
Acta viral. 35  : 174-186, 1991 

MIXED RICKETTSIA-VIRUS INFECTION IN DERMACENTOR 
RETICULATUS I M A G O  

V .  V .  G O S T E V A ,  N. V .  KLITSUNOVA, J. ŘEHÁČEK*, E. KOCIÁNOVÁ*,  
V .  L. POPOV, I. V .  TARASEV1CH 

Gamaleya Research Institute o f  Epidemiology and Microbiology A M S  USSR, 123098 
Moscow, U.S.S.R.; i n s t i t u t e  o f  Virology, Slovak Academy o f  Sciences, 842 46 Bratislava, 

Czechoslovakia 

Received January 4, 1990 

Summary. - Electron microscopic examination revealed replication 
and  accumulation o f  Rickettsia sibirica in t h e  fa t  body o f  experimen ­
tally in fec ted  Dermacentor reticulatus t icks.  Rickettsia  a r e  re leased  
f r o m  t h e  fa t  b o d y  cells by b u d d i n g  b e i n g  s u r r o u n d e d  wi th  cyto­
p lasm a n d  p l a s m a l e m m a  o f  t h e  h o s t  cell. Eukaryot ic  cell s t ruc tu res  
h a v e  b e e n  de tec ted  consis t ing  o f  lamel la  layers  whir led  a r o u n d  t h e  
intact  r ickettsiae.  I n  addi t ion  t o  rickettsia,  mic roorgan i sms  m o r p h o ­
logically r e sembl ing  Francisella tularensis a n d  a n  orbivirus  w e r e  
f o u n d  in tick t i s sues  at morphologica l  examina t ion .  T h e  m o r p h o ­
logy o f  t h e  vi rus  a n d  s tages  o f  its m o r p h o g e n e s i s  a r e  descr ibed .  
Mixed  viral a n d  rickettsial infec t ion  h a s  b e e n  s h o w n  t o  deve lop  in 
t h e  s a m e  t icks a n d  e v e n  in t h e  s a m e  fa t  b o d y  cells in a very  c lose  
associat ion.  
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Introduction 

In fec t ious  agen t s  induc ing  d iseases  o f  m a n  a n d  an ima l s  u n d e r  na tu ra l  condi ­
t i ons  usual ly  occu r  in associat ion.  T h e r e f o r e ,  m u c h  in teres t  h a s  b e e n  focused  
o n  the i r  m u t u a l  interact ion ( including morphologica l  aspects)  a n d  the i r  in te ­
ract ion wi th  representa t ives  o f  n o n p a t h o g e n i c  bacterial  f lora  (Miller ,  1980). 

Ul t ras t ructura l  s t ud i e s  o n  interact ion o f  in fec t ious  agen t s  wi th  eukaryot ic  
cells h a v e  b r o u g h t  n e w  in fo rma t ions  he lp fu l  f o r  e lucidat ing t h e  d e v e l o p m e n t  
a n d  assembly  o f  a n u m b e r  o f  infec t ious  agen t s  in var ious  an imal  mode l s .  O n e  
o f  t h e  m o d e l s  deserv ing  part icular a t t en t ion  a r e  t icks as  na tu ra l  vec tors  (Dieh l  
et al., 1980). A t  p resen t ,  t h e  invest igat ions  o n  t h e  g rowth  o f  several  infec t ious  
agen t s  in t icks a r e  in t h e  beg inn ing  (G os t eva  et al., 1988). T h e r e f o r e ,  it 
appeared  o f  in teres t  t o  fol low t h e  pa t t e rns  o f  re la t ionship  o f  r ickettsiae wi th  
o t h e r  agen t s  infec t ing  t h e  tick o rgan ism u n d e r  na tura l  condi t ions .  A l t h o u g h  
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ixodid ticks a r e  t h e  u s u a l  vec tors  o f  rickettsia (Řeháček a n d  Tarasevich,  1988) 
f o r  electron microscopic examinat ions,  exper imenta l  infect ion o f  Dermacentor  
ticks w a s  p e r f o r m e d  w i t h  Rickettsia sibirica. , 
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Materials and Methods 

Dermacentor reticulatus female  imagoes were  caught in nature in the vicinity o f  Bratislava. They 
were partially f e d  on rabbits in the laboratory 5-6 days prior to rickettsia inoculation. Netsvetaev 
strain o f  R. sibirica in the  form of  partially purified suspension o f  chick embryo infected yolk sacs 
containing about 102 rickettsia cells/ml w a s  injected parenterally to half-fed ticks in the volume of 
approximately 0.01 ml. 

A f t e r  inoculation, the ticks were  kept in a humid chamber at 25  °C;  two groups  o n  10 and  27 days 
p. i. were  taken f o r  autopsy. 

The tissues obtained at autopsy ( the  complex of a fat  body,  muscles ,  t rachea,  and  Malpighian 
tubes) were  f ixed in  t h e  mixture  o f  glutaraldehyde,  formaldehyde,  and  picric acid ( I to  a n d  
Karnovsky, 1968) a n d  embedded  in a low-viscosity epoxy resin (Spurr,  1969). Ultrathin sect ions 
cut o n  „Ultratom III LKB-8800" (Sweden) were  stained with uranyl acetate and lead citrate by a 
conventional procedure; electron microscopic examination was  carried out with a JEM-100B 
(Japan) at accelerating voltage 80 k V  and magnifications o f  5000, 15 000, 50 000, respectively. 

I 

Results 

T e n  days  post-inoculation (p.i) t h e  rickettsiae w e r e  detected  in ultrathin 
sect ions  o f  f a t  b o d y  cells  obv ious ly  located f r e e  in h o s t  cell cytoplasm. M o s t  
f requent ly  t h e y  w e r e  s e e n  a s  s ing le  microorganisms  in t h e  parts  o f  t h e  fa t  b o d y  
b e t w e e n  t h e  b a n d s  o f  m u s c l e  t i s sue .  

B y  2 7  days  microcolonies  o f  rickettsia w e r e  f o u n d  in cell cytoplasm f o r m i n g  
compact c lusters  o f  600-700  y m in diameter,  wi th  m o r e  t h a n  5 0  microorga ­
n i s m s  p e r  cel l  s ec t i on  (Fig.  1). A s  a r u l e ,  s u c h  m i c r o c o l o n i e s  w e r e  s e e n  t o  b e  
loca ted  n e a r  t o  t h e  basa l  m e m b r a n e .  I n  t h e s e  a g g l o m e r a t i o n s  r icket t s iae  w e r e  
in  c lose  c o n t a c t  w i t h  e a c h  o t h e r .  T h e  cel ls  a t  t h e  p e r i p h e r y  o f  the^agglomerat ion  
h a d  a m a r k e d  „ha lo" .  

Ricke t t s ia  w e r e  p r e s e r v e d  t o  a d i f f e r e n t  e x t e n t  i n  t e r m s  o f  t h e i r  m o r p h o l o g y :  
t o g e t h e r  w i t h  ana tomica l ly  in t ac t  f o r m s  s o m e  t h e r e  w e r e  morpho log ica l ly  
a l t e red  s h o w i n g  r o u n d - s h a p e d  d e f e c t s  a t  c ross -sec t ion ,  c o n d e n s a t i o n  o f  t h e  
p ro top las t  a n d  i t s  s epa ra t i on  f r o m  t h e  ce l lu lar  wall .  S o m e  r icket ts ia  w i t h  u n a l ­
t e r e d  m o r p h o l o g y  h a d  r i n g - s h a p e d  in t racy top lasmic  m e m b r a n e  s t r uc tu r e s .  
T h e  r icket t s iae  a g g l o m e r a t i o n s  w e r e  f r e q u e n t l y  s u r r o u n d e d  b y  paral lel  c i s t e rns  
o f  g r a n u l a r  e n d o p l a s m i c  r e t i c u l u m  f r e q u e n t l y  car ry ing  a f e w  r i b o s o m e s .  B l e b s  
a n d  r i ng - shaped  m e m b r a n e  s t r u c t u r e s  usua l ly  o c c u r r e d  a m o n g  t h e  r icket ts iae .  

S o m e t i m e s  i n  f a t  b o d y  cel ls  a d j a c e n t  t o  t h e  basa l  m e m b r a n e  c o n c e n t r i c  
lamel la r  s t r u c t u r e s  o f  200  n m  i n  d i a m e t e r  w e r e  s e e n  w i t h  l a m e l s  r a n g i n g  f r o m  
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Fír. 1 
Agglomeration of rickcttsiac in the cytoplasm of tick fat body cell, x 32 000 
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Fig. 2 
Concentric lamellar structures surrounding rickettsiae in the host cell cytoplasm, x 72 000 
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I 
I 

« 16 n m  at t h e  per iphery  t o  « 31  n m  in t h e  centre,  t h e s e  s t ructures  contained 
a morphological ly  intact rickettsiae cell ins ide  (Fig. 2). 

O t h e r  var iants  o f  rickettsia location occurred f r e q u e n t l y  a l so  in f a t  b o d y  
t i s sues :  s ing le  f r e e  ly ing  r ickettsiae in t h e  cytoplasm o f  cells  ad jacent  t o  t rachea 
(tracheoli l u m e n s )  or  rickettsial agg lomerat ions  l ined a l o n g  m u s c l e  b u n d l e s .  
T h e  detai led examinat ion  o f  r ickettsiae located within  t h e  f a t  b o d y  revea led  
that  m a n y  rickettsia except  t h e  la rge  agg lomerat ions  descr ibed  a b o v e  w e r e  
s u r r o u n d e d  t o  a certain e x t e n t  b y  h o s t  cell m e m b r a n e s  (Figs.  3 a, b ,  c). Cyto ­
p la smic  m e m b r a n e  invag ina t ions  w e r e  r i ng - shaped  t h e r e b y  isola t ing r icket t ­
s iae  f r o m  h o s t  cel l  cy top l a sm (Fig .  3b) .  S u r r o u n d e d  b y  t h e  m e m b r a n e  t h e y  
apparen t ly  b u d d e d  i n t o  ex t race l lu la r  s p a c e  o r  i n t o  t h e  vacuo la r  cavity (Fig .  3a).  

I n  a d d i t i o n  t o  r icket ts ia ,  viral i n c l u s i o n s  w e r e  s e e n  i n  u l t r a t h i n  s ec t i ons  o f  
tick f a t  b o d y .  B y  17 days  a f t e r  i nocu l a t i on ,  crystal-l ike a c c u m u l a t i o n s  o f  v i r u s  
par t ic les  o f  h e x a g o n a l  s h a p e  a b o u t  6 4  n m  i n  d i a m e t e r ,  w i t h  t h e  c o r e  o f  2 6  n m  
(Fig.  4a )  w e r e  d e t e c t e d .  M o r e o v e r ,  f ibr i l lar  m a t r i c e s  c o n t a i n i n g  e l e c t r o n - d e n s e ,  
less  f r e q u e n t l y  r i n g - s h a p e d  ( w i t h  a l ight  c e n t r e )  par t ic les  o f  6 0  n m  i n  d i a m e t e r ,  
m i c r o t u b u l e s  o f  8 n m  i n  d i a m e t e r ,  a n d  b u n d l e s  o f  f ibri l lar  s u b s t a n c e  w e r e  
f o u n d  (Fig.  4b) .  In t race l lu la r  r icke t t s iae  c o u l d  b e  n o t e d  b o t h  n e a r  crystal- l ike 
inc lus ions  i n  cell  c y t o p l a s m  (Fig .  5a )  a n d  i n  i m m e d i a t e  vic ini ty  o f  f ibri l lar  
ma t r i ce s  c o n t a i n i n g  viral  par t ic les  (Fig.  5b) .  

N o  o rgan i zed  viral  crystals  w e r e  f o u n d  a t  l a te r  t e r m s  o f  t h e  fo l low-up .  T h e  
par t ic les  o c c u r r e d  i n  i r regular  a c c u m u l a t i o n s  s u r r o u n d e d  b y  a z o n e  cy top l a sm 
lysis (Fig.  6a).  I n  s u c h  z o n e s  v i r ions  a n d  r icket t s iae  f r e q u e n t l y  o c c u r r e d  i n  t h e  
c lose  p rox imi ty  (Fig .  6b) .  N o  v i r ion  b u d d i n g  t h r o u g h  t h e  h o s t  cell  p l a s m a -
l e m m a  w a s  n o t e d .  T h e  r e l ea se  o f  v i r u s  par t ic les  f r o m  t h e  cell  appa ren t l y  t o o k  
p lace  i n  t h e  c o u r s e  o f  euka ryo t i c  cel l  lysis. 

A t  t h e  t i m e  g e t t i n g  n e a r e r  t o  ov ipos i t ion ,  viral  m a t r i x  c h a n g e d  cons ide rab ly ,  
especial ly i n  t h o s e  cases  w h e n  r icket ts ia  w e r e  l oca t ed  i n  t h e  vicini ty .  D e c r e a s e d  
e l ec t ron  d e n s i t y  o f  m a t r i c e s  a n d  t h e i r  vacuol iza t ion  w e r e  reg i s t e red ,  a s  wel l  a s  
c h a n g e s  i n  t h e  r a t io  o f  e l e c t r o n - d e n s e  a n d  r i n g - s h a p e d  par t ic les ,  t h e  l a t t e r  
increas ing  i n  n u m b e r .  

Occas ional ly  la rge  v a c u o l e s  w e r e  c o n f i n e d  t o  t h e  m e m b r a n e  a n d  c o n t a i n i n g  
d e s t r u c t e d  r icket t s iae  a s  wel l  a s  viral  par t ic les  morpho log ica l ly  r e s e m b l i n g  
t h o s e  desc r ibed  i n s i d e  ma t r ix ,  a n d  a r ch rcu rved  m e m b r a n e s  i n  t h e  cy top l a sm o f  
h o s t  cel ls  (Fig.  7) .  T h o s e  v a c u o l e s  a p p e a r e d  t o  b e  p h a g o l y s o s o m e s  i n  w h i c h  
de s t ruc t i on  o f  ce l l - infec t ing  paras i t es  t o o k  p lace .  I n t a c t  r icket t s iae  c o u l d  o c c u r  
i n  t h e  i m m e d i a t e  vicini ty o f  p h a g o l y s o s o m e s .  U l t r a t h i n  s ec t i ons  o f  t h e  Malp ig-
h i a n  t u b u l e s  i n  t h e  s a m e  t ick r evea l ed  co lon i e s  o f  r o u n d - s h a p e d  mic roo rga ­
n i s m s  w i t h  s p a r e  cy top l a sm a n d  cel lu lar  wal l  s t r u c t u r e  typical  o f  g r a m - n e g a t i v e  
m i c r o o r g a n i s m s  (Fig .  8). 

Fig. 3 
Rickettsiae t o  a varying degree sur rounded  by t h e  hos t  cell membrane .  Rickettsia budding  

in to  extracellular space (indicated by t h e  arrow), a :  x 38 000; b :  x 38 000; c: x 56 000 
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FIR. 4 
Morphology  and  morphogcnc t i c  s tages  o f  viral particlcs in fat  body  cells, a :  crystal-like inclu­
sion o f  viral particlcs in t he  hos t  cell cytoplasm,  x 40 000, insert :  x 150 00; b :  fibrillar matr ix  

conta in ing  viral particlcs in t h e  hos t  ccll cytoplasm, x 58 000 
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Fig. 5 
"Association of  rickettsiae and v i rus  in tick fat  body cells, a :  crystal-like inclusion of  viral 

particles and rickettsiae. x 22 500; b :  fibrillar templates  containing viral particles and rickett­
siae. x 27 000 
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Fig. 6 
Lysis o f  lick fat body cclls. a :  irregular accumulations o f  viral particles, x 36 000; b :  the  viral 

particle and rickettsia located close to each other, x 135 000 
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For legend see  next page. 
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Fig. 7 
Phagolysosome-like structure in the cytoplasm of fat body cell containing viral particles, 

membranes, and possibly degenerated bacteria (arrow), x 90 000 

Fig. 8 
Francisella tularensis-like microbe in the cells of Malpighian wall, x 41 000 

Abbrevations:  N - nucleus of the eukaryotic cell; C - cytoplasm of  the eukaryotic cell; M - host 
cell membrane; V - viral particles; R - rickettsia. 

Discussion 

Electron microscopic invest igat ions  o f  rickettsial infection revealed replica­
t i o n  a n d  a c c u m u l a t i o n  o f  R. sibirica in  t h e  f a t  b o d y  o f  expe r imen ta l ly  i n f e c t e d  
D. reticulatus t icks  a s  m a n i f e s t e d  b y  a p p e a r a n c e  o f  in t racel lu lar  co lon i e s  w h i c h  
g r o w  in  s ize .  It s h o u l d  b e  p o i n t e d  o u t  t h a t  large mic roco lon ie s  f r e q u e n t l y  
occu r r ed  n e a r  t h e  basal  m e m b r a n e s .  A n o t h e r  l ine  o f  e v i d e n c e  ind ica ted  t h a t  
r icket ts ia  c a n  b e  re leased  f r o m  cel ls  i n t o  in te rce l lu la r  space  b y  b u d d i n g  a n d  
s u b s e q u e n t  r ed i s t r ibu t ion  in o r g a n s  a n d  t i s s u e s  o f  t h e  t ick.  O n  t h e  o t h e r  h a n d ,  
w e  n o t e d  mul t i l aye r  lamel lar  f o r m a t i o n s  s u r r o u n d i n g  r icket ts iae .  Similarly 
pi led u p  s t r u c t u r e s  s u r r o u n d i n g  rickettsia-l ike s y m b i o n t s  in  tick t i s s u e s  w e r e  
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described prev ious ly  ( A v a k y a n  et al., 1973) a n d  proved  t o  b e  s ignif icantly  d i f f e ­
r e n t  a s  t h e y  c o n s i s t e d  o f  euka ryo t i c  cell  m e m b r a n e s .  T h e  a u t h o r s  s u g g e s t e d  
t h a t  t h e  physiological  ro l e  o f  t h e s e  s t r u c t u r e s  w a s  t o  i so la te  a n d  p r o t e c t  
s y m b i o n t s  f r o m  t h e  e f f e c t  o f  h o s t  cells,  i. e .  t h e i r  conse rva t i on .  

I n  o u r  o p i n i o n ,  t h e  s t r u c t u r e s  d e t e c t e d  a r e  t h e  m a n i f e s t a t i o n  o f  a spec i f ic  
d e f e n s e  m e c h a n i s m  p r o m o t i n g  r icket ts ia  p r e se rva t ion .  I t  s e e m s  likely t h a t  
mul t i l ayer  l amel la r  s t r u c t u r e s  p r o t e c t  r icket ts ia  f r o m  t h e  i n f l u e n c e  o f  cy to­
p lasmic  e n z y m e s  r e l e a s e d  i n  t h e  c o u r s e  o f  cel l  lysis a f t e r  t icks  ov ipos t i t ion ,  a n d  
f r o m  t h e  e f f e c t  o f  t h e  e n v i r o n m e n t  t o  w h i c h  t h e  c o m p l e x  is e x p o s e d  a f t e r  t h e  
tick d e s t r u c t i o n .  

T h e  fo l lowing  assoc ia t ions  w e r e  d e t e c t e d  i n  t h e  r icket ts ia  i n f ec t i ng  s o m e  t ick 
t i ssues ,  t h e  v i r u s  ( in  t h e  f a t  b o d y  t i s sues ) ,  a n d  m i c r o o r g a n i s m s  ( in  t h e  cel ls  o f  
Malp igh ian  t u b u l e s ) .  C o n s i d e r i n g  t h e  c o m b i n a t i o n  o f  m o r p h o l o g i c a l  f e a t u r e s  
descr ibed  i n  t h e  l i t e ra tu re  (Pavlova  a n d  M e s c h e r y a k o v a ,  1969; K u d e l i n a  a n d  
Popov ,  1975) it  is  poss ib le  t o  classify t h e  bac te r i a  i den t i f i ed  a s  Francisella tula-
rensis. T h i s  is c o n f i r m e d  b y  f r e q u e n t  f i n d i n g s  of Francisella tularensis i n  D. reti-
culatus co l lec ted  i n  t h e  vicini ty o f  Brat is lava (Řeháček,  personal  communica ­
t ion) .  

O n  t h e  bas i s  o f  d a t a  o n  v i r ion  m o r p h o l o g y  a n d  s o m e  s t ages  o f  i ts  m o r p h o g e ­
nes i s  (2 t y p e s  o f  par t ic les ,  f ibr i l lar  ma t r ix ,  a n d  a b s e n c e  o f  b u d d i n g )  t h e  v i r u s  
d e t e c t e d  i n  f a t  b o d y  t i s s u e s  c a n  b e  classi f ied a s  Orb iv i rus  b e l o n g i n g  t o  Reovi-
ridae f ami ly  ( G a i d a m o v i c h ,  1982). T h e  d iscovery  o f  b o t h  r icket ts ia  a n d  v i r u s  i n  
t h e  s a m e  cell  i nd ica t e s  t h a t  t h i s  d o u b l e  i n f ec t i on  c a n  d e v e l o p  b o t h  a t  t h e  level  
of  t h e  t ick b o d y  a n d  i ts  ind iv idua l  cells.  N o n e  o f  t h e  a s soc ian t s  w a s  s u b j e c t e d  t o  
morpho log ica l  c h a n g e s  a n d  b o t h  h a v e  t h e  c o m p l e t e  o n t o g e n e t i c  cycle o f  d e v e ­
l o p m e n t .  
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