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Summary. Experimental rickettsiosis (Rocky Mountain Spotted fever group) was pro- 
duced in guinea pigs and the vascular lesions studied by light, eleetron and immunofluorescent 
microscopy in an attempt to study the pat, hologicM aspects of this infection. 

The vascular lesion falls roughly into two forms. In the early stage of the disease the 
non specific endothelial damage observed is probably due to a toxin aetivity, since no gamma 
globulin, complement or fibrinogen was detected in the lesion. At the later stage immuno- 
logical factors superimpose on the initial action of Rickettsia at the vessel walls, leading 
to extensive deposits of gamma globulin and complement. The extensive damage in targer 
vessels is morphologically similar to an immediate-type hypersensitivity arteritis. This is 
probably due to lysosomal enzymes liberated from attraeted neutrophils and the toxic 
activity of both Riekettsia antibody-complement complexes and the microorganisms them- 
selves. Endothelial damage leads to plate]et and extensive fibrin deposits. 

Introduction 

The fundamen ta l  lesion in  Rocky ) / iountain spotted fever is a widespread 
vasculit is involving capillaries and  small  arteries (Wolbach, 1919; Manion, 1963; 
Lillie, 1941; Le Count,  1911). As previously reported (Allen and  Spitz, 1945; 
Brito et al., 1968) the glomerulus, a modified blood vessel, is similarly affected to 
a vary ing  degree dur ing the disease. 

This paper  is an  a t t e m p t  to elucidate some of the pathogenic aspects of the 
vascular lesion in  exper imental  l~ocky Mounta in  spot ted fever of the guinea pig 
by  use of light, electron and  immunof luoreseent  microscopy. 

Material and Methods 

17 male guinea-pigs (200-250 g) were inoculated intraperitonea]ly with a strain of Rick- 
ettsia rickettsii isolated from a human case. The guinea pigs developed the disease and beeame 
moribund on the 9th-10th day after the inoculation. In order to study the early phase of 
the disease four of them were killed at the first or second day of fever, which corresponded 
to the 5th-6th day after the inoculation. The others were killed at the terminal phase of the 
disease. Three uninfected guinea-pigs served as controls. 

The testes were removed and small fragments from the epididimis, tuniea Mbuginea and 
underlying parenchyma of each were cut into small pieces of 0.2-0.3 mm, fixed for 2 4  hours 
in 2% glutaraldehyde (pI-I 7.4), post-fixed in osmium tetroxide, dehydrated in graded con- 
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centrations of ethanol, and embedded in Araldite. Sectioning was done on an ultramicrotome 
and medium-thin sections were se]ected after toluidine blue staining. 

Immunofluorescent techniques were carried out on fresh tissue blocks obtained from the 
remainder of the testes of normal and infected guinea-pigs. These were quickly frozen in a 
solidified carbon dioxide-acetone bath and stored at --65 ° C. Four micra thick sections 
were cut in a cryostat, mounted on microscope slides, dried at room temperature and stored 
at --20 ° C for about 4 weeks without any decrease in the antigenic activity. The slides were 
fixed in cold acetone for 10 minutes before beginning the immunofluorescent procedures. 

A standard control serum was collected from a patient with Rickettsiosis. This serum 
had a titer of 1/64 in complement fixation test and a titer of 1/1600 in seroagglutination-test. 

Negative standard sera were obtained from clinically healthy individuals. 
Anti-human gamma-globulin, anti-guinea-pig gamma-globulin, anti-guinea-pig C3 and 

anti-fibrinogen sera were obtained by immunization of rabbits and chickens. The antisera 
were labelled as described by Silva st al. (1970). 

Direct and indirect tests were carried out for the demonstration of gamma g]obulin, 
comp]ement, fibrinogen and antigen on tissue sections. 

Several controls were used: 
Inäirect tests--a positive serum was incubated with normal testes sections and a negative 

serum was incubated with Rickettsia-infected testes sections. 
Direct tests--blocking of immunofluorescent staining by: 
a) previous treatment of the conjugate with either gamma-globu]in, zimosan-treated C a 

or fresh plasma. 
b) previous treatment of the testes sections by an unlabelled rabbit-anti-guinea-pig sera 

before addition of the conjugates. 
c) by heterologous conjugates. The sections were tre~ted with rabbit anti-human gamma 

globulin and chicken anti-rabbit gamma-globulin. 
All controls were consistently negative throughout the experiment. 
After completing the cryostat sections the remaining testis tissue was fixed in buffered 

10% forma]in or Gendre's fluid and embedded in paraffin. Sections were stained with hemat- 
oxy]in-eosin and Machiavello stain for the detection of l~ickettsia. On a few sections the 
elastic stain was also done. 

Results 

A. Light Microscopy 

The capil lary in ju ry  was noted th roughou t  the in te rs t i t ium of the testes and 

in the larger vessels beneath  the tuniea  albuginea and at  the in te rs t i t inm of the 

epididimis.  
The vascular  lesion in Rocky  Mounta in  spot ted  fever is similar in man  and 

the exper imenta l  animal  and has been previously described in detai l  by  Wol- 

bach, Lil]ie, Le Count  (1919) and by Piza et al. (1932). The present  findings are 

essentially in agreement  with these authors  and need not  to be elaborated.  I t  is 

wor th  not ing t h a t  the vascular  lesion in the med ium and small size arteries was 

of a necrot izing vasculi t is  resembling ar ter i t is  seen in hypersens i t iv i ty  processes. 

The elastic membrane  may  be dest royed by the necrosis of the  vessel wall. 

Neutrophi les  were f requen t ly  found over laying the endothel ium and inf i l t ra t ing 

the  elements  of the vessel wall (Fig. 1). 
Ricke t t s ia  were seen at  the late phase of the  infect ion mainly  in the  muscular  

cells of the  media  and in the i n f l ammato ry  inI i l t ra te  of the advent i t ia .  

B. Electron Mieroscopy 

The ear ly  capil lary lesion was maniIes ted by swollen endothel ial  cells with 

few free r ibonuclein granules as compared with the controls and presenting 



Fig. i. Acute vasculitis with necrosis of the vessel wall and fibrin deposit. Marked inflam- 
matory infiltrate. Neutrophils are observed among mononuclear cells und in the vessel lumina. 

HE × 400 

:Fig. 2. Swollen endothelial cells with marked mitochondriM d~mage (M). Arrow point to 
rupture of the mitochondrial membrane. Pinocy~otic vesicles are seen in the cytop]asm 

nearby the cell surf~ce. Electron dense bodies, some of ~hem curled, are also seen in some of 
the endotheliM cells 

15" 
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Fig. 3. Endothelial damage with platelet (P) deposition. Arrow point to fibrin strands 
partially obligerating the endothelial gap. N M  designates necrotie muscle cells of the media 

enlarged mitoehondria with partial disappearenee of eristae and rupture of the 
limiting membrane. Curled eristae resembling a myelin figure were sometimes 
formed. Sometimes eleetron dense elongated rods were observed inside the mito- 
ehondrial matrix. Such mitochondrial pathology was also seen in perieytes and 
in the endothelial and musele eells of the small arteries and veins. 

At a later phase the endothelial cells, besides exhibiting more marked mito- 
ehondrial alterations, showed many pinoeytotie vesicles both at the luminal and 
basal membranes, mainly in the former (Fig. 2). In the swollen eytoplasm, with 
sparse free ribonuelein granules, small vaeuoles were visible, particularly near 
the eytoplasmie limiting membranes. The few cndoplasmie retieulum profiles 
appeared dilated. 

The luminal projections of the ey~oplasm were short and blunt as eompared 
with the eontrols, and were made up of swollen eytoplasm. Rarely, short projee- 
tions through the eapillary basal membrane were seen. Both in eapillaries and 
small arteries dense bodies were observed more Irequently in the eytoplasm of 
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Fig. 4. Thrombotie deposit with platelets (P) and fibrin strands obliterating the lumen of 
a vessel. Endothelial ce]]s (E) show mitochondrial damage. A gap of the endothelial lining 
is ob]iterated by the thrombotie deposit. Arrow point to a granulated electron dense material 

seen beneath ~he endothelial ce]] and in eontaet with the gap of the vessel wall 

the  endothe l ia l  cells as comparëd  with  the  controls  (Fig. 2). I n  the  l a t t e r  such 
bodies were also more f r equen t ly  no ted  in the  musele eells of the  media.  

Ins ide  the  capi l la ry  lumen  mononuelear  eells, neut rophi l s  and  e lumped  red  
blood eells were seen. Neut rophi l s  f r equen t ly  exhibiged m a r k e d  regressive ehanges 
bo th  in the  cy top la sm and nuclei. Oecasional ly  R ieke t t s i a  were seen in the  eyto-  
p lasm of the  endo the l i a l  cells. 

Ev idenee  of a more advanced  eap i l l a ry  i n ju ry  was charae te r ized  b y  oeeasional  
gaps  betweert  endothe l ia l  eells and  la te r  b y  d i sappearance  of these eells. P la te le t s  
and  f ibr in  were then  observed to aeeumula te  a t  the  place,  the  former  frequengly 
deg ranu la t ed  (Figs. 3 and  4). 

A deposig of an  e lect ron dense and  non f ibr i l lar  ma te r i a l  was oeeasional ly  
observed  over  the  endothe l ia l  l ining in few blood vessels. More ra re ly  i t  was seen 
benea th  endothe l ia l  eells and  inside vaeuoles in the  endothe l ia l  eell ey top la sm 
(Fig. 5). Such endothe l ia l  ehanges were more m a r k e d  in smal l  ar ter ies  and  veins 
where t h e y  were fol lowed b y  neerosis of i sola ted  museular  eells (Fig. 3). 
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Fig. 5. Swollen endothelial ce]ls with mitochondrial damage. Beneath the endothelial cells 
and inside cytoplasmatic vacuoles an electron dense material is seen (D), interpreted either 
as degraded fibrin or antigen antibody deposits. Insert show the same material over the 

endothelial cell surface 

Around  the  in ju red  vessels an  i n f l a m m a t o r y  i ~ i l t r a t e  made  up  of mono- 
nuelear  eells was f r equen t ly  seen. These cells some~imes exh ib i t ed  mi toehondr ia l  
changes and  a d i l a t ed  endoplasmie  re t icu]um.  

C. Immuno/luorescent Microscopy 

During  the  la te  phase  of the  disease ant igens  were d e m o n s t r a t e d  in large 
amoun t s  as a g r anu la t ed  p a t t e r n  in the  endo the l ium and  media  of the  larger  
vessels and  capi l lar ies  (Fig. 6 A). 

The large a m o u n t  of an t igens  caused a e lumped  appea rance  in the  vessel 
wall  while smal ler  amoun t s  were visible in  the  adven t i t i a  as a del icate  g ranu la ted  
pa t t e rn .  

A t  the  ea r ly  phase  of the  disease ant igenie  ma te r i a l  was se]dom demons t r a t ed  
in the  endo the l ium of the  smal l  vessels. 

G a m m a  globulin,  eomplement  and  f ibr inogen were presen t  only  a t  the  la te  
phase  of the  disease. 
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Fig. 6 A--D. Immunofluoreseent pattern of the vaseular lesion: A Granulated antigen deposits 
in the vessel wall in the inflammatory infiltrate of the adventitia; B eomlolement deposit in 
a linear and granular pattern also delimi~ing the lumen of the vessel; C fibrinogen deposit 
in the vessel wall spreading throughout the adventitia; D linear deposit of gamma globulin 

seen delimiting the lumen of the vessel. × 300 (redueed to 5/6) 

The gamma globulin deposit was l inear in  larger vessels and  capillaries, 
oceupying the place of the endothe l ium (Fig. 6 D). I n  larger vessels where neerosis 
of the wall occured deposits of gamma globulin were seen in  the media. Smaller 
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amounts of gamma globnlin with a granular pat tern  were seen among the eells 
of the periperal inf lammatory irgiltrate. 

The pat tern  of the eomplement deposits roughly fo]lowed tha t  of the gamma 
globulin. However, in a few vessels it was seen as linear and granular deposits 
over the endothelium (Fig. 6 B). I t  was rarely seen at the media and/of adventitia. 

Fibrinogen was deposited in a linear fashion over the endothelium and was 
seen spreading through the adventit ia as a retieular network (Fig. 6 C). 

Discussion 

The widespread vasculitis characteristic o f R o c k y  Mountain spotted fever is 
due to l~ickettsial invasion and multiplication initially in endothelial cells. In  
larger vessels the invasion progresses to the muscu]ar eells of the media. 

The main pathologieal finding at this stage was a marked mitoehondrial 
injury and evidence of hydropic swelling of the eell. Other evidence of cellular 
injury was the reduetion of ribonuelein granules and dilation of the endoplasmic 
reticulum. 

Antigens represented by Rickettsia and their products were detected in small 
amounts at  this stage of the disease but no gamma globulin, complement or 
fibrinogen were demonstrated by immunofluorescent teehniques. The intensity 
and diffusibility of the eellular injury together with the small number of Riekettsia 
presen$ seems to eorrelate well with the action of a toxin whieh is presumably 
produced by  Rickettsia (Davis et al.,  1967). 

At the late stage of the disease the above findings persisted in a more marked 
fashion. In  capillaries and larger vessels an inerease of pinoeytotic vesieles was 
seen whieh sometimes involved all the endothelial cells and, in larger vessels, 
the museu]ar eells of the media. The eytoplasm, chiefly at  the cell periphery, 
was crowded with small vesieles, whieh had become detaehed from the surface, 
suggesting a more active uptake of fluid from both surfaces (Bruns, 1968, I and 
I I ;  Fawcett,  1963). Considering the marked mitochondria] injury present, this 
phenomenon probably required little energy. Alternatively the energy may  have 
eome from anaerobic sources. The fluid t ransport  across the eytoplasm was at  
least partially impaired because the eoncentration of the vesic]es was higher at  
the eell periphery. However, in certain instanees, eapfllaries and isolated endo- 
the]ial cells might show a complete absenee of pinoeytotic vesic]es. 

At this phase of the disease, large amounts of antigenic material in a granulated 
pat tern  was demonstrated at  the walls of the small and large vessels. 

Typical arteritis similar to tha t  seen in an immediate type of hypersensitivity 
reaction appeared together with seeondary thrombosis. The "f ibr inoid" change 
of vessel walls was due to endothelial and muscular eell necrosis as well as fibrin 
deposition. Gamma globulin and comp]ement were also demonstrated by  immuno- 
fluorescence techniques. In  a few instances fine granular and non-fibrilar electron 
dense materials were present, both above and beneath the endothelial cells. These 
eould be interpreted as either degraded fibrin or antigen-antibody complexes 
as deseribed in the Arthus phenomenon (Udaka, 1971). In  one instance the 
material was seen inside a eytoplasmie vesiele. 
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Both gamma globulin and complement were demonstrated in a linear pattern 
ehiefly at the luminal side of smaller vessels. Fibrinogen deposits were more 
widespread among the elements of the vessel wall and at the periphery, a finding 
in aecordanee with plasma leakage through the injured wall. 

These findings point to an immunological injury, mediated through antigen- 
antibody eomplexes and complement. The loeal tissue-damaging properties of 
antigen-antibody eomplexes prepared "in vi t ro" have been well established 
(MeCluskey, 1971) and it is probable that  they also play a similar role " in  vivo".  
Moreover, the eomplement system ean mediate damage by ehemostatie attraetion 
of leukoeytes. In the vasenlar lesion of l~oeky Mountain spotted lerer neutro- 
phils were easily demonstrated by both light and electron mieroscopy. Moreover, 
they appeared frequently with regressive eytoplasmie ehanges. 

The meehanism by whieh leukoeytes produee tissue damage may involve 
release of enzymes from lysosomes following phagocytosis of immune eomplexes. 
Other meehanisms by whieh they ean bring about tissue damage may involve 
produetion of laetie aeid, which wonld be expeeted to enhanee the aetivity of 
the lysosomal enzymes, and release of a cationie protein or polypeptide whieh 
eauses inereased vaseular permeability (McCluskey, 1971). 

I t  is also possible that  eomplement damages tissne in ways unrelated to a 
ehemostatie effeet on leukoeytes. This might involve eell lysis, opsonization of 
eomplexes, or the effeets of aetivated enzymatie eomponents of eomplement 
(MeCluskey, 1971). 

As pointed out by Harrell (1940) and Lee Hand et al. (1970) widespread small 
vessel damage seen in Roeky Mountain spotted fever leads to inerease eapillary 
permeability and the resultant fluid loss eauses hypovolemia and increased 
interstitial fluid. Endothelial damage is probably the etiology of the frequent 
thrombocytopenia and the less eommon eonsumptive coagulopathy seen in the 
disease. Most human fatalities oeeur during the time of most severe vascular 
damage. 
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