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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-
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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 .

2
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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 .
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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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SIMPLIFIED SEROLOGIC IDENTIFICATION 

OF SALMONELLA CULTURES

The growing mult ipl ici ty of Salmonella  t ypes  and 
the numerous d iagnos t i c  serums required for the 
r ecognit ion of al l  of them make impract ical  com
p lete serologic typing of sa lmone l l ae  in the ave r
age laboratory.  However,  t his  s i tuat ion should not 
deter  the smal l  laboratory from making accurate  
d ia g no se s  of Salm onella  i nfec t ions  or from exa c t  
r ecognit ion of those  Salmonella  types which are 
of g r ea tes t  importance in the epidemiology of 
sa lm one l loses  of man. To per sons not familiar  
w'ith the typing of Salmonella  cu l tures ,  the Kauff- 
mann-White schema of the ant igenic types thus far 
r ecognized seems  very complicated and the f as t  
growing numbers of types  add to the confusion of 
the average techn ic ian .  Actual ly ,  the p ioneer  work 
of White and the met iculous sy s t em at i c  s tud ies  of 
Kauffmann provide the only sure b a s i s  for recog
nition o f  types encountered frequently in d iag
nos t i c  labora tor i es .  By taking advantage of the 
knowledge of the genus  Salmonella  which h as  
been gained through the s tud ies  of many workers 
over a period of year s  which h a s  culminated in the 
Kauffmann-White sys t em of c l a s s i f i c a t ion ,  it is 
poss ib le  to evolve a s implif ied method of diag 
nosis  which can be carried on even in the smal l  
diagnost ic  laboratory.

Simplified Salmonella  d i ag nos i s  is by no means  
new. As early as  1930 Kauffmann ( l )  proposed a 
se t  of 12 OH serums which permitted r ecognit ion 
of the principal  types in the genus .  Bornste in (2) 
made a s imilar  proposal  in 1942. Kauffmann and 
Edwards (3) in 1947 descr ibed  a simple method 
for the r ecognit ion of the most  important Salm onella  
types.  Other  workers have made similar  sug ges t ions .

The method descr ibed here,  with a few excep
t ions,  i s  s imi lar  to that  of Kauffmann and Edwards .  
It is  based on the n e c e s s i ty  for the ex ac t  ident i 
fication of those  Salm onella  types  par t i cula rly 
adapted to man, which are d is semina ted  from man 
to man, which p roduce severe  en ter ic  f evers ,  and 
which tend to become endemic in the populat ion 
s ince numerous permanent  carr iers  r esul t  from the
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infect ions.  Among these types are S. typhi,  S. 
paratyphi A, S. paratyphi B, S. paratyphi C, and 
S. sendai.  It is true that  5. paratyphi A and S. para
typhi C occur  only infrequent ly in the United Sta te s  
and that  S. sendai. has  been found only in the 
Orient .  Never t he l es s ,  t he se  types  are important  
human pathogens  in var ious par ts  of the world,  and 
it i s  des i rab le  that  they be r ecognized so tha t  they 
may be dea l t  with promptly and ef f icient ly when 
they appear .  The importation of S. paratyphi C 
from the P ac i f i c  area  is  al ready a matter  of record.  
In addit ion to the types par t icularly adapted to 
man, S. cho lerae-su is  should be ident i f ied exact ly 
s i nce  it so often produces sep t i cemia and loc a l i za 
t ions  in man; and S. typhi-murium  should be recog
nized s in c e  it occurs more frequently in man than 
doe s  any other  of the numerous types  which produce 
acute  gas t roen te r i t i s .

Fortuna te ly  the great  majori ty of Salm onella  
cul tures  i so la t ed from man, inc luding the types  
mentioned above,  are members  of the f irs t  five 
somatic  groups of the Kauffmann-White c l a s s i f i c a 
tion.  Edwards  and Bruner (4) found that  98.3 per 
cent  of 3 ,019 cul tu res  from man and animal s  were 
members of  these five groups,  and Seligmann,  
Saphra,  and Wassermann (5) obtained  an ident ical  
f igure in 2,916 cul tures  from man. Bruner  and Joyce
(6) c l a s s i f i e d  99.5 pe rcent  of 1,007 cul tures  i s o 
l a ted  from man in Italy in these  groups.  T h u s ,  it 
i s  n ec es sa r y  for the average laboratory to have 0  
serums only for groups A through E of the genus .

In the l ight  of these  f ac ts  the following d iag 
nos t i c  scheme for the average routine laboratory 
is proposed.  A polyvalent  serum which a t  l eas t  
contains  agglut inins  for an t igens  I, II, III, IV, V, 
VI, VII, VIII, IX, X, XII, XV, XIX and Vi should 
be avai lab le .  Such a combinat ion is a minimum 
requirement  for a polyvalent  serum. The serum 
may be prepared from smooth cul tures  of S. para
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typhi A, S. paratyphi B, S. thompson, S. Virginia, 
S. gallinarum, S. anatum, S. newington,  and S. 
senftenberg,  and a cul ture of  the Ba l le rup type 
which i s  in the Vi form. Ant igens  of the eight  
f i rs t -mentioned cu l tures  are prepared by the method 
descr ibed  below for the production of 0  serums and 
are mixed in equa l  amounts.  Usual ly s ix  in jec t ions  
of the mixture in amounts of 0.5,  1.0, 2.0,  4.0,  5.0 
and 5.0 ml are given to rabbi t s  at i nt e rval s  of 4 
days .  To the l a s t  four in j ect ions ,  dried organisms 
of the Vi form of the Bal lerup strain should be 
added ju s t  before inject ion.  (The method of prepa 
ration of the Vi organisms and amounts admini s
tered are descr ibed  in a subse qu en t  paragraph.)  
After four in j ec t ions  a tr ial  bl eed ing  may be taken.  
If it i s  found tha t  agglut inins  for a par t icu la r  com
ponent  are lagging the amount  of tha t  par t i cula r  
ant igen in the mixture may be doubled.  The rabbi t s  
are b led  on the 6 th day following the l a s t  inject ion 
and the serum prese rved with 0.25 pe rcen t  t r icresol .  
The serum is then s t andard ized a g a in s t  al l  the 
ant igens  in jected  as  desc r ibed below under  s t and
ardizat ion of 0  se rums .  It is used in s l ide  t e s t s  in 
the h ig hes t  di lut ion in which it  readi ly will  agglu 
t inate  al l  the in jec ted an t i gen s .  I t  a l so  should be 
t e s ted  ag a in s t  a l iving Vi cul ture of  S. typh i  to 
as sure the p resence  of Vi agglut inins .

Six 0  serums  for groups A to E, r e spect ively ,  
should be p repared as follows:

A I, II, XII
B IV, V, XII 
C l  VI, VII 
C 2 VIII 
D IX, XII 
E III, X, XV

S. paratyphi A 
S. paratyphi B 
S. thompson  
S. Virginia  

S. gallinarum
S. anatum  and S. newington

Th es e  serums may be prepared from smooth 
cu l tures  of the indicated type s .  Twenty-four-hour 
infusion broth cu l tures  should be hea ted  at  100° 
C. for 2 hours .  After cool ing,  0.3 percen t  formalin 
i s  added.  T h e se  formolized an t igens  are injected 
into r abbi t s  in amounts of 0.5,  1.0,  2.0, and 4.0 
ml at  int e rval s  of 4 days .  The rabb i t s  are bled 6 or 
7 days following the l a s t  inject ion.  If des i r ed  a 
tr ial  bleed ing may be taken before the r abbi t s  are 
exsangu ina ted.  If a suf fi cient  t i ter  has  not  been 
obtained an addi t ional  inject ion of 4.0 ml may be 
given.  Exper i ence  has  shown tha t  addi t ional  in j ec 
t ions are without  effect .  Although not  n ece ss a ry ,  
i t  i s  de s i r ab le  to in j ec t  two rabbi t s  with each  
ant igen s i n c e  certain animals  fail to develop a

sa t i s fac to r y  t i t er .  The ant igens  should be in jected  
as  soon after  preparat ion as  convenient  and should 
be r ef rigerated during the period of immunization.  
Ant igens  which have been held for long per iods 
before inject ion  are not as  effect ive a s  freshly 
prepared su sp e n s io n s .

The serums should be t e s t ed  with homologous 
an t igens  by s l ide  agglut inat ion.  A convenient  
method of preparing an t igens  for s l ide agglut inat ion 
i s  to sc rape  the organ isms from the su r face  of  a 
s l a n t  and suspend  them in 1 .0  ml of absolute  
al cohol .  After hea t ing  the al cohol i c s u sp e n s i o n s
a t  60° C.  for 1 hour,  the tubes  are centr i fuged,
the a lcohol  decan ted ,  and the organ isms suspended 
in 0.5 ml of carbolized sa l ine .  Such an t igens ,  when 
kep t  in the refrigerator,  can be used for seve ra l  
weeks .  T h e  serums to be t e s t ed are di luted 1 to
5,  1 to 10, and 1 to 20.  A smal l  drop of each di lu
tion is  p laced  on a s l ide and mixed with a  drop of  
ant igen of equal  s i ze.  The  s l id e  is then t i l ted 
back and forth and the r ea c t ions  obse rved.  A s a t i s 
factory serum when di luted 1 to 10  should produce 
p r o n o u n c e d  agglut inat ion of  alcohol- tr eated 
organisms within 30 se con ds  to 1 minute.

After the r abbi t s  are b led and the serum co l lected 
i t  should be preserved by addi t ion of an equal 
amount of glycerol .  P reservat ion  with glycerol  has  
two adv an tag es :  i t  p roduces  no p rec ipi ta te  in the 
serum, and it preven ts  r apid drying of s l ide t e s t s .  
Serums refr igerated at  4° C. retain their  potency 
for se ve ra l  yea r s .

After the serums have  been prese rved they should 
be s t andard ized.  T h i s  i s  accomplished by preparing 
dif ferent  di lu t ions  of each serum and determining 
the h i g he s t  di lut ion in which i t  will give pro
nounced rea c t ions  with the homologous ant igen 
within a given time limit,  u sua lly  about  30 se conds  
af ter  t i l t ing of the s l i d e  is begun.  It should be 
remembered that  a l cohol- tr ea ted organisms are 
more r e s i s t a n t  to agglut inat ion than are living 
cul tures .  Therefore,  the serums should be s t a n d 
ardized a g a in s t  l iving ant igens  if l iving organisms 
are to be used  in routine t e s t s .

As a rule,  c r os s  r eac t ions  between the various 
0  groups are not  pronounced but  certain minimal 
cross  r ea c t ions  should be expec ted .  If one is  ca re
ful to obse rve  with which serum an ant igen first  
r e a c t s  it i s  not  dif f icul t  to determine to what  0  
group an organism belongs .  R e p r e s e n t a t i v e  
r ea c t ions  of an t igens  with the grouping se rums 
are i l lu s t r a t ed in table 1 .

In addi t ion to the 0  grouping se rums ,  a Vi serum

1 0
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should be prepared.  F resh ly  i so la t ed  cul tures  of S. 
typhi  do not agglut inate  readi ly with 0  serum s i nc e  
the react ion is masked by Vi ant igen (7). A potent  
Vi serum can be prepared from the o r g a n i s m  
descr ibed by Kauffmann and Moeller (8 ) as S. 
b a l l e m p .W  colonies  of this  organism are dec idedly  
more opaque than 0  colonies .  Vi colonies  should 
be se lec ted  repeatedly until no 0  co lonies  appear  
upon p la te s .  After a pure Vi form i s  obta ined,  the

growth from the p la t e s  i s  suspended  in abso lu te  
alcohol,  centr ifuged,  and the al cohol  decanted and 
replaced with fresh alcohol .  The cul ture i s  s u s 
pended in the alcohol ,  again centr i fuged,  and the 
fluid poured off. The organi sms are dried in a 
vacuum des icca to r ,  ground to a fine powder,  and 
stored unti l  needed.  The bac te r i a  are suspended  
in physiological  sa l ine  ju s t  before inject ion.  The 
amounts adminis t ered are the same as  those  used 
for the production of 0  serums .  The first  inject ion 
should be of a dens i ty  comparable to a 24-hour 
broth culture; but  in succe ed ing  in j ec t ions  ihe 
suspension may be inc reased rapidly in densi ty  
as well a s  in amount so that  toward the end of the 
period of immunization qui te  dense s u sp e ns io ns

are adminis t ered.  T h i s  procedure rarely fai l s  to 
yie ld  a poten t  Vi serum which will  agglut inate 
freshly i so l a t ed  typhoid bac i l l i  in a dilut ion of 1 
to 20 or 1 to 40 in s l ide t e s t s .  Such a serum has  a 
d i s t inc t  advantage over  serums prepared with S. 
typhi  s inc e  it con tains  no 0  or H agg lut inins  for 
typhoid baci l l i  and may be used in the unabsorbed 
s t a t e .  It do es  contain 0  and 11 agglut inins  for the 
Dal l erup st rain but  such an t igens  occur  very rarely

in enter i c organisms.  The use  of the serum is 
explained below.

In addi t ion to the polyvalent ,  0 ,  and Vi serums,  
it  i s  ne c es sa r y  to prepare s ix  II serums as  follows:

a — S. paratyphi A
b — S. paratyphi B, phase 1 or S. m innesota ,  

ph as e  1 
c — S. cholerae-su is ,  phase  1 
d — S. typhi
i — S. typhi-murium, phase 1 
1, 2 , 3, 5 — S thompson,  phase 2, and S. new

port, phase 2

All the above-named organisms occur  in mono- 
ph as ic  form so tha t  one need not  i so la t e  the des i red

Table 1

REACTIONS OF REPRESENTATIVE ANTIGENS WITH 0 GROUPING SERUMS

Serums

Ant ig e h s
Group A 
I ,  I I ,  XII

Group B 
IV. V, XII

Group Ci 
VI, VII

Group C-¿ 
V III

Group D 
IX ,XII

Group E 
I I I ,  X,XV

I ,  I I ,  XII + + - - - + -

I ,  IV ,XII + + + - - + ~

I ,  IV ,V ,X II + + + - -
+

-

IV ,V ,X II - + + - - + -

V I,VII - - + + - - -

V I ,V III ~ + + + + - *

VIII - + - + + - -

VIII,XX - + - + + ~ -

IX,XII - + - + + -

I , I X ,X I I + + - - + + -

I I I . X - - - - - + +

III ,X V - - - - - ++

I . I I I . X I X + - ~ - - + +

+ t o  ++ i n d i c a t e s  d i f f e r e n t  d e g r e e s  o f  a g g l u t i n a t i o n .
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phas es .  In order to prepare the serums the organ
isms are pa ss ed  through two or three s u c c e s s i v e  
tubes of semiso l id  aga r  to insure maximum moti l i ty.  
They are then inoculated into infusion broth,  incu
bated overnight ,  and an equal  amount of phys iologi 
cal sa l ine  solut ion containing 0 .6  percen t  formalin 
i s  added to the cu l tures .  The formalinized s u s 
pen s i on s  are in j ec ted  into r abb i t s  in the same 
manner and amounts as are the an t igens  used  to 
produce 0  serums .  The  rabb it s  are bled on the 6 th 
day following the l a s t  inject ion and the serums 
are preserved with glycer ine.  It is unn ec es sa ry  to 
t ake tr ial  b l eedings  be c a u s e  sa t i s fac to ry  t i t er s  
are a lmost  invar i ably obta ined.  The se rum s  should 
be t i t ra ted aga ins t  the homologous an t igens .  A 
t i t er  of 5,000 or more i s  adequate.

EXAMINATION OF CULTURES
It is usua l ly  convenient  to examine cul tures  

which give r eac t ions  typical  of Salmonella  on 
tr iple-sugar- iron-agar  (TSI) s l a n t s  and which pro
duce  no alkal iniza t ion  of Ch r i s t en se n’s urea  agar.  
The  growth from the TSI s l a n t s  may be used  to 
make a den se  sa l in e  suspens ion .  T h i s  suspens ion  
should be t e s ted  on a s l ide  with polyva len t  serum. 
In performing s l ide  agglut inat ion t e s t s  it  i s  adv i s 
ab le  to u se  amounts  of ant igen and serum approxi
mately equal  to a 3 mm loopful.  If l arger  drops are 
used nonspec if i c  r eac t io ns  are more l ikely to 
appear .  Also,  in the use  of the 0  grouping se rums ,  
the u se  of large drops emph as i zes  c ross  r ea c t i ons  
between groups.  Suspen s io ns  which are agglut i 
nated by polyvalen t  serum should then be t es ted 
with the 0  grouping serums.

Any cul ture which i s  agglut ina ted in a  typical  
manner  by po lyvalent  serum and by one or more of 
the 0  grouping serums may be reported a s  a prob
ab le  Salm onella  provided preliminary biochemica l  
examinat ion in d ica tes  that  i t  i s  a member of the 
genus .  R e s u l t s  should be confirmed by extended 
b iochemica l  t e s t s  s ince  many paracolon bac te r i a  
contain an t ige ns  r el a ted to the 0  an t igens  of 
Salmonella.

If a cul ture r ea c t s  with polyva lent  serum but not  
with the 0  grouping se rums ,  it should  be t e s t ed  
with Vi serum s ince most  f reshly i so la t ed  s t r a in s  
of S. typh i  are not  agglut ina ted by 0  serum for 
group D, to which they belong.  If the cul ture r ea c t s  
with Vi serum a portion of the suspe ns io n  should 
be hea ted  in a boi l ing water  bath for 10 minutes ,  
and after  cool ing,  again should be t e s t ed  with the 
0  serums and with Vi serum. After boi l ing,  S. 
typhi  cu l tures  should  r eac t  with group D serum;

and S. paratyphi C cul tures ,  which a l so  may con
ta in Vi ant igen,  should r eac t  with group C} serum. 
From a p rac t ica l  s tandpoint ,  cul tures  which react  
with Vi serum,  and which,  af ter  heat ing,  r ea c t  with 
group D serum may be reported as  S. typhi,  although 
in order to complete their  ident i f icat ion the H ant i 
gens  should be ident i f ied and biochemical  t e s t s  
performed.  Rarely rough cul tures  of S. typhi  are 
i so la t ed  which,  after boi l ing,  agglut inate nei ther  
in Vi or 0  serums .  Such cul tures  a l so  may be non- 
moti le.  They  are ident i f iable only by their  content  
of Vi a n t i g e n  a n d  by t h e i r  b i o c h e m i c a l  
cha rac te r i s t i c s .

Cul tures  which cont inue to agglut inate in Vi 
serum after  hea t ing  and which are not  agglut inated 
by the 0  grouping serums may be presumed to con
tain 0  ant igens  r e l a t ed  to those of the Ballerup 
s t r ain .  Such cul tures  now are c l a ss i f i ed  a s  inter
mediate paracolon bac te ri a .

After the 0  group of the cul ture i s  determined 
i t s  H an t igens  should bs examined.  T h i s  may be 
done by te s t ing  growth from an agar  s l a n t  on a 
s l ide  with H se ra  which are di luted 1 to 50 or 1 to 
100. An al t erna te  method i s  that  recommended in 
1942 by Edwards  and Bruner (10), in which an 
infusion broth cul ture i s  di luted with an equal 
amount of sa l ine  containing 0 .6  percent  formalin 
and t e s t ed  with appropriate se ra  a t  50° C.  Only 
one di lut ion (1 to 1,000 ) i s  used and resu l t s  are 
read after incubat ion for 1 hour in a  water  bath.

The group A cul tu res  should be t es ted with 
serum a to a s su re  that  they are S. paratyphi A, 
the only known type in that  group. In addition,  
they should be sub je c t ed  to di f ferent ia l  biochemi
cal  t e s t s  such a s  nonfermentation of xylose,  and 
inabi l i ty to u t i l i ze  t a r t ra t es  and ci trate .  The 
majori ty of S. paratyphi A s t r a ins  produce little 
or no H2 S.

Group B cul tu res  should be t e s t ed  with H serums 
for ant igens  b, i, and 1 , 2 , 3 , 5 .  In the event  that 
agglut inat ion occurs  in b or i serum, the culture is 
a lmost  ce r t a in ly  S. paratyphi B or S. typhi-murium, 
r e spect ive ly .  Diphas ic  cul tu res  often occur  only 
in one phase  when recent ly  i so la t ed .  If phase 2 
only i s  p resent ,  i t  is  n e c e s sa r y  that  phase  1 be 
obtained to ident i fy the cul ture.  Thus,  if the culture 
i s  agglut inated only by 1, 2 , 3 , 5  serum, it should 
be p lanted on a Gard p la te  (9) with 1 , 2 , 3 , 5  serum 
or p laced  in a tube containing 2 or 3 ml of semi
sol id medium to which a loopful of that  serum has 
been added.  P h a s e  1 wil l  migrate through medium 
and can be i so la t ed  from the spreading growth.
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Useful  modif icat ions of the Gard technique have 
been descr ibed by Edwards  and Bruner (10), Hajna
(11), and Juenker  (12). After phas e  1 i s  obtained 
it can be determined whether  the cul ture i s  S. 
paratyphi B, S. lyphi-murium, or  some other  type 
wi thin group B.

Group C cul tures  should be t e s ted  with c and 
1, 2, 3, 5 serums.  If agglut inat ion occurs  in c serum, 
the cul ture may be ident if ied a s  S. paratyphi C or 
S. cholerae-su is  depending upon i ts  b iochemica l  
r eact ions .  S. paratyphi C u sua l ly ferments arabinose 
and a lways  ferments t r eha lose  promptly,  whereas  
S. cholerae-suis  a t t ack s  nei ther  of these  sugars .  
S. paratyphi C ferments dulci tol  promptly while 
S. cholerae-su is  g ive s  delayed or nega t ive  r ea c t ions  
in dulci tol  mediums.  If ph as e  2 only is  p resen t ,  
phase 1 should be i so la t ed  as previously descr ibed 
and tes ted with c serum. It should be remembered 
that  the majori ty of cul tures  of S. cholerae-su is  
belong to the Kunzendorf  variety in which phas e  1 
i s  more or l e s s  completely suppr ess ed ;  so any 
group C cul ture which agglu t ina tes  in 1 , 2 , 3 , 5

R e a c t i o n s  o f  g r o u p  A a n d  g r o u p  B  S a l m o n e l l a  c u l t u r e s  w i th  
g ro u p in g  s e r u m s .

serum, f ai l s  to ferment arab inose  and t r eha lose ,  
and g ives  a negat ive or delayed resul t  in dulc i tol  
may be reported as S. cholerae-su is .

Group D cu l tu res  should be t e s ted  in a, d, and 
1, 2, 3 , 5 serums.  Cul tures  which agglut ina te  only 
in d serum,  which are anae rogen ic ,  and which p o s 
s e s s  the usual  b iochemical  a t t r ibu tes  of S. typhi 
may be reported immediately.  The  organism will 
have been examined al ready for the p resence  of Vi 
ant igen so that  i t s  ident i ty is fairly well  e s t a b 
l i shed .  Some recent ly  i sola t ed cul tures  of S. typhi  
are very poorly moti le and may fail to f locculate 
in d serum. Such cul tures  can be typed as  S. typhi  
provided they p o s s e s s  IX, XII, and Vi ant igens  
and the biochemica l  proper t ies  of S. typhi.

Ident i f icat ion o f  S. sendai  depends  upon the 
recognit ion of both p h as es  and biochemical  exami
nat ion.  It i s  n ec es sa r y  tha t  the organism agglut i 
nate both in a and 1 , 2 , 3 , 5  se rums .  If only one 
phase  i s  p resen t  the second must  be i so la t e d  as  
previously descr ibed.  Fur ther ,  t h i s  type is H2S 
and ci t rate negat ive and g ives  a negat ive r e su l t  
in Stern’s g lycerol- fuchsin broth.  Arabinose is fer
mented immediately but xylose and sorbi tol  give 
delayed reac t ions .  Cu l tu res  with s imilar  ant igens  
but  different  biochemica l  r ea c t ions  belong to 
another  type.  S. sendai  occurs  frequently only in 
the Orient .

Cul tures  which belong to group E are not  exam
ined further  but are repor ted s imply as  group E 
Salmonella.

By adoption of the sys tem outl ined above,  or a 
s imi lar  one,  the d ia gnos i s  of Salm onella  i nfec t ions  
in the rout ine laboratory should be great ly improved. 
The smal l  laboratory should not at tempt the exact  
typing of all Salm onella  cul tures but shou ld  identify 
only the more important  types .  The remaining cul 
tures  should be d es ign a t ed  “ Salmonella , type 
undetermined”  and sen t  to a center  for iden t i f ica
tion.  The adoption of such a sys tem permi ts  the 
rapid d iag nos i s  of 98 to 99 percen t  of Salm onella  
i nfec t ions.  At p r es e n t  many l abora tor ies  cont inue 
to rely on ordinary agglut inat ion t e s t s  in which 0  
and H rea c t ions  are not  d i s t ingu ished  and upon 
b iochemica l  r eac t ions .  Report s  on en ter ic  cu l tures  
therefore are often long delayed and inaccura te .

The sys tem proposed above i s  f lexible and may 
be modified to sui t  the needs  of the individual  
laboratory.  Fur the r,  as  workers gain familiari ty 
with the method i t  i s  l ikely that  they will wish to 
extend the number of types which they identify.  
T h i s  may be done by inc reas ing  gradual ly the
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number of H se rums to the point  tha t  al l  the types  
which occur  frequently may be r ecognized.  Any 
proposal  shor t  of complete typing must  be a com
promise and each laboratory must  dec ide to what 
length they wish to go in the ident i f ica t ion of 
Salm onella  cu l tures .  The  methods proposed here 
are based upon exps r i ence ,  with a view toward the 
employment  of a minimal number of serums.

SUMMARY

A simplif ied method for the se rologica l  grouping 
of Salm onella  i s  descr ibed.  Methods for the exact  
ident i f ica t ion of the pr incipal  human pa thogens  of 
the genus are included.  Methods for the preparat ion 
of the ne ce ss a ry  serums,  for the preparat ion of 
an t igens ,  and for the performance of the t e s t s  are 
given in some detai l .
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SIMPLIFIED METHODS FOR THE SEROLOGICAL 

IDENTIFICATION OF SHIGELLA CULTURES

WILLIAM II. EWING 
Bacter io logi s t

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

8867 82  0  - 50  - 3

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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DIARRHEA - DYSENTERY -  Use of Mortality 

Data as a Guide for Field Investigations

Through h is  work in Hidalgo County, T ex . ,  Dr. 
Jam es  Watt has  shown tha t  fly control will reduce 
the inc idence of dysen tery-d iarrhea and i ts  re s u l t 
ant mortality. S ince ex tens ion  of h is  f indings might 
be of benefit  to other a re a s  in the United S ta te s  
which have an unduly high dysentery-d iarrhea  
mortality, a studv  w as undertaken to determine 
whether such a re as  ex is ted .

To locate affec ted  a re a s ,  e p i d e m i o l o g i c a l  
c r iter ia  were exp re ssed  in the form of s t a t i s t i c a l  
ind ices .  Through these  ind ices ,  p la ce s  with a 
suffic ien tly  large number of summer d ea th s  could 
be cited for further inves tiga tion  to determine 
whether effort to reduce the mortality level might 
be expended advan tageously .

Since only mortality da ta  are ava ilab le  on d iar
rheal d i s e a s e s ,  the study w as n e c e s sa r i ly  limited 
to d ea th s .  P rev ious  study of dysen tery-d iarrhea  
da ta  for the yea rs  1941-1946 had shown th a t  the 
h ighes t  mortality from th e se  d i s e a s e s  occurred 
among children 2 yea rs  of age or younger; that 
there was a pronounced se a so n a l  varia tion; and 
tha t  for the United S ta te s  a s  a whole the inc idence  
reached  a peak in the summer months. Exam ination 
of the da ta  for the years  1946-1947 showed marked 
changes  in the prev ious pattern  of s e a so n a l  inc i
dence .  The change in the curve of se aso n a l  inc i
dence for the U nited  S ta te s  a s  a whole w as the 
re su l tan t  of marked change in the s e a so n a l  p a t
tern of many northern S ta te s ,  some western S ta te s ,  
and severa l  southern  S ta te s .  In some S ta te s  the 
p revalence continued to show a high summer in c i
dence; in o thers ,  e x c e s s  of dea th s  during summer 
months not only d ec reased  but reverted  to an 
e x c e s s  of d ea th s  during the w inter  months. The 
change in the s e a so n a l  inc idence  was repea ted  in 
1947 and, from av a i lab le  1948 data ,  there are 
ind icat ions tha t  the prevalence will follow the 
1946-1947 pattern ra ther  than tha t of ea r l ie r  years .

IDA L. SHERMAN, S ta t is t ic ian

The mortality da ta  to be s tud ied  in loca liz ing  
a re a s  of high inc idence were limited therefore to 
dysen tery-d iarrhea d ea th s  of children under 2 
yea rs  old for the yea rs  1946-1947, and co n s is ted  
of mortality tab u la t io n s  prepared e s p e c ia l ly  for 
the Communicable D ise a se  C enter  by the National 
Office of Vital S ta t i s t ic s .*

The f irs t  s te p  w as to el im inate those  a re as  with 
no apparen t summer dysen tery-d iarrhea problem. 
To accom plish  th is ,  the following two cr i te r ia  were 
es tab l ish ed  for State-W'ide data:

1. E v idence  of a summer e x c e s s  of dea ths  coded 
to d ia rrhea  and dysen tery  among children 
under 2 yea rs  of age, b ased  on the ratio  of 
dea th s  occurring during the summer months 
(June,  Ju ly ,  August,  and September) and those  
occurring in the winter months (December, 
January ,  F’ebruary, and March). The ex ten t  to 
which the ratio  of S/W (summer/winter) 
ex ceed s  1 .0  provides a rough index of the 
degree of summer e x c e s s  mortality.

2. An ag e -sp ec if ic  d iarrhea and dysentery  death 
ra te  among children under 2 yea rs  of age 
(based  on live birth d a ta  and dea th s  during 
the summer months of 1946-194?) above the 
median ra te  for the 48 S ta te s  and the D istr ic t  
of Columbia.

Application  of th e se  two cr i te r ia  resu l ted  in the 
elimination of a l l  but 16 S ta te s ;  but s in c e  the 
United S ta te s  d a ta  by popula tion-s ize  groups 
showed tha t almost half  the dea th s  occurred in 
“ rural a r e a s ”  (farm a re a s  and communities le s s  
than 2,500 population),  the da ta  for the 16 S ta te s  
were examined by urban-rural c l a s s i f ic a t io n ,  and 
it w as found th a t  in four of th e se  S ta te s ,  the 
dysen tery-d iarrhea problem w as e s s e n t i a l ly  one 
of rural a re a s .

‘ I n t e r n a t i o n a l  L i s t  o f  C a u s e s  o f  D e a t h ,  C o d e s  2 7  a n d  119 ( F i f t h  R e v i s i o n ,  1 9 38)  u n d e r  2 y e a r s  o f  a g e ,  b y  S t a t e , c o u n t y ,  
p o p u l a t i o n - s i z e  g r o u p ,  r a c e  a n d  s e x ,  p l a c e  o f  d e a t h  b y  r e s i d e n c e  o f  d e c e d e n t .
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TABLE I  -  NUMBER OF DYSENTERY-DIARRHEA DEATHS, ALL AGES, BY STATES
1948

TE X A S

CALIFO R N IA

KENTUCKY

OHIO

NEW YORK

PEN NSYLVAN IA

MICHIGAN

NEW MEXICO

GEORGIA

IL L IN O IS

AR IZO NA

NORTH CARO LINA

TEN N E S S E E

IN D IAN A

MISSOURI

A L A B A M A

VIRGINIA

W EST V IR G IN IA

M A S S A C H U S E TT S

COLORADO

LO U IS IA N A

M ISSISSIPPI

FLO R ID A

SOUTH C A R O LIN A

O KLAH O M A

A R K A N S A S

W ISCONSIN

IOWA

NEW JER SEY

KANSAS

MINNESOTA

M A R Y LA N D

WASHINGTON

M AINE

CONNECTICUT

N E B R A S K A

OREGON

NORTH DAKOTA

MONTANTA

UTAH

SOUTH D AKO TA 

RHODE IS LA N D  

IDAHO

NEW HAM PSHIRE 

WYOMING

D .C .

D ELAW AR E

VERM ONT

N EVADA

2 2
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TABLE  H -  CHANGE IN

DECREASE
30 0 200

INC REASE 
100 200

DYSENTERY-DIARRHEA MORTALITY BY STATES
1947-1948

TE X A S

KEN TU C KY

OHIO

GEORGIA

NEW  M EXICO

COLORADO

MICHIGAN

W E S T  V IR G IN IA

O K LA H O M A

AR IZO N A

M ISSISSIPPI

LOUISIANA ■ ■

INDIANA

A R KANSAS ■

NORTH CARO LINA ■

TE N N E S S E E ■

K AN SAS ■

SOUTH C A R O LIN A ■

FLO R ID A 1

A L A B A M A I

WYOMING 1

N EVAD A

D ELAW AR E

M O N TAN A

NORTH D AKOTA

SOUTH DAKOTA 

W ASHINGTON 

ID AH O  

U TAH 

RHODE IS L A N D  

VERM ONT 

WISCONSIN 

OREGON 

C O NNECTICUT 

NEW HAMPSHIRE 

MINNESOTA 

M AINE 

N E B R A S K A  

VIRGINA 

M AR YLAN D  

IOWA 

ILLIN O IS

D.C .

MISSOURI 

M A SSAC H U SETTS 

NEW JER SEY 

C A LIF O R N IA  

NEW YORK 

PE N N S Y LV A N IA

3 0 0  

I 879
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In carrying the a n a ly s i s  to a county level,  
s t a t i s t i c a l  c r i te r ia  appropriate for small a reas  
were e s ta b l ish e d  a s  follows:

1. N u m b e r  of Deaths: U nless  a county showed a 
to ta l of four or more d ea th s  during the  “ sum
mer months”  of 1946 and 1947 combined, it 
w as e l im inated  for further s tudy .

2. Season: A S.T̂ ' ra tio  of 2 to 1 or greater .
3. Mortality Rates: A ge-spec if ic  summer dysen

tery-diarrhea ra te  of 200  or more per 10 0 ,0 0 0  
es tim a ted  population under 2 y ea rs  of age, 
b ased  on 1946-1947 “ summer”  dea th s .

4 . Age at Death: If a to ta l of 25 percen t or more 
of the 1946-1947 d ea th s  among children under 
2 yea rs  of age were under 1 month of age ,  it 
w as  considered  presumptive ev idence  tha t  the 
dysen tery-d iarrhea mortality figures re f lec ted  
ep idem ics among the newborn.

T he  data  for a l l  S ta te s  were examined by county 
and by popu la tion-s ize  groups within each county. 
In 12 S ta te s  there were 68  coun ties  in which the 
problem appeared  to be one of urban a re a s ,  and 28 
counties  in which the dysen tery-d iarrhea dea ths  
occurred primarily in the rural a re a s .  Of these  96 
coun ties ,  there w as ev idence  in 4 tha t  the mor
ta l i ty  f igures might be a ref lec tion  of nursery 
ep idem ics.

In the remaining 36 S ta te s ,  there were 24 coun
t ie s  with ind ica t ions  of a dysen tery -d iarrhea  prob
lem in urban areas ;  but among th e se  coun ties ,  there 
w'ere 9 in which the d e a th s  among infan ts  1 month 
or younger accounted for 29 — 59 percent of the 
to ta l number of dysentery -d iarrhea  d ea th s  under 2 
years  of age. T he  36 S ta te s  showed only three

c oun t ies  in which the problem was one of the rural 
a re as .

The l i s t  of S ta te s  and co u n t ies ,  with all per t i
nen t information, was t ransm itted  to Engineering  
S erv ices  for their  use  in field  study  and in v e s t ig a 
t ion .  The following su g g e s t io n s  with r e sp e c t  to 
the cons idera t ion  of environmental fac to rs  were 
made by the epidem iologist:

T ha t  field s tu d ie s  should not be undertaken 
u n le ss

1. The community, or su b s tan t ia l  a reas  within 
it ,  h a s  p r iv ie s  or other a c c e s s ib le  and widely 
d is sem in a te d  so u rce s  of human excre ta  with 
which f l ie s  might become contaminated.

2. The population l ives  in an urban-type environ
ment where e ffec tive  fly control opera tions 
can be in s t i tu ted  and m ainta ined.

Since mortality d a ta  as  a m easure of incidence 
have their  obvious lim ita t ions ,  field inves tiga tions  
must supplem ent the co n c lus ions  of the s t a t i s t ic a l  
a n a ly s i s .

F ig u re s  ava i lab le  for 1948 (for a l l  ages)  show an 
inc rease  in mortality  from the d ia rrhea l d i s e a s e s  
a s  compared with the figures for 1947. The total 
number of d ea th s  for a l l  ag e s  in 1947 was 8,938, 
of which 6,527 or 73 percen t were among children 
2 years  of age or younger. T he  total figure for 
1948 is  9,909 or an in c rease  of 971 d ea th s  from 
th e se  d i s e a s e s  over 1947.

iwo accompanying ta b le s  show the to ta l  num
ber of d e a th s  from dysentery -d iarrhea  for all 
ages  for 1948 by State; and the change from 1947 
by State .

DYSENTERY-DIARRHEA (FLY) CONTROL PROGRAM

April 1, 1950, marked the offic ia l opening of a 
new opera tional program for the Communicable 
D is e a s e  C enter,  namely, the Dysentery-D iarrhea 
Control Program in which fly control m easures  will 
play  an important part.  The new program is  the ou t
growth of the well-known s tu d ie s  of Watt and 
L indsay  in Hidalgo County, T ex . ,  [P u b .  Health 
Rep. 63(41): 1319-1334 (1948)] from which it may 
be concluded with rea so n ab le  cer ta in ty  th a t  in

J O S E P H  H. C O F F E Y ,  S a n i ta r y  E n g i n e e r  §§

a re as  of high dysen tery -d iarrhea  morbidity and high 
fly d en s i ty ,  a s ign i f ican t  reduction in d is e a se  
transm iss ion  m aybe  effec ted  by control of domestic 
f l ie s .

T he  new program is  organized in the same man
ner which has worked so  s u c c e s s fu l ly  in the malaria 
and typhus control programs; tha t  is ,  the pro jec ts
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are operated  through the S ta te  and loca l  health  
departments.

On the b a s is  of the findings by the S ta t i s t ic s  
Section, Epidemiologic S erv ices ,  only those  com
munities which showed an ag e -sp ec if ic  dysentery-  
diarrhea rate  in e x c e s s  of 500, and a summer
winter ratio  in e x c e s s  of 2 .0  are p resen tly  being 
considered for opera tions .  T h e se  communities are 
concentra ted  largely in New Mexico, Arizona, 
T exas ,  and Kentucky. However, during the course 
of the program, localized  cen te rs  in other S ta te s  
will be inves tiga ted  for p o ss ib le  inc lus ion  in the 
program in su b seq u en t  yea rs .

In those  S ta te s  where CDC a c t iv i t ie s  are e x i s t 
ent, dysen tery-d iarrhea  fly control p ro jec ts  are 
added a s  in tegrated  functions of e x is t in g  CDC 
supervisory and adm inistra tive  personnel.  In the 
S tates  and lo c a l i t ie s  not p reviously  se rved  by 
CDC ac t iv i t ie s ,  arrangem ents have been made to 
provide additional te c h n ic a l  and or adm inistra tive  
se rv ices  a s  required.

Arrangements with a l l  local communities have 
not yet been completed; but the general pattern  is 
that the community provides for the san i ta t ion  
ac t iv i t ie s ,  the in se c t ic id e s ,  and spray  labor, while 
Federa l funds provide for techn ica l  and superv isory  
personnel, spray equipment, and v eh ic le s  as  
required. The unit co s t  for the local community is  
expected to be on the order of from 80.25 to SO.50 
per cap ita  per year .  T he principal v a r ia b le s  a f fec t
ing th is  unit cos t  range are ex is t in g  level of com
munity san i ta t ion  and length of fly breeding se a so n  
and prevailing  wage s c a l e s .  E xcep t  for extreme 
conditions, loca l  c o s ts  should  tend toward the 
lower end of the unit co s t  range.

B ecause  flv control i s  a re la t ive  newcomer in 
the field of in se c t  vec tor  control,  p resen t  control 
measures a s  yet are adap tab le  only in reasonab ly  
compact communities. C o s ts  become prohibitive if 
ventures are made into sp a rse ly  populated  a re as .  
T h is  s i tua tion  is  somewhat at odds with the fac ts  
indicated by the a n a ly s i s  of the mortality da ta  
wherein it appears  th a t  the higher summer-winter 
death ra t io s  occur in the rural a re as  and in the 
smaller communities. Accordingly, it is  expected  
that the g rea te s t  effort of the program will be 
expended in communities of approximately 10 ,000  
population. Communities of th is  s iz e  rep resen t  a 
reasonable marginal overlap between d e c reas in g  
summer-winter death ra t ios  and sharply  r is ing  unit 
cos ts  of fly control opera tions.

As is  the case  with the other fly control pro

grams operated  by CDC, the prime effort will be 
d irec ted  a t  the elimination  of f ly-breeding so u rces  
and the general lif t ing  of the level of environ
mental sa n i ta t io n  in the opera tional  a rea .  Within 
com munities, however, p as t  exper ience  ind ica tes  
that the g rea te s t  dysen tery -d iarrhea  mortality and 
h ighes t  fly d e n s i t ie s  are u sua lly  found in the 
a re a s  of low es t  economic le v e l .  In such s u b s ta n d 
ard a re as ,  the m ain tenance of dom estic  l ives tock ,  
inadequate  fa c i l i t i e s  for s to rage  of garbage, and 
the e x i s te n c e  of insan ita ry  priv ies  occur more 
frequently than not. It is  obvious,  therefore, tha t 
a sound program of environmental sa n i ta t io n  is  
not only cos tly  but cons iderab le  time will be 
required to bring about s ign if ican t  improvement. 
S ince san i ta t ion  is  a frame of mind and must come 
from within the people of the community, educa
t ional  programs must be developed  to ca u se  the 
c i t iz e n s  of the community to rea l ize  tha t  improved 
san ita ry  p ra c t ic e s  are som ething to be desired  for 
their own persona l  well being.

In the p a s t ,  some sa n i ta t io n  programs have died 
'"a-borning”  bec au se  those  people in the well 
s a n i ta ted  a re a s  of the community have felt  secure  
in their  iso la t ion  from the “ wrong s id e  of the 
railroad t r a c k s ”  and have fa iled  to support the 
program ei ther  f inanc ia l ly  or in sp ir i t .  In the 
sm alle r  communities e s p e c ia l ly ,  such iso la t io n  
affords li t t le  p rotection  from in fec tious  f l ie s .  There  
i s  much ev idence to show th a t  under certain 
eco log ica l  conditions large numbers of f l ie s  may 
migrate cons iderab le  d i s t a n c e s ,  a mile or more.

For  th e se  r e a so n s  — tha t is ,  the time required 
to bring about s ig n i f ic an t  san i ta ry  improvements 
and the migratory h a b i ts  of f l ie s  — the early  efforts 
of the program will be d irec ted  toward the immedi
a te  reduction of fly popula tions by chemical m eans.  
It is  fully rea l ize d  tha t  the control of f l ie s  by 
chemical ap p l ica t ions  is  bu t temporary in nature 
and is ,  therefore, a never-ending opera tion .  It 
does ,  how'ever, afford a m eans of ob ta in ing  an 
immediate reduction in high fly d e n s i t ie s  and may 
be regarded a s  a delay ing  ac tion  to hold the line 
w h i l e  t h e  s a n i t a t i o n  m easures  are being 
in troduced.

From p a s t  exper ience ,  chemical fly control 
se rv e s  another  very useful purpose.  B e ca u se  of 
i ts  sp e c ta cu la r  nature , it f o c u se s  a t ten t ion  on 
“ The F l y , ”  a currently popular su b je c t ,  and 
provides impetus to the sa n i ta t io n  program in 
that it promotes san i ta t ion  for a defin ite  purpose 
and removes it from the realm of a b s tra c t io n s .
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The new program is  small in comparison with 
other operation programs of CDC; probably no more 
than a dozen p ro jec ts  can be ac t iv a te d  th is  year 
with the limited funds a v a i la b le .  In con tras t  to i ts  
s iz e ,  the following r e s u l t s  expec ted  from the 
program appear  prodigious:

(a) T he  focusing  of a t ten tion  on the  a re a s  of 
excep t ional ly  high mortality r a te s  of dysen 
tery and diarrheal d i s e a s e s .

(b) The acce le ra t io n  of “ g ene ra l”  san i ta t io n  
programs by in troduction of an additiona l 
motive, namely, fly control.

(c) T he  more rapid sp read  of techn ica l  informa
tion concerning fly control a s  a health  m eas
ure, thus bringing re l ie f  to ce r ta in  a re a s  of 
high morbidity yea rs  in advance  of the normal 
turn of even ts .

(d) The inc rease  of fly control programs in a reas  
of high dysen tery -d iarrhea  morbidity and high

fly density  is  expected  to broaden the base  of 
the f indings of the work of Watt and L indsay 
in Hidalgo County, T ex .

(e) The pilot p ro jec ts  introduced with F edera l  
a s s i s t a n c e  and gu idance  are expected  to 
induce s im ila r  p ra c t ic e s  in nearby communi
t i e s  having s im ilar  problems.

(f) T h e  operation of fly control p ro jec ts  in 
numerous S ta te s  under a varie ty  of conditions 
should  produce new techn iques  and advances  
in p resen t  fly control procedures .

Taken  a s  a whole, the new dysentery-d iarrhea 
fly control program may be regarded a s  another 
undertaking for CDC in the f ie ld s  of epidemiology, 
entomology, and engineering.

Whereas the new program is s ta r t ing  out in a 
very small way, i t s  im plica tions  for the future are 
very  broad. The p o ss ib le  expansion  in th is  field of 
endeavor will depend largely  on the s u c c e s s  
a t ta ined  during th is  coming se a so n .

A Preliminary Report of Studies on

the EFFECTS on FLY ABUNDANCE of IMPROVED 

MUNICIPAL GARBAGE COLLECTION and DISPOSAL

During the summer of 1948 cons iderab le  a t tention  
w as given by the authors  to an investiga tion  of the 
sou rces  of fly production in m un ic ipa l i t ie s .  T h is  
inves tiga tion  w as prompted originally  by the over
em phasis  then p laced  upon the chemical control of 
f l ie s .  F a i lu re s  of the most w idely used  of the 
chemical in se c t ic id e s ,  DDT, in m ainta ining s a t i s 
factory fly control provided an added incentive to 
the study . F ly  breeding so u rce s  in m unic ipa li t ies  
in  N e w  M e x i c o ,  T e x a s ,  and Georgia were 
inves t iga ted .

CONDITIONS PROMOTING FLY  BREEDING  
IN MUNICIPALITIES

Although no s ta r t l ing  or u n su sp e c te d  d isc o v e r ie s  
were made, it was determined tha t in most of the

DALE R. LINDSAY, S c ie n t is t
and i|:

DL'FFY E. McBRAYER, Sanitary E ngineer :

small c i t i e s  the production of f lies  w as  due in 
large part to the improper handling of household 
garbage, both by ind iv iduals  and by the munici
p a l i t i e s ,  and of animal refuse  by ind iv iduals .  In 
the larger c i t i e s  an additiona l fly production 
source  w as  found in various organic w a s te s  from 
such  in d u s t r ie s  a s  canner ie s  and other fruit and 
vege tab le  p rocess ing  p lan ts ,  and from meat pack
ing p la n ts .  In the Southeastern  S ta tes  fly breeding 
condit ions  are enhanced  by normal c l im atic  condi
tions  which provide moisture as  well a s  a relatively
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prolonged breeding se aso n .
A condition common to a l l  the a re as  inves tiga ted  

w as  the failure to en a c t  or enforce ord inances  to 
regu la te  or exc lude l ives tock  from m un ic ipa l i t ie s .  
While fly breeding n u isa n c e s  were thus mainta ined 
on much of the re s id e n t ia l  property, the sy s tem s  of 
garbage co l lec tion  and d isp o s a l  were u sua lly  so 
de f ic ien t  a s  to provide l i t t le  incentive  to the 
average c i t izen  to c lean up h is  p rem ises .  In the 
Southeastern  S ta tes  poor garbage co l lec t ions  
were not improved by the prevalence of very large 
b locks with deep  re s id e n t ia l  lo ts  and w ithout s e r 
v ice  a l ley s  — a condition tha t  required ei ther 
inc reased  opera tional man-hours of city garbage 
crews or individual cooperation in p lac ing  garbage 
ca n s  along the s t r e e t  curb on co llec tion  d ays .

In sp ite  of rapidly  expanding sewerage sy s te m s  
in nearly  a l l  of the a reas  inves t iga ted ,  many small 
c i t i e s ,  and the periphera l r e s id e n t ia l  a re a s  of 
larger c i t ie s ,  had  numerous pit and surface  p r iv ies .  
S ince th e se  are frequently  both producers of f l ie s  
and po ten tia l re se rv o i rs  of human en ter ic  d i s e a s e s ,  
they operate with o ther and more important fly 
production so u rce s  to create  a  d is t in c t  hazard  to 
human hea l th .  T h i s  factor a lone is  su ff ic ien t  
ju s t i f ica t io n  for in c re ase d  expend itu res  by munici
p a l i t i e s  in improving both garbage and sewerage 
fa c i l i t i e s .  Whereas the ex tens ion  of san ita ry  
sew erage involves  a s ig n if ic an t  exp e n se ,  both to 
the municipal government and to the property owner 
it  s e rv e s ,  the improvement of a garbage co llec tion  
and d isp o sa l  system  w as bel ieved  p o ss ib le  in many 
in s ta n c e s  without su b s tan t ia l ly  inc reas ing  city 
co s ts .  F o r  th is  reason  the s tudy  desc r ibed  below 
was undertaken. Although the s tudy  is  s t i l l  in 
p rogress  certain preliminary r e s u l t s  are noteworthy, 
and together with the above p resen ta t ion  of the 
conditions normally ex is t in g ,  should be of value 
in p lanning improvements in municipal and environ
mental san i ta t ion .

OBJECTIVES OF THE STUDY

1. To determine the degree of fly control that 
could be a t ta ined  through improved garbage 
co llec tion  and d isp o sa l  in a municipality .

2. To  determine by ep idem iological methods the 
ef fec ts ,  if  any, of such  control upon human 
enteric  d i s e a s e s .

3. To determine some of the i m p o r t a n t  cost-  
amortizing p o s s ib i l i t i e s  of improved san i ta t ion  
so tha t  monetary a s  well a s  welfare ga ins  over

a period of time may be pointed out to f inancia l ly  
handicapped  c i t ie s .

SELECTION OF STUDY AREAS

In order to a t ta in  the above o b je c t iv es  it w as 
e s s e n t i a l  that th is  s tudy be conducted  in the 
general a rea  in southern  Georgia where a s tudy of 
the e f fec ts  of fly control m easures  upon the mor
bidity r a te s  of human d iarrhea l d i s e a s e s  was 
a lready  under way. Two comparable m unic ipa li t ies ,  
each with popula tions of 15,000 to 18,000, were 
s e le c te d .  At the time the s tu d ie s  were being 
p lanned , both c i t ie s  had def ic ien t  g arbage-co llec- 
tion sc h e d u le s  averaging one co l lec tion  weekly in 
r e s id e n t ia l  a re as ;  both c i t i e s  had numerous live
s tock  e n c lo su res  and pit  or su rface  pr iv ies .  The 
only d ifference in city sa n i ta t io n  w as  in the method 
of garbage and refuse d isp o s a l .  In City I an area 
f i l l ,  located  about 1 Vi m iles  north of the main 
r e s id e n t ia l  area ,  w as  u sed .  The  garbage p laced  in 
the fill was poorly compacted and covered once or 
tw ice  a week with a layer of dirt of highly variable 
th ic k n e s s .  Although th is  method served  to bury 
the re fu se ,  it imposed very l i t t le  res tr ic t ion  upon 
fly emergence from the already heavily  maggot- 
in fes ted  garbage.  In City II garbage and other 
refuse  were p iled  on an open dump, located  a t 
the northw est corner of the city . Some control of 
fly breeding w as a ttem pted  a t  th is  dump through 
burning of combustible re fu se .  Approximately 150 
city-owned hogs were penned on the dump and 
se rved  to in c re ase  the su rface  area of fly breeding 
materia l through their  foraging a c t iv i t ie s .  In both 
c i t i e s  the weekly co llec tion  s c h e d u le s ,  frequently 
interrupted by w eather  or by equipment breakdown,

In  a s a n i t a r y  l a n d  f i l l ,  e a c h  d a y ' s  c o l l e c t i o n  of  g a r b a g e  s h o u l d  
b e  c o m p a c t e d  in a c e l l  w i t h  a 2 f o o t  c o v e r  of  d i r t .

27

Courtesy of the David J. Sencer CDC Museum



favored e x c e s s iv e  amounts of fly breeding in the 
garbage. Emergence ra te s  of f l ie s  from such gar
bage, co l lec ted  from both fixed and random s i t e s ,  
reached  a figure of 1,500 f l ie s  per day per  garbage 
can and co n s is ted  of many s p e c ie s  with Phaen ic ia  
p a l le sc e n s  (Shannon) predominating a t  95 .0  percent 
a n d M usca d o m es t ica  L inn,  included at 1.5 percent.

The county in which City 11 w'as s i tu a te d  had 
par t ic ipa ted  during 1948 in the Malaria Control 
Program, and thus the r e s id e n ts  of City  II could 
r eq u e s t  a free res idua l  app l ica tion  of DDT in the ir  
homes. R ecords  for the 1948 se aso n  revea led  tha t 
not more than 15 percen t of the homes in th is  city 
were thus  sprayed  and the authors  fe l t  tha t  the 
over-all e f fec ts  of th is  spray ing  upon the c i ty ’s 
fly population would be neg l ig ib le .  T h is  feeling 
w as  supported by high fly in d ic es  found in the city 
during 1948 and w as  further s u b s ta n t ia te d  by 
records during the 1949 se aso n  when l i t t le ,  if 
any, e f fec t  upon house f l ie s  out-of-doors w as 
noted . City  I had enjoyed no such se rv ic e s ,  and 
only DDT app l ica t ions  by individual househo lders  
were expected .

On the dual b a s i s  of the w i l l in g n ess  of city 
o ff ic ia ls  to cooperate and the fac t  tha t  r esu l ts  
would not be obscured  by the effec ts  of widely 
used  chem ical in s e c t ic id e s ,  City  I w as  s e le c te d  
a s  the s i te  of in tens if ied  s a n i ta t io n a l  m easures  
during f is c a l  year  1950, for comparison with normal 
p rocedures  in City  II.

METHODS USED

l ’he following arrangem ents for in c re ase d  s a n i
ta t iona l  s e rv ic e s  were made with the o f f ic ia ls  of 
City I in order to provide su i tab le  cond it ions  for 
the s tudy .

1. Garbage co l lec t ions  were in c reased  from one 
per week to th ree  per  week. Three- t im es-per-  
week garbage co l lec tion  e ffec tive ly  cu r ta i ls  
fly b reeding in garbage.  In tw ice-weekly  co l lec 
tion sc h ed u le s ,  m aggots of the genus Phaen ic ia  
can reach  maturity during the in te rv a ls  between 
c o l lec t io n s  and en ter  the  ad jacen t so i l  to form 
puparia  prior to em ergence a s  adult f l ie s .

2. The area  fill  method w as  d iscon tinued  and a 
da i ly -operated  san i ta ry  land fill  w’as  s ta r ted  on 
the sam e s i t e .  In order to shrink the opera tional 
c o s t s  of hau ling  garbage the authors  recom
mended that th is  opera tion  be moved into or 
nearer  the c i ty ,  but city o ff ic ia ls  demurred on 
the b a s i s  of nonava ilab il i ty  of su i tab le  city-

owned land. In addition a sm alle r  machine (1 
cubic yard capacity )  than previously  used  (2 
cubic yard capacity )  w as put into se rv ic e  on 
the san ita ry  land fill  to further reduce main
tenance  c o s ts .  In addition to reduced operational 
c o s t  the in i t ia l  co s t  of th is  m a c h i n e  w a s  
approximately one-half th a t  of i ts  p redecesso r .

3 .  In order to obtain su itab le  c o s t  figures on the 
comparative c o s ts  of back-yard versus  s tree t-  
curb co l lec tion  of garbage,  the cooperation of 
the householder  in the la t te r  w as  s im ulated  by 
city crews who p laced the cans along the s tree t-  
curb in advance of the truck.

4 .  Enforcem ent of c i ty  o rd inances regula ting  the 
holding of garbage,  industria l  re fuse ,  domestic 
l iv e s to c k ,  and the like w as  promised by city 
o ff ic ia ls .

PROGRESS TOWARD OBJECTIVES

T he  in tens if ied  san i ta t io n a l  program w as begun 
in City I early  in August 1949. By mid-August the 
a c c e le ra te d  garbage co llec tion  schedu le  was 
opera ting  fully, and af te r  one week of operation 
the fly maggots had alm ost completely d isappeared  
in garbage con ta ine rs  and in garbage brought to 
the san ita ry  land fill .  Since the pupation period of 
P haen ic ia  spp„ may la s t  as  long a s  2 w eeks under 
f ield  conditions the  curta ilment of adul t  fly popu
la t ions  of th is  genus  was not g rea t  until late in 
August.

Diring th is  sam e period breeding conditions 
became favorable at a peanut p ro cess ing  plant 
cen tra lly  loca ted  in City I and the resu l tan t  emer
gence  of adult house f l ie s ,  M. dome stica ,  caused  a 
temporary r ise  in the index of th is  s p e c ie s .  In 
view of the other s tu d ie s  in p r o g r e s s  it was 
dec ided  to u se  a m is t sprayer in applying DDT in 
the  immediate three-block v ic in ity  of the peanut 
mill in order to be able to observe r e su l t s  of the 
in tens if ied  garbage program. T h is  was done on a 
w eekly  b a s i s  for 5 w eeks  and co n s t i tu ted  the only 
u se  of a chem ical in se c t ic id e  in the study of 
City I.

Although opera tion  of a san ita ry  land fill was 
begun on sc h ed u le ,  and immediately accom plished 
the  d es ired  prevention of fly breeding with re la tive  
e a s e ,  the most e f f ic ien t  operation of the equipment 
w as  not a t ta ined  until January  1950. C os t  records 
during the remainder of the study should  be suffi
c ien t  for purposes  of determining opera tional  c o s ts .

Meanwhile o f f ic ia ls  of City  II, the comparison
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city, had dec ided to undertake a fly control pro
gram of their  own des ign .  Between the d a te s  of 
Ju ly  15 and September 1, 1949, they effec ted  a 3- 
tim es-per-week garbage co llec tion  sch ed u le ,  but 
did not change the ir  method of d isp o sa l .  In addi
tion they purchased  and d isp e rsed ,  par t ia l ly  by
knapsack  sp raye rs  and par t ia l ly  by mist-blower 
machine, 5,000 ga l lons  of a commercially prepared 
5 percent DDT so lu tion  in o il .  Garbage can sp ray 
ing with th is  m ateria l took p lace  in City II through
out the summer of 1949; city-wide ap p l ica t io n s  by 
a mist-blower machine were made twice weekly 
during the two periods of Ju ly  8 to August 1 and 
August 20 to September 11 . B e ca u se  of these  
changes ,  which do not permit a comparison of the
3-times-per-week garbage co l lec tion  system  of 
City I with one of le s s  frequency, an additiona l 
municipality , City  III, h a s  been added to the 
s tudy .  City III, s i tu a te d  in the same general area 
and with a  population of approximately 6 , 0 0 0 , has 
tw ice-weekly garbage co l lec t ion ,  an open dump, 
and animal en c lo su res  and pr iv ies  proportionate 
to those  found in C i t ie s  I and II. C i ty  III has  been 
under entomological su rv e i l la n c e  s in c e  February  
1950.

PRELIMINARY RESULTS

The re s u l t s  of the in tens if ied  san i ta t io n a l  pro
gram in City  I during the f irs t  5 months of opera
tion, a s  compared with the in tens if ied  sa n i ta t io n a l  
and added in se c t ic id a l  opera tions in City II, are 
shown in the chart.  While consideration  of the tota l 
s p e c ie s  index, part A, appears  to show' equal 
r e su l t s  from both of the programs, a breakdown of 
the to ta l  fly counts into s p e c ie s ,  parts  B, C, and 
D, rev e a l  i n t e r e s t i n g  fea tu re s .  In part B the 
P h o en ic ia  spp . ,  breeding primarily in garbage, 
have ind ices  of approximately equal magnitude in 
both c i t i e s  ind icat ing  a s im ilar  e f fe c t iv e n e s s  in 
both garbage co l lec tion  programs. In part C the 
index of the common house fly, M. dom estica ,  is  
about three t im es a s  high in City II a s  in City  I 
during the months of maximum e f fec t  (September 
and October) un ti l  curta iled  in both c i t i e s  by cool 
weather .  T h e  s ign if icance  of th is  is  apparen t 
from inspec t ion  records  which revea l  tha t high 
fly ind ices  were obta ined  in the northw est se c tion  
of City II n ea res t  the dump and are undoubtedly a 
re f lec tion  of migration from the open dump into the  
c i ty .  Such house fly breeding a s  re f lec te d  in the 
index for City I w as determined by su rveys  to be 
occurring in improperly m ainta ined animal enc lo

su r e s ,  primarily where cows, h o rses ,  and mules 
were s ta b le d .  In part D, the index of Sarcophagula  
occ idua  F ab r .  began r is in g  in City  I about the 
time tha t the garbage co l lec tion  was in tens if ied  
and remained high until  curta iled  by cool weather. 
Since the breeding of th is  s p e c ie s  is  most often 
encountered  in the excrement of carnivorous ani
m als ,  inc luding man, the garbage program would 
be expec ted  to have l i t t le  e f fec t  upon its  abun
dance.  T h e  index for th is  s p e c ie s  remained low 
throughout the s e a so n  in C ity  II, probably a s  a 
re su l t  of the in se c t ic id e s  d isp e rsed  by the mist- 
blower m achine .  In other  towns in the a rea  the 
au thors  have found space -sp ray ing  methods very 
effec tive in contro lling  th is  s p e c ie s .

It appears ,  therefore, that the d iffe rence between 
City  I and City II which may be a sc r ib ed  to s a n i
ta t iona l m ethods is  limited to the e f fec ts  of a 
san ita ry  land fill ,  even though improperly operated 
during the period shown, as  compared to an open 
dump where sporad ic  efforts  were made by City II 
to control the f l ie s  by in se c t ic id a l  m eans.  T h is  
does  not mean, however, tha t  there were no mea
su rab le  e f fec ts  of the in tens if ied  sa n i ta t iona l  pro
gram. On the contrary, a s  concerned with garbage 
co l lec tion  a lone,  th e se  e f fec ts  were sp e c ta cu la r  in 
both a re as .  Both c i t i e s  s t i l l  have much to accom
plish in obta ining the maximum sa n i ta t io n a l  effect 
upon fly control primarily through enactm ent and 
enforcement of o rd inances  to prevent sa n i ta t io n a l  
m alp rac t ice s  in the keep ing  of l ivestock .

SUMMARY

1. T h e  general re s u l t s  of an investiga tion  into the 
primary s o u rc e s  of fly production in munici
p a l i t i e s  loca ted  in New Mexico, T e x a s ,  and 
Georgia are  p resen ted .  A preliminary account 
of the effort to apply the garbage handling 
improvements ind icated  by th is  investiga tion  
a s  fly control m easures  in a m unicipality  in the 
S ou theas t ,  is  given in order to point out some of 
the  b as ic  fea tu re s  of such  m easures .

2. The o b je c t iv es  of the study are to determine the 
e f fec ts  of the p o ss ib le  improvements in garbage 
co llec tion  and d isp o sa l  upon fly abundance, 
human d i s e a s e ,  and opera tional c o s t s .

3. T he  m ethods employed and the p rogress  in 
e f fec ting  the improvements are  given, a s  are the 
preliminary r e s u l t s  ob ta ined . F ly  breeding in 
garbage, both in cans  and a t the san ita ry  land 
f i l l ,  v irtually  w as  eliminated by the acce le ra ted
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co l lec tion  and d isp o sa l  sy s tem . House fly 
breeding remained a problem but o r ig ina ted  
primarily from animal e n c lo su re s ,  pointing  out 
the need  for enforced ord inances  to regula te  
l ives tock  within the c i ty .  T he  d ifference in 
house fly ind ices  between C i t ie s  I and II is  due 
primarily to the house  fly breeding in the open 
dump at City II. The spray ing  program in City 
II is  bel ieved  to have been primarily effective 
in the control of the excrem ent-breeding fly,

Sarcophagula occidua.
4. In addition to c o s t  da ta  the r e su l t s  of the study 

w ill y ie ld  da ta  on the e f fec ts  upon fly d e n s i t ie s  
and human d is e a s e  in: (a) City I with 3 garbage 
co l lec t io n s  per week and an eff ic ien t  sanita ry  
land fill;  (b) City  II with 3 garbage co l lec tions  
per week but with inadequate  d isp o s a l ;  and
(c) City  III with tw ice-w eekly  garbage co l lec 
tion s u b je c t  to some varia tion and inadequate 
garbage d isp o sa l .

CONSIDERATIONS IN SAMPLING FLY POPULATIONS

In recen t years  many programs for 
the control of house-frequenting f l ie s  
have been undertaken. As might be 
expected  in such developmental pro
grams, g rea te r  em phasis  has  been 
p laced  upon the methodology of control opera tions  
than upon the measurem ent of the fly popula tions.  
Various dev ice s  have been used  in eva lua t ing  the 
e f fec t iv e n ess  of the fly control m e asu res ,  such  a s  
ba i ted  fly t raps ,  tanglefoot ta p es  and s h e e ts ,  and 
time counts  over uniform a t t ra c ta n ts .  T he  fly grill 
developed by Scudder* has  been perhaps the most 
widely used  of th e se  d ev ice s  in programs sponsored  
by the Communicable D ise ase  C enter.  However, 
the appl ica tion  of the grill has  varied between 
programs, and th is  lack  of uniformity in the methods 
of taking and in terpre ting  fly population sam ples  
has  p revented  really  accurate  d irec t  comparison 
among programs.

The need  for a s tandard  method of sam pling  fly 
popula tions is  ind ica ted ,  not only to fac i l i ta te  the 
eva lua tion  of fly control opera tions  but to make 
p o ss ib le  the correla tion of the re su l t s  with s ta n d 
ard epidem iological m easurem ents .  A re l iab le  
s a m p l i n g  m e t h o d  should have the following 
ch a rac te r is t ic s :
1. It should be repea tab le ,  and ob jec tive .
2. It should be useful in guiding control opera tions .
3. It should  be economical to apply.
4. It should  supply data  which are s u i ta b le  for

JUDSON U. McGUIRE, JR .,  A ss i s ta n t  Sanitarian (R)  
and

DALE R. LINDSAY, S c ie n t is t

s ta t i s t i c a l  a n a ly se s .
5. It shou ld  be app l icab le  over wide geographic 

a re a s .
6 . It shou ld  be a d a p t a b l e  to a wide range of 

condit ions .
T he  following d isc u ss io n  of the m ethods e s ta b 

l i s h e d  and in u se  by the au thors  and  the ir  co
workers on an experimental study in south Georgia 
i s  p resen ted  for consideration  by other programs.

PREREQ UISITES TO SAMPLING

The following s te p s  were followed in e s ta b l i sh 
ing the sam pling  program on the experimental 
projec t under d isc u ss io n .
1. Maps of the c i t i e s  were obta ined and brought 

up to  d a te .  B e s id e s  large office m aps,  small 
no tebook-s ize  reduc t ions  were made for field 
u se .

2. All b locks  in the c i t ie s  were numbered for easy  
re ference .

3. The c i t ie s  were divided into su b -a reas  of about 
10 b locks ,  or a 10 percen t sample , excep t  tha t 
in the high-income re s id e n t ia l  d i s t r ic t s ,  sub
a reas  of 20 b locks ,  or a 5 percen t sam ple ,  were 
u se d .  Sub-areas  which included in d u s t r ie s  with

♦ S c u d d e r ,  H . I . :  A  N e w  T e c h n i q u e  fo r  s a m p l i n g  t h e  d e n s i t y  of  h o u s e f l y  p o p u l a t i o n s .  P u b .  H e a l t h  R e p .  6 2 : 6 8 1 - 6 8 6  ( 1 9 4 7 ) .
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P l a c i n g  f l y  g r i l l  o v e r  a t t r a c t a n t  t o  s a m p l e  f l y  p o p u l a t i o n ,

high production of organic w a s t e s  n e v e r  
exceeded  10 b locks .

SURVEY PRO CEDURES

A. T he Stationary B lock  Survey. In each sub
a rea ,  the block with the h ighes t  fly po ten t ia l  was 
s e le c te d  a s  a so -ca l led  S T A T I O N A R Y  S U R V E Y  
B L O C K .  The s ta t iona ry  survey block w as  not 
changed  during the survey u n le s s  another block 
in the sub-area  show ed, over a period of three con
s e c u t iv e  w eeks ,  a h igher weekly average  than the 
one s e le c te d .  All the s ta t ionary  survey b locks  thus 
s e le c te d  were in sp ec ted  once a w eek , us ing  the 
g r i l l  m e t h o d .  Although 10 grill coun ts  were 
recorded, the average of the 5 h ig h es t  coun ts  w as  
u se d  a s  the index for each  s ta t ionary  survey  b lock .

The s ta t ionary  survey block method had severa l  
advan tages  and d isa d v an tag es .  The advan tages  
were: (1) the speed  and low c o s t  with which the 
su rv ey s  could be made; (2) continuous d a ta  on the 
same b locks throughout the se aso n  a t  weekly 
in te rva ls ;  and (3) with a low index, the indication 
th a t  a minimum number of f l ie s  w as p re se n t  in the 
whole a re a .  T h e  d isa d v an tag es  were: ( 1 ) the 
dubious economy of re- treatm ent throughout a 
su b -a rea  on the  b a s is  of the da ta  from a s in g le

s ta tionary  survey block; (2) the poss ib i l i ty  of a 
b ia s  hav ing  been introduced into the data  by the 
way in which the b locks  were s e le c te d  and by the 
methods of sp ray ing  u sed .

B. The V isu a l  Survey. In order to prevent unnec
e s s a r y  expend itu res  of time and m ater ia ls  in 
re- treat ing  a sub-area  on the  b a s i s  of the da ta  
from a s ing le  s ta t ionary  survey block, a v isua l  or 
r e c o n n a is s a n c e  survey was u sed  in conjunction 
with the s ta t io n a ry  block su rvey . It w as found 
ad v isab le  to precede the s ta t ionary  block survey 
with  the  v isua l  survey by 2 to 3 days ,  thus us ing  
the  s ta t iona ry  block survey a s  a check on the 
e f f e c t iv e n e s s  of the control m easures  a s  indicated 
by the v isu a l  survey. Without using the grill,  but 
based  on experience with it, e s t im a te s  of grill  
read ings  of each concentra tion of f lies  encountered 
in each block were made rapidly by the inspec to rs .  
The average of the  five h ig h es t  of these  es tim ated 
grill  coun ts  for each block was u se d  a s  the  index 
figure for the b lock .  The control opera tions  sec t io n  
w as then furnished with a map upon which the 
block index figures were shown. All b locks whose 
index figures exceeded  th ree  f l ie s  were des ignated  
to rece ive  trea tm ent.  Treatm ent was applied  to the 
d es igna ted  b locks in re la tion  to the index figure. 
B locks  with the h ighest in d ic es  were treated  first.  
T h is  type of survey proved very use fu l  in provid
ing da ta  for d irec ting  the effec tive applica tion  of 
in s e c t ic id e s ,  but i ts  s tandard iza tion  requires  
further study .

C. The Random Sample and the S ta t is t ic a l  T re a t
ment o f  the Data. D ata ob ta ined  from s ta t ionary  
block surveys  were su b je c t  to b ia s  in th a t  the 
b locks  were in sp e c ted  a t  d iffe rent times, in dif
ferent p la ce s ,  and by diffe rent persons .  T h e  
v isu a l  survey enabled  broad coverage to guide fly 
control o p e ra t ions .  I ts  continued u se  holds promise 
a s  a tool for entomological evaluation  and ep i
dem iological in v e s t ig a t io n s ,  but i t s  development 
a s  a meaningful measure requ ires  further study of 
the  so u rce s  of b ia s  and the magnitude of sampling 
error.

The methods of an a ly t ica l  s t a t i s t i c s  are based  
upon the theory of probability . In order to u se  these  
m ethods valid ly ,  data  must be  co l lec ted  in such  a 
manner as to allow the  applica tion  of the mathe
m atical model upon which the probability theory is  
b a s e d .  A random sample w ill  be defined, for the 
p resen t  su b je c t  under d is c u ss io n ,  a s  a sample in 
which each  v a r ia te  i s  s e le c te d  with known proba
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b il i ty .  If only the  b locks with high fly coun ts  are 
s e le c te d  for sampling, any s ta t i s t ic  derived from 
the da ta  is  rep resen ta t ive  of only a portion of the 
b locks ,  and no valid as sum ptions  may be drawn 
with r e sp e c t  to the f l ie s  in the whole city u n le ss  
one knows the re la t ionsh ip  between the s e le c te d  
high b locks and all b locks  in the a re a .  T h is  r e la 
tionsh ip  depends  on the local c h a ra c te r is t ic s  of 
each area  and cannot be assum ed invarian t  from 
one locali ty  to another .  It is  therefore quite 
apparen t tha t in order to insure  gene ra liza t ion  of 
in fe ren c es  from one area  to another ,  some form of 
random sample must be taken in all p ro jec ts  where 
fly in d ic es  are to be compared with epidem iological 
or other experimental data.

The random sam ple  a lso  s e rv e s  a s  a check on 
change in the b ia s  o f  sta tionary  high count b locks .  
B ias  i s  a consc ious  or unconsc ious  a l loca tion  of 
grea ter  probability o f  occurrence to some of the 
va lues  of a var ia te .  A mean c a lc u la te d  from biased 
data  will not be an es tim ate  of the true mean of 
the population being sampled. If, for example , only 
the sta tionary  survey b locks  are  sprayed , a reduc
tion in the city-wide fly index may not correspond 
to ac tua l  reduction of f l ie s  in the en t i re  c i ty ,  but 
only to the dec rease  of fly abundance in th e se  
b locks .  A random sample, as u se d  in th is  study, 
included one block out of each su b -a rea  in the 
city at each  sampling period, and  w as not b ia sed

in th is  par t icu lar  re sp e c t ,  s in c e  the s ta t ionary  
survey block in each sub-area  had only a 1-9 
chance of being inc luded  in the weekly sample. 
The random sam ple  a lso  gave a s im ilar  check on 
the accurate  se lec t ion  of the h ig h e s t  block in the 
area.

The  random sam ple therefore served  a double 
purpose: I t  provided d a ta  by which to s tab i l ize  
and check the opera tional su rveys ,  and i t  supplied  
a val id  s t a t i s t i c a l  sam ple .  T h is  sample w as drawn 
by se lec t ing  a t  random, with rep lacem ent ,  a block 
in each of the  10-block or 20-block a re a s  in the 
c i ty .  T he  block thus drawn was sometim es sur
veyed by the same man who inspec ted  the  s ta t ion 
ary survey block or by a d ifferent man altogether .  
F o r  opera tional  p u rp o ses  the random survey was 
unsa t is fac to ry  if u se d  a lone .  From th is  work it  
appears  quite p o ss ib le  that with the u se  of  a 
s tandard ized  v isua l  survey as  the principal guide 
to fly contro l opera tions the sampling procedure 
may be lim ited  to the v isua l  and random surveys.

DETERMINING THE NUMBER  
OF INSPECTORS NEEDED

Both th e  number and the  a c c e s s ib i l i ty  of a l leys  
in a town vvere of g rea t  importance in determining 
the number of in spec to rs  needed .  In c i t ie s  with 
few or no a l le y s ,  such a s  were encountered  in th is  
study, the maximum number of b locks which could

In s e t t i n g  u p  a  f l y  s a m p l i n g  p r o g r a m ,  o n e  o f  t h e  m o s t  i m p o r t a n t  s t e p s  i s  t o  o b t a i n  m a p s  o f  t h e  t o w n  a n d  
d i v i d e  t h e m  i n t o  s u b - a r e a s ,  i n d i c a t i n g  a  s t a t i o n a r y  s u r v e y  b l o c k  i n  e a c h  s u b - a r e a .
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be surveyed per week by each  in spec to r  w as  
approximately 125 for both the s ta tionary  and ran 
dom surveys and approximately 275 for the v isua l  
type of survey. T h e se  figures were a t ta in ed  only 
under condit ions permitting a full work day, and 
when travel time each  day to and from the work 
a re a  was 30 m inutes or le s s .  B ased  upon previous 
survey experience in o ther  a re as ,  where each  city 
block was traversed by an a l ley ,  it  h a s  been de ter
mined tha t  the s ta t ionary  and random block surveys 
required one inspec to r  for each 150 b locks to be 
in sp e c ted  each week on each of the  tw'o types  of 
survey.  Time s tu d ie s  of the few b locks  traversed  
by a l ley s ,  in the area of the experim ental study 
under d is c u s s io n ,  ind icated  a v isua l  survey time 
per  block of 4 to 5 m inutes. Assum ing tha t  a l l  of 
a c i ty ’s  b locks were so traversed  by a l l e y s  and 
tha t  450 working m inu tes  were ava i lab le  each  day 
of a 5-day week, one inspec to r  could conduct a 
v isua l  survey through 450 to 560 b locks per week. 
V aria t ions  in th e se  f igu res  will r e s u l t  when work
ing time i s  d ec reased  by w eather  or o ther  fac tors  
or when maximum efficiency i s  lo s t  for any reason .

FACTORS WHICH A F F E C T  VARIABILITY  
OF GRILL COUNTS

V arious fac to rs ,  which have been found in our 
exper ience  to c a u se  the g re a te s t  var iab il i ty  in 
grill coun ts  of fl ies ,  are d i s c u s se d  in the following 
paragraphs.

In sp ectors .  In order to m easure the accu racy  of 
the d ifferent in sp e c to rs  in es t im a ting  f l ie s  on the 
grill ,  certain t e s t s  were run. T h e s e  t e s t s  involved 
the u se  of grills ,  to which dead  f l ie s  had been 
fa s te n ed  by m eans of an adhes ive ,  and on which 
the fly d is t ribu t ion  p a t te rn s  w ere arranged to 
sim ulate field occurrence.  In the low er density  
ranges,  i .e . ,  up to 50 f l ie s ,  i t  appears  th a t  all the 
in sp e c to rs  te s ted  were reasonab ly  accura te .  The 
g rea tes t  errors of es t im ate  were found to be in the 
vic in ity  of 175 to 250 f l ie s .  T h is  readily  may be 
explained by the fact that in th is  range of counts 
there  were too many f l ie s  for the in sp e c to r  to 
count on all p a r ts  of the grill; y e t  in th is  range, 
d is t r ibu t ions  of f l ies  on the grill were quite uneven. 
Since the inspec to r  counted the flies  on a portion 
of the grill in order to es t im a te  the to ta l  f l ie s  on 
the whole grill,  an additional error, due to the 
uneven distribution  of the f l ie s  on the grill,  was 
in troduced. T h is  error reached a maximum in this 
in te rva l .  Below 50 f l ie s  the spread  of the d ifferent 
read ings w as  very sm all,  but above 50 f l ie s  i t  w as

so great tha t  spec ia l  train ing of the in sp e c to rs  in 
es t im a ting  large numbers of f l ie s  was indicated .  
The  amount of time to be spen t in tra in ing  inspec
to rs  to u se  the grill will vary with the ob jec tives  
of a fly control program. T he  authors recommend 
a minimum of 4 w ee k s ’ tra in ing  wherever p o ss ib le  
and frequent checks  throughout the s e a so n .  A time 
lim it of 20  s e co n d s  should  be used in all t e s ts  
s ince  it c losely  s im u la tes  the length of time in 
which f l ie s  can be expected  to remain qu iescen t 
on the grill in the field.

T em perature.  One of the early observa tions  
made by the in sp e c to rs  was that the fly index on 
cold days yvas reduced to zero. T h is  was to be 
expected  s ince  f l ie s  are poikilothermic. In deter
mining the temperature threshold  of fly activity  
from the grill records,  it w as  found th a t  the lowest 
air temperature a t which countable f l ie s  were 
encountered  was cons iderab ly  lower than the 
obse rved  tem peratures at which f l ie s  would be 
immobilized. F ie ld  obse rva t ions  revea led  that 
a t t r a c ta n ts  in the sun had an environmental tem
pera tu re  about 24° F. warmer than the air  tempera
ture in the shade  usua l ly  recorded. Counts  made 
during those portions of the day when the air 
temperature i s  too low for normal fly ac tiv i ty  will 
only re f lec t  the number of a t t rac tan ts  in the sun 
and the f l ie s  tha t  were on or near  them,

A preliminary laboratory t e s t  was conducted in 
1949 in order to es t im ate  more c lose ly  the thresh
o ld  tem peratures  of various degrees  of fly activity . 
F ive  h ouse  f l i e s  each were p laced  in large te s t  
tubes, 29 millimeters by 19 cen tim ete rs ,  which 
had been f it ted  with cork s toppers .  A mercury 
bulb thermometer inse r ted  through a perforation 
in each cork s to p p e r  allowed read ings  of the air 
temperature in s id e  the te s t  tube and within one- 
h a lf  inch of the f l ie s .  T he  te s t  tubes of f l ie s  were 
cooled in a refrigerator  for 30 m inutes until the 
a i r  temperature within each  tube was approximately 
27° F .  After th is  cooling period, which immobilized 
the f l ie s ,  the t e s t  tubes  were brought into the 
labora tory  where the temperature was 80° F. As 
th e  temperature within each t e s t  tube rose ,  the 
read ing  at the in it ia t ion  of each level of activity 
was recorded. Fifty  rep l ica t io n s  of th is  te s t  were 
made, and a record w as kep t of the temperatures 
a t  which the following a c t iv i t ie s  were in it iated .  
The average  tem peratures  at which the flies  
responded  were: The f irs t  movement was made at 
55° F .;  a t  62o F. they righted  them selves; a t  70° 
F .  they crawled; and a t 74° F . they becam e quite
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a c t iv e .  From th is  information, and from field 
observation  d a ta ,  the authors concluded tha t  grill 
coun ts  taken when the air temperature is  l e s s  than 
70o F. should  not be used  in the ca lcu la t ion  'of 
fly ind ices .  T h is  70o F. temperature is  only a pre
liminary th reshold  se lec t io n ,  however, s in c e  further 
inves t iga t ions  as to the length of time the fly i s  
sub jec ted  to a gradual in c re ase  in temperature are 
needed, and the final r e su l t s  may in d ic a te  a dif
ferent th reshold  of ac tiv ity .

Moisture. Moisture i s  usua lly  an important limit
ing  factor only in a reas  of low ra infa ll .  In T ex as ,  
New Mexico, and Arizona the l im iting  fac tor  for 
fly production during the summer appears  to be the 
ava ilab il i ty  o f  m ois ture .  Data from Albuquerque, 
N. Mex., show tha t hog pens and some other ani
mal en c lo su res  with a c o n s tan t  supply  of moisture 
were the main fly a t t rac tan ts  (30 percent) ,  and 
accounted for most of the high counts .  In the 
southern region of the United  S ta tes ,  from e a s t  
T e x a s  to th e  Atlantic ,  e x c e s s iv e  m ois ture  may 
sometimes inh ib i t  r a the r  than in c re ase  fly produc
tion; th is  may be due to the drowning of the larval 
s t a g e s  and the mortality in the adult fly population 
caused  by heavy rains.

Shade. Shade is  apparen tly  of l e a s t  consequence 
among the factors s e le c te d ,  but is of importance in 
determining the distribution  of f l ie s  in a block at 
d iffe rent times of the day. Ear ly  in the morning 
or during a re la t ive ly  cool day (70° to 8 0 °  F .)  
the majority of high counts are found in the sun . 
As the a ir  temperature rea ch es  the v ic in ity  of 
90°  F . ,  the f lies will tend to move from the sun 
into the shade .

METHODS EMPLOYED IN ORDER TO MINIMIZE 
THE EXPERIMENTAL ERROR INHERENT IN 
THE USE OF THE GRILL

Knowing tha t  there is  a certa in  inevitable v a r ia 
tion in the ab ili ty  of the d iffe rent in sp e c to rs  to 
count and es tim ate fly numbers, it w as be l ieved  
e s s e n t i a l  that a  schedu le  for the sy s tem a t ic  ro ta 
tion of the in spec to rs  from one inspection  area to 
another be followed. In th is  manner the b ia s  intro
duced by the individual in sp ec to rs  will be equal 
in a l l  c i t ie s  or s e c t io n s  of a large city.

Of grea t  importance in survey ing  sm all  c i t ie s  
or s e c t io n s  of a large city , s in c e  they u sua l ly  are 
surveyed during part of a working day ,  was the 
rotation of the time of day in which the inspection  
was made. It is  quite obvious tha t the ideal pro

cedure would be to have the in sp e c t io n s  made at 
the same time of the day each week in a l l  c i t ie s .  
S ince this was not p o ss ib le ,  the authors sy s tem a t i 
cally  ro ta ted  the inspec t ion  time in al l  inspection 
a re a s  so tha t  var iab il i ty  caused  by the hourly 
f luctuation in numbers of f l ies  was introduced to 
an equal e x ten t  in a l l  a r e a s  when d a ta  from severa l  
in spec t ion  periods were combined.

In c i t ie s  where fly in sp ec t io n s  could not be 
completed in one day ,  the d iffe rent parts of the 
city were inspected  on different days  in order to 
have  one full inspec t ion  each week. Care  was taken 
that no section  was a lw ays  in spec ted  a t  the sam e 
time of the day. B locks  for each d a y ’s inspection  
were s e le c te d  a t random, without replacem ent,  
thus ge t t ing  a full weekly sample from the town. 
The random se lec t io n  of the s ta t ionary  survey 
b locks  to be in spec ted  each day g rea tly  inc reased  
the probability  tha t  a l l  par ts  of the town were 
in sp e c ted  a t a l l  the different times of the day.

SUMMARY
1. D ata  from the sam pling  of fly p o p u l a t i o n s  

se rved  a two-fold purpose: T hey  provided the 
opera ting  personnel with information needed to 
determ ine when and where control m easures  
were needed; and they were compared with epi
dem iological  da ta  on d ia rrhea l d i s e a s e .

2. A three-point survey w as be l ieved  n ec es sa ry  to 
b e s t  serve both purposes:
a . A v isua l  survey was of g rea t value in d irec t

ing  control opera tions and ho lds  promise, 
once fully te s te d ,  of serv ing  a l l  in spectional 
pu rposes .

b. A s ta t iona ry  block survey w as  of value in 
supply ing  continuous da ta  from the m ost  fly- 
productive block in each  sub-area .

c. A random survey was needed  in order to per
mit comparison of fly indices  with epidemi
o log ica l  data and served  a s  a check on the 
b ias  introduced in the s t a t i o n a r y  block 
su rvey .

3 . The m ost important var iab les  inf luencing fly 
dens ity  read ings by the grill or other methods 
were individual inspec to r  c a p a c i t ie s ,  tem pera
ture, m ois ture ,  and shade .

4. C o m p a r a b i l i t y  of fly inspection  da ta  was 
improved by the rotation of (1) the in sp e c to rs ,
(2 ) the order of inspection  of the sm all c i t ie s  or 
of the s e c t io n s  of the larger c i t i e s ,  and (3) the 
order of the inspec t ions  of the b locks  within the 
c i t i e s .
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PIC TO R IA L r ~ l

H a iic  S a n i t a t io n

PRODUCTION NO: CDC 4-090, R e leased  1950 

DATA
Motion P ic tu re ;  16mm., Sound, Color;
Time: 9 Minutes; Length: 316 F e e t

PURPOSE
To v isu a l iz e  how b a s ic  san ita t ion  can help  to 

el im inate f lies in a community fly contro l program.

AUDIENCE
P ro fess iona l  and subp ro fess iona l  public hea lth  

personnel and others who will u t i l ize  or teach 
others to u t i l ize  b a s ic  san ita t ion  in fly control.

CONTENT
1. Introduction. F l i e s  will breed in open garbage 

cans ,  in open garbage dumps, and around open pit 
p r iv ies ;  in fact, any p lace  where there is  f ilth, 
warmth, moisture and su f f ic ie n t  time for the b reed 
ing and developm ent s ta g e s  to take p lace .  B a s ic  
san ita t ion  — the elimination of al l  the se  fly breed- 
so u rce s  — is the foundation of a l l  su c c e s s fu l  fly 
control opera tions.

2 . A community program in b as ic  san ita t ion  
backed by local  ordinances should provide for or 
enforce (a) the s to rage  of a l l  garbage refuse  in 
covered and well-cared-for  garbage cans kep t on

concrete  b a s e s ,  or in ca se  of industria l  refuse ,  
in concrete  b ins; (b) co llec tion  of combined gar
bage and rubbish in c losed  collection u n i ts  (daily 
in b u s in e s s  s e c t io n s  and a t  l e a s t  biweekly in 
r e s id e n t ia l  a reas ) ;  and (c) d isp o s a l  of the co llec ted  
w aste  in san ita ry  land f i l ls  or inc inera to rs .

3. In rural a re a s ,  b as ic  san i ta t ion  procedures 
pa ra lle l  those of urban a re as  ex c ep t  tha t  the d i s 
p o sa l  of garbage is the problem of each individual 
family. Screens on windows and doors  aid in 
exc lud ing  f lies  from homes. Garbage should  be 
wrapped in new spaper  and s to red  in f l y  p r o o f  
garbage cans un til  it can be burned or buried . On 
stock  farms, manure should be spread thinly on 
the field a t  l e a s t  twice a week or kept in fly-tight 
storage b in s .  Sanitary p it  pr iv ies  keep f lies away 
from human excreta .

4 . R ecap itu la t ion  em phasizes  tha t  b as ic  s a n i 
tation i s  the foundation of a l l  su c ce ss fu l  fly 
control opera tions .

COMMENTS
Two other motion p ic tures  of the  Community F ly  

Control Ser ies  are “ Spraying Equipment and P ro 
cedu res” : No. 4-091, P a r t  I “ R e s id u a l  Spraying,” 
and 4-110, P ar t  II, “ Space Spraying.”

AVAILABILITY: Short-term free loan upon re q u e s t  to:
M edical D irector in Charge
Communicable D is e a s e  Center
605 Volunteer Building, A tlanta 3, Ga.
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