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STUDIES ON URINARY CARRIAGE OF ENTERIC 
; 

GROUP ORGANISMS 
-

V.-CUL TURAL ABNORMALITY AND VARIATION IN 
ISOLATED SffRAINS 

BY 

Colonel G. T. L. ARCHER 

THE second paper in this series (Archer et al., 1952) classified Egyptian 
urinary enteric carriers as chronic persistent, int~rmittent and transient. It was 
also shown that agglutinins for the flagella ofthe carried species are very com
monly passed in the urine of chronic persistent carriers and that there is a high 
positive correlation between chronic carriage and urinary schistosomiasis. 

During, investigations made on strains isolated from urine then and sub
. sequently, it was noticed that atypic~l reactions in culture and in serological 

Species 

Salm. 
typhi 

Salm. 
paratyphiA 

Salm. 
paratyphi C 

TABLE I.-CULTURAL AND SEROLOGICAL ABNORMALITY IN ENTERIC STRAINS 
ISOLATED FROM URINE . 

Number of Strains showing Abnonnality 

Number Absence Roughness 
of 

Anaero- Dwarf 
of 

Strains Elagellar Flagellar Flagellar 
genesis Growth Antigen Total Antigen Antigen 

(smooth) Present Absent 

18 1 4 9 4 5 

30 12 (a) 1 6 9 3 ? (b) 
, 

10 1 3 2 1 1 

NOTES.-,..-(a) Includes 8 anaerogenic on first isolation. 

Number 
of 

Typical 
Strains 

15 (c) 

8 (c) 

4 

(b) Degree of rougru;.ess made direct serological tests impossible at times. Manceuvres to 
produce smooth growth were often accompanied by those to induce motility. Direct 
observation for motility was not usually made. 

(c) Including one Salm. typhi and two Salm. paratyphi A not completely tested. 

tests were com,mon. Abnormalities observed among 58 strains are recorded in . 
Table I, which shows that only 14-17 of these strains exhibited none. Of the 
apparently typical strains only three were isolated on more than one occasion 
and were thus available for repeated study.' -

In many cases the abnormality appeared as a "tendency" . (or temporary 
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56 Urinary Carriage of Enteric Group qrganisms 

adaptation, rather than in a dominant variant or persistent mutant) in that it 
ceased spontaneously, or did not tend to recur. Occasionally, however, it was 
difficult or impossible to establish normal behaviour. 

Such atypical reactions, especially if ,more than one are exhibited by a single 
strain, may lead to difficulties in identification and isolation. 

The cultural abnormalities in gas production and colony size are considered 
in detail below. 

Antigenic defects and the loss of virulence associated with roughness will be 
\ the subject of a further paper. 

Strain numbers which are the same as excretor numbers in the second and 
fourth papers (Archer and Naylor, 1952) in this series refer to the strain isolated 
from the identically numbered excretor. 

ANAEROGENIC CULTURES 

Hayes and Freeman (1945) refer to the description in the literature of 
anaerogenic variants of Salm. paratyphi A, Salm. paratyphi B, Salm. paratyphi C, 
Salm. enteriditis and Salm. typhi murium. In their own series of 548 strains of 
salmonella: which are normally gas-producing, one anaerogenic strain of Salm: 
paratyphi A, one of Salm. ertteriditis and three of Salm. dublin occurred. In 
'addition, three strains of Salm. paratyphi A were anaerogenic in peptone water 
sugars but produced gas from the same carbohydrate in nutrient broth. 

The present series contained a strain of Salm. paratyphi C which constantly 
failed to produce gas in glucose or mannite; while it was under observation, gas 
production in dulcite also ceased. Twelve strains of Salm. paratyphi A showed 
irregular failure in gas production. Details of tests on the para C strain and on 
seven para A strains, including the absence of gas in some primary cultures in 
MacConkey-mannite (Archer and Ritchie, 1950), are shown in Table 11. 

Subcultures from single strains into separate sets of sugars gave varying 
results. Certain types of rubber washer used in bijou bottles may inhibit gas 
formation (McCartney, 1948). Much of the work on this series of strains was 
carried out in bijou bottles before these were replaced by test tubes as containers 
for sugar media. It therefore seemed desirable to re-examine in the latter 
containers. Dorset egg cultures of the straiil.s described in Table 11 were available 
and were re-examined. 

Re-examination 
Salm. paratyphi C No. 35: Gas production did not occur on re-testing in 

glucose and mannite. Thirty colonies from a plate subculture from glucose were 
also anaerogenic. 

Salm.paratyphi 4: All ,but two strains (Nos. 51 and 55) now showed normal 
powers of gas production, and two s~rains (Nos. 19 and 21) tested by culture of 
thirty colonies of each in glucose and mannite bred true as gas producers. 

Strain No. 5l.-Gas in normal amount was now regularly produced in man
nite, but was absent once from glucose (in the first of twenty tests). This anaero-
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G. T. L.· Archer 57 

genic culture in glucose did not breed true, however, and two passages from 
plates to glucose fully established gas production in that sugar. 

Strain No. 55.-0n first re-testing strain No. 55, gas was produced in mannite 
in normal degree and was present, though in small quantity, in glucose., Plating 

TABLE II.-ANAEROGENIC CULTURES 

Number of 
Separate 
Isolations Number of 

Strain on which Times Detail 
Fermentation Anaerogenic 

Tests were made / 
" 

Salm. 1 1 No gas in MacConkey-mannite culture. 
paratyphi C No. 35 No gas in glucose or mannite after 12 days. 

Dulcite was not fermented in 24 hours, but 
slight gas was produced in 48 hours. 

Salm. 12 2 No. gas on first isolation; later no gas in 
paratyphi A No. 9 . MacConkey-mannite; subculture from 

this produced gas in glucose but not in 
mannite. 

Salm. 14 2 Gas on first isolation; later no gas in sub-
paratyphiA No. 18 cultures to glucose and mannite from 

colonies after direct plating, selenite, or 
MacConkey-mannite-though the latter 
itself contained gas: another culture 
showed no gas in glucose or mannite after 
12 days; acid was produced in dulcite on 
the 5th and gas on the 12th day. 

Salm. 6 2 No gas on firs~ isolation or in a later culture 
paratyphi A No. 19 from selenite . 
. -
Salm. 14 3 No gas on first isolation or once later; a third 
paratyphi A No. 21 culture showed gas in mannite but none in 

glucose after 5 days. 

Salm. 1 , 1 No gas after 48 hours, sligh~ gas after 5 days. 
pm;atyphiA No. 51 

Salm. 1 1 No gas in mannite or dulcite after 12 days, 
paratyphi A No. 52 gas in glucose after 48 (but not 24) hours. 

Salm. 1 1 Two s~ts of sugars: one showed gas, the 
par(uyphiA No. 55 oth~r no gas. 

and picking colonies, however, finally led to the isolation o~ an apparently stable 
mutant which was anaerogenic in both. It is a matter of interest that, in seven 
of the thirty tests, evolution of gas was delayed in mannite and normal in glucose 
media which had been inoculated in pairs with thirty colonies, since the colonies 
were picked from a plate from a glucose culture in which only a little gas was 
present, while its mannite counterpart showed normal gas. If G represents 
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58 Urinary Carriage of Entenc Group Organisms 

normal gas production, g a small quantity, (G) delayed production, A acid only, 
and the frequency of tests and findings· is shown by a numeral in a bracket,. 
results may be shown as follows : 

I 
,-----''-----" 
Glucose Mannite 
(11) g G 

I 
I 

,------'-----., 
Glucose Mannite 
(22) G G 

I. 

Glucose 

i 
, 

Mannite 
G 

I 
,,--~"----, 

Glucose Mannite, 
(19) G G 

I 
~-.A---., 
Glucose Mannite 

(7) G (G) 
I 

I 
,----'-------, 
Glucose Mannite 
(1) A A 

A further point of interest is that while the mutant isolated was anaerogenic 
in glucose and mannite, it produced gas in dulcite at the same time as acid (after 
48 hours). Colonies from 'plates inoculated from this dulcite, however, still 
failed to produce gas in glucose or mannite, but again produced gas in dulcite in 
all tests, though fermentation was further retarded and gas production some
times lagged behind that of acidity, the former being delayed up to the eleventh 
day. 

It thus appears that it is unnecessary to invoke the effect of rubber to explain 
the irregular gas production noticed earlier. It seems more likely that all 
anomalies'were examples of a transient inability to complete the fermentation of . 
certain "sug'ars." 

Discussion 

These findings suggest that an anaerogenic tendency is relatively common, 
but the production of anaerogenic mutants rare. 

The "tendency" -and - delay in complete fermentation-may be due to 
dominant anaerogenic variants with the production of sufficient recessive 
aerogenic organism~ to produce visible gas late or on subculture. 

Failure to produce gas in ~.number of sugars could arise from the lack of a 
single enzyme having a common intermediate product as its substrate, or from a 
multiple enzyme loss. In the former case the occurrence of gas in one or other of 
the sugar cultures might be due to the random presence, in those cultures in which 
gas is found, of an effective recessive aerogenic population. The distribution of 
such gas-containing cultures noted, however, was not such as should arise from 
chance,. and the consistent abs~nce pf gas in glucose and mannite inoculated from 
colonies obtained by plating cultures in dulcite medium in which gas has been 
produced would seem to indicate that more than one enzyme is lost to bring 
about a general failure in gas production during fermentation reactions. 
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G. T. L. Archer 59 

Death in Culture' 

In the course of daily plating from sugars early death in' culture was fre
quently dete~ted. This might be due to acidity alone, to the production of toxic' 
by-products of bacterial metabolism, or might be a combined effect of both. 

Prolonged follow-up was largely confined to anaerogenic cultures, hence it 
was thought that the loss of ability to produce gas by species normally able to do 
so might lead to an increase of acidity beyond the limit of tolerance by such 
species, or to the undue accumulation of toxic 'substances; on the other hand, 
early death in gas-containing cultures was also noted on occasions. Survival 'of 
the mutant of strain No. 55 in, dulcite (in which' gas was produced) was much 
longer than in glucose or mannite (fermented without gas); on the other hand, 
dulcite was a 0.5 per cent., glucose and mannite 1.0 per cent., solution. 

A phenomenon suggesting acquirement of tolerance, followed by resumed 
growth, was occasionally noted, strain No. 55 cultures in dulcite which were 
apparently dead yielding positive subcultures later. 

To investiga,te this matter the following experiments were made: 

EXPERIMENT I ' 
Strains used: S. paratyphi A (anaerogenic derivative of strain No. 55) 

S. paratyphi A, HA 6 ' 
S. paratyphi C (strain No. 35 (anaerogenic) ) 
S.paratyphi C (aerogenic strain) 

Method: 1 per cent. glucose, mannite and dulcite, and 0.5 per cent. duIcite, in 
phenol red peptone water were distributed in large tubes, each containing a 
Durham tube, and inoculated with each of the four test ,strains. .on 1st-5th days 
and on the 7th day after inoculation the existence and type of fermentation was 
noted, a .loop from each culture was plated and a sample' of each removed for pH 
determination by the quinhydrone method. The pH of the media before inocula-

, tion were 7.57, 7.86, 7.47 and 7.70 respectively. 

Results: 

1. Survival and gas production: 
In glucose aerogen~c cultures were dead on the· 3rd day; anaerogenic 

Salm. paratyphi A on the 4th, and anaerogenic Sabn. paratyphi C on 5th, 
d~ , 

In mannite both Salm. paratyphi A subcultures showed diminished 
viability on the 3rd day; the anaerogenic one was dead on the 4th .. 

In dulcite there was no effect on viability of any strain by the 7th day. 
Both aerogenic strains produced gas in normal quantity in all media 

after 24 hours. Anaerogenic Salm. paratyphi C produced no gas in any 
medium by the 7th day. Anaerogenic Salm. paratyphi A produced no gas 
in glucose or mannite throughout. Normal gas was present in ,dulcite after 
48 hours .. 

o 
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60 Urinary Carriage of Enttrric Group Organisms' 

2. Survival and pH: 
Glucose: 3rd day-All of 8 cultures were more acid than pH 4.85. 

Six were more acid than pH 4.8; 5 of these were 
dead, one other at pH 4.8 w~s dead, subcultures of 
the remaining 2 showed a reduction in viable 
bacteria. ' ' 

4th day-7 of 8 were more acid than pH 4.8; 6 cultures 
were already dead (see above), the survivor of 
acidity beyond pH 4.8 on the previous day was 

. now dead also and the only living culture had now 
passed that degree of acidity. Only one colony 
grew from the inoculum when it was sub cultured. 
I t was sterile next day. 

Mannite: 3rd day-5 of 8 cultures were more acid than pH 4.85; 3 
were more acid than pH 4.8;7 cultures were 
alive, one (at pH 4.86) was dead. 

Dulcite: 
(0.5% 

and 
1.0%) 

4th day-4 of 8 more acid than pH 4.85 (including a second' 
dead culture at pH 4.63). Six cultures were alive. 

3rd day-'-l of 16 more acid than pH 4.85: all normal 
survival. 

4th day-None more acid than pH 4.85: all normal 
survival. 

Revivals.-Apparent diminution of the survlvmg bacterial population, 
followed by an increase rather than a further fall, was noted twice in mannite. 
The diminution noted was never so marked as to suggest total death of the 
culture in these instances. 

Most acid reaction £n living cultures: 
pH 4.55 in a dulcite culture of Salm. paratyphi C 
pH 4.63 in glucose, mannite and dulcite cultures of Salm. paratyphi A 

Least acid reaction at which /:l culture died: 

pH 4.86 (Salm. paratyphi A in mannite) 
pH 4.63 (Salm. paratyphi C in glucose) 

EXPERIMENT II 
Dead cultures of both aerogenic and anaerogenic Salm. paratyphi A in acid 

tubes from Experiment I were readjusted to neutral with NaOH. These were 
then tubed off in known volume and re-inoculated with known numbers of viable 
Salm. paratyphi A or of a coliform organism. Inoculated tubes were incubated or 
refrigerated. The former all grew with acid production. The latter showed no 
evidence of reduced bacterial population on subculture to plates. 
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Conclusions .1 

(i) The death of aerogenic salmonella 'species in sugar media is unrelated to 
loss of ability to produce gas. 

(ii) Their death in such media is closely related to the acidity produced. 
Salm. paratyphi C seems slightly more ~esistant to acid than Salm. 
paratyphi A. 

In general the limit of acid tolerance of the two species studied seems 
to lie in the region of pH 4.8-4.85. ' 

(iii) No toxic metabolite other than acidity, is produced by anaerogenic 
(incomplete) fermentation by Salm. paratyphi A. 

(iv) Death of such cultures is not associated with impoverishment of the 
medium, which is still capable of supporting bacterial multiplication 
after readjustment of the acidity and which contains unfermented 
carbohydrate. 

The second of these conclusions suggests that acid intolerance may explain 
(a) the irregular behaviour of cultures in enrichment media reported in the first 
paper in this series (Archer and' Ritchie, 1950); (b) the sterile fluid ,cultures 
referred to in the second of these papers (and there suggested as due to phage 
action) and possibly even (c) intermittency of-excretion; these being due on this. 
hypothesis to an excessively acid bladder urine. Intermittent rather than 
transient carriage would arise where there was an infected focus from which 

. reinfection of the urine could occur when less acid. 

SMALL-COLONY (DWARF) STRAINS 

Morris, Sellers and Brown (1941) rep<?rt the isolation from 10 persons of a 
small-colony strain of Salm.typhi. Colonies were smooth, but only 0.2 mm. in 
diameter on agar after 24-48 hrs. Colonies of normal size grew, however, if 
sodium sulphite or thiosulphate, flowers of sulphur, cystine or cystein (but not 
ammonium, magnesium or ferrous ammonium sulphate, tryptophane, lysine or 
tyrosine) were added to the medium. The late development of a large colony led 
to an increase in size of neighbouring small ones. Pathogenicity for mice, and 
biochemical and serological reactions, were normal. 

Variants of a similar nature to these dwarf strains were produced by Salm. 
typhi strain No. 20 and Salm. paratyphi A strain No. 55 in the present series; 

, they are described below. ' 

Salm. typhi No. 20.-In December, 194:9, three months after urinary excre
tion was detected in the carrier, large (L) and dwarf (D) colonies were seen on 
plating a specimen of urine. ' 

Both types were agglutinated by Salm. typhi "0" serum, both were non
motile forms which failed to spread in soft agar (Colquhoun and Kirkpatrick, 
1932), and both gave the biochemical reactions of Salm. typhi. 

,The D form showed only slight growth on agar and is apparently suppressed 
completely if the agar content of the' medium is raised to 6 per cent., though 
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62 Urinary Carriage of Enteric Group Organisms 

growth of theL form was only slightly retarded thereby. There was at first no 
visible growth on lit.mus lactose agar; minute colonies developed later. The D 
form was recovered from tetrathionate broth and from selenite medium after six 
hours. It grew more slowly than the L form in incubated urine. 

Incidence in Urine.-The proportion of L to D colonies was determined on 
various occasions by plating serial dilutions of fresh urine on to a medium 
suitable for type differentiation (see below). Findings on examinations carried 
out over a period of eleven months were as follows: 

Date 

L/D ratio 

3/1/50 26/1/50 2/2/50 8/2/50 12/4/50 26/4/50 10/5/50 23/12/50 

19/12 19/28 14/15 62/12 33/147 14/64 72/178 115/20 

Effect of Thiosulphate in Media 
Experiments were made to observe the effect of the addition of sodium 

thiosulphate to media on the growth of this D form. 

EXPERIMENT I 
Media: 'P~pain, digest aga'r, tryptic digest agar, Lemco agar and litmus 

lactose agar were all used, plain, and with the addition of 0.2 per cent. and of 
0.5 per cent. thiosulphate to each. 

Inoculum: Land D forms of Salm. typhi No. 20. 
Cultures were observed daily for'three days. 

Results 
L form growth: 

D form growth:, 

24 hours-colonies of average size on all digest media. 
I 

48 hours-average colonies on Lemco and L.L.A. ; large 
colonies on digest media. 
No effect produced by thiosulphate on growth on 
any medium. 

24 hours-The only media on which growth of the D variant 
was equal to that of the L form in the same time 
were papain agar to which 0.2 per cent. or 0.5 per 
cent. thiosulphate had been added. 

72 hours-Growth of the D variant was now also equal to 
that of the L form of the same age on tryptic agar 
containing thiosulphate. 
D form growth on Lemco was enhanced by 
thiosulphate but did not equal that of the L form 
on, the same medium. 
As regards L.L.A., the amount of thiosulphate 
added in this experiment, appeared to worsen D 
growth. 
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Subculture of large colonies which had been produced by inoculating the D 
form ,on thiosulphate media reverted to characteristic D form growth on media 
not containing thiosulphate. 

EXPERIMENT II 
Growth of Land D forms was tested on plain MacConkey and MacConkey 

containing 0.5 per cent. and 1.0 per cent. thiosulphate, on L.L.A. and Lemco 
agar containing 1.0 per cent. thiosulphate, on D.C.A. (0.77 per cent. thiosulphate) 
and on Wilson and Blair medium. 

Results 
0.5 per cent. thiosulphate produced some enhancement of D, growth on 

MacConkey. / 
1.0 per cent. thiosulphate in MacConkey, L.L.A. and Lemco agar produced 

colonies from the D form comparable to those of the L form (though they took 
longer to reach the same size). - D.C.A. showed no differentiation between L 
and D. The D variant would not grow on Wilson and Blair medium "in spite of its 
sulphite content. 

Recognition 
-It is not _ always possible to recognize L or D forms by first appearances. 

A scanty growth of colonies from a heavy D inoculum on plain media may
suggest a variation to the L form which is later disproved by characteristic, D 
growth on subculture. Conversely the presence of very small coionies ainong 
others ?f norma~ size on urine ,plates was taken to indicate mixed Land D 
growths. These small colonies, however, behaved as L form on subculture,. and 
true D form colonies appeared as minute colonies on the same plate after further 
incubation. D c?Ionies were rather commonly rough, but the strain in general 
tended towards roughness. 

Absence of Satellitism' , ' , 
No enhancement of 'growth ofD fi>rm inocula in the neighbourhood of L 

form inocula took place. 

Variation in vitro 
L Form: The L forIl). appears to be very stable. Repeated examinations and 

subcultures yielded only one colony the L----+D variation of which could be 
proven by growth tests on suitable media, and identity tests in sugars' and ~ith 
T "0" serum. This D variant occurred as a single colony I on one of two plates 
inoculated from outgrowths or papillre noted after four days on a'few colonies of 
the L ,form. Other suspect small colonies did not breed true ~ D; others again 

I died out in culture before confirmation of identity, or failed to be agglutinated by 
T "0" serum. 

D Form: D----+L variation, on the contrary; was quite frequently. noted. 
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64 Urinary Carriage of Enteric Group Organisms 

rendering necessary a test of purity for D suspensions required for virulence 
tests, etc. Some colonies varying D-+L showed papillre or outgrowths 
suggesting, in view of the result noted above, that the colonies were mixed Land 
D. This could not be proved, however, as all subcultures from such outgrowths 
yielded growths of the L type. 

The apparent greater stability of the L form may be fallacious. Development 
of a large from a small colony is at once obvious. The rever~e will very generally 

. be masked by growth of the parent colony. The persistence of the slower 
growing D form in vivo suggests its relative dominance. 

Virulence of D form 
This was twice tested in mice. It was very low, but so was that of the L form 

of this strain. 

Salm. paratyphi A No. 55 

This strain has already been shown to have yielded an apparently stable 
anaerogenicmutant. In the course of re-examining the stock culture on Dorset 

, egg from which that mutant was derived, minute colonies accompanied by three 
large ones were observed in a subculture on MacConkey from glucose peptone 
~ater . 

. Minute colonies were observed later in purity tests of suspensions. Four 
. were tested on different media in parallel with four cultures of Salm. paratyphi A, 
strain HA6. . 

The larger size of colonies of the latter strain was very marked on nutrient 
agar and definite on MacConkey. Thiosulphate enhancement of strain No. 55 D 
growth to equal that of HA6 in 48 hours occurred on nutrient agar. Growth of 
strain No. 55 D on DCA was, however, not equal to that of HA6, but was as poor 
as on MacConkey. 

, With this strain, also, some larger colonies were produced even on thio
sulphate-deficient media, suggesting either D---+L variation or contamination. 
Subcultures of such colonies, however, behaved as D on media with and without 
added thiosulphate, and identity as anaerogenic Saim. paratyphi A was confirmed 
biochemically and serologically. These scanty larger colonies accompanying 
characteristic D growth on media without thiosulphate showed marked colonial 
roughness. ' 

SUMMARY AND CONCLUSIONS 

1. Four kinds of abn~rmality have been observed among 58 enteric group 
strains isolated from the urine of Egyptian fo.od-handlers: loss of ability to 
produce gas in fermentation, dwarf colony production, loss of flagellar antigen 
and roughness. Study of the first two is recorded. 

2. One strain of Salm. paratyphi C was persistently anaerogenic. Twelve 
Salm. paratyphi A strains showed transient inability to produce gas from varying 
sugars j an apparently stable anaerogenic mutant was obtained from dne of them. 
It seems possible that salmonella variants which are unable to produce gas occur 
quit~ commonly, but that their presence is nearly always masked by the gas, 
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G. T. L. Archer 65 

produced by normal organisms in the same culture. Failure by a normally 
'aerogenic species' to produce gas does not affect the pH changes in the medium or 
. the death rate of the organisms in the culture. 

3. The acid tolerance of Salm. paratyphi A and Salm. paratyphi C appears to 
cease at about pH 4.8. This acidity is commonly reached in three days in glucose. 
It seems possible that acid intolerance may cause failure of isolation from acid 
urine, or even intermission· or cessation of urinary carriage .. It had previously 
been found (Archer et al., 1952) that the reaction of urines sent for culture varied 
between pH 4.8 and pH 8.0 and that-urine freshly passed by carriers lay between 
pH 5.5 and pH 7. One of a number of tests since carried out detected a urine of 
pH 4.73. On the other hand, in suitable specimens at refrigeJ,"ator temperature, 
viability of the carried species in the urine of carriers may be considerable. 
Approximately 100 per cent. survival of Salm. typhi for one week was previously 
recorded (Archer and Ritchie, 1950). Later tests showed 36 per cent. survival 
of 5,000 Salm. typhi per ml. after 14 days, 36 per cent. survival of 11 million 
Salm. typhi per ml. after 10 days, not less than 44 per cent. survival of 68,000 and 
5 per cent. survival of 21,000 SaJm.paratyphi A per ml. after one week. pH of 
these specimens was unfortun,ately not recorded. Improved results in the detec
tion of urinary carriers might follow if the reaction of fresh specimens was taken 
and, where a negative result was found following the culture of a highly acid 
urine, arrangements were made for the administration 'of an alkaline mixture 
before the second specimen was taken. The possibilities of add reaction as a 
cause of failure_ of isolation, intermission of carriage or spontaneous cure, and 
of the use of acidification in treatment, merit investigation. 

4. Dwarf colonies were produced by a strain of Salm. typhi and a strain of 
Salm. paratyphi A. Growth of inocula of these variants was normal in certain 
types of media to which sodium thiosulphate had been added. The Salm. typhi 
strain was persistently excreted in both normal and dwarf form by the carrier for 
nearly a year. Variation of this strain in vitro in both directions (L~D) was 
observed. 

ACKNOWLEDGMENTS 

I thank Major A. P. Goffe, Major G. R. E. Naylor, Major A. W. Morrow and 
S./Sergt. A. Ritchie of the Central Medical Laboratory, M.E.L.F., for much of 
the work described and for their advice, and Major-General A. ]. Beveridge, 
'O.B.E., M.C., Q.H.P., D.M.S., M.E.L.F., for advice and for permission to 
publish this paper.' 

REFERENCES 

ARCHER, G. T. L., and RITCHIE, A. (1950). J. Royal Army Med. Corps, 95,341. 
ARCHER, G. T. L., GOFFE, A. P., and RITCHIE, A. (1952). Ibid., 98,40. 
ARCHER, G. T. L., and NAYLOR, G. R. E. (1952). Ibid., 99,12. 
COLQUHOUN, D. B. and KIRKPATRIC:K, J. (1932). J. Path. Bact., 35; 367. 
HAYES, W. and FREEMAN, J. F. (1945). Ind.Journ. Med. Res., 33,177. 
MCCARTNEY, J. E. (1948). Report to War Office. 

MORRIS, J. F., SELLERS, T. F., and BROWN, A. W. (1941). J. Infect. Dis., 68,117. 

, I 

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-99-02-02 on 1 January 1953. D
ow

nloaded from
 

http://militaryhealth.bmj.com/

