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Isolat ion of an Ant ib io t i c -Res i s tant ,  L a c t o s e - F e r m e n t i n g  Strain of Proteus rettgeri 

With in  the  pas t  few months ,  a s t ra in  of Pro teus  retlgeri 
has  been repea ted ly  isolated f rom the  u r inary  t ract ,  
per ineum,  feces, facial cloths,  sinks, and bed-pans ,  as well 
as the  outside surface of ca the te r -ur ine  collection bags  of 
20 pat ients ,  all f rom one ward.  This s t ra in  was unusual  in 
t h a t  it  f e rmen ted  lactose overn igh t  and was res i s tan t  to 
all ant ib io t ics  tes ted.  

The organism grew readi ly on blood, MacConkey, 
cos ine-methylene  blue (EMB) and Salmonel la-Shigel la  
agar. On EMB agar, colonies d isplayed a metal l ic  sheen. 
The isolate produced  a character is t ic  odor, comparab le  to 
t h a t  of 'cheese-crackers ' ,  on blood and MacConkey agar. 
The basic b iochemical  react ions  1 of th is  organism are 
l isted in Table I. The an t ib iogram 2 and minimal  inh ib i tory  
concen t ra t ions  (MIC) of several  ant ib io t ics  and chemo- 
the rapeu t i c  agents  versus th is  organism are p resen ted  in 
Table II .  Muel le r -Hinton  b ro th  (Difco) served as the  
g rowth  med ium and  di luent  for the  tube  di lut ion sensi- 
t i v i ty  s tudies;  the  bacter ial  inoculum was ad jus ted  to re- 
sult  in 1.5• 106 organisms per  ml a t  zero t ime.  The 
organism was found to be sensi t ive to m e t h e n a m i n e  man-  
dela te  only. I t  should be added  t h a t  one pa t i en t  received 
a s t andard  regimen of gen tamic in  sulfate, following which  
this  pa t i en t ' s  s t ra in  had  become res i s tan t  to gentamicin ,  
in t h a t  there  was no more  zone of inhib i t ion  a round  the  
10 big disk and the  MIC of th is  ant ib iot ic  exceeded 100 txg/ 
ml. Ant ib io t ic  synergy  studies,  employing  carbenicil l in 
and gen tamic in  sulfate, failed to reveal  any  addi t ive  or 
synergic effect be tween  these  2 ant ibiot ics .  

All a t t e m p t s  a imed at  t ransfer r ing  the  ant ib iot ic  resist- 
ance of this  organism to recipient  female s t ra ins  of E. 
coli failed. In  these exper imen t s  a, E. coli strains  1485 lac+ 
F -  and CS100 tac-- F served as the  recipients.  Exp o n en -  
t ial ly growing donor  and recipient  cells were mixed  in the  
ratio of 1:10, by  adding  14 ml of nu t r i en t  b ro th  (Difco) 
(NB) conta in ing  1.5 • I(F donor  cells/ml to 10 ml of NB 
conta in ing  1.5 • 108 recipient  cells/ml in a 125 ml Erlen-  
meyer  flask. For  control  purposes,  the  1). rettgeri isolates 
as well as 1s coli s t ra ins  1485 and CS 100 were grown in 
NB alone. As an addi t iona l  control,  E.  coli s t ra in  RS-2 
lac-E+,  which carries a res is tance factor  conta in ing  ma-  
rkers for res is tance to kanamyc in  sulfate, ampicill in,  
chloramphenicol ,  and sulfonamide,  was conjuga ted  wi th  
the  2 female recipient  s t ra ins  of E.  coli, to prove  the 
l a t t e r ' s  competence  in these exper iments .  The organisms 
were incuba ted  overn igh t  a t  37 ~ Fol lowing s t a t iona ry  
incubat ion,  the  flasks were shaken vigorously.  Serial ten-  
fold di lut ions of the  growth  of each of the  flasks were pre- 
pared  in NB and 0.03 ml of each di lut ion were s t reaked 
wi th  glass rods on MacConkey agar (Oxoid) (without  
crys ta l  violet) plates,  t h a t  conta ined  25 uni t s /ml  poly- 
m y x i n  B, 20 b~g/ml k a n a m y c i n  sulfate, 10 Ixg/ml chlor- 
amphenicol ,  10 big/nil t e t racyc l ine  hydrochlor ide ,  and 10 
b~g/ml gen tamic in  sulfate, respectively.  MacConkey agar  
plates,  w i thou t  added  ant ibiot ics ,  were inoculated wi th  
the  donor  and  rec ip ient  control  organisms.  Fol lowing 
overn igh t  incuba t ion  at  37 ~ the  plates  were examined.  
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Growth  curve s tudies  ind ica ted  t h a t  th is  organism mul-  
t ipl ied in pooled fresh h u m a n  urine as rap id ly  a t  room 
t e m p e r a t u r e  as a t  37 ~ This o rgan i sm never  gave rise to 
s y m p t o m s  or signs of u r inary  t r ac t  infect ion in any  of the  
20 pa t ien ts ,  f rom w h o m  it had  been  isolated repea ted ly  
over  per iods  of several  weeks and  a t  n u mb er s  of grea ter  
t h a n  10 s organisms/ml .  Serum bacter ic ida l  t es t s  4, employ-  
ing fresh sera f rom pa t i en t s  and  t h a t  of t he  author ,  indi- 
ca ted  th is  organism to be exquis i te ly  serum-sensi t ive .  The 
ind i rec t  bacter ia l  hemagglu t ina t ion  t echn ique  5 failed to 
de tec t  s ignif icant  t i ters  of c i rculat ing an t ibodies  in these 
pa t ien ts .  One m a y  conclude t h a t  th is  mul t ip le -an t ib io t ic  
res i s tan t  s t ra in  of t ). ret tgeri  is av i ru lent  and merely  
colonizes the  ur inary  t r ac t  of these pa t ien ts .  

Table I. Biochemical characteristics of the lactose-fermenting strain 
of P. rettgeri 

Test Result 

Motility 37 ~ 
22 ~ .... 

Indolc + 
Methyl red + 
V-P 
Citrate + 
Urea + 
Phenylalanine deamination + 
Lysine decarboxylasc 
Ornithine decarboxylase 
Glucose acid, no gas 
l~aetosc 
ON PG + 
Maimitol -!. 
Maltose 
Arabinose 
Inositol 
Gelatin hydrolysis 
Nitrate reduction (N%) t 
H2S {KEgler iron agar) 
O 1" test (Hugtl-Leifson) fermentation 

"Fable II. Autibiotic resistance pattcrn of the lactose-fermenting 
strain of P. rettgeri 

Antibiotic Disk Diameter Miniinal 
content of zone of inhibitory 
(big) inhibition concen- 

(ram) tration 
(big/nil) 

Ampicillin 10 6 > 100 
Carbenicillin 100 6 > 500 
Cephalothin 30 6 ;> 100 
Chloramphenicol 30 6 > 100 
Gentainicin sulfate 10 11 30 
Kanamycin sulfate 30 6 > 100 
Methenamine mandelate 1000 (1 mg) 20 
Neomycin 30 6 
Nitrofurantoin 30 6 
Polymyxin B 30 6 100 
Streptomycin 10 6 
Tetracycline HC1 30 6 > 100 
Triple sulfonamide 300 6 
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This organism was found to  display cer ta in  charac-  
ter is t ics  t h a t  are typ ica l  for E. 6oli, such as, the  p r o m p t  
f e rmen ta t i on  of lactose and  the  p roduc t ion  of a metal l ic  
sheen on EMB agar. On the  o the r  hand,  the  isolate was 
shown to have  the  following fea tures  cons is ten t  w i th  P .  
rettgeri : c i t ra te  uti l ization,  deamina t ion  of phenyla lanine ,  
hydro lys is  of urea, absence of gas fo rmat ion  dur ing  glucose 
fe rmenta t ion ,  and  lack of f e rmen ta t ion  of arabinose  and  
maltose.  This  is w h y  we t e n t a t i v e l y  chose to  des ignate  
th is  o rganism a p r o m p t l y  lac tose- fe rment ing  s t ra in  of P .  
rettgeri. I t  is conceivable  t h a t  th is  o rganism is a ' hyb r id '  
t h a t  migh t  have  ar isen as a resul t  of an as ye t  u n k n o w n  
genet ic  in te rac t ion  be tween  a s t ra in  of E. coli and  a s t ra in  
of P. rettgeri. To the  bes t  of our  knowledge,  th is  is the  f i rs t  
s t ra in  of P. rettgeri isolated t h a t  f e rmen t s  lactose over-  
n igh t  6-n.  

This organism can be re t r ieved  w i thou t  diff icul ty  f rom 
clinical mater ia l  and all of the  isolated s t ra ins  cons is ten t ly  
f e rmen t  lactose, cons t an t ly  d isplay  ident ical  au t ib iograms  
and  produce  the  typical ,  unmis t akab le  odor. A deta i led  
s u m m a r y  of t he  ou tb reak  due  to th is  organism will be 
r epor ted  elsewhere (C. E. MCCALL, in prepara t ion)  12 

Zusammen[assung. Ein  avirulenter ,  p r o m p t  Lak tose -  
fe rment ie render ,  Ant ib io t ika- res i s ten te r  S t a m m  von  
Proteus rettgeri wurde  aus k l in ischem Material  isoliert. 
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Effects  of P h e n e t h y l  A lcoho l  on  I n f l u e n z a  Virus  G r o w t h  and M a c r o m o l e c u l a r  S y n t h e s i s  in Chick  
E m b r y o  Cells  

The bac te r ios ta t ic  drug  p h e n e t h y l  alcohol has pre-  
viously been  shown to  inhibi t  the  repl icat ion of several  
D N A  viruses 1-3, and  the  g rowth  of small  R N A  viruses in 
bac te r ia  4 and an imal  cells in suspension cul ture  5. In  all 
cases t he  effect  was reversible,  and the  drug had  to be 
p resen t  dur ing  the  t ime  of viral  repl icat ion in order  to  
cause inhibi t ion.  The site of act ion of p h e n e t h y l  alcohol 
is no t  known,  a l though  there  are repor ts  of a l te ra t ions  in 
cell n l embrane  func t ion  in t r ea t ed  cells 6-s. This resul ts  in 
inhib i t ion  of cell growth,  and  of the  synthes is  of RNA,  
DNA, and  pro te in  in bo th  bacter ia  9, z0 and animal  cells 
in suspension cul ture  11-13. These effects  on macromole-  
cular  synthes is  and  cell g rowth  have  been  shown to  be 
reversible  following removal  of the  drug  even af ter  t rea t -  
m e n t  for 12 days  11. 

The repl icat ion of inf luenza viruses differs f rom t h a t  of 
smal l  R N A  viruses in a n u m b e r  of respects,  and  in par t i -  
cular d isplays  a h igh  degree of dependence  on hos t  cell 
me tabo l i sm 14. I t  was therefore  of in te res t  to s tudy  the  
effect  of p h e n e t h y l  alcohol on inf luenza virus growth  in 
mono laye r  cul tures  of chick embryo  f ibroblas t  cells. 
Since there  are no previous repor t s  of the  act ion of phen-  
e thy l  alcohol on cells in monolayer  culture,  as opposed  to  
suspension cul tures which are d ividing rap id ly  la, we also 
measured  R N A  and  pro te in  synthes is  in t rea ted  cells. 

Cell cul tures  were p repa red  and  infected wi th  inf luenza 
virus (fowl plague virus, Ros tock  strain) as detai led else- 
where  14. Fol lowing virus adsorpt ion ,  the  cells were 
washed  in phospha te -bu f fe red  saline, t h e n  incuba ted  at  
37 ~ in g rowth  m e d i u m  supp lemen ted  wi th  var ious  con- 
cen t ra t ions  of p h e n e t h y l  alcoholZS. Af ter  24 h. the  yield 
of virus  released in to  the  med ium was assayed by 
haemagg lu t ina t i on  t i t r a t ion  (Figure). Each  point  repre-  
sents  t he  average haemagg!u t in in  yield f rom 2 Pe t r i  dish 
cultures.  I t  can be seen t h a t  ve ry  small  concen t ra t ions  of 
p h e n e t h y l  alcohol, up to 5 m M ,  caused some increase in 
virus yield, bu t  h igher  concen t ra t ions  resul ted  in a 
marked  inhibi t ion which  was comple te  a t  abou t  20 raM. 

The inh ib i to ry  effect  of p h e n e t h y l  alcohol on inf luenza 
virus r ep l i ca t ion  was no t  due to  i rreversible cell  damage.  
Cells were incuba ted  wi th  10 m M  phene thy l  alcohol for 
2 h, t h e n  washed  free of the  drug  before infection. Virus  
yields 24 h la ter  did no t  differ  s ignif icant ly f rom those  
ob ta ined  f rom un t r ea t ed  cells. In  fu r the r  expe r imen t s  
p h e n e t h y l  alcohol (10 mM) was  added  a t  in tervals  a f te r  
infect ion and  the  haemagglu t in in  yield de te rmined  24 h 
post- infect ion.  Inh ib i t ion  was  observed when the  drug  
was added  at  any  t ime up to 3 h post - infect ion : t he rea f t e r  
the  effect  d iminished  and  if added  la ter  t han  10 h post-  
infect ion the  virus yield a t  24 h was normal .  Since virus 
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Effect of various concentrations of phenethyl alcohol on the yield of 
influenza virus from chick embryo fibroblast cell monolayers. 


