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[Continued from page 47, January issue] 

CHRONIC INTERMITTENT CARRIERS 

As indicated above, two excretors are classified as chronic intermittent 
carriers (S. paratyphi A excretor No. 12 and the double excretor of S. typhi and 
S. paratyphi A No. 3); and a third (S. paratyphi A excretor No. 11) may be 
such and has been so assessed in considering schistosomiasis and urinary anti
'body rates. S. paratyphi C excretor No. 8 and double excretor No. 14 are also 
intermittent carriers. The results of culture and of urinary antibody determina-

-tions on the first four are recorded diagrammatically in Fig. 1. Similar representa
tion of chronic persistent carriers No. 9 and No. 20 is included in the figure for 
purposes of comparison. \ 

Culture 
Carrier No. 12.-Early' observations on this case suggested that apparent 

intermissions in urinary excretion might in fact be due to technical inadequacy 
as suggested for apparent intermission of frecal excretion by Holt and Wright 
(1942), since partial culture failures and a viable count indicate wide variation in 
the numbers passed at different times. These findings are presented in Table VI. 
Regular success of daily cultures in four groups of six (see Fig. 1) 9 months after 
the first isolation, however, was followed after 6 weeks by twelve consecutive 
negative examinations within a month. For these last twelve examinations both 
selenite and McConkey mannite were used on . each occasion and direct, plating 
on eight occasions. There is thus little room for doubt that true intermission of 
excretion was occurring in this case. 

Carrier No. 3.-The results illustrated in Fig. 1 might equally represent 
reinfection. Examinations were, however, continued. Detailed results were 
as follows: S. paratyphi A was isolated on primary examination, from the first 
positive culture 17 months later and again after 23 days. As recorded under 
"Double Carriers," carriage of S. typhi synchronized with that of S. paratyphi A 
at least during the last month of observation. 
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126 Urinary Carriage of Enteric Group Organisms 

Camer No. 14.-The findings in this case are not illustrated in Fig. 1. They 
were as follows: S. paratyphi A was isolated on first examination. Four months 
later when examinations were resumed four specimens within 8 days were 
positive (one yielded S. typhi as well as S. paratyphi A). , Six weeks later S. 
paratyphi A was still present in the urine. Fifty-nine cultutes were then negative, 
after which S. paratyphi A reappeared once. Four more negative daily cultures 
followed. Then 6 days after the culture of S. paratyphi A, S. typhi was again 
isolated. 

Intermission seems a more probable explanation than repeated reinfection 
of the results of examination on No. 3 and No. 14. 

No. 

1 
2 
3 

4 
5 
6 

7 
8 
9 

Pool of 
10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 
23 

TABLE VI.-DETAILS OF EARLY CULTURE REsULTS FOR CARRIER 12 

Interval Direct Plate Selenite Tetra-thionate 

- + -
1 day - + 
,I day + + 

," 

11 days , - + 
1 day + + 
1 day + + 

1'2 days - -
1 day - -
1 day - -

7,8 and 9 - + 
33 days - -
1 day - -

20 days + -
1 day + + 
1 day - + 

12 days - + 
1 day - + 
1 day - + 

12 days - -

1 day / - -
1 day - -

12 days - -
1 day + + 
1 day + + 

IsolatIOn of S. paratyph, A shown as +, faIlure of IsolatIOn as -. 
No entry under a heading indicates that the method was not used. 

Viable Count 
per ml. 

500,000 

Urinary Antibodies 
It should be recorded that the antibodies detected in the urine of carrier 11 

were predominantly heterologous (see also note (a) to Table II). The incidence 
was as follows : 

Titre 
Titre 

1/4 or over 
1/2 or over 

ANTIBODIES/ExAMINATIONS 

Homologous 
0/22 
2/13 (with 2 more at 

1/2 tr) 

Heterologous (antigens) 
2/22 (b) . 2/22 (d) 
6/13 (b) 1/13 (c) 6/13 (d) 
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G. T. L. Archer, A. P. Goffe and A. Ritchie 127 

Schi~tosomiasis 
Schistosome ova were present in the urine of each of these carriers. The total 

incidence of positive examinations was 28/103 (27 per cent.), while of the 
82 examinations on specimens from the three regarded as chronic, 24 (29 per 
cent.) were positive. 

Though antibodies were not detected in the urine of carrier No. 8, R.B.Cs. 
and W.B.Cs. were seen four times, R.B.Cs. alone once and W.B.Cs. alone twice 
in the 14/17 specimens which were negative for ova. A plasma leak was thus 
indicated not less'than 8/17 times. 

TRANSIENT CARRIERS 

Transient carriage commonly ceases within 4 weeks of defervescence. 
Prolongation beyond 3 months is rare (Vogelsang and B~e). 

It is, however, necessary to establish that excretion has in fact permanently 
ceased and this requires continued observation in view of the long periods of 
freedom from excretion which may occur in cases of intermittent carriage (vide 
Fig. 1). On the other hand, as stated above, the reappearance of organisms in 
culture after such "intermissions" may really represent fresh transient excretion 
following reinfection. 

In view of the foregoing S. paratyphi C excretor No. 23 has been classified 
after 10 months' apparent freedom from excretion as a transient carrier. As 
already suggested, S. paratyphi C excretor No. 24 and S. paratyphi A excretor 
No. 25, culture-negative for 2 and 3! months respectively, are probably also 
transient carriers. 

Schistosomiasis 
Noschisto~oma ova were observed on seventeen examinations of specimens 

from execretor No. 23 and on five examinations and seven examinations 
respectively on the urine of excretors No. 24 and No. 25. This may be a significant 
indication of transient bacilluria rather than chronic carriage. 

TYPE INCIDENCE 

Our material has thus yielded ten chronic persistent carriers, three most 
probably (a,nd two possibly) chronic intermittent carriers and three probably 
transient carriers. These numbers, however, cannot be considered to afford a 
true index of actual or relative frequency of occurrence. A pool of three specimens 
provided the standard inoculum in the routine investigation of each food
han'dler. The nature of transient and intermittent carriage greatly reduces the 
chances of detecting either by the culture of a few samples only. 

It is nevertheless possible to suggest limits between which the incidence of 
chronic carriers in the population under investigation, which consisted of adult 
male food-handlers almost exclusively Egyptian and Sudanese, may lie, and 
certain data bearing upon the total carrier incidence among them will also be 
considered. 
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128 Urinary Carriage of Enteric Group Organisms 

Chronic Persistent Carrier Rate 
Six established chronic persistent carriers were all found in the sp'~ce of 

3! months. The average number of individuals examined per month over 12 
months in which this period is included was slightly under 500. This suggests an 
incidence of 0.35 per cent. If the ten proven and presumed chronic carriers 
listed in Table V are considered, however, incidence was spread over 13 months 
and falls to 0.16 per cent. 

In both cases sources of error lie in the impossibility of arranging follow-up 
examinations on all excrdors detected, so that some chronic carriers may have 
escaped classification, and in the number of re-examinations among the routine 
tests carried out. Probably only about one in three of the tests were first examina
tions. The rest were for annual re-examination. Chronic persistent carriers 
should thus have been already excluded from those producing about two-thirds 
of the samples. 

A consideration of the carrier rates found in the primary test and retest 
sub-groups affords a further indirect method of assessing the chronic carrier rate. 
The incidence of carriers in the former was 1.12 per cent., while the latter 
yielded 0.63 per cent. If it be assumed that primary screening for chronic 
persistent carriers had been cOIllpletely effective, the second figure represents 
later infections and intermittent cases. If this recent infection and intermittent 
rate be considered generally applicable the difference between these rates (i.e. 
~pproximately 0.5 per cent.) would represent the chronic persistent carrier rate. 
We may thus i.nfer a chronic persistent carrier rate between 0.16 and 0.5 
per cent. 

Miller (1949) found a carrier rate of 3 per cent. in a Nile Delta village. He 
deduced from the age incidence that the majority were not chronic carriers, but 
considered that about one-quarter (i.e. 0.75 per cent.) were such. 

Chronic Intermittent Carrier Rate 
It is doubtful if any estimate of value can be given for the incidence of chronic 

intermittent carriage on the scanty material available, and in view of the uncer
tainty of their detection. An attempt to do so, however, based on the average 
number of individuals examined, the number of probably or possibly chronic 
intermittent carriers observed and the chances of their detection, suggested an 
incidence between 0.13 and 0.65 per cent. Chances of detection were 
calculated from the probability of one or more of three examinations being 
positive if the frequency of isolation observed in different cases were taken as 
representative. 

Total Carrier Rate 
Owing to difficulties of det,ection any observed rate is likely to be below the 

true incidence even over a short time range, and well below the annual incidence 
which will depend on the attack rate and the proportion of convalescent excretors 
among those who have been infected. Recent observed rates in the population 
studied by us have varied from 1.96 over 4 months to 0.68 over the following 
7 months; the rate over the whole period being 1 per cent. As already stated, 
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G. T. L. Archer, A. P. Goffe and A. Ritchie 129 

however, the majority of those tested had been previously examined and were 
thus a selected group in whom the incidence should be below average. Earlier 
observations in our laboratory showed a rate of 1.46 per cent. over 7 weeks 
(Ashton). The urinary carrier rate observed on first examination of a comparable 
group of food-handlers in the Canal Zone in 1950 was 1.37. Miller, as quoted 
above, found an all-over carrier incidence of 3 per cent. in a village. The popula
tion studied by him was of all ages and both sexes, but the incidence detected was 
five times as great in males as in females and among the former most carriers 

. were adolescents and young men. He also produced evidence for an enteric rate 
of 1.4 per cent. per annum with a 16 per cent. carrier rate among those infected 
within the previous two years. No direct evidence of the enteric rate among the 
food-handlers we studied was available, but the detection of three double carriers 
suggests that exposure to infection is frequent. 

NUMBERS OF ORGANISMS PASSED 

The numbers of viable organisms passed by chronic persistent carriers with 
the highest and the lowest counts when'more than one examination was carried 
out is shown in Table V. The result of a similar test on chronic intermittent 
carrier No. 12 is given in Table VI. Counts were also made on the unclassified 
carriers No. 18, No. 27 and No. 28. No. 18 passed 400,000 and 200,000 organisms 
per m!. respectively in two tests. No. 27 passed 2,000,000 organisms per m!. 
No. 28 passed 3,000 per m!. S. paratyphi A and 30,000 per m!. presumptive 
S. typhi on separate occasions. 

The very large numbers so frequently passed indicated the infectivity of the 
urine and the possible danger of hand contamination. This has been studied by 
Chad wick (1951), who found that such carriers were capable of infecting milk 
and contaminating cloth immediately after micturition once in every five tests. 
The ease with which isolation by simple methods from such heavy excretors 
should be accomplished is obvious. 

Four of the nine chronic persistent carriers on whom more than one viable 
count was performed, however, show a wide range in the numbers passed on 
different occasions. An even greater' degree of variation than that demonstrated 
by the viable counts made was sometimes apparent from observation of direct 
plate cultures of a loopful of urine. ' 

Thus: Carrier No. 1 passed 20,000 and 23,000 organisms per ~1. on two 
occasions, but showed only eight colonies on a direct plate on a third. 

Carrier No. 2 passed over a million organisms per ml. on three occasions, but 
only one colony developed on a direct plate on another. Reference to the failure 
of two further viable counts and to frequent failures of viability in fluid cultures 
of this strain has already been made. While carrier No. 4 showed wide variation 
in viable counts, the occurrence of only four organisms on a direct plate indicated 
the presence on 'that occasion of far fewer organisms than the 50,000 per ml. 
f<;mnd in the lowest viable count. 

The results of culture tabulated in Table VI suggest that very small numbers 
were frequently passed by chronic intermittent carrier No. 12. 
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130 Urinary Carriage of Enteric Group Organisms 

When rough organisms are passed viable counts may be invalidated by failure 
of division and a preponderance of abnormally long forms, and by the aggregation 

'. of the organisms into clumps. Each of these occurrences will lead to colony 
counts which are too low. . 

SCHISTOSOMIASIS IN CARRIERS AND OTHERS 

The incidence of schistosomiasis among twenty-three urinary excretors of 
enteric group .organisms and the frequency with which the ova could be detected 
in positive cases by the simple method used is shown in Tables I-IV. 

The results of single and multiple examinations for schistosomiasis on the 
different types of carrier and on control groups are summarized in Table VII. 
Assessment of the significance of the differences shown in the table presents 
certain problems. ' 

Thus our samples of the better defined carrier groups are too small for valid 
comparison of the schistosomiasis rates in them with that in control group (h). The 
latter is itself a small group, but no direct comparison of schistosomiasis rate can 
be made with the larger control group (e) as members of that group were only 
examined once. Further, the comparison of group (h) is not strictly comparable 
with that of the carrier groups. 

If, to make use of the largest possible number of observations, all excretors 
are considered-group (d)-there is no significant difference in the infestation 
rate in them and in control group (h). The difference between the schistosomiasis 
rate for all chronic carriers-group (a and b)-and the control group is, however, 
probably significant though both groups are undesirably small. 

The number of positive examinations for ova when members of representative 
samples from groups are submitted to frequent examination is a further possible 

. basis for comparison. Here two factors are involved-infestation rate, and excre
tion rate in the infested (the latter presumably varying according to the severity 
of the infestation). 

If it is assumed that the samples are representative, the difference between 
this positive examination rate for all excretors of enteric organisms -group (d)- . 
and for control group (h) is significant. 

With regard to the quest~on of representative samples, conside'ration was given 
to the possible validity of a comparison between the examination rate in groups 
(a), (b) and (a and b) (few persons, many examinations), and group (e) (many 
persons, single examinations), on the grounds that, if samples were large enough 
to be truly representative, the proportion of positive findings on a given number 
of examinations will be the same in both cases. It was considered that with regard 
to the actual groups under observation such a comparison could not be made. 
It is, however, of interest in assessing the quality of our samples, and the validity 
of the correction factor used in calculating a schistosomiasis rate for groups (e) 
and (f), to note that-

(1) The average chance of detecting the positive cases of schistosomiasis in 
group (h) was 1/2.13 (compared with 1/2.19 for fifteen carriers with 
schistosomiasis-the correction factor used). 
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(2) The actual detection by one examination in group (h) was nil. 
(3) The positive examination ra~es in group (e) (single examination of many) 

and group (h) (many examinations of few) are not significantly different. 

It thus appears that the sample in group (h) is too small to be of value in 
respect of single examinations for ova, but is adequately representative when a 
number of examinations is carried out. 

TABLE VI I.-SCHISTOSOMIASIS IN CARRIERS AND CONTROLS 

Composition of G~oup Schistosomiasis Rate Schistosoma Ova seen 

0- On First Ex- On Complete ~ 
0 amination Investigation ... 
(j Classification No. in Observed Calculated --

Sample 0/ 
/0 % (i) No. =%+ (+/No. =%+ 

exams.) 
---

(a) Chronic persistent 10 80 7 82/181 (ii) 45.3 
carriers (82/145) (56.5) 

(b) Chronic intermit- 3 100 0 24/82 29.3 
tent carriers -

(a) All chronic carriers - 13 84.6 7 106/263 (ii) 40.3 
and (106/227) (46.7) 
(b) 
(c) Transient carriers 3 0 0 0/29 
(d) All urinary excre- 26 61.5 10 38.5 1201351 34.2 

tors of enteric 
group organisms 
(iii) 

(e) Control group: 676 29 89 13.2 
Food-handlers 

(f) Control food-hand- 38 75 13 34.2 
lers passing 
urinary anti-
bodies 

(g) Control food-hand- 7 7 28/49 57 
lers followed up -
on account of 
Schistosomasis -
detected at first 
test 

(h) Gontrol group 15 
(Sanitary 

40 (iv) 0 39/218 (v) 17.9 

labourers and 
cleaners) 

Notes (i) This figure was calculated as follows: 
Ova were found in 118 of 258 examinations made on fifteen carriers in whose urine they 
were eventually found. The chance of finding ova by one examination as here carried 
out on persons showing the average degree of infestation is thus 1 in 2.19. Where only 
one examination had been carried out, therefore, the number of positives found was 
multiplied by 2.19, the figure obtained divided by the number of persons in the group 
and the result multiplied by 100. 

(ii) 181 and 263 examinations for groups (a) and (a and b) respectively include 36 on carriers 
No. 4 and No. 22 in whose urine ova were never detected. The figures in brackets are 
those for proved schistosomiasis cases, these two being excluded. 

(iii) Includes three extra to those listed on Tables I-IV which were detected on follow-up of 
antibody excretors, and excludes No. 28 (who was not examined for ova). _ 

(iv) All except one, however, passed urine containing R.B.Cs. on from one to nine occasions. 
The exception passed leucocytes once. 

(v) Individual frequency ranged from 3/15 to 13/15, with a total of 47 per cent. positive 
examinations on the six proven cases (39/83). 

[To be continued] 
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