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Thomas's Hospital: Dr. R. eher, Ciba, Basle; Drs. R. Gaunt
and J. J. Chart, Ciba, ew Jersey; Dr. F.. C. Banter, ational
Institutes of Health, Bethesda; and Drs. R. Dorfman and O.
Hechter, Worcester Foundation for Experimental Biology, Shrews­
bury, Mass.); whose laboratones 1 had the opportunity and
pleasure of visiting.

REFERENCES
I. S..';"gle, W. W. and Pfiffner, J. J. (1930): Science, 71, 321.
2. Singer, B. and Stack-Dunne. M. P. (1955): J. Endocr., 12, 130.
3. Farrell, G. B., Rauscbkolb, E. W., Royce, P. C. and Hirschmann, H. (1954):

Proc. Soc. E"p. BioI. (N.Y.), 87, 587.
4. Gross, F. and Uchtlen, P. in Muller" al. (1958): Op. cit."
5. LuetSCher, J. A. Jr. (1954): J. Clin. Invest., 33, 276.
6. LuetsCher, J. A. Jr., Deming. Q. B. and Johnson, B. B. (1952): Ciba Colloq.

Endocr., 4, 530.
7. Bush, \. E. (1952): Biochem. J., SO, 372.
8. Zalfaroni, A. and ·Burton, R. B. (1951): J. BioI. Chem., 193, 749.
9. Grundy, H. M. and Simp5On, S. A. (1952): Nature, 169, 795.

10. Simpson, S. A. and Tait, J. F. (1952): Endocrinology, SO, 150.
11. Simpson, S. A., Tait, J. F. and Bush, 1. E. (1952): Lancet, 2, 226.
12. Simpson, S. A., Tait, J. F., Wettstein, A., eher, R., Von Euw, J., Schindler,

O. and Reichstein, T. (1954): Helv. chim. Acta, 37,1163 and 1200.
J3. Luetscher, J. A. Jr., Neher, R. and Wettstein, A. (1954): Ex erientia, 10,

456.
J4. Fried, J., 1Iorman, A., Kessler, W. B., Grabowicb, P. and Sabo, E. F. (1958):

J. Amer. Chem. Soc., SO, 2338.
15. Ayres, P. J., Gould, R. P., Simp5On, S. A. and Tait, J. F. (1956): Biochem. J.,

63,19P. .
16. Giroud, C. J. P., Stache.nko, J. and Venning, E. H. (1956): Proc. Soc. bp.

BioI. (N.Y.), 92, 154.
17. Conn, J. W. (1955): J. Lab. Clin. Med.. 45, 3.
18. Schrnidlin, J., Anner, G., Billeter. J-R.. Heusler. K .. Ueberwasser, H.,

Wieland, P. and Wettstein, A. (1957): Helv. chim. Acta, 40, 1034 and 1438.
19. Johnson, W. S., Collins, J. C., Pappo, R. and Rubin, M. B. (1958): J. Amer.

Chem. Soc., SO, 2585.
20. Muller, A. F. and O'Connor, C. M., ed. (1958): An Inurnalional Symposium

on Aldosterom;, p. 141. London: ChurchilL
21. Neher, R. and Wettstein, A. (1956): J. Clin. Invest., 35, 800.
22. owaczynski, W., Koiw, E. and Genest, J. (1957): Canad. J. Biochem.,

35, 425.
23. Ayres, P. J., Garrod, 0., Simp5On, S. A. and Tait, J. F. (1957): Biochem. J.,

65,639.
24. Gaunt, R., Gordon, A. S., Renzi, A. A., Padawer, J., Fruhman, G. J. and

Gilman, M. (1954): Endocrinology, 55, 236.
25. Hellman, K., Collins, K. J., Gray, C. H., Jones, R. M., Lunnon, J. B. and

Weiner, J. S. (1956): J. Endocr., 14,209.
26. Smith, H. W. (1957): Amer. J. Med., 33, 623.
27. McCaUy, M., Ander.;on, C. H. and Farrell, G. B. (1958): 40th meeting,

Endocrine Society, San Francisco, USA, 19 June; abstr. nn. 184.
28. Farrell, G., Rauscbkolb, E. W" Fleming, R. B. and Yatsu, F. M. (1957):

39th meeting, Endocrine Society, New York. USA, 1 June; abstract no. 38,
in discussion.

29. Barner, F. C. (1958): Proc. Roy. Soc. Med., 51, 201.
30. Earle, D. P., Sherry, S., Eicbna, L. W. and Conan, N. J. (1951): Amer. J

Med., 11, 283.
31. Evans, B. M. and Milne, M. D. (1954): Brit. Med. J., 2, 1067.
32. Wyngaarden, J. B., Keitel, H. K. and Isselbacher, K. (1954): New Engl. J.

Med., 250, 597.
33. Mader, 1. J. and Iseri, 1.. T. (1955): Amer. J. Med., 19,976.
34. Coon, J. W. (1955): J. Lab. Clin. Med., 45, 661.
35. Conn, J. W. and Louis, 1.. H.: 1956): Ann. Intern. Med., 44, I.

459

36. Brooks, R. V., McSwiney, R. R., Prunty, F. T. G. and Wood, F. J. Y. (1957):
Amer. J. Med., 23, 391.

37. Milne, M. D. and Muehrcke, R. C. (1956): Proc. Roy. Soc. Med., 49, 883.
38. Aird, I., Milne, M. D. and Muehrcke, R. C. (1956): Brit. Med. J., I, 1042.
38a. Milne, M. D., Muehrcke, R. C. and Aird, 1. (1957): Quart. J. Med., 26

317.
39. Crane, M. G., Voge~ P. J. and Richland, K. J. (1956): J. Lab. Clin. Med.,

48, I.
40. Eales. L. and Linder, G. C. (1956): Quart, J. Med., 25, 539.
41. Goldsmith. R. S., Bartler, F. C., Rosch, P. J., Meroney, W. H. and Herndon,

E. G. Jr. (1958): J. Clin. Endocr., 18, 323.
42. Hewle!!, J. S., McCuUagh, E. P.,FaTTell. G. L.. Dunstan, H. P., Pout:lSSe, E.

and Proudfi" W. 1.. (1957): J. Amer. Med. Assoc., 164, 179.
43. Soree, R. C. and Whitstone, W. E. (1958): Arch. Intern. Med., 102, 131.
44. Holten, C. and Petersen, V. P. (1956): Lancet, 2, 918.
45. van Buchem, F. S. P., Doorenbos, H. and EIings, H. S. (1956): Lancet,

2, 335 and 574.
46. Bartter, F. C. and Biglieri, E. G. (1958): Ann. Intern. Med., 48, 647.
47. Foye, 1.. V. Jr. and Feichtmeir, T. V. (1955): Amer. J. Med., 19,966.
48. Spaulding, W. B., Ollie, W.· A. and Gomall, A. G. (1955): Ann. Intern.

Med., 42, 444.
49. ewman, A. E., Redgate, E. S., Yatsu, F. M. and Farrell, G. L. (1958):

Fed. Proc., 17, 117.
50. Muller,., al. (1958): Op. cit.," pp. 221-2.
51. Prader, A. (1955): Schweiz. med. Wschr., 85, 1085.
52. Bongiovanni, A. M. (1958): Pediatries, 21, 1031.
53. Wollf, H. P., Koczorek, K. R. and Buchborn. E. (1957): Lancet, 2. 63.
54. Chart, J. J., Gordon, E. S., Helmer, P. and LeSher, M. (1956): J. Clin.

Invest., 35, 254.
55. Venning. E. H. and Dyrenfurth, I. (1956): J. Clin. Endocr., 16,426.
56. Rinsler, M. G. and Rigby, B. (1957): Brit. Med. J., 2,966.
57. Venning, E. H., Dyrenfurth, I. and Beck, J. C. (1957): J. Clin. Endocr.,

17. 1005.
58. Mach, R. S. in Muller., ai. (1958): Op. cir.'·
59. LuetSCher. J. A. Jr. and Lieberman, A. H. (1957): Trans. Assoc. Amer.

Phycns., 70, 158.
60. Thorn, G. W., Ross, E. J., Crabbe, J. and Van't Holf, W. (1957): Brit. Med

J.,2, 955.
6Oa. Ross. E. J., Crabbe, J., Renold, A. E., Emerson, K. Jr. and Thorn, G. W.

(1958): Amer. J. Med., 25, 278.
61. Genest, J., Koiw, E., owaczynski, W. and Leboeuf, G. (1958): Clin. Res.

Proc.. 6, 28; Proc. Soc. hp. BioI. (N.Y.), 97, 676.
62. Natelson. S. (1958): Clin. Chem., 4, 32.
63. Stanbury, S. W. and Mahler, R. F. (1958): Quart. J. Med., 27, in press.
64. Venning, E. H., McCorriston, J. R., Dyrenfurtb, J. and Beck, J. C. (1958):

Metabolism, 7, 293.
65. Uaurado, J. G. and Woodruff, M. F. A. (1957): Surgery, 42, 313.
66. Fine, D .. Meiselas, 1.. E. and Auerbach, T. (1958): J. Clin. Invest., 37, 323.
67. Streeten, D. H. P., Coon, J. W., Louis, 1.. H .• Fajans, S. S., Seltzer, H. S.,

Jol105On, R. D., Gilter, R. D. and Dube, A. H. (1955): J. Lab. Clin. Med.,
46, 957.

68. Conn, J. W., Louis, 1.. H., Fajans, S. S., Streeten, D. H. P. and Jnhnson,
R. D. (1957): Lancet, 1,802. •

69. Hudson, J. B., Chobanian, A. V. and Relman, A. S. (1957): New Engl. J.
Med., 257, 529.

70. Skanse, B. and Hokfelt. B. (1958): Acta endocr., 28,29.
71. Renold, A. E., CrabbC, J., Hernando-Avendano, 1.., Nelson, D. H., Ross,

E. J., Emer.;on. K. Jr. and Thorn. G. W. (1957): ew Eng!. J. Med., 256,16.
72. Gaunt, R .. Chart, J. J., Howie, N., Sullivan, B. and Sheppard, H. (1958):

40th meeting, Endocrine Society, San Francisco. USA. 19 June; abstract
no. 25.

73. Liddle. G. W. (1957): 'ature, 126, 1016.
74. McCrory, W. W. and Eberlein, W. R. (1958): J. Clin. Invest., 37,917.

COMBINED ENTERIC INFECTION
KENNTIH C. WATSON, M.D., Department of Pathology, University of Natal, Durban

Enteric fever is a systemic clinical syndrome which may
result from infection with a variety of distinct but related
organisms of the salmonella group. In addition to classical
typhoid fever, due to Salmonella typhi, and paratyphoid
fever due to any of the three S. paratyphi strains, certain
other salmonella strains may produce the picture of enteric

. infection though the more usual result is an acute gastro­
enteritis. Chief amongst these according to Topley and
Wilson1 are S. cholera-suis, S. blegdam, S. dublin, S. enteri-
tidis var. chaco and S. sendai. .

Enteric infection associated with systemic invasion by
more than one organism of the salmonella group is by no
means common but occurs with sufficient frequency to make
the association a recognized entity. It was originally de­
scribed under the tenn jievre typhoide intriquee, by Chante­
messe and Grimberg,2 and the tenn 'double enteric infection'
was introduced by Shaw and MacKay.3 Several examples of
triple infection have however been recorded, and for this
reason we have preferred to use the term 'combined enteric

infection'. Shaw and MacKay's paper contains an extensive
review of the literature and they quote a series of 28 cases
of their own occurring in an epidemic outbreak in Ihe Middle
East. ·These infections.were due to S. typhi (Vi phage type T)
and S. paratyphi B (Vi phage type 'Dundee').

This brief report concerns a series of 4 cases of combined
infection due to S. typhi and S. dublin. In each case the
organisms were isolated from the blood stream. A 5th
patient is included where one of the organisms was isolated
from the blood and the other from the faeces. However,
it is uncertain whether this is a true example of combined
infection or whether the patient was a faecal carrier of one
type and merely had a superadded single infe<;tion with the
other organism.

PRESENT SERIES AND BACTERIOLOGICAL METHODS

Whole-blood cultures were performed by the addition of
approximately 8·0 ro!. of blood to 50 ml. of bile-salt broth.
Clot cultures were made by the addition of the residual clot
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from 5·0 ml. of blood to 15 m!. of bile-salt broth containing
lOO units/ml. of streptokinase, as we have previously de­
scribed.' In both case subcultures were plated, after incuba­
tion at 37·0°C, onto Wilson and Blair' medium. Agglutina­
tion reactions were testc:d by the usual tandard methods.

The clinical feature of enteric infection are well known
and it is not proposed to de cribe the case histories in any
detail. It bas previously been sugge ted that the clinical
picture of a combined infection is usually severer than that
of a single infection. Shaw and MacKay,3 however, were
unable to ob erve any pecific features in their 28 double­
infection patients, a compared with 43 patients suffering
from S. typhi infection alone.

Of the 4 patients in thi series 2 were c1as iiled as moder­
ately severe on admission. The 3rd patient had apparently
only a mild infection but in spite of this developed a per­
foration of the gut during the fourth week of illness and died.
The 4th patient was admitted with a history suggestive of
incomplete abortion and only developed the clinical features
of enteric infection after 3 days in hospital. This patient
was classified as severe. She also had radiological evidence
of tuberculosis of the right upper lobe with cavitation,
and died 7 days after admission in spite of chloramphenicol
and cortisone therapy.

In cases J, 2 and 3 both S. typhi and S. dub/in were isolated
from the same blood-clot specimens. In case 3 S. dublin
was also isolated from th~ urine. In case 4 S. dublin was
isolated from the blood clot and S. typhi from whole blood
culture taken at the same time. In the 5th patient referred
to, S. dublin was present in a blood-clot specimen and S.
typhi was found in the faeces. In none of the cases was the
agglutination reaction of much significance. Patients 1
and 2 responded well to antibiotic therapy.

DISCUSSIO'

The review of the literature by Shaw and MacKay3 includes
records of 39 isolated cases of double infection and I of
triple infection as well as 10 epidemic outbreaks of double
infection and 4 of triple infection, occurring between the
years 1904 and 1951. In all of these the organisms incrimin­
ated were S. typhi and S. paratyphi A and/or B. We have
been unable to find any previous account of the association
of S. typhi with a salmonella other than S. paratyphi. How­
ever, since it is only within recent years that elucidation of
the antigenic tructure of the salmonella group has been
achieved it may be that some of the earlier reports refer in
actual fact t salmonellas other than S. paratyphi, but
which have been designated as such because of lack of the
necessary antisera for proper identification.

The mode of infection in the present series of cases was
not established. AJJ were admitted to hospital within- a
matter of 10 days of each other. In addition, 2 further
patients were admitted at the same time from whom
S. dub/in alone was isolated from blood-clot specimens.
There was no evidence of a possible common source of
infection outside the hospital, the patients coming, in fact,
from widely scattered areas.

The origin of mixed infections is not definite and it may
be that the same mechanism is not involved in each case.
The most obvious possibility is that both organisms are
ingested at the same time. This is particularly likely to be

the case in waterbome epidemics of combined infection.
The se~ond possibility is that a carrier of one type of salmo­
nella may acquire an infection with a second salmonella.
The resulting infection from the second organism may then
in some way allow of re-invasion of the blood stream by
the 'carrier' organism. It has previously been shown iliat
S. typhi may remain viable within plasma cells in the in­
testinal lesions and it seems highly probable that similar
viable organisms occur in other sites, especially in the spleen
and liver. These intracellular G~ganisms appear to acquire
a balanced existence with the symptomless carrier host,
but it may be that a second infection with another salmo­
nella type precipitates the balance in favour of the parasite
with consequent multiplication arid re-invasion of the blood
stream in sufficient numbers to be detectable by the usual
bacteriolbgical p~ocedures.

A third possibility has been put forward in the past,
namely that an infecting salmonella strain may undergo
mutation to a second salmonella type. The evidence in
favour of such spontaneous mutation is not convincing.
Recent work on bacterial genetics, particularly with regard
to the phenomena of transduction and lysogenic conversion,
has shown that bacteriophage isolated from one salmonella
strain may produce lysogenization of certain other salmo­
nella strains with the resulting production of a new anti­
genic component. In the same way it is possible to show
experimentally the acquisition of flagellar antigens of S.
typhi-murium by strains of S. typhi so that the resultant
cells have the somatic '0' antigens of S. typhi and the flagellar
'H' antigens of S. typhi-murium. It is uncertain, however,
to what extent transduction phenomena occur in nature.
The production of a different salmonella strain in this way
(for example, conversion of S. typhi to S. paratyphi A) is
highly unlikely since this would involve the genetic exchange
of more than one antigenic factor in addition to alterations
of metabolic properties. Normally in the phenomenon of
bacterial transduction only one genetic characteristic is
transmitted to anyone receptor cell.

Several of the earlier reports on combined enteric infec­
tions must be treated with reserve since the diagnosis has
been made as the result of agglutination tests or else by the
demonstration of the organisms in the faeces. There is no
doubt that quite unwarranted assumptions are often made
from the results of the former test and the demonstration of
the organisms in the faeces may merely reflect the carrier
state resulting from a past infection.

SUMMARY

Combined entenc infection with two or more salmonella
strains is a recognized entity. Four patients, and a possible
fifth, with infection due to both S. typhi and S. dublin are
described. Mechanisms for the possible occurrence of such
infections are mentioned.

I wish to t~ank Dr. A. Adnams, Medical Superintendent,
Edendale HOSPItal, Pietermaritzburg, for a~cess to the case notes.
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