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During 1972 a large epidemic, in excess of 10,000 cases, of typhoid fever
occurred in Mexico City, Pachuca, and other communities of Mexico. The main
characteristic of the epidemic, in addition to the large number of persons af-
fected, was the prevalence of a strain of Salmonella typhi which was highly resist-
ant to chloramphenicol both in vivo and in vitro, and which belonged to a single
phage type, Vi degraded approaching type A. Of 493 strains of S. typhi studied
during the outbreak, 452 (91.7%) were resistant to chloramphenicol (CM),
tetracycline (TC), streptomycin (SM), and sulfonamides (SU). The epidemic
strain owes its resistance to an R factor which is easily transferable to Escherichia
coli K-12 and which appears to be stable. In the third month of the outbreak, a
strain of S. typhi resistant to CM, TC, SM, SU, ampicillin (AM), and kanamycin
(KM) was isolated from a patient with severe typhoid fever. During the following
9 months, six additional strains of S. typhi resistant to AM, CM, TC, SM, and
SU were also isolated. Transfer experiments to E. coli K-12 indicate that these
strains are infected with two different R factors, one causing CM, TC, SM, and
SU resistance and the other causing AM or AM and KM resistance. The
frequency of transfer of the resistance in overnight crosses was in the order of 10-'
for CM, TC, SM, and SU and 10-6 for AM or AM, and KM. The appearance of
these strains resistant both to chloramphenicol and ampicillin was a cause for
concern for the clinicians; fortunately, they have remained an infrequent cause of
disease.

In February 1972, an epidemic of typhoid
fever began explosively in Mexico City and
Pachuca (State of Hidalgo), in subsequent
months spreading to several other communities
in Mexico including Tulancingo, Apizaco, Pue-
bla, Poza Rica, and Acapulco. The incidence of
the disease was highest during March and
April; however, a recrudescence was observed in
Mexico City between July and October. Spo-
radic cases in unusually high numbers have
been reported through the end of 1972 and the
beginning of 1973. Information not yet complete
indicates that during 1972 more than 10,000
confirmed cases of typhoid fever were observed.
The age groups most commonly affected were
children between 5 and 14 years of age and
young people between the ages of 15 and 24
years.
The main characteristic of the epidemic, in

addition to its rapid spread and the large
number of persons affected, particularly in the
cities of Mexico, Pachuca, and Tulancingo, was
the prevalence of a strain of Salmonella typhi
highly resistant to chloramphenicol both in vivo
and in vitro. During the first 6 months of the
outbreak, over 400 strains of S. typhi were
recovered in seven different communities. Of
these isolates, about 92% were multiply resist-
ant to chloramphenicol (CM), tetracycline
(TC), streptomycin (SM), and sulfonamides
(SU), but susceptible to ampicillin (AM), ceph-
alothin (CEP), colistin (COL), gentamicin
(GT), nitrofurantoin (NIT), and nalidixic acid
(NAC) (3). In the course of the epidemic,
seven strains of S. typhi were isolated which
were resistant to CM, TC, SM, and SU, and
which also grew in high concentrations of
AM. One of these strains was also resistant to
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kanamycin. The purpose of this paper is to
present information regarding the nature of the
resistance of the cultures of S. typhi isolated
during the epidemic.

MATERIALS AND METHODS

Strains studied. Between March 1972 and July
1972, a total of 493 S. typhi strains were isolated by
the laboratories of the Hospital de Infectologia del
Centro Medico La Raza (IMSS) (P. Mendoza-Her-
nandez), Instituto de Salubridad y Enfermedades
Tropicales (D. Bessudo), Hospital de Pediatria
(IMSS) (G. Gutierrez-Trujillo), and Hospital Infantil
de Mexico. A majority of the strains were cultured
from patients with a clinical syndrome compatible
with typhoid fever.

Antimicrobial drugs tested. Freshly prepared so-

lutions of the following drugs were used: CM, TC,
SM, AM, CEP, COL, GT, KM, NIT, NAC, and SU.
The following Sensi-discs (BBL) were also used

(micrograms): CM, 30; TC, 30; SM, 10; AM, 25; CEP,
30; COL, 10; GT, 10; KM, 30; NIT, 100; NAC, 30; and
SU, 1,000. ''

Test for sensitivity. The plate dilution method
described elsewhere (8) was used throughout the
study. Brain heart-infusion agar (1.75%, BBL), plus
the respective antimicrobial drug, was used. The final
volume was 10 ml of medium per plate. The final drug
concentrations were 0.6, 1.25, 2.5, 5, 10, 20, 50, 100,
200, 300, 400, and 500 Mg/ml. When indicated, higher
concentrations were also used.
Each agar plate was inoculated with a 3-h broth

culture by using sterile swabs for streaking. This seed
culture was prepared by inoculating 10 ml of broth
with 0.1 ml of a 20-h broth culture. The end point was

taken as the minimal antibiotic concentration pro-

ducing inhibition for 20 h when incubated at 37 C
(MIC).
When indicated, the single-disk technique de-

scribed by Bauer et al. (2) was employed, with
Trypticase soy agar (BBL) or Mueller-Hinton agar for
sulfonamides testing.

Transfer of drug resistance. Single colonies of
resistant S. typhi and multiply sensitive Escherichia
coli K-12 strain W-1485 were inoculated separately in
20 ml of brain heart infusion broth and incubated at
37 C for 16 to 18 h. After adjusting the optical density
of the cultures to give a concentration of about 10"
bacteria per ml, 9 ml of the donor strains was mixed
with 1 ml of E. coli K-12 receptor strains. The mixed
cultures were incubated under the same conditions as

above, diluted 1:10 in fresh broth, and incubated
again at 37 C for 90 min. A 0.1-ml volume of 10-1,
10-a, 10-6, and 10-7 dilutions of the mixtures in sterile
saline were seeded onto plates of MacConkey agar

containing the appropriate, single, selecting drug.
After 24 to 48 h of incubation at 37 C, the plates were

inspected for colonies of resistant E. coli. From three
to six colonies were picked, purified by plating on

ordinary MacConkey agar, confirmed as E. coli by
biochemical tests, and tested for the pattern of drug
resistance by the disk method. When indicated, the
level (MIC) of transferred resistance was measured
by the plate dilution technique.

Normally, the drug concentrations used in the
selection medium were 25 tg of CM and TC per ml
and 10 gg of SM per ml, except where indicated
otherwise.

RESULTS

Of 493 strains of S. typhi tested, 452 (91.7%)
were resistant to CM at concentrations of 50
jig/ml or higher.
The resistance pattern of 101 strains of S.

typhi to 11 drugs was determined by using the
plate dilution method. All 101 strains tested
were inhibited by 0.6 to 5 ,g of CEP, COL, GT,
NIT, and NAC per ml. Eighty-nine strains were
simultaneously resistant to 100 to 300 ,g of CM
per ml, 100 to 200 ,g of TC per ml, 50 to 200 Mg
of SM per ml, and more than 1,000 Mg of SU per
ml. One strain in addition to being multiply
resistant to CM, TC, SM, and SU, grew in 1,000
Mug of KM per ml and 5,000 jig of AM per ml.
Ten strains of S. typhi with multiple resist-

ance to CM, TC, SM, and SU were tested for
their ability to transfer the resistance to E. coli
K-12 strain W1485). In a single experiment
(Table 1), 7 out of 10 strains proved capable of
simultaneously transferring the resistance de-
terminants for the four drugs. In three strains,
resistance only to TC was transferred to E. coli.
The transfer frequency of the resistance from S.
typhi to E. coli was in the order of 10' in
overnight crosses.
Two strains of E. coli K- 12 which received the

resistance factors CM, TC, SM, and SU from S.
typhi were also tested for their ability to trans-
fer the experimentally acquired resistance to
two multiply sensitive strains of S. typhi, one
isolated before the outbreak (strain HI-1969)
and one isolated during the outbreak (strain
34271-1972). Resistance to the four drugs was
transferred back from E. coli to both sensitive
strains of S. typhi. In this case, the frequency of

TABLE 1. Transferability of drug resistance from
Salmonella typhi (typhoid fever outbreak: Mexico,

1972) to a strain of Escherichia coli

S. typhi donor strains resistant Resistance transferred
to CM, TC, SM, and SU to E. coli K-12a

H-1 .................... TC
H-14 .................... CM, TC, SM, SU
H-27 .................... CM, TC, SM, SU
H-30 .................... CM, TC, SM, SU
H-72 .................... CM, TC, SM, SU
H-78 .................... CM, TC, SM, SU
H-JRS .................... TC
H-VC .................... CM, TC, SM, SU
H-FU .................... CM, TC, SM, SU
C-5 .................... TC

a Multiply sensitive strain W1485.
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transfer of the resistance was in the order of 106
in overnight crosses.

In the course of the outbreak between May
and September, seven strains of S. typhi were

isolated which were resistant to CM, TC, SM,
and SU, but at the same time which were

resistant to more than 5,000,ug (highest concen-

tration used) ofAM per ml. One of these strains
(strain H-185) was also resistant to KM (1,000
jsg/ml). Table 2 shows the origin and date of
isolation of these seven strains, together with
the levels of resistance to 10 different drugs.

Transfer experiments to E. coli K-12 from S.
typhi strains resistant to AM, CM, TC, SM,
and SU, using various selecting drugs and
examining only one recipient colony from each
selecting drug, indicate that in five out of seven
strains tested the resistance to AM alone was

transferred when this antibiotic was used in the
selective plates (Table 3). In contrast, when CM
or TC was used as the selecting antibiotic, in six
out of seven strains the resistance transferred
was that to CM, TC, SM, and SU but not to
AM. In the case of strain H-185 (which in
addition to resistance to AM, CM, TC, SM, and
SU was also resistant to KM), on AM and KM
selective plates resistance was transferred to
AM and KM but not to CM, TC, SM, and SU;
in TC selective plates resistance transfer was

observed to CM, TC, SM, and SU but not to
AM and KM. The frequency of transfer of the
resistance in overnight crosses was in the order
of 10' for CM, TC, SM, and SU and 10' for
AM or AM and KM.

DISCUSSION
For many years, CM has been considered the

treatment of choice for typhoid fever. Until 1972

there was no known record of the existence 'in
Mexico of S. typhi resistant to CM (12, 14, 16,

18) despite the extensive use of this antibiotic
throughout the country and 'th'ei''''hcre'a'singly
frequent appearance since 1955 of strains of
Shigella, Salmonella of animal origin, and en-

teropathogenic Escherichia coli, all resistant to
multiple drugs including CM (13, 15, 19). The
resistance of a large proportion of these enteric
bacteria isolated in Mexico has been shown to
be due to transferable R factors (5, 15, 19). To
our knowledge, the epidemic of typhoid fever
observed in Mexico in 1972 is the first outbreak
of the disease produced by S. typhi resistant to
CM. However, strains of S. typhi resistant to
this and other antimicrobial drugs have been
isolated previously from sporadic cases of ty-
phoid fever in India, West Africa, Greece, Israel,
Spain, and Chile (1, 4, 9-11). The subject of
drug-resistant S. typhi was recently summa-

rized by Anderson and Smith (1).
Typhoid fever has been endemic in Mexico

for many years, and outbreaks have occurred
from time to time. However, an epidemic of
such magnitude has not been observed in this
country during the last 30 years. On the con-

trary, at least in Mexico City, the incidence of
typhoid fever has progressively declined during
the previous 20 or 25 years, in large part due to
adequate chlorination of the water supply and
modernization of the city's public markets.
The explosive onset of the outbreak suggested

a common source of the infection with massive
distribution of the typhoid bacillus such as

through water or food; unfortunately, studies
carried out by public health authorities failed to
detect either the source of the epidemic or the
vehicle of transmission. Considering the large

TABLE 2. Resistance levels to multiple drugs, of seven unusual strains of Salmonella typhi isolated
during the outbreak of typhoid fever observed in Mexico, 1972

Sulfadia- Minimal inhibitory concn (,ug/ml)b
Strain Date of isolation zinea diskand locality technique AM CM TC SM KM CEP COL GT NAG

H-185, blood ............. 30/5/72 Resistant > 5,000 300 200 200 1,000 10 1.25 5 5
Mexico City

La Raza 1, bone marrow ... 8/6/72 Resistant > 5,000 300 200 200 5 10 1.25 5 5
Mexico City

La Raza 2, bone marrow ... 24/6/72 Resistant > 5,000 300 200 200 5 10 1.25 5 5
Mexico City

Puebla 12, feces .......... 5/8-72 Resistant >5,000 300 200 300 5 10 1.25 5 5
Puebla, Pue.

JRR, feces .Acapulco 25/9/72 Resistant > 5,000 300 200 200 5 10 1.25 5 5
Acapulco, Gro.

LA, feces.22/9/7 22/9/72 Resistant >5,000 300 200 200 5 10 2.5 5 5
Mexico City

JM, blood.28/11/72 Resistant >5,000 300 200 200 5 10 2.5 5 5
Tulancingo, Hgo.

Sulfadiazine-1,000. sg.
Plate dilution.
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TABLE 3. Levels of drug resistance received by Escherichia coli K-12 (multiply sensitive strain W1485) from
seven strains of Salmonella typhi resistant to multiple drugs, isolated during the typhoid fever outbreak

observed in Mexico, 1972

Minimal inhibitory concn (,ug/ml) of recipient
Selecting drug colonies of E. coli5 Sulfadiazine diskS. typhi donor strainsa SelectindecSfiaied(yg/ml) AM KM CM TC SM technique

H-185 ................. AM (200) >5,000 500 10 2.5 10 S
TC (25) 10 2.5 300 200 50 R
KM (100) 4,000 1,000 5 5 10 S

La Raza 1 .............. AM (200) > 5,000 10 2.5 10 S
CM (200) 5 5 300 200 25 R

La Raza 2 .............. AM (200) > 5,000 5 10 2.5 S
CM (200) 5 5 300 200 25 R

Puebla 12 .............. AM (200) > 5,000 10 25 0.6 300 S
CM (200) 5 10 300 300 200 R

JRR ................. AM (200) > 5,000 10 300 200 100 R
CM (200) 5 10 300 200 200 R

LA .................... AM (25) >5,000 10 300 200 300 R
CM (25) 100 10 300 200 100 R

JM .................... AM (25) 3,000 10 5 50 200 R
CM (25) 2.5 10 300 200 100 R

a See original levels of resistance of these strains in Table 2.
1 Only one colony tested from each selecting drug.
c R, Resistant; S, susceptible.

number of active cases and of carriers, there can
be no doubt that person-to-person transmission
also played an important role in the spread of
the disease.
The very high proportion (91.9%) of CM-,

TC-, SM-, and SU-resistant strains of S. typhi
recovered during the epidemic, together with
the fact that 148 (97%) out of 153 resistant
strains which were phage-typed at the Center
for Disease Control (Atlanta, Ga., George J.
Hermann) (3) and the Pasteur Institute (Paris,
J. F. Vieu) were of the same phage type (Vi
degraded approaching type A) (the other resist-
ant strains were W forms), suggests that the
epidemic of typhoid fever was caused by a single
strain, with the occasional occurrence of cases
due to sensitive endemic strains.
The epidemic strain owes its resistance to an

R factor transferable to E. coli K-12, as was
shown in this study as well as in experiments
carried out in the United States (7) and Eng-
land (1). The R factor originating from S. typhi
is also easily transferable from E. coli K-12 to
multiply sensitive strains of S. typhi and ap-
pears to be stable.
The R factor from epidemic S. typhi confers

the same pattern of resistance as the R factor

found in pandemic strains of Shigella dysen-
teriae 1 (CM, TC, SM, and SU) isolated in
Central America in recent years (6, 7, 19), and
which were also present in Mexico City and
Pachuca at the beginning of the typhoid out-
break. However, according to studies carried
out by T. L. Marsh and D. H. Smith (Abstr.
Annu. Meet. Amer. Soc. Microbiol., p. 63,
1973), there are considerable genetic differences
between the two R factors which suggest differ-
ent origins. In any case, these two epidemics are
good examples of the potential dangers pro-
duced by the infection of pathogenic bacteria of
high virulence, like S. typhi or S. dysenteriae 1,
with R factors, particularly in countries with
poor sanitation.
At the end of the third month of the outbreak,

a strain of S. typhi resistant to CM, TC, SM,
and SU but also resistant to AM and KM was
isolated from a patient with severe typhoid
fever. Since AM was considered by the clini-
cians as the drug of choice for the treatment of
disease due to the CM-resistant strains, the
possibility that the epidemic strain of S. typhi
had acquired this new resistance was a serious
cause for concern. Over the next few months,
particular emphasis was placed on the detection
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of cultures of S. typhi resistant to AM and CM.
Fortunately, during the following 9 months
only six additional strains with these character-
istics were found among several hundred cases
of typhoid fever studied; four strains were
isolated in Mexico City and one each from the
cities of Puebla, Acapulco, and Tulancingo,
and at widely separate times. Furthermore,
preliminary phage-typing data indicate that
only two strains (Puebla 12 and JM) are of the
same type as the epidemic strain of S. typhi.
Strain JRR is a W form, and the other four
strains are Vi degraded with various phage
patterns (George J. Hermann, Center for Dis-
ease Control, Atlanta). However, the levels of
resistance demonstrated by these seven strains
to CM, TC, SM, and SU are similar to those of
the epidemic strain of S. typhi. Transfer experi-
ments of the resistance found in these strains
to sensitive E. coli K-12 suggest the presence
of two different R factors, one causing CM, TC,
SM, and SU resistance, the other causing AM
or AM and KM resistance, at different fre-
quencies. It is not known whether these were
endemic strains which, by chance, became in-
fected both with the R factor present in the
epidemic strain and with the R factor causing
resistance to AM or AM and KM, or whether
the epidemic strain became infected with a
new pltsmid which at the same time caused
profound changes in the phage pattern and a
diminished capacity for transmission. The lat-
ter could explain the apparent low incidence of
the disease due to these strains during the
course of the outbreak. Detailed studies of the
nature of the genetic material present in these
strains are in progress and will be the subject
of a future publication.
The possibility that the epidemic strain of S.

typhi possesses, in addition to the R factor
(CM, TC, SM, and SU), an enhanced virulence
or a factor which facilitates its transmissibility
has been the subject of much speculation re-
cently and remains to be resolved.
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