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Synergistic effect of  rabbit specific antiserum and amikacin on the treatment of  mice with lethal infection due to 
Klebsiella pneumoniae 
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Summary. A combination of rabbit specific antiserum and amikacin showed a synergistic effect on the treatment of mice 
with lethal infections due to a strain of Klebsiella pneumoniae. 

Specific serum antibody has been postulated as an impor- 
tant factor in the resistance of hosts against opportunistic 
infections. Protective antibodies in normal human sera 
against strains of Staphylococcus aureus and Klebsiella 
ozaenea were found in a high ratio, according to the 
descriptions by Yoshida et al. 2 and Takahashi et al. 3, 
respectively. In a patient with pneumonia due to K. ozae- 
nea, Takahashi et al. 3 noted an antibody response to these 
organisms during the course of the disease. Also, Davis 4 
obtained passive protective antibody to Pseudomonas aeru- 
ginosa from human serum. These facts make it necessary to 
reevaluate the effects of  antibiotics in vivo in the presence 
of specific serum antibodies. Attempts were therefore made 
to observe the effect of  rabbit specific protective antibody 
and amikacin in mice with lethal infections due to K. 
pneumoniae. This paper is concerned with our experimental 
results. 
Material and methods. Strain K-9 of  K. pneumoniae was 
used throughout the experiments. The biological properties 
of the organisms have been described elsewhere'. Normal 
female mice of the DD strain (Nihon Clea Farm Co., Ltd, 
Tokyo) weighing approximately 20 g, and rabbits (Japanese 
white rabbit, Nihon Clea Farm, Co., Ltd, Tokyo) weighing 
2 kg were used. The method for the challenge infection of  
mice with the strain K-9 was that described previously 5. 
The organisms were cultured in tryptosoycase broth (Eiken 
Co., Ltd, Tokyo) at 37 ~ overnight, then washed once with 
sterile saline, and a cell suspension giving 1 . 0 0 D  nephe- 
lometrically at 430 nm was prepared. The viable cell 
number of this cell suspension was 4.56x 10 s per ml 
enumerated by the usual plate count method. 0.5 ml of 
1 : 10 .5 dilution of this cell suspension in saline was injected 
i.p. into a group of 5 mice. With this procedure virtually all 
the mice were already killed by the 4th day (from 72 to 

9 6  h) after the challenge infection; exceptions were very 
rare. For  the preparation of rabbit hyperimmune serum, 
strain K-9 was cultured and a cell suspension was prepared 
as mentioned above, this was then formalinized by the 
usual procedure. 0.1 ml of  this formalinized vaccine was 
injected i.v. into rabbits on 3 successive days during the 1st 
week. The dose was increased to 0.15 and 0.2 ml for the 2rid 
and 3rd weeks, respectively, and the final dose was admi- 
nistered for 3 weeks. 7 days after the final injection, rabbits 
were exsanguinated and the sera were separated. To deter- 
mine the antiserum activity, primarily, 1:100 diluted rabbit 
antiserum was prepared with saline, the 2-fold serial dilu- 
tions were made with saline down to 1: 6400. 0.5 ml of each 
dilution was injected i.p. into a group of  5 mice which had 
been challenged with strain K-9 3 days before as mentioned 
above. The numbers of  dead animals were recorded for 
3 weeks after the challenge infection. With this procedure 
0.5 ml of maximal antiserum dilution exhibiting 100% 
protection was designated as 1 unit. Amikacin, provided by 
Bristol Myers Co., Ltd, (New York, N.Y.), was dissolved in 
M/15 phosphate buffer, pH 6.6, and an appropriate 
concentration of the antibiotic was prepared. The minimal 
inhibitory concentration (MIC) of amikacin against strain 
K-9 of K. pneumoniae in vitro was determined by the 
method described by the Japanese Society for Chemothera- 

py6. For the quantitative determination of the antibiotics in 
body fluids and tissues, the procedure followed was the 
method of  Nasu et al. 7, using spores of Bacillus subtilis 
ATCC 663; the amount of  amikacin per g of  tissue was 
calculated. To observe the therapeutic effect of rabbit 
specific antiserum and/or  amikacin, 0.5 ml of  rabbit specif- 
ic antiserum, containing 1.0-0.125 unit of  the activity was 
injected once i.v. into the animals. As to the antibiotics, 
varying amounts of amikacin (0.31-320 mg/kg) were inject- 
ed i.m. 4 times at 3-h intervals into a group of  5 mice who 
had been challenged with strain K-9 of K. pneumoniae 
3 days before. The number of dead animals was recorded 
for 3 weeks after the challenge infection; however, ex- 
perimental results obtained by the first 10 days after the 
infection were noted in the table since no change in 
survival was shown after 10-30 days. These experiments 
were carried out simultaneously twice and the total number 
of  dead animals was recorded. 

Results. When 0.31-1.25 mg/kg of  amikacin was repeatedly 
given to the mice challenged 3 days before with strain K-9 
of K. pneumoniae no effect was observed when treated mice 
were compared with controls. When the amount of anti- 
biotic was further increased, up to 320 mg/kg, a slight 
prolongation of  survival was shown with the administration 
of  more than 40 mg/kg of amikacin, although every animal 
was eventually killed. Regarding the rabbit specific anti- 
serum, 1 unit of the activity enabled the animals to recover 
from the lethal infection; with 0.5 units of  the activity a 
decrease in the mortality rate and prolongation of survival 
were shown. However, when a rather small amount of  
amikacin was combined with a low activity of antiserum 
(0.25 units), which was unable to protect from death, 
prolongation of survival and recovery from the infection 
were observed, depending upon the amount of  antibiotics. 
A dose response was exhibited, as shown in the table. These 
results indicate a significant synergistic effect in the combi- 
nation of rabbit specific antiserum and amikacin. When the 
effect of amikacin in vitro and in vivo was observed in 
order to analyze this phenomenon, the reported MIC of  
this antibiotic in vitro was found t o b e  3.12 ~tg against the 
strain K-9, as in our previous paper s. When 40 mg/kg of  
amikacin was injected i.m. into mice the concentrations of  
antibiotic in the blood after 15, 30, 60 and 90 rain were 75, 
62, 25 and 13 gg per ml respectively, and no detectable 
antibiotic was found 120 min after the injection. In the 
kidney, 15, 30, 60, 90, 120, 150, and 180 min after the 
injection the concentrations were 98, 130, 110, 95, 60, 57 
and 57 txg per g respectively. In the lung and bile, small 
amounts of  antibiotic were found after the first 60 and 90 
min; however, no amikacin was shown thereafter. In the 
spleen and liver, no antibiotic was detected throughout the 
experiments. 
Discussion. Although the effects of  antibiotics in vivo are 
known to be much less than those found in vitro, published 
descriptions are usually of positive effects of antibiotics in 
the treatment of experimental infections with bacteria, 
when the organisms are sensitive in vitro against these 
chemotherapeutic reagents. With the administration of 
antibiotics in vivo significant low concentrations of the 
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Effect of treatment with amikacin and/or rabbit specific antiserum on mice with a lethal infection due to Klebsiella pneumoniae K-9 

Treated with Day and number of mouse deaths Final results 
after the challenge infection 

Amikacin Antiserum 
(mg/kg) (unit) 1 2 3* 4 5 6 7 8 9 10 (No. dead/No, used) 

0.31 0.25 0 0 0 10 10/10 
0.62 0.25 0 0 0 4 0 2 1 1 0 0 8/10 
1.25 0.25 0 0 0 0 2 0 1 1 1 0 5/10 
2.5 0.25 0 0 0 0 0 0 0 0 0 0 0/10 
5.0 0.25 0 0 0 0 0 0 0 0 0 0 0/10 
0.31 None 0 0 0 10 10/10 
0.62 None 0 0 0 10 10/10 
1.25 None 0 0 0 9 1 10/10 
2.5 None 0 0 0 6 4 10/10 
5.0 None 0 0 0 0 10 10/10 

10 None 0 0 0 0 10 10/10 
20 None 0 0 0 0 6 4 10/10 
40 None 0 0 0 0 0 10 10/10 
80 None 0 0 0 0 0 10 10/10 

160 None 0 0 0 0 0 10 10/10 
320 None 0 0 0 0 0 10 10/10 
None 1.0 0 0 0 0 0 0 0 0 0 0 0/10 
None 0.5 0 0 0 1 1 1 0 0 0 0 3/10 
None 0.25 0 0 0 1 9 10/10 
None 0.125 0 0 0 10 10/10 
Normal rabbit serum 0 0 0 10 10/10 
None 0 0 0 9 1 

* Treatment was begun on day 3. 

antibiotics have been  detected in tissues, especially in 
in f l ammatory  lesions 9,1~ Also, a decrease in the effective- 
ness of  ant ibiot ics  in the presence of  i n f l ammato ry  exudate  

10 11 has been  observed . Ma t sumoto  et al. pos tu la ted  3 phases  
of  bacter ial  mul t ip l ica t ion  in infections, in order  to explain 
the lower activity of  ant ibiot ics  in vivo than  in vitro. In 
these exper iments ,  it is p resumed  that  le thal  infect ion of  the 
an imal  by the organisms,  involving endo tox in  effect and  
severe tissue damage  was already established,  w h e n  treat- 
men t  with  the specific an t i serum a n d / o r  antibiot ics  was 
given. However,  p ro longat ion  of  survival was observed 
only w h e n  an  extremely h igh dose of  amikac in  was admi-  
nistered. In this case an ant ibiot ic  concen t ra t ion  higher  
than  the MIC  was ma in ta ined  for a per iod of  t ime only in 
b lood and  kidney;  low concent ra t ions  of  ant ibiot ic  were 
detected for a short  t ime in bile and  lung. Fur ther ,  no 
amikac in  was found  in liver or spleen th roughou t  the 
examinat ion.  These  results suggest that  even  with extra 
h igh doses of  this ant ibiot ic  no effect was shown on the 
t r ea tmen t  of  a le thal  infect ion of  mice wi th  K. pneumoniae; 
this agrees with similar  results repor ted  by  m a n y  investiga- 
tors 2,12, ~3. On the contrary,  with the admin i s t ra t ion  of  rabb i t  
specific ant iserum,  an imals  could recover f rom le thal  infec- 
tion. This  f inding suggests that  the organisms d i sappeared  
rapidly f rom the lesions in these cases, as in  the case of  a 
major i ty  of  pa thogenic  organisms associated with oppor tu -  

2 14 nistic infections, such as S. aureus , S. epidermidis , K. ozae- 
nea 3, Pseudomonas aeruginosa 4 Serratia marcescens 15, 
K.pneumoniae 16 Streptococcus pneumoniae 17, and  group B 
streptococcus 18. As to the synergistic effect of  the combina -  
t ion of  specific an t i se rum and  amikac in  represented  in 
these exper iments  a s imilar  p h e n o m e n o n  was no ted  with 
the combina t i on  o f  specific an t ibody  to P. aeruginosa and  
d ibekacin  19. This  might  m e a n  that  the therapeut ic  effect of  
an  ant ibiot ic  is unexpectedly  h igher  than  it is in  vitro, in 
some cases, since no rma l  h u m a n  sera possess h igh  ratios o f  
specific ant ibodies  to the organisms re la ted to oppor tunis t ic  
infections,  as no ted  by Yoshida  et al. 2 and  Takahash i  et al. 3. 
Inhib i t ion  of  the adherence  of  microorganisms  by ant ibiot -  
ics as reported by  Suga rman  and  Donta  2~ is regarded as an  

impor t an t  factor  for the synergistic effect of  specific ant i -  
serum and  antibiotics.  These  invest igat ions are cur rent ly  in 
progress in our  laboratory.  
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