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R FACTORS IN E, COLI



ABSTRACT

One hundred eighteen and fifty strains of tetracycline

resistant Escherichia coli were 1solated respectively from feces

and infected urine specimens, These isclates were examined by the
disk method for sensitivity to 11 antimbcrobial agents and were
tested for their ability to transfer their resistance to a drug
sensitive Salmonella typhi. |

None of the strains were resistant te erythromyein, fura.
dantin, furoxone or novobioein but all of them were singly or mul-
tiply resistant to one or more of the other drugs. Seventeen
different resistance patterns were identified among the fecal
strains and 16 patterns among those isolated from the urine speci-

nens.

Fifty five (46.6%) and 21 (42%) of the resistant strains iso-
lated from feces and urine specimens respectively transferred their
registance either totally or partielly to the 8, typhi recipient
in mixed culture, Tetracycline resistance was higher in the donors
than in the recipients. The minimum inhibitory concentration for
tetracycline in the dornors and recipients ranged between 65 to

£00 )/g/ml and 55 to 190 y g/ml respectively.

The eliminatory action of acriflavine on R factors in
S. typhi recipients was higher (maximum 47.1%) than in E. coli

(111)



donors (maximun 1,64%). Of 25 gubstrains of S. typhi reciplents, 68%
lost their acquired resistance spontanecusly after 40 successive trans-
fers in Mueller Hinton broth., XNone of 10 E, coli donors lest their

R factors after similar transfers,

(iv)
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INTRODUCTION

Until 1959, it was thought that the principal method by
which drug resistant organisms arose from a gensitive bacterial
population was by a spontanecus genetic mutation prior to the expo-
sure of the sensitive bacteria to the drug, The drug acts only as
a selective agent in the isclation of the resistant mutants by the
destruetion of the susceptible organisms. Such mutants could not
transfer their resistance to sensitive strains by mixed cultiva-

tion (Mitsuhashi et al., 1960),

In 1959, a new type of drug resistance was discovered in
Japan (Akiba). This type of resistance was distinguighable from
other forms of resistance by the fact that it could be transferred
from a resistant bacterial cell to a gensitive one by cell.to-cell
contact., Kagiwada et al. (1960) using human volunteers proved that
multiple drug resistant E, coli could transfer their resistance
patterns to sensitive shigellae in the intestinal tract. This trans-
ferable drug resistance wag known to be mediated by genes for drug
resistance attached to a transfer factor and could be régarded as s

type of infective heredity.

The first transferable drug resistance to be reported outside
Japan was found by Datta in 1962 in strains of §. typhimuriwm causing
an outbreak of gastroenteritis in London. Since then, it has become
apparent that multiple drug resistance can be transferred to almost



every species of the family Enterobacteriaceae, Vibric cholerae,

Pasteurella pestis, Serratia marcescens and Pseudomonas aeruginosa

(Mitsuhashi, 1971).

The medical imporiance of transferable drug resistance ig
obvious, When individuals ingest multiply drug resistant nomnpatho-
genic bacteria, the resident E, coli and other bacterial strains
present in thelr intestines may become resistant to the same drugs.
If on a later date the same individuals are infected with pathogenic
enteric bacteria, the disease-preducing strains may also acquire
the multiple drug resgistance and become potential gources of serious
epidemics. This creates a serious threat to the usefulness of the

present antimicrobial drugs used for treatment of these infections.

| The present investigations were undertaken to study the
inéidenee of drug resisztance patterns and the distribution of re-
sistance transfer factors among E. coli strains isolated from human
feces and urine. The stability of the reeistance factors and the
possitdlity of eliminating them from the E. ¢oli donors and 8. typhi

recipients by treatment with acriflavine were likewlse studied.



REVIEW OF LITERATURE

Shortly after the World War II, the introduction of sulfa
drugs in Japan for the treatment of bacillary dysentery reduced the
incidence of the disease greatly., However, since 1949 resistant
strains of sghigellae to these drugs were isolated, In 1855 Kitamoto
et al. isolated a strain of Shigella which was resistant to Chloram-
phenicol, tetracycline, streptomycin and sulfonamide, Simce then,
many epidemics caused by multiply drug-resistant shigellae were
observed by various Japanese workers. In one of these outhresks,
Matsuyama et al. (1957) isolated a strain of E. coli which was
mltiply resistant to the above mentioned four drugs. No accept~
able explanation of these findings was presented until 1959 when
Aldba sugpested that multiple drug resistance could be transferred
from a resistant E. coli to a senstive Shigella strain in the in-
testinal tract of man,.

Oehiai et al, (1959) proved that multiple drup resistance
could be transferred in vitre from a multiply resistant E, eoli
to a sensitive Shigella strain., They also concluded that cell-to-
cell contact was necessary for the transfer to ocour gince they
falled to transfer the reslstance with cell free filtrates. Kagiwada
et al, (1960) using human volunteers proved that multiply drug re-
sistant E, coli could transfer their resistance patterns to sensitive
shigellae in the intestinal tract. The in vivo transfer of multiple



drug resistance from E, coli to sensttive shigellae was also proved

to ocour in dogs (Mitsuhashi et al,, 1960) and in mice (Akiba et al,,
1961).

The transfer of the genetic elements responsible for drug
resistance is common nearly among all species of the family Entero-
bacteriaceae ard other unrelated Gram - negative bacteria. Mitsuhashi
et al. (1960) reported that §. hosa could transfer ite resistance
to V. cholerae, which was able to act as a donor of this acquired
resistance in crosses with a recipient 8. typhimurium strain, Te
ability of E., coli to transfer its resistance to Pasturella pestis,

Serratia marcescens, and Pseudomonas aeruginosa was respectively

reported by Ginoza et al. (1963), Rownd et al, (1966) and Mitsuhashi
(1989).

The genetic elements contrelling drug resistance and trans-
ferability were designated as resistance factors (R factors), Wata-
nabe ( 1965 a) suggested the term résistame transfer factor (RTF)
for the genetic elements determining the transferability of the
R factors. He also postulated that the genetic elements for drug
resistance are distributed on a single circular or rectilinear lin-

kape group and that the RTF is inserted at one point of this linkage

g£reup,

Anderson and Lewis (1965) and Anderson (1966) used the term

" resistance determinants (R determinants) for the genetic materials



which conferred drug resistance and which were carried to the reoci-
plent.bacteria, They also proved that the R factor conslsted of

two separate compartments: the RTF and the R determinants, without
the R determinants the RTF although transferable, could not transfer
drug resistance, Conjugation between a gtrain carrying an RTF and
another carrying the R determinants resulted in passage of the RTF
into the resistant strain in which it combined or associated with
the R determinants to form the R factor.

According to Novick (1969) the R factor was believed to be
an extrachromosomal element (plasmid) which is a stably inherited
¢omponent of the cell genome when physically separate from the chro-
mogome., Lederberg et al. (1952) and Campell (1962) on the other hand,
used the term episcme to mean a class of plasmids that could exist
in a state of integration into the chromosome of their hoat cell as
well as in the autonomous state, It is clear therefore, that the
term episome refers in essemce to these activities of the plasmid
that are speecifically related to chromogomal integration (Pearce |
and Meynell, 1968), The probability of chromosomal integration has
been proved by Hgrada et al, (1967).

Surveys from various parts of the world have shown a wlde
distribution and high incidence of R factors among members of the
family Enterobacteriaceae, In 1962, Datta stadied 309 cultures of
8. typhimurium causing an outbreak of gastroenteritis in London.



He found that 15 of the studied sirains were multiply resistant to
streptomycin, sulfathiazole and tetracycline., This triple resistance

could be transferred by growth in mixed broth culture to 2 gengitive

strain of Shigella sonnel and back again to sensitive cultures of
S, typhimurium. |

Smith and Armour (1966) in the United States studied the
incidence of drug resistance :m enteric bacteria isolated from
urine specimens of 100 patients. The isolates included E, coli,
Proteus, Klebsiella and Pgeudomonas, Seventy four per cent of the

above strains were gingly or multiply resismnt,‘of: which 69% were
able to transfer part or all of their resistance patterns to a sen-

In 1987, Mitsuhaghi et al, studied the distribution of R face
tors in many isolates, belonging to the family Enterobacteriaceae,
from inpatients at geographically scattered hospitals in Japan,
Among 3656 Shigella strains, 58% were found to be drug resistant,

Of 434 resistant strains, 81% were found to carry R factors., They
also examined 180 strainsg of different species of enteric bacteria
and found that 84% of the resistant E. coli, 88% of the resistant

Klebgiella and 50% of the registant Proteus carried R factors.

Schroeder et al. (1968) reported that among 400 strains of
Salmonella species isolated in various parts of the United States,

89 (22.2%) were resistant to one or more of the 11 drugs used:



14.2% were resistant to streptomyein, 12.5% to tetracycline, 11.5%

to sulfonamide and none to chloramphenicol or polymyxin. 8. typhi-
murium was more of ten resistant than any other specles and accounted
for 80% of the resistant strains, Of 52 §. typhimurium resistant
strains 41 (79%) were able to transfer their resistance to & sensitive

E. coli,

Recently, Gedebou and Eveland (1870) in the United States
igolated 151 tetracycline resistant coliforms (43.7%) from 300 stool
specimens. Fourteen different resistance patterns were obgerved and
87.4% of the resistant strains were able to transfer their resistance

to a sensitive S. tmhimurium.

In 1957, Hirota and Tijima reported that the fertility factor
(F*) of E. coli Kyo could be eliminated when the F* cells were treated
with aeriflavine. Mitsuhashi et al. (1961) and Watanabe and Fukazawa
(1961) found that treatment of multiply resistant Shigella and E. coll
with acriflavine and acridine orange converted the resistant cells to
drug sensitive ones, indicating that the resistance factors were in
an autonomous state. The frequency of elimination was rather low,
4.1% with acriflavine and 2% with acridine orange. In contrast to
the total elimination of the R factors by acridine treatment, the
same authors reported that a part or all of the resistance fac tor
could be lost spontansously. Spontanecus loss of resistamce occurred

to either all of the drugs or to tetrasycline alone or to streptomycin,



chloramphenicol, and sulfonamide together, Spontanscus segregants with
tetracycline resistance alone or with streptomycin, chloramphenicol
and gulfonamide resistance were all able to transfer their resist-

ance factors by conjugation,

Watanabe and Lyang (1962) reported that successive transfers
of a 8, typhimurium strain (resistant to streptomycin, chloramphemicol,
tetracycline and sulfonsmide) on penassay broth caused spontanecus
segregation of the R factors so frequently as to allow the study of
the segregants with replica plating technique. Resistance to strep-
tomyein, chloramphenicol and sulfenamide were spontanecusly lost
together more frequently than tetracycline resigtance alone, The
complete loss of the resistance to the four drugs was also noted

with low frequencies.

Full information about the mechanisms of transferable drug
registance is not available, Anderson and Datta (1965) showed that
transferable ampicillin resistance in S, typhimurium was due to the
proeduction of ampicillin (pemicillin) destroying ensyme which was
proved by Datta and Kontomichalon (1985) and by Egawa et al. (1967)
to be a B = lactamase. Okomoto and Suzuki (1985) identified a strep-
tomycinase in cultures of E. coli carrying various R factors confer-
ring resistance to streptomycin, They also claimed that transfer-
able chloramphenicol resistance was associated with the synthesis

of chloramphemicolase and established the presence of kanamycinase




in kanamyein resistant strains controlled by R factors. Finally,
reduced cell permeability to the drug was demonstrated by Akiba
and Yokota (1961) to account for the transferable gulfonamide and

tetracycline resistance in cultures of E. coli.



MATERIALS AND METHODS

Source of cultures:

Tetracycline resistant E, coli strains isolated from human
feces and urine specimens were used in these experiments. Feces
specimens were obtained from the parasitology section of the Ameri.
can University Hospital Labhoratories. Theks«e were randomly picked
up and inoculated into MacConkey agar plates supplemented with
25 ,,g/ml of oxypetracycline., After overmight (18 - 24 hours) in-
cubation at 37°C, tetracycline resistant coliform colomes were
picked up and incculated into Kligler iron agar tubes which were
then incubated overnmight at 37°C. The E, coli strains were identi.
fied by their fermentation of lactose with acid and gp;:,:axﬂwem
further identified by means of other blochemical resctions as out-
Iined by Bdwards and Bwing (1962). A total of 118 tetracycline
fesiztant E, coll strains were isolated from 175 feces specimens.

They were maintained in the laboratery at room temperatire, in

Dorset's egp medium,

Infected urine specimens were obtained from the bacterio-
logy section of the American University Hospital Laborateries,
These were streaked on plain MacConkey agar plates and on MacConkey
agar plates supplemented with 250 g/ml of oxytetracycline. The
MacConkey agar plates without antibiotic were used to detect the

10



presence of viable E. coli in the urine specimens. Of the 127
infected urine specimens that were examined, 71 contained E, coli,
of which 80 proved to be tetracycline resistant.

A freshly isolat.gd strain of 8. typhi which was obtained
from the bacteriology diagnostic section of the American Umiversity
Hospital Laboratories was confirmed as S. typhi by standard serc-
logical tests, using polyvalent and momwspecific salmonella O and
H antisera. This isolate was found to be sensitive to 9 of the
11 drugs(resist3nt to erythromyein and novobioein )used in this
}study and proved to be a good reclpient as shown by several pre-
liminary transfer experiments., It was then used aé the primipal
reeipient bacterium throughout these investigations, Each E, coli
strain was given a serial mmber equivalent to the mmber of the
feces specimen from which it was isolated. Likewise, each S. typhi
recipient was given the same serial mumber as that of the correspond-

ing E. coli donor.

A sengitive strain of E. coli Kyp, obtained from the Biology
Department at the American University of Beirut, was used as a reci-
pient strain in mating experiments using S. typhi substrains that

have acquired drug resistance ag donor strains,

Culture Media:

Mueller Hinton broth, Mueller Hintron agar, MacConkey agar,

Salmonella-Shigella (3S) agar, Kligler iron apar, all Difeo products,



and various phenol red carbchydrate broths were used in these in-

vestigations,

Drugs:

The following antimicroblal sensitivity unidisks were obtained
from Difco Laboratories, Detroit, Michigan, U.S.A.: chloramphenicol
(Cm, %0 pg), erythromycin (Er, 15 ,8); kanamycin (Ka, %0 }lg), neo-
myein (Ne, 80p g), novobiocin (No, 30 I g), penicillin @ (Pe, 10
units), streptomycin (St, 10/g), and tetracycline (Te, 30 vg).
Faradantin (Fd, 100 Y g) and Puroxone disks (Fu, 100 p/g) were obtained
from Baltimore Bioclogical Laboratories, Baltimore, Maryland, U.S.A,
Ampieillin disks (Am, 25 M g) were obtained from Bristol Laboratories,
Syracuse, New York, U.S5.A,

Stock standard solutions of oxytetracyeline (Chas. Pfiger
and Co., INC, New York, U.S,A,) ampicillin (Bristol), chlorampheni-
ool (Park Davis), penicillin (Specia Paris) and streptomyein (Heechst)
| were prepared by diluting the drugs in sterile distilled water to a
concentration of 25,000 //g/ml for oxytetracycline, chloramphericol
and ampicillin., Penieillin was diluted to a concentration of 10,000
urdts/ml and streptomycin to 10,000 f/g/ml. The diluted drugs were

then stored in bijou bottles in 1 ml volumes at -70°C,

Drug sensitivity testing (disk method):

The drug resistance patterns of 411 the tetracycline registant
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E. coli, the recipient S. typhi, and the substrains of S. typhi
which acquired drug resistance by the mating experiments, were deter-
mined, Each strain was streaked on a MacConkey agar plate, After
overnmight incubation at 37°C, 3 to 5 colomies from each plate were
picked up with a loop and inoculated into 3 ml Mueller Hinten broth
in bijou bottles, The broth cultures were then imthed overnight
at B7°C after which each culture was diluted to 1072 using a sterile
saline sclu’tion ag diluent, Mueller Hinton agar plates were then
gtreaked evenly with each culturé in % planes with a sterile eotton
swab tha.t has ‘been‘ immersed in the diluted inoeulum and then pressed
out against the inside wall of the container. After 3 to 4 mimtes
drying period at room fcemperahare, drug sensitivity disks were applied
with flamed forceps and pressed down to ensure contact with the agar
gurface. 'Te plates were then incubated overnight at 37°C after
which readings were taken by measuring the diameter of zons of
inhibition of the growth around each disk, Cultures showing a

zone of irhibition less than 10 mm were considered resistant to the
drug., This was adopted in order to pick up the highly resistant

strains and use them as potential donors of their resistance.

Drug resistance transfer:

A drug resistant E. coli and the sensitive 8, typhi were
streaked separately on MacConkey agar plates and incubated overnight

at 37°C.  The next day one colonmy from each plate was picked up and
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inoculated separately into 3 ml Mueller Hinton broth in a bijou
bottle and incubated overnight at 37°C. Half ml volumes of each
of the donor and recipient cultures (containing approximately 101®
erganiéms per ml) were then added to a universal bottle containing
5 ml Mueller Hinton broth, mixed and incubated overnmight at 37°C,
The mixed cultures were then subcultured on the following media:

88 agar, SS agar + 25, g/ml Am,, SS agar + 25y g/ml Om,,

SS agar + 25y g/ml Te., and SS agar + 1l0pg/ml St. The plates
were incubated overnight at 37°C and then examined for the presence
of resigtant 3, typhi, The concentrations of the antimierobial -
drugs used in the media were sufficient to inhibit all sensitive
strains (as established by the disk method) and insnfficien'b» to
irhibit resistant strains. When a colony typical of S, typhi
appeared on the 8S plates containing either Am, Cm, St or Te, it
was picked \ip and streaked on 58 agar and it was further identi-
fied by its reaction on Kligler iron agar and by slide agglutina-

tion test using polyvalent O antiserun.

Fifteen substrains of S. ityphi that received resistance fac-
tors from different strains of E, coli, were tested for their abi-
lity to transfer their asquired resistance patterns to a gensitive
strain of E, goli Kyo.
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MQ‘ of transferable dmgm w;;nc:

The frequercy of transferability of tetracycline resistamce
among S. typhl reciplents was determined for 10 mating mixtures,
Serial tenfold dilutions of esch mixture, ranging from 107 e 10-11s
were prepared uging sterile maline as the diluent. Une tenth of a
mnl of each dilution was then spread on the surface of § plates of
plain S8 agar and 5 plates of 88 agar + 25 p g/ml of tetracycline,
The plates were incubated overmight at 57°C. The viakle mmber
of tetracycline resistant S. typhi colonies were estimated on the
SS plates supplemented with 25) g/ml of tetracycline, The total
mmber of resistant and nnd.ﬁw S. typhi colonies were sstimated
on the plain SS plates, The frequency of the transferability of
tetracycline resistance among the recipient cells was then ecaloue.
lated according to the following formulas
Total No, of cells/ml of the mating

mixture

Frequancy of transferatility = 1: No. of tetracycline resistant cells/ml

of the mating mixture

Level of tetracycline registance (tube msthod):

The level of tetrasyclime resistance was determined for
ten resistant strains of Z, coli and the corresponding S. typhi reci-
plents, To screw-capped culture tubes containing 4.5 »l of Maeller
Hinten troth, 0.5 ml of various comcentrations of tetracycline pre-
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pared in Mueller Hinton broth was added to make the following final
concentrations of the antibiotie : 0,5, 1, 5, 10, 20, 30, 40, 50, 100,
200, 300, 400, and 500Mg/ml, The tubes were then inoculated with

0.1 ml of an overnight Mueller Hinton broth culture of the test strain,
Readings were %aken}’;.fber overnight incubation at 87°C and the highest
concentration of th;s antibiotic in the serew e¢apped culture tube show-
ing turbidity was regarded as the concentration resisted by the strain,
After determining the appreoximate level of tetracycline resistance of
all the 20 strains, the ranges of the concentraiions of the antibiotie
in the tubes were then narrowed down to give a 5} g/ml differerce
between each two successive concentrations, The minimum inhibitory
concentrations (MIC) of tetracyeline for each of the donor and reci-

pient strains was then determined,

Elimination of remsistance factors with acriflavine:

The elimination of the R factors was gtudied using 4 substrains
of S. iyphi recipients and 4 strains of E. coli donors. Acriflavine
(Winthrop) was dissolved in distilled water at a concentration of
1 mg/ml, sterilized by autbolaving and kept as a stock solution in
the refrigerator at 4°C., The MIC of acriflavine for each strain
was determined and was found to be 25/ g/ml for S. typhi subsirains,
and 35)g/ml for the E, coli strains.

Three concentrations of acriflavine which were below the MIC

were used, namely, 10, 15 and 20V g/ml for S. typhi substrains and
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%0, 25 and 30) g/ml for E. cold straing. Three 500 ml Erlermeyer
flagks each containing 50 ml of Mueller Hinton broth supplemented
with the previously mentioned concentrations of acriflavine and a
fourth flask without acriflavine, as a control, were used for each
strain. The flagks were inoculated with 1 ml of an overnight broth
culture of the test strain and were then incubated overmight at 37°C
on a shaker with 90 strokes/mimite. The next day a loopful of each
flask was streaked into each of 4 MacConkey agar plates in a manmner
to obtain isolated colomies, After overmight incubation at 5’7"0,
244 isolated colopies from the four plates were transferred with
sterile tooth picks into the surface of 4 MacConkey agar plates
which were previously marked so that one colony was inoculated on
each mark. The plates were incubated overmight at 357°C and were
referred to as master plates, The next day the colonies from the

master plates were transferred by the repliea plating technique

(Lederberg and Lederberg, 1952) into MacConkey agar plates supple-
mented by the drugs to which the test strain was resiatant. A
eontroi plate of plain MacConkey agar was also used for the transfer
of colonies from each master plate, Readings were taken after an
overnight incubation of the plates at 37°C. Colonies which grew

on the plates of plain MacConkey agar but not on the plates supple-
mented with the drugs, were considered as cells that have lost their

resistance.
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Spentaneous less of resistance factors:

Ten E, coli donor straine and 25 §, typhi substrains that
received R factors from different E, gg;}_j_._ donors were grown on
MacConkey agar plates contaiming 25) g/ml of tetracycline, From
each plate a colony which was thus confirmed to beresistant to the
drug, was inoculated into a gerew-capped culture tube containing
$ ml of Mueller Hinton broth and incubated overnight at 37°C, A
4 mm calibrated loop was used to transfer 0,01 ml of each culture
into a fresh Mueller Hinton broth tube which was then incubated
overnight at 37°C, Subcultures of each strain was repeated there-
after up to 40 successive similar transfers. After each 5 trans-
fers the foregoing cultures were streaked with the same calilbrated
loop in a single line on MacConkey agar plates contalming the anti-
biotic to which the test‘str&inwwas resistant, A known resistant
strain was used as a control, After overnight incubation of the
plates at 37°C the amount of growth of each strain was compared
with that of the control strain. The following reporting scheme

wag used to indiéata the amount of growth and the loss of resist-

ance.
Amount of growth Logs of redistance
- : Complete (100%) loss of resistance.
+ . Approximately 75% loss of resistance.
++ Approximately S50% loss of resistamce,
e+t Approximately 25% less of resistance.

F44+ No loss of resistance.
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Replica plating technique was also used for the quanti-
tative study of the spontaneous loss of the R factors, using 6
substrains of S. typhi after the 10th, 25th and the 40th transfer.

Blochemical reactions of substrains of S. typhi:

Twenty five substrains of S. typhi, obtained from conjuga-
tion experiments between the 3. typhi reciplents and 25 different
straing of E. coli donors, were tested for their biochemical reac-

tions as outlined by Edwards and Ewing (1962),



RESULTS

Tetracycline resistant E, coli were isolated from 118 of
175 feces specimens (67,43%) and from 50 of 71 infected urine spe-
cimens (70.4%). Resistance to tetracycline was demonstrated by
growth on MacConkey agar containming 25 )‘Vg/ml oxytetracycline. The
msispant strains were tested by the disk method for sensitivity
to 11 antimicrobial agents and were observed for the distribution

of the R factofs.

None of the strains studied was resistant to erythromyein,
furadantin, furoxone or novobiocein, but all of them were singly or
multiply resistant to the other drugs, The data presented in Table I
show the inciderce and transferability of drug resistanece patterns
among the tetracycline resistant strains of E, coli isolated from
feces, Of the 118 resistant strains, 15 (12,7%) were singly re-
sistant to tetracycline, the remaining 87.3% were doubly or mul.
‘w.ply resistant, Registarce to Te~Am-Ch.Pe-St accounted for
27.12% of the 17 different patterns followed by Te-Ch-Pe-8t (11.01%),
Te-Pe (7,62%), Te-Am-Pe-St (6.78%) and Te-Am-Ch-Ne-Pe-S8t (6.78%).
The remakning 11 different resistance patterns accounted for 28% of

the total resistant strains,

Table II shows 18 different resistance patterns among the
50 tetracycline resistant strains isoclated from urine, Five strains

(10%) were singly resistant to tetracycline, while 90% were doubly

20
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or multiply resistant. The incidence of the resistamce patierns
was as follows: Te-Am-Ch-Pe-St (22%), Te-Am-Ch-Ka-Ne-Pe-St (18%),
Te-5t (6%) and the other 12 resistance patterns accounted for 44%

of the studied gtrains,

When tested for transferability of drug resistance 55 (46.6%)
of the resistant strains isoclated from feces and 21 (42%) of those
igolated from urine specimens were able to transfer all or part of
thelr resistance patterns to the S. typhi recipient (Tables I & II),

Tables ITII and IV show the resistance patterns of the E. coli
active donors isolated from feces and urine specimens respectively
and the patterns of the acquired resistanse in S, typhi substrains,
Tetracycline resistances in all of the active donors were transferred
to the recipient strain, whereas resistance to the other drugs among
the doubly or multiply resistant donors was transferred either as a
whole or in different combinations, An example is the resistance
pattern to Te-Am-Ch-Pe-St for E, coll isolated from feces. Fifteen
strains with such a pattern were able to act as active donors.

Seven (46,66%) of them were able te transfer the whole pattern to
the reciplent strain. The patterns of the transferred resistante

in the remaining 8 R factors were to Te alone, Te-Am-Pe, Te-Ch-Pe-St,
and Te-Am-Ch-Pe accounting for 5 (20%), 2 (13.3%), 2 (1%.5%) and

1 (6.86%) respectively,

The ability of 15 S. typhi substrains to transfer their
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acquired resistance patterns to a sensitive strain ¢f K, ¢oli X 12
wag studied, Table V shows that 14 of the substrains tested were
able to transfer their whole acquired resistamce patterns to E. coli
K 12 recipient, However, one of the substrains posessing the re-
gistance paﬁtern Te~-Ch~Pe could transfer only tetracycline resist.

ance,

The frequency of the transfer of tetracycline resistance

was determined for 10 mating mixtures using the replica plating
techmique, The results shown in table VI indicate that the fre-
quensy of transfer of the R factors depends on the donor sirain,

The best efficient donor for tetracycline resistance was E, coli
strain in the mating mixture No, 110, The frequency was 1 : 8 x 103
that ig in each ¥ x 10 recipient cells present in the mating mixture,
one cell acquired tetracycline resistance. The least frequemcy

(1 1 6.7 x 10°) was obtained in the mating mixture No. 100.

Table VII shows the MIC of tetracycline in 10 E. celd
donors and their corresponding 8. typhi recipients. Tetracyclins
resigtance was always higher in the donors than in the recipients
mept in strain 117 in which case the MIC of both donor and its
correspording recipient was the same. The MIC for tetracycline in
the donors and recipients ranged between 65 to 500/’ g/ml and 55 to
190M g/ml respectively.

Te results of treating 4 S. typhi substrains and their cor-
responding E. coli donors with different sublethal comcentrations of
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acriflavine are presented in Tables VIII and IX, The frequerncy
of elimination of R factors was determined by the replica plating
techrique(Fig. 1). R factors were. eliminated from 3 substrains
of S. Ayphi and 2 strains of E, coli. The frequercies of the loss
of R factors differ greatly from one strain to the other and aise
among different drugs of the same R factor, Elindnatien of Te
resistarce alone in S. typhi substrain 54 (resistant to Te-Ch-8t)
was at a higher frequency than that of Ch-St resistances which
were eliminated together. In the case of S. typhi substrain

42 (resistant to Te-Am-Ch-Pe), elimin#tion of Te resistance alone
was at a lower frequency than AmeCh-Pe resigtances which were eli-

minated together,

The frequency of elimination of drug resistance in the
S. typhi substrains increased with the increase of acriflavine
eomenﬁrations. Elimination of the R factors from E, coli donors
was at a much lower frequemcy than from S. typhi substrains (Table
IX). Unlike the recipient, E. coli 34 lost resistance to all the
three drugs (Te-Ch-St) with the same frequersy (1.32%) when 30 g/ml
of aeriflavine was used and no elimination was noted at 25 and
20y g/ml of acriflavine,

Spontaneous loss of R factors by successive transfer in
Mueller Hinten broth was determined for 25 i'esistant substrains

of S. typhi and for 10 E, coli doners., After successive transfers
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each of the foregoing cultures was streaked on MacConkey agar
plates containing the drugs te which the original culture was
resistant and the amount of growth was read after overnight in-
cubation of the plates (Fig, 8). Of the 25 S. typhi substrains,

8 (32%) showed ++++ growth (growth equivalent to resistant control)
after the 40th transfer (Table X). This indicates that these strains
did not lose the R factor by successive transfers. Eight (32%) of
the original 25 substrains lost their R facters completely after
20, 50, 35 or 40 transfers while the remaining 9 cultures showed
oenly partial loss of their R facteors, On the other hand all the
tested 10 E. coli donors contimued to show ++++ growth after the

40th transfer indicating that none of them lost its R factora.

Replica plating technicme was used to study the frequenmey
of loss of the R factors of 8 substrains of 8. typhi which showed
partial less of R factors bykthe, previcous technique. Two hundred
and fourty four colonies of each substrain after the 10th, 25th
and 40th tranafers were replicated on MacConkey agar plates contain-
ing the drugs to which the substrains were resistant., Table XI
shows that tetracycline resigtamce was more stable than other drugs
in the multiply resistant substraing 80 and 117. Substrain-66 shewed
an equal loss of resistance to all the drugs to which it was resist-
ant Te-Ch~Pe-8t-Am, The frequencies of loss of resistarce for this
subgtrain were 4.92%, 6.55% and 9,01% after the 10th, 25th and 40th

transfers respe¢tively.
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The results of testing the biochemical reactions of the
original §. typhi strain and 25 substrains that acquired drug
resistance, revealed that all the biochemical reactions of the

recipient substrains were identical to those of the originmal

S. typhi strain,
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TABLE I
Incidence and transferability of drug resistance patterns

among 118 E, coli strains isolated from feces

Resigtant strains [ Strains transferring resistance
Antibiotics tested! L
No. % | No. 3
| Te 15 12.71 8 58,83
Te~Ch ’ 8 2.54 0 0
| Te~Pe 9 7.62 5 55.5
Te~8t 5 4,32 0 0
Te-Am-Pe 2 1,61 1 50.0
Te-Ch-5t 7 5.93 6 85,71
Te-Ne-St 1 0.85 0 0
Te~Pe-St 8 5.08 2 33,8
Te-Am~Ch-Pe 2 1.61 0 0
Te-Am~Pe-St 8 6,78 4 50.0
Te~ChePe-5t 18 11,01 3 25,07
Te-Am~Ch-Ka-Pe 1 0.85 1 100.0
Temhm~Ch-Pe-St 32 27.12 15 46,87
Te~Am-Ch-Ka-Pe-5t 2 1,61 2 100,0
Te-Am-Ch-Ne-Pe-5t 2 1.61 0 0
Te~ChwNe~-Pe-5t 2 1,61 0 0
Te-Am-Ch~Ka-Ne~-Pe-St 8 6.78 8 100,0
Total 118 100 55 48,61

1) Abbreviations: Te, tetracycline; Am, ampieilling Ch, chloramphenicolj
Pe, penicilling Ka, kanamycin; Ne, neomycing
St, streptomycin

These abbreviations are used also in subsequent Tables,
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TAELE II

Ineidence and transferability of drug resistance patterns among

50 g. ¢oll straing isolated from infected urine

Resistant strains Straing transferring resiatame

Antiviotics tested ‘ ‘

No, 4 No. £
Te 5 10 2 40
Te~Ch 2 4 1 50
Te~Pe 2 4 0 0
Te-5t 3 8 0 0
Te-Am-Pe 1 2 0 0
Te-Ch-8% 2 4 1 50
Te-Pe-8t 2 4 0 0
Te~Am-Ch-Pe 1 2 1l 100
Te-Ne-Pe-8t R 4 0 0
Te-Ch-Ka-Ne 1 e 0 0
Te-ChePe-St 1 2 1 100
Te-Am~Ch-Pe-St 11 22 5 45.45
Te-Am-Ne-Pe-St 1 0 0
Te~Am-Ch-Ka-Pe-St 2 4 1 50
Te-Am~Ch-Ne-Pe-St 5 10 2 40
Te~An-Ch~Ka~Ne-Pe-5t 9 18 7 77.7
Total 50 100 21 42
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TABLE III
Drug resistamce patterns of E. coli donors isclated from feces

and the corresponding 5. typhi recipients

Donors Recipient
Resistance pattern No. Resgigtance pattern No,
- Te 8 Te 8
Te«Pe 5 Te 5
‘ Te~Pe 2
To-Am.Pe 1 Te~Am~Pe 1
Te-Ch~St 6 | Te-Ch-St 6
TowPe=St 2 Te 1
‘ Te~Pe-St 1
TemAm~Pe-St 4 Te~31 1l
_ Te-Am-Pe-8t 3
Te~ChePo=5t L3 Te 1
Te-Ch-Pe-31 4
TewAm-Ch-Ka-Pe 1 TewAn-Ch=Ka-Pe 1
Te=AmeCh-Pe-St 15 Te 2
Te~-Am-Pe 2
Te-—Am—Gh»Pe 1
Te-Ch~Pe=S81% b
Te~Am-Ch-Pe=St 7
TewAliwCheKa~Pe-St 4 Te~An=Ch-Pe-5t 1
TowlNwCheKa=PesSt 1
 Pe-Am-Ch-Ka-Ne-Pe-St 8 Te-Pe 1
TemlheNe=St 1
TewAlwChePe-3t 2
TewAn-Ch-Ka~Ne.Pe-S¢ 4
Total 55 58




Drug resistance patterns of E. coli donors isclated irom infected

TABLE IV

urine and the corresponding S. typhi recipients

Doner

Recipient

Resistance pattern No. Resistance pattern No,
Te 2 Te 2
Te=Ch 1 TewCh 1
TewCh=St 1 ~ Te=Ch~St 1
TewAm-ChPe 1 Te-Am~Ch~Pe 1
Te-Ch~Pe=St 1 Te~Ch-Pe-3t 1
Te-Am=Ch«Pe~St 5 TewAn.Ch-Pe-5t 2
Te-Am-Che8t 1
Te~Am-Pe 1
Te 1
TewAn«Ch-Ka~Pe-3t 1 Te-Am~Ch~Ka-Pe-5% 1
Te~Am~Ch-Ne~Pe-~-St ] Te-Am-Ch-Ne~Pe-St 1
Te-Am-Pe 1
Te«An~CheKa-Ne-Pe~St 7 Te=Am~Ch-Ka-Ne~Pe-~-St 3
Te-Am-Ch-Pe-3% 1
Te-Am-Pe 1
Te 2
Total 21 21




Ability of S. typhi recipients to transfer their acquired resistamce

80

TABLE V

patterns to a gensitive strain of E, coli K 12

8. typhi recipients (donors)

E. eoli K 12 (recipient)

’Resistanee pattern No, Resistance pattern No.
Te 5 Te 5
Te~5t 2 Te-St 2
Te-Am-Pe 2 Te-Am-Pe 2
Te~Ch~Pe 1 Te 1
Te-Ch-«Si:. 1 Te~Ch-St 1
Te-Am-Ch-Pe 1 Te-Amn-Ch~Pe 1
Te-Ch-Pe-St 1 Te-Ch-Pe-~St 1
Te-AmwCh-Pe-St 1 Te-Am~Ch-Pe-St 1
Te-An-Ch-Ka-Ne-Pe-St 1 Te-Am=Ch~Ka-Ne-Pe-5t 1
Total 15 15
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TABLE VI

Frequency of the acquired tetracycline resistance among the recipient

8. typhi cells in 10 mating mixtures

S. typhi visble count/ml

| Serial Ko, Frequency of Te
of mati .
mmnng Total colony count Gount oi‘e;r;:r;-::i stant :;:j;uf;:: z::;i::m
5 2.2 x 1018 3.8 x 100 1162 x10°
40 5.2 x 10%° 2.6 x 10° 112 x10°
42 5.6 x 101% 1.2 x 10° 115 x108
65 2 x10 8 x 1010 11 2,5 x 2105
69 7.5 x 103% 5 x 107 13 1.5 x 10°
71 2.8 x 1012 4 x 108 11 7x10°
100 5.6 x 1014 8.4 x 107 116.7 x10°
102 2.8 x 1013 1.6 x 1011 11 5.5 x 10°
110 5.8 x 1013 1.4 x 101 11 8x10°
125 1.6 x 104 6.4 x 107 11 2,5 x10°
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TABLE VII

Tetracycline resistance levels of 10 E, coli donors
and the 10 cerresponding S. typhi recipients

Serial No. Minimum inhibitory comcentration of tetracycline pgo/ml
of recipient
and donor E, ¢oli donor 5. typhi recipient
B4 170 110
40 140 100
42 180 55
65 150 65
100 85 50
102 400 -
110 215 55
117 65 65
124 540 150
15 500 190




Eliminpation of R factors of S, typhi recipients with acriflavine
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TABLE VIII

Serial Frequency of cells losing resistance out of 244 replicated colonies
No, of R factors Me of acriflavine/ml of Mueller Hinton broth* Control
recipient 10/g 15 Mg 20 Vg (no acriflavine)
HQ . % HQ Y % m . % NO . %
34 Te 81 3%.19 83 8.1 107 43.8 688 27.88
Ch 7 2.88 i2 4,9 16 6,55 3 1.32
8t 7 2.86 12 4.9 16 6,55 3 1,52
42 Te 0 0 1 0.4 3 1.32 0 0
Am 11 4.5 12 45.9 115 47,1 0 0
Ch 11 4.5 12 45.9 115 47.1 0 0
Pe 11 4,5 112 45.9 115 47.1 0 0
71 Te o 0 0 0 0 0 0 0
125 Te 66 27.5 89 28.68 71 9.1 57 23.36

* The cells were incubated in broth containing the above comeentrations of

acriflavine at 379C for overmight before replica plating.
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TABLE IX

Elimination of R factors of E. coli donors with acriflavine

Serial - Frequency of cells losing reslstance out of 244 replicated colonies
No. of R factors Mg of acriflavine/ml of Mueller Hinton broth® Control
E. coli 20/ 25 Vg . 30M (no acriflavine)
34 Te 0 0 0 0 3 1.32 0 0
. Ch 0 0 0 0 5 1.52 0 0
st 0 0 0 0 5 1.2 0 0
42 Te 0 0 0 0 0 0 0 0
Am 0 0 0 0 0 ) 0 0
| Ch 0 0 0 0 0 0 0 0
Pe o 0 0 0 0 0 0 0
71 Te 4] 0 0 0 0 0 ¢ 0
125 Te o 0 1 0.41 4 1.64 0 0

|

\

{ *

; The cells were incubated in broth containing the above concentrations of
} acriflavine at 37°C for overnight before replica plating.
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Spentanecus loss of R fastors of 8. typhi recipients after muccessive

tranafers in Mueller Hinton broth

Serial Neo, Yo, of transfers
of 8.1 R factors
m!ﬁ 10 15 | 20 25 50 55 40
8 Te PUPP R R +44 e ot bt e
] Te b ré 4 e *4p o4 b
Pe b ot e 4+ ++d * o
8t bt P et it *4 res e
20 Te o 44 e 4 W5 - -
! Te * - - - - - -
ch -+ + - - - - -
8t 4 + - - - - -
40 Te e 4 -4 + * + -
Ch +4 +4 + + * - -
21 ++ >4 + * + - -
65 Te rede *oh 4 e e 44 ++
Am s ot -4 +4+ 44 Fre ++
Ch b L 224 44 +4é b +44 *+
Pe e s s e »oé e *»
St e o 2 e >4 44 +
80 Te ++ o 4 + * + +
Ch * * - - - - -
Pe + + - - - - -
St * * - - - - -
- S S '“1 R T_ 1 o I




TAHLE XI

Spontanecus loss of R faf:wra of 6 S. typhi recipients after successive

transfers in Mueller Hinton broth

No. and percentage of cells losing resistance among

Serial Ro. 244 replicated colonies after successive transfers
 of S.%grphd R factors 10 tranafers 25 transfers 40 transfers
recipient :
No. % No. ' 4 No. 4
65 Te 12 4,92 16 : 6.55 22 9.01
Am 12 4,92 18 " 6.55 R2 9.01
Ch 12 4,92 18 ‘ 6.55 22 9,01
Pe 12 4,92 16 6,58 22 9,01
8t 12 4,92 18 [ 6.56 22 9.01
80v Te 78 31,96 232 95,08 244 100.0
Am 225 92.67 R44 100,0 244 100,0
Ch 225 92 .67 244 100.0 244 100.0
Pe 25 82,67 44 f 100.0 244 100.0
St R25 92,67 R44 100.0 244 100,0
100 Te R2 9.01 244 100.,0 44 100.0
101 Te 56 22.95 187 76 .22 244 100,0
117 Te 56 22.95 98 40.16 244 100.0
Ch 88 86 .05 221 80.87 244 100.0
st 88 86 .05 RR1 80.57 244 100.0
125 Te 48 19.67 241 98.77 | 244 100.,0




DISCUSSION

During the past 15 years there hag been an inereasing recog-
nitien of the importance of R factors in clinlcal and epidemioclogi-
cal work., This was reported first from Japan and later from other
countries, 7The work reported in this thesis constitutes the first
obgervation on the incidence of drug resistance and distribution of
R factors among tetracycline resistant E, coli straing isolated from

human feces and infected urine gpecimens in Lebanon,

None of the 188 strains tested was resistant te erythromyein,
furadantin, furoxone and novobdocin, but, all of them were singly or
multiply resistant to one or more of the other drugs used in this
gstudy (Tables I and II), The frequercy of tetrascycline resistarce
among E, coll isolates from feces and infected urines was signifi-
cantly high, accounting to 67.43% and 70.42% respectively. Abeut
18% of the fecal strains and 10% of the urine strains were singly
registant to tetracycline, The rest of the strains were doubly or
multiply resistant to the drugs used in this investigation, This
study, however, excluded all tetracycline gensitive strains, some
of which could be resistant to other drugs. It may be assumed, there-
fore, that the actual rumber of E. coli resistant to any one or more
drugs other than tetracycline must be greater than the rumbers appearing
in Tables I and II.

Seventeen different resigtance patterns were identified among

the E, cell isolated from feces and 16 patterns smong those 1solated

7



from infected urine specimens (Tables I and II). Among the different
resistance patterns of the E, coli isclates, Te~Am-Ch-Pe-St resigtance
was the most frequently encountered and accounted for 27,12% and 22%
of E, coli isolated from feces and urine specimens respectively.

This indicates that multiply drug resistant E. coli may be easily
recovered from feces and urines of persons who may or may not be
receiving antimicrobial drugs. However, it is reported that E. cold
isolated from persons receiving such drugs, give a greater imcidence
of infectious drug resistance than E, coli recovered from persons

not receiving antibiotic treatment (Sturtevant et al., 1971). This
is due to the fact that the major selective force favoring the emerg.
ence of drug resistant bacteria is the use of antimicrobial drugs.

Qur results show that 46.,81% of the resistant strains isolated
from feces and 42% of those isolated from urine specimens were able
to transfer all or part of their drug resistance to a sensitive
8. typhi recipient. Gedebou and Eveland (1970) found that 45.7%
of tetracycline resistant coliforms isclated from feces were able
to transfer their resistance, A transferability frequency of 50%
among drug resis taté’é lactose fermenting bacteria isoclated from un-
treated sewage wag reported by Sturtevant and Feary (1969). The
percentage of transferability reported in this study among the dif-
ferent E. coli donors ranges from O to 100% (Tables I and II), The
efficiency of the transfer,therefore, depends on the donor strain.
Watanabe (19623 b) and Anderson (1968) reported that certain species



or even certain strains were better donors than others and that
some reclpient species or strains were more efficient than others.
A strain, therefore, could be a good recipient for a particular

donor ard a poor one for another.

Partial or complete transfer of resistance patterns were ob-
served in our study (Tables ITI and IV), The partial transfer of the
resistance pattérns may be due to the possibility that the donor
straing carry one or more R factors and only one of them is trans-
ferred during eonjugation. Another possibility for the segregation
of the resistance patterns is that if replication starts at one end
of the R factor and for some unknown reason stops somewhere between
the two ends, different segregant types could be produced (Watanabe
and Layang, 1961).

In this study 15 S.typhi substraing proved to be able to
transfer their aequired resistance to a sensitive E, coli K 12 reci-
plent. The frequemy of the transfer was 100%. This high efficiency
of transferability may be attributed to the fact that E. eoli K 12
is the best known recipient for R factors (Anderson, 1968; Mitsuhashi,
1969). It is also possible that R factors replicate at a high rate
in cells that have just received the R factors. Such reeiplents will

act as highly competent donor cells (Watanabe et al., 1964),

The degree of resistante to tetracycline in the recipients
was lower than in the donors (Table VII), This indicates that tetra-
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cycline resistance is transferred in part and not in toto, This

is in agreement with the results reported by Mann and Gedebou (1967).
Since the mechanism of tetracyeline resistance is to reduce cell
permeability to the drug (Anderson, 1968), it may be aggsumed, there-
fore, that lower concentrations of tetracycline are needed to generate
the active tetracycline transport system in the recipient 5, typhi

substrains than in the E. coli donors,

Tables VIII and IX show that resistance factors can be eli-
minated by treating the resistant cells with sublethal concentrations
of acriflavine, This confirms the previcusly reached conclusion that
the R factors are in autonomous state (Watanabe and Fukazawa, 1961),
Twe of the tested E. coli donors did not lose their R factors upon
treatment with acriflavine, The other 2 strains lost their R faectors
with very low frequercy (Maximum 1.64%). On the other hand, 3 of the
4 S. typhi reeipients lost their R factors at a much higher frequency
(maximum 47.1%) than the E. coli donors. 'Te lower frequencies of
elimination from E. coli,suggests that these R factors are in a state
of chromosomal integration which cannot be eliminated with acriflavine.

In the present work we have found that the spontanecus segre-
gation and loss of R facters in 8. typhi substrains, upon successive
transfers in Mueller Hinton broth, take place with high frequency.
This enabled us to conduct clone analysis of the segregation and loss
of the R factors with replica plating technique., Resistance ’w’ all
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the drugs were lost together in some instances (strain 85) but megre-
gated loss of R factors was also noted in others. During segregation
the R factors were divided into Te alone and Am-Ch-Pe-St as a group
in substrain 80, or inte Te alone and Ch-St as in substrain 117

(Table XI).

It is well established that the distribution of the R factors
is widely spread among the different members of the family Entercbac-
teriaceae which can transfer in vitro their R factors to a mmber of
bacterial species. Early studies in Japan reviewed by Watansbe (1963 a)
demonstrated the transfer of multiple drug resistance in human veolun~
teers, in dogs and mice. Recent studieg in micreblaly defined animals
(Reed et al,, 1969; Salzman and Klemm, 1988) have clearly shown that
the transfer of R factors ean occur in vivo at a low frequensy. This
~ is due to the presence of fatty acidé and other unknown irhibi tors
in the intestinal tract. Such limited transfer which ocecur in vive
may be significant in humans and animals subjected to antimicrobial

drug treatment.

It can be concluded that singly and multiply drug resistant
E. coli occur in signifieant mumbers in feces and infected urine
specimens and that high percentage of these resistant E. coli could
act as the source of transferable drug resistance to pathogenie bac-
teria such as salmonellae, shigellae, and V. cholerae which sghare
the same intestinal habvitat, The transfer of the R factors occours at a

lower frequency in the intestlne than in vitre. However, this
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frequency may be increased by the use of selective drugs., Such
drugs will eliminate the sensitive strains allowing the resistant
strains to multiply freely, These findings give a direct and strong
evidence to warrant strict control on the indiscriminate use of
antimicrobial drugs., Minimal use of drugs in human and veterinary
medieine is sugpested as the only practicable measure at present

to minimize the spread of resistance factors,



Figo 1.

Replica plating techmique showing the

elimination of R factors from E, coli donors (plates A
and B) and from S. typhi reciplents (plates C and D).

Plate

Plate

Plate

Plate

E. coli colenies on plain MacConkey agar,

E. coli colonies on MacConkey agar + 25) g/ml.
oxytetracycline, two out of 61 colonles Jost

theiy resistance.

8. typhl recipient colonies on plain MacCorkey

agar,

S. typhi recipient on MacConkey agar + 25y g/ml,
oxytetracycline, Fourteen out of 61 colomies lost

their resistance.






Fig. 2. Spontaneous loss of tetracycline resistance
after successive transfers of the reciplent S. typhi substrains .-
in Mueller Hinton broth,

No, of substrain Amount of growth loss of registance

1. ++ Approximately 50% loss of
resistamce,
2. e No loss of resigtance.
3. + Approximately 75% loss of
resis tarce,
4, 4t Approximately 25% loss of
registance,
5. - Complete (100%) lose of
_ resistance,

6. P Resistant strain (controel).
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