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RÉSUMÉ SUMMARY 

ADETOSOYE (A. I.), ROTILU (1. 0.). - Guérison des 
infections dues à des Salrnonella et des Shigella isolées de 
cas de diarrhée et résistantes aux antibiotiqies et aux anti- 
infectieux. Rev. Elev. Méd. vét. Pays trop., 1985, 38 (4) : 
433-437. 

ADETOSOYE (A. I.), ROTILU (1. 0.). - Infectious drug 
resistance and antibiotic resistance curing in Salmonella 
and Shigella isolates from cases of diarrhoea. Rev. Elev. 
Méd. vét. Pays trop., 1985, 38 (4) : 433-437. 

Soixante-trois souches de cas cliniques, à savoir 24 sou- 
ches de Salmonella typhimurium provenant de veaux diar- 
rhéiques, 24 souches de Shigella spp. et 15 souches de Sa/- 
monella spp. provenant d’enfants également atteints de 
diarrhée, ont été étudiés du point de vue de la résistance 
aux traitements médicamenteux et aux antibiotiques. 

Douze schémas d’antibiorésistance ont été obtenus. Un 
taux de transfert de résistance élevé a été démontré parmi 
ces souches bactériennes. 

L’acriflavine a été reconnue comme un agent de traite- 
ment efficace. Aux basses concentrations, elle élimine les 
déterminants « r » des bactéries résistantes. 

Mots clés : Salmonella typhimurium - Shigella - Antibio- 
tique - Acriflavine - Résistance aux médicaments. 

INTRODUCTION 

Antibiotic resistance in many genera of bac- 
teria may be determined by R-factors which are 
extrachromosomal genetic material capable of 
mediating multiple drug resistance. It provides 
the means for infectious spread of drug resist- 
ance among population of bacteria especially 
under selective pressure of antibiotics (2, 7, 13, 
14, 20, 22). Loss of extrachromosomal DNA 
may arise as a result of mutation in the host or 
plasmid, or due to replication defect. Plasmid 
loss may occur spontaneously in a11 or in one 
resistance gene because of ‘the physical loss of 
the R-factor or DNA. The rate of R-factor loss 

Sixty-three clinical isolates including 24 isolates of Sal- 
monella typhimurium from diarrhoeic calves, 24 isolates of 
Shigella spp. and 15 isolates of Salmonella spp. from diar- 
rhoeic children, were studied for infectious drug resistance 
and antibiotic resistance curing. Twelve antibiotic resist- 
ance patterns were obtained. A high frequency of drug 
resistance transfer was observed among the bacterial iso- 
lates. Acriflavine was found to be an efficient curing agent. 
At low concentrations it eliminated « r » determinants from 
the resistant bacteria. 

Key words : Salmonella typhimurium - Shigella - Antibio- 
tics - Acriflavine - Drug resistance. 

may be increased by exposure to various con- 
centrations of mutagens (4, 10, 12, 15, 21). 
Included in these groups of mutagens are acri- 
flavine, acridine orange, chloroquine, miracil 
D, quinine, berbarine, ethidium bromide, urea, 
sodium dodecylsulphate and atabrine. 

This investigation was carried out to see whe- 
ther multiple drug resistant Salmonella and Shi- 
gella isolates could be cured of their plasmids 
with acriflavine and acridine orange. 

MATERIALS AND METHODS 

Bacterial isolates included 24 Salmonella 
typhimurium isolated from calves with diar- 
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rhoea, 15 Salm’onella spp. and 24 isolates of inoculated iespectively into 4 ml TSB contain- 
Shigella spp. isolated diarrhoeic children. The ing 20 pg/ml of acriflavine., E. coli K,, 14 R 525 
bacterial strains were isolated by standard was also’inoculated into 4 ml of TSB. The cul- 
methods (6) using Selenite F broth (1 l), Siliker, tures were incubated at 37 “C for 20 h. Plasmid 
Delbel and Fagan medium (17) and Tergitol-7- transfer experiment was performed as p&- 
triphenyl tetrazolium (TTC) medium (8). viously described (18). MacConkey agar of 5 

formulations was used as selective medium 
(table no 1). 

Antibiotic susceptibility tests 
TABLE N’O I-Concentrations of antibiotics in 

Antibiotic susceptibility testing was perform- MacConkey agar 5 formulations 

ed as described elsewhere (3) using single anti- 
biotic discs (BBL) consisting of the foilowing 

Medium Antibiotics 

- 
antibiotics, ampicillin (PN lOpg), streptomycin 
(S lOpg), tetracycline (Te lOpg), chlorampheni- 
col (C long), sulpha drugs (S, 3Opg) and nali- 
dixic acid (Na 30~8). E. coli NCTC 10418 was 
used as control. 

PN Te C s Na 

1 25 100 

2 25 100 

3 25 100 

4 25 100 

5 100 

Plasmid transfer 

Plasmid transfer experiment was performed 
as previously described (18) using E. cofi 
14 R 525 K,, resistant to 200 pg/ml nalidixic 
acid as selective recipient. Al1 bacterial isolates 
resistant to ampicillin, tetracycline, streptomy- 
cin and chloramphenicol were tised as donors. 
MacConkey agar of 5 formulations was used as 
selective medium (table no 1). 

Antibiotic resistance curing experiments 

The mutagens used were acriflavine and acri- 
dine orange (Gur’s Ltd, London). 

a) Each resistant bacterial isolate was inocu- 
lated into 3 ml trypticase Soy broth (TSB, 
Oxoid) to a density of CA 105 organisms per 
millilitre 0.01 ml of each suspension was deliv- 
ered into 2 sets of 5 ml sterile TSB in bijou bot- 
tles. Known concentration of acriflavine and 
acridinè orange namely 10 pg/ml, 20 pg/ml, 
30 pg/ml, 40 fig/ml, 50 pg/ml, 60 pgg/ml, 
80 pg/ml and 16?pg/ml were delivered respect- 
ively into each bacterial suspension. The cul- 
tures were incubated at 37 “C for 18 h after 
which the antibiotic sensitivity testing was per- 
formed (3). E. coli NCTC 10418 was used as 
control. 

b) An isolated coloriy of each of Shigella 
isolates nos 221, 229, 292, 728 and Salrno~ella 
isolate n” 294 known to have transferred parts 
of their <( r » determinants to E. coli K,, were 

RESULTS 

The bacterial isolates showed multiple resist- 
ance to ampicillin, streptomycin, chlbramphe- 
nicol, tetracycline and sulpha drugs or a combi- 

Fig. l-Percentage of cultures cured of their antibiotic 
K)O resistance patterns after incubation in different 

concentrations of acriflavine and acridine orange 
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TABLE NO II - Enterobacteriaceae isolated from diarrhoeic children and Cabres with 
transfer of resistance patterns to E. coli KI2 

Antibiotic Sources and Nb. of isolates with Total number of Number of culture 

resistance the particular resistance pattern cultures with transferring particular 

pattern specified r determinant 
Calves Children resistance pattern 

(Solmonello) (Shigello) (Solmonellal PN S Te C 

PNSTec 17 2 19 18 19 8 5 

PNSTe 4 2 6 6 6 2 - 

PNTec 4 4 4 4 - 

TeCSSU 12 12 12 12 12 

PNSC 1 1 1 ,1 - 1 

TeSC 2 2 r - - 

TeSU 8 8 ,8 - 

PNS 1 1 1 1 - - 

PNC 3 3 3 ,- - 2 
PN 1 1 1 -- - 

S 1 1 1 - 

su 4 4 ND ND ND ND 

ND = not done. 

nation thereof. Twelve antibiotic resistance 
patterns were encountered in this investigation 
(table no II). Many of the isolates harboured 
transmissible R-factor . Acriflavine eliminated 
the antibiotic resistance patterns from a11 the 
isolates except in Shigella flexneri 2 (no 323) 
and in !higella dysenteriae 2 (no 362), at 
40 pg/ml whereas only a few isolates were cur- 
red of their antibiotic resistance patterns When 
acridine orange was used as mutagen even at 
80 pg/ml (fig. 1). However when the resistant 
bacterial isolates were incubated in TSB con- 
taining 160 pg/ml acridine orange for 48 h a11 
the isolates except Shigella boydii isolate no 9 
lost their antibiotic resistance patterns. 

(24 Shigella spp. and 14 Salmonella spp.) from 
diarrhoeic children resistant to ampicillin (PN) 
or more antibiotics transferred 1’ (PN, S) or 3 
(PNSC, TeSC) « r » determinants of their 
resistance patterns to the sensitive recipient 
while each of the 24 Salmonella typhimurium 
strains from diarrhoeic calves transferred their 
« r » determinants enbloc (table no II). 

DISCUSSION 

Shigella isolates nos 221, 229, 292, 728 and 
Salmonella isolate no 294 after 20 h incubation 
in TSB containing 20 pg/ml acriflavine trans- 
ferred ampicillin « r » determinant to E. coli 
K,, (table no III). Thirty-eight bacterial isolates 

A high frequency of infectious single and 
multiple resistant isolates of Shigella and Sul- 
monella were isolated from diarrhoeic children 
and calves in this investigation. Isolates of bac- 
teria harbouring R-factors transmissible to E. 
coli K12 were recovered from the calves and 
children covered in this study. 

TABLE No III - Antibiotic resistance patterns of 5 bacterial isolates before curing experiment , r determinants 
transferred to E. coli K12before and after plasmid curing experiments 

r determinanl 
Strain 

Antibiotic r determinants 

Organism resistance transferred transferred 
nb. patterns before curing after curing 

experiment experiment 

221 Shigella dysenterioe 3 PNSTec PNS PN 

229 Sh. flexneri 6 PNSTec PNS PN 

292 Sh. flexneri 3 PNSTec PNS PN 

294 Salmonella sp . PNSTec PNS PN 

728 Shigella flexneri 6 PNSTec PNS Y 
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Chloramphenicol « r » determinant which 
was transferred at high frequency from 12 Sal- 
monella isolates from diarrhoeic calves and 
from 4 isolates from diarrhoeic children as well 
as from 3 Shigella isolates from diarrhoeic chil- 
dren poses great concern. Published reports 
have shown that Salmonella typhi. harbouring 
R-factor chloramphenicol resistance have emerg- 
ed in Vietnam and Mexico (5). The epidemics 
were controlled with a combination of ampicil- 
lin and trimethroprim-sulfamethozole. Public 
health hazard of chloramphenicol resistant Sal- 
monella typhimurium phage type 29 was re- 
ported in Britain in 1968 (1). The Salmonella 
typhimurium caused outbreak of infection in 
intensively reared calves between 1963 and 
1965. The public health hazard occurred when 
transmission occurred directly or indirectly 
from calves to ,man. This resulted to the death 
of 6 people in 1965. The Salmonella typhimu- 
rium was resistant to antibiotics including chlo- 
ramphenicol. Should the Salmonella and Shi- 
gella isolates which are resistant to chloramphe- 
nicol in this study contaminate food, water 
meant for man, or infect man in whom there 
has’ been a Salmonella typhi. infection, the R- 
factor harbouring chloramphenicol resistance 
determinant could be passed on, and this might 
result in serious public health hazard. 

Previous curing experiments have shown that 
mutagens such as ethidium bromide (4), amino 
acridine dyes (12, 22), were very efficient in 
eliminating classical F-factors. The R+ cells 
became sensitive on exposure to low concentra- 
tion of the mutagens. 

In this investigation it was observed that acri- 
flavine was very efficient in eliminating anti- 
biotic resistance from nearly a11 of the bacterial 
isolates. This observation supports the findings 
of other investigators (12). The higher the con- 
centration of this mutagen thé more efficient 
was its curing activity. On the other hand, acri- 
dine orange was,only active at higher concentra- 
tions (160 u g/ml) and at increased duration of 
incubation. These observations supported the 
finding of previous workers (17) that the popu- 
lation, of drug susceptible cells increased with 
the duration of incubation, and the concentra- 
tion of the mutagen such as sodium dodecylsul- 
phate (SDS). 

The mechanism of curing appeared to be the 
insertion or intercalation of aminoacridine or 
ethidium bromide molecule between adjacent 
DNA base pairs causing an extension or unwin- 
ding of the phosphodiester backbone (20). The 

selective effect of mutagens on DNA is not fully 
known either, however other investigators (10) 
showed that a significant difference existed be- 
tween drug ,fixation by linear and circular DNA. 
Curing effects appear to be due to the fact that 
R+ cells are more sensitive to inhibition by 
mutagens than preexisting plasmid negative 
segregants, also the sensitivity of R+ cells 
appears to be correlated with the presence of 
pili. Piliated cells are more sensitive to curing 
than non-piliated cells. Sex pili are important in 
conjugation and are essential in transfer of 
« r » determinants from donors to sensitive 
recipients. In this investigation a high degree of 
transfer of Rlfactors was observed among the 
Salmonella and Shigella isolates. Antibiotic 
resistance patterns of isolates under study were 
effectively eliminated by acriflavine at concen- 
trations between lOng/ml and 60ugg/ml. Since 
R-factors are ~more infectio.us in piliated cells 
than in non-piliated cells, thus it could be con- 
cluded that there is a close relationship between 
infectiousness of R-factor and plasmid curing. 
That acridine orange did not eliminate antibio- 
tic resistancesm in this study disagreed with the 
findings of others (12, 21). The elimination of 
tetracycline, chloramphenicol and’streptomycin 
resistances from the resistant bacteria indicated 
that these « r » determinants were extrachromo- 
somal while ampicillin « r » determinant which 
was not eliminated from 5 bacterial isolates 
might be chromosomal (table no III). It is 
thought that judicious use of antibiotic in 
human medicine and in agriculture would 
reduce the ‘incidence of multiple drug resistance 
in Nigeria, a nation where antibiotics cari be 
purchased easily without doctors’ prescription. 

CONCLUSION 

High frequency of infective drug resistance 
transmissible in parts or enbloc was encoun- 
tered in this study with acriflavine featuring as 
an efficient mutagenic agent even at low con- 
centrations. 
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HEStiMEN 

ADETOSOYE (A. I.), ROTILU (1. 0.). - Curacion de las Se obtuvieron 12 esquemas de antibioresistençia. Se 
infecciones causadas DOT Salmonella Y Shigella aisladas a observa una tasa elevada de transmision de la resistencia 
partir de casos de diarrea y resistantes a losantibioticos y a entre estas cepas bacterianas. 
10s anti-infecciosos. Rev. Elev. Méd. vét. Pays trop., 1985, La acriflavina fué probada eficaz. A bajas concentracio- 
38 (4) : 433-437. nes, elimina 10s determinantes (< r » de las bacterias resis- 

Se estudio la resistencia a 10s medicamentos y a 10s anti- tentes. 
bioticos de 63 cepas de casos clinicos, de las cuales 24 cepas 
de Salmonella typhimurium proviniendo de terneros pade- Palabras claves : Salmonella typhimurium -‘Shigella - Anti- 
ciendo diarrea, 24 cepas de Shigella spp. y 15 cepas de Sal- 
monella spp. proviniendo de niiïos padeciendo también 

biotico - Acriflavina - Resistencia a 10s medicamentos. 
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