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Whooping cough vaccine (6 bill ion bac te r i a l  cel ls) ,  inactivated with mer th io la te ,  was  injected 
once or  repea ted ly  in t ravenously  into mice .  This  induced hyper leukoeytos i s  affecting the 
lymphocytes  and po lymorphonuc lea r  leukocytes .  The number  of monocytes ,  l a rge  lympho-  
cytes ,  and juvenile f o r m s  of the myeloid  s e r i e s  in the blood was inc reased  mainly  in the late 
s tages  and a f te r  repea ted  injections.  Different  changes were  obse rved  in the in ternal  organs ,  
re f lec t ing  a s t r e s s  react ion,  toxic effects ,  immunomorphologica l  changes,  and s t imulat ion of 
hematopoies i s .  Foci  of myeloid hematopo ies i s  appeared  in the l iver .  

Borde te l la  p e r t u s s i s  modif ies  the r e s i s t a n c e  of the o rgan i sm to infectious,  physical ,  and chemica l  
agents,  induces leukocytos is  and lymphocytos is ,  and leads  to changes  in the in ternal  organs  in man and ex -  
pe r imen ta l  an imals  [1, 4-13]. Despi te  much r e s e a r c h ,  the genes is  of the hyper leukocytos is  r e m a i n s  la rge ly  
unexplained, and even the dynamics  of the changes in the blood p ic ture  during repea ted  success ive  i n t r a -  
venous inject ions of Borde te l la  p e r t u s s i s  has  not ye t  been studied. 

The object  of the invest igat ion descr ibed  below was to make a cytological  and his tological  invest igat ion 
of the blood and in ternal  o rgans  of mice  a f te r  adminis t ra t ion  of whooping cough vaccine  (WCV). 
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Fig. 1. Leukocytosis ,  lymphocytos is ,  and 
granulocytos is  in BALB/c  mice  af ter  r e -  
peated intravenous inject ions of WCV. 
Ordinate,  number  of ce l l s  in 1 m m  ~ blood; 
absc i s sa ,  t ime  of investigation in days.  
Arrows indicate injections of WCV: 1) 
leukocytosis ;  2) lymphocytos is ;  3) g r a n -  
ulocytosis .  

E X P E R I M E N T A L  M E T H O D  

WCV, manufactured  at the Moscow Mechnikov Ins t i -  
tute of Vaccines  and Sera,  inact ivated with 1:10 000 mer th io -  
late  and containing 90 bill ion bac t e r i a l  ce l l s  p e r  ml,  was  
diluted 1:3 with physiological  sal ine.  Injections of 0.2 ml  
of this diluted vaccine,  i . e . ,  6 bill ion bac te r i a l  ce l ls ,  were  
given to mice.  

Female  and male  BALB/c mice  weighing 18-20 g and 
female  F 1 (CBA x C57B1/6J) mouse  hybrids  weighing 20- 
22 g were  used in the exper iments .  The mice  were  divided 
into three  groups:  group 1 rece ived  a single injection of 
WCV; the mice  of group 2 rece ived  repea ted  injections of 
WCV as in tervals  of 3-4 days; the mice  of group 3 rece ived  
repea ted  daily injections of WCV. The control  for  each 
group cons is ted  of mice  which were  injected with 1:30 000 
mer th io la te  in physiological  saline,  which cor responded  to 
i ts  concentrat ion in the final dilution of vaccine,  by a s i m i -  
l a r  scheme.  
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Fig. 2. Fig. 3. 

Fig. 2. Focus of myeloid hematopoiesis inthe liver. Hematoxylin-eosin, 
500 • 

Fig. 3. Prol i ferat ion of re t iculum and p lasma cells  along the course  of the 
t rabeculae and increase  in number of hemocytoplasts  and megakaryocytes  in 
the red pulp of the spleen. Hematoxylin-eosin,  250 • 

The formula of the circulat ing blood leukocytes was determined in the animals and the histological  
picture of their  internal organs (thymus, spleen, lymph glands, brain, heart ,  l iver,  kidneys, adrenals,  and 
bone marrow) was studied. Organs and blood from the caudal vein were taken from the animals of group 1 
before injection of the preparat ion and on the 2nd, 3rd, 4th, 5th, 7th, 10th, 16th, 19th, and 23rd days there -  
after, and in the animals of groups 2 and 3 after each success ive  injection. The mean resul t s  of blood tes ts  
on 5 mice were taken as the leukocyte count and formula.  The organs were fixed in 80 ~ ethanol or 10% f o r m -  
alin solution. Histological specimens were stained with hematoxylin-eosin,  by Brache t ' s  method, and with 
teluidine blue. 

E X P E R I M E N T A L  R E S U L T S  

Before the experiment  the leukocyte count in the blood of the mice of group 1 and in the corresponding 
control  animals varied f rom 7000 to 9000. On the 2nd day after  injection of WCV the leukocyte count in the 
mice of the experimental  group reached 28,000-39,000, and on the 4th-7th day it reached 50,000. After 
the 7th-10th day it began to fall, and by the 19th-23rd day the leukocyte count had returned to normal .  In 
mice of the control  group the leujocyte count fluctuated during the experiment between 5000 and 11,00. In 
the mice of the experimental  group it was ra i sed  on account of both lymphocytes,  which showed a sevenfold 
increase  on the 4th day, and of polymorphonuclear  leukocytes,  with an elevenfold increase  on the 5th-7th 
day. 

The dynamics of the leukocyte count in the mice of group 2 was fluctuating in cha rac te r :  in mice of 
line B A L B / e  there were two maxima (Fig.l),  and in the F 1 (CBAxC57B1/6J) hybrids  there were three 
maxima.. The highest  leukocyte count ( up to 70,000) was found on the 4th, 9th,27th, and 37th days in the 
B A L B / c  mice and on the 4th, 13th, and 28th days in the F 1 hybrids  (up to 86,000). In the former ,  the 
leukocyte count fell to 26,000-30,000 f rom the 13th to the 25th day, and in the la t ter  it fell to 20,000- 
30,000 f rom the 17th to the 25th day. The leukocyte count in the experimental  mice was at mos t  10-11 
t imes higher than initially at its maximum, and 4-2.5 t imes higher at its minimum. Inthe control  groups 
the leukocyte count fluctuated during the experiment f rom 6000 to 14,000. It rose  as a resul t  of an increase  
in the absolute number of both lymphocytes  and polymorphonuclear  leukocytes (Fig. 1). During repeated 
injection of WCV juvenile and primit ive forms of white blood cel ls  (myelocytes and promyelocytes ,  appeared 
in the blood s t ream).  

823 



In the mice  of group 3 a leukocytos is  (from 50,000 to 208,000) was observed  f r o m  the 3rd until the 
18th day, with a m a x i m u m  (up to 208,000, or  60 t imes  higher than originally) on the l l t h  day. In the 
control  mice  the leukocyte count fluctuated during the exper imen t  between 9000 and 12,000. The leuko-  
cy tos i s  in the exper imenta l  an imals  of this group was inc reased  on account of both po lymorphs  and 
lymphocytes .  However ,  the absolute number  of po lymorphs  was 18 t imes  higher  than initially, whe reas  
the number  of lymphoeytes  was only 11 t imes  higher.  

It may be pointed out that the animal continued to respond to success ive  injection of vaccine ( in 
groups 2 and 3) by an inc rease  in the leukocyte and lymphocyte  counts.  After  repea ted  inject ions a marked  
absolute monocytos is  and eosinophil ia  and also an inc rease  in the number  of l a rge  lymphocytes  were  ob- 
se rved  in the mice ,  while juvenile and pr imi t ive  f o r m s  of white blood ce l l s  a p p e a r e d -  in group 2 degen-  
e ra t ive  f o r m s  of lymphoctyes ,  with a ve ry  pale cy top lasm and " m o t h - e a t e n "  nucleus also were  p resen t .  
In the an imals  of group 3 (on the 9th day and later)  the bone m a r r o w  f i lms  contained mainly ma tu re  and 
immatu re  neutrophils ,  while the e ry throb las t i c  s e r i e s  was seve re ly  inhibited and in some f i lms  it  was  
comple te ly  suppressed .  

Composi te  changes  consis t ing evidently of s t r e s s  react ion,  toxic and immunomorphologica l  changes,  
and s t imulat ion of hematopoies i s  were  found in the in ternal  organs .  The s t r e s s  r eac t i on  was manifes ted  
p r i m a r i l y  as a dec rea se  in s ize and total  atrophy of the thymus gland, e spec i a l l ya f t e r  repeated  injection~ 
and d is turbance  of the genera l  s t ruc tura l  a rchi tec tonics  of the lymph glands and marked  h y p e r e m i a  of 
the pa renchymatous  o r g a n s .  The emptying of the lymph glands can be regarded  both as a manifes ta t ion 
of s t r e s s  and as the r e s u l t  of mobil izat ion lymphocytes  into the blood s t r e am.  Changes in the adrenals  
also were  cha rac t e r i s t i c  of the s t r e s s  react ion.  

Foci  of nec ros i s ,  some t imes  obse rved  in the spleen, lymph glands, and l ive r  a f t e r  repea ted  injections,  
were  poss ib ly  manifes ta t ions  of the toxic action of changes  produced in these  expe r imen t s  by WCV. The 
appearance  of loci of myeloid hematopoies i s  also was observed  in the l iver  (Fig.2). 

Morse  [9,10] showed that  the lymphocytos is  obse rved  in mice  af ter  a single injection of WCV occur s  
as the r e su l t  of both d ischarge  and pro l i fe ra t ion .  

The expe r imen t s  with repea ted  injections of WCV showed that  bes ides  d ischarge  of lymphocytes ,  
p ro l i fe ra t ion  also evidently occu r r ed  in the lymphoid t i ssue .  Histological  invest igat ion of the o rgans  of the 
exper imenta l  mice  revea led  hyperp las i a  and pro l i fe ra t ion  of the re t icu lum cel l s  and also an inc rease  
in the number  of po lymorphs ,  p l a s m a  cel ls ,  hemocytoblas t s ,  and megaka ryocy t e s  in the spleen in the late  
s tages  a f te r  a single injection of WCV (Fig.3). After  repea ted  injections of WCV myeloid loci  of hema to -  
poies is  appeared in the l iver .  The inc rease  in the number  of l a rge  lymphocytes  and intensified monocytic 
r e sponse  which, according to seve ra l  inves t iga t ior  [2,3 ] a re  an indication of p ro l i fe ra t ion  in the lymphoid 
t i ssue .  
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