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Coxsackievirus A13 is shown to suppress macrophage exudation into the peritoneal 
cavity of  adult male BALB/c mice. The influence of  the infection on the counts of  
lymphocytes and polymorphonuclear leukocytes is less expressed. The detected changes 
are regarded as a manifestation of  the immunomodulating action of  coxsackievirus A13 
infection. 
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Coxsackieviruses play an important role in human 
pathology [7]. At present numerous reports point  
to a variety of  pathogenetic mechanisms contrib- 
uting to lesions induced by these viruses both dur- 
ing the natural course of  infection in humans and 
during experimental infection in mice. Cell-medi- 
ated immunity factors are among the leading ones 
in the pathogenesis  o f  coxsackievirus infection 
[1,5,6]. A nonspecific inflammatory exudate in the 
abdominal cavity may be easily induced by intra- 
peritoneal injection of  any stimulant. After 3 days 
the exudate consists mainly of  mononuelear  cells, 
with macrophages predominating. Intraperitoneal 
injection of  a specific antigen at this time causes 
a rapid reduction in the number  o f  macrophages 
in the exudate. Some scientists believe [4] that the 
reaction of  the disappearance of  peritoneal exudate 
cells is similar to the macrophage migration inhi- 
bition test in vitro. It may therefore be used for 
the assessment o f  cellular immunity. 

This work was aimed at investigating the in- 
fluence o f  coxsackievirus A13 on the time course 
of  the content  o f  cellular elements in the perito- 
neal exudate of  BALB/c mice. 

I n s t i t u t e  of R e g i o n a l  P a t h o l o g y  a n d  P a t h o m o r p h o l o g y ,  
S i b e r i a n  D i v i s i o n  of  t he  R u s s i a n  A c a d e m y  of M e d i c a l  
Sc iences ,  N o v o s i b i r s k  [ P r e s e n t e d  b y  V. P. K a z n a c h e e v ,  
Member  of the Russian A cadem y  of Medical  Sciences) 

MATERIALS AND METHODS 

The studies were carried out on 150 male BALB/ 
c mice aged 4 months from the Stolbovaya breed- 
ing center, Russian Academy of  Medical Sciences. 
The prototype coxsackievirus strain A13 (Flores 
strain) was used, obtained from the Research In- 
stitute of  Viral Preparations, Russian Academy of  
Medical Sciences (Moscow). The virus was repli- 
cated and titered in a monolayer  culture of  pri- 
mary trypsin-treated human embryo fibroblasts by 
routine methods. 

Four percent potato starch was used as a reagent 
stimulating the release of  cellular elements into the 
abdominal cavity. The necessary amount  of  starch 
was brewed in distilled water, brought to the boil, 
autoclaved at 0.5 arm for 20 min, and frozen. Be- 
fore use, the gel was thawed at room temperature. 
The resultant suspension was homogenized in a ster- 
ile glass homogenizer. One ml (40 nag) of  this sus- 
pension was intraperitoneally injected to mice. 

The animals were sacrificed by cervical dislo- 
cation. Peritoneal exudate cells were obtained by 
washing the peritoneal cavity with 8 ml of  Hanks ~ 
solution with 5 units/nil heparin. The total con- 
tent of nucleus-containing cells and their differen- 
tiated numbers  were counted in the exudate. For 
this purpose, the cells were sedimented by centrifu- 
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TABLE 1. Accumula t i on  of S t a r c h - - I n d u c e d  Inf lammatory Cells in 3 - D a y  Peri toneal  Exudate  of Male BALB/c Mice Infected 
with Coxsackiev i rus  A13 (M• 

Interval  be tween  Total number  of  cells in peritoneal Macrophage count,  Lymphocyte  count,  Polymorphonuclear  
infect ion and  exudate, • • • leukocyte count, xl04 

subsequent  injec- 
t ion  of  starch, Coxsackie medium Coxsackie m e d i u m  Coxsackie medium Coxsackie med ium 

days A13 199 A13 199 A13 199 A13 199 

0 2058• (4) 2476• (4) 1589• 1951• 320• 346• 148• 178• 

N o t e .  An asterisk shows differences reliable in comparison with analogous parameters for mice injected starch alone; two asterisks 
show differences  rel iable in  compar i son  with ana logous  parameters  for mice injected med ium 199 and starch. In parentheses:  
n u m b e r  of animals  per  poin t  of investigation.  

gation (1000 rpm for 10 min), the supernatant 
was discarded, and the sediment resuspended in 3 
drops of 50% cattle blood serum in Hanks' solu- 
tion, after which smears were prepared which were 
stained with azure-eosin after Romanowsky. The 
percentage of macmphages, lymphocytes, and poly- 
morphonuclear leukocytes was determined on the 
basis of  scintillation of 200 cells [2]. The reliabil- 
ity of the results was assessed using Student's t 
test. Table 1 presents the arithmetic means and 
their errors for 4 animals. 

RESULTS 

Injection of 4% sterile starch in the peritoneal 
cavity of  4-month-old BALB/c mice caused the 
appearance of  inflammatory exudate. Peritoneal 
flushes of intact mice contained 422+59x104 cells. 
Of these, 68% were macrophages (289+53x104), 
31% lymphocytes (129+35x104), and less than 1% 
were polymorphonuclear leukocytes (4.1 +2.8 • 104). 

Twenty-four hours after injection of the irri- 
tant, a reliable increase of the number of cellular 
elements was observed in the abdominal cavity, in 
comparison with intact animals (p<0.05). After 3 
days the number  of  cells increased still more 
(p<0.001). Analysis of  the time course of the con- 
tent of  specific types of  cellular elements showed 
a marked increase in the number of polymorpho- 
nuclear leukocytes (695+101x104, p<0.01) as early 
as 24 h after starch injection. After 72 h their 
number sharply decreased to 106+26x104, although 
it still r ema ined  h igher  than in the cont ro l  
09<0.01). Changes in the levels of  lymphocytes 
were more moderate. Nonetheless, after 72 h their 
content was reliably higher in comparison with 
intact animals (p<0.01). 

Quite a different picture was observed with 
macrophages. Their content reliably surpassed the 

control level only on days 3-4 (p<0.001). During 
this period macrophages comprised the bulk (85%) 
of exudate cells, and for this reason the capacity 
of BALB/c mice to accumulate macrophages in the 
abdominal cavity was assessed 72 h after injection 
of the irritant. 

For a study of the effect of coxsackievirus A13 
infection on peritoneal exudation, 4-month-old 
BALB/c mice were inoculated with the virus in a 
dose of 104,6 TCDs0/ml; this was associated with a 
depression of starch-induced migration of cells into 
the abdominal cavity (Table 1). A reliable inhibi- 
tion was observed after starch injection on days 0 
(p<0.05) and 14 (p<0.01) in comparison with the 
results observed after injection of the irritant alone. 
Similarly, a statistically reliable depression (p<0.01) 
was observed in infected mice after injection of 
starch on day 14 and in comparison with mice 
injected medium 199 instead of the virus. These 
changes were mainly due to macrophages. A reli- 
able reduction in the quantity of these elements 
was observed on days 0 (p<0.05) and 14 (p<0.01) 
vs .  analogous data for animals injected the irritant 
alone and on day 14 (p<0.001) for those injected 
medium 199 and the irritant. 

The levels of lymphocytes and polymorpho- 
nuclear leukocytes remained at the baseline level 
over the entire period of observation. 

Our results indicate that inoculation of BALB/ 
c mice with coxsackievirus A13 affects the cel- 
lular inflammatory reaction in the abdominal cav- 
ity in response to a nonspecific irritant. A simi- 
lar picture was observed when mice of the same 
strain were infected with coxsackievirus B3 [3]. In 
both cases we observed the minimal amount of 
macrophages in the exudate during the early pe- 
riods after infection. The detected effect of inocu- 
lation may be due to changed chemotactic activ- 
ity of  the macrophages, which is one of the ways 
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in which coxsackievirus infection acts upon immu- 
nity [3]. 

M a n y  viruses are known to induce a non-  
specific immunomodula t ing  effect  by  suppressing 
or  boost ing  the immune  response to a he te ro lo-  
gous antigen [8]. Different  groups of  viruses have 
been  s tudied to different  extents in this respect.  
O u r  k n o w l e d g e  o f  the  i m m u n o m o d u l a t i n g  e f fec t s  
o f  e n t e r o v i r u s e s ,  a n d  spec i f i c a l l y  o f  c o x s a c k i e v i -  
ru ses ,  is p a r t i c u l a r l y  s c a n t y  [1,3] .  T h e  p r e s e n t  
f i n d i n g s  d e m o n s t r a t i n g  the  ab i l i t y  o f  c o x s a c k i e -  
v i ruses  A13 a n d  B3 to suppress  m a c r o p h a g e  e x u -  
d a t i o n  in the  p e r i t o n e a l  cav i ty  o f  i n f e c t e d  adu l t  
m i c e  c o n f i r m  the  i m m u n o m o d u l a t i n g  e f f e c t  o f  
t h e s e  v i ruses .  
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