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Summary

This work was undertaken to determine the pathogenic mechanism by which
Rickettsia conorii causes disease. R. conorii, an organism that has been
neglected in spite of its widespread distribution and pathogenic qualities,
was studied in human subjects, animai models, and in vitro. The purpose of
the work is to elucidate the pathology of boutonneuse fever and the patho-
genic mechanisms which might be blocked therapeutically or prophylactically.
Human tissues were investigated by 1ight microscopy, histochemistry, immuno-
fluorescence, and electron microscopy. In vitro models of cell injury by R.
conorii included the plaque model and celT culiure release of lactate
dehydrogenase.

Of biopsies of 1esions compatible with tache noires from 22 patients in
Sicily, 16 have been documented as BF, 1 was Shown not to have BF, and 5
have incomplete data at present. Evaluation of the documented cases semi-
quantitatively for presence and severity of specific pathologic features
yielded the following: cutaneous necrosis was present in 10 of 15
evaluatable taches noires; vasculitis was severe or maderate in all 16;
thrombosis was severe in only 1, moderate in only 1, m:1d in 4, and absent
in 10; dermal edema was moderate in 12, and mild in 4, The predominant
leukocytes were 1ymphocytes and macrophages; immunofluorcscent Rickettsia
conorii were demonstrated in 12,

-These results indicate that vascular injury by rickettsfae is the major
lesion and that dermal edema is the important result. Thrembosis was
generally absent or only focal and mild. ‘

Seven consecutive Sicilian patients with boutonneuse fever who
consented to liver biopsy had hepatic lesions. This suggests that R.
conorii 1s frequently viscerotropic and 1n patients with particular risk

factors poses a serious threat. Clinicoepidemiologic studies with European

collaborators depict boutonneuse fever as geographically widely distributed .
and at times quite severe. The problem of developing a good animal model
for boutonneuse fever has been solved only for'R. conorii hepatitis in which
our studies of the mouse model have progressed. We may conclude that the
pathogenfc mechanisms and pathophysiology of R. conorii infection are being °
defined at the tissue level and that the celiular level s our current goal.
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Foreword

For the protection of human subjects, the investigator has adhered to
policies of applicable Federal Law 45CFR46.

~In conducttné the research described in this report, the {nvest{gator
adhered to the "Guide for the Care and Use of Laboratory Animails,” prepared
by the Committee on Care and Use of Laboratory Animals of the Institute of

Laboratory Animal Resources, National Research Council (DHEH Publication No.

{NIH) 78-23, Revised 1978.
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Statement of Problem

Spotted fever group rickettsiae including Rickettsia conorii, R.
sibirica, and R. akari are important potential causes of miiitary health
problems. In order to meet the challenges of these diseases to the health of
groups of soldiers who enter zoonotic areas, methods of effective prevention,
improved diagnosis, and optimal treatment are required. Development of an
effective vaccine offers the best hope for prevention of boutonneuse fever and
other spotted fever group rickettsioses. No 2ffective vaccine exists for any
of these rickettsial diseases. Because most effective vaccines for
prokaryotic organisms rely upon interdiction of the specific pathogenic
mechanism of the organism, e.qg., diphtheria and tetanus, it is important to
elucidate the pathogenic mechanism of cell injury by R. conorii. The failure
of killed rickettsial and bacterial vaccines, e.g., Rocky Mountain spotted
fever, typhoid fever, and cholera, may be a result of a lack of stimulation of

- the immune system to block crucial pathogenic steps. The goal of this

research contract is to determine the pathogenic mechanise for R. conorii.
Laboratory research on hypothetical rickettsial pathogenic effects must be
compared with observations on the human disease in order to assure as well as
possible the relevance and reality of working modeis of the host-parasite
interaction. The problems of lack of information on the pathology of
boutonneuse fever, the human ultrastructural lesions for any rickettsiosis,
and the composition of the fmrune and inflammatory cell populations actually
presant in foci of rickettsial infection in humans are addressed in this
research project. Diagnosis of boutonneuse fever, North Asian tick typhus,
.and rickettsialpox is an unsure affafr with considerable room for error.
Misdiagnosis and deiayed diagnosis result in prolonged 111ness, need for more
care often inciuding nursing and hospitalization and failure to institute
epidemiologic preventive i11ness. Yet, clinical features are variable and do
not always lead to a timely correct diagnosis. There has heen no rapid, acute
laboratory diagnostic method. Serologic diagnosis 1is a retrospective tool
employed during convalsescence or in the late stage of the 111ness. There are

few facilities in the world for isolation of R. conorii, and the 1aboratory

procedure for isolation is both cumbersome and Yong. A diagnostic test that
can be applied during the acute stage of illness is an expected spinoff of
this research project.

Background

Rickettsial diseasas occur over a wide geographic distribution, ave
firmly entrenched ecologically, and pose an important threat to both military
and public health, :

‘ Members of the genus Rickettsia are classified into three gicups on the
basis of shared group antigens: spotted fever qroup, typhus group, and scrubd
typhus group. A1l are obligate intracellular bacteria which spend at least a’
portion of their 1ife in arthropod hosts such as ticks, mites, fleas, or lice.
They ail affect man in a similar fashion with hematogenous spread and infec-
tion of vascular endothelium producing increased vascular permeability and
vasculitis in multiple organ systems. These ricketisiae include the etiologic
agents of diseases that have been documented as major military health
problems. Rickettsia prowazekii has affected the outcome of numerous military
campaigns for centurfes. R. tsutsugamushi was a severe problem in Asia and
the western Pacific theaters during World War II and infected soldiers in the
Viet Nam War. These rickettsiae have continied to attra:t research support.
Although R. conorii has received far less attention, it too has been docu-
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mented as an important cause of {111lness among troops in South Africa. R.
conorii is a member of the spotted fever group of rickettsiae along with other
human pathogens including R. rickettsit (Rocky Mountair spotted fever), R.
akari (rickettsialpox), R. sibirica (North Asian tick typhus), and R. .
australis (Queensiand tick typhus). Isolates of spotted fever group
rickettsiae from the Mediterranean basin, where the disease s known as
bcutonneuse fever, East Africa (Kenya tick typhus), South Afrira (Seuth
African tick typhus), and the Indian subcontinent (Indian tick typhus), were
all shown to be members of the same species, R. conorii, by the ouse toxin
neutralization test. Data presented by Myers and Wisseman on DNA hybridiza-
tions among the spotted fever group rickettsiae have documented close rela-
tionships among various strains of R. conorii including rickettsiae associated
with the severe disease occurring in [srael and . rickettsii. Many of these
hybridizations were in the range of 90-100% homoYogy.

' Infection of man with var{ous strains of R. conorii occurs in 2 wide-
spread geographic distribution in the 01d World with well-documented disease
in the Mediterranean basin, Africa, and the Middle East from Israel to India.
In the Mediterranean basin, the disease is endemic in Portugal, Spain,
southern France, Italy, Greece, Romania, Turkey, Morocco, Algeria, Tunisia,.
Libya, and Egypt as well as in the margins of the Black Sea and the Caspian
basin. More recently it has been reported from South Africa, Kenya, India,
Pakistan, Togo, Ethiopia, Cameroun, and Israel.

In the majority of the areas where the disease is endemic, it occurs as
sporadic cases during the summer months with 1ittle variation in the annual
numbers of cases reported. Scafidi notes that there were 107 cases in Israel
in 1974, around 30 annual cases in Tunisia from 1961-1975, and 20 annual cases
in Marseille from 1925-1930. He and Bourgeade et al, however, point ocut that
these numbers do not reflect the reality since the great majority of patienrts
are treated at home and are not reported. This is also an explanation for the
scarcity of information about the prevalence of the disease.

The 1ow endemicity that prevails in the majority of the affected areas
has changed significantly in Italy where, since 1975, there was a sharp
‘increase in the incidence of the disease. Indeed, from an average of less
than 10 cases per year up to 1972 the number of cases in Sicily increased
progressively to reach 219 cases in 1379. Similar increases were observed in
other regions of Italy as Liguria, Sardinia, and Lazzio; in this last men-.
tioned region that includes the city of Rome, there were 369 cases reported in
1979 . Besides in Rome, the disease has also been reported in suburban and.
urban Marseille, and there are data that it is also increasing in Spafu and
Portugal. A large number of reports of boutonneuse fever have been published

"recently in Spain., Many cases are seen in southern France around Marseille
every year.

The causes for such a rapid increase in the incidence of boutonneuse
fever in Jtaly are not apparent. The Italians have suggested several possible
explanations: 1) increasa in the vector tick population, 2} introduction of
new vectors, and 3) changes in the ecosystem. There have been some very
interesting observations on the i1sle of Ustica where, after the recent intro-
duction of wild rabbits, there was an explosive proliferation of Hyalomma
excavatum, a tick that had rarely been found in the island previously. Gilot,
et al also mention the possibility of adaptation of certain species of ticks,
parasites of wild animals, to human dwellings and the potential consequences
of the transmission of boutonneuse fever.

What {is happening in Italy, France and Spain may occur in other regions.

© Weyer, reviewing the subject of ricksttsioses in 1978, said, "Despite the

great successes in control, none of the rickettsioses pathogenic for man have
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been eradicated. Therefore, it is necessary to preserve the knowiedge about
these once devastating and important diseases because the present situation
could change suddenly.”

Indeed, recent data have demonstrated that several different species of
ticks harbor R. conorii not only in the known endemic areas but also in

' regions where the human disease is not recognized including Pakistan, Armenia, i

Thailand, areas of France, Czechoslovakia, Austria, and Germany,

Boutonneuse fever is transmitted to man from ticks, most frequently by '
Rhipicephaius s2nguineus. Infected ticks transmit the disease through their
nfected salivary secretions curing the bite; exceptiornally the agents may
invade the human host from infectious tick material through abrasions in the
skin or through the conjunctivae. There are references that report the
disease being acquired by persons who rubbed their eyes after deticking dogs
and, in fact, the principal investigator has observed just such a case. The
agent appears innocuous to the tick which also serves as reservoir for R.
conorii which is transmitted transovarially in ticks. Small wild mammals are
the source of blood meals for immature forms of R. sa uineus. Dogs, and on
occasion man, are the source of blood meals for the agult stage. The ‘
following species of ticks, besides the common vector Rhipicephalus sanguineus
have been reported to harbor R. conorii: Ixodes ricinus, R. hexaﬁonus, ‘
Dermacentor marqinatus, and D. reticulatus in France; Haemaphysalis leachii,
AmbTyomma hebraeum, Rnipicephalus appendiculatus, R. evertsi, and Hya)omma
marginatus rufipedes in %outlﬁ Africa; Amblyomma variegatum and Hyalomma -
albiparamatum in Kenya; Ixodes granulatus in Malaysia; Rhipicephalus simus,
EEIFoma variegatum, A. cohaerens, and A. gemma in Ethiopia; and

p

cephalus bursa, Hyalomma marginatum, H. lusitanicum, and Haemaphysalis

Eunctata in Sicily. Moreover, serological tests in wild and domestic animals
ave shown that antibodies against R. conorii are present in several species
in many regions, some of them far away from the known endemic areas. In
Sicily, 20% of dogs harbor R. sanquineus and 29-71% of them have antibodies to
R. conorii identified by indirect immunofluorescence assay. Serologic tests
have Tdentified antibodies against R. conorii in large numbers of healthy
persons: 1in Africa, 13% of sera vontained antibodies in an investigation in
Cameroun and similar results were reported from Niger, Zaire ard Central
African Republic; in Greece 16% of 560 sera from healty persons were positive;
data from France indicate that positive serology in healthy persons has been
observed in Caen, Nantes, and Lyon. In one endemic area of Sicily 19.3% of
healthy subjects had positive immunofluorescence assay for anti-R. conorii
antibodias. Not all of these studies employed the same serological tests, and
there is variation in specificity among different tests. Some, however, used
specific fmmunofluorescence techniques. '

A1l the data above presented confirm the suggestion of Weyer that the
stage is set for an increase in the frequency of boutonneuse fever and that
this may occur in many different areas of the world.

Recently there have been reports of cases of boutonneuse fever in German
and Swiss tourists who had returned from endemic areas and even of cases in
American tourists returning from Africa. Interestingly, a tick was found on
one of these patients that might, 1f circumstances had been favorable, have :
become established in an American ecological niche. Cases have also been !
reported in persons 1iving in Paris and other parts of Europe that are not »
near the Meditarranean Sea. '

Human {11ness caused by R. conorii infection is usually an incapacitating
febrile exanthem. Death has been reported more frequently in recent years,’
and some strains of R. conorii possess the capability of producing severe
disease requiring hospitalization and critical medical and nursing care. The
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diseass usually resolves spontaneously in one or two weeks, this pcriod being
reduced by appropriate antibiotic therapy which may be given at home. It is
necessary to emphasize that even when mild the 111ness is incapacitating and
in a minority of cases ca. be severe or even fatal; woreover, ia certain
regions, as apparently {s the case in Israel, South Africa, France, and Spzin,
i1t can assume a more severe course similar to the picture of Rocky Mountain
spotted fever. Severe disease has been associated with C6P0 deficiency,
alcoholism, older age, anu diabetes. Men are slightly more frequently
affected than females, and the disease cccurs at all ages being, however,
uncom.on in the very young and very old. Most of the patients report contact
with dogs, ticks, or recent visit to endemic areas; others are farmers or
hunters. The incubation period varies from 7 to 14 days, but can be as chort
as 4 or as long as 2. days. In the majority of the cases the patient
r~nembers being bitten by a tick and vrom 33% to 92% ~f them have an eschar
(tache noire) at the site of the tick bite. Les: frequently they have acute
uniiateral conjunctivitis. '

The disease begins with sudden increase in temperature to levels as.hfgh
as 40°C; at the same time the patients complain of joint and muscle pain and
violent, persistent headache that is frequenti retrocrbital. There is also.
congestion of the conjunctivae and mild ymphadenopathy. These manifestations
coincide with the appearance of the eschar. Four to five days after the
beginning of the fever the typical rash appears; it is first observed on the
1imbs but rapidly expands to trunk and face with palms and soles also being
involved. In some cases even the oral mucosua presents an exanthem. In the
beginning the rash appears as erythematous macules that rapidly change to a
maculopapular pattern and eventually become nodular or button-1ike, as the
name describes. The early lesions are 1ight pink, but some of the older ones
may become darker or hemorrhagic. The rash occurs in successive bouts so that
lesions in different phases may be observed side by side.

Fever persists for 7-14 days, and during this period 46% of the patients
develop splenomegaly, 20% hepatomegaly, and some patients, signs of puimonary
conjestion. Diarrhea, constipation and vomiting may also occur. Neurological
signs of meningezl irritation as nuchal rigidity or Kernig's sigy as weil as
obtundation and even coma can be nbserved in a mtuority of the cases. These
more severe manifestations occur mainly in older or debilitated persons; they
are exceptional in children. Recovery is uneveriful withcut any saquelae..
Mortality is low. In a few casas, however, compiications occur; they are rare
and, as stated, tend tn occur in older debilitated persomns. Scafidi et al
describe cases of hyprrtoxic, “"dermatotifosa” and hemorrhagic disease, the
last form being assoc’ ated with severe gastrointestinal or genital bdleeding.
Fatal gastrointestinal hemorrhage with rir attsial vasculitis of the stomach
has been described. Scafidi et al describe cases with atrial fibrillation,
myocardial ischemia, and renal Complications. A series of French publications
describe “"atypica® rickettsiosis® with pericarditis, pleuritis, and
preumonitis. ~_ae uf the cases, however, did not present with eschars and the
final diagnosis was made by positive microagglutination tests according to the
method of Giroud, thus raising doubts concerning the diagnosis. In Israel,
hc  ver, there have been some very interesting cases of tick-barne
rickettsiosis with severe renal insufficiency requiring dialysis; tn these
cases, there are questions about tne exact classification of the etiologic
agent that did not conform exactly with the antigenic stricture of R. conorii.
More recently severe and fatal cases have been described in South Africa,
Spain, and France,

The clinical feature that is most significant diagnostically in R.

conorii infection {s the tache no've which deveiops at the site of tickbite in
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spproximately 50% of cases. The tache noirs, or black spot, 13 a zone of
dermal and epidermal necrosis which may appear prior to onsat of fever and
rash, Conor and Burch did not describe eschars 1n the original report of
human R, conorii infection 1n 1910. Tache noire is . French tera and was ;
{ntroduced in 1525 by Pleri to refer to the ticxbite /site eschar 1n I
boutonneuse fever. Thereafter, the term tiine noire seems to have been used
contimuously. Similar eschars are freouentTy observed in scrub typhus (R.
tsutsugamushi), North Asfan cick typhus (R. sibirsca,é. rickettstalpox, (R.
akari), a nsland tick typhus (R, w:tr'ﬂ'gsi. schars are rarely
served in Rocky Mountain spotted fever & not occur in typhus tever and
murine typhus, Thus, eschars are seer only in rictqtuosos transmitted by
inoculation of infected salivery secretions by ticks and mites and are not
observed tn rickettsioses tranmmitted by scretching rickettsta-contatning
Touse or flea feces into the skin. Patients who develop Joutonneuse fevar
after accidental introduction of infected ticx constitutents into the
conjunctiva do not have eschars, but manifest conJunc‘tivnh at the portal of
antry. ' . |
r’Our 1aboratory has descrided the clinical features, drightfield micro-
scopic pathology, and distribution of R. rickettsi{ in eschars which occurred
fn two fatal cases of Rocky Mcuntain spotfed Tever axamined at autopsy. These
eschars consisted of & 8 x 10 sm oval region of necrotic epidernis and under-
lying dermis. The necrotic zone was surrounded by aizone of blood vessels

" that ware injured with extensive thrombosis and intramurel and perivascular

mononuc lear influwmatory cells. Imminohistochemical exsxination revesled very
Targe quantities of R, rickettsi! in the endothelium and . scular wall of
these blocd vessels, 1

There {3 some degree of conl. aversy sbout the role .f constituents of
tick salivary secretions such as enzymes assncisted with tickbite in the
pathogenesis of the tache noire. Experimental studies suggest that the dose 1
of inoculum of richeti<Tae rather than the tickbite ftself 13 cructal,
Inoculation of & large drse of R, rickettsii, a generally nonescharogenic
wicvgtisis, 1nto human s'.in by syringe and ne~dle produces eschars. lnocula-
tion of R. conorii into the skin of syphilitic subjects as pyrotherapy pro- :
duced tache: noires pre.portionsl to the quantity of rickettsiae injected. : 7
E7en nonescharogenic fi. mooseri produces eschars in the skin of guines pigs 4
{njected intradermally by syringe 4nd needle with 4 lare- dose of rickettsise.
Hot 211 monkeys inoculated with & fsutsugemushi develic - 2n eschar at the
injection site; some develod only Japules rh do MOt wiid. g0 epidermal
necrosis and ulcerstion, RedDits inoculated intracutanecusly with a high dose
of R. sibirica developed an sschar; reddits inoculated with 1% of the escharo- . {
genlc dose devi oped only cutaneous erythems without necrosis or formation of

a dark crust. Thus, tha tache noire appears to de an accessibie lesion that q
contains the pethogenic mechanisms of R. conorif and! the {mmune and inflam- ‘
tory mechantsms of the host that lead to Pealing, | . v

Hypothetical rickettsial pathogenic mechanisms inclyde both those that ' “i

are host-mediated and rickettsia-mediated. Host-madiated mechanisms of injury
which have been oroposed include immunopathology, dlood coagulation, and
Inflammetion. Rickettsia-medtated mechanisms might include endotoxin, exo-
toxin, enzymes that destroy host components, metabolic competition for the
host's intracellular substrates, ATP parasitism, andihost cell meubrane injury
on rickettsial penetration into and/or release fromithe target cell,
Experimental evidence indicates that host-mediated pathogenic mechanisms
such as {mmuncpacholoqy, Shwartzman phenomenon-11ike blood roagulation, and
inflaswation are not the primary mechanisms of injury in \... :tion by R,
rickettsii, Localized effects of kallikrein are probadbly events secondary to i
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the primary pathogenic mechanism({s). Occlusive vascular thrombosis 1s fafre-
quent and has not been demonstrated as a primary pathogenic mechanism

Mmong the hypothetical rickettsia.mediated mechanisms of injury,
currently no toxin of R. rickettsii has been identified, and there fs evidence
against the existence oF 7 toxin as an fmportant pathogenic mechanism. The
confusion regarding this hynothesis has orfginated in the so-called mouse
‘toxin phenomenon and in erroneous analogfes drawn between endotnxin and
rickettsfue. Mouse toxicity depends on viable, metabolically active
rickettsiae and i3 prevented by heating (60°C for 20 minutes), exposure to
dilute formalin, rickettsial starvation, ultraviolet irradiation, specific
anti-rickettstal antiserum neutralizatton, and a beta-)ipoprotein present in
some normal human sera. The pathogenesis of this phenomenon may be related to
the pathophysiology of the rickettsia-host cell intaraction, e.g., massive
rickettsial penetratfon of endothelfum. Rickettsiae of both the typhus and
spotted fever groups have been shown to contain 1ipopolysaccharides. However,
the endotoxin activity in biocassays including the Shwartzman phenomenon and
Limulus assay was considerably less than that of potent bacterifal endotoxins.
Moreover, study of the adrenal 1n fatal RMSF has not demonstraled the patholo-
gic lesions expected of endotoxin-mediated pathogenesis. Further avidence
agllnst the hypothesis of rickettsial toxin has been demonstrated tn the
pi*we model, Thys, the avidence for a rickettsial toxin of pathogentc {mpore
tarce 13 quite meager.

The plaque model has been estadlished as 2 usefu) tool for investigation
of pashogenic mechanisms of cell injury by R, rickettsii. !noculation of
confluint monolayers of primary chick ewbryo cel{Ts derived from 12.day old
specifi. pathogen-free, antibiotic-free, embryonated hen's eggs with a defined
quantity «* 2. ricketsisii results 1n , predictadble course of infection and
pathologic aTtarations In vitro. Each infectious unit under agarose overlay
produces contiguous centrifugal spread of intracellular infection and tnjury
to the host cell monolayer. This model produces a qrossly visidble ptaque on
day 5 after ‘noculation when a second overlay of agarose-rontatining the
supravital dye neytral red is added. The plague provids, a tempural and
spatis] cross-section of the rickettsia-host cell imerection including
~ickettsial penetration, proliferation and relasse, and host cell
cytopathologic alteratfons and necrosis. Morphometric analysis of the plaque
and surrounding infected and uninfected cells has been performed maintiining
the topographic relationships of the cells as a monolayer. The results hava
shown the association of intensity of infection and cytopathology at the
microscopic and ultrastructural levels. There fs a statistically highly
stgnificant relationship between the intensity of infection as measured by the
quantity of intracellulaer rickettiiae and the presence of cellular {njury as
Judged by cytopstholoyy and necrosis. This relstionship i3 valid indepen-
dently of the apparent duration of infection. That is to say, more heavily
parasitized host cells are more 1ikely to exhibit pathologic alterstions, even
1f they are located at the margin of the plaque, than those cells which
contain fewer rickattsiae and are nesrer to the center of the plaque. This
study also confirms the observattion of Silverman and Wisseman that the typical
cytopathologic change in chick ambryo cells infectsd with R, rickettsit ts
distinct diiation of the cisternae of endoplasmic reticulum. s
ultrastructural finding {s characteristic of the response of an injured cell
to the influx of water. The utilization of the technique of maintsining the
topography of the monolayer intact enadled us to determine that the uninf- ted
celly of the monolayer even within 1 mm of the intensely infected marginal
zone of the plaque were normel Dy ultrastructural and supravital dve stafning
criteria even though they were exposed to the seme milieu of extracellular
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nutritional factors, nonspecific toxic products of metabolism and substances
released from injured cells, and senescence of cultured cells. Thus, the
plaque modes, which has a 0.5% agarose overlay that prevents rapid, distant
spread of ricrttstae and yet allows for diffusion of macromolecules, demon-
strated that cell injury was limited to the more heavily parasitized cells and
that there was no toxic effect on uninfected cells, even those immediately
adjacent. This {s strong evidence that R. rickettsii does not elaborate an
extracel lular toxin which affects chick mmbryo cells. Further studies {n our
Jaboratory have extended this cbservation and conclusion to Vero cells which
are of primate origin and to human umbilical vein endothelial cells. ‘

Another strong indicatfon that R, rickettsii does not produce an impor-
tant toxin resulted from observations utilizing parabfotic chambers.

"Special ly designed flasks contained coversl{ips with monolayers of cells with

fluid overlay in separate chambers which were separated by an 0.22 um
#i114pore filter. R. rickettsii was inoculated into one chamber of s-veral
flasks; other control T1asks were observed without rickettsiae in efth.r
chamber. Inoculated monolayers developed cytopathic effect associated witn
heavy rickettsial infection, On the other hand, the cells in the opposite
chamber remained viable with the same appearance as monolayers of unmanipu-
lated parabiotic chambers. No toxic macromolecules injured the side of the
chamber which was protected from rickettsial infection by the 0.22 um filter.
The filter offered no barrier to the free passage of molecules between the
infected and uninfected chambers. Thus, in an experimental system in which
rickettsiae injured infected host cells, we demonstrated no effect of putative
toxin, which would have been in equal concentration in the extracellular fluid
of both chambers 1f it were present.

Examination of the hypothesis of competition for metabolic substrates
has also failed to produce evidence to support it as a pathogenic mechanism
in plaque ~odel experiments with suppiemental glutamate and glutamine.
ATthough rickettsiae are capable of generating ATP for penetration of host
celis by oxidation of glutamate, exogenous ATP from the host cell is
utilized for biosymhesis of proteins and lipids by rickettsise. This
energy parasitism 1s mediated by an efficient rickettsial ATP/ADP transpor.
system.  No experiment has yet been designed and executed to test the hypo-
thesis of energy parasitism as a pathogenic mechanisa,

Experiments reported principally by Wirkler and co-workers suggest that
rickettsial penetration-assoctated phospholipase activity injures the host
cell membrene. The work of Winkler and associates on hemolysis by viable R.

rowazekii has led to an understanding ot the rickettsfa-host cel! memdrane
ii'{enction which probably forms the basis of penetration and & mechanism of
cell injury., Rickettsfal hemolysis may be divided {nto two steps,
adsorption and lysis. Hemolysis {s inhibited by cyanide {1 mM KCN, an
inh1bitor of the electron transport system), low t rature (0°C), and
starvation of R, prowazek!i for glutamate. Ghosts erythrocytes exposed
to Mmphotericin 8 or digitonin, compounds which bind to the cholesterol-
containing receptor sites in the erythrocytic membrane, are no longer able
to adsord rickettsiaze. Adsorption and hemolysis are inhtbited by adenine
nucleotides, ADP, ATP, arsenite, which is a Krebs cycle iInhibitor, and 2,4-

- dinftrophenol and m-chloro-phenvihydrazone, which are oxidative

phosphorylation uncouplers. When rickettsiae are unadble to generate ATP dy
metabol fsm of glutamate because of cyanide or arsenite inhibition, added ATP
restores hemolytic activity of the rickettstae. ATP, however, does not
restore hemolytic activity inhibited by uncouplers. Fluoride (10 mM NaF)
prevents hemolysis by inhibition of erythrocytic glycolysis without
affecting adsorption or rickettsial metabolis» Recuntly, riskettsial
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hemolysis has Leen shown 20 be associated with phospholipase A activity,
which resulted tn hydrolysis of fatty acids from the glycerophosphol ipids of
the red bicod cell membrane. Inhibition of either adsorption or lysis also
prevented the release of free fatty acids. .

Penetration by rickettsiae has many correlates with rickettstal
hemolysis. Inactivation of R. tsutsugamushi by heat (56°C for 5 minutes),
exposure to ultraviolet irradiation, or Incubation with 0.1% formalin pre-
vents penetration into host cells. Penetration of I celils by R. prowazekit
comprises two steps, adherence and internalization, and requires active
participation by both the rickettsia and the host cell. Treatment of
rickettsiae with ultraviolet {rradiation, 3% formaldehyde, or 1 M KCX
inhibited adherence to and internai{zation into L cells. The few {nacti-
vated rickettsiae found associated with L cells were mostly adherent rather
than internalized. Treatment of L cells: with NaF (an .shibitor of metabo-
Tism), N-ethyimaletmide, or cytochalasin B inhibited internaltzation of
rickettsiae. Similar studies of the entry of R. prowazekii intc endothelial
cells support the hypothesis of induced phagocytosis. Inoculatic. of R.

rowadzekil onto L cells at large multiplicities of infection {nduced imme-

ate cytotoxicity. This cytotoxic effect was associated with phospholipase
A activity and hydrolysis of fatty acids from host cell phosphol 1pids.
Cytotoxicity and phospholipase were inhibited in a parsllel manner by KCN,
N-ethyimaleimide, NaF, and low temperature,

Further studies in our laboratory of pathogenic mechanisms in the
plaque mode! employed chemical agents, which have a sound thacretizal basts
of inhibiting ricketts{al penetration either at the step of adsorption of
the rickettsia to the host cell (Amphotericin 8 and digitonin} or at the
step of internalfzation associated with phosoholipase A ectivity, have been
demonstrated to reduce plaque formation. Amphotericin B8 and digitonin have
been reported to inhidit the attachment of R. prowazekit to erythrocytic
cell membranes oy binding to a cholesterol receptor in the membrane.
Amphotericin B was introduced in concentrations of 5 and 10 ug/ml to the
overlay after the estadlishment of infected foci on day 4 after {noculation
of R. rickettsii. In order to meintain active Tevels of this drug which hag
a decay of 507 per 24 hours at 37°C, Amphotericin 8 was renlenished in
sequential overlays on days & and 6, On day 6 Amphotericin 8 cauted plaque
reduction of 42-453% at both concentrations. More plaques appeared on day 7
with plaque reduction of 16-23%. A simtlar experiment with digitonin at the
same concentrations caused similar p,aque reduction (38-40%). Plaque reduce
tion was not observed or. day 7. When the levels of cholestero! recaptor-
binding drugs are maintained, plaque reduction can bde demonstrated. This
suggests that inhibition of rickettsial adsorption delays the cytopathic
effect of R, rickettsii 1n primary chick emdryo cells,

Phenterine 1s a drug which has been shown to have phospholipase "2
inhibitory activity, A dose response study with this drug was performed in
the plaque model. Plaque r duction was demonstrated at all doses of phen-
termine: 693 plaque reduction at 0.5 mg/ml; 54% at 0.1 mg/ml; 25% at 0.05
mg/ml; and 322 at 0.C1 mg/ml, These results demonstrate that phentsrmine
reduces the cytopathic effect of R. rickettsii and sugyent thet phospholi-
pese activity may be 2 pathogenic mechanism for R. =ickeiisii, These data
extand and support the obser~vations of Winkler that BﬁospRoTTpcso sctivity
1s associated with hemolysis and immediate cytotoxicity of a large {noculum
of R. prowazekid.

revious reports have documented that R. conorti forus distinct planues
similar to those of R, rickettsii in the plaque model. McDade et al pro-
duced distinct plaques with K. conordi in chick embryo cells with @ first
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Jverlay of medius 199 containing 58 calf serum and 0.5% agarose and a later
second overlay of medium 199, no calf serum, 0.5% agarose, and 0.01% neutral
- red. MWike &t al studied the critical variables in the plaque assay system
for rickettsTae and also showed that R. conorii (Malish strain) produced
distinct plagues in the standard chick embryo monolayer with nutrient over-
lay contatning agarose. Thus, the plague model offers an opportunity to
examine quantitatively and predictably the pathogenic mechanisms of R.
conorif 1n an in vitro system that may be manipulated experimentally to
examine hypotheses such as phospholipase-mediated injury.
~ Because one hypothetical explanation for the apparent rarity of severe
visceral involvement in BF as compared with RMSF (encephalitis, hepatitis,
pneumonitis) 1s Tower temperature sensitivity of R. conorii, we are inter-
* ested in the effects of temperature on the physiology and pathogenicity of
the organism. Oaks and Osterman have investigated the effects of tempera-
ture on the optimal growth of R. conorii., This spectes of rickettsia has an
optimal range for growth fn gasma-Trraiiated L cells of 32-38°C with
inhibited prol/feration at 40°C. The Tow rate of proliferation at 40°C
might explain the minimal visceral involvement in febrile patients whose
body core temperature 1s about 38°C and may exceed 40°C. An unanswered
question is the effect of temperature on the pathogenic mechanism of R.
conorid. .

Approach to the Probles

- .

Many features of boutonneuse fever have been investigated to a far less
degree than typhus fever and Rocky Mountain spotted fever, In particular,
pathogenic mechanisms, immune mechanisms against R. conorii, and the latora-
tory diagnouis of boutonneuse fever have not been Investigated sufficiently.
There. are udvantages of studying human cases, animal models, and cell cul-
ture models of R. conorif infeciion.

The Tocalized Tesion at the site of the tick bite, the eschar or tache
noire, offers an excel lent opportunity to extend our knowledge of pathogenic
mechanisms, {mmune mechanisms, and laboratory diagnosis of BF in humans. In
contrast to typhus and Rocky Mountain spotted fever in which the lesions,
although numerous and widespread, are extremely focal, the tache noire is
sufficiently large and containg a large contiguous network of severely
tnjured blood vessels that will allow predictadble sampling and qualitative
and quantitative analysis of rickettsial Infaction, host cell injury, and
host inflammatory and immune cellular response. Thus, although the
brightfield microscopic lesfons are better described in typhus fever, Rocky
Mountain spottad fever and scrud typhus than in boutonneuse fever, these
reports are not quantitative, often do not demonstrate rickettsiae with the
efficiency and specificity of {mmunnhistochemical technigues, and do not
evaluate the ultrastructure of the human lesfons, Surgically excised, well-
fixed eschars should allow these studies in boutonneuse fever.

As yet no significant in vivo ultrastructural study of the humen host-

rickettsial reletionship has Deen reported. There are two major reasons:

1) the infection in humen skin is extremely focal, in the exact center of
the macviopapular rash of RMSF and typhus and, thus, is difficult to find by
electron microscopy; 2) intensely infected visceral tissues from futal
cases of RMSF and typhus are not suitable for ultrastructural investigetion
because of postmortem autolysis that occurs prior to pe. .rmance of the
necropsy. Surjical biopsy of the tache noire of BF shouid provide wmell-
preserved lesions containing intense K. conorii infection for ultrastruc-
tural investigation. A report of the ultrastructural aspects of an eschar
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in Rocky Mountain spotted fever described rickettsiae in the iesion.
However, the published electron mfcrographs were of poor quality, and no
rickettsiae were {dentifiable in them. Correspondence with the authors
directly in an attempt to obtain copies of the original electron micrographs
or the EM grids for examination personally has not been answered.

A sample of the tache noire is collected by sterile skin dDiopsy
technique under l1ocal anesthesia after ob*aining the patient's informed
consent. The specimen {s divided into three small 1 mm® blocks and fixed
for electron microscopy by immersion in cold buffered glutaraldehyde- ’
formaldehyde solution. The fixed specimen may be held in this solution for
the period of shipping from Italy to our laboratory. On arrival at the
Infectious Pathogenesis Laboratory in the Department of Pathology of the
University of North Carolina, the specimen will be postfixed in 1% osmium
tetroxide, dehydrated in graded alcohol concentrations, embedded in 2 mix~
ture of Epon and Araldite, ultrathin sectioned on an ultramicrotome, and
stained with urany! acetate and lead citrate. Sections will be examined on
a high resolution Zeiss 10 A electron microscope. Other transmiss{:n elec-

. tron microscopes and a high resolution scanning electron microscope are also

available within the departmental facilities should the need arise.

The remainder of the specimen is fixed in neutral buffered-4%
formaldehyde for routine histology, histochemistry, and immunohisto-
chemistry., Fixed tissue will be smbedded in paraffin and a ribbon of serfal
3actions will be cut at 4 um thickness. Adjacant sections will be mounted

‘for staining by hematoxylin- eosin (H E) for routine evaluation of patho-

logic lesions, by phosphotungstic acid-hematoxylin (PTAH) for fibrin
thrombi, by Voerhoff-van Gieson techrique (VV) for evaluation of integrity
of vascular elastic tissue, by moditied Brown-Hopps (BH) technique for
histochemical demonstration of rickettsiie, and by Glemsa technique and
methtyl green pyronin (MGP) for identification of host immune and infliam-
matory cells. Among these stains, PTAH and YV yield highly sensitive
resulits, BH demonstrates intracellular rickettsiae but vith less sensi-
tivity, consistency, and specificity than {mmunofluorescence, and Giemsa and
MGP assist in identification of eosinophils, basophils, neutrophils, acti-
vated 1ymphocytes, and plasma cells but Yeuve 2 large portion of unidenti-
f1ed munonuclear 1ymphocytes. .

Adjacent sections from the ribbon are processed for {mmunofluorescent
demonstration of R, conorii. Sections are affixed onto clean glass slides
with nonsutofluorescent LePuge Bond Fast Resin Glue to prevent them from
being washed off the slide af*»r digestion with trypsin. Sections affixed

to slides with glue are heated in an oven at §0°C for 1 hour, deparaffinized:

in three changes of xylene for 10 minutes each, and rehydrated through .
serial changes of ethanol {u concentrations of 100%, 95%, 70%, 50%, and 3"
and finally in distilled water. Sections are then incubated in 0.1% trypsin
with 0.1% CaCl,, pH 7.8, at 37°C for 4 hours. The slides are washed
thoroughly in 31:?.11 Ted water, washed for 30 minutes in phosphate-buffered
saline, and reacted with the specific immunofluorescent system for R.
conorii. We have used ant{-SFG rickettsial conjugate in the direct immuno-
TTuorescence system and indirect fmmunofluorescence with guinea pig immune
anti-R, conorii serum followed by anti-guinea pig {mmunoglobulin conjugate
to demonstrate structures which have the expected vascular location and
coccobacillary morphology of rickettstae. :

An animal model of boutonneuse faver is needed for examination of
fmmunity including prospective evaluyation of new vaccines, for investigation
of R. conorii pathogenic mechanisms and pharmacologic interventfon with
these pathogenic mechanisms in yivo, and for study of organ systemic patho-
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physiology now that a picﬁure of the visceral lesions {s emerging for
boutonneuse fever. The distributions of lesions and D, conorii need to be
determined for varfous strains of R. conorii in mice, guinea pigs, and other

" species of mammals. Studlies of exper{mental animals in vur laboratory and

others have shown some of the qualitative ultrastructural aspects of the
rickettsia-host interaction. Our ultrastructural analysis of rickettsial
infections demonstrated R. rickettsii in endothelium, vascular smooth
muscle, and phagocytes of fnfected guinea pigs in three investigations:
saline-hydration prolonged survival, antilymphocyte serum immunosuppression,
and tetracycline-treated rickettsta clearance.

Further studies of pathogenic mechanisms of R. conorii are performed in
the plaque mode! which we have exploited in investigations of pathogenic
mechanisms of R. rickettsii. Aliquots of R. conorii stock are thawed and
diluted 1n sucrose phosphate buffer to contain 500 plaque forming units
(pfu) per ml. Confluent monolayers of Vero cells are fnoculated with either
0.1 m1 of diluted rickettsial stock containing 50 pfu of R. conorii or
uninfected diluent. Rickettsial plaque techn‘lq} s performed according to
the pethod of Wike and Burgdorfer and Wike et al. After 30 minutes for
absorption to occur and penetration to peoin, the monclayer is overlaid with
0.5% and agarose in minimia essentiai medium with 5% fetal bovine serum and
incubated at 35°C. On day 4 after innculation, 4 ml of second overlay with
1% neutral red {s addad, and the flzcks are allowed to incubate in the dark
at 35°C, Flasks are examined daily for piaques afterwards with observations
of monolayers by inverted microscope and with collection of specimens for
examination by immunofiuurescent and transmission electron microscopy.

The sides nf the 25-sq cm Falcon flasks opposite the monolayers are
removed by cutting the plastic. Agarose gel overiays are gently removed by
separating the overlay from the sides of the flask with a sharp spatula edge
and allowing the gel to detach under the force of gravity. Exposed mono-
layers are fixed in 70% ethanol for 20 minutes prior to direct immuno-
fluorescent staining for R. conorii with a specific anti-R. conorii conjue
gate. After incubation of monolayers with conjugate for 30 minutes, they
are washed in phosphate-buffered saline for 30 minutes, washed in distilled
water, and mounted with 90% glycerol in phosphate-buffered saline (pH 9) and
cover glass, Monolayers are mxamined on a Leitz Ortholux ultraviolet micro-
scope equipped with the appropriate barrier, exciter, and edge filters for
fluorescein {sothiocyanate fluorescence wicroscopy.

Monolayers with overlays removed as described for immuncfluorescence
are fixed by cot :ring the cells with a solution of buffered 2.5%
glutaraldehyde for 1 hour. Cells are maintained on the plastic surface
throughout postfixation in osmium tetroxide, dehvdrated through a graded
series of ethanol and hydroxypropy! methacrylate solutions, and embedded in
Mo11enhauer’'s Epon-araldite No. 2 followed by pclymerization in an oven at
37°-45°C for 24 hours and then §0°C overnight. tmbedded monolayers are
separated from the plastic flasks. At this point, rickettstal plaques may
be observed with the unaided eye as distinct clear zones surrounded by a
grey-black carpet of cells. Plaques and adjacent celils are cut out and
reembedded in flat molds with the monolayer perpendicular to the plane of
sectioning. Ultrathin sections are cut on an LXB ultrinicrotome using a
diamond knife. Observation of the block during sectioning reveals the exact
relationship of the section to the plaque. Sections are stained with lead
citrate and uranyl acetate and examined on a Zeiss 10A transmission electron
microscope.

Plaque size, time of appearance and phase contrast morphology are
observed. The relationship of R. conorii to plaques is observed by immuno-
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fluorescence microscopy. The cytopathology of injured cells {s described
including state of rough endoplasmic reticulum, mitochondria, plasma mem-
brane, and nucleus. For each plagque zone (center, margin, and periphery),
the quantity of R. conorii 1n cytopathologic and cytologically normal cellis
will be counted and subjected to statistical analysis for assocfation or -
non-association of cytopathology with intensity of intracellutar infection.
The cytology of uninfected cells adjacent to the plaque wi!l be examined.

Plague model studies of penetration-assoctated pathogenic mechanism
employ the plaque model, Amphotericin 3 (5 and 10 ug/mi), and digitonir (5
and 10 ug/ml), compounds which have been shown to bind to cholesterol-’
containing menbrane receptors, to block attacnment of R. prowazekii to
erythrocyte plasma membrane and to reduce piaque formation by K. rickettsid
when incorporated into the agarose-nutrient medium overlay. The seco
overlay contains the same concentration of the chclesterol.receptor dinding
drug. Plaques are enumerated at the time of appearance of distinct plaques
in untreated plaque assays of the same inccuium for statistical analystis.
In a second set of similar enperiments Amphotericin B and digitonin are
introduced only in the second overlay on day 4 after inoculation, at which
time infected foci will be well established. Significant plaque reduction
in this experiment indicates blocking of a pathogenic mechanism, not just
abortion of initial infection.

Une hypothesis which can be tested in the plaque model {s that the
paucity of signs and symptoms pointing to visceral involvement {s due to a
lower threshold of temperature sensitivity of R. conorii. The inability to
produce pathogenic effects at temperatures greater than 38°C could explain
the relative lack of severity of BF when compared with RMSF despite the 91-
94% relatedness of the etiologic agents. The plaquing efficiency of various
strains of R. conorii and R. rickettsii are compared at 32°C, 34°C, 36°C,
38°C, and 40°C.” Variation in number of plaques formed, plaque size (area

© measured morphometrically by computer assisted image analysis), and time of

onset are examined. These results reflect the effect of temperature on
pathogenic effects.

The hypothesis of secretion of a potent extracellular toxin by R. ,
conorii can be examined in an experime.:c utilizing paradbiotic tissue cultute

Chambers. Parabiotic chambery contafiing cell monolayers are separated by

filter with 0.22 m pcre size. This f’1ter prevents the passage of :
rickettsiae from o7¢ chamber to the adjacent chamber, but aliows free
passage of macromo. :cules such as metabolites, putative toxic products, or
enzymes. In some pairs of chambers, one chamber is inoculated with 10
plague-forming units of R. conorii. Other pairs of chambers are maintained
with both chambers untnoculated as co~trnls., On days 3, 5, and 7 postinocu-
lation, trypan blue is added tc selected pairs of chambers, and selected
chambers are examined by immunofluorescence for R. conorii. The degree of
cell injury in infected chambers, uninfected-rickttsTaTl products exposed
chambers, and control chambers is evaluated biindly by estimation of per-
centage of cells failing to exclude trypan blue. Immunofluorescence for R.
conorii confirms the 1imitation of infection to inoculated chambers and
alTows estimation of the percentage of the monolayer that is {nfected.

Results

The study of taches noires from patients with boutonneuse fever has
been performed in colTaboration with physicians at the University of
Palermo. This collaboration has proven successful with opening of several
avenues for the continued investigation of the pathology, pathophysiology,
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and clinical acpects of R. conorii infection in humans. The collaborative
relationships with Drs. Mansueto, Iringali, and others is a valuable and
proditctive resource for the study of R. conorii and boutonneuse fever. They
are very interested in the scientific questions related to the tache noire,
boutonneuse fever, and R. conorii. They have made great efforts to obtain
clinical material, conduct CompTete clinical patient followup and convales-
cent laboratory diagnosis confirmation and to establish a rickettsiology
laboratory. Ongoing and future investigations of pathogenetic mechanisms,
epidemiology, pathophysiology, diagnostic methods anu possibly preventive
measures are mutually achievable goals. Considerable progress has been made
toward these goals. The clinical and professional resources available in
Sfcily are valuable; they comprise interdependent personal and scientific
relationships in a setting which offers excellent opportunities for comple-
tion of designed investigations. Drs. Mansueto and Tringzli have a strong
comnitment to these studies, and they command an impressive ability to
direct their staffs and follow their patients in the classic European style
that brings about a thorough completed study.

During the past year, collaboration with the clinical group of Dr.
Mansueto and the rickettsiology-epidemiology group of Dr. Tringali has
achieved seven principal investigations resylting in a paper presented at
the American Society of Rickettsiology in Laguna Beach, California, in
March, 1985; a manuscript on the frequent occurrence and cliinicopathologic
analysis of hepatic lesions in boutonneuse fever which has been submitted
for publication; a manuscript on cold weather-season cases of boutonneuse
fever with the co!laboration of Dr. Racult of Marseille which has been
submitted for publication; a manuscript on familial cases of boutonneuse ]
fever which has been submitted for publication; a manuscript on acute phase
reactants in boutonneuse fever which has been submitted for publica.ion; and
a submitted manuscript an the analysis of the distribution of ticks infected
with SFG rickettsiae, dogs seropositive for R. conorii antibodies, and human
cases of boutonneuse fever in western Sicily.

) The ASR pager on taches noires traced the history of the term and
presented the results of our investigations. The term tache noire, meaning
a cutaneous dark spot or eschar, was introduced in 1925 by Pieri and Boinet
in France, A work published by Piert in 1933 recounts the origin of the
terminology as translated from the French publication: "“In October 1925, we-
reported the presence of an eschar that was called the tache noire by Boinet
and by ourselves and which represents, in our opinion, the portal of inocu-
lation of the illness. The characteristic version of the tache noire com-
prises a black necrotic crust surrounded by an erythematous ring." The
tache noire was 11lustrated in a series of slides of boutonneuse fever
pati_nts at the ASR meeting. '

0f biopsies of lesions compatible with tache noires from 22 patients in

Sicily, 16 have been documented as BF, 1 was Shown not to have BF, and §

have incompleté data at present. Evaluation of the documented cases semi-
quantitatively for presence and severity of specific pathologic features
(Table 1) yielded the following: cutaneous necrosis was prasent in 10 of 15
evaluatable taches noires; vasculitis was severe or moderate in all 16;
thrombosis was severe in only 1, moderate in only 1, mild in 4, and absent
in 10; dermal edema was moderate in 12, and mild in 4. The predominant
leukocytes were 1ymphocytes and macrophages; immunofluorescent Rickettsia
conorii were demonstrated in 12, ‘
cse results indicate that vascular injury by rickettsiae is the major
lesion and that dermal edema is the important result. Thrombosis was
generally absent or only focal and mild. Thus, the pathogenetic sequence is
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l1ikely to be:

" Tick bite
Injection of Rickettsia conorii into dermis

Local infection of vascular endothel{um

Rickettsial proliferation and spread to adjacent ‘

) endothelial cells

Extensive Jocal infection of vascular endothelium

L 2

Injury to infected endothelium

|

“eakage of intravascular fluid into surrounding dermal tissue

Closure of capillaries by external pressure of edema
closing the Tumina of the microcirculation

V n
Reduced perfusion

Ischemic necrosis of Maintenance of viability; Tocal
dermis and epidermis dark papule due to dermal edema
and hyperemia

NDuring 1983 and 1984, seven patients suspected of having boutonneuse
fever were evalvated by Dr. Staiti in Barcellona (Italy) and by Or. Mansueto
in Palermo and consented to hepati: needle biopsy. The clinical and
serologic data supporting the diagnosis of Rickettsia conorii infection are

‘presented in Table 2. Two patients 4Yad a four-fold rise in titer of anti-

bodtes to R. conorii documented by indirect immunofluorescent antibody assay
(Phitip et al, 1378). A1l seven had serum antibodies to R. conorii; five
patients at a titer of 1:160 or higher. A tache noire and fever were
observed in all seven patients; a rash, in five patients. Thus, the
dfagnosis of boutonneuse fever can be considered as confirmed in two
patients and very probable in the other five. None had signs or symptr _
indicative of hepatic disease.

Clinical records were reviewed for data on serum concentrations of
lactate dehydrogenase, alanine aminotransferase, aspartate amino-
transferase, gamma-glutamyl transpeptidase, and bilirubin.

The hepatic needle biopsies were fixed in neutral buffered 4%
formaidehyde, dehydrated in a series of increasing ethanol concentrations,
embedded in paraffin, sectioned at 4 um and stained with hematoxylin-eosin
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as well as phosphotungstic acid-hematoxylin for fibrin, Verhoeff-vVan Gieson
for elastic tissue, reticulin, amd Perl's Prussian blue for iron. An

- adjacent serfal section was affixed to a microscopic s1ide with Elmer's

glue, deparaffinized in xylene, digested with trypsin, and stained by direct
immunofluorescence with a conjugate reactive with R. conorii as previously

. described (Walker and Cain, 1978; Montenegro et al, I983). :

The hepatic laboratory data and results of evaluation for presence of"
hepatic lesians and R, conorii are presented in Table 3. The moderate
elevations of serum concentrations of LDH, AST, and ALT are compatible with
the presence of scattered foci of hepatocellular necrosis, which involved
only a small proportion of hepatocytes. The Tobular location of
these lesions and the absence of involvement of portal triads is reflected
in that there were no striking deviations of labdratory measurements for
serum hilirubin and alkaline phosphatase during the acute phase of the
i{11ness. Nevertheless, it is remarkable that all biopsies contained lesions
which appeared to fit into the sequence of hepatocellular necrusis followed
by focal, predominantly mononuclear leukocytic, inflammatory reaction. Yet,
in no case were intact immunofluorescent SFG rickettsiae identified in the
tissue. It is probable that alcoholic or other hepatic injury may have
occurred as an underlying condition in some of these patients in whom fatty
change was observed. This investigation confirms the reports of Guardia et

*al (1974) and Faure et al (1977) who have described hepatic lesions in

patients with boutonneuse fever. It is our interpretation that these
lesions do not fit the designation granulomatous hepatitis, but vather
consist of foci of hepatocellular necrosis and predominantly mononvclear
leukccytic reaction ta the necrosis and probably former site of R. conorii
infection. The lesion differs from a true granuloma in that it {s not an
avascular aggregate of activated macrophages in contrast to the
granuiomatous hepatitis of Q fever in which aggregates of macrophages are
observed i~ a peculiar doughnut arrangement (Picchi et al, 1960; Pellegrin
et al, 1980). C. burnetii resides within the phagolysosome of macrophages,
the target cell of Q fever (Burton et al, 1971), whereas endothelial cells
are the primary target of R. conorii in most organs (Walker and Gear, 1985).
The target cell of R. conorTi Tn Tiver awaits further study of human cases
and animal models. In fatal cases of R. conorii infection in South Africa,.
immunofluorescent rickettsiae have been demonstrated in hepatic sinusoidal
iining cells that may have been Kupffer cells or endothelial cells (Walker
and Gear, 1985). Adjacent necrosis was associated with foci of rickettsial
infection in those fatal cases, thus suggesting a role for rickettsiae in
hepatocel lular injury and the probabie ciearance of rickettsiae from lesions
in the biopsies by effective host immune and phgocytic mechanism.

These 1esions resemble multifocal hepatocellular necrosis and inflam--
mation observed in mice infected experimentally with R. conorii (Montenegro
et al, 1984). The observations that similar lesions occur Tn both immuno-
competent and T-1ymphocyte deficient mice although more rickettsiae persist
in the immunodeficient mice suggests that immunopathologic mechanisms ars not
important in the pathogenesis of these lesions. Likewise, the fatal South
African cases contained recrotic hepatic cells in foci that did not contain
a cellular response. Future studies of human and experimental animal
material by electron microscopy and immunchistochemistry will be important
for characterization of the populations of inflammatory cells and subpopula-
tions of T-1ymphocytes as well as for identification of the hepatic target
cell of R. conorii.

Finally, the most important conclusion of this study is that
boutonneuse fever must not be considered as a benign disease with rare
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extracutaneous involvement. The demonst-aticn of hepatic lesions in seven
consecutive patients evaluated by 1iver biopsy suggests that R. conorii is
frequently viscerotropic and in patients with particular risk factors poses
a serious threat.

Our other paper presented at the ASR meeting on the pathogenests of SFG
rickettsioses 1s an extension of recent reports of gastrointestinal involve-
ment in boutonneuse fever and RMSF. Two Spanish patients with severe gas-
trointestinal hemorrhage have been reported by the group at the University
of Salamanca. One underwent gastrectomy to control hemorrhage and subse-
quently died. The resected gastric specimen coutained rickettsial vascular
leisons as the basis for gastric hemorrhage.

Patients with RMSF frequently have nausea, vemiting, diarrhea, or
abdominal pafn leading to an initial misdiagnesis of gastroenteritis.
Nausea, vomiting, or diarrhea early in the course were reported in 63% of a
series of 131 well documented cases of RMSF. Abdominal pain was present in
34%. A lack of awareness of the gastointestinal manifestations of RMSF by
the physician compounds the difficulty of dignosis during the first 2-5 days
of 111ness prior to onset of the rash. In a study by Hattwick of 44 fatal
cases of RMSF, 32% of cases, as compared with 4% of nonfatal control cases,
had gastrointestinal complaints as the presenting symptoms leading to the
incorrect diagnosis of gastroenteritis. In some RMSF patients, these
symptoms lead to the differential dignosis of an acute surgical abdomen, and
exploratory laparotomy is performed. Such manifestations of RMSF leading to
laparotomy have been reported previously in at least six patients (Table 4).
R. rickettsii were demonstrated by direct immunofluorescence in vascular
TesTcns of the append:x of one patient; organism compatible with rickettsiae
stafned by Pinkerton's method were described in the lesions of the patient
with acute hemorrhagic ulcerative fleitis.

In addition to these case reports, a recent autopsy study of the gas-
trointestinal tract and pancreas in RMSF was published from our laboratory.
It documented rickettsial vascular lesions of vasculitis or thrombosis in
stomach in 89% of the cases, in the small intestine in all cases, in the
large intestine in 92%, and in the pancreas of 70%. Although it is possible
for rickettsial vasculitis to result in gastrointestinal necrosis, this
appears to be a rare event. We have recently investigated five patients
with RMSF with interesting abdominal findings.

A 76 year old man appeared in good health until he was found drowsy and
confused at his home, At a nearby hospital in western North Carolina he was
noted to be febrile and extremely confused. According to his wife, he had
been quite well without headache, diarrhea, nausea, vomiting, abdominal pain
or rash, Clinical and laboratory evaiuation during the subsequent four cays
failed to estabiish a diagnosis. There was no skin rash. Ke remained ‘
febrile and was treated empirically with cefoxitin, gentamicin, and erythro-
mycin for presumed sepsis. On his fifth day of hospitalization, he com-
plained of pain in the right side of the abdomen, and an abdominal x-ray
revealed 1leus and possible cholelithiasis. Because of the abdominal pain
and abnormal radiograph, acute cholecystitis was suspected and exploratory
1aparotomy was performed revealing cholelithiasis, a non-obstructive stone
in the common bile duct, and hepatomegaly, but no evidence of cholecystitis,
abdominal or retroperitoneal abscess, or appendicitis. The stone was
removed. Cholecystectomy and appendectomy were performed. His postopera-
tive course included persistent fever, seizures, coma, hypotensinn,
acidosis, thrombocytopenia, and olfguria progressing to anuria. Postopera-
tive laboratory data included elevated concentrations of hepatic enzymes,
and serum bilirubin. Metronidazole, cefoperazone, and niatelet transfusions
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were added to his treatment regimen. After transfer to another hospital for
hemodialysis, physical examination revealed a suggestion of an erythematous
macular rash with scattered petechiae, purpurae, and peripheral pitting
adema. A skin biopsy contained immunofluorescent Rickwettsia rickettsii.
The was treated with hemodialysis, vasopressors with Swan-Ganz monitoring,
ci:ﬂ oramphenicol, and methylprednisolone, but died on the tenth day of
illness.

In view of the skin biopsy finding, the gallbladder and appendix we-e
examined by direct immunofluorescence and revealed R. rickettsii in the

" walls of the blood vessels in each organ. Rickettsial vasculitis was

observed in each layer from the lamina propria to the subsarosa of cach
organ.

A 71 year old woman from eastern Tennessee developed headache, nausea,
and vomiting for 2-3 days. She had a fever, right costovertebral angle
tenderness, and pyuria. Upon refusing hospitalization, she was treated with
cefamandole nafate and trimethoprim-sul famethoxazole for presumed
pyelonephritis. Two days later she was admitted with nausea, vomiting,
weakness, and dehydration. Laboratory data included severe
thrombocyutopenia, elevated 1iver enzymes, creatinine, and mild hypoxemia on
oxygen therapy. She developed noncardiogenic pulmonary edema on her second
hospital day. Ulitrasonography of the right upper quadrant of the abdomen
revealed a normal liver and a thickered wall of the gallbladder, surrounded
by a sonolucent zone that was interpreted as a pericholecystic abscess or
edema. Because of suspected pericholecystic abscess, exploratory laparotomy
was performed on the second hospital day with cholecystectomy, intraopera-
tive cholangiogram, and 1iver biopsy. The galibladder contained no stones,
and the cholangiogram was normal. There were 500-1000 ml of bile-stained
ascites. Her postoperative course was characterized by persistent fever,
respiratory failure, metabolic acidosis, renal failure, and cutaneous
hemorrhages. Prior to laparotomy she was treated with various antibiotic
regimens which included ampicillin, doxycycline, gentamicin,k cefoxitin,
piperacillin, and clindamycin. Doxycycline, an active ant.rickettsial drug,
was given for less than a day. Postopericively, she received gentamicin and
chloramphenicol. Although the diagnosis ~f RMSF was considered during the
111ness, it was not made. She died on her sixth day of hospitalization.

Direct immunoflrorescent examina’ion of the surgically removed gail-
bladder and postmortem skin revealed R. rickettsii in blood vessel walls.
Rickettsial vascular injury was observed. :

Case 3 was a 55 year old man who developed fever, headache, and
myalgia, six days before death. Over the period 2-4 days prior to death,
he had intermittent nausea and vomiting. One day before his demise, he
vcmited a large blood clot and was nospitalized. Hematemesis continued
requiring transfusion of six units of red biood cells. After transfer to
Chapel Hi11 he had hematocrit 37%, platelets 18,000/ul, acute renal failure,
seizures, cardiopulmonary arrest, hypotension, and postarrest hematocrit
19.5%. He was transfused with red blood cells and platelets. Endoscopy
revealed a massive amount of blood in the stomach and esophagus, but no
discrete bleeding focus. Despite immediate treatment with choramphenicol,
the patient died one day after admission. Autopsy demonstrated gastric
rickettsial vascular infection and injury with hemorrhage, the immediate
cause of death.

Case 4 was a 4 year old girl in the preantibiotic era, 1933, in fact.
Postmortem examination revealed, in addition to the typical findings of
RMSF, a perforated appendix, the wall of which contained numerous injured
blood vessels infected by immunfluorescent R. rickettsii. This case 11lus-
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trates that R. rickettsii can actually cause lesions requiring surgical
intervention. ~ : :

Case 5 was a 10 year old male who developed fever, nausea, vomiting,
and abdominal pain leading to appendectomy. Seven days later a history of
tick bite was obtained and a rz.h was noted and demonstrated upon biopsy to
contain immunofluorercent R. rickettsii. The hospital course was compli-
cated by cora, sefzures, acute renal failurs. noncardiogenic pulimonary
edeme, cardiopulmoniry arrest, skin necrosis, end severe thrombocytopenta,
but the patient survived and was discharged from the tospital after more
than a month with convalescent IFA of 1:8,192. Review of the resected
appendix did not reveal any rickettsial vascular injury or immunofluorescent
R. rickettsii. Thus, our dilemma is thit RMSF may be misdiagncsed as acute
surgical abdcmen or gastoenteritis without a crucial {intraabdominal lesion
that would benetit from surgery or R. rickettsii-associated lesions may
cayse fatal gastrointestinal hemorrnage or caus2 life threatening gastroin-
testinal lesions such as ruptured appendix, a lesion requiring surgical
intervention. Final'y, although we believe the g.i. manifestations of RMSF
are associated with the abduminal rickettsial vasculitis, demonstrable
rickettsial infecticn an¢ lesions may not always be pr.sent in the tissue
examined, particularly a surgicai: soecimen.

: A manuscript on the acute phase reaction in boutonneuse fever has been

prepared and submitted for publication., This work was performed in Palermo
«n collaboration with the Clinic r. Tropical and Subtropical Diseases and
the Institute of Hygiene. Evaluaiion of specific serum proteins from 44
patients in Sicily with boutonneuse tever revealed that C-reactive prote 1,
haptogiobin, alpna-l-antitrypsin, C3, and C4 are elevated at the time of
presentation for medical attention in varying proportions of the patients.
C-reactive protein 1s invariably elevated as a consequence of active injury
and inflammation during the first week of illness. Th-se increased serum
protein concentrations follow the pattern of the acute phase reastien and
suggest that immunopathologic phenomena and intravascular hemiysis do not
occur in most patfents with butonneuse fever,

The haptoglobin concentrav:ion was significantly higher during the first
two weeks of i1lness than subsequently. Only three determinations had
values below the normal range, one during the first week of 11liaess amt twe
during late convalescence. Serum alpha-l-antit-ypsin levels were highe.t
during the first two weeks of i11lness and had diministhed to normal leysls
by 4 w2e's after onset of 111lness. Concentrations of C3 convertase and C4
were olcvated acutely with 16/25 measurements of C4 and 8/25 meusurements of
C3 convertase above the reference interval duri:g the first week and 20/26
assays of C4 and 5/26 asszys of C3 convertase above the reference inte..a]
during the secor. week. In only one patient during "Ye first week of
111ness were the concentrations of C3 convertase and ¢4 below “he reference
interval., C-reactive prote.: (CRP) was at or atnve the upper limit of
normii in all patients during the first week and in 20/26 patient. during
tia sacond week. By late convalescence 1-2 months after onset, 15/20
patients had no detectible <a2ium CRP. .

This study hzs demonstratad ti:at the acute phase reaction ocurs during
Loutonneuse fever. Serum concentrations of certain hepatic synthesized
proteins are elevated as a sterotyped response following surgical operation,

several zcute infectioas, and other sicuations that have acute inflammation or

tissue necrosis. CRP concentration has heen shown to rise from undetectible
Tevels within 4-6 hours after acute injurv. Haptoglobin, fibrinogen, and

alpha-l-antitrypsin are increased in concentration by 24 hovrs after i-iury,
and C3 convertase is elevated during the first week. Our measurements were
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not made early encugh in the course of BF to determine how many hours after
onset were required before the rise occurred.

The effects of the elevatad concentrations of these serum proteins on
the pathophysiology of BF 1S uncertain. It may be hypothesized that C3
convertase and C4 might be consumed by binding to circulating {smune com-
plexes, which have been demonstrated to occur ir BF. Although the observa-
tion that C3 convertase and C4 concentrations are mostly 2levated or norma!
does not exclude that possidblity entirely, it docs not support that
hypothesis. Other observations and experimental data suggest that immuno-
pathologic mechanisms are not tmportant in spotted fever group rickettsioses
(Bradford et al, 1979; Jurrells and Eisemann, 1983; Kenyon and Pedersen, 1980;
Kokorin et al, 1976; Montenegro et al, in press; Moser et al, 1977; Walker
and Henderson, 1978). Nonspecific opsonization of spotted Tever rickettsiae
by direct reaction with components of complement or CRP has never been
demonstrated; however, elevated concentrations, particularly of CRP, suggest
this as a possible host defense mechanism as it may be in other bacterial
infections. The persistent elevation of CRP in some patients indicates that
tissue injury or inflasmation 1s ongoing.

The observation of a Tow plasma concentration of haptogliobin in one
patient during the acute phase of BF indicates that significant hemolysis is

not a f 1y occurring complization. The recent demonstration of

hemolysis in a patient with glucose-6-phosphate dehydrogenase (65PD) {
deficiency and fatal RMSF suggests that hemolysis may play a role in the , ,

enhanced severity of RMSF in G6PD deficient men (Walker ot al, 1983). Since +

males with G6PD Mediterranean have been shown to have a higher incidence of
specific compiications in BF than G6PD normal males (Piras et al, 1983), the
possibility of hemolysis should be now evaluated in this subpopul ation of :
patients with BF, ‘ 1
In general, the acute phase reaction appears to be an immedtate
response which precedes the generation of a specific immyne response. Like
fever, this response is highly likely to have resulted from evolutionsry ;
selection and to have an effect that is generally favoradle to the host. :
The exact interections of C3 convertase, C4, and CRP with R. conori{ swatt '
further study. :
A manuscript on fami11a) cases of boutonneuse fever has been prepared
and submitted for publicaticn in collaboration with the seme groups of
{nvestigators in Sicily. Pairs of cases of doutonneuse fever occurred in :
three fami]lfes. The {11ness appedred nearly simultanecusly {n both members : ,
of the family, but generally was more serious in one as judged by clintcal : 3
axd laboratory perameters. The possibility of a "bed rickettsiosis,” that |

1s, reactivation of rickettsfae by the blood meal obtained from the first _ , {
fndividual by the same tick which fed upon the second individual, can be
excluded in two of the three pairs of cases. Four of the six patients were *
sleeping in different beds. / : ?

On the other hand, the differing severity may be reflected in the
different immunclogical patterns of the two patients. In one couple 1t was
documented that the first and more seriously {11 had antibodfes of the IgM
class, presumably a result of the first exposure to Rickettsia conori{. The
second and Tess 111 patient had sntibodies of the [gG class only, presusatly
the result of reexposure after previous asymptomstic infoction with a
sputted fever group rickettsia. ]

The cases reported here, particularly the two sisters, comprise an
interesting example from the point of view of clinical ad ladoratory
observations. Clinically, the course was remarkable more severe, as judged i
by meningeal signs, and more extensive hemorrhagic resh, hepatomegaly,
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1 ymphadenopathy, 1n the younger (54 year ol¢) sister who did not have 2
significan prior medical history in comparison with her sister (74 year old
with a four year history of hypertension). In general, rickettsioses have
been documented to be more severe in older patients and clinical judgement
would suggest in those with underlying medical problems. Also the
laboratory data demonstrated more marked abnormalities in the first of the
two patients to become 111,

‘ The hypothesis that a single source of infection, that fs to say the
same tick, first bit the older sister and then the younger sister with

" progressive “reactivation” of the rickettsiae after the first dblood meel of
the tick does not seem very probadle. This hypothesis has been proposed in

several cases of Rocky Mountain spotted fever occurring in married couples,
familtal rickettstoses of the bed (Parker, 1933; Schaffner et al, 1965}, but
this proposition 1s not supported by our cases since the two sisters,
although living in the sume house, had separates bedrooms.

It seems t0 us instesd more prodable that the explanation has an
immunologic basis supported by the course of development of
tmunofluorescent antibodies of a particular ¢lass., The younger sistar hed
predominantly IgM antibodies early in her course, and her sister had g6
antibodies. This suggests that the more severe case encountered infectiom

" with R. conori{ for the first time while the milder case had an ancmnestic

{mmune response with rapid rise 1n the 196 class of antibodies, possibly
indication of previous asymptometic infection with a spotted fever group
rickettsfa. This {mmediste {mmune response, therefore, allowed & faster
antibody rise, and thus, better control of the pathogenic events. It fs
clear that this hypothesis goes beyord the documented evidence; however, we
recently observed a typical “tache noire” (in which biopsy was demonstrated
the presence of R. conorti by ismunofluorescence) in 2 patient who did not
develup subsequent TTTness. Mearwhile, monitoring of the {mmune response
showed seroconversion of only 19G antibodies. This cbservation supports the

.hypothesis that preexisting asymptomatic infection allowed an anamnestic

imaune response sufficient to circumscribe the Infection at the site of
fnoculation (Burgeois et al, 1982; Mansueto et al, 1984a),

Also in this report are two pairs of cases that sppear to document a
dynemic analogue. Indeed, 1n the subjects with a(pndaainant fnitial 1g6
response the {11ness was less severe. The role of humorel tsmunity in the
patmcusn of rickettsial diseases 1s not compietely clear; nevertheless,
several experimental studies have dewmonstrated a role for sntibodies in an
eloquent manner. Gambril] and Wisseman have observed that human {mmune
anti-R, azeki{ serum augments the opsoni2ing power and the destructica
of Hacgs;u By leukocytes and macrophages. Topping (1940, 1943)
demonstrated protection by prophylactic administration of i{mmune sera. The
nilitary significance of tiese observations {s that there are probably "ot
spots” of R. conori{ prevalence in the ecosystem into which nonimmune troops
might enter and Decome infected with a substantial attack rate for the
group.
. A manyscript has besn prepered and submitted for publication on the
epidemiology of boutonneuse fever in western Sicily that correlates the
distribution and prevalence of R. conorit infection in Rhipicephylus
sanguineus with canine seroposifivity and human cases 7 boutonneuse fevar.

The distribution and prevalence of spotted fever group rickettsfal
infection in the fxodid dog tick Rhipicephalus sanguineus were found to
occur at & rete of 19.7% with varfatfon related to geographical and socio-
occupational factors. A higher rate of infection was demonstrated in ticks
removed from dogs sssoctated with documented cases of boutonneuse fever.
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Out of the 1078 ticks removed from dogs, R. sanguineus was predominant
with few other species {4 Ixodes ricinus, 4 Hyalomns marginscum, 2 R,
bursa), All stages of developmeni were obtd%a froa sheer-dogs, while only

ults were vbserved in domestic dogs 11ving in urban areas and, in late
summer, in dogs of the mountainous areas. Only adult ticks were tested in
this study. In each place the occurrence of BF has been documented.

A total of 212 (19.23) .f 1078 ticks was found infected with SFG
rickettsise. Not all the areas investigated, however, showed the same rate
of infection but a gradient was obzerved which fncreased from urban
(Palermo, Trapani, Agrigento) to rural areas (Carini, Castellammare, Vicari,
Santo Stefano di Quisquina, Alcamn) and decreased again with a rise in
altitude (Petralta and the Madonie Mountains). Ticks ohtained from dogs
11ving in sheepfolds in rural areas frequent:'y contained SFG rickettsiae;
23/24 (95.83) of these dogs were found to harbour infected ticks, and all of
them where seropositive. In urban areas 14 (43.7%) of 32 dogs were free of
infected ticks (P<0.01) although antibodies reactive with R. conorii were
detected 1n 25/32 (78%). MHigher percentages of dogs carry{ng noninfected
ticks and seronegative dogs were found in mountainous areas: 14/21 (67%)
and 10/21 (47%), respectively (P<0.001). Seventy-three dogs (67.63) wera
found to harbour infected ticks overall., Antibodfes reactive with R,
conorif were present in 88/108 (83%); yet only 20 of 35 (57.1%) dogs with
uninfected ticks were seronegative (P<0.001).

Investigation of B8 human cases of BF where association with dogs was
documented revealed that 16 out of 22 (72%) dogs tested hardoured ticks
infected with R, conorii as demonstrated by direct examination of the ticks

" and seroconversion of guines pigs. All the dogs were found to have anti-R.

conorii antibodies. It is intriguing t0 note that the case from Santo
Stefano dt Quisquina vas a shepherd and the patients in Castel)ammare and
Vicari, a school teacher snd a grocer, respectively, had & sheepfold very
near the Tand surrounding their homes. Controls were chosen and taken from
the same nefghborhood from houses where no cases of BF had occurred; &
significantly lower percentage of seropositive dogs and infected ticks was

observed in the controls (P<0.001). A tick (R. unggims) removed from the

site of bite on the shoulder of an agricultural worker contained SFG
rickettsiae demonstrated by microscopic observation and tmmunfluorescent
staining of hemolymph; seroconversion occurred in the inoculated guines pig.
The dog owned by this patient was also seropositive. 2!l guines pigs 1nocu-
Tated with hemolymph positive ticks showed seroconversion after 28 days.

The essential role of the tick 1s emphasized by the high rats of tick
infecttion (19.7%) and the uneven distributfon of SFG rickettsial infection
of ticks ranging from 4% to 35T in different areas. These vartations
correlated with geopgraphic factors: high infection rates in rursl areas
and lower altitudes and, conversely, lower infection rates in urban and
mountainous aress.

These observations of high proportions of rickettsia-infected ticks and

" seropositive dogs in areas of Sicily with higher incidence of BF arr similar

to the evidence for greater rickettsial activity in dogs in france and the
USA in aress of higher human attack rates for 8F and Rocky Mountain spotted
fever, respectively.

There was an even higher rate of SFG rickettsial infection of ticks
from dogs that were associated with human cases of 8F in Sicily than the
average rate of tick infection; 73% of such dogs had SFG rickettsia-
containing ticks. The stimulation of seroconversion of guines pigs
inoculated with tick-rickettsia suspensions strongly suggests that these SFG
rickettsise ware, in fact, pathogenic R. conorii, is association of R.
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conorii-infected R. sanguineus with human BF in western Sicily was most
conclusively docuaenté by the isolatfon of a SFG rickettsia from a R.
sanquineus tick which was removed from a patient with BF.

manusc, ipt reporting four cases of boutonneuse fever that occurred
during the cold season of the year has been prepdared and submitted for

publication in col 1aboration with investigators at the University of Palermo

and Dr. Raoult of Marseille. These documented cases occurred in Sicily and
France between November and February. It cannot, therefore, be assumed that
boutonneuse fever is limited to the warm weather seasons of the year. The
diagnosis must be considered. for febrile patients in the Meditarranean basin
throughout the year.
manuscript that documents the occurrence of hemolysis and severe
boutonneuse fever in a previocusly heaithy 27 year old man with glucose-6-
phosphate dehydrogenase deficiency Fas been prepared and submitted for
publication in collaboration with the Infectious Diseases Unit of the Bofgny
Hospital and the Pedfatric Hematology Unft of La Timone Hospital in
Marseille. A 27 year old previously healthy Algerian man was hospitalized
on August 3, 1984, after two days of fever, headache, myalgias, asthenta and
weight 1oss of two kilograms. Several days before hand he had noticed a
scrotal Jesfon with painful inguinal 1ymphadenopathy. On admission he had
temperature 39.5°C, pulse 100/min, blood pressure 110/60 mmHg, and a scrotal
eschar. Laboratory data gncluded normal urinalysis, hematocrit 45%,
-erytgocyte count 4.6 x 10°/ul, hemoglobin 14.65 g/d1, white blood cells 8.4
0°/ul, with 77% polymorphonuc!ear Jeukocytes, platelet count 128 x '
10%/ul, serum sodium 137 mmol/1, serum potassium 3.7 mmol/1, serum chloride
99 mmol1/1, serum calcium 2.4 mmol/1, prothrombin time 11 seconds (control 12
seconds), unconjugated bilirubin 11 mc mol/], aspartate aminotransferase
(SGOT) 25" IU/), and blood urea nitrogen 5.1 mmol/1. He became stuporous and
confused. A maculopapular eruption involving the palms and soles and
purpuric on the legs and trunk was observed on August 7, 1984, The diagnosis
of Mediterranean spotted feaver was made, and intravenous treatment with
doxycycline, 200 mg/day, was begun ¢n August 7. On August 10, 1984, the
patient was asthenic and stuporous but apyretic. Laboratory data showed
hepatic involvement (SGOT, 145 IU/1 and SGPT, 142 1U/1) and evidence of
hemolysis with decreased hemoglobin and haptoglooin but normal bilirubin.
The subsequent course was uneventful and did not require dlood transfusions.
66PD phenotype was determined to be G6PD 8° by low G6PD activiiy deterwmined
by spectrophotometry and by electrophoretic mobility, The - agnosis of
Mediterranean spotted fever was confirmed by {smunofluorescent antibody
test. The investigation of the family revealed two other cases of G6PD
deficiency, a brother and 2 maternal uncle.
Severe cases of Mediterranean spotted fever have been reported
previously. These cases were usually males, with underlying diseases
such as diabetes, cardiac insufficiency, or alcoholism. G6PD defictency was
suspected to be one of the risk factors for severe disease, G6PD deficiency
is rare in France, but in the southern France especially in Marseille, a
population of diverse origins 1s present. [n Marseille 10% of the popula-
tion orfiginally came from Corsica and 18% from North Africa where GSPD
deficiency 1s prevalent., The rate of GE6PD deficiency is 10% in Algeria.
G6PD deficiency nas previously been associated with severity in murine
typhus, scrub typhus and Rocky Mountain spotted fever, Reqarding )
Mediterranean spotted fever, Meloni and Forteleoni found no statistical
differences in patients with and without G6PD deficiency although no parti-
cular criteria that were evaluated were stated. In contrast, Piras et al
reported an evaluation of Sardinian males with Mediterranean spotted fever
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for complications of particular organ systems which occured more frequently
mw deficient patients. MNeither study commented on examination for

ysisc .

Our patient had 2 quite severe form of serologfcally confirmed
Mediterranean spotted fever with stupor, confusion, purpuric axanthem
thrombocytopenia, hepatic involvement, and evidence for hemolysis. The
hemologlobin ‘ell from 14.7 g/d1 to 9.9 g/dl, and serum haptogiobin was
depleted (0.1G g/1) acutely and rose to normal concentration (1.5 g/1) during
convalescence, This is the first reported case of hemolysis in a 66PD
deficient patient suffering froa Mediterranean spotted fever and the first
reported case of hemolysis with rickettsfosis in a G6PD B~ (Mediterranean)
patient. The mechanism of enhanced severity of rickettsioses in G6PD ,
deficiency is unclear. Two hypotheses are drug induced hemolysis and
increase of rickettsial activity due to defective host defense or -
stimulation by constitutents released from lysis of red blood cells.

In our case hamolysis occurred before tetracycline treatment. In our '
experience this man was the only patient with documented 66PD deficiency
among 49 males with Mediterranean spotted fever where the G6PD activity was
determined. Furthermore, he is the only patient under 30 years of age to
have a severe form of the disease. In our opinion, in addition to
alcoholism, diabetes and old age, GSPD deficiency could be considered as a
cause of enhanced severity in Mediterranean spotted fever as well as in
other rickettsioses. : .

This report suggests that servicemen, particularly those of African and
Mediterranean ancestry, should be evaluated for glucose-S-phosphate
dehydrogenase phenotype before assignment to duty {n southern Europe,
Africa, or the Middle East. Documentation of this genetic condition may

‘a1 Tow particular preventive measures to be taken, e.g. vaccination, 1f it

becomes available, or anticipation of savere disease {f boutonneuse fever is
not diagnosed and treated earl iy in the course,

Other investigations involving study of human rickettsioses that were
subjects of wory during the past year include the publication of the
article, “Correlation of the Distribution of Rickettsia conorii, Microscopic
Lesions, and Clinical Features in South African Tick Bite Fever" in
collaboration with JJH.S. Gear, and autopsy case study of a fatal case of
boutonneuse fever from Salamanca, & study of & rache noire biopsy from a
case of boutonneuse fever 1n a tourist who returned Trom the Mediterranean
regjion to San Franscisco, and investigation of fatal cases of epidemic
typhus in lorth Africa during World War I1. The South African case, which
was described in last year's anmnual report, was completed and presented as 2
paper at the annual meeting of the American Society of Tropical Medicine and
Hygiene and an origtinal research article in the Journal of the American
Society of Tropicai Medicine and Hygiene (see encTosed reprints). The fatal
case from Salamanca 1s currently being prepared for immunofluorescent demon-
stration of R. conorii. Antigen of R. conorii was detectad in sparse quan-
tity in the tache noire sent from San fransisco. The method for demonstra-
tion of R. prowazekil In fixed human tissues that have been stored embedded
in paraffin since the early 1940's has been developed using a corjugate
reactive with typhus group rickettsiae that was obtained from the CDC.
Tissues of three cases from the AFIP archives are 1n the proces: of prepara-
tion in our laboratory for a clintcopathologic study in collaboration with
Or. Ted Woodward. Preliminary results of sensitive, fmmuno’luorescent
examination for the distribution of R. prowazekii have shown ricksttsiae in
endothelfal Tocations 1n kidney and"hem to elucidate severai
pathophysiologic 2ipects of «pidemic typhus and to compare the distribution
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of rickettsiae =ith RMSF and boutonneuse fever,

Our work on the mouse model of R. conorii infection that was begun
prior to the initiatiun of this contract was prepared as a completed manu-
script and published this year (Montenegro, M.R., Walker, D.H., Hegarty,
8.C., Infection of genetically immunodeficient mice with Rickettsia conorii.
Acta Virol 28:508-514, 1984). It includes descriptions of a model ¢ R.
conorii hepatitis that is analogous to human boutonneuse fever hepatic
TesTons, particularly as it occurs in immunocompetent mice. Work is in
progress toward further elucidation of hepatic injury by R. conorit and the
lTocal immune response tr hepatic rickettsial infection by e,ectron
microscopy and fmmunohi-!ochemistry. A good animal model for documented,
reproducible severe R, onorii infection of organs pertinent to severe humin
infection other than 1{\’er has nyt been described and must be developed.
Study of C3H and Balb/c mice with R. conorif inoculated by intraperitoneal,
subcutaneous, or intradzrmal routes has been conducted in collaboration witn
Or. Tom Jerrells at Walter Reed Army Institute of Research. We have
examined by 11ght microicopy the tissues of mice susceptible {(C3H) ani
resistant (Balb/c) to lethal R. conorii infection by the intraperitoceal
(Tethal for C3H), subcutaneous (resistant in both mouse strains), and ‘ntra-
dermal (resistant in both mouse strains) routes over the first 12 days after
inoculation. lesions are consistently present in hepatic tissues of these
mice (Table 5). Renal and CNS lesions are less consistent. I[mmunofluores-
cent determination of the presence, distribution, and relative quantity of
rickettsfae in these tissues by the daparaffinization, trypsin digestion
method revealed that rikettsiae were present in the peritoneum and liver of
lethally infected CBH mice inoculated intraperitoneally when sacrificed on
day 7. Systemic endothelial infection was not odserved in any of the mice.
The lethal combination {s, 11ke the other combinations, therefore, aeither
&n acceptable model of R. conorii endothelial injury nor of immunity to
endothel tal 1infection.

During the period of a visiting professorship by Drs. Mansueto and
Tringali in March of 1985, tissues of guinea pigs inoculated with R. conorid
were examined for lesions and immunofluorescent rickettsiae. Leisons were
few and inconsistently observed except for periorchitis and multifocal
hepatic inflasmation. Immunofluorescent R. conorii were detected in the
mesothel ium of the tunica vaginalis but not Tn systemic and pulmonary
vascular endothel fum, Thus, guinea pigs, in which even fever is frequently
absent or of short duration, are not a mode! for study of the ]
pathophysiology and pathogenesis of R. conorii tnfection.

' Because cotton rats have been reported as modeis for several human

viral infections and R. prowazekii infection and latency, this spectes,

51¥ggon hispidus, was” fnoculated with R, conorii, R. sibirica, and R.
rickettsii. e results were disappointing with no deaths and few lesfons
or demonstrated SFG rickettsiae after an extensive histologic and fmmsno-
fluorescent examination. : : ,

Collaborstive assistance has been provided to Dr. T, S. Walter {n

ing the role of prostaglanding in the pathogenesis of SFG rickettsioses.
lasma and s2ra from experimentally infected guinea pigs and human cases
have been collected and sent to this laboratory for analysis. The results
are pending at this time,

Investigations of cell culture models of R. conorid injury included
final preparation of the manuscript and publicaticn of the article "Injury
restricted to cells infected w'th spotted fever group ricrettstae in para-
biotic chambers,” Acta Tropica, 41:307-312, 1984, by Walker, D, H., Firth,
W. T., Hegarty, B. T praviously reportad in annual report number 1
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(reprints enclosed), evaluation of the effect of temperature on cell injury

by R. conorii, and work towaid development of a model of cell injury with
f1uld overTay by measurement to lactate dehydrogenase concentration in
culture medium. Plaques were not appreciably different in quantity at 32°,
34° and 36°C. At 38°C fever R. conorii plaques were observed. The LDH
model has been characterized In that predominantly the isoenzyme LDH-5 is
contained in and released by Vero cells. An assay that preferentially
wmeasures this isoenzyme is under investigation. The majcr problem at
present relates to the relatively small amount of LDH released and
standardization of a protoocol for precision in determining the concentra-
tion in the medium. The model s not currently ready for use in pursuing
the mechanisms of cell injury related to phospholipase A and trypsin-like
protease.

Some effort has been erpamied on review and analysis of the publ1shed
medical and scientific 1iterature on rickettsial disease problems. This
effort has been uyseful in focusing on the critical {ssues that these
diseases pose. A major product of this work is the writing of a comprehen-
sive chapter for a CRC Handbook on viral hesmorrhagic fevers and rickettsial
diseases edited by Or, J.H.S. Gear. °The chapter entitled “Pathology and
Pathogenesis of the Hemorrhagic State in Viral Hemorrhagic Fevere and
Rickettsial Diseases” encompasses correlation of clinical and hemorrhagic
manifestations, human and experimental animal pathologic lesions, and inves-
tigations of hemostatic and pathogenic mechanisms in these diseases. A
second major work on synthesis of the current state of knowledge is the
planmning and editing of a CRC Handbook, Biology of Rickettsial Diseases.

It is my goal to produce a conprehensive work to encompass the meaning of
the recent advances in rickettsiology and their implications for urder-
standing rickettsial ecology, physiology, imaunity, pathology, and ¢linical
diseases. The field lacks a book that presents its interesting problems as
they currently exist in a form that transcends the individual article or
collection of research publications. The results should be useful for
military medical planring and will include contributions from rickettsiolo-
gists with a perspective of rickettsiae that include military significance.
Ors. Gregory Dasch, Thomas Jerrells, Jim Williams, &1110 Weiss, and I are
among the authors of the various chapters.
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, Table 2.
Clinical and Serologic Data for Sicilian Patients
with Boutonneuse Fever Undergoing Liver Biopsy

‘ Serolngy
Patient Age/Sex Tache noire Rash Fever Acute Convalescent
1 a3M 4 @ + . 160° n.0.9
2 74M + + + 160 : 160
3 66F + + + 40 N.D.
4 67F + + + N.D. 320
5 86F + + + 40 160
6 68M + ¢ + 40 N.D. -
7 50F + + + 320 1280

a - present ¢ - reciprocal of indirect immunofluorescent antibody titer
' 2gainst R. conorii .
b - absent ' d - not determin
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Table 3.
Evaluation of Sicilian Patients with Boutonneuse
Fever for Hepatic Involvement

IF

day of
patient LOH? ALTD ast¢ apd  gar® 81T bx9 Lesions R. conorii
1 120 15 22 139 15  normal 1 U o!
2 259 16 20 N.D. 51 normal 3 + 0
-3 390 38 30 152 normal 1.1 6 + 0
4 251 10 14 N.D. N.D. 0.9 13 + 0
5 255 28 18 290 18 normal 2 + 0
6 21C 21 18 199 N.D. normal 2 + 0
7 81 8 85 93 477 160 1.0 30 + 0

T A aAcTe

[ 2N D S B N B B S }

serum lactate dehydrogenase (reference interval, 100-240 1Y/1)
serum alanine aminotransferase (reference interval, 6-31 U/1)
serym aspartate aminotransferase (reference interval, 6-31 IUY/1)
serum alkaline phosphatase (reference interval, 6§0-170 UI/1)

serum gamma glutzmyl transpeptidase (reference interval, 4-18 [U/1)
total serum bilirubin (reference interval, less than 1.0 mg/dl)
number of days after onset of fever

presence of hepatic lesions

absence of immunofluorescent R. conorii
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Table 5. 3

Evaluation of Susceptidle and Resistant Mice for Lesions after Inoculation 1{

with Rickettsia conori{ : i y
Mouse Lesions n

strain route le.thalitz da, of sac, Liver Brain Kidrey )

CaN 10 . 7 a/s 1/4 0/4 ] ‘
Balb/e 1? /e 7 212 0/2 0/2 | 1
C3H - 5Q 0 I 2/2 0/2 a/1 '

C3N sQ 0 10 0/1 0/2 0/2

C3H SQ 0 12 in /1 - 15

Baldb/c Q 0 7 212 0/2 0/2

Balb/c 50 0 10 1/2 T 0/2 : |
Balb/c SQ 0 12 mn 0/1 0/1 !
C3H 1) 0 7 171 1/2 2/2 - 1
C3H )] 0 10 3/3 2/3 - 2/3 ‘ <
C3H 10 0 11 in 1/1 © 171

C3H 0 0 12 171 mn 1/1
. Balb/c 10 ] 7 2/2 072 2/2. |
Balb/c = p 0 10 3/3 0/3 0/3 |
Balb/c 1D 0 11 272 072 172 '
Baibd/c 10 0 12 11 0/ 0/1 ;
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Conclusions:

The currently recognized high rate of R. c¢onorii infections fn Spain,
Portugal, France, Israel, and Italy is 1ikeTy to continue. The absenc2 of
data from northern, eastern, and western Africd and the Middle East reflect
the fatlure of clinical and epidemiologic systems in these areas to 7ocus

the necessary laboratory methods and organizational efforts on the problem.

The disease is 1ikely to be or to become an important unreccgnized cause of
incapacitating febrile 111ness in these areas. | Boutonneuse fever is a
neglected disease that has recently attracted investigation in Sicily,
Marseflle, and Salamanca. Collaborativ: ‘ziationships with these labora-
tories encourages study of the epidemiologic, c]inical, pathophysiologic,
and rickettsiologic questizns at a adm'‘rable level of effort and expertise.
This contract has fosiered a significant part of this result and can
continue to plzy an important role in maintainfnq enthusiasm for elucidating
the unknown factors that boutonneuse fever encompasses.

It 1s probable that R. conorii infections are a greater cause of
morbidity and mortality than is now apprecizied: In Marseille, Salamanca,
Israel, and South Africa, severe illness fs regularly recognized in a sub-
stantial portion of those affected. The application of immunofluorescence
to autopsy specimens is revealing the rickettsial and clinicopathologic
basis for the pathophysiologic observations such as meningoencephalitis,
hepatitis, and other visceral involvement. The documentation of hepatic
lesions in seven consecutive Sicilian patients with hepatic biopsies during
boutonneuse fever demonstrates the serious nature of the disease. Tne
recognition that boutonneuse fever may cause an!incapacitating febrile
111ness ‘with neither rash nor tache noire suggests that the high incidence
of antibodies to R. conaorif in various populations may very well be due te
prior undiagnosed symptomatic R. conorii infection. Specific dignostic
tests are not applied to patients who do not present at least some of the
classic manifestations of the disease, particularly a rash. Such a situa-
tion is obviously a potential threat to military health of soldiers in the-
wide geographic distribution of R. conorii. This situation is analogous to
the problem of scrub typhus in WorlTd War 11, e.y. the Assam-Burma theater of
operations. J

Particular problems that have been identified recently are the frequent
hepatic involvenent, 1ifethreatening gastrointestinal hemorrhage, severity
of i11ness 1n glucose-6-phosphate dehydrogenase deficient men even if they
are young and preyiously healthy, the occurrence of cases even in cold
weather months, and occurrence of familial cases that suggest "hot spots” of
R. conorii endemicity. !

ur careful study of the tache noires has elucidated important factors
in the pathogenesis that conform te current clinical features of R. conorii
pathogenesis: 1) R. conorii is present in the:lesions and appears to play
a direct cytopathic role in vascular injury, 2) vasculopathic edema is a
major pathophysiologic effect, 3) ischemic necrosis is not necessarily the
end result of vascular injury, 4) thrombosis is!not the major pathologic
effect of vascular injury and, thus, should not be treated with anticoagula-
tion, and 5) in human disease the local antirickettsial immune and inflamma-
tory response is predominantly 1ymphocyies and mrcrophages.

Electron microscopy and immunofluorescence have not yet demonstrated
large quantities of R. conorii in tache noires or liver biopsies. The
possible explanations incTude: 1) the host immune and phagocytic (esponse
in these lesions may be effective 2t ‘he stage of i1lness when natients are
referred for tertiary subspecialty medical care; 2) antirickcttsial anti-
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microbial therapy may have been administered prior to collection of speci- \
mens, 3) ultrastructural sampling may be a problem Planned 2pproaches to :
this problem are attempts *~ obtain biopsies from patients earlier in the

. course and assignment of labor *tory personnei to the task of greater effort

of deprraffinization electron microscopy of foci in paraffin blocks that are
deminstruted to contain R. conorii by immunofluorescence. More skin punches
have been distributed to peripheral collaborative sites and more collabora- .
tive institutions have been recruited. i
Mouse R. conorii hepatitis is a good model for human boutonneuse fever
hegatic lesTons. The mouse model should be examined to determirne the target . .
cell type and host immune response by immunohistochemisiry and electron ] {
microscopy for endothelial cells, B-cells, T-cell subsets, and macrophages. | '
The target cell of immunodeficient murine R. conorii hepatitis is a goo! -
candidate for in vivo ultrastructural evaluation of the relationship of
rickettsial quantity to cytopathology and the ultrastructural features of
cytopathology. '
Other mouse models of SFG rickettsial infection must be evaluated for a
model of SFG endothelial infection and injury in or-er to correctly investi- )
gate pathogenesis, pathophysioloay, and immunity. ’ .
Monoclonal antibodies to R. cuonorii have been developed under a

at examining samples of thc bfopsies by electron microscopy and utilization 3 N
4

" separate grant from the Naitonal TInstitute of Allergy and Infectious

diseases and will be characterized as to their molecular targets as a

function of the purposes of that research project on rickettsial antigens

and vaccine deylopment. These monoclonals should be used to study .

pathogenic mechanism of R. conorii under this Army contract in cell cultrue

ar. 4nimal models. The NIH grant does not have the funds or goals to

support investigation of specific blocking of pathogenic mechanism(s).

However, {f pathogenic mechanisms that may be blacked by monocional anti- .

bodies are discovered, the most effective approaches to prevention and }
adjunctive treatment may be developed. ' : j

Recommendations:

1. Offer skin biopsy immunofiucrescent demonstration of R. conorii in tache
noire as a reference military laboratory dignostic test for boutonne~~

fever. '
2. Study the rickettsial hepatitis of boutonneuse fever and experimental R. h 4
conorii infection as models for visceral tissue injury by R. conorii. ’,

3. Initiate a search for nonpathogenic R. conorii or R. conorii-like
isolates in ti<is in Sicily.

4. Develop a more rapid, quant1f1ab1é assay system for growth of and cell
injury by R. conorii for screening amidine type trypsin-like protease o
inhibitors as potential prophylactic or adjunctive therapeutic agents. i

S. Screen amidine type proteass inhibitors for inhibition of cell fajury by .
R. conorii. : ;

6. Continue studfes of tache noires for role of thrombosis in cell injury
and specific identificatTon of Jocal immune cell types.

7. Continue in vitro study of pathogenic mechanisms of cell injury by R.




al

conort.

8. Initiate epidemiologic surveillance of troops in Spain, Italy, and other
places in the geographic distribution of R. conorif for acute cases of ,
boutonneuse fever and for seroprevalence of of ant{bodies to R. conorii.

9. Obtain seroepidemiologic data on the prevalence of R. conorit infece
tion {n indigenous populaticns in Africa and the Middle East.
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Department of Patholog. University of North Carolina School of Medicine.
Chapel Hill. N.C. 27514, USA

injury restricted to cells infected with spotted fever group
rickettsiae in parabiotic chambers

D. H. WALKER. W. T. FIRTH, BARBARA C. HEGARTY

' Semwmnary

One chamber of paired parabiotic chambers separated by 0.2 ym pore-
sized membrane filters which prevented passage of rickettsiae were infected
with cither Rickettsia rickettsii ot R. conorii, Infected VERO cell monolayers
underwent necrosis. Uninfected monolayers in adjoining chambers which
shared the same extraceilular milicu including soluble ncketisial products did
not undergo necrosis.

Key words: Ricketisia rickettsii; Rickettsia conorii; rickettsial pathogenesis:
parabiotic chamber.

Introdaction

The hypothesis that cell and tissue injury are mediated by a rickettsial
toxin has been suggested (Moe et al.. 1976: Murray, 1980) although an exotoxin
has never been demonstrated and rickettsial lipopolysaccharides do not have
potent toxic activity (Schramek et al.. 1977). Much of the confusion concerning
rickettsiaf pathogenesis is the result of the name given to the phenomenon of tae
lethal effect of large doses of viable ricketisiae when inoculated intravenousiy
into mice (Bell and Pickens. 1953: Gildenmeister and Haagen. 1940). Tradition-
ally. this rickettsial laboratory assay has bzen termed the “mouse toxin
phenomenon™ although it cannot be produced by rickettsiae that are metaboli-
cally inactive or dead (Bovarnick and Ailen. 1954 and 1957). and this toxicity
has never been produced by a puntfied component of rickettsiae,

Recent investigations by Winkler and coworkers and in our laboratory
have suggested that a rickettsial enzyme may mediate rickettsial injury to host

Correspoadence: Dr. D H. Walker. Depanment of Pathology. 228-H.
Untversity of North Carolina. Chapeld Hill. N.C. 27514, USA
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cell membranes. Phosphoiipase activity appears to play an important role in
Rickeutsia prowazekii-induced hemolysis (Wiakier and Miller. 1980). in the
immediate cytotoxicity of a large inoculum of R. prowazekii on cell monolayers
{Winkler and Miller. 1982). and in plaque formation by R. rickettsii (Walker et
al.. 1983). Phospholipase activity is a plausible hiypothesis for explanation of the
mouse toxicity phenomenon. In this study parabiotic chambers were employed

tv determine whether any soluble rickettsial product would injure uninfected:

cells sharing the same culture medium with cells infected and killed by R.
rickettsii.

Msterinis snd Methods

Twenty pairs of sterik parabiotic chambers (Betico Glass. Vineland. NJ) were separated by
25 tam diameter cellulose triacetate membrane filters (Gelman Sciences. Ann Arbor, MI) with
0.2 um pore size scaled between he chambers with silicone siopcuck grease. Caversiips measuring
10.5 x 35 mm were placed in cach chamber and were sceded with 5 x 10% VERO celis (CDC Tissue
Culture Unit. Atdanta. GA). After incubston at 37° C in mint esential medium with 5% heat-
inactivated fetal calf serum and 10% tryptose phosphate broth for 24-48 h. monolavers were
confivent, The medium was removed. and 11-40 plague-forming units of R. rickertsii (Sheila Smith
strain) were inocutated into one chamber of each of 13 pairs of parabiotic chambers. After 30-45
min for adsorption of inoculum. 10 mi of the same medium was added. Five pairs of chambers were
not inocufated with rickettsiae. Coverslips from adjoining inoculated and lated chambers

were examined for evidence of cell death as determined by trypan biue saining (Garvey etal., 1977y

on days 3. 4. 5. 6 and 7 postinaculation and for presence and distribution of R. rickerrsii by direct
immunofluorescence ( Walker and Cain. 19803 on daws §, 6. 7 and 9 postinoculation. Uninoculated
puirs of chambers were examined as controls on day 7 afler inoculation. For a positive toxim coatrol.
one chamber of cach of two pairs was inoculated with a fresh clinical isolate of Psewdomanas
aeregs with examination of chambers on day 3 and on day § by typan blue staining. In a
subrequent experiment. 36360 plague forming units of R. comorti (strain 7) were inoculated in 2
similar manner into one of the matched nairs of paratwotic chambers containing coverslips with
monolayers of VERO cells. The coversiips were examined on days § 2nd 6 by phase contrast micros-
copy after trvpan blue staming and then after acetone fixation by direct immunofiucrescence for

rickettsiae.

Results

By day 3 afier inoculation. foci of trypan blue-stained necrotic cells were
present in the parabiotic chamber inoculated with R. ricketrsii. Over the suc-
ceeding days. the trypan blue-stained foci appeared to enlarge progressively. By
day 5 these foci consisted of 25-50 necrotic cells admixed with an equivalent
quantity of viable cells. By day 7 the infection had become confluent and con-
tained a majority of necrotic cells. The uninoculated monolayers both in cham-
bers adjoining infected cytopathic cells and in control chambers exhibited a
similar appearance with only a few (< 1%). single. randomly distributed trypan
blue-stained cells. The presence and distribution of R. rickertsii as determined
by immunofluorescence correlated with the distnbution of celi necrosis. On
days 5 and 7, monolayers were examined by trypan blue staining znd subse-
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Fig. 1. Phowmicrographs of the identical microscopic field of a monolayer in a parabiotic chamber
5 days after inoculation with Rickettsia rickertsii. Immunoftuorescent demonstration of intense
R. neketrsii infection in the lower pormon of the tield (left). Trvpan blue-siamed necrotic celils are
numervus in the same ares (right). FITC-labelled anti-R. rickerrsii rabbit globulin (left) and phase
contrast (right). x 300.

quent immunofluorescence on the same monolayer utilizing a microscope
designed for both phase contrast and fluorescent microscopy. The areas of
intense rickettsial infection and areas of trypan blue staining coincided (Fig. 1).
No rickettsiae were detected in adjoining chambers that were separated by the
0.2 um filter. The monolayers infected with R. conorii showed severe cytopathic
effect but with less necrosis than R. rickerisii infected monolayers although
nearly ail of the cells were infected. In contrast, the adjacent uninoculated
monolayers appeared without cytopathic effect. Validation of the parabiotic
chamber toxin mode! was provided by demonstration of progressive destruc-
tion of the monolayers in the chambes infected with P. aeruginosa and in the
uninfected chamber when examined on days 3 and 5.
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Discussion

In this model of severe cell injury and cell death caused by spotted fever
group rickettsiae, uninfected cells of the same type as ihose injured and killed
by rickettsiae were exposed to the same extracellular milieu including concen-
tration of soluble rickettsial products which would have passed freely along
with other macromolecules through the 0.2 um pore filter. None of these ex-

posed yet uninfected cells exhibited any more cellular necrosis than control -

monolayers in which both parabiotic chambers were not infected with rickett-
siae. These data argue strongly against the existence of an important rickettsial
exotoxin or solubie enzyme analogous to the phospholipase of Clostridium
perfringens in the pathogenesis of cell injury by R. rickertsii.

These data are compatible with the proposed phospholipase-associated
penetration mechanism of cell injury by rickettsiae. R. prowazekii requires
attachment to erythrocytes for accomplishing rickettsial hemolysis (Ramm and
Winkler, 1973 and 1976; Winkler. 1977). R. rickettsii appears to require attach-
ment to cells by the cholesterol-containing receptor in the plaque model to exert
cell injury (Walker et al.. 1983). Thus. prevention of passage of spotted fever
group rickettsiae from one chamber to the adjoining chamber by the 0.2 um
pore-size filter would limit the phospholipase-associated penetration mechan-
ism to the infected chamber. The more extensive frank necrosis with R. rickettsii
infection than with R. conorii correlates with the greater incidence of complica-
tions and mortality in Rocky Mountain spotted fever than in boutonneuse
fever.

This in vitro experiment does not exclude the possibility of a role for endo-
toxin in Rocky Mountain spotted fever aithough the data for a lipopolysac-
charide with in vivo endotoxin activity for rickettsiae are weak. Classical endo-
toxin pathogenic mechanisms involve in vivo host-mediated mechanisms
dependent on polymorphonuclear leukocytes and coagulation: these host-
mediated pathogenic elements were not tested in this parabiotic chamber
model.

This parabiotic chamber model was chosen over exposure of uninfected
monolayers to filtered supernatant of rickettsia-infected cells. Since the para-
biotic system compares the effect of the products of rickettsial infection over the
same time course and concentrations as of the monolayer with rickettsiaf cyto-
pathic effect. its negative results may be interpreted as valid. In contrast. acute

“exposure of monolayer to filtered supernatant would not reflect such a dynamic

interaction.

The formation of enlarging foci of infection and necrosis occurs in this
model with fluid medium that allows release of rickettsiae from infected cells
into the medium and spread to infect randomly any cell of the monolayer. The
contiguity of most infected and injured cells suggests that cell-to-cell spread of
rickettsiae may be important in the pathogenesis of spotted fever group rickett-
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sioses. This contiguous distribution of rickettsia-infected and injured cells is
analogous to our observations of rickettsial distribution in human Rocky
Mountain spotted fever (Adams and Walker, 1981; Walker et al., 1978) and is
compatible with the proposed mechanism of injury by the phospholipase-asso-
ciated penetration mechanism. Fuicher experiments should be designed 10 ex-
ploic this and other direct rickettsial mechanisms of cytotoxicity other than
soluble exotoxins and enzymes.
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INFECTION OF GEN ETICALLY‘ IMMUNODEFICIENT MICE
WITH RICKETTIA CONORII
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Univeesidade Estadual Paulista, Botucstu SP, Brazil .
and *Department of Pathology, University of North Caroline School of Medicine,
Chapel Hill, N.C., 27514, U.8.A.

Roo.ﬁ’wd April 10, 1984

Summary. — In order to determine the definitive importance
of T- and B-lymphocytes in immunity to Ricketisia comoris, mioe
"genetically deficient in T-ceils, B-cells, or both T- and B-cells
were infected experimentally. T-lymphocytes rather than humoral
antibodies were crucial to rickettsial clearance and a reduced
mortality rate. Mice incapable of an antibody reaponse to poly-

- sacoharide capsular antigens effectively controlled rickettsial
infection with no mortality. In contrast, nude mice produced
antibody to thymus-independent antigens early in the course of
infection, yet oxperieneedpzevere rickettsial infection resulting in
deaths. The cheerved hepatic lesions are similar to those of
boutonneuse fever. This model offers the opportunity to investi-
gate rickettsial immune mechanisms and hepatic injury.

Key ‘words: T-Iymﬁhocytca: B-lymphocytea; Rickettsia conori;
boutonneuse fever; liver
Introduction

" The pathologic iesions of the tache noire and rash of boutonneuse fever
and the inoculaticn site in guinea pigs experimentally infectod with Ricketteia

comorii contain rickettsiae infecting the vascular endothelium and leukooytes -

of the immune and phagocytic systems (Montenegro o al., 1983a; ). The
roles of each of these elementa (rickettaiae and host response) in the patho-
genesis of tissue injury wers not determined. Likewise, the relative ocon-
tribution of t,ymus dependent (T) lymphocytes and B-lymphocytes to
immune recossry from R. conorit infection has not been defined. Investi-
gations by K korin and co-workers suggested that T-lymphocytea are im-
portant for i.nmunity to R. conorii (Kokorin et al., 1982). Inbred DBA/2
mice were immunosuppressed by cyclophosphamide treatment and infected
with R. conoris; the animals were given spleen cells from immune and non-
immune dcnors. They demonstrated that immune spleen cells conferred
protection and suggested that the T-lymphocyie was crucial fot the de-

1) Whom mquests for mprinta shoald be addressad. to.
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velopment of immunity cgainst R. comorss. This conclusion was based on
the loss of protection after pretreatment of transferred immune spieen colls
with antibodies inactivating T-cells.

Our work was designed to examine further the relative importance of
T-and B-lymphocytes in the pathogenesis and immunity to . conorii. We
used mice genetically deficient in T-cells, B-cells as well as in both T- and
B-cells, inoculated by intradermal route to examine the presence of rickettsiae
and pathologic lesions at the inoculation site and in aystemic tissues.

umﬁqx'. and Methods

Awimals, Thirty mice (generously provided by Dr. Don Mickey, University of North Carolina
at Chapel Hill), included six 48.day-old mals B.lymphocyte deficyent (NIH 1) mice (Group 1)
{Amsbaugh et nl.. 1972), six 48-day-oki male T.lymphocs te deficient (NTH nude) mice ({iroup 11},
six 48.day-old T. and B-lymphocyte deficient (NIH II) mice (Group [I1) (Azar of al, 1980)
and twelve 82.day -old male Swiss outhred immunologically intact mice {Group IV). Each group
was housd in & separate cage except Group IV which was diviied hetween two cagen.

Rickettaine. Rickettsia comorii (strain 1) wea obtained from ATCC as & frozen 40%, yolk ssc
suspenision, Stock R. comorii was prepared by inoculation of the yolk sse of 3.day-old specific
pathogen.free embryonated hen's eggs and harvested 3 days later. Aliquats were stored {rozen at
~70°Cana l0°’,, suspenaion in sucroes phosphate buffer, Thewe aliquots contamned 6 x |4 PFU/mi
when titrated in primary chiek embryo cell (CEC) cuiture,

Nernlogy. Serum was evaluated for antibodies to R, conoris by indirect i fluorencent anti-
body aseny (Philip ot al.. 1978) using microdots of R. comnrii (struin 7) cultivated in rabbit
Kidney-13 (RK-13) cells. Shudes with microdota were air-drisd, fixed in acetone for 10 min,
and stoved frozen at -- 70 °C, Serml dilutions of mouse sers were incubated on microdata for
30 min at room temberature in & mowst chamber. Sluden wern washed in phosphate buffored
saline (PBY) for 30 min, reeacted with fluneesc vin isothiocysnute.conjugeted rabbit anti-mouse
immunaglobulin (DAKO. Aceurnta Che nical and Scentifie Company, Westhury, N.Y.). diluted
1: 20, washed in PBY again, and mounted in 90, giveerol in PBY. Slides were exnmined on
a Leitz Ortholux ultraviolet microscope with incident heam itllumination equipped with barrwer
and exciter filters for FITC.

Histology and immunohisnchemistry for apotted freer group rickeitniae, At the time of death,.

the inoculution site, spleen, and liver wors collected, fixad mn 4% neutral buffernd formaldehyde
for 24 nr. embedded into pacalfin, and cut at 4 pm. Sections were stuined with hematoxyhn-eonin
and by the Brown.-Hopm msthod, Other soctuma wers examined foe R, conorii by immuno.
Auorencence using a ilirect conjugate for apotted fever group rickettaise (Hebeet o al,, 1981)
aftar depars{finization and teypmn digestion (Walker snd Camn, 1978; Montenngro et al., 19834, 8).

Erperimeninl denign, Five snimais from each type of immunodeflcient mice and ten intaet
Swinn mice wore inoculsted with 0.2 mi of suspension containing 1.2 x 104 PFU of R. conorii.
One animal 1n sach of the aix cages was marked for identification and inoculated with 0.2 mi
of mediam containing no rekettaise. On day 3 one infi ‘te<d aimal from esch group was saceificed
by collecting hlood from the heart under sodium. pentobarhital anesthesia. On day 7 two infeted
snimale and one control animal from sach group and on day {5 the remainder of the animals
were similsrly exsanguimatad. Serum waa sepamted from clotted bivod, Serum specimens from
the same animal group coliseted on the same day were pooled,

Results

Mortality due to R. conoris infection was observed only in T-cell deficient

mice (2 deaths) and T- and B-cell deficient mice (1 death). The content of
rickettsiae in tissues also foliowcd the same pattern with more R. conorii
in the tivers and spleens of the T-cell deficient mice and T- and B-cell deficient

mice than in the B-cell deficient mice and normal mice {Table 1). The humoral

;.
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Table 1. Distribution of Rickettvin coneril In the tiouss of mive

Cay 3 Dey 7 Day 18
. Animals Livere  Spleen Liver Spleen Liver  Splesn
B-deficient [} [} +» L X 0 [ ]
T-deficient [} 0 + 4+ 4+ 31 0 L
T- and B.deficient o 0 + 4 -+ 26 0 <1
Normal 1] o B 5 2.8 0 []

l—Allukinnmpkucom.inodk.muio’olnxhytiudtNouhndmmmm

on day 13.
b — 0, no rickettaine; +, fow rickettsise identified; + +~ 4+, many rickettaiane identified.
e — Number of R. conoris/ magnitication field 40X.

immune responses {o antlgens of R. conorié are shown in Table 2. The abeence
of antibodies to R. conoris in B-deficient animals on day 7 and their delayed

' appearance on day 13 is consistent with a deficiency but not total abeence

of functional B-lymphocytes. The brisk production of antibodies by the
T-cell deficient animals is presumably directed against T-independent carbo-
hycrate-containing antigens. The mice that were deficieat in both T— and
B-lymphocytes were mcapable of producing any antibodies.

Table 2. \ntibody renponsen (n mice inferted with Rickettsia coneriis

Animaln Dny 7 : Day 18
R.deficiant 0 + &
T-deficrent . 4+ 4 -
T and B.deflvient 0 0
Normal - 4 -
Control N.D. [

A -0 <1:16; +. 1:168; +4,1:128-~1:1,024; N.DD., not done

Hematogenous spread of rickettsiae to liver resulted in multifocal hepato-
cellular necrosis and surrounding inflammatory lesions in all groups of mice.
These lesions comprised !obular foci of polymorphonuclear leukocytes and
macrophages on day 3. By day 7 they had increased in number and assumed
s granuloma-like sppearance. Hepatocellular necrosis and admixture of
polymorphonuclear leukocytes were more prominent in the T-deficient and
B- and T-deficient mice (Fig. 1). These granuloma-like lesions persisted
althogh iess numerous in all animals on day 15. The lesions at the inoculation
site were similar in all rickettsia-inoculated animals.
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Presented experiments in genetically immunodeficient mice document the
importance of T-lymphocytes in the clearance of R. conorss from the tissues
of infected mice. On day 7 the spleens and livera of T-cell deficient as well
as of T- and B-cell deficient mice contained numerous rickettsiae, whereas
animals with an intact T-lymphocyte immune system contaired very few
rickettsiae in their hepatic and splenic tissues. The only animals that died
as a result of R. comoris infection in these studies were thoee deficient in
T-lymphocytes whether or not they had B-lymphocytes. These resuita
support the conclusion of Kokorin et al. (1982) that T-lymphocytes confer
protection against R. comorii infection in mice. Our resuits, however, do not
rely upon general immunosuppression after cyclophosphamide treatment,
a drug which affects many tissues including not only T- and B-lymphocytes
but also proliferating cells of the bone marrow and other tissues, and re-
constitution with a mixture of mouse spleen ceils that were either untreated
or depleted of lymphocytes by an absorbed polyclonal antiserum principally
designed to affect T-lymphocytes. Instead, these studies employed genetically
immunodeficient mice that have deficiencies of specific components of the
immune system.

Moreover, the generation of a humoral immune response in our experiments
did not correlate with clearance of rickettsiae and protection from death.
T-lymphocyte deficient nude mice svnthesized antibodies to R. conorii
detectable on day 7 at wkhich time the visceral organs contained many
rickettsise. Despite the presence of antibodies in these animals, mortality
was observed. Nevertheless, B-lymphocyte deficient mice had no antibodies
and yet had effectively restricted rickettsial proliferation in the liver and
spleen on day 7; moreover, none of these mice died. These observations
conform to the conclusions of previous studies on immunity to members of
the genus Rickettsia, namely that T-lymphocytes are crucial for immunity

(Shirai et al., 1976; Walker and Henderson, 1978; Murphy et al., 1979;

Kenyon and Pedersen, 1980; Kokorin ef al., 1982).

It is important to note that this does not exclude an auxiliary role for
antibodies in opsonizing rickettsise for phagocytosis and digestion particularly
by macrophages (Gambrill and Wisseman, 1973; Beaman and Wisseman,
1976) or for specific antibodies to particular rickettsial proteina, e.g. a protein
for attachment to host cells prior to entry into the cell, in blocking rickettsial
penetration or another rickettsial function of pathogenic mechanism. Jerrells
and Eisemann (1983) have suggested that the antibodies produced by nude
, mice to spotted fever gronp rickettsiae may be directed to the polysaccharide-
-containing slime layer described by Silverman et al. (1978). Nevertheless,
this strain of B-deficient mice that has been shown to be defective in the
production of antibodies to pneumococcal capsular polysaccharide (Amsbaugh
et al., 1972) effectively clears ita iissues of R. comori. Protection uy guinea
pigs against R. rickettsii by specific antibodiea to a surface protein has been
shown by Anacker et al. {1983) and by monoclonal antibodies to surface
antigens to Rickrttsia rickettsii (Lange, 1983, personal communication).
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Hpwever, the natural generation of antibodies after initiation of infection
does nct seem to be as effective as incubation of rickettsiae with antibodies
ptior to inoculation (Anacker et al., 1983) or prophylactic administration
of antibodies (Ricketts and Gomez, 1208; Topping, 1940).
_|The mechanism by which T-lymphocytes confer immunity against rickett-
has been suggested by recent in vitro studies of lymphokines (Nacy
and Meltzer, 1979; Nacy and Osterman, 1979: Meltzer and Nacy, 1980;
Meltzer ef al.. 1982: Turco and Winkler, 1983a, b, c: Wisseman and Waddell,
IZ%) Lymphokines, y-interferon in particuiar, exert rickettaiostatic effects
intracellular organisms not only in macrophages but also in fibroblasts
and endothelial cells. Further evaluation of the importance of y-interferon
u* vivo supports this as an important mechanism by which T-lymphocytes
serve as a crucial host defense against rickettsiae (Palmer ot al., 1984).
The immune response has not been shown in this or previous studies to
b‘ia pathogenic mechanism of tissue injury in infections by members of
genus Rickettsia (Moe et al., 1976; Mosher et al., 1977; Walker and Hen-
derson, 1978; Kenyon and Pedemn 1980; Kokorin clal 1982). The cytolytie
effect of lymphokines on rickettsia-infected cells in vitro again raises the
q‘!estion of an immunopathologic mechanism of tissue and cellular injury
rickettsial diseases {Turco and Winkler, 1983a, b. Wisseman and Waddell,
1983) Although this investigation does not exclude a contribution to cell
injury by lvmphokine-mediated cytolysin, it does document that in the

overall balance the T-lymphocyte affords protection againat R. conorii..

her studies including the in vitro plaque model have demonstrated that
rickettriae possess direct cytopathic activity that appears to be mediated
at least in part by the phospholipase-associated penetration mechanism
{Walker and (‘ain, 1980: Winkier and Miller, 1982: Walker ¢t al., 1983) and
is active in the absence of the immune system.

The similarity of the hepatic lesions of these animala to hepatic lesions

boutonneuse fever contributes to understanding of the pathogenesis of
the human lesiona of multifocal hepatocellular necrosis and associated focal
hepatic inflammatory response (Guardia ot al., 1974: Faure ot al., 1977;
\\ alker, Staiti, and Mansueto, unpublished data) The finding of R. conoris

these lesions in mice suggests that the ricketteiae play an important role
m their pathogenesis. The immunodeficient mouse model of R. ecnorii
infection should be useful in further dinsection of pathogenic mechanisms
of hepatic injury by R. conorii and in evaluation of the importance of
stimulation of each ‘component of the immune system by specific purified
rickettsial antigens in protective immunity and vaccine design.
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Explanntion to Micrographs (Plate LXIX): .

Pig. 1. Clusters of immunofiuorencent Rickettsia conorsi (arrows) in & T-cell deficient moune,
() spleen (left) and (b) liver granuloma (nght) 7 davs after inoculation. Anti-spotted fever
uroup rickettsme FITC-labeiled conjugate, « 373: ¢) Heputic cell necrosm surrounded’ hy
nodular accamulation of polymarphonuciesr leukocytes and Saserophages in 8 T-cell deficrent
mouse 7 days after inoculation with Rickettaia comorii. Hematoxylin.eomin stain; x 375,
Bar represonts 10 um. :
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CORRELATION OF THE DISTRIBUTION OF
RICKETTSIA CONORII, MICROSCOPIC LESIONS, AND CLINICAL
FEATURES IN SOUTH AFRICAN TICK BITE FEVER

DAVID H. WALKER a~no J. H. S. GEAR
Department of Pathology, University of North Carolina, Chapet Hill,
North Carolina 27514 (USA) and The Sowh African Institute
of Medical Research, Johannesbury (South Africa)

Abstract.  Three South African patients with severe Ricketisia comorii infection had
complicated courses of illness with 2 fatal cases and | with gangrene of muitiple digits.
Immunofiuorescent organisms of R. conorii were demonstrated in vascular endothelium
of brain, leptomeninges, renal giomerular arterioles and capillaries, renal arteries and veins,
myocardial capillaries and arteries, pulmonary alveolar capillaries, pancreatic septa, splenic
anterioles, and dermis. Rickettsiae were aiso observed in hepatic sinusoidal lining cells,
spienic and lymph node macrophages, and the blood vesseis of the partiaily viabie zone
of the amputated digits. Pathologic lesions included cerebral and cerebellar perivascular
mononuciear leukocytes, mild mononuciear leptomeningitis, glomeruiar arteriolitis, vas-
cular and perivascular mononuclear cell-rich inflammatory foci in the kidney, pancreas,
skin, and myocardium, hepatoceifuiar necrosis, and puimonary edema. The sites of lesions
and rickettsine showed strong topographicai correlation. Thrombi and hemorrhage occurred
in & minority of the sites of vascular injury. Rickettsiae were the apparent direct cause of
meningoencephalitis, peripheral gangrene, and other foci of vescular injury. Fatal R. conorii
infection with disseminated organ involvement emphasizes the pathogenic potential of this

disease.

Rickettsia conorii, a member of the spotted
fever group of ricketisiae, is distributed widely
through southern Europe, Africs, and the Middle
East. Strains of R. conorii from this broad geo-
graphic distribution have been assigned to this
species on the basis of quantitative measure-
ments oi the capability of antisera ‘o neutralize
the lethal effect of intravenous inoculations of
the respective rickettsiae. ! The disease caused by
R. conorii has borne various names reflecting the
geographic occurrence including Mediterranean
spotied fever, Kenya uck typhus, South Africs:.
tick bite fever, and India tick typhus. The mr..or
ecologic niche or the ricketisiae affecting m-n is
the dog tick, Rhipicephalus sanguineus which
maintains the rickettsia by transov=;ial trans-
mission and transmits the ricketisia to man by
its bite. Other ticks which have been reported to
harbor R. cononi include members of the genera
Rhipicephalus, Ixodes, Dermacentor, Hyalom-
ma, Amblyomma, and Hemaphysalis. 1t is pos-
sible that some rickettsial genstic diversity may
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exist among these geographic and ecologic
sources. Although human infection with R. co-
norii is generally considered to be a seif-limited
illness of moderate severity, the range of climeat
severity contains subjects with antibedies to R.

conorii and no history of febrile exanthem,%? a .
patient with tache noire and no other signs or

symptoms,* patients with cevere manifestations

such as acute renai failure, neurologic signs, or-

peripheral gangrene,>’ and fatai cases.* Severe
cases have been observed in Israel, South Africa,
France, and Italy. Host factors which may affect
the severity of illness are glucose-6-phosphate
dehydrogenase deficiency® and older age.** Spe-
cific rickettsial virulence factors have not yet been
identified. The pathologic alterations associated
with human R. conorii infection have been re-
ported only in skin and liver,!0-13.13.1¢ ‘We de-

scribe the pathoiogy and ricketisial distribution -

in the central ne1 vous system, kidney, liver, heart,
lung, spleen, lymph node, pancreas, adrenai, and
skin. These are the first descriptions of the pa-
thology and rickettsiae in the tissues of fatal R.
conorii infection.
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362 WALKER AND GEAR

MATERIALS AND METHODS

Paraffin sections of tissues from 3 cases of
South African tick bite fever were suined by
routine hematoxylin-cosin method, phospho-
tungstic zcid-hematoxylin technique, and depar
affinization-trypsin dn;esuon-lmmunoﬂuoresp
cence method with a conjugate reactive with R.
conorii as reported in detail previously. 'V Tis-
sues examined were cerebrum, cerebeilum, kid-
ney, liver, spleen, heart, lung, lymph node, anfl
adrenal gland (Case 1); cerebrum, kidney, hver.
spieen, heart, lung, and pancreas (Case 2), and
gangrenous digits (Case 3). Positive control tis-
sues for R. conorii immunofluorescence includ=d
eschar from guinea pig inoculated intradermally
with P. cov.rii (strain 7), eschars from patients
wit*, serologically documented boutonneuse fé-

. ver, and liver tissue from nude mouse moculated

with R. conorii (strain 7). \

RESULTS
Clinical observations
|

Case 1. A 54-year-old miner employed on one
of the gold mines of the Witwatersrand became

" ill with “flu-like™ symptoms of headache. muscie

pain and fever. He became worse on each suc-
ceeding day and on the fourth day developed a
profuse rash and was admitted to the hospital.
On the ninth day, the rash became hemorrhagid.
and he was transfered to the Rietfontein Fever
Hospital near Johannesburg. |

On admission he was desperately ill, being
semicomatose with stertorous breathing. An ex-
tensive hemorrhagic maculopapuiar rash covJ‘-
ered his body. A nonpurulent uicer was seen in
the middle of his back. His tongue wes coated
and palate covered with blood-stained mucus.

" His chest sounds were obscured by stertorous

breathing, heart rate was 100/min, and blood
pressure, 140/80 mm Hg. He had slight neck and
back stiffness. His deep tendon reliexes were brisk,
and the Babinski sign was flexor. I* was suspected
that he had tick bite fever. J

Because of renal failure and urgent need for
dialysis, he was transfered to the intensive care
unit in the Johannesburg Hospital, but died soon
after admission.

Laboratory data included hemoglobin 15 g/dl
white blood ceil count 10,500/ul with 86% neu-
trophils, many showing toxic granulation. 7%

monocytes. and 7% lymphocytes, platelet count
65,000/ul, prothrombin index 68%, serum so-
dium 121 mEq/1, serum potassium 4.9 mEq/1,
blood giucose 22 mg/dl, blood urea 42 mmol/l,
and creatinine 415 gumol/1. His urine contained
numerous red blood ceils and white blood cells,
protein. and glucose. His cerebrospinal fluid was
slightly xanthochromic and contained 1,280 red
blood cells, 3 neutrophils, 11 lymphocytes, pro-
tein 93 my/dl, and glucose 11.2 mmol/1. No bac-
teria were observed and bacterial culture yielded
no growth. Virus was not isolated from his blood
by the inoculation of litters of baby mice and
tissue cultures. Two adult male guines pigs in-
oculated with his bicod on the day of admission
to Rietfontein Hospital developed a slight fever
associated with a slight scrotal reaction. No pas-
sages were made. When their sera were tested a
month lawr in the rickettsial compiement fixa-
tion test, a positive reaction with Rickertsia con-
orii var. pijperi antigen was noted, thus confirm-
ing the clinical diagnosis of South African tick
bite fever.

It ‘vas subsequently ascertained that his family
owned a dog which was allowed indoors and to
sleep on the patient’s bed. It was dipped regularly
to nid it of the ticks which it acquired in the
vicinity of the house. The patient had com-
plained of a “pimple™ in the middle of his back
4 or 5 days before he became ill. A piaster was
put on it and when it was removed left a non-
purulent sore. [t seems likely that this was the
primary lesion of tick bite fever and that the tick
responsibie for transmitting the infection came
from the dog sleeping on his bed.

Case 2. A 65-year-old man, after returning to
his home in Hillcrest, Durban, from a holiday
in the inland farming district of Mooi River, be-
came ill with high fever and severe headache. He
became delirious and developed a profuse mac-
ulopapular rash which became hemorrhagic. Be-
cause of his rash and other signs of a hemorrhagic
state, the possibility of one of the African hem-
orrhagic fevers was considered. In spite of all

_ treatment, he died about 14 days after the onset

of his iliness. At postmortem, specimens were
taken from the varous organs and tissues. Serum
specimens separated from blood taken on 18 and
25 August, the day before he died, were also
evaluated. Indirect immunofluorescent tests. for
antibodies to Lassa, Marburg, Ebola, Crimean-
Congo, and Rift Vailey fever vimses gave neg-
ative results with both zerum specimens. The
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ORGAN DISTRIBUTION OF R. CONORII AND LESIONS 363

complement fixation tests for antibodies to ru-
bevla and herpes simplex viruses were not di-
agnosiic, but the compiement fixation test dem-
onstrated a rise in antibody titer to antigens of
R. conorii var. pijperi from 1:8 on 18 August to
1:64 on 25 August.

Case 3. A 73-year-old English-born widow had
rheumatic fever when 7 years old. but had no
heart trouble after the attack. She had come to
South Africa about 5 years prior to ‘ne onset of
iliness and lived in a suburb north «f Johannes.
burg. She had 2 dogs which were restricted to
her yarden but were allowed indoors. In May
1980 she was admitted to the hospital for a chest
infection which responded well to antibiotic
treatment. At that time she was found to have
mitral stenosis and regurgitation and subse-
quently experienced mild symptoms of shortness
of breath and palpitations.

About a week before admission to the hospital,
she felt tired and complained of muscle and joint
pains. Her daughter noted that she had been fe-
verish and delirious for 2 nights. After develop-
ing a profuse rash. she was aumitted 1o the Jo-
hannesburg Hospital with a provis.onal diagnosis
of septicemia.

At admission on 5 October 1980. she was
somewhat confused. Her temperature was 39°C,
pulse rate (at times irregular) was 120/min. and
biocod pressure, 94/50 mm Hg. She had an ex-
tensive maculopapular rash on a background of
cyanotic suffusion of the skin with scattered pe-
techiae and ecchymoses, especially marked pe-
ripherally. The capillary fragility test was posi-
tive. She had slight neck stiffness and muscle
tenderness. There was slight cardiomegaly, a short
systolic and a mid-diastolic murmur and atrial
fibrillation. Her liver was slightly enlarged and
tender. but her spleen was not palpable. Infective,
endocarditis was suspected. and she was treated
with large doses of antibiotics. Laboratory data
incuded 5 negative blood cultures taken before
the institution of antibiotic treatment. presence
of fibrin degradation products in plaxma gross
hematuria with many red cell casts, and blood
creatinine 520 umol/l. Her condition continued
to deteriorate, and she became stuporous and
then lapsed into a coma. On the fourth day of
hospitalization, the clinical findings were re-
viewed. The diagnosis was changed to tick bite
fever. and treatment with 500 mg tetracycline
every 6 hr was initiated. The patient defervesced
during the next 3 days, but her condition re-

Ficure |. Photomicrographs of immunoftuores-
cent R. conorii demonstrated by anti-spotied fever group
rickettsial conjugate in fatal South African tick bite
fever. A. Ricketisiae in endothelial location of a renal
blood vessel in Case 2, x375. B. Rickettsiae in the
cytoplasm of a macrophage in the marginal sinus of 2
lymph node in Case 1, x380.

mained grave, She developed gangrene of all her
finger tips except for the left small finger and
thumb and of her second and third toes of her
left foot. On 13 November the gangrenous tissue
was amputated. The postoperative course was
uneventful. and she was discharged relati vety weil.
The Weil Felix test revealed seroconversion by
Proteus OX 19 agglutination. thus suggesting the
diagnosis of a rickettsial disease.

Immunofluorescence observations

Thin, bnght green immunofluorescent organ-
isms were observed only in the locations of vas-
cular endothelium in many sites (Fig. 1A) and
of macrophages in hepatic and splenic sinusoids
and lymph node sinuses (Fig. 1B). Nonspecific
staining of host tissues was not seen. In Case 1
the brain contained numerous rickettsiae in ce-
rebral and cerebellar blood vessels and foci of
rickettsiac in the subarachnoid location of the
leptomeninges. Rickettsiae were observed i glo-
merular arterioles and capillary tufts, intertu-
bular blood vessels. and arterial endotheiium. In
the liver, rickettsiae were identified only in a few
sinusoidal lining cells; no ricketisiae were seen
in hepatocytes. Spienic rickettsiae appeared to
be in macrophages and arteriolar endothelium.
Few foci of R. cororii were observed in capil-
laries between myocardial cells, pulmonary al-
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364 : WALKER AND GEAR

FiGure 2. Photomicrographs of brain irom fatal
South African tick bite fever (Case 2) showing peri-
vascuiar infiliration of the neuropil by mononuciear
leukocytes, hematoxylin-eosin stain, x 240, L'set, Im-
munoffuorescent R. conorti (originally bright green) in
a cerebral blood vesse! from the same patient. Auto-
fluorescence in the neuropil represents neuronza! lipo-
fuscin (originally orange), anti-SFG rickettsial conju-
gate, x375. '

veolar septa, and macrophages within marginal
and draining sinuses of a lymph uode. No rick-
ettsine were demonstrated in adrenal gland but
were present in biood vessels in periadrenal adi-
pose and connective tissue. '

In Case 2, numerous rickettsiae infected ce-
rebral blood vesseis (Fig. 2, inset), glomerular
arterioles and capillary tufis (Fig. 3), renal arte-
rial endothelium, and intertubular blood vessels
near the corticomedullary junction (Fig. 4). Few
hepatic ricketisiae were observed in scattered si-
nusoidal lining celis. In spleen, rickettsiae were
identified in arteric lar endothelirm and macro-
phages in small quawntities and in one medium-
sized artery in a large amount. In the heart, a few

Figure 3. Photomicrograph of renal glomerulus in
Case 2 with numerous immunofluorescent R. conorii
in the walls of the glomerular arteriole and capillary
tufts. Anti-SFG rickettsial conjugate, x 375.

foci of rickettsiae were present in arterial endo-
thelium and capillaries between myocardial fi-
bers. Very few rickettsiae infected pulmonary al-
veolar capillaries. Small foci of rickettsiae were
seen in capillaries and septal blood vessels of the
pancreas and blood vessels in the dermis of skin.

In Case 3, several foci containing numerous
R. conorii were identified in the injured, partially
necrotic blood vessels at the margin between vi-
able and necrotic tissue (Fig. 5). Rickettsiae were
not observed in the mummified necrotic zone or
in the zone of heaithy tissue.

Microscopic lesions

In Case 1, the cerebrum and cerebeilum con-
tained numerous foci of perivascular mononu-
clear cells some cf which infiltrated the adjacent
neuropil. There was widespread enlargement of
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Ficure 4. Photomicrograph of numczrous immu-
nofluorescent R. conorii in a focus of vasculitis and
perivasculitis near the corticomedullary junction ¢ the
kidney in Case 2. Anti-SFG rickettsial conjugate, x 235.

endothelial cells and a diffuse mild increase in
microglial cells infiltrating the neuropil. The sub-
arachnoid space had a mild hemorrhage with
erythrophagocytosis by macrophages. The kid-
ney was severely autolytic, but multiple foci of
mononuclear leukocytic vasculitis could be iden-
tified in the outer part of the medulla near the
corticomeduilary junction. Hepatic lesions in-
cluded multifocal, randomly distributed coagu-
lative necrosis of solitary hepatocytes (Fig. §),
few polymorphonuciear leukocytes and moder-
ate quantities of small lymphocytes in portal
triads, mild steatosis, moderate congestion, and
mild sinusoidal leukocytosis. There were no he-
patic granulomas, portal vasculitis, or leukocytic
accumulation around necrotic hepatocytes.
Matching of serial sections by bright-field mi-
croscopy and immunofluorescence demonstrat-
ed necrotic hepatocytes adjacent to infected si-
nusoidal lining cells and R. conorii within splenic
arterioles that cont'in<d thrombi and karyor-
rhectic debris. The red pulp was congested, and
no germinal centers were observed. The myo-
cardium contained a few foci of interstitial leu-
kocytes, predominantly mononuclear cells. Lung
lesions included protein-rich pulmonary edema,
congestion, focal nonocclusive thrombosis. focal
acute pneumonia with alveolar polymorphonu-
clear leukocytic exudate, and foci of fibrosis con-

FiGure 5. Photomicrograph of numervus R co-
norii in 2 bMood vessel of the partially viable zcne of
an amputated gangrenous finger (Case 3). The blocd
vessel is narrowed by 2 nonocclusive thrombus. Anti-
SFG rickettsial conjugate, x235.

taining carbon pigment and birefringent silica
crystals. Lymph nodes also contained anthra-
cosilicotic fibrosis. There were foci of adreno-
cortical necrosis with surrounding leukocytic re-
spcnse, and tw  periadrenal arteries had foci of
acute vascular wzi! necrosis (Fig. 7).

Ficure 6. Photomicrograph of liver (Case 1) shows
an example of a rounded, shrunken necrotic hepatocyte
{Counciiman-like body). Hematoxylin-eosin stain,
x 380.
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Figure 7. Photomicrograph of an artery in periad-
renal adipose tissue of Case 1. This oblique section
through the arterial wail demonstrates marked kar-
yorrhexis and inflammation limited 1o the endothe-
lium and subendothelial intima and sparing the media.
Hematoxylin-cosin stain, x 240.

Fioure 8. Photomicrograph of kicney from Case
2 shows necrotizing glomerular arteriol tis. Hematox-
ylin-cosin stain, x 240,
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Fioure 9.  Photomicrograph of kidney from Case
2 demonstrates a focus of severe vasculitis and peri-
vasculitis in the outer part of the medulla (focal peri-
vascular interstitial nephritis). Hematoxylin-eosin suin,
x150.

In Case 2, many foci of vasculitis in the brain
consisted of mononuclear leukocytes infiltrating
the blood vessel wall and the surrounding neu-
ropii (Fig. 2). There was aiso a mild mononuclear
leukocytic leptomeningitis. Lesions in the se-
verely injured kidney included karyorrhexis,
thrombosis, and leukocytic infiltration of glo-
merular arterioles (Fig. 8), karyorrhexis in gio-
merular capillary tufts, cortical vasculitis with

- perivasculay mononuciear leukocytes, plasma
cells, and focal hemorrhage. muitifocal cortical
interstitial edema, and multifocal severe vascu-
litis (Fig. 9) at the corticomedullary junction and
in the outer part of the medulla. The liver con-
tained multitocal necresis of solitary hepato-
cytes, intracanalicular cholestasis, mild stestosis,
and mitosis. No hepatic granulomas. portal vas-
culitis, or leukocytic response 1o necrotic hepa-
tocytes were observed. The spieen had a capsular
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Ficuse 10. Photomicrograph of skin from Case 2
shows severe vascular injury with a nonocclusive lu-
minal thrombus. Hematoxylin-eosin stain, x 240.

hemorrhage and polymorphonuclear leukocytes
and piasma cells in the red pulp. The lungs were
congested with intraalveolar amorphous eosin-
ophilic material compatible with puimonary
sdema, scatiered intraalveolar erythrocytes, and

deposits of carbon pigment. The pancreas was
autolyzed. but contained a focus of identifiable
perivascular mononuclear cell infiltrate. The skin
showed muitifocal dermal and subcutaneous
vasculitis with perivascular edema and leuko-
cytes including polymorphonuciear leukocytes.
Two dermal biood vessels contained thrombi that
did not occlude the lumina (Fig. 10).

In Case 3, the amputated fingers had 3 zones:
mummified necrotic tissue, a viable margin at
the line of resection, and an intervening partiaily
viable zone. The partially viable zone contained
tkrombosed blood vessels which consisted of a
mixture of viable and necrotic cells (Fig. 11A).
The tissue at the line of resection was a healthy
band of granulation tissue containing recanalized
thrombosed vessels with a remnant of mono-
nuclear inflammatory cells (Fig. 11B). Few mor-
phologic details were discernible in the mum-
mified necrotic area, '

DISCUSSION

The three cases of South African tick bite fever
illustrate many of the diagnostic and clinical
prodlems of infection with ixodid tick-transmit-
ted R. conorii var. pijperi. The diagnosis of tick
bite fever is made provisionally by epidemio-

FiGure 1. Photomicrographs of tissue from the amputated gangrenous fingers in Case 3. Both hematoxylin.
eosin stamn, x 210. A, A nonocclusive luminz! Uirzi.les Loilains several morphologically intact celis although
cells of the vessel wai! are necrotic as determined by nucieotysis. This focus contained immunofluorescent R.
conorti. B. A healing blood vesse! with a recanalized luminal thrombus, fibroblasts, and remaants of mononuclear
inflammation in the excised margin of viable tissue. This region contained no R. conorti organisms.
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368 WALKER AND GEAR

logic and clinical observations, treatmsnt with
tetracycline is administered, and subsequently
the diagnosis is confirmed by laboratory meth-
ods. The patients often give a history of having
been camping or picknicking in the bushveld,
where ticks abound, one week before becoming
ill. Clinically the diagnosis is suggested by the
presentation of a primary sore with a black ne-
crotic center, associated especially in severe cases
with tender regional lymphadenitis, fever, and
the development of a maculopapular rash on the
third to fifth day of illness. The diagnosis can be
confirmed in the laboratory by serology, by the
isolation of the causative rickettsiae, and by im-
munofluorescent demonstration of spotted fever
rickettsiae in a biopsy of the eschar or rash.'>'¢
Reliance is usuaily placed on the resuits of the
serological tests; however, these tests usually do
not give positive results until afier the tenth day
of illness. Isolation and characterization of R.
conorii by intraperitoneal inoculation of guinea
pigs with the patient’s blood is performed only
in specialized laboratories. As the specific im-
munofluorescent demonstration of spotted fewer
rickettsiac in skin Miopsies is only avaiiabie in a
few laboratories, the earily diugnosis in most cases
of tick bite fever must be based on the clinical
findings. Treatment with teuacycline or chlor-
amphenicoi should be initiated immediately to
avoid the pathologic consequences illustrated in
these patients.

In a typical case, the clinical course is char-
acterized by complaint first of lassitude most
marked in the evening. A feeling of chiliness with

" slight rigors may then occur, and the patient de-

velops fever and headache, which may become
S0 severe as to be almost unbearsbie. The patient
may complain of insomnia and become deliri-
ous, most often at night. The temperature falls
on about the tenth day. In children and young
adults, there are few complications and recovery
is rapid. In the absence of treatment, compli-
cations are frequent in oider patients and may
occur even with treatment.

The pathologic lesions and pathophysiviogy of
fatal Rocky Mountain spotted fever (RMSF) and
South African tick bite fever have both similar-
ities and distinct differences. In general, the pat-
tern of moronuciear feukocyte-rich infiltration
of the infected biood vessel wall and perivascular
space is the basic lesion in most affected organs
in both RMSF and these two fatal cases of R.
conorii infection. Severely ill patients with either

disease may develop a hemorrhagic state with
bieeding into the ciements of the rash, petechial
hemorrhage and purpura of the skin, and bleed-
ing from needle puncture wounds and from the
mucous membranes. The hemorrhagic state may
be associated with a marked thrombocytopenia,
prolonged prothrombin time, and evidence of a
consumption coagulopathy. The lesions in the
central nervous system from hoth diseases re-
semble the classic Frankel’s nodules of typhus
fever with ceils compatible with macrophages
and small and large lymphocytes permeating the
perivascular neuropil.'*'* A mild leptomenin-
gitis is observed in both rickettsioses. The cere-
brospirai fiuid in Case | reflected the rickettsiat
meningoencephalitis with mild pleocytosis and
elevated protein concentration. Clinically, there
may aiso be marked invoivement of the central
nervous system in both South African tick bite
fever and RMSF, progressing from severe head-
ache to mental confusion, delirium and coma.
Other analogous lesions include multifocal peri-
vascular interstitial nephritis, 2! focal intersti-
tial myocarditis,?>2? dermal and subcutaneous
vasculitit in the skin of the rash, eschar, and
peripheral gangrene!®'3- 24.23 and vasculitis in the
pancreatic interiobular septa?* and periadrenal
adipose tissue. Lesions which were observed in
fatal R. conorii infection and are not character-
istic of RMSF are necrotizing glomerular
anteriolitis®- 2% 37 and muitifocal necrosis of sin-
gle hepatocytes. Although hepatocellular necro-
sis other than centrilobular necrosis was present
in 5 of 9 fatal cases of RMSF?* in one series and
in 7 of 16 cases in another series (M. Jackson
and W. D, Bradford, Duke University Medical
Center, C. Kirkman anc D. H. Walker, personal
communications), the major hepatic lesions of
RMSF, portal vasculitis and iriaditis, were not
observed in the two patients presented. Clini-
cally, hepatic involvement is reflected in some
cases of R. conorii infection by jaundice and in-
creased levels of blood bilimibin and hepatic en-
zymes. The other major difference is the presence
of interstitial pneumonia in RMSF?* % and its
absence in South African tick bite fever.

The distribution of lesions correlates with the
locations of rickettsiae in each disease. Thus, the
puimonary capillanes and other small pvimo-
nary blood vesseis are infecied with numerous
R. rickettsii in RMSF, but there were few R.
conorii infecting the puimonary microcir:ula-
tion.?* Conversely, the glomerular arteriofes in
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South African tick bite fever were the sites of
intense R. conorii infection and necrotizing vas-
culitis but are not a target in RMSF.2-21.27 In
both, renal failure may be reflected by rising biood
urea and creatinine levels and ultimately anuria.
The location of R. conorii and lesions correlated
well in brain, meninges, liver, kidney, heart,
spleen, skin, pancreas, and periadrenal arteries.
. These general observations were confirmerd in
specific foci where R. conorii were observed in
serial sections of loci of vascular injury. Thus,
these data support the theory of direct rickettsial
injury of the parasitized cells proposed by
Wolbach?* which is aiso supported by recent in
vitro experiments.’*-?? A discrepancy in the cor-
respondence of the injured cell and parasitized
cell is noted in the liver. The description of R.
conorii infection of sinusoidal lining cells is the
first report of direct rickettsial infection of the
liver in this disease; nevertheless, necrosis occurs
in the hepatocyte adjacent 16 the infected sinu-
soidal lining cell. The mechanism by which this
injury to the hepatocyte is mediated is not ap-
parent. Previous investigations of lesions in he-
patic biopsies have demonstrated accumulations
of leukocytes in foci of hepatocellular necro-
sis.'’ !¢ We have been unable (o demonstrate in-
tact R. conorii in any of these inflammatory le-
sions in human liver biopsies. Experimental
infections of mice with R. conorii have suggested
that immune mechanisms clear the rickettsiae
cfficiently from the foci of hepatoceilular necrosis
and inflammation of mice with intact T-lym-
phocytes while these lesions in T-cell-deficient
mice contain n.merous rickettsiae.* Moreover,
those experiments and the absence of lympho-
cytes and macrophages in the foci of hepatocel-
lular necrosis at the stage of development present
in these cases would make ceil-mediated im-
munopathologic mechanisms seem unlikely. It
may be hypothesized that the patchy hepatocel-
lular necrosis is refated to the infected adjacent
sinusotidal lining which may cause reduced per-
fusion of ihe liver lobule and diminished ex-
change of nutrients and metabolites between the
lumen of the sinusoid and the hepatocyte.

The other lesions of particular interest are in
the amputated fingers. In addition to the ex-
pected observations of necrosis and wound re-
pair, there was a zone of severely ischemic tissue
in which a few viable cells persisted and organ-
1sms of R. conorii were identified. The obser-
vation of persistent rickettsiae in the tissues 36

days after the beginning of treatment with tet-
racycline is remarkable. Identical findings were
present in amputated leg specimens from a.pa-
tient in North Carolina with Rocky Mountain
spotted fever who had been treated for three weeks
with chloramphenicol (D. H. Walker, personal
communication). In both cases the spotted fever
group rickettsiae were seen only in the ischemic,
partially viable zone where delivery of effective
antirickettsial drug concentrations and host de-
fenses such as T-lymphocytes, macrophages, and
interferon was probably inadequate. This phe-
nomenon may be related to the weil-known ca-
pability of spotted fever group ricketisiae to con-
tinue to proliferate in the yolk sac of hen's eggs

for 48-72 b~ afler the death of the cmbryo.”‘

Proof that these morphologicaily intact organ-
isms are truly viable will require isolation of rick-
etisiae from similar amputation specimens. This
documentation of the pathologic potential of R.
conorif in its most severe form indicates that
further investigations of the renal, hepatic, neu-
rologic. and cutaneous pathophysiology of this
disease and of the pathogenic mechanisms of R,
conorii should be pursued.
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DEMONSTRATION OF SPOTTED FEVER GROUP RICKETTSIAE
IN THE TACHE NOIRE OF A HEALTHY PERSON
IN SICILY*

S. MANSUETO.t G. TRINGALIL$ R. DI LEO.§ M. MANISCALCO,§
M. R. MONTENEGRO.} ano D. H. ~ALKER**
1Clinica deile Malartie Tropicali, Universitd di Palermo, Italy. $Istituto d'Igiene,
Universitd di Palermo, ltaly. §Divisione di Medicina, Ospedali Civili Riuniti,
Sciacca, ltaly, \Department of Pathology, Universidude Estadual Paulista,
Botucatu, SP. Brazil, and **Department of Pathology, .
University of North Carolina. Chapel Hill,
North Carolina 27514

Abstract. A human case of rickettsial infection occurred in Sicily following tick bite.
The patient did not have fever. the typical nodular rash, or other symptoms of illness other
than development of a tache noire containing spotted fever group rickettsiae, which were
demonstrated by immunofluorescence. A high titer of antibodies of the IgG class suggests
that the patient may have had previous exposure to Rickettsia conorii or a related spotted
fever group rickettsia. An anamnestic response may be hypothesized to have conferred
partial immunity, with resulting containment of rickettsiae at the site of inoculation.

Boutonneuse fever (BF) is a tick-bome spotted
fever group rickettsiosis caused by Rickcttsio
conorii, and is generally transmitted by the brown
dog tick, Rhipicephalus sanguineus. In 50% of
clinically apparent cases of BF. a lesion occurs
at the site of the observed or presumed tick bite.
BF is further characterized by fever. cutancous
nodules and occasionaily involvement of viscer-
al organs. The documentation of asymptomatic
infection with R. conorii by serologic surveys of
persons in whom there was no history of BF
suggests the hypothesis that there may be a spec-
trum of pathogenicity of the host-parasite reia-~
tionship between humans and’ R. conorii-like
rickettsiae.’ This spectrum may include asymp-
tomatic seroconversion. tache noire without oth-
er signs or symptoms, and various combinations
of tache noire, fever, rash. and cardiovascular.
pulmonary, renal, and hepatic complications.

" This report documents for the first time the oc-
currence of a spotted fever group rickettsial in-
fection with a tache noire but no other manifes-
tations of disease.

Accepted 25 August 1983,

* Address reprint requests to: David H. Walker, M.D.,
Department of Pathology, 228-H. University of North
Carolina School of Medicine, Chapel Hill, North Car-
olina 27514,

CASE REPORT

A 60-year-old agricultural laborer from Sciac-
ca, Italy noted the presence of a tick on the lateral
aspect of the right lower leg and removed it on
10 March 1982. Twenty days later he sought
medical attention because of the development of
a skin lesion at the site of the tick bite. The
cutaneous lesion consisted of a central. black ul-
cer 2 ¢cm in diameter surrounded by vesicles and
a peripheral erythematous zone (Fig. 1). Datwa
including clinical course, rickettsial serology. se-
tum immunoglobulins and complement are
shown in Figure 2. Indirect immunofluorescent
antibody assay confirmed the diagnosis of BF
with anti-R. conorti 1gG titer of 1:320 and IgM
titer of 1:80. )

On 3 Aprit 1982, a biopsy of the tache noire
was performed. Bright field microscopy revealed
foci of pseudoepitheliomatous hyperplasia in the
epidermis surrounding the necrotic mass of kar-

yorrhectic debris, fibrin and keratin, correspond-

ing to the eschar (Fig. 3). In the surrounding
dermis and underlying subcutaneous tissue, there
were perivascular accumulations of macro-
phages, lymphocytes, and numerous eosinophils.
The vascular endothelial cells were swollen. Ex-
amination of sections by the method of depar-
affinization and trypsin digestion.? followed by
direct immunofluorescence with a conjugate re-
active with spotted fever group rickettsiae,
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FIGURE 1. Tache noire in a patient without clini-
cally apparent boutonneuse fever.

showed focal clusters of coccobacillary organ-
iems in the lining of the vessel walls in the re-
ticular derrms (Fig. 4). The immunofluorescent
conjugate was prepared at the Centers for Discase
Control. using killed R. rickettsii as antigen for
immunization of sabbits.’ The conjugate of the
globulin fraction of rabbit antiserum has also

. been demonstrated to react with R. conorii at a
titer of 1:512.

Reaction of sections of the eschar with guinea
pig preserum by indirect immunofluorescence
using a 1:20 dilution of serum and 1:40 dilution
of rabbit anti-guinea pig IgG conjugate (DAKO,
Accurate Chemical and Scientific Corporation,
Westbury, N.Y.) revealed no organisms. whereas
the same indirect immunofuorescent system us-
ing convalescent serum collected from the same
animal 1 month after inoculation of R. conorii
revealed foci of thin bacilli compatible with rick-
ettsiae.

On § April the anti-R. conorii titers remained
at the same level while both the third and fourth
components of compiement were slightly ele-
vated. At no time during his course did the pa-
tient report a fever. He was afebriie and did not
have a rash during evaluation of the eschar or
during the following 8 months.
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Figure 2. Clinical course, rickettsial serology, se-
rum immmunoglobulins, and complement in a patient
without clinically apparent boutonneuse fever. WF, Weil
Felix: IF. immunofluorescence: C3c. C4. IgA, IgG and
{gM (radial diffusion on Petn plates. Benring), normal
values, respectively, 50-120; 20-50; 90-450: 8300~
1.800: 62-250 mg/100 mi.

DISCUSSION

The observation of spotied fever group rick-
etisiac at the site of tick bite is strong evidence
for inoculation of rickettsiae into the skin by tick
bite. colonization of vascular endothelium by the
rickentsiae. and stimuiation of host defenses
without any systemic signs or symptoms of dis-
ease. In our patient rickettsiae were identified in
the tache noire by direct immunofluorescence
using rabbit anti-R. rickettsii fluorescein conju-
gate.? This conjugated antiserum also reacts with
R. conorii, as shown by Hebert et al.,’ and can
be considered as specific for the spotted fever
group of rickettsiae.

The fact that nickettsiae persisted for 23 days
after tick bite is surprising, but has previously
been documented to occur in -ickettsial infec-
tions. R. rickettsii has been recovered from lymph
nodes of a patient 1 year after clinical recovery
from Rocky Mountain spotted fever.* Even in
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Figure 3. Photomicrograph of eschar with focal
dermal necrosis (lower lefl), downgrowth of stratified
squamous cpithelium along tract of tick bite, adjacent
granuiation tissue, chronic inflammation, and swollen

. endothelial cells. Hematoxylin-eosin, x 235,

vitro in the plaque mode!. the center of the plague
has been shown to harbor a few intact cells con-
taining rickettsiae after most of the surrounding

cells have been destroyed.’ These observations
" suggest that selection of less virulent rickettsiae
or more resistant host cells may occur during
infection, allowing for asymptomatic persistence
of ricxettsiae. Persistence of typhus ricketisiae in
patients 1o TMany years afier epidemic typhus
may result in recrudescent illness. Our patient’s
tache noire was still in an active phase with early
manifestations of healing 23 days after tick bite,
whereas most of these lesions heal between 14
and 20 days. It is conceivable that this patient’s
humoral immune response prevented the spread
of rickettsiae. while deficient cell mediated im-
munity failed to eliminate the intracellular or-

FiGURe 4.  Biopsy of tache noire. Fluorescent rick-
ettsiae in wall of dermal vessel. Fluorescein isothy-
ocianate~conjugated anti-spotted fever group lickett-
siase serum. x 300.

ganisms. Experiments with R. mooseri in guinea
pigs support this hypothesis, since passive trans-
fer of immune cells prevented an inoculation site
lesion while passive transfer of immune serum
failed to prevent the lesion.* '

The two principal hypotheses that may explain
the occurrence of R. conorti infection manifested
only by an ~schar are either that the strain of R.
conorii-like rickettsia was of relatively low vir-
ulence, or that previous spotted fever group rick-
ettsial infection provided partial immune pro-
tection. Investigation of spotted fever group
rickettsiae in North America has revealed a great
diversity of rickettsial species with a wide spec-
trum of virulence as judged by response of guinea
pigs to inoculation.” At the present time the range
of virulence of R. cono-ii, and possibly other
spotted fever group rickettsiae in the Mediter-
ranean basin, is not known. The serologic doc-
umentation of infection with R. conorii among

s M S i et

TG #

N & ke




&~

482 ‘ MANSUETO ET AL.

as many as 20% of persons in western Sicily who
are engaged in agricultural activities and give no
history of BF suggests that there are nonpatho-
genic strains of R. conorii in Sicily.'* The pos-
sibility of a previous infection with R. conorii
cannot be excluded. The serology. in fact. dem-
onstrated a higher level of antibody to R. conorii
in the IgG class than in the IgM class, as would
be expected in an anamnestic immune response.
Bourgeois et al.® have shown that in primary
infection with R. tsursugamushi the antibody re-
sponse is mainly of the IgM class. In contrast,
reinfection scrub typhus stimulates an antibody
response mainly of the IgG class. We have also
observed these two types of antibody response
to R. conorii in BF.'° It may be hypothesized
that our patient, an agricultural laborer who is
at high risk for both tick bite and R. conorii
infection, had a prior infection with residual im-
‘munity sufficient to contain the subsequently in-
oculated organisms at the portal of entry. Elu-
cidation of the host-rickettsia relationship
between humans and R. conorii will require ex-
tensive investigation of strains.of R. conorii iso-
lates in Sicily, and of the immunology of human
host defenses against ricketisiae. BF offers an ex-
cellent opportunity for the advancement of
knowledge concerning rickettsial pathogenesis
and immunity.
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To evaluate the waportance of proteolytic activity in the pathogenesis of cell injury by Rickertsio
rickettsii, a series of four aromatic amidine. inhibitors of trypsin-iike pr were introduced into the
piaque model. The compounds were shown 10 be active toward plaque reduction with their order of
eflectiveness parallei to their anmryysm activity. One of the compounds, bis{S-amidino-2-benzimidazotyl)
methane, at a concentration of 107" M demonstrated compilete inhibition of plaque formation on day 6.
Jis(S-amidino-2-benzimdazolyl)methane at the same concentration reduced cell injury even when added to
the system after 72 h of rickettsial infection. The reduction in morbidity in guinea pigs expenmemally
infected with R. ricketsii and treated with bistS-amidino-2-benzimidazolyl}meth ed with
morbvd:ly in infected, untreated animals, comprised delay in the on .t of fever and shghlly fewer febrile
animals. B bis(5-anmidino-2-benzimidazoly i imnethane had no »* ¢ on phospholipase A,, the enzyme
activity associated with penetration-induced cetl injury. it is likely th:t a trypsin-like protcase aiso plays an

amuﬂmlemhermlhcphyuologyofk rickentsii of as its pathogenic mechanis 4.

V‘msofsevcnldxﬂ‘mmnmqmreexposunto
proteolytic enzymes o achieve full expression of their
biotogical properties (7). As a corollary to this fact, protease
inhibitors can be expected to have potential antiviral activi-
ty. This was subsunmted by our recent discovery of the
ability of synthetic low ight inhibitors of tryp-
sin-like proteases to block respiratory syncytial virus-in-
duced cytopathology (2-4, 10). Although the site of action of
these agents has not yet been determined, we presented
strong evidence that their antiviral effect may be linked to
their antiproteolytic properties. The most potent of the
inhibitory agents, bis(5-amidino-2-benzimidazoly{)methane
(BABIM), was shown 10 exert the following effects: (i) defay
of penetration of virus into ceils. (ii) blockage of virus-
induced cell fusion. (iii) reduction of muitiple-cycie yields of
virus, and (iv) reduction in pathology and virus yield in
experimentaily infected animals.

Similar to virdl discases. rickettsial infection of cells
involves a penetration step. This event is known to be
enzyme mediated. but thus far only phospholiptse Ay, and
B0t 2 protease, has been shown to participate in the process
(15, .23). Our experience with respiratory syncytial virus
suyg~sted application of the amidi hibitors to the rickern-
sial systeis: n search of evtdencc of proteolysis in the

Such evid was readily found in
a smdy : the ncketts:al plaque assay. and the resuits are the
by this ¢ ation

MATERIALS AND METHODS

Rickettslae. Stocks of R. rickerssii (Sheila Smith strain)
were cultivated by inoculation of the yolk sac of 5-day-oid
specific pathogen-free embryonated hen eggs (SPAFAS,
Norwich. Conn.) with plaque-purified organisms provided
by Charles L. Wisseman, Jr. (University of Maryiand,
Baltimore). Inoculated eggs were incubated at 35°C. and
their yolk sacs were harvested 5 days after inoculation, 24 to

* Corresponding suthor.

48 h after the death of the chick embryos. Yolk sacs,

containing rickettsiac were homogenized in a2 Waring blend-
er, diluted in sucrose phosphate glutamate (0.218 M sucrose,
0.0038 M KH:PO,, 0.0072 M K;HPO,, 0.0049 M giutamate,
pH 7.0) (1) 10 2 1% suspension, and stored frozen at ~70°C in
1-mi samples. Sampies were titrated by plaque assay in chick
embryo cell cuiture and found to contain 7 x 10° PFU/mi.

Plaque medel. Flasks (Coming Glass Works, Coming,
N.Y.) with 25<m’® monolavers of E6 clone Vero (African
green monkey kidney) cells were inoculated with 0.1 miof a
suspension of R. rickertsii Giluted 1077 in brain heart infusion
broth. The inoculum was adsorbed for 30 min before the
addition of $ ml of minimal | medi (GIBCO
Laboratories, Grand Island, N.Y.) containing 5% (etal bo-
vine serum (Flow Laboratories, Inc.. McLean, Va.). 0.2 M
HEPES (N-2-hydroxyethylprperazine-N'-2-ethanesulfcnic
acid) buffer, 2 mM L-giutamine, ca. 0.075% NaHCO\ to final
pH 7.3, 0.5% agarose (Sea Kem, FMC Corp., Marine
Colloids Div., Rockland, Maine), and different concentra-
tions of protease inhibitors, Flasks were incubated at 35°C
for 4 days at which time 5 ml of an identical second overlay
medium containing 0.01% neutral red was added. After
further incubation, plaques were counted on various combi-
mations of days 5. 6, and 7 (14, 16, 20-22).

Protesse imhibitors. [nhibitors of trypsin-like protcases
used in these experiments were BABIM, 1.2-bis(5-amidino-
2-benzimidazolyheth 1,5-bis( 5-amidino-2-benzimidazo-
lyl)pentane, and S-amidinoindoie. They were synthesized as
previously reported (5, 9).

design. Each of these aromatic amidines was
incorporated into both the first and second overiay media of

three flasks at concentrations of 107%, 10™%, and 107* M, and .

plaque counts were compared with those of monolayers
inoculated with the same rickettsial suspension and overlaid
with medium containing no protease inhibitors. Control
fasks includcd uninoculated, untreated monolayers and also
uninfected monolayers treated with a 10™* M concentration
of the aromatic amidines for evatuation of toxicfty. The
mesn plaque count was calculated for each concentration of
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TABLE 1. Effect of inhibitoes of trypsin-like proteases on formation of pluques with Rickertsia rickettsii

Effect of indwbetors on day”:
Compoued " Conca (M) s . 7 ;rypnn‘“u'
Plagues Sizre Plagues Size Plagues Size . b
Bis( S-amidino-2-benzimidazoly!- 10 - _ Q=0 aQ 0=0 [o] 0.017
methane 10 - — 0=¢C [¢] 150+ 3.8 S ;
10°* —_ —_ 460 =15 s $20=12 S i
None — -— 70 = 5.0 N 68.5 = 5.5 N ! L
i
1.2-Bis( 5-amidino-2-benzinidazolyl) 10 ¢ Toxic Toxic Toxic 4,68 ‘
ethane ' 10 * 21,7 237 237=38 N 230=350 N
10°* 23=58 N 90=76 N 31.7 =94 N
Noae 320=130 373 +32 N 38.0 = 2.6 N
1.5-Bis(amidino-2-benzimidozolyt) 10°* - - 0=0 (o] — — 9.46
pentane 107 _ — 0.7 =52 s —_ — y
107 - — 67.3 =24 N —_ -— i A
Nooae -— -— 71.0=08 N — — ¢
3-Amidiacindole 10-* u7=220 N 51.7 209 N -— - 2.1
10°° 427 =12 N %6.7 =17 N - -
107 Contam. Contam. —_ —-
None 195 =558 N 58.0 = 6.0 N - -
“ Plaques are measured by mean ber of plaques per flask = dard error of the mean and by size: —, not examined; O. no plaques: S,
small plaques: N. normal-size piaques: Contam.. culture contaminated.
4

each amidine and was compared with the count of the R.
rickettsii-infected tlasks containing o amidine,

In a secend experiment, the first overlay after inoculation
of the monolayer with R. ricketrsii contained no aromatic
amidines. On day 3 (72 h after inoculation of rickettsiael, a
second overlay was added to each flask. The second overlay
contained BABIM at concentrations of 2 x 1074, 2 x 1077,
and 2 » 107" M to achieve final protease inhibitor concentra-
tions of 107, 107°, and 10°* M in the combined overlay
medium,

Guinen pig experiment. Twenty-five adult (400- to 600-g)
male guinea pigs (Hartley strain) were divided as follows.
Ten animals were inoculated intrapentoneaily with 330 50%
tissue culture infective doses (ca. 38 S0% guinea pig infec-
tious doses) of R. rickertsii tShetia Smith strain) and treated
with BABIM at a dose of 15 mg/kg per day given daily by the
ntraperitoncal route beginning 30 min after nckettsial nocu-
lation and continuing for Y days: ten animals were inocuiated
intraperitoneally with 330 S0% tissue culture infective doses
of R. ricketrsii and given no treatment. and five uninfected
animals were given 15 mg of BABIM per kg daily via the
intraperitoneal route for 9 days. Animals were examined
daily, and rectal temperatures were measured with a battery-
operated thermometer with a flexible probe (Telethermom-
eter; Yellow Springs Instrument Co.. Yellow Spnngs. Ohio).

Phospholipase A; assey. The procedure used was that
described by Vigo et al. (12), in which hydrolysis of phos-
pholipid-containing liposomes is followed spectrophotomet-
rcally at 340 nm. The assay mixtures of 1 mi of 0.1 M Tris-
hydrochloride buffer (pH 7.2) contained 0.5 mg of
dipalmitoyi-lecithin (as liposomes), 1 mM CaCl,, and 10 U of
phospholipase A; from Naja naja venom (Sigma Chemical
Co.. St. Louis. Mo.). The reaction was terminated by the
addition of 1 mi of methanol containing 15 mM EDTA.

the inhibition constants (K values) for trypsin (2). The most
marked plaque reduction was observed with the most effec-
tive inhibitor of trypsin activity, BABIM. with no plagues
being cbserved on day 6 after inoculation in the presence of
107 M of the amidine. Mezsurable plaque reduction was
also observed at a concentration of 10°° M BABIM. and the
plaques present were smaller than untreated plaques. The
least active inhibitor of trypsin. S-amidinoindole. which has
a K, of 29.1 uM for trypsin (5), showed minimal effects on R.
rickertsii plaque count and size. The monolayers treated with
1.5-bis(5-amidine-2-benzimidazolyi)pentane, having an in-
termediate X; (9). showed evidence for reductioa in cell
injury caused by R. rickettsii as measured by plaque count
and size. However. the effect was less than that of BABIM.
At concentraiions of 10°* M and less. none of the aromatic
amidines except 1.2-bis(5-amidino-2-benzimidazolylethane
caused cvtotoxic effect on the Yero cells.

To determine whether delayed exposure to BABIM would
still influence the cytopathic events in the monolayers. a
second series of experiments was carried out. Here, the
Vero cell culture was inoculated with R. rickertsii, and the
establishment of infected foci was allowed to proceed nor-
maily by feeding with an initial overiay tree of BABIM. On
day 3 after inoculation, second overiays containing various
concentrations of the inhibitor were added. and the resulting
effects on the monolayer on day 6 and 7 were recorded
(Table 2). As can be seen. there was complete suppression of
plaque formation at a BABIM concentration of 10™* M. Ata
concentration of 10™* M. there was still a notable reduction
in plaque count. However, the effect was less pronounced
than it was when BABIM had been present in the medium
immediately after the inoculation (Table 1).

BABIM was somewhat toxic for guinea pigs. causing a
transient fever (=40°C) carly in the course of treatment (4 of

'
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RESULTS 5 animals on day 3 and 2 of 5 animals on day 4) (Tabie 3). A ‘;
similar transient fever was observed early in the course of 2 '
The effects of inhibitors of trypsin-like proteases on BABIM treatment of animais infected with R. rickertsii. Sl -
plaque count and size are presented in Table 1. There was a However. the temperatures of ail guinea pigs returned to B
close correlation between the reduction in plaque count and base line before day 5. Onset of fever was detaycd: S of 10 "t,
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TABLE 2. Effect of treating Rickettia rickettsii plaque moded
with BABIM oa day 3 afler inoculation

Effect on day*:
BABIM Py 7
concn (M)
Plaques Size Plagrres Size
10 0z0 ] 0=0 o
10-* 313 = 5.4 N 50.0 = 13.0 S
10t 6.7 £ 90 N 827295 N
Nowe 763 = 38 N 82.0 =31 N
* Plaques are d by mean ber of pl per flask =
standard error of the mean and by size: U.mphqucs.N normal

plaque size: S, small plaques.

untreated animals had fever on day 5 as compered with no
febrile animais in the BABIM-treated group. On day 6, 8 of
10 untreated animals werz febrile as compared with only 2 of
10 BABIM-treated animals. Four febrile animals in each
group died during the course of the rickettsial disease.

BABIM was found to have r 3 effect ¢n the hydrolysis of
lipalmitoyl-lecithin lip by phospholipase A, from
Naja naja venom.

DISCUSSION

The order of cffectiveness of aromatic amidines in reduc-
ing pl.gue formation by R. rickertsii follows their order of
cffectiveness in inhibiting trypsin and several other trypsin-
like proteases and corresponds to their order of effeciiveness
in blocking cell fusion by respiratory syneytial virus in vivo
(2. 5. 10). This parailelism of activities a1 \*w concentrations
argues strongly for the antirickettsial effect resuiting from
the action of compounds as protease inhibitors on a trypsin-
like enzyme. However, it was aiso r.zcessary to consider the

possibility that amidines might act by inhibition of phospho-

lipase A,, especially since a cell penetration phospholipase
appears to be an important rickettsial pathogenic mechanism
and a protease inhibitor ot a different structure had previous-
ty been shown to suppress phospholipase A; activity (8). We
showed this possibility to be unlikely by demonstrating that
BABIM at a concentration of 107* M has no effect Hn

'

ANTINICRON. AGENTS CHEMOTHER.,

phospholipase A, activity (from Naja seje venom). Of
course, the linkage of a trypsin-like protease in a chain of
enzymes that includes phospholipase A; casmot be excluded
(11). In fact, 1:ypsin activation is necessary for all mammali-
an pancreatic phospholipases A; {13). Some of the other
possible mechanisms by which a uypsu-&: protease might
fit into the scheme of rickettsial injury so ceils, besides
prmeolyuc acuvanon of the penetration mechanism-associ-

ated p b include direct p tytic attack on the
host cell membrane either during emnnczuo the cell or on

intracethalar

release from the cell or an essential catabolic
function.

The reduction of plaque cwn(sbytkdﬁnnof BABIM
72 h after the biish of dected foci docu-

ments that the protease inhibitors are not merely preventing
initial rickettsial infection and m@esu that  protease mh|b|~

torsmlybeblockmga.L i to
expresmn of the palhogtmc meduasn. The hypothesis
that a pr d pathogy mechasism is blocked

by BABIM is also supported by the deiay of plaque forma-
tion by a 1073 M concentration of BABIM with delayed
appearance of several small piaques oa day 7. Rickettsiae
survived the BABIM trearment and carsed formation of a
«w plaques, presumably after protease activity overcame
the protease inhibitory activity. Becawse fatal cases of
Rocky Mountain spotted fever are oftes diagnosed and
treated too late in the course of disease for rickettsiostaiic
antimicrobial agents to prevent the demise of the patients (6,
17-19). additional inhibition of rickettsial injury to the host
would benefit such critically ill patients. Comsideration of the
possible use of inhibitors of trypsin-like proteases for the
treatment of rickettsial Giscases would reeptire investigation
of these drugs in other animal models, farther study of the
mechanism of action of protease inhibitors on the rici i
host cell interaction, and information oa the taxicity of these
compounds in humans. especially on the ixtammatory and
coagulation mechanisms: complement, kallikrein, coagula-
tion. and fibrinolysis.

Data oa the toxicity of BABIM m\:ﬁe the acute 50%
lethal dose for cotton rats of 136 mg of BABIM per kg and a
dosage for cotton rats of 30 mg of BABIM per kg daily for 7
days without ill effects. Current pharmacological studics of

TABLE 3. Effect of BABIM on experimental infection of guines pigs with Ricketrsia ricketrsi

No.* of
Day i M’"m’_" Unine e pigx: BABIM treated
CABIM treated No treatment )
Afebriie Febrie Dead Aleboie Febrie Dead Afebriie Fetwle Desd
1 10 [ 0 10 0 0 L ] [}
2 6 4(40.1) 0 10 0 0 5 [} [}
3 2 8 (40.2) 0 10 [} 0 1 440.1) 0
4 6 4.(40.1) 0 10 0 ] 3 21y [}

I 10 0 0 5 S (40.6) 0 5 ] 0
6 3 2 (40.8) 0 2 8440.7) 0 s [} 0
7 [ 4 142.7) [} 2 8 (40.7) 0 5 L o
s s 4(40.7 1 2 8 (40.7) 0 b ] 0
9 4 S {40.7) 1 3, 7 (40.8} 0 s . [\

10 6 3(40.7) 1 2 7 (40.8) 1 b] [} 0

1 4 3 (40.5) 3 4 5(40.7) 1 5 . 0

12 6 1{40.8) 3 5 3 (40.6) 2 5. (] 0

13 6 1 (40.4) 3 4 3 (40.4) 3 s [ ] 0

14 6 - 1 (40.4) 3 4 3140.3) 3 s ] 0

Final 6 0 4 6 0 4 5 [ ] 0

* The values in parentheses are the mean temperatures of febrile guinea: pigs.
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rats that received a dose of 20 mg of BABIM per kg daily and
of mice that received a dose of 20 mg of BABIM per kg daily
have not detected any toxicity. These observations of prote-
ase inhibitors blocking rickettsial injury to cells offer inter-
esting new hypdthesaes for studying ricketisial pathogenesis.
At this point, thdy should be used as tools for -lucidating
rickettsial piysiology and pathogenic mechanisms.
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