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Experimental  investigations have shown that with a defici t  of v i tamin  C the pe rmeab i l i ty  of the connec t ive  
tissue ground substance to microbes decreases [9]. Hypovitaminosis C leads to weakening of the defensive humoral  
and ce l lu lar  functions of the organism, diminishing the processes of antibody formation and the phagocyt ic  ac t i v i t y  
of leukocytes [3]. According to the data of a number of authors, in a whole series of infectious diseases that have 
c l in ica l ly  mild  courses in normal animals ,  under conditions of hypovitaminosis C a servere infectious process d e v e l -  

ops, with a le thal  outcome [ 4 - 8 ] .  

There are also reports that, in association with v i tamin C insufficiency, the natura l res is tance  of the an ima l  
organism to infection decreases. Thus, according to the data of V.P. Davydov [2], in guinea pigs with hypovita  - 
minosis C, inoculated with enteropathogenic serotypes of intest inal  bac i l l i ,  there develops a manifest  infectious 
process -co l ien te r i t i s ,  while in the animals  receiving a normal diet the disease is absent. 

It was shown [1] that in monkeYS-carr iers  of Flexner 's  dysentery bacter ia ,  exper imenta l  hypovi taminosis  C is 

accompanied  by the development  of a severe form of dysentery. 

In previous investigations, we established that inoculat ion of monkeys with SchottmUller 's paratyphoid B b a c -  
teria and enteropathogenic intest inal  bac i l l i  did not always give rise to c l in i ca l ly  manifest  illness. In those cases 
where it was successful, the infection took a mild  form, terminat ing in comple te  recovery of the an imal .  

The purpose of this work was to e luc ida te  the degree of susceptibil i ty to infection,  and the course of the in fec -  
tious processes, in monkeys inoculated with paratyphoid B bacter ia  and enteropathogenic strains of intes t inal  bac i l l i  
under conditions of hypovitaminosis C. 

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

The investigation was carried out on 24 Macacus rhesus monkeys, 2 - 4  years of age. Hypovitaminosis  C was 
obtained by mainta ining the monkeys for a long t ime on a diet  devoid of v i tamin C. For 11 of the monkeys,  over 
a course of 3 months, the following diet was set: bread, cereal ,  boi led egg. boi led milk ,  sugar, and A and group B 
vitamins. The total calorie  content of the products fed to the monkeys deprived of v i tamin C was the same as for 
the monkeys mainta ined on the normal diet. 

Twice before ini t iat ion of the feeding we determined the concentration of v i tamin  C in the serum. Subsequent-  
ly, the serum was studied once every 2-3 weeks. The concentration of v i tamin C was determined by the m a c r o -  

method of Bassi. 

Daily observations were performed on a l l  the exper imental  monkeys for their general  condit ion,  and we also 
dai ly  inspected the skin and mucous membranes measured the temperature ,  weighed the animals,  performed c l in i ca l  

investigations on the blood and carried out bac ter io logica l  investigations of the feces. 
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Fig. 1. Concentration of vitamin C in the sera 
of 4 monkeys inoculated with paratyphoid B 
bacteria and a strain of intestinal bacillus. 

EXPERIMENTAL RESULTS 

According to the biochemical investigations of the 
blood in the monkeys, the concentration of vitamin C grad- 
ually decreased. Fig. 1 shows the results of vitamin C de- 
terminations in the sera of 4 monkeys. From the data pre- 
sented, it is apparent that after 2 1/2-3 months the level 
of vitamin C decreased significantly-from 1.05- 0.35 mg %. 

After 2 months, in 6 monkeys maintained on the scor- 
butogenic diet, we noted that the gums were friable and bled 
on light touch. At the end of the third month, these symp- 
toms were observed in 10 monkeys. In 3 of the animals, in 
this period, there were skin and subcutaneous hemorrhages. 
Almost all the monkeys lost 600-800 grams of weight. In 
5 animals, the blood showed a manifest erythropenia (down 

to 1,500,000- 2,000,000 erythrocytes per ramS). Externally, the monkeys appeared considerably weakened: after 2 
or 2 ' /2 months, out of 14 animals with hypovitaminosis C, 3 contracted an acute form of dysentery and died. On 
autopsy, in addition to changes characteristic for dysentery (colitis), we also noted signs inherent to hypovitaminosis 
C: gingivitis, diapedetic hemorrhage in the stomach, large and small intestine. 

After 3 months, 11 of the hypovitaminotic monkeys and 10 of the monkeys maintained on normal diet (control 
group) were inoculated with paratyphoid B bacteria and enteropathogenic intestinal bacilli of the serotype 0111:B4. 
In this case, the animals were divided into 2 groups. Monkeys of the first group (6 hypovitaminotic and 5 control) 
were inoculated orally, after preliminary administration of ox bile, with Sehottmtiller paratyphoid B bacteria 
(50 million microbial bodies). Monkeys of the second group (5 hypovitaminotie and 5 control) were inoculated 
orally, after administration of 4ml of ox bile, with intestinal bacilli of the serotype 0111:B4 (30 million microbial 
bodies). The monkeys were placed in four separate cages, isolated from one another, and located in two different 
divisions. 

Observations on the hypovitaminotic animals, inoculated with paratyphoid bacteria, showed thaf clinically 
manifest illness developed in all the monkeys, and showed the following symptoms, Two or three days after the 
inoculation, the animals maintained a high temperature of 4 - 5  days (up to 41.5"). We observed a depressed condi- 
tion, absence of appetite, and frequent fluid stool. In the peripheral blood we fopnd a leukopenia (4500 leukocytes 
per ramS), erythropenia (down to 2,000,000 per ram3), decrease in the percent of hemoglobin, and accelerated sedi- 
mentation rate (up to 20-25 mm per h). Three monkeys showed especially severe qonditions. In these animals we 
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Fig. 2. Condition of the hypovitaminotic animals subsequent to their inocula- 
tion with paratyphoid bacteria. 1-temperature; 2-1eukocytes; 3-weight; 
4-f luid stool; 5-paste-like stool; 6-excretion of bacteria; 7-sedimentation 
rate; 8-antibodies. 
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observed signs of toxicosis and exicosis, manifested by dryness and cyanot ic  appearance  of the skin and mucous m e m -  
branes, and a decrease in skin turgor. Over the total  period of illness, the monkeys lost up to 8 0 0 - 9 0 0  grams of 
weight. The duration of the illness was 1 0 - 1 2  days, and bac te r ia l ly  contaminated  excret ion was observed over the 
course of 2 months. Antibodies were determined in titers of 1 :400 -1 :1600  (Fig. 2). 

In the control group, out of 5 monkeys,  3 contracted paratyphoid. They showed a m i n i m a l  e levat ion  in 
temperature,  decrease in appet i te ,  fluid or pas te - l ike  stool, loss in weight (by 200 -300  grams), and acce le ra t ion  
of the sedimentat ion rate (10 -15  mm per h). The illness took a mi ld  course, and was of short duration. Excretion 
of bacter ia  was observed over a period of 6 - 9  d a y s ;  specific antibodies were determined in titers of 1 :400  
- 1 -  1600. 

Comparison of the monkeys in the control and exper imental  groups showed a significant difference both in the 
degree of severity of the disease and in the duration of the period of c l in ica l  symptoms. Thus, while in the control  
group ct in ical  manifestat ion of paratyphoid B was recorded in 3 out of 5 monkeys, in the group of C-hypovi tamino t i e  
animals a l l  individuals came down with the disease. In the controi monkeys the disease took a mi ld  course, and lasted 

5 - 7  days. In the hyP0vitamino'tic animals ,  we observed a severe form of the illness, and the c l in ica l  symptoms of 
the disease lasted 1 0 - 1 2  days. In the control animals,  the organism rid itself of the paratyphoid bacter ia  af ter  6 - 8  
days, while in the hypovi taminot ic  animals  this occurred only after 2 months. 

Observations on the hypovi taminot ic  monkeys inoculated with enteropathogenic strains of intest inal  bac i l l i  
showed that out of 5 animals,  4 contracted colienteri t is .  The disease began after 2 - 3  days of incubation,  and was 
accompanied by a decrease in appet i te ,  frequent watery stools over a period of 8 -  10 days, intoxicat ion,  and a loss 
in weight of up to 600 grams. On the third week after inoculation,  antibodies were determined in titers of 1 :50-1 :100 .  
Excretion of bacter ia  lasted over a period of 1 month. Ctinical  symptoms of col ienter i t is  were observed in the dis-  
eased monkeys for 8 - 1 0  days. In one of the 5 monkeys, the colienteri t is  followed a serious course, and t e rmina ted  
in the death of the animal  on the 25th day after inoculation. On autopsy, we noted catarrhal  gastroenterocol i t is ,  with 
predominant damage of the i leum, and diapedet ic  hemorrhages in the stomach, large and small  intestine.  On b a c -  
te r io logica l  investigation of the organs, intest inal  rods of the serotype 0111 were cultured from the i leum.  

Paral lel  observations on the control animals ,  mainta ined on normal diet,  showed that inoculat ing them with 
enteropathogenie strains of intestinal  bac i l l i  of the same serotype was not accompanied  by development  of c l i n i ca l  
symptoms of illness Throughout the entire period of observation the animals  were noted to be in heal thy and l ive ly  
condition. Excretion of the pathogeni c serotypes of intestinal bac i l l i  ceased 4 - 5  days after the inoculat ion.  By the 
end of the third weed antibodies were determined in titers of 1 :50-1 :100 .  

Thus, in monkeys mainta ined on a scorbutogenic diet for 2 1/2-3 months a v i tamin C def ic iency develops.  In 
the setting of hypovitaminosis C, there is a decrease in the natural resistance of the animal  organism to paratyphoid 
B and colienterit is ,  The infectious process that develops in the hypovi taminot ic  animals  differs from that  seen in the 

control animals in its severity, and in the duration of its c l in ica l  course. The obtai ned data suggests that in monkeys,  
under the influence of a vi tamin C deficiency,  there is a change in the immunobiologica l  state of the organism. 

S U M M A R Y  

The present paper deals with studies of the effect produced by v i tamin  C def ic iency on the susceptibi l i ty  to in -  
fection and the course of infectious processes in paratyphoid B (Schottmuller) and col ienter i t is  in monkeys.  Vi tamin 
C def ic iency was induced by keeping the animals on scorbutogenic diet  for a prolonged t ime.  The results show that  
normal adult animaIs exhibi ted a considerable resistance to ar t i f ic ia l  infect ion with paratyphoid B bac i l l i  and en te ro -  
pathogenic ~. eoli .  Infection of monkeys with hypovitaminosis with the mentioned bacter ia  was accompan ied  by the 
development  of a c l in ica l ly  pronounced severe infectious process. 
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