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ampicillin daily for three weeks:
(a) Two permanent carriers of Salm. typhi, with

failure probably due to chronic cholecystitis
in one patient and cholelithiasis in the other.

(b) One case of typhoid infection in an elderly
woman with thyrotoxicosis, severe myo-
carditis, and heart failure. The patient res-
ponded favourably to ampicillin, with no
fever after seven days. Treatment was
continued for 20 days. She was not vac-
cinated. After 24 days, there was clinical
relapse, cured with chloramphenicol.

(c) One case of undulant fever cured without
relapse.

2. Since submitting this paper for publication
Guinchi, Sorice and Ortona (1964) have repor-
ted results of treatment of eleven cases of
typhoid fever with ampicillin. Six patients who
were given mixed isomers of ampicillin had per-
sistance of fever for an average of 10 days, one
patient was not cleared of infection and a
further patient relapsed. Five patients treated
with the D isomer were cured the temperature
returning to normal, in an average of ten days.

We are grateful to Prof. De Ritis for criticism
and revision of the manuscript.
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Fcecal Excretion of Ampicillin

G. K. DAIKos: I would like to make some
comment concerning the concentration of
ampicillin in the intestinal lumen. Following
the detailed observations of Stewart and co-
workers it is generally considered that because
of the great absorption of ampicillin from the
higher gastro-intestinal tract and the inactivation
of the minimal remainder by the penicillinase
producing inhabitants of the large intestine,
ampicillin cannot be recovered from the in-
testinal lumen.
Our experiences are different (Daikos,

Kontomichalou and Bilalis, unpublished data).
During quantitative studies of the bacterial

intestinal flora of 16 healthy individuals
we determined the ampicillin concentration in
the fcs the sixth day after an oral daily dose
of 1.5 g. As it is seen in Table I the amounts
of ampicillin in the faeces ranged from 250
,ug./ml. to 25 ,ug./ml. in half of the subjects.
In another four it was from 12 to 0.5 u&g./ml.
and in only four it was not detectable. This
finding corresponds well with the observed
influence of ampicillin on the intestinal flora
of the same people. As can be seen in
Table II and the accompanying figure this
influence proved considerable and it can be
compared with that exerted by the so called
broad spectrum antibiotics (comparative data
to be published).

Although the kinetics of intestinal ecology
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TABLE I
Ampicillin Concentrations in the Faeces on the 6th Day after Oral Use of 1.5 g. Daily

,ug./ml. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Patient No. 250 150 80 60 40 25 25 24 12 6 3 0.5 0 0 0 0

TABLE II
Influence of Ampicillin on Facal Flora in 16 Individuals

Bacterial Before treatment After treatment Dis- De- Un- In-
species Number Number appeared creased changed creased

of A' of B"
cases cases

Esch. coli 16 4 X1011 13 3 X101 3 6 4 3
Klebsiella spp. 8 8 X102 12 2 X1011 1 12
Proteus spp. 2 5.3X106 5 3 X1O7 2 5
Pseudomonas spp. 1 1.8X101 - 1
Other Lactose non
fermenters 2 6.8X 10 3 3 3 X 1010 1 3
Serratia narcesens - 1 6 X 1010 I
Strept. facalis 16 2.2X10" 11 1.8X1011 5 5 2 4
Staph. albus 2 6.3X 106 2 1.2X 10 4 2 2
Lactobacilli 12 2.5X 10' 3 l.9X 10 4 9 3
Bact. subtilis 1 1.2X103 1
aostridia 8 2.8X 106 3 8.1X 108 6 1 1 1
Candida spp. 5 2.3X105 10 8.7X109 1 10

A' B" = Mean number of colonies per ml. of 10-1 suspension of fwces of all subjects.
Decreased or increased = an exponential difference of more than two.

TABLE III
M.I.C. of 101 Strains Isolated from Faces of 16 Individuals before Treatment with Ampicillin (A) and after one

Week (B)
(A) Isolated before ampicillin administration

Ampicillin concentrations Ag. /ml.
Number

Bacterial species of strains <800 800 400 200 100 50 25 12 6 3 1.5 0.7 03.5 <0.35

Esch. coli 16 1 4 5 4 1 1
Klebsiella spp. 12 2 3 1 2 3 1
Aero. aerogenes 1 1
Paracolon 3 1 1 1
Proteus mirabilis 2 1 1
Pseudomonas spp. 1 1
Serratia
Strept. fwcalis 13 1 1 3 8
Staph. albus 1 1
Bact. subtilis 1 1

(B) Isolated after ampicillin administration

Number Ampicillin concentrations ,ug./ml.
Bacterial species of strains > 800 800 400 200 100 50 25 12 6 3 1.5 0.7 03.5 <0.35

Esch. coli 14 10 1 1 1 1
Klebsiella spp. 15 8 1 3 1 1 1
Aero. aerogenes 1 1
Paracolon 2 1 1
Proteus mirabilis 2 1 1
Pseudomonas spp.
Serratia 1 1
Strept. faecalis 10 2 4 1 2 1
Strept. albus 2 1 1
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are complex and up to the present poorly
understood it is evident that in 14 out of the
16 individuals the intestinal flora was changed
to a varying degree in each case. The bacteria
that disappeared or decreased were, in
diminishing order: lactobacilli, enterococci,
Fscherichia coli, clostridia and staphylococci.
Those that were increased were, in increas-
ing order: B subtilis, Serratia narescens, lac-
tose non-fermenters, proteus spp. klebsiellke
and yeasts. In a small number of individuals,
enterococci and Esch. coli remained unchanged
or increased. Two of the people on the fourth
day of oral use of ampicillin experienced a
mild diarrhcea with 3-4 loose stools daily. A
marked change in the intestinal flora was
observed; almost all bacteria disappeared and
yeasts overgrew in large numbers. In one of
these cases the flora was re-examined seven
days after cessation of ampicillin and it was
found to be normal. The same effect was
observed in several other cases that have been
followed up.
As was expected the sensitive strains had

been replaced iby resistant ones as can be
seen in the Table III. This concerned mainly
the gram-negatives, several strains of which

(isolated after treatment) could grow in 800
fg./ml. or more, while the strains isolated
before treatment were in the majority inhibi-
ted by 10 pg./ml. or less. The spectrum of
sensitivity of enterococci and staphylococci did
not change considerably.

It must be expected that with the higher
doses used by Dr. Geddes and Dr. Christie the
ampicillin content of the fices should be much
higher than that observed by us. Its influence
should consequently be much stronger, making
the eradication of salmonella carriers more
successful. From what has been recently
published Troy (1964), Sleet, Sangster and
Murdoch (1964), ampicillin might become the
drug of choice for salmonella carriers. This
recent experience comes as an extension of
older observations with benzylpenicillin in
usual and in massive doses, the latter ones cor-
responding with those suggested for ampicillin
(Klose, Knothe and Staak, 1962). Of the 38
well documented cases in Kiel that have been
treated with benzylpenicillin (massive doses of
17 Mega units daily, i.e. approximately 11 g.)
and surgery, only one failed to be cleared of
the salmonellke.
The sensitivity of salmonelle to benzylpeni-
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cillin is not so great as to ampicillin (it ranges
from 7 to 20 pg./ml.).
The significance of cholelithiasis in the per-

sistance of salmonelle in the gall bladder of the
carriers has been repeatedly stressed. Tynes
and Utz (1962) were not able to eradicate the
salmonelke implanted in gall stones in
vitro despite high concentrations of antibiotics
(chloramphenicol, tetracyline, benzylpenicillin
and ampicillin) in amounts 10 to 100 times the
required anti-bacterial levels. The gall stone
centres of treated and untreated patients invari-
ably contained salmonelle. Interestingly
enough they produced the chronic carrier state
in rabbits by surgically placing small gall
stones from human carriers in the gall bladders
of animals.

This confirms the clinical experience that in
the presence of cholelithiasis surgery is neces-
sary, preceded and followed by chemotherapy.
KLOSE, F, KNOTHE, H., and SPAACK, H. H. (1962):

Dtsch. med. Wchs., 87, 292.
TYNES, B. S., and UTZ, J. P. (1962): Ann. intern.

med., 57, 871.
TROY, P. (1964): Brit. med. J., i, 1552
SLEET, R. A., SANGSTER, G., and MURDOCH, J.MOC.(1964): ibid, i, 148.

Intracellular Survival of Bacteria
BRUMFITT: Dr. Geddes found that the redief
of symptoms with ampicilllin was much slower
than with chloramphenicdl. Tissue culture
studies iwhich we have carried out using macro-
phages infected with Gram-negative organisms
may throw some light on this finding (Brumfitt,
Glynn and Percival, Brit. J. exp. Path. in the
press). When these bacteria are phagocytosed
many are killed but there is always a proportion
which survive within the macrophages. These
organisms not only survive but multiply within
the phagocytic cell, ultimately destroying it and
then burst out to invade further cells. The
effect of antibiotic in the tissue culture fluid
on intraceIllular survival and multiplication de-
pends upon the antibiotics ability to penetrate
the membrane of the phagocytic celil and so
reach the bacteria. Chloramphenicol penetrates
cell membranes freely, but streptomycin hardly
at all whilst preliminary studies indicate that
ampicillin occupies an intermediate position.
However, it must allso be remembered that
chloramphenicol is entirely bacteriostatic where-
as ampicillin is bactericidal at least for multi-
plying organisms.
On this basis chloramphenicol might be ex-

pected to be effective in the acute disease
where there is a large intracellular bacterial
population because when multiplication of these

bacteria is inhibited intracellular killing may
occur. However, in the chronic state the
problem is to destroy foci of organisms perhaps
embedded in fibrous tissue and protected from
the normal natural defence mechanisms. The
relative importance of bactericidal versus bac-
teriostatic antibiotics in dealing with intracel-
lular bacteria in typhoid fever remains to be
assessed.
STEWART: On Dr. Brumfitt's point that the
organism can survive intracellularly, I am
sure that this is true, and I would agree that
amnpicillin has poor powers of intracellular
penetrri tion. But on the other hand, if it is
given for long enough, some day those celils
must die, and I wonder whether the success of
Dr. Christie's series is related to this. He gavethe drug intramuscularly and orally, and for a
long time; and this means that with a constant
bath of ampicillin around those cells which in
the human tissue culture are gradualily dyingand being cast off, perhaps a few bacilli are
being lysed every day in this way. So I think
that that is the second point: that prcolonged
treatment, and intramuscular treatment are also
essential.

Bacteriocidal and Bacteriostatic antibiotics
SELIGMAN: Several people have mentioned the
importance of bactericidal activity in clinical
situations and while I agree that as a laboratoryphenomenon it is extremely important and of
considerable interest, I wonder if in the patientit achieves the same status that it appears to
achieve in the test tube, and if the differentia-
tion between chloramphenicol and penicillin is
as real as it appears to be. Now in the test tube,under idea(l conditions, one gets rapid bacteri-
cidal activity followed by a period of slow
bactericidal activity. However, in many con-
ditions particularly, as Dr. Hamburger has
noted, in blood clots and treatment of endo-
carditis in dogs, or with less activity-growing
bacteria, one does not get such rapid bactericidal
activity, and it is just a relatively minor fall in
the colony count at the time. This fall is some-
what similar to the fall which occurs under
similar conditions with chloramphenicol. In
patients, particularly in the carrier state when
they may not have as many actively grow-ing organisms, I think that it is entirely con-
ceivable that this "bactericidal" activity of the
penicillin-like compounds and those of the
"bacteriostatic" antibiotics, chloramphenicoland tetracycline, might not be all that dissimilar.
PERCIVAL: I would like to remind Dr. Seligmanthat if we consider the condition of bacterial
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endocarditis, there is no doubt at all that bac-
tericidal antibiotics are much more effective
than bacteriostatic antibiotics. The difference is
manifest in this condition probably because the
spontaneous cure rate is so low. Here, then, is
one clinical situation in which there is a very
clearcut demonstration of the importance of
bactericidal activity.
HAMBURGER: In commenting on the discussion
thadt has gone on up to now, I wonder whether
the results in Dr. Christie's carriers may be
attributed largely to the long length of treat-
ment that these carriers have had. Dr. Selig-
man's point about slow and rapid bac-
tericidal activity can certainly be demonstrated
in vitro. Whether-to what extent one can
extrapolate to in vivo situations I am sure I do
not know. Perhaps in some instances there is a
carry-over. But most of the work that is done
on bactericidal activity in antibiotics is con-
cerned with short-term studies, that is, studies
that go on over a period of hours, or may
be one or two or three days. But if one
carries out an experiment in the test tube
or in a flask over a period of weeks, and
attempts to find out the point at which
one can no longer culture any bacteria at all
one may find, with staphylococci (I cannot
say whether this applies to typhoid bacilli)
that after one has reduced the population very
rapidly, there are persisters that go on for a
long time. I need scarcely tell this audience of
the work that is going on all over the world
now in an attempt to elucidate the nature of
these persisters. Whether they be L-forms or
spheroplasts or whatever they are, we are not
sure really. But they are nevertheless organisms
whioh are capable of surviving for fairly long
periods of time in the presence of what are
ordinarily considered to be adequate concentra-
tions of antibiotic.

I do not think there is any quarrel with the
concept of 'bactericidal activity in vivo; 'but the
problem is how rapidly this takes place, and
what concentrations of a drug are required, and
furthermore what is the real nature of these
cells which persist after a long period of time.
DUGUID: I think there is a point here relevant
to the bactericidal action of these drugs. The
penicillin-type drugs are of course only bacteri-
cidal when the organisms are growing, and we
want to know therefore: are all the Salmonella
organisms growing in the body? We require
more information of the kind obtained by G. G.
Meynell in experiments in which he infected
mice with bacteria carrying a non-reproducing,
mutant bacteriophage. In some cases he was

95
able to show that the bacteria did not divide
within a period of 30 hours of residence in
the body. Now, if organisms are reproducing
as slowly as this we might expect that ampi-
cillin would not be bactericidal.

Influence of Gall Bladder disease
GARRoD: I should like, if I may, to offer my
congratulations to Dr. Christie on his remark-
able study- I can recollect none in which faeces
have been examined on quite such a scale.
However I wonder whether you can tell us any-
thing about these eight patients' gall bladders.
Because I strongly suspect that t-he eighth case,
which was a failure, has gallstones, and I
wonder whether any of the others had too. It
is very important that we should know whether
it is possilble, by means of an antibiotic, to
clear a gall bladder in which there are stones.
Personally, I do not believe it can be done, I
think if stones are there a cholecystectomy is
imperative in addition.

CHRISTIE: I am sorry I did not mention the
gall bladder. We have carried out X-ray
examination of gall bladder function in six of
the cases. Only one appeared to be not func-
tioning, and she was one who produced 100
negative specimens. The lady who relapsed
appears to have a functioning gall bladder, and
no evidence of gallstones whatsoever. We per-
formed duodenal intubation during her last
relapse-we found the Salmonella typhi in the
the bile coming down, but on X-ray she does
not appear to have gallstones, and the gall
bladder appears to be functioning.
CRUICKSHANK: I would just like to add my
wordof praise to Dr. Christie for this mag-nificent report on these chronic typhoid carriers;
it is the first time one has seen this happen in
this way and in this proportion of cases. On
the question of gallstones I should like to say
that I have kept the gallstones of typhoid
carriers for about five years and I have still iso-
lated typhoid bacilli from them at the end of that
time, so that I would feel rather like Professor
Garrod, that if there are gallstones present, one
would still be a little bit unhappy as to whether
these patients are really cured. I was wonder-
ing if Dr. Christie would take his courage in his
hands and remove the gall bladder from some of
these cured patients, and see whether typhoid
bacilli are still present in any gallstones.
DR. CHRISTIE: I would agree, of course, on
the desirability of cholecystectomy-at least,
I would have agreed until we got ampicillin. I
have treated quite a long line of typhoid
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carriers with various drugs, chloramphenicol
and so on, and found them no use at all-
ulltimately cholecystectomy is necessary. There-
fore no-one could have been more sceptical than
myself when I started using ampicillin. But the
difference was that here, within three days, I
was getting negative results on stool culture.

T(he question of treatment has been brought
up-treatment of a case as compared with a
carrier: now in my experience I have no critic-
isms whatsoever of chloramphenicol as a drug
for treating typhoid fever. It has been one of
the most dramatic advances in therapy. I have
not used ampicillin in treatment myself as the
results do not seem to be quite so good, and
only if you get fewer carriers at the end of the
course would I think there was any reason
whatever for changing from chloramphenicol
to ampicillin.
As regards the question of treating these

other Salmonella carriers, that of course is an
appalling problem in fever hospital practice.
We have children in for weeks on end, months
on end, excreting Salm. typhi murium and so on.
We usually give them one course of something,
and then no more. If ampicillin can cure that
quickly-and in my ex(perience it does not-
then I wouild be very willling to use it. But it
is a very expensive drug at the moment to use
unless one can be sure of doing good with it.
AYLIFFE: May I just say a few words about
ampiciliJin in bille. We gave 500 milligrammes
of ampicillin orally to 23 patients, and then
we removed bile at operation three to four
hours later. In 13 normal patients the
ampicillin levels varied between about five to
eighty ,tg./ml., as did five other patients with
cholecystitis or cholelithiasis. In the other five
patients, three of whom had obstructive jaun-
dice, there were very low, barely detectable
levels. Two patients with an obstructed cystic
duct, as you might expect, also had barely
detectable levels. So the state of the gall bladder
is obviously of some importance.

Spontaneous cure
SELIGMAN: Dr. Christie's results seem to show
the superiority of ampicillin so far as typhoid
carriers are concerned. However Dr. Geddes
seemed to have more asymptomatic patients at
the time the treatment was begun, and there-
fore in those patients would not one have
expected a higher degree of spontaneous cure?
GEDDES: I agree that some people feel that
mild or asymptomatic Salmonella carriers need
not be treated for long term foll-ow-up shows
that many clear themselves spontaneously.

PARKER: When talking about treating symptom-
less carriers of Salmonella infection, one must
always remember that the evidence we need
for success will be entirely different if we are
dealing with a disease which never clears up if
we do not treat it, than if it is a disease which
nearly always clears up. Therefore the situation
with typhoid is entirely different from Sal-
monella infection, and those who have been dis-
cussing the treatment of symptomless Salmonella
infections other than typhoid have, in order to
make their case, to show that the rate of clear-
ance when they treat with the drug is faster than
the rate of clearance when they do nothing.

ELMES: Just a short mention that we had in
a general medical ward an outbreak of a Sal-
monella heidelberg infection which was brought
in by one of the domestic staff of the hospita'l.
This was a ward fulil of sick elderly patients,
and we therefore tried to get rid of the sal-
monella from the ward. We sent some of
the patients to the local fever hospital, where
they received no treatment, and came back to
us stilll carrying the organism, and we there-
fore attempted to eradicate the organism from
the ward ourselves by giving a combination
of ampicillin and neomycin. We got rapid
clearance under this with no persistent carriers
left. There was therefore the comparison be-
tween the treated and the untreated cases to
show that this did cure this salmonella quicker.
It was not a terribly virulent organism; only
two out of the 18 people who picked it up
became seriously ill, but one did die, and we
felt we ought not allow it to persist in the unit.

STEWART: Dr. Geddes' resuilts, and Dr.
Christie's results in the care of the convalescent
or the established carrier state seem undoubted-
Jy to point to the place of ampicillin in this
situation. Ampicillin 'must, I think, be regard-
ed as having proved its value in the treatment
of carriers. I think this is due, almost certainly,
not only to its bactericidal efficacy, as people
have said, but also to the fact that it has this
extraordinary cycle in bile where it attains a
high concentration. Many of these patients are
billiary carriers.
Now a further point is that in some of these

patients the giving of ampicillin creates a
secondary penicillinase-forming flora in the
gut; you get an increase of P-lactamase-
forming organisms which may come up into
the lower ileum and invade the area where
typhoid bacilli or paratyphoid bacilli might be
carried. In this case, even though as Professor
Daikos said, small amounts of ampicillin are
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excreted in the freces on some occasions on
many others, especially when there is f3-lac-
tamase-forming secondary flora, no ampicililin
comes through. That, together with the fact
of good absorption higher up, means that you
cannot possibly, by that means, hope to clear an

intestinal carrier, and you should immediately
embark on the second drug. We feel that as
Dr. Coles said earlier, in those cases we should
try to condition the faecal flora by giving the
kind of coliform we want it to have, instead of
accepting the one that nature leaves us with.
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