman, M. A., and Ruppaner, R. (19836): Initial clinical and immunological eva­
luation of a new phase I Q fever vaccine and skin test in human. J. infect. Dis. 148, 214—222.

Ascher, M. S., Horwitz, G. S., Thornton, M. F., Greenwood, J. R., and Berman, M. A. (1983a): 
A rapid immunofluorescent procedure for serodiagnosis of Q fever in mice, guinea pigs, sheep 
and humans. Diagn. Immunol. 1, 33—38.

Bourgeois, A. L., and Dasch, G. A. (1981): The species-specific surface protein antigen of Rickettsia 
typhi: lmmunogenicity and protective efficacy in guinea pigs, pp. 71—80. In W. Burgdorfer 
and R. Anacker (Eds): Rickettsiae and Rickettsial Diseases. Academic Press, New York, London.



346 BREZINA, R.

Brezina, R., and Úrvôlgyi, J. (1961): Extraction of Coxiella burnetii phase I antigen by means 
of trichloroacetic acid. Acta virol. 5, 193.

Brezina, R., Pospíšil, V., and Schramek, Š. (1970): Study of antigenic structure of Coxiella 
burnetii. VTI. Properties of phenol-extracted phase I antigenic component. Acta virol. 14, 295— 
—301.

Brezina, R., Schramek, Š., Kazár, J., and Úrvôlgyi, R. (1974): Q fever ehemovaccine for human 
use. Acta virol. 18, 269.

Brezina, R., Kazár, J., Palanová, A., Tvrdá, В., and Schramek, Š. (1981): Vaccination against Q 
fever in occupationally exposed persons in the district Velký Křtíš (in Slovak). Čs. Epidem. 30, 
1—9.

Brooks, J. B., McDade, J. E., and Alley, C. C. (1981): Rapid differentiation of Rocky Mountain 
spotted fever from chickenpox, measles, and enterovirus infections and bacterial meningitis 
by frequency-pulsed electron capture gas-liquid chromatografic analysis of sera. J. clin. Micro­
biol. 14, 165—172.

Brown, G. V., Shirai, A., and Groves, M. G. (1983): Development of antibody,to Rickettsia 
tsutsugamushi in soldiers in Malaysia. Trans. R. Soc. trop. Med. Hyg. 77, 225—227.

Burgdorfer, W. (1970): Hemolymph test. A technique for detection of rickettsiae in ticks. Am. 
J. trop. Med. Hyg. 19, 1010—1014.

Clements, M. L., Wisseman, C. L., Woodward, T. E., Fiset, P., Dumler, J. S., McNamee, W., Black, 
R. E., Rooney, J., Hughes, T. P., and Levine, M. M. (1983): Reactogenicity, immunogenicity, 
and efficacy of a chick cell-derived vaccine for Rocky Mountain spotted fever. J. infect. Dis. 
148, 922—930.

Conder, J. C., Kenyon, R. H., and Pederen, E. C. (1979): Evaluation of a killed Rocky Mountain 
spotted fever vaccine in Cynomolgus monkeys. J. clin. Microbiol. 10, 719—723.

Cracea, E., Dumitrescu, S., Botez, D., Toma, E., Bandu, C., and Ioanid, L. (1973): Immunization 
in man with a soluble Q fever vaccine. Arch, rourn. Path. Exp. 32, 539—541.

Dasch, G. A. (1981): Isolation of species-specific protein antigens of R. prowazekii and R. typhi for 
immunodiagnosis and immunoprohlaxis. J. clin. Microbiol. 14, 333—341.

Dasch, G. A., Halle, S., and Bourgeois, A. L. (1978): Sensitive microplate enzvme-linked immuno­
sorbent assay for detection of antibodies against scrub typhus rickettsia. Rickettsia tsutsuga­
mushi. J■ clin. Microbiol. 9, 38—48.

Dasch, G. A., and Bourgeois, A. L. (1981): Antigens of the typhus group of rickettsiae: Importance 
of the species-specific surface protein antigens in eliciting immunity, pp. 61—70. In W. Burg­
dorfer and R. L. Anacker (Eds): Rickettsiae and Rickettsial Diseases. Academic Press, New York, 
London.

Dasch, G. A., Sammons, R. J., and Williams, J. C. (1981): Partial purification and characteriza­
tion of the major species-specific protein antigens of Rickettsia typhi, and Rickettsia prowazekii 
identified by rocket immunoeleetrophoresis. Infect. Immun. 31, 276—288.

DeShazo, R. Ď., Boyce, J. R., Osterman, J. V., and Stephenson, E. H. (1976): Early diagnosis of 
Rocky Mountain spotted fever. Use of primary monocyte culture technique. J. A. M. A. 233, 
1353—1355.

Dohány, A. I., Shirai, A., Robinson, D. M., Ram, S., and Huxsoll, D. L. (1978): Identification and 
antigenic typing of Rickettsia tsutsugamushi in naturally infected chiggers (Acarina: Trombi- 
culidae) by direct immunofluorescence. Am. J. trop. Med. Hyg. 27, 1261—1264.

Eiseman, Ch. S., and Osterman, J. V. (1981): Antigens of scrub typhus rickettsiae: Separation by 
polyacrylamide gel electrophoresis and identification by enzyme-linked immunosorbent assay. 
Infect Immun. 32, 525—533.

Eisenberg, G. H., and Osterman, J. V. (1978): Gamma-irradiated scrub typhus immunogens: 
development and duration of immunity. Infect. Immun. 22, 80—86.

Field, P. R., Hunt, J. G., and Humphrey, A. M. (1983): Detection and persistence of specific IgM 
antibody to Coxiella burnetii by enzyme-linked immunosorbent assay: A comparison with 
immunofluorescence and complement fixation tests. J. infect. Dis. 148, 477—487.

Fiset, P., Ormsbee, R. A., Silberman, R., Peacock, M., and Spielman. S. H. (1969): A microagglu­
tination technique for detection and measurement of rickettsial antibodies. Acta virol. 13, 60— 
—66.

Fleisher, G., Lennette, E. T., and Honig, P. (1979): Diagnosis of Rocky Mountain spotted fever 
by immunofluorescent identification of Rickettsia rickettsii in skin biopsy tissue. J- Pediatr. 93, 
63.



REVIEW 347

Folds, J. D.. Walker, D. H., Hegarty, B. C., Banasiak, D., and .Lange, J. V. (1983): Rockj’ Moun­
tain spotted fever vaccine in an animal model. J. clin. Microbiol. 18, 321—326.

Haldane, E. V., Marrie, T. J., Faulkner, R. S., Lee, S. H. S., Cooper, J. H., MacPherson, D. C., 
and Montaque, T. J. (1983): Endocarditis due to Q fever in Nova Scotia: experience with five 
patients in 1981—1982. J. infect. Die. 148, 978—985.

Hall, W. C., and Bagley, L. R. (1978): Identification of Rickettsia rickettsii in formalin-fixed, 
paraffin embedded tissued by immunofluorescence. J. clin. Microbiol. 8, 242—245.

Halle, S., Dasch, G. A., and Weiss, E. (1977): Sensitive enzyme-linked immunosorbent assay for 
detection of antibodies against typhus rickettsiae, Rickettsia prowazekii and Rickettsia typhi. J. 
clin. Microbiol. 8, 101—110.

Halle, S., and Dasch, G. A. (1980): Use of sensitive microplate enzyme-linked immunosorbent 
assay in a retrospective serological analysis of a laboratory population at risk to infection with 
typhus group of rickettsiae. J. clin. Microbiol. 12, 343—350.

Hechemy, K., Stevens, R. W., Sasowski, S., Michaelson, E. E., Casper, E. A., and Philip, R. N. 
(1979): Discrepancies in Weil-Felix and microimmunofluorescence test results for Rocky Moun­
tain spotted fever. J. clin. Microbiol. 9, 292—293.

Hechemy, K. E., Osterman, J. V., Eisemann, Ch. S., Elliot, L. B., and Sasowski, S. J. (1981a): 
Detection of typhus antibodies by latex agglutination. J. clin Microbiol. 13, 214—216.

Hechemy, К. E., Sasowski, S., Anacker, R. L., Philip, R. N., Kleeman, К. T., and Crump, C. 
(19816): Rocky Mountain Spotted Fever: First-year evaluation of a latex agglutination test 
for antibodies to Rickettsia rickettsii, pp. 159—169. In W Burgdorfer and R. L. Anacker (Eds): 
Rickettsiae and Rickettsial Diseasses. Academic Press, New York, London.

Hechemy, К. E., Anacker, R. L., Carlo, N. L., Fox, J. A., and Gafar, H. A. (1983a): Absorbtion 
of Rickettsia rickettsiii antigens in four diagnostic tests. J. clin. Microbiol. 17, 445—449.

Hechemy, К. E., Michaelson, E. T., Anacker, R. L., Zdeb, M., Sasowski, S. , J., Kleeman, К. T., 
Mehsen. J. J., Jagdish, P., Kudlac, J., Elliot, L. B., Rawlings, J., Crump, C. E., Folds, J. D., 
Dowda, H., Barrick, J. H., Hind3an, J. R., Kilgore, G. E., Yong, D., and Altieri, R. H. (19836): 
Evaluation of latex-Rickettsia rickettsii test for Rocky Mountain spotted fever in 11 laborato­
ries. J. clin. Microbiol. 18, 838—946.

Holingdale, M. R., Herrman, J. E., and Winson, J. W. (1978): Enzyme immunoassay of antibody 
to Rochalimea quintana: Diagnosis of trench fever and serological cross-reactions among other 
rickettsiae. J. infect. Dis. 137, 578—582.

Jerrells, T. R., Malavia, L. P., and Hinrichs, J. D. (1975): Detection of long-term cellular immuni­
ty to Coxiella burnetii as assayed by lymphocyte transformation. Infect. Immun. 11, 280—286.

Kazár, J., Schramek, Š., and Brezina, R. (1977): Analysis of serumimmunoglobulins in patient 
with chronic Q fever (in Slovak). Bratisl. lek. Listy 67, 109—113.

Kazár, J., Schramek, Š., and Brezina, R. (1978): Immunological properties of the lipopolysaccha- 
ride-protein complex of Coxiella burnetii. Acta virol. 22, 309—315.

Kazár., J., Brezina, R., Palanová, A., Tvrdá, В., and Schramek, Š. (1982): Immunogenicity and 
reactogenicity of a Q fever chemovaccine in persons professionally exposed to Q fever in 
Czechoslovakia. Bull. Wld Hlth Org. 60, 389—394.

Kazár, J., Schramek, Š., and Zajacová, S. (1983): Induction of splenomegaly in mice by killed 
Coxiella burnetii cells. Acta virol. 27, 65—70.

Kazár, J., Schramek, §., and Brezina, R. (1984): The value of skin test in Q fever convalescents 
and vaccinees as indicator of antigen exposure and inducer of antibody recall. Acta virol. 28, 
134—140.

Kenyon, R. H., Sammons, L. S., and Pedersen, C. E. (1975a): Comparison of three Rocky Moun­
tain spotted fever vaccines. J. clin. Microbiol. 2, 300—304.

Kenyon, R. H., and Pedersen, C. E. (19756): Preparation of Rocky Mountain spotted fever vacci­
ne suitable for human immunization. J. clin. Microbiol. 1, 500—503.

Kenyon, R. H., Canonico, F. G., Sammons, L. S, Bagley, R. L., and Pedersen, C. E. (1976): 
Antibody response to Rocky Mountain spotted fever. J. clin. Microbiol. 3, 513—518.

Kenyon, R. H., Williams, R. G., Oster, Ch. N., and Pedersen, C. E. (1978): Prophylactic treat­
ment of Rocky Mountain spotted fever. J. clin Microbiol. 8, 102—104.

Linnemann, C. C. (1980): Skin biopsy in diagnostic of Rocky Mountain spotted fever. J. Pediatr. 
Í16, 781—782.

Marrie, T. J., Van Buren, J., Faulkner, R. S., Haldane, E. V., Williams, J. C., and Kwan, C. 
(1984): Seroepidemiology of Q fever in Nova Scotia and Price Edward Island. Can. J. Microbiol. 
30, 129—134.



348 BREZINA, R.

Mason. R. A., Wenzel, R. P., Seligmann, E. B., and Ginn, R. K. (1976): A reference, inactivated, 
epidemic typhus vaccine: clinical trials in man. J. biol. Standard. 4, 217—224.

Newhouse, W. F., Shepard, C. C., Redus, M. D., Tziabanos, T., and McDade, J. E. (1979): A com­
parison of the complement fixation, indirect fluorescent antibody and microagglutination tests 
for the serological diagnosis of rickettsial diseases. Am. J. trop. Med. Hyg. 28, 387—395.

Oaks, S. C., Hetrick, F. M., and Osterman, J. V. (1980): A plaque reduction assay for studying 
antigenic relationships among strains of Rickettsia tsutsugamushi. Am. J. trop. Med. 29. 998— 
1006.

Olson, J. G., Bourgeois, A. L., Fanf, R. C. Y., Coolbaugh, J. C., and Dennis, D. T. (1980): Preven­
tion of scrub typhus. Prophylactic administration of doxycycline in a randomized double blind 
trial. Am. J. trop. Med. 29, 989—997.

Osterman, J. V., and Eiseman, Ch. S. (1978): Rickettsial indirect hemagglutination test: Isolation 
of erythrocyte sensitizing substance. J. clin. Microbiol. 8, 189—196.

Peacock, M. G., Phillip, R. N., Williams, J. C., and Faulkner, R. S. (1983): Serological evaluations 
of Q fever in human: Enhanced phase I titer of immunoglogulins G and A are diagnostic for 
Q fever endocarditis. Infect. Immun. 14, 1089—1098.

Philip, R. N., Casper, E. A., Ormsbee, R. A., Peacock, M. G., and Burgdorfer, W. (1976): Micro­
immunofluorescence test for the serological study of Rocky Mountain spotted fever and typhus. 
J. clin. Microbiol. 3, 51—56.

Philip, R. N., Casper, E. A., Burgdorfer, W., Gerloff, R. K., Hughes, L. E., and Bell, E. J. (1978): 
Serological typing of Rickettsiae of the spotted fever group by microimmunofluorescence. 
J. Immunol. 121, 1961—1968.

Philip, R. N., and Casper, E. A. (1981): Serotypes of spotted fever group rickettsiae isolated 
from Dermacentor andersoni (Stiles) ticks in western Montana. Am. J. trop. Med. Hyg. 39, 230— 
238.

Philip, R. N., Lane, R. S., and Casper, E. A. (1981): Serotypes of tick-borne spotted fever group 
rickettsiae from western California. Am. J. trop. Med. Hyg. 30, 722—727.

Řeháček, J., Brezina, R., Kováčová, E., and Župančičová, M. (1971): Haemocyte test — an 
easy, quick and reliable method for detection of rickettsiae in ticks. Acta virol. 13, 237—240.

Sammons, L. S., Kennyon, R. H., and Pedersen, C. E. (1976): Effect of vaccination schedule on 
immime response of Macaca mulata to cell culture-grown Rocky Mountain spotted fever vacci­
ne. J. clin Microbiol. 4, 253—257.

Schramek, Š., Brezina, R., and Úrvôlgyi, J. (1972): A new method of preparing diagnostic Q fever 
antigen. Acta virol. 18, 487—492.

Schramek. Š., and Brezina, R. (1974): Properties of protective antigen isolated from Coxiella 
burnetii (in Slovak). Čs. Epidem. 23, 321—324.

Schramek, §., and Brezina, R. (1976): Characterization of an endotoxic lipopolysaccharide from 
Coxiella burnetii. Acta virol. 29, 152.

Schramek, Š., Brezina, R., and Kazár, J. (1978): Influence of mile acid hydrolysis on the antige­
nic properties of phase I Coxiella burnetii. Acta virol. 22, 302—308.

Shepard, C. C., Pedus, M. A., Tziabanos, T., and Warfield, D. T. (1976): Recent experience with 
the complement fixation test in the laboratory diagnosis of rickettsial diseases. J. clin. Micro­
biol. 4, 277—283.

Shirai, A., and Wisseman, Ch. L. (1975): Serological classification of scrub typhus isolated from 
Pakistan. Am. J. trop. Med. Hyg. 24, 145—153.

Shirai, A., Dietel, J. W., and Ostermann, J. V. (1975): Indirect hemagglutination test for human 
antibody to typhus and spotted fever rickettsiae. J. clin. Microbiol. 2, 430—437.

Shirai, A., Dohány, A. L., Gan, E., Chan, T. Ch., and Huxsoll, D. L. (1980): Antigenic classifi^- 
tion of Rickettsia tsutsugamushi isolated from small mammals trapped in developing oil palm 
complex in peninsular Malaysia. Jap. J. med. Sci. Biol. 33, 231—234.

Shirai. A., Campbell, R. W., Gan, E., Chan, T. C., and Huxsoll, D. L. (1982): Serological analysis 
of Rickettsia tsutsugamushi isolated from North Queensland. Aust. J. exp. Biol. med. Sci. 60, 
203—205.

Turek. W. P. G., Howitt, G., Turnberg, L. A., Fox, H., Longson, M., Matthews, M. B., and Das 
Gupta, R. (1976): Chronic Q fever. J. Med. 45, 193—198.

Turek, W. P. G. (1981): Chronic Q fever, pp. 1473-1477. In A. I. Braude (Ed.): Medical Micro­
biology and Infectious Diseases. W. B. Saunders Co., Philadelphia, London.



REVIEW 349

Twartz, J. C., Shirai, A., Selvaraju, G., Saunders, J. P., Huxsoll, D. L., and Groves, M. G. (1982):
Doxycycline prophylaxis for human scrub typhus. J. infect. Dis. 1 46, 801—818.

Walker, D. H., and Cain, B. G. (1978): A method for specific diagnosis of Rocky Mountain spotted 
fever on fixed paraffin-embedded tissue by immunofluorescence. J. infect. Dis. 137, 206—209. 

Walker, D. H., Cain, В. B., and Olmstead, R. M. (1978): Laboratory diagnosis of Rocky Mountain 
spotted fever by immunofluorescent demonstration of Rickettsia rickettsii in cutaneous lesions. 
Am. J. clin. Path. 69, 619.

WHO Working Group on Rickettsial Diseases (1982): Rickettsioses: a continuing disease problem. 
Bull. Wld Hlth Org. 60, 157—164.

Williams, J. D., and Cantrell, J. L. (1982): Biological and immunological properties of Coxiella 
burnetii vaccines in C57BL/10cN endotoxin-nonresponder mice. Infect. Immun. 95, 1091—1102. 

Wisseman, C. L. (1978): Prevention and control of rickettsial disease, with emphasis on immuno­
prophylaxis, pp. 539—583. In J. Kazár, R. A. Ormsbee, and I. N. Tarasevich (Eds): Rickettsiae 
and Rickettsial Diseases. Veda, Bratislava. 4

Woodward, T. E., Pederen, C. E., Oster, C. N., Bagley, L. R., Romberger, J., and Snyder, M. J. 
(1976): Prompt confirmation of Rocky Mountain spotted fever: Identification of rickettsiae in 
skin tissues. J.infect. Dis. 134, 297—301.

Yamamoto, S., and Minamishima, Y. (1982): Serodiagnosis of tsutsugamushi fever (scrub typhus) 
by the indirect immunoperoxidase technique. J. clin. Microbiol. 15, 1128—1132.


