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time was analysed with the aid of a computer. The experi
mental data from each curve fitted the function y=a +be-cl
almost exactly for the calculated values of the 3 constants
a, band c. However, each set of constants was unique for
the curve in question, and no simple correction for even
1 variable seemed practicable. Until such a correction is
possible, the added effect of other oxidation-reduction
systems in a tissue extract under assay cannot be allowed

for by this method. It therefore seems that some ostensibly
cruder forms of assay' may be more satisfactory for
certain biological requirements, since apparent improve
ments bring further problems which it has been the pur
pose of this note to indicate.
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THE INCIDENCE OF TRANSMISSIBLE DRUG RESISTANCE FACTORS AMONG STRAINS
OF ESCHERICHIA COLI IN THE PRETORIA AREA

I. J. MARE, M.B. CH.B. AND J. N. COETZEE, M.D., Department of Microbiology, University of Pretoria

Antibiotic-resistant members of the family Enterobacteria
ceae, which can transmit their resistance to other members
of this family of Gram-negative bacteria, have been iso
lated in many countries.'-' This infectious resistance is
controlled by a number of resistance determinants (R
determinants) which are linked on a piece of extrachromo
somal genetic materia!. The transfer of this material to
another cell is controlled by a transfer factor (TF). This
factor is responsible for the appearance of a conjugation
tube between the resistant and sensitive bacteria and also
for the transmission of the R-determinants through this
tube. The complex of transfer factor attached to resistance
determinants is called an R-factor. Characteristics of this
system are that the sensitive recipient organism becomes
resistant to a number of antibacterial agents simulta
neously and that the degree of resistance to some of the
antibiotics is remarkably high. Strains of Salmonella
typhimllrillm and Citrobacter carrying R-factors have been
isolated in Pretoria.' In order to gain an impression of
the prevalence of R-factors in the Pretoria area, it was
decided to investigate locally isolated human strains of
Escherichia coli.

METIlODS AND MATERIALS

Two hundred and seven strains of Escherichia coli were
isolated from an equal number of patients. One hundred and
seventy were from faeces and 37 from urine specimens investi
gated by the routine section of this laboratory. Gram
negative bacteria which formed non-mucoid red colonies on
MacConkey agar were regarded as E. coli for purposes of this
experiment. A fully sensitive derivative of the multiple drug
resistant Salmonella typhimurium and E. coli slrain E27, pre
viously used,' both of which are sensitive to 25 p.g./ml. of
sulphadiazine, streptomycin, ampicillin, chloramphenicol and
tetracycline, were employed as recipients for R-factors in con
jugation experiments. The R-factor was eliminated from the
S. lyphimllrium strain by means of acriflavine,' and this sensi
tive organism is now called RD42. The liquid medium was
Difco Penassay broth and the plating medium was Difco
MacConkey agar. Sensitivity to antibiotics was determined by
streaking loopfuls of overnight broth cultures onto Penassay
base agar, into which appropriate concentrations of the agents
had been incorporated. Sulphonamide sensitivity tests were done
on a minimal medium' in order to overcome interference from
sulphonamide inhibitors present in nutrient media.' Transfer
experiments were done by mixing 1 ml. of overnight broth
cultures of resistant donor E. coli and sensitive recipient
S. lyvhimllrium RD42 in 5 m!. of warm broth. The mixture was
incubated at 37°C. One m!. of the overnight mixture was
added to 10 m!. of warm selenite broth to inhibit the donor
F. coli. and again incubated. Dilutions of This culture to y:dd
about 200 colonies I plate were then spread on 5 drug-contain
ing MacConkey agar plates. Each plate contained a different

drug. After overnight incubation, pale resistant Salmonella
colonies were picked off into broth and subsequently tested for
their complete spectrum of resistance. Broth cultures of donor
and recipient organisms were also plated on drug-free and
drug-containing media as controls. Experiments were also done
to determine whether the Salmonella strain RD42, which had
newly-acquired R-factors from different resistant E. coli, was
infectious for this property. This was done by mixing the
newly-resistant Salmonella with the sensitive E. coli E27.
These experiments were done as above with the exception fuat
the se!enite step was excluded. The resistance-spectrum was
also determined for any newly-resistant E. coli E27 so pro
duced.

RESULTS

Forty-six of the 207 E. coli strains examined were sensitive
to 25 ,ug./m!. of sulphadiazine, streptomycin, ampicillin,
cWoramphenicol and tetracycline, respectively, and were
discarded. The remaining 161 strains were resistant to at
least 25 ,ug./m!. of one or more of the 5 drugs and could
be divided into 16 groups according to their pattern of
resistance (Table I). The resistance of these strains to

TABLE I. RESISTANCE PATTERNS AND INCIDENCE OF R-FACTORS IN
207 STRAINS OF E. coli

Resistance pattern Faeces Urine
Sensitive 41 5
SuSmACmT 56 (16) 13 (5)

SmACmT 3 ( 0) o (0)
SuSmA T 8 ( 1) 1 (0)
SuSm 6 ( I) 2 (1)
SuSm T 5 ( 0) 4 (0)
SuSm CmT 2 ( 1) 2 (0)
Su ACmT 18 ( 2) 3 (1)
Su Cm 2 ( 0) 0 (0)
Su 11 ( 0) I (0)
Su ACm 1 (0) o (0)
Su CmT 3 ( 1) 1 (0)

T 4 ( 0) 1 (0)
Su A T I ( 0) I (0)
Su T 4 ( 1) o (0)

A T 2 ( 0) 1 (0)
SuSmA 3 ( 0) 2 (0)

Su=sulphonamide. Sm=streplOmycin. A=ampicillin. Cm=c!-Jloramphenicol
and T=tetracycline. Figures in brackets indicate number of strains which
possess R-factors.

sulphadiazine was 100 ,ug./ml. and resistance to ampicillin
and chloramphenicol was 250 ,ug./m!. Strains resistant to
tetracycline grew on agar containing 100 lJ.g. I m!., but re
sistance to streptomycin never exceeded 25 ,ug./m!.

While donor organisms always grew readily on the drug
containing plates, the recipient controls, plated in pure
culture, never showed growth. Twenty-one of the 129
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resistant E. coli from faeces and 7 of the 32 resistant
E. coli from urine transmitted their full pattern and degree
of resistance to the sensitive S. lyphimurium strain RD42
when grown with the latter organism. An additional 2
faecal strains of E. coli, the one resistant to all 5 drugs and
the other resistant to sulphonamide, ampicillin, chloram
phenicol and tetracycline, only transferred portions of
their resistance pattern. The former transmitted strepto
mycin resistance while the latter transmitted resistance to
sulphonamide and streptomycin. All the newly resistant
Salmonella transmitted antibiotic resistance to the sensitive
E. coli E27. With 5 exceptions the entire resistance pattern
was again transmitted. The degree of newly-acquired resis
tance in all experiments was exactly equivalent to that
pertaining in the donor organism.

DISCUSSION

Thirty of the 161 resistant strains of Escherichia coli were
capable of transmitting drug resistance to a sensitive Sal
monella lyphimurium. This incidence (19%) is low compared
with results of a recent investigation in England' where
19 of 20 resistant E. coli from human sources harboured
R-factors. The use of other and possibly more competent
sensitive recipients might have increased the present inci
dence. It is well known' that sensitive strains vary in their
ability to accept R-factors. The use of sodium selenite
favoured survival of Salmonella in the mating mixtures,
but even this selection may not have been severe enough
to detect low transmission rates. The level of streptomycin
resistance of all the donor and newly-resistant recipient
strains never exceeded 25 ,ug.fml. This is low in compari
son with the high levels of resistance attainable by chromo
somal mutation in bacteria. Resistance to ampicillin and
chloramphenicol was of the order of 250 fig.fm!., while that
to tetracycline and sulphonamide was 100 fig.fm!. These
values for transmissible drug resistance accord well with
our previous findings' and also those of Japanese' and
English' workers and are characteristic for contagious
acquired resistance. The 130 resistant E. coli strains which
failed to transfer their resistance were resistant to the
same levels of drugs as the 30 infectious strains. This is an

anomaly. It seems unlikely that these strains could have
accumulated sufficient step-wise individual chromosomal
mutations to achieve the level and spectrum of antibiotic
resistance. R-determinants require transfer factors to ren
der them infectious. Resistant strains have been described'
which have lost the transfer factor but still harbour resist
ance determinants. The non-infectious resistant strains
described here may be of this variety. Segregation of
resistance determinants occurred in 2 transfers from E. coli
to S. ryphimurium and in 5 transfers from S. typhimuriulII
to E. coli. The higher rate of segregation of R-determinants
in S. typhimurium agrees with results obtained by other
workers.' Despite the uncertainty about the origin of R
determinants and transfer factors, the selection of strains
carrying these factors is favoured by the use of antibacte
rial agents: The existence of organisms possessing infec
tious drug resistance poses a therapeutic problem of as yet
undefined dimensions and may eventually necessitate
stricter control over antibiotic administration to man and
animals. This survey has attempted to partially define the
problem in this area.

SUMMARY

Infectious drug resistance was encountered in 19% of 161
drug-resistant Escherichia coli from human sources. These
E. coli transferred their resistance spectrum to a sensitive Sal
monella indicator strain during conjugation. This transfer often
involved resistance to 5 different drugs. The resistant E. coli,
which failed to transmit their resistance pattern contal!iously.
often had similar degrees and spectra of resistance as the in
fectious varieties, and it is postulated that the former may
have lost a factor responsible for the transfer of resistance
determinants. The public health importance of these findings
is mentioned.

One of us (J.N.C.) is in receipt of grants from the South
African C()uncil for Scientific and Industrial Research.
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A NOTE ON THE FIBRE COMPOSITION OF THE YAGUS NERYE IN MAN
J. A. KEEN," lm'lilllr d'Anaromie Normale, Laumnne, SwiTzerland

Numerous histological studies of the vagus nerve compo
nents are available for various mammalian specie3, e.g. cat,
dog, rabbit.'-s Rather fewer studies of a similar nature are
available for the vagus in manY"" The autonomic nervous
system receives more and more attention in the curriculum
planned for the medical students of the 2nd and 3rd years.

Both in physiology and pharmacology great emphasis is
laid on the opposing functions of the sympathetic and
parasympathetic subdivisions of this system. Yet, in my
experience, the teaching in anatomy, especially as regards
the parasympathetic fibres contained in the vagus, remains
full of contradictions and uncertainties. It is accepted as
axiomatic for both the sympathetic and parasympathetic
systems that preganglionic fibres are medullated or mye-

*Present address: Department of Pathology. General Hospital, Southampton.

linated, while postganglionic fibres have no myelin sheaths
and are therefore non-medullated or unmyelinated.

The vagus nerve in man at the diaphragmatic level con
sists almost entirely of unmyelinated nerve fibres; these
fibres should therefore be considered as being postgan
glionic in na:ure. Nevertheless, in all English-language
textbooks of anatomy it is stated that the majority of the
parasympathetic fibres destined for the intestinal tract
relay in the enteric plexuses;9 by implication they are
therefore considered to be preganglionic fibres. On the
other hand, the medical student in French-speaking ana
tomy schools is told with equal emphasis, and perhaps
with more logic, that the vagus nerve below the ganglion
nodosum is largely composed of unmyelinated fibres; that
these fibres are therefore postganglionic in nature, and




