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A number of new Sh ige lla  t ypes  were added to 
the genus during recen t  yea r s  so tha t  a r e la t ive ly 
large number of microorganisms are now c las s i f i e d  
in the genus  Sh ige lla  (6 ). The  purpose of th i s  paper  
i s  to out l ine se ro log ica l  methods by which those  
sh ige l l ae tha t  are most  common in the United 
S t a te s  may be grouped and typed.  The ne e d s  of 
many laborator ies  may be ful f i l led by simply 
identifying a cul ture as  a member of one of the 
groups,  report ing it a s  such,  and then forwarding 
the cul ture to a laboratory that  is equipped to 
complete the typing.  Other l abora tor i es  may des i re  
to carry the ident i f ica t ion beyond the grouping 
s t age  and to determine the type of the microorgan­
i sms.  Methods des igned  to meet  the r equirements  
of both kinds of l aborator ies  are given herein.  
The  methods are ba se d  in part  upon the work of 
Boyd (3,4),  Wheeler (21,22),  and upon the wri t er ’s 
s tud i es .

A defini t ion and the e s s e n t i a l  biochemica l  
r eac t ions  of members of the genus  Sh ige lla  are 
given by Ewing and Edwards  (5) and need not be 
d i s c us se d  here.  However,  it should be emphasized 
that  cul tures  that  are grouped or typed should be 
confirmed a s  members of the genus  Sh ig e l la  by the 
performance of b iochemical  t e s t s .

Group A of the Sh ige lla  s chema  (fig.  1) i s  com­
posed of those  shige l l ae  which cha rac te r i s t i ca l ly  
do not form acid from mannitol .  T h e s e  are Shige lla  
dysenteriae  I (Shiga),  Sh ige lla  dysen ter iae  II 
(Sh igella  ambigua  or schm itz i i ) ,  and the micro­
organisms descr ibed by Large and Sankaran in 
1934 (14) (Sh igel la  dysen ter iae ,  t ypes  III to V I I /

The microorganisms formerly ca l led Shige lla  
parodysenteriae,  F l exn er  and now referred to as  
Shige lla  flexneri,  t ypes  I to VI, make up group B. 
With a few excep t ions ,  cul tures  belonging to this  
group ferment mannitol  within 24 hours.  Cer t ain 
biotypes of Sh ig e l la  f lexner i  VI do not u t i l ize  th i s  
subst ra t e .  Also,  mannitol  negat ive  va r ian ts  of 
S h i g e l l a  flexneri  IV may occur .  Nelson (15) 
descr ibed a  smal l  outbreak cau sed  by such  a

var iant .  The microorganisms desc r ibed under the 
names of Sh ige lla  rabaulensis  and of Sh ige lla  rio
(20) appear  to be va r i e t i e s  of S. f lexner i  IV that  
do not ut i l ize mannitol .

The members of group C of the Sh ige lla  s chema 
are s imi lar  to S. f lexner i  cu l tures  a s  regards their  
cul tural  and biochemica l  ch a rac te r i s t i c s  but 
descr ibed  type s  bear l i t t le se rologica l  r el a t ionsh ip  
to members of group B.  However,  intragroup re la ­
t ionships  among group C cu l tures  are known (23,24).

Group D is composed of those  sh ige l l ae  which 
ut i l ize  l a c to se  af ter  cont inued incubat ion.  T h es e  
are Sh ige lla  sonne i  and Sh ige lla  dispar.

T h e  f inal  group of the schema  is made up of 
Sh ige l la  a lh a le sc en s ,  the commonly occuring forms 
of which were desc r ibed by Andrewes (1) and by 
Stuart  et al., (19).  Coliform and paracolon cul tures  
that  are se ro log ica l ly  iden t i cal  to S. a lha le scens  
cul tures  were descr ibed  by Stuart  et al. (19) and 
Wheeler e t  al. (23).

S. a lha le scens  and S. dispar  are r eta ined in the 
genus  Sh ige l la  for the purpose of the present  d i s ­
cuss ion .  However,  it is probable that  they will  be 
removed from the genus  and placed with the E s c h ­
er ichia  be ca us e  of b iochemical  and serologica l  
r e l a t ionsh ips  to members of the coli  group (7,9,12).

Cul tures  which appe ar  to be sh i ge l l ae  are t e s t ed  
f i rs t  in polyvalent  or grouping se rums to determine 
the group to which they belong.  Six such an t i se rums 
are needed  for grouping purposes .  T h e s e  are groups 
A, B,  C, S. sonne i  mixed,  S. dispar  mixed, and S. 
a lha le scens .

The preparat ion and use of polyvalent  Shige lla  
an t i se rums is desc r ibed by Ewing  (8 ). Po lyva len t  
A is prepared by the inject ion of two or more 
rabbi t s  with a  mixed vaccine  made by pooling 2 0 - 
hour broth cul tures  of each of the seven S. d ysen ­
teriae  t ypes.  Po lyvalen t  an t i se rums for group B 
and for group C are prepared in a s imi lar  manner,  
u s ing  mixed v ac c i ne s .  All s ix  of the S. flexneri
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t ypes  are included in the pooled vaccine for group 
B beca us e  agg lu t inins  for the spec i f i c  ant igen of 
each  type should be p resen t  in the serum.  For  the 
preparat ion of a mixed S. sonne i  ant ise rum broth 
cul tures  of form I (smooth) and form II (“ rough” ) 
are pooled to make the va cc i ne .  Mixed S. dispar

serum is prepared in a similar  way by mixing young 
broth cu l tu res  of types  I and II. An ant iserum for 
S. a lk a le sc e n s  i s  included with the grouping 
se rums  b ec au se  of the high inc idence of thi s  type.  
Broth cul tures  to be used for the preparat ion of 
ant i se rums  for S. dispar  and S. a lk a le scen s  should

Figure 1.
THE GENUS SHIGELLA 

Dysentery and Related B acter ia

Proposed Designation Other D esignat ions
Group A. I S h i g e l l a  d y s e n t e r i a e ( Sh ig a- Kr use  b a c i l l u s )  B a c t e r i u m  s h i g a e .

S h i g e l l a  d y s e n t e r i a e , I I S h i g e l l a  s c h m i t z i i ,  S c h i g e l l a ambigua,  B a c t e r i u m  ambiguus ,  e t c .
I I I Q 771 o f  L a r g e - S a c h s g r o u p ,  Type Ö524 Gober ,  e t  a l .  S h i g e l l a

a r a b i n o t a r d a  A. C h r i s t e n s e n  and Gowan.

IV Q 1167 o f  L a r g e - S a c h s g rou p;  S h i g e l l a  ara b i n o t a r d a  B.
V Q 1030

VI Q 454
VII Q 902

Group B. Kaufl'mann & Boyd- Andrewes
S h i g e l l a  f l e x n e r i , Ferguson Wheeler & Inman Weil Other

I l a F. I V F. I
I l b F. I vz F . I . I I I

I I 2a F. I l a w F. I I
I I 2b F. I l b wx

X
Y

F . I I , V I I  
F. VII 
F . V I I I

I I I 3 F. I l l Z F. I I I
IV 4a F. IV F. IV Boyd 103
IV 4b F. IV F . I I I ,  IV

V 5 F. V F. V. Boyd P . 119
VI 6 F. VI F. VI Boyd 08,  N e wc as t l e  

and M a n c h e s t e r  
b a c i l l i ,  S h i g e l l a  
n e w c a s t I e

Group C. I t ì . I F. IX Boyd 170

S h i g e l l a  h o y d i i , I I B. 11 F.X Boyd P . 288
I I I B. I I I F.XI Boyd D . l

IV B. IV F. XIV Boyd P . 274
V B.V F . X I I I Boyd P . 143

VI B. VI F. XII Boyd D. 19
VII “ L a v i n g t o n ,  ”  Type 

T, S h i g e l l a  e t o u s a e

Group D. Sonne -  Duval  b a c i l l u s ,  Kruse -  E -  Ruhr, S h i g e l l a  c e y l o n e n s i s  A
S h i g e l l a  so nn e i I S e r o t y p e  I, C a r p e n t e r  & S t u a r t ; S h i g e l l a  madampens is  ( C a s t e l l a n i )

S h i g e l  l a  di  spar I I S e r o t y p e  I I , C a r p e n t e r  & S t u a r t ;  S h i g e l l a c e y l o n e n s i s  B

( C a s t e l  1 a n i )

Group E.
S h i g e l l a  a l k a l e s c e n s Andrewes,  S t u a r t  e t  a ! • ,  Type I ,  De As s i s .

B. -  Boyd; F. -  F l e x n e r  From Ewing,  B a c t . , 57: 6 33- 638  ( m o d i f i e d )  ( 1949) .
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be hea ted at 100° C. for 2/2 hours to des t roy L 
an t igens  which may ca us e  c r os s  r ea c t ions  with 
coliform cul tures  that  contain r e l a t ed  an t igens  
(10,12).  All newly prepared serums should be t es ted 
with a l iving cul ture of a bacterium known to con­
tain a lpha ant igen (17,11).  If a lpha  agg lut in ins  are 
present ,  the ant iserum should be absorbed with 
the a lpha  ant igen cul ture.

While it is po ss ib le  to use  the grouping serums 
in the unabsorbed s t a t e  if cognizance  is taken only 
of rapid and complete agglut inat ion,  it usual ly  is 
des i r ab le  to free them of intergroup rea c t ions  by 
absorption with appropr iate mic roorgani sms. S. alka­
le s c e n s  cul tures  may react  in A ant iserum becaus e  
of a r el a t ionship  of this type to S. dysen te r iae  I. 
Also,  S. a lk a le s c e n s  r eac t s  in B and C ant i se rums .  
The agglut inat ion in B serum is brought  about  by 
minor r ela t ionsh ips  to cer tain S. f lexner i  types and 
the react ion in polyva lent  C is caused  by the r e l a ­
t ionship of S. a lk a le s c e n s  to S. boydii I and IV. 
Furthe r,  S. dispar  I and II cul tures  are agglut inated 
by B and C grouping se rums .  Certain S. f lexneri  
t ypes ,  par t i cularly S. flexneri  IV and the “ X”  and 
“ Y”  va r i e t i e s ,  r eact  s l ight ly  in C ant iserum.  S. 
sonne i  II cul tures  are agglut ina ted  by ant iserum C 
becaus e  of the r el a t ionsh ip  of that  type to S. boydii
VI. See table 1 for method of absorpt ion of poly­
valent  serums.

Mixed S. sonnei,  mixed S. dispar, and S. a lk a ­
le sc e n s  ant iseruins are employed in the unabsorbed 
condi t ion.

The following technic  of agglut inin absorpt ion 
may be used for the preparat ion of absorbed poly­
valent  an t i se rums and for absorpt ion of speci f ic  
ant i se rums .  Smooth cu l tures  of the microorganisms 
to be employed for absorpt ion are inoculated into 
infusion broth.  After incubat ion for 15 to 18 hours 
a t  37° C. ,  the broth cul tures  are used to seed  
infusion agar  p la t e s .  Standard 90 mm petri  d i she s  
containing 20-25 ml of infusion agar  are employed.  
Each plate is seede d  with 0.3 to 0.4 ml of broth 
cul ture and the inoculum is spread over the ent ire 
sur face  of the agar .  Such p la t e s  are incubated in 
an upright posi t ion for 18 to 20 hours a t  37° C. 
The growth is  removed with formalinized (0.3 per­
cent of 40 percent  formaldehyde solut ion)  phys i ­
ological  sa l in e  solu t ion .  If the sus pens ion  is to 
be boi led,  plain physio logica l  s a l t  so lu t ion should 
be used.  The microorganisms are sedimented by 
centr ifugation and the superna tant  f luid d iscarded .  
Diluted ant iserum is added to the packed bac te r i a  
and the ce l l s  are r e suspended .  Ant iserums to be
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absorbed are di luted 1:5 or 1:10 and added to an 
absorp t ive  dose calcu la ted  to be in ex c e s s  of that 
required.  The mixtures are incubated at 37° C. for 
6 hours and p laced  in an icebox (about 4°  C.)  over­
night.  They  are then centr i fuged and the ant iserum 
removed.  In most  c a s e s ,  the number of p la t es  
indicated in the t ab les  ef fect ively removes the 
heterologous agg lut in ins from 1 .0  of ant iserum.  
There  are excep t ions ,  of course ,  in which ant i­
serums must  be r eabsorbed by addi t ional  bac te ri a  
to remove all  of the heterologous agg lut inins .

If a cul ture s us pe c t e d  of being a Shige lla  type 
is not agg lut inated  by any of the s ix  grouping 
serums in s l ide  t e s t s ,  a sus pe n s io n  made with 
plain sa l ine  solut ion should be hea ted for % hour, 
cooled,  and re t e s t e d .  Some sh i ge l l ae ,  par t icularly 
S. a lk a le s c e n s  cu l tures ,  contain thermolabi le ant i­
gens  that  inhibi t  0  agglut inat ion (2,12,16).

The use of the grouping an t ise rums  descr ibed 
above and the b iochemical  cr i ter ia given by Ewing 
and Edwards  (5) will  enable laboratory personnel  
to determine the group to which an unknown 
Sh ig e l la  type belongs  and to confirm it as  a member 
of the genus  Shigella .  The needs  of many labora­
tor ies  will  be fulfi l led by th i s  procedure .  Such cul­
tures ,  together  with information as  to source ,  
c l ini cal  d i ag nos i s ,  age and sex ,  should be for­
warded to a laboratory equipped for typing of

R e a c t i o n  of  g r o u p  B  S h i g c  11 a c u l t u r e s  i n  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  p o l y v a l e n t  s e r u m s .
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sh ig e l la e ,  e .g., a S t a t e  h e a l t h  d e p a r t m e n t  
laboratory.

T hose  labora tor ies  which des ire  to make sp e c if ic  
iden tif ica tion  of cu l tu res  belonging to the various 
groups should  have type sp e c if ic  an t ise rum s for 
th is  purpose. Such an t ise rum s may be prepared in 
the sam e way as  tha t  mentioned for grouping 
serums except th a t  s in g le  ty p e s  are employed a s  
v acc ines .

The inc idence  in the United S ta tes  of Shige lla  
types  belonging to group A is  not high. In most 
c a s e s  an t ise rum s for S. dysen ter iae  I, II, and III 
are al l  tha t  are needed for th is  group. Newly pre­
pared an tiserum  for S. dysen te r iae  I should be 
t e s te d  with a boiled su sp e n s io n  of S. a lk a le s c e n s  
to determine the amount of c ro ss  rea c t io n .  If the 
t i te r  for S. a lk a le s c e n s  is  in the magnitude of 
1:320 or higher, the antiserum  should  be absorbed 
to remove the he tero logous agglu tin in .  Antiserum s 
for S. dysen ter iae  II and III are usua lly  sp e c if ic  
and may be employed in the unabsorbed s ta te  in 
s l ide  t e s t s .

The s h ig e l la e  of group B are common in the 
United S ta te s  and if typing is  to be done, it is 
adv isab le  to have an t ise rum s for al l  of the s ix  
ty p es .  Of the s ix ,  S. flexneri  II, III and VI appear 
to occur most f requently .  Since there are ex tens ive  
intragroup re la t io n sh ip s  among 5. f lexneri  cu ltures  
it is  n e c e s sa ry  to u se  absorbed type sp e c if ic  
serum s to identify them. The one exception  of th is  
is in the ca se  of S. f lexner i  VI. By using  a freshly 
i so la ted  culture of th is  type it is  som etim es p o s s i ­
b le to obtain  an antiserum  which may be used in 
a dilution of 1:10  or 1 :20  without absorption .

Each S. f lexneri  type con ta ins  a sp e c i f ic  or 
major antigen and a number of common group or 
minor fac to rs .  It is  poss ib le  to absorb an t iserum s 
in such  a way a s  to remove all  of the group agglu­
t in ins  and thus  render the serum sp e c i f ic .  The

manner in which S. f lexneri  serum s may be trea ted  
to render them sp e c if ic  is  shown in table 2 .

At p resen t,  group C of the Sh ige l la  schema 
inc ludes  seven  ty p e s  (fig. 1 ). With the exception 
of Sh ige lla  boydii VII, these  were i so la ted  origi­
nally  in India by Boyd (3,4) and h is  collaborators .  
S. boydii  types  s in c e  have been  recognized  in 
various p a r ts  of the world and m ost of the types 
have been found in the United S ta te s .  S. boydii  
VII was iso la ted  originally  in North Africa in 
1943 by Stock et al. (18). T h is  sero type w as  found 
la te r  in I taly ,  England , and F ra n ce .  As ye t  it is 
unreported in the United S ta te s .

Some S. boydii  types may be identif ied  by the 
use of unabsorbed serum s in s l ide  t e s t s .  When an 
antiserum  for S. boydii  I is  prepared, it should  be 
te s te d  with a su sp e n s io n  of S. a lk a le scen s  and 
if the t i t e r  of the la t te r  is 1:320 or more, the serum 
should  be absorbed  with S. a lk a le s c e n s .  Unab­
sorbed Sh ige l la  boydii  II and III serums may be 
employed in s l id e  t e s t s  if t r ia ls  ind icate  l i t t le  or 
no cross  rea c t io n s  with other s h ig e l la e .  It usually  
is  n ec es sa ry  to absorb  S. boydii  IV antiserum with 
a culture of S. a lk a le scen s  b ecause  th e se  micro­
organisms cross  agglutina te to considerab le  
degree .  The rec ip roca l  of th is  absorption  i s  n e c e s ­
sa ry  a lso ,  that is ,  S. a lk a le s c e n s  serum should be 
absorbed by S. boydii IV.

Of the members of group C, S. boydii  I, II, and 
IV appear to be more common in the United S ta tes .  
It is  probable that most labora to r ies  will find that 
an t iserum s for th e se  th ree  types  will meet their 
requirem ents .  The manner in which S. boydii  and 
S. a lk a le scen s  an t ise rum s should be absorbed in 
order to render them sp e c if ic  is  given in table 3. 
If S. boydii  V and VI serum s are employed, they 
should  be absorbed  as  ind ica ted  in table 3.

S. sonnei  i s  one of the most common Shigella  
ty p e s  iso la te d  in the United S ta te s ,  and in other

Table  1
ABSORPTION OF POLYVALENT ANTISERUMS

Serum Absorb ing  C u l t u r e s Number o f  P l a t e s
P o l y v a l e n t  A 
(S .  d y s e n t e r i a e  I - V I I )  

1 .0  ml

5 .  a l k a l e s c e n s Growth from 10 p l a t e s

P o l y v a l e n t  B 
(5 .  f l e x n e r i  I - V I )  

1 .0  ml

S. a l k a l e s c e n s  
S .  d i s p a r  I 
5. d i s p a r  I I

Growth from 10 p l a t e s  
do 
do

P o l y v a l e n t  C 
(S .  b o y d i i  I - V I I )

5 .  a l k a l e s c e n s  
S. d i s p a r  I 
S. d i s p a r  I I  
5 .  so n n e i  I I

Growth from 10 p l a t e s  
do 
do 
do
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Table  2
PREPARATION OF SPECIFIC S. FLEXNERI ANTISERUMS

Antiserum I. 0 ml. Absorbing cu l t u r e ( s ) Number o f  p la t e s S p e c i f i c  f actor
I I I I 10

IV 10 I
V 5

VI 10
I I I 10 I I

“ X”  v a r i a n t 10
“ Y”  v a r i a n t 10

I I I I 10 I I I
I I 10
IV 5

V 5
IV I 10 IV

I I 10
I I I 10

V I 10 V
*  V »  * •X v a r i a n t S
h i 10

VI i 10 VI

parts  of the world, a s  well .  T h is  type e x i s t s  in 
two “ p h a s e s , ”  I and II (24). The p h a s e s  are som e­
times referred to a s  smooth and rough hut th is  
terminology is  inaccura te  and confusing, for in 
addition to  forms I and II there e x i s ts  a true rough 
var ian t .  We prefer to des igna te  th e se  v a r ia n ts  a s  
form I, form II, and R(ough) ra ther  than as  p h a s e s .  
The term phase  should  be re se rv e d  for var ia t ion  in 
the f lage lla r  an t igens  of E n te ro b a c te r iace ae .  
T ra n s i t io n a l  forms between the three v a r ia n ts  
often are encountered  and it is  not uncommon to 
find cu l tu res  which are mixtures of forms I and II. 
Such cu l tu res  reac t  in antiserum  for form I, form 
II, and S. boydii  VI. Pure  form I and form II cu l­
tu res  c ro ss - rea c t  very li t t le  or not at a l l ,  but 
pure form I and form II an t ise rum s are difficult  to 
obtain so  tha t  it usua lly  is  n e c e s sa ry  to c ro ss  
absorb  the an tiserum s if one w ishes  to separa te  
the two forms by means of s l ide  t e s t s .  As ind icated  
in table 3 ,  S. boydii  VI antiserum s h o u l d  b e  
absorbed with a form II S. sonnei  culture before it

is  u t i l ized  for d iagnos tic  purposes ,  b ecau se  the 
two types  c ro ss - rea c t  to cons iderab le  degree .  Such 
an absorption  le av e s  the sp e c if ic  agglu tin ins  in 
S. boydii  VI antiserum but the absorp tion  of form 
II S. sonne i  antiserum by S. boydii  VI r e su l t s  in 
the removal of al l  agg lu tin ins  from the antiserum. 
T hus ,  i t  appears  tha t  form II S. sonnei  contains 
the group an t igens  of S. boydii  VI.

S. dispar  I and S. dispar  II an t ise rum s should be 
cross-absorbed  if sp e c i f ic  typing is  des ired .  While 
these  microorganisms occur re la t ive ly  frequently , 
it is  l ikely  tha t  a mixed antiserum which agglu ti­
n a te s  both I and II will meet the n eed s  of many 
labo ra to r ies .  Serotype II of S. dispar  appears  to be 
more common than type I.

If labo ra to r ies ,  such  a s  those  of the level of 
S tate hea lth  department labora tor ies ,  have spec if ic  
an t ise rum s for the f irs t  three members of group A 
(fig. 1), the s ix  members of group B, S. boydii  I, 
II and IV (of group C), S. sonnei,  S. dispar,  and
S. a lk a le scen s ,  most Shige lla  types found in the

Table  3

PREPARATION OF SPECIFIC S. BOYDII AND S. ALKALESCENS ANTISERUVIS

Antiserum 1 .0  ml . Absorbing cu l ture Number o f  p la t e s  per ml
S. boydi  i I 5. a l k a l e s c e n s 5

IV S.  a l k a l e s c e n s 10
V S.  d i s p a r  I and I I 5 ( o f  eac h )

VI 5. s o n n e i ,  Form I I 10
5.  a l k a l e s c e n s S.  b o y d i i  IV 10
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United S ta te s  may be iden tif ied .  C u ltu res  belong­
ing to other ty p e s  and microorganisms tha t  appear 
to conform to the descr ip tion  of the genus  Shigella  
but fail to type, may be forwarded to a laboratory 
e s p e c ia l ly  equipped to identify them.
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