
SELECTION OF SALMONELLA AND SHIGELLA 

CULTURES FOR SEROLOGICAL CLASSIFICATION

Among the microorganisms received for confirma­
tion as  Salm onellaor Sh ige lla  t ypes ,  a large number 
belong to nei ther  group but are paracolon,  col i-  
form, or other enter ic  bac te r i a .  For  example,  Ewing 
and Bruner (8) reported that  39 percen t  of the cul­
tures submit ted to them were Pro teus ,  paracolons ,  
et c . ,  rather  than Salm onella  or Shige lla  t ypes .

The aim of th i s  paper  i s  to out l ine procedures 
which should aid in the el iminat ion of ex t raneous  
bac te r i a in  the laboratory in which they are i sola ted  
and by which p robable  Salm onella  and Sh ige l la  cul­
tures may be di f ferent ia ted.

Th e  procedures  out l ined here are based  upon the 
wr i ter s’ experi ence gained during the bac te r io logi ­
cal examinat ion of f ecal  specimens ,  r ec tal  swabs ,  
urine sedimen ts ,  and cu l tures  der ived from these  
sources.  The sub jec t  will be p resen ted  f irs t  in a 
general  way and then the dif ferent iat ion of sa l -  
monel lae and s h i g e l l a e  w i l l  b e  d i s c u s s e d  
separately.

There  are severa l  important  point s  to be con­
sidered in the original  t reatment  of the specimen.  
In baci l l ary dysentery and gas t roente r i t is  or enter ic  
fever caused by salmone l l ae ,  it i s  important  to 
make cul tures  in the acute  s tage of the d i s e a s e ,  
s ince  the number of causa t ive  microorganisms in 
the stool  d iminishes  rapidly and late cul tures  are 
likely to be nega t ive .  Ear ly in the d i s e a s e ,  
pat i en t s ’ s too l s  are fecal  in cha racter  and are 
formed. T h i s  s tage  is  followed by a se r i e s  of 
watery evacua t ions  which contain sh r ed s  of mucous,  
and often,  e spec ia l ly  in baci l l ary dysentery,  macro­
scop ic  blood. If the mucous sh red s  are washed  in 
ster i le  physiologica l  sa l ine  solut ion and then 
cultured direct ly by s t r eaking  over the su r face  of 
the plat ing medium, the inci t ing microorganism 
usual ly can be i sola ted .  F'urther, it is very impor­
tant that  the specimen be cul tured as quickly as  
poss ible after i ts  col lec t ion.  One of the b e s t  pro­
cedures i s  to del ive r  the s tool  in the pan direct ly  
to the laboratory,  so tha t  the bac te r io log i s t  can
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se le c t  su i t ab le  material  for mic roscopic  examina­
tion and for cul tural  work. Otherwise ,  some means  
for rapid del ivery and prompt t reatment  of the s p e c i ­
men should be dev i sed .  If condi t ions are such that  
spec imens  cannot  be cul tured immediately,  su i t ­
able por t ions,  containing mucous shreds  if  present ,  
are p laced  in a p reserving medium unti l  the s p e c i ­
men can be cul tured.  The buffered g lyce ro l - sal ine  
p rese rvat ive  medium devi sed  by Sachs  (14) can be 
recommended.  Th i s  medium should be t inted pink 
by the addi t ion of phenol  red, and it  should not 
be used if i t  becomes acid.  Other  such media are 
reviewed by Bangxang and El io t  (2).

It i s  often a d is t inc t  advantage to col l ec t  and 
cul ture r ec ta l  swabs .  An exper ienced team of two 
or three workers can co l lec t  and inoculate  se ve ra l  
hundred recta l  sw ab s  in a shor t  space  of t ime.  The 
technic i s  va luable  in the invest igat ion of out­
breaks ,  for examining food hand le rs ,  and for co l ­
lect ing spec im ens  from d i s p e n s a r y  or office 
pat i en ts .

In chronic c a s e s  where s too l  cul tures  may be 
nega t ive ,  swabs  col l ec ted  di rect ly from the l e s ions  
during p roctoscop ic  examinat ion often r eveal  the 
inci t ing microorganisms.

Plat ing media.  The se le c t i v e  Shige lla-Salm onella  
Agar (Di fco)and Desoxycho la te  Ci tra te  Agar (BBL) 
are good pla t ing media and they have the advantage 
that  a large inoculum may be used.  Kauffmann ( 10) 
recommended the use  of b r i l l i an t  green agar  for the 
i solat ion of sa lmone l lae ,  and bismuth su lf i t e  agar  
(Wilson-Blair) s u r p a ss e s  al l  others  for the d e t e c ­
tion of typhoid baci l l i  (4). F ec a l  mater ia l  or mucous 
on a swab may be inoculated  over the ent ire sur ­
face of p la t e s  of these  media s inc e  coliform bac ­
teria are g rea t ly inhibi ted.  When f ishing colonies  
from such media,  care must  be taken be c au s e  coli-

Courtesy of the David J. Sencer CDC Museum



form bac te r i a  on the p la t e  may be v iable.  Th is  
point  i s  s t r e s s e d  be c au s e  t r iple sugar  iron agar  
(TSI) s l a n t s  are  r eceived frequently which have  
two or three microorganisms p resen t  be c a u s e  of 
c a r e l e s s n e s s  in f i sh ing colonies .  In routine work 
i t  i s  adv i sab le  to use  a l e s s  inhibi tory dif ferent ial  
pla t ing medium in addi t ion to se l ec t iv e  media,  illao- 
Conkey agar or eos in me thylene blue agar  (enteric)  
i s  good for th i s  purpose.  Some knowledge of the 
general  in t e s t ina l  flora may be a sce r t a in ed  by this  
procedure and i t  al lows for i solat ion of an o c c a ­
s iona l  pathogen which may not  grow well  on the 
more se le c t i v e  media.

Enrichment media.  Tet ra thiona te  broth is  pre­
ferred for i solat ion of sa lmone l lae .  Galton and 
Quan (9) found a  164 percent  inc re ase  in Salmonella  
i solat ion a t t r ibutable to the eff icacy of a combina­
tion of t e t ra t iona te  enr ichment  (Kauffmann modi­
fication) and br il l iant  green p la t ing  agar.  Unfor­
tunately,  te t r a thiona te  broth i s  not  a f avorable 
medium for sh ig e l l a e  or for Salmonella  ty p h i . Thu s ,  
se l en i t e  broth i s  probably the enr ichment  medium 
of choice for rout ine work, s inc e  sa lmonel lae  
( including S. typhi)  and sh i ge l l a e  usua l ly  can be 
i so la t ed  from it .  Pr imary plat ing media are inocu­
la ted with mucous or f ecal  material  on cotton 
swab s .  Then the sw ab s ,  containing 0.1 to 1.0 
gram of inoculum, are p laced  in tubes  of en r i ch­
ment  media.  The specimen must  be emulsi f ied in 
the enr ichment  broth.  Large inocula can be used 
with enr ichment  media b e c a u s e  coliform bac te r i a  
are inhibi ted while enter ic  pathogens  may inc rease  
in number.  Enrichment  media are incubated for 
16 to 18 hours and if primary p la t e s  are nega t ive ,  
a large loopful of enr ichment  broth cul ture i s  
s t r eaked  on an addi t ional  ( secondary)  p la t e .

The  primary p la t e s  usual ly  are posi t ive in acu te  
c a s e s  of both sa lmon e l los i s  and sh ig e l lo s i s  so 
tha t  enr ichment  media are of g r ea te s t  value with 
spec imens  col lec ted af ter  the acute period of 
d i s e a s e  i s  pas sed ,  in chronic ca se s ,  and in car­
rier s tud i es .  Enrichment  media  may be used to 
advantage to cul ture blood, ur ine,  or gal l  bladder  
dra inage  spe c imens  in those  c a s e s  in which a 
Salmonella  type may be the et iolog ical  agent .

Differential  media.  If p l a t e s  are found which 
contain colon ies  of l ac to se  nega t ive  microorgan­

isms seve ra l  such colon ies  are p icked and inocu­
lated into TSI agar  s l a n t s .  After  18 to 20 hours 
incubat ion at  37° C. ,  the TSI agar  s l a n t s  are
examined and all  those showing ac id  and gas
throughout the medium are d i sca rded .  Occas iona l ly  
s l a n t s  may be observed that  are acid throughout,  
without  ev idence  of gas  formation. T h e s e  are
usua l ly  anae rogenic  coliform bac te r i a .  F e c a l  
s t r ep tococc i  produce a  s imi lar  react ion.  Cul tures  
on TSI agar  s l a n t s  that  exhibi t  a typical  acid butt,  
with or without  gas ,  and an alkal ine s l a n t  are 
inoculated onto C hr i s t en se n ’s  (3) urea medium for 
the detec t ion  of Proteus  cu l tures .  The  lat ter
medium i s  incubated from 2 to 1 hours at  37° C. ,  
then a preliminary reading i s  made.  Specimens 
tha t  are nega t ive  at th is  r eading then are te st ed  
in Salmonella  and Sh ige lla  ant iserum by the s l ide 
agglut ina t ion  method. The  urea  aga r  cul tures  are 
r e incubated af ter  the preliminary reading.  Pos i t ive  
r ea c t i ons  are cha racte r i zed by complete alkal iniza -  
tion of the medium within 20  hours’ incubat ion and 
may be recorded and d i sca rded  if des i r ed .  Nega tive  
urea agar  s l a n t s  should be r eta ined for 48 hours 
s ince  some paracolon bac te r i a  yield a delayed 
react ion which i s  doubtful  or weakly pos i t ive .  
Such a r eact ion a ids  in the dif ferent ia t ion of these  
cul tu res .  C hr i s t en se n ’s medium remains unchanged 
or becomes s l ight ly  acid when inoculated with 
Sh ig e l la  or Salm onel la  cul tures .  F or  de ta i l s  of the 
use  of C h r i s t e n se n ’s  medium se e  Ewing  (6 ). If 
preferred,  the rapid u rea se  t e s t  dev i sed by Stuart ,  
Van Stratum, and Rus t igian  (17) may be subst i tu ted  
for C hr i s t en se n’s  medium.

Biochemica l  r eact ions .  A study of thei r  bio­
chemical  r eac t ions  is  the only method ava i l able at 
p resen t  for the final  el iminat ion of most  paracolon 
bacteria .  Any cul ture thought  to be a member of 
ei ther  the Salmonella  or the Sh ige lla  genus  should 
be confirmed a s  such by the appl icat ion of a few 
b iochemical  t e s t s  before it i s  forwarded to a central  
laboratory for se ro logic  examinat ion.  The es sen t i a l  
r eac t ions  are l i s t ed  in table  1.

For  hydrogen sul f ide and indol  t e s t s  a medium 
composed of 2 percen t  Bacto peptone and 0.5 per­
cent  sodium chloride i s  used.  After inoculat ion,  a 
st r ip  of oxal i c ac id paper  (Gnezda’s  t e s t  for indol) 
and a str ip of lead  ac e ta t e  paper  are inse r t ed into 
a tube and held in p lace by the cotton stopper.*

* O x a l i c  a c i d  p a p e r s  m a y  b e  m a d e  b y  s o a k i n g  s t r i p s  of f i l t e r  p a p e r  ( a b o u t  3 b y  \ \  i n c h e s )  in  a  w a rm  s a t u r a t e d  s o l u t i o n  of 
o x a l i c  a c i d .  T h e  l e a d  a c e t a t e  p a p e r s  a r e  m a d e  b y  i m p r e g n a t i n g  s i m i l a r  s t r i p s  in  a  w a r m ,  s a t u r a t e d  s o l u t i o n  o f  n e u t r a l  
l e a d  a c e t a t e .  A f t e r  d r y i n g ,  t h e  p a p e r  s t r i p s  m a y  b e  s t o r e d  in  p e t r i  d i s h e s  o r  s c r e w - c a p p e d  b o t t l e s ;  t h e y  d o  n o t  r e q u i r e  
f u r t h e r  s t e r i l i z a t i o n .
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T a b le  1

OUTLINE OF PROCEDURE FOR IDENTIFICATION OF SALMONELLA AND SHIGELLA CULTURES

I f  n o t  r e a d i l y  i d e n t i f i a b l e ,  
p roceed  t o  b io c h e m ic a l  t e s t s .

G1 ucose
Salmone 11 a 

AG
S h i g e  11 a 

A
Lac t o s e - V ( p o s i t i v e s  d e l a y e d )
S u c r os e - V ( p o s i t i v e s  d e l a y e d )
M a n n i to l n o t  n eeded V
S a l i c i n - -

A d o n i t o l - _
C i t r a t e  ( Simmons’ ) V .
M R + +
V P - .

( p a p e r ) + ( u s u a l l y ) V
Indol - V
M o t i l i t y V -

‘ O c c a s i o n a l  S a l m o n e l l a  c u l t u r e s  may f a i l  t o  p ro du c e  hydr ogen  s u l f i d e  in  TSI a g a r .  Al so  c e r t a i n  
s a l m o n e l l a e  and s h i g e l l a e  c r o s s  a g g l u t i n a t e  ( s e e  t e x t ) .  S a l m o n e l l a  t y p h i  and S a l m o n e l l a  g a l -  
l inarum  a r e  a n a e r o g e n i c .  R a r e l y  a n a e r o g e n i c  c u l t u r e s  o f  o t h e r  t y p e s  a p p e a r .

Courtesy of the David J. Sencer CDC Museum



The paper s  must  not  come into con tac t  with the 
medium. It i s  adv i sab le  to t e s t  for indol  with 
Ko vac ’s or P r ing she im’s  r eagent  af ter  the papers  
are observed 48 to 72 hours.  T h i s  procedure affords 
confirmation of negat ive  f indings by Gnez da’s 
method.

Motility of microorganisms belonging to the 
family En te roba c te r i a ce ae  is determined by the 
use  of a  sernisol id medium. T h i s  i s  a far more 
accura te  method than d i rec t  mic roscopic  examina­
t ion.  Edwards  and Bruner (5) des c r i bed  a modif ica­
tion of the moti l i ty medium of Jordan,  Ca ldwel l ,  
and Re i te r  that  i s  an ex ce l l en t  one both for moti l i ty 
determinat ion and for separa t ion  of p h as es .  As an 
a l te rnat ive ,  a medium of peptone or tryptone water  
to which 0.25 percent  agar  i s  added,  may be used.

S a l m o n e l l a

Most of  the organisms i so la t ed  from fe c e s  which 
bea r  a superf ic ia l  r e semblance  to Salmonella,  but 
which actual ly  are not  members of the genus ,  can 
be el iminated from considerat ion in the laboratory 
in which they are i so la t ed .  The currently accepted 
def ini t ion of the genus  is  as  follows: “ A large 
genus  of se ro logical ly  r ela ted,  Gram-negat ive and 
non-sporing baci l l i ;  0.4 — 0.6 microns by 1 — 3 
microns in usua l  dimensions,  but  occas iona l ly  
forming shor t  f i laments ;  showing,  with certain 
except ions ,  a moti le per i t r ichous phase in which 
they normally occur;  in f ac t  adher ing to the pat tern 
of S. typhi  in s ta in ing proper t ies  and morphology. 
Barely fermenting lac tose  or suc rose ,  l iquefying 
gelat in or producing indole,  they regularly at tack 
g lucose  with,  but  occas ional ly without,  gas  produc­
t ion.  All the known sp e c ie s  are pathogenic for man, 
animal s,  or both.”  (15).

The above defini t ion admits certain cul tures  
which ferment lac tose  or sucrose  or which produce 
indol to the genus ,  and it  is  true tha t  Salmonella  
cul tures  p o s s e s s in g  these cha r ac te r i s t i c s  have 
been found.  However,  they are ext remely unusua l  
forms and for prac t ica l  pu rposes  it  may be sa id  
tha t  ANY C U L T U R E  WHICH F E R M E N T S  L A C ­
T O S E ,  S U C R O S E ,  S A L I C I N ,  OR A D O N I T O L ,  OR 
WHICH P R O D U C E S  I N D O L  IN A M O U N T S  D E T E C T ­
A B L E  IN T H E  U S U A L  T E S T S  I M M E D I A T E L Y  CAN 
B E  E X C L U D E D  F R O M  T H E  G E N U S .  The only 
excep t ions to this s t a t ement  are cul tu res  which,  
in sp i t e  of p o s s e s s in g  aberrant  b iochemica l  cha r­
ac te r s ,  p o s s e s s  both 0  and H an t igens  cha rac te r i s ­
t ic of Salm onella  types and thus can be or iented

in the Kauffmann-White scheme .  In addi t ion,  Sal­
m onella  cul tures  are methyl red posi t ive and Voges-  
P roskauer  negat ive.  Fur the r,  in the case  of Sal­
monella,  the urea agar  of  Chr i s t ensen exhibi ts  
absolute ly  no ev idence of u rea se  act ivi ty  af ter  24 
or 48 hours ’ incubat ion.  Cer t ain  paracolon organ­
i sm s  which show no u rease  ac t iv i ty  af te r  the short  
incubat ion period used to de t ec t  Proteus  cul tures  
wil l  produce a d i s t inc t  a lkal ini ty  in the medium 
af t er  24 to 48 hour s ’ incubat ion.  Many such cul tures  
belong to the Be thesd a  or Ba l l erup groups which 
o the rwise  are ext remely dif f icul t  to dis t ingui sh  
from Salm onella  excep t  by prolonged incubat ion of 
fermentation t e s t s .  Such cul tures  often have a 
pronounced putrefact ive odor which i s  ab se n t  in 
Salmonella.

Fermenta t ion  of l a c t os e ,  suc rose ,  or sa l ic in  may 
be delayed,  and t e s t s  should be incubated for 30 
days before being di sca rded .  The tubes  may be 
s toppered with corks soaked  in hot  paraffin to 
dec reas e  the time ne c e s sa r y  for the production of 
de te c tab le  acid in fermentation tubes .  By corking 
the tubes,  cul tures  whi ch ferment l a c tose  or suc rose  
slowly often can be el iminated in one-hal f  the time 
n e c e s sa r y  if  uncorked tubes  are incubated.

The  majority of Salmonella  s t r ains  other  than 
S. typhi  produce gas  and abundant  hydrogen sulf ide 
in TSI s l a n t s .  In addi t ion to be ing anaerogenic,  
certain cul tu res  of  S. typhi  produce insuf f ici ent  
hydrogen sul f ide  to b lacken TSI agar.  Also,  cer­
tain other  types  of Salm onella  infrequent ly encoun­
tered in the Uni ted S t a te s  fai l  to produce hydrogen 
sulf ide .  Among th es e  are S. c h o l e r a o  e - s u i s  
(diphasic) ,  S. paratyphi A . ,  S. berta  and certain 
s t r ains  of S. sen ftenberg .  Further ,  anaerogenic 
s t r a i ns  of any Salm onella  type may appear .  When 
gas  production and hydrogen sulf ide formation are 
apparen t  in TSI medium it i s  logical  to s u s p e c t  the 
p resen ce  of  a Salm onella  type other  than S. typhi.  
Such cul tures  may be t e s t ed  a t  once with polyvalent  
Salm onella  serum.

Po l yv a le n t  Salm onella  serum may be prepared in 
several  ways.  P robably the s imples t  serum tha t  is 
at  all s e rv ic ea b le  is a  pure 0  serum which contains 
agglut in ins  for Salm onella  0  groups A through E 3 . 
Exper i ence has  shown tha t  98 to 99 pe rcent  of the 
Salmonella  t ypes  i so la t ed  from man belong to these 
groups.  If des i r ed ,  a serum which contains  agglu­
t in ins  for se l ec ted  H ant igens  in addi t ion to the 
above mentioned 0  ant igens  may be made.  Final ly,  
it i s  po ss ib le  to produce a polyvalent  serum for al l  
the 0  and H an t igens  of the genus .  Such a  serum
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P o s i t i v e  a n d  n e g a t i v e  H  a g g l u t i n a t i o n  t e s t s .

is difficult  to prepare and has  a greater  tendency to 
r eact  with paracolon cul tures  than does  a serum con­
taining 0  agglut in ins  for only groups A through Eg.

Agglut inat ion t e s t s  with polyva lent  serum can 
be performed by suspend ing  a smal l  amount of 
growth from a TSI agar  s l a n t  in a droplet  of  phys io ­
logical sa l ine  solut ion on a s l ide ,  adding a small  
drop of properly diluted serum, and t i l t ing the s l ide  
back and forth a few t imes.  If Salmonella  i s  p r esen t  
agglutination quickly should become apparent .  If 
agglutination occurs,  and if the n ec es sa r y  se rums 
are ava ilable ,  the next  s t ep is the grouping or 
typing. If t hese  procedures  are not  carried out  in 
the laboratory,  the cul ture should be confirmed by 
biochemical s tudy and sen t  to a laboratory in which 
Salmonella  typing is done.  Biochemica l  s tudy i s  
necessary s ince a certain number of Sh ig e l la  and 
paracolon s t r a ins  are agglut inated by polyvalent  
serum. However,  if t ypical  agglut inat ion is obta ined 
and preliminary b iochemica l  r e s u l t s  are cha rac te r ­
ist ic,  it is j us t i f i able to report ,  “ Salm onella , type 
undetermined.”

If the organism fai l s  to agglut ina te  in po lyva len t  
serum, it should be sub jec ted  to the biochemical  
t es t s  out l ined above and l i s t ed  in table 1. If the 
organism cannot  be el iminated from the genus  Sal­
monella by the se  t e s t s  i t  should be se n t  to a 
laboratory spe c ia l i z ing  in the s tudy of enter ic  
bacteria.  In the abs ence  of agglut inat ion in poly­
valent  serum it  is jus t i f i ab le  to report  that  prob­
ably no Salm onella  type was found.

Sh ige l la

The following defini t ion of the genus  Shigella
(7) provides a working b a s i s  for a d i sc uss ion  of 
the differentiation of shige l lae :  “ gram-negat ive 
bacteria that  are aerobic,  nonsporulat ing,  non-

moti le,  and,  with a few excep t ions ,  nonproduct ive 
of gas  from fermentable s u b s t an ce s .  They  do not 
u t i l i ze  sa l i c in ,  adoni tol ,  or ci t rate ,  or hydrolyze 
urea,  l iquefy gelat in,  or form acetylmethylcarbinol .  
L ac tos e  is u t i l ized by only two recognized sp e c ie s  
(Sh ige lla  sonnei  and Sh ige lla  dispar), and by these 
only upon prolonged incuba t ion .”

After cu l tures  which appear  su sp ic io u s  on TSI 
aga r  s l an t s  are t e s t ed for u rea se  ac tivi ty ,  dif­
ferent iat ion of sh i ge l l ae  may be begun.  T h o se  cul­
tures  which are anaerogenic,  hydrogen sul f ide 
nega t ive (TSI) and u rease  negat ive are se l ec ted  
for examinat ion as  poss ib le  sh ig e l l a e .  A smal l  
amount of gas  along the line of s t ab or a t  the 
bottom of a tube of TSI agar  should not  lead one 
to el iminate the cul ture from examinat ion if there 
i s  no ev idence of hydrogen sul f ide production.  
Cer t ain  b iochemica l  var iants  of  Shige lla  flexneri  
VI (Newcas t l e ,  Manchester)  produce gas from fer­
mentable s u b s t a n c e s  and sometimes  enough gas  i s  
evolved to become apparent  in TSI agar.  Shigella  
cu l tures  are not  known to produce b lacken ing of 
TSI agar  or Kl ig le r’s  iron agar  in the ordinary 20- 
to 24-hour incubat ion period.  However,  many 
Shige lla  t ypes  do produce var ious degrees  of d i s ­
coloration of lead ace ta t e  papers  suspended over 
2 percent  peptone water ,  and such reac t ions  do not 
e l iminate microorganisms from the genus Shigella;  
the lead ac e t a t e  paper  t e s t  i s  s imply a more 
se ns i t ive  method.

Suspec ted  sh i ge l l ae  then should be t e s t ed  in 
polyva len t  or grouping ant i se rums by the spo t  plate 
t echnic .  Thick sus pe n s i o n s  of  the bac te r i a  are 
prepared by suspend ing  them in formalinized normal 
physiologica l  sa l ine  solut ion.  Tr iple  sugar  iron agar 
s l a n t s  may be u t i l ized for this  purpose,  or infusion 
agar  s l a n t s  may be inoculated  and the growth 
examined following 6 hours ’ incubat ion or more.
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Polyvalen t  ant iserums are prepared aga ins t  
members of group A, B, and C in the Shige lla  
schema  (7). To prepare an ant iserum for members 
of group A, for example,  smooth cul tures  of each 
of the seven members of the group are cul t ivated 
and the growth pooled into a mixed vacc ine .  Then 
a s ingle rabbi t ,  or group of r abbi t s ,  is  in jected 
with the mixed vaccine.  I t  is adv i sab le  to test -  
bleed the animal s near  the end of the immunization 
period to determine whether  or not the agglutinin 
content  of the ant iserum is sa t i s fac to ry  for each 
const i tuent  of the mixed vaccine.  If ant ibody for 
any one of the microorganisms is unsa t i s fac tory ,  
the rabbi t  is injected aga in with a vaccine made

employed for preliminary grouping of sh ige l l ae .  If 
a suspe ns ion  does  not r eact  in polyvalent  A, B, or 
C ant iserum,  or is weakly agglut inated  by one of 
them, the suspens ion  then is t e s ted  with Shige lla  
a lk a le scen s ,  Sh ige lla  sonnei  (mixed form I and II), 
and Sh ige lla  dispar  (mixed 1 and II) ant ise rums .

I ' s e  of the above-ment ioned s ix  ant i se rums per­
mit s preliminary grouping of al l  excep t  a few of the 
rarer  Sh ige l la  types.  Cul tures which appear  to be 
sh ige l l ae  but which do not  r eact  in the ant iscrums 
should be suspended in plain sa l ine  and hea ted  
(100° C. ,  Vi hour) and then re t e s t ed .  C e r t a i n  
Shige lla  may contain hea t  labile ant igens ,  some of 
which belong to the c l a s s  of an t igens  des ignated K.

M e th o d  o f  p r e p a r i n g  s l i d e  a g g l u t i n a t i o n  t e s t s  w i t h  S h i g e  l i a  
p o l y v a l e n t  s e r u m s .

from l.hat par ticular  microorganism.  Such grouping 
ant i se ra  are used in s l ide  t e s t s  and should  be 
employed in a dilut ion that  permits prompt and 
complete agglut inat ion of microorganisms belong­
ing to tiie group. Delayed,  incomplete cross  re­
ac t ions  are seen  between cer tain members of the 
three groups but cogn izance is taken only of those 
agglut inat ion reac t ions  that  are prompt and com­
p le te .  When such reac t ions  occur,  the suspens ion  
then is  t e s ted  in spe c i f i c  ant i se rums  prepared 
aga ins t  each member of the group.  In addi t ion to 
the polyvalent  an t i se rums prepared aga ins t  members 
of groups A, B,  and C,  three other ant i se rums  are

by Kauffmann (11,12).  One member of this group of 
ant igens  is des igna ted  L ,  and it is this type that  
is found in some microorganisms included in the 
Shige lla  group.  The hea t  labi le L ant igen is found 
in S. a lk a le s c e n s  cul tures  (13).  When present ,  L 
ant igen markedly or completely inhibi ts 0  agglu­
t inat ion.  For  other  r eferences  to these inhibitory 
an t ig ens  se e  Archer (1), Stuar t  et a l. ,  (16),  and 
Schuetze  (19).

If a laboratory cannot  prepare grouping an t i s e ­
rums,  serological  examinat ion of s us pe c t e d  cul tures  
may be omit ted and primary di f ferent iat ion made by 
the use  of a few es s e n t i a l  biochemica l  r eac t ions

6
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(table 1). T h o se  cul tu res  which conform to the fore­
going descr ipt ion of the Sh ige lla  group may then be 
se lec ted  for serologica l  examinat ion e i ther  in the 
laboratory where they are i so la t ed or in other  
laborator ies  equipped for such work. Furthe r,  it is 
to  be emphasized that  cul tures  tha t  appear  to be 
sh ig e l l a e  according to their  r eac t ions  in po lyvalent  
or grouping an t i se rums must be sub je c t ed  a l so  to 
the same biochemical  t e s t s  in order to confirm them
as  members of the genus  Shigella.

Sh ige lla  cul tures  are nonmoti le,  and if a simple 
t e s t  in semiso l id  medium i s  made,  many ext raneous  
microorganisms can be e l iminated from cons ide ra­
tion as  poss ible  sh ige l l ae  by this  t e s t  a lone.  All 
members of the genus produce ac id  from g lucose .  
Microorganisms of the A lc a l ig en e s  group are some­
times found in f eces ,  and cul tures  of A lca l ig en es  
fe c a l i s  are sometimes  submit ted for typing as  
sh ige l l ae .  A. fe c a l i s  does  not  ferment g lucose ,  but  
it somet imes  i s  confused with sh i ge l l a e  becaus e  
it produces inc reased alkal ini ty  on the s l a n t  of 
TS1 agar.  Th i s  g ives  the impression that  ac id  is 
present  in the butt .  If such s l a n t s  are compared 
with an uninoculated tube of TSI it is  observed 
that  there i s  no change of r eact ion  in the butt .  
L ikewise ,  Pseudomonas aeruginosa  produces 
increased a lkal ini ty  on the s l an t ,  and in th is  case  
there is a purplish cas t  to the medium caused  by 
diffusion of pigment.  P. aeruginosa  cu l tures  pro­
duce a cha rac te r i s t i c  aromatic odor.

Mannitol is included in the l i s t  of b iochemical  
t e s t  su b s t an ce s  because it aids  in the subdivi s ion  
of the genus  Shige lla  into groups.  Members of group 
A do not ut i l ize this  subs t ra t e ,  while with a few 
except ions,  members of group 13, C,  D, and E 
ferment it. Mannitol nejpt ive cul tures  of S. flexneri  
IV and S. f lexneri  VI somet imes  occur.

The  fact  that  S. sonne i  and S. dispar  s e rotypes  
ferment l ac tose  and occas iona l ly  at tack suc rose  
af ter  48 hours or more se rves  to d i s t ingu i sh  these  
microorganisms from other  s h i ge l l a e .  The average 
time required for S. so n n e i  and S. d ispar  cu l tu res  
to ferment l actose is 6 or 7 days .  If l ac tose and 
sucrose tubes are plugged ( see  above,  under 
Salmonella) fermentation is  general ly  acce le ra ted .  
It should be mentioned that  if fermentation tubes 
are to be plugged,  an indicator  which is not  an 
oxidation-reduct ion indicator  must  be used.  Ear ly 
fermentation of l ac tose or suc ros e ,  i . e . ,  within 
24 hours, means that  the cul ture is not a Shige lla  
type. Ancil lary ev idence to th i s  is afforded when 
gas i s  a l so  present .  Most paracolon cu l tures  pro­

duce rel a t ively large amounts of g as  but anaerogenic 
forms are not uncommon (16,21).  Re gard less  of their  
act ion  toward l a c tose  and su c ro se  or their  gas  
producing p ropensi t i e s ,  most  paracolon cul tures  
can be di f ferent ia ted from sh i ge l l ae  on the b as i s  
of other b iochemica l  t e s t s ,  moti l i ty,  and serology.

Members of the genus  Shige lla  do not ut i l ize 
sa l i c in  or adoni tol ,  and cul tures  which produce 
ac id  from these  t e s t  su b s t an ce s  may be el iminated 
from considerat ion  as  pos s ib le  sh ige l l ae .  None of 
the desc r ibed  Sh ig e l la  t ypes  grow on Simmons’ 
ci t rate agar .  For  th is  reason Simmons’ ci t rate 
medium is useful  in sepa rat ing  paracolons  tha t  are 
able to ut i l ize  ci t rate and ammonium s a l t s .  How­
ever ,  most  Salmonella  cu l tu res  ut i l ize ci t rate ,  S. 
typh i  being among the excep t ions.

Use of the t e s t s  l i s t ed  in t able 1 should al low 
laboratory per sonnel  to confirm microorganisms that  
r eac t  in an t i se rums as  sh ige l l a e ,  to confirm cul ­
tures which do not agglut ina te  in ant i se rums for the 
more common shige l l ae  a s  po ss ib le  Sh ige lla  t ypes,  
and to el iminate most  paracolon cul tures  from con­
sidera t ion as  members of the genus  Shigella .  Micro­
organisms that  conform to the def ini t ion a s  regards 
their  b iochemica l  r ea c t io ns  but which cannot  be 
typed se ro log ica l ly  can be sen t  to laborator ies  
equipped for complete se rologica l  s tud i es .

S u m m a r y

Serological  and biochemica l  t e s t s  are outl ined 
which will  guide workers in thei r  ident i f ica t ion of 
Shige lla  and Salm onella  t ypes .  U se  of the se  notes  
wil l  aid in the el iminat ion of many paracolon and 
coliform bac te r i a  in the laboratory where they are 
i solated,  and should de c re as e  the percentage of 
error in cul tures  sen t  for typing as  sa lmone l l ae  
and sh ige l l ae.
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