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kept  in culture,  (litis i n d i c a t i n g  t h a t  a n  i n t e r v a l  is r e q u i r e d  f o r  intracel lu lar  
.JV t o  a p p e a r  a s  in fect ious  v i rus ;  c) u n p u b l i s h e d  d a t a  f r o m  o u r  l a b o r a t o r y  
ind icate  t h a t  .JV a n t i g e n s  can  b e  f a i n t l y  d e t e c t e d  b y  i m m u n o f l u o r e s c e n c e  
o n  acetone-f ixed o r  l i v i n g  FBMC, b u t  o n l y  a f t e r  ô d a y s  in culture.  

T h e  increased f r e q u e n c y  o f  IC detect ion  w h e n  7 o r  m o r e  d a y s  h a v e  e lapsed  
s ince  1 he  clinical onset  o f  A H F (Table  2), can  b e  in terpre ted  a s  i n d i c a t i v e  
o f  t h e  e x t e n t  o f  h a e m o p o i e t i c  t issues  i n v o l v e m e n t  in .)Vr in fect ion.  T h e  u n ­
detectable  a-1 F X  ac t iv i ty  in t h e  supernatants  of  patients'  P B M C  cultures 
is consistent with t h e  presence of  very  low numbers  o f  .JV carrying cells. 
Concomitantly,  t h e  finding o f  high t itres o f  a - I F N  in t h e  sera of  pat ients  
rendering negat ive  IC assays  is another evidence  suggest ive  o f  a larger popu­
lation o f  .J V-infected lymphoid cells, which cannot  be  es t imated  from t h e  
peripheral blood cells alone. 

T h e  f e w  IC which occasionally appear a m o n g  non-adherent cells could  
represent monocyte  contaminations,  a l though previous findings would  allow 
t o  regard t h e m  a s  a n  underestimation o f  infected lymphocytes .  Studies  on 
peripheral blood cells o f  .JV infected guinea pigs  described some  morpho­
logical alteration in lymphocytes  (Carballal ft til., 1981a), a s  well a s  dim­
inished numbers of' T cells (Carballal et al., 1981/;). In pat ients  
with A H  F, a decrease in T and 15 lymphocyte  populations (Arana  et al., 
1977) and a transient inversion ol' T.|/T« ratio have  been described during 
t h e  acute  period o f  t h e  disease (Vallejos  et al., 1989). 

Infectious cells are apparently cleared from t h e  blood o f  t h e  pat ients  b y  
some  mechanism(s) not y e t  elucidated. On d a y  4 after  t h e  treatment w i t h  
immune  plasma,  .JV cannot be isolated from the  patients'  PBMC (Ambrosio 
et at., 1980), a n d  concomitant ly ,  t itres o f  endogenous a - I F N  drop t o  normal 
levels  (Levis  et al., 1984). T h e  low numbers o f  infectious cells make  difficult 
t o  rule out t h e  possibil ity o f  cytocidal .JV infection of  I'B.MC. 

T h e  results reported herein demonstrate  that  in pat ients  w i t h  A H  F per­
ipheral blood monocytes  (macrophages) carry intra-cellular J V ,  which can 
replicate in these  cells. Circulating monocytes  contribute t o  the  spreading 
o f  .JV different tissues. Viral infection o f  macrophages can interfere w i t h  
t h e  role o f  these  cells in the  i m m u n e  response o f  t h e  patients,  t h u s  partially 
explaining t h e  immunodepression t h a t  characterizes t h e  acute  period o f  
AHF1. Furthermore, if J V  multiplication in macrophages is ended b y  a n y  
cytocidal mechanism, subsequent  release o f  reactive products  would con­
tribute t o  a chain of  alterations (Peters, 1984). T h e  results o f  the  present 
s t u d y  in pat ients  with  A H F  are consistent with  (IK; central role assigned t o  
macrophages in the  pathogenesis  o f  arenavirus infections. 

A c/cnowl{'(l(icmr,nlH. T h e  a u t h o r s  WÍHIL to t h a n k  t ho technical s t a l f  of  t h e  I .X.E.V.H f>r their  
aHsistai.ee, a n d  t o  Mfx. Si lv ia  C.:dias f o r  t y p i n g  the  manuscr ip t .  
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Summary. — T h i s  s t u d y  i n v e s t i g a t e d  t h e  release o f  s u p e r o x i d e  
a n i o n  (()., ) a s  a n  i n d i c a t o r  of t h e  o x i d a t i v e  m e t a b o l i s m  o f  h u m a n  
n e u t r o p h i l s  d u r i n g  t h e  p h a g o c y t o s i s  o f  Phase  I Coxiella burnetii. 
H u m a n  n e u t r o p h i l s  w e r e  i n c u b a t e d  f o r  1 h r  a t  37 °C wi th  op­
sonized or  unopsonized viable  Phase  I Coxiella burnetii (MOI w a s  
100 : 1) and superoxide anion formation w a s  measured b y  the  
reduction o f  ferricytochrome ('. The  data  revealed that  during 
i t s  phagocytos is  b y  human  neutrophils,  C. burnetii (opsonized or 
unopsonized) fails  t o  s t imulate  superoxide anion production.  In 
contrast,  t h e  uptake  o f  Staphylococcus aureus or zymosan w a s  
accompanied b y  t h e  release o f  measurable 0.7,. This  release of  Or 
was  abrogated b y  the  addit ion o f  100 [xg/ml o f  superoxide dis-
m u t a s e  (SOD).  These  results suggest tha t  the  establ ishment of  
C. burnetii within neutrophils,  a s  occurs during persistent infec­
t ion,  m a y  be d u e  t o  t h e  failure t o  s t imulate  the  metabolic burst 
during phagocytosis .  

Key words'. Coxiella', phagocytosis; human neutrophils; superoxide 
anion 

Introduction 

T h e  role o f  phagocytes  in the  control o f  infectious agents  is well  document  
(Klebanoff  1975; R o o s  1980). B y  eliciting a burst of  metabolic ac t iv i ty  d i  
ing  t h e  ingestion o f  microorganisms, polymorphonuclear leukocytes,  maci  
phages  and monocytes  generate  an  array o f  reactive o x y g e n  species (All 
1077; Salin and McCord 1975; Sasada a n d  Johnston  1980; Wilson  et a 
1980) which are considered microbicidal (McRipley a n d  Sbarra 1907: Murr 
a n d  (John 1979; Pearson et al., 1982). 

Coxiella burnetii, t h e  etiological agent o f  (,> fever,  is known  t o  infect  pi 
fessional phagocytes  in vitro where it proliferates within the  phagolysosoni 
t o  establish a persistent infection (Akporiaye  et al., 1983, Moulder 198. 
Al though a number o f  studies  h a v e  examined  the  uptake  and fate  o f  
burnetii within its phagocyte  host ,  l ittle is known about t h e  mechanism 
t h a t  m a y  account for parasite survival after ingestion. 
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The s t u d y  described examined t h e  ox idat ive  metabolism of h u m a n  neutro ­
phils phagocy t i z ing  p h a s e  I C. burnetii. T h e  release of superox ide  an ion  w a s  
used a s  a n  ind ica to r  of ox ida t ive  metabol i sm.  

W e  p re sen t  evidence t h a t  opsonized  C. burnetii, w h e t h e r  v iab le  o r  ki l led,  
failed t o  elicit superox ide  an ion  p roduc t ion  i n  h u m a n  neu t roph i l s  d u r i n g  
phagocytosis .  Opsoniza t ion  of C. burnetii w i t h  h i g h  t i t r e  a n t i b o d y  (1 : 2000) 
a t  a v e r y  h igh  bac te r i a /neu t roph i l  r a t i o  (1000 : 1) caused  on ly  a m a r g i n a l  
product ion  of superoxide  an ion .  

Materials and Methods 

Coxiella burnetii propagation and purification. Cloned p h a s e  I C. burnetii, N ine  Mile Strain,,  
was obta ined f r o m  R .  A .  Ormsbee (Rocky Mounta in  Labora to ry ,  U .S .  Pub l i c  H e a l t h  Service,  
Hamil ton,  Montana) .  T h e  organisms were p ropaga ted  i n  mouse  fibroblast (L-929) cells a n d  
purified b y  differential  cent r i fugat ion  a s  previously described (Baca  et al. 1981). Purif ied r icke t t -
siae were suspended i n  Dulbecco 's  ba lanced  sa l t  solut ion,  p H  7.4. Ricket t s ia l  concent ra t ions  
were de termined b y  t h e  m e t h o d  of Si lberman a n d  F ise t  (1968) a n d  s tored  a t  — 70 °C u n t i l  needed .  

Neutrophil isolation. T h i r t y  m l  of n o r m a l  h u m a n  heparinized blood (20 u n i t s  hepar in /ml)  
were collected f r o m  hea l t hy  donors.  T h e  blood w a s  careful ly  layered ove r  15 m l  of F ico l l -Hypaque  
(Pharmacia ,  P i sca taway ,  N J )  a n d  centr i fuged fo r  30 m i n  a t  400 x g  a t  18 — 20  °C. T h e  l ayer  
above t h e  packed  r e d  blood cells (RBCs) was  decan ted  a n d  a n  equa l  vo lume  of H a n k ' s  Ba lanced  
Salt Solution (HBSS),  p H  7.2, w a s  added .  T h e  cell suspension was  added  in  a n  equ iva len t  vo lume  
to  P lasma Gel (Cellular P r o d u c t s  I n c . ,  Buffa lo  N.Y.)  a n d  mixed  gent ly .  F i f t e e n  m l  of cell sus­
pension were t ransfer red  in to  20 m l  syringes (Bee t o n  Dickinson,  R u t h e r f o r d ,  N J )  a n d  incuba ted  
upright  fo r  45  m i n  a t  37 °C. A t  t h e  e n d  of t h e  incubat ion  per iod,  t h e  s u p e r n a t a n t  fluid con­
taining neutrophi ls  w a s  aspi ra ted  in to  a 50 m l  polypropylene Fa lcon  t u b e  (Beeton Dickinson,  
Oxnard,  CA) a n d  cent r i fuged f o r  10 m i n  (400 xg ,  4°C) .  T h e  resul t ing s u p e r n a t a n t  fluid w a s  
discarded, leaving a pellet  of neut rophi ls .  T h e  cell pellet  w a s  resuspended in  2 m l  H B S S  a n d  
cell count a n d  viabi l i ty  were performed (Akporiaye  et al. 1985). Contamina t ing  R B C s  were 
lysed for  30 sec i n  distilled wate r .  T h e  neut rophi ls  were a d j u s t e d  t o  a final concent ra t ion  o f  
1.1 X 10°/ml pr ior  t o  use.  

Opsonization of organisms. Normal  pooled h u m a n  serum a n d  immune  h u m a n  se rum (comple­
ment  fixation t i t e r  = 1 : 2000) were di luted t o  10% in phospha te  buffered saline (PBS),  p H  7.2. 
Viable or formalin-killed p h a s e  I C. burnetii, suspended in  P B S ,  were a d d e d  t o  n o r m a l  o r  im­
mune  h u m a n  se rum in 1 m l  volume t o  give a final concent ra t ion  of 1 x 1010 organisms/ml.  
Viable o r  formal in  killed Staphylococcus aureus were similarly t r ea t ed .  Suspensions of r icke t t s ia  
or S. aureus in normal  o r  immune  h u m a n  sera were incubated  fo r  60 m i n  a t  37 °C o n  a r o t o r  
a t  GO r -v /min .  At  t h e  end  of t h e  incubat ion  period,  t h e  opsonized organisms were washed twice 
(1000 xg .  10 m i n ,  4 °C) i n  P B S  a n d  a d j u s t e d  t o  a concentra t ion of 1 x 1010 o r  1 x 10° bacterial/ml. 

Opsonization of zymosan. Zymosan (Catalog No. Z-4250; Sigma, St .  Louis, MO) w a s  boiled 
for 30 min in a small  volume of distilled water.  The zymosan particles were next  centrifuged 
at 16 318 x g  for  10 min a t  4 °C. T h e  resul t ing pellet w a s  washed once w i t h  distilled w a t e r  
(16,318 x g ,  10 m i n ,  4 °C). T h e  zymosan  pellet w a s  resuspended in  no rma l  pooled h u m a n  se rum 
(10 m g  zymosan  p e r  m l  of serum) and  incubated  fo r  1 h r  a t  37 °C o n  a ro tor  r a c k .  Zymosan  
particles were again  centr i fuged a t  16 318 x g  fo r  15 m i n  a t  4 °C. T h e  se rum s u p e r n a t a n t  w a s  
decanted a n d  t h e  zymosan  w a s  washed twice in P B S  (16 318 xg ,  10 m i n ,  4°C) .  Zymosan  w a s  
resuspended t o  10 mg/ml  in P B S .  T h e  samples  were a l iquoted  a n d  f rozen a t  — 70 °C unt i l  needed .  

Superoxide union assay. Superoxide an ion  produc t ion  was  de te rmined  b y  modif icat ion o f  
a previously described me thod  (Weening  et al., 1975). Approximate ly  1 x 10s neu t rophi l s  were 
added t o  t ubes  containing 80fimol/l  ferr icytochrome C' (Horseheart  t y p e  I I I ;  Catalog No .  C-2506; 
Sigma, S t .  Louis,  MO) a n d  1 x 108 or 1 x 10" C. burnetii in a final react ion volume of 2.1 m l .  
Controls included tubes  conta in ing cytochrome C alone in buf fe r  o r  neut rophi ls  alone in buf fe r .  
Neutrophils incubated  w i th  zymosan  (1 mg) o r  Staphylococcus aureus ( l x l 0 «  were used a s  
positive controls.  I n  some exper iments ,  100 (xg/ml superoxide d ismutase  (SOD) were a d d e d  t o  
reaction tubes  in order  t o  assess t h e  superoxide-mediated reduct ion  of fer r icytochrome C. 
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iSuporoxido anion production w a s  inhibited 9 0 — 9 5  percent b y  the  addition of SOD. T u b e s  
wore incubated for  ÍH) min a t  37 °C o n  a shaker  wa te r  b a t h  (100 rev/min) .  A t  t h e  e n d  of t h e  
incuba t ion  per iod,  t h e  t u b e s  were centr i  fuged a t  1000 x g  fo r  10 rnin a t  room t e m p e r a t u r e .  T h e  
HupornatantH were t ransferred t o  glass tubeH. T h e  ab«orbance of t h e  s u p e r n a t a n t  f rac t ions  w a s  
measured a t  550 n m  aga ins t  a control  t u b e  conta in ing cy tochrome C in  H B S S  buffer .  C h a n g e  
in absorbanco was  de termined b y  sub t rac t ing  values of t h e  control  t u b e s  f r o m  t h e  expe r imen ta l  
tubes .  T h e  a m o u n t  of cy toch tome  C reduced was  used a s  a n  indicator  of superoxide f o r m a t i o n  
a n d  was calculated using t h e  ext inct ion coefficient of 2.1 x 101 M _ 1  c m " 1  a t  550 n m .  

Statistical analynin. Stat is t ical  significance of results  was  de termined using one-way ana lys i s  
of var iance  a n d  L e a s t  Significant Difference (LSD) t e s t s  (Snedecor a n d  Cochran 1987). A n y  
d a t a  whose analysis  of var iance  showed t h a t  one  of more  m e a n s  differed significantly f r o m  t h e  
o the r s  were t h e n  ana lyzed  b y  t h e  L S D  tes t  t o  ident i fy  which mean(s) differed signif icantly f r o m  
t h e  o thers .  Probabi l i ty  values  (P) of < 0 . 0 5  were considered t o  indicate  significant differences 
between d a t a  sets.  

Results 

Role of immune serum pre-treatment of C. burnetii on superoxide anion 
release 

Coxiella burnetii, phase I was  pretreated with  human normal or hyperim­
m u n e  anti-rickettsial serum prior t o  incubation with neutrophils in t h e  

60-, 

( C e l l s  only 

Cells + normal serum I 
Eiia opsonized C burnetii 

Cells + S. aureus 

| í | 9  Cells + Zymosan 

Cells + immune serum 
opsonized C. burnetii 

Fill- I. 
Superoxide nnion release from human 
peripheral blood neutrophils dur ing  the  
phagocytosis  of normal or immune serum 

pro-treated Coxiella burnetii 
The riekottsia-to- neutrophil ratio w a s  
100 : 1. Normal human serum-treated zy­
mosan (1 m g )  a n d  S. aureus (MOI = 
100 : 1) were  included fo r  compar ison .  
Resu l t s  represent  t h e  moans  ^ S .E .M.  of 
five t o  seven exper iments ,  onch r u n  in 
dupl iote  o r  t r ipl icate .  
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superoxide anion ( 0 7 )  a s say .  Coxiella burnetii in  either f o r m  did not  eltici 
0.7 release b y  h u m a n  neutrophils  (Fig. 1). I n  contrast  opsonized zymosan  
a n d  S. aureus, used  a s  controls, s t imulated significant production of O r .  

Effect of rickettsial concentration on superoxide anion production 

I m m u n e  serum opsonized  C. burnetii were  incubated w i t h  neutrophi ls  a t  
a multiplicity of infection (MOI) of 100 : 1 or 1000 : 1 in order t o  determine 
t h e  e f fect  of r ickettsial  concentration on O r  production.  Coxiella burnetii 
a t  MOI of 100 : 1 d id  not  s t imulate  O ľ  release (Fig. 2). However  w h e n  t h e  
bacteria-to-cell ra t io  w a s  increased t o  1000 : 1, C. burnetii caused only  
a modest  st imulation of O r  production. This  amount  of 0 7  production. This  
amount  of 0.7 constituted only 10 percent of t h a t  obtained b y  zymosan 
st imulation.  

6 0  i 

5 0 -

Cel l s  o n l y  

C e l l s  + C. burnetii 
(MOI = 1 0 0 : 1 )  

C e l l s  + C. burnetii 
(MOI = 1 0 0 0 - 1 )  

4 0 -
C e l l s  + Z y m o s a n  

3 0 -

Í3 2 ° -

o 
2 
< 
2 10-

X 

Fig. 2 .  
Superoxide anion product ion b y  h u m a n  
neutrophils a f t e r  challenge wi th  different 
concentrations of immune-serum opson­

ized Coxiella burnetii 
The  rickettsiae-to- neutrophi l  ra t ios  used 
were 100 : 1 a n d  1000 : 1. Normal h u m a n  
serum-treated zymosan (1 mg) was  in­
cluded fo r  comparison. Resul ts  represent  
t h e  means  ± S.E.M. of fou r  exper iments ,  
each r u n  i n  duplicate or  triplicate.  
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Effect of rickettsial viability on superoxide anion release 

S u p e r o x i d e  a n i o n  release b y  n e u t r o p h i l s  i n c u b a t e d  w i t h  v i a b l e  o r  f o r m a l i n -
-kil ied  C. burnetii w a s  d e t e r m i n e d .  A s  s h o w n  in  F i g .  3, ne i ther  v i a b l e  n o r  
k i l led  C. burnetii s t i m u l a t e d  ( h  f o r m a t i o n  b y  h u m a n  neutrophi l s .  I n  con­
trast ,  zymosan  and  S. aureus (viable or formalin-killed) caused the  release 
of  significant amounts  o f  O.J. 

Discussion 

T h e  importance o f  the  ox idat ive  metabolic burst  in the  destruction o f  
intracellular parasites b y  phagocytes  has  been demonstrated b y  several in­
vestigators (Allen et al. 1972; Babior  et al. 1973; Buchmuller and Mauel 
1981; Murray and Cohn 1979; Sasada and J o h n s t o n  1980). Our s tudies  
shown t h a t  phagocytos is  o f  normal or immune  h u m a n  serum-treated ric-k-
etts iac  failed t o  trigger a significant production o f  superoxide anion b y  hu­
man neutrophils.  T h e  observation that  viable or formalin-killed normal 
s e  rum o p s o n i z e d  rickettsiae failed t o  elicit  the  respiratory burst is in agree-
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Superoxide anion release from neutro­
phils dur ing  exposure  t o  v iable  o r  for­

malin-killed  Coxiclla burnetii 
T h e  bactoria- to-neutrophil  r a t io  w a s  
100 : I. Zymosan  (I mg)  a n d  £ .  aureus 
were ineluded for  comparison. Results  
represent the  means i S.E.M. of two  
experiments  each run  in duplicate. 
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ment  w i t h  t h e  findings of Ferencik  et al. (1984, 1985) us ing  killed  C. burnetii. 
However  while t h e y  demonstrated a significant production of O r  ( 8 5 %  of 
zymosan controls) us ing  r a b b i t  immune-serum t reated  organisms, w e  r e p o r t  
only  a modest  increase in  O š production ( 1 0 %  of zymosan controls) us ing 
v iab le  C. burnetii opsonized w i t h  h u m a n  immune serum containing ant i ­
bodies  t o  p h a s e  I a n d  phase  I I  r icket ts iae .  T h e  difference m a y  b e  accoun ted  
fo r ,  i n  p a r t ,  b y  t h e  h igher  bac te r i a - to  neurophi l  r a t i o  (1900 : 1) u s e d  i n  t h e i r  
s t u d y  (Ferenčik  et al. 1984). 

The  absence of measurable  O r  production b y  neutrophils  dur ing  t h e  
phagocytosis  of v iab le  or killed  C. burnetii sugges ts  t h a t  w h a t  happens  dur ­
i n g  r icket ts ia l  ingest ion is  a fa i lu re  t o  elicit  O.r release r a t h e r  t h a n  t h e  dis-
m u t a t i o n  of 0.7 b y  pa ra s i t e  superoxide  d i smu ta se  (SOD).  Viable  C. burnetii 
w a s  recen t ly  r e p o r t e d  b y  u s  t o  con t a in  S O D  (Akpor iaye  a n d  B a c a  1983). 

B y  fai l ing t o  elicit  a n  a d e q u a t e  metabo l ic  b u r s t  d u r i n g  i t s  u p t a k e  b y  
h u m a n  neut rophi l s ,  C. burnetii b e a r s  a resemblance  t o  in t race l lu lar  p a t h o ­
gens  such  a s  Mycobacterium, leprae (Holzer  et al., 1986), Toxoplasma gondii 
(Wilson  et al., 1980) a n d  Leishmania donovani (Ha ida r i s  a n d  B o n v e n t r e  
1982) which  unde rgo  un l imi ted  repl icat ion w i t h i n  phagocy t i c  cells. 

Successful  paras i t i za t ion  of phagocy t e s  b y  C. burnetii m a y  b e  d u e  i n  p a r t  
t o  t h e  inab i l i ty  of t h e  p h a g o c y t e  t o  gene ra t e  a n  a d e q u a t e  flux of r eac t ive  
o x y g e n  species d u r i n g  r icket ts ia l  u p t a k e .  T h e  p ropaga t ion  a n d  e v e n t u l  con­
sol idat ion of t h e  pa ra s i t e  is f u r t h e r  fac i l i t a t ed  b y  i t s  ab i l i t y  t o  res is t  t h e  
deg rada t ive  lysosomal e n z y m e s  a n d  surv ive  w i t h i n  t h e  phagolysosomes  (Ak­
por i aye  et al., 1983). 
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