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We studied 961 clinical Salmonella isolates (one per patient) seen in one Spanish hospital from 1988 to 1991.
The incidence of non-Salmonella typhi Salmonella infections per 100,000 admissions increased from 3.93 to
5.98. Overall rates of resistance to ampicillin, chloramphenicol, and co-trimoxazole were 32, 11, and 2%,
respectively. Resistance to chloramphenicol increased from 9 to 16% during the study period, while resistance
to each of the other drugs remained stable. Variations related to serogroups were observed.

Salmonella infections constitute an important problem
around the world and may require treatment with antibiotics
able to reach high intracellular concentrations (7). Unfortu-
nately, multiresistant Salmonella strains are increasingly
common and have become an issue of worldwide concern
with variable geographical incidence (9, 19).

Salmonellae resistant to antimicrobial agents are common
in Spain, a country with many foreign visitors each year. In
this article, we report the evolution of the antimicrobial
resistance of the Salmonella strains isolated at our institu-
tion during the last 4 years.

(This work was presented in part at the 31st Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Chicago, Ill., October 1991 [18].)

Ours is a 2,300-bed teaching institution of the city of

Madrid, Spain, serving a predominantly urban population -

with a low-medium socioeconomic level. All clinical Salmo-
nella isolates obtained at our institution from 1988 to 1991
were included in this study.

Identification was made according to standard microbio-
logical procedures (14) by means of the automated Micro-
Scan Autoscan 4 method (Baxter Laboratories, West Sacra-
mento, Calif.). The identification was confirmed by
serogrouping with commercial antisera (Difco Laboratories,
Detroit, Mich.). In addition, a total of 218 (23%) of 965
strains were sent to a reference national laboratory for
further serotyping (Centro Nacional de Microbiologia, Viro-
logia e Inmunologia Sanitarias).

Antimicrobial susceptibility testing was performed ac-
cording to the criteria of the National Committee for Clinical
Laboratory Standards (Villanova, Pa.) by using a broth
microdilution automated method (Microscan Autoscan 4
panels). In order to detect salmonellae resistant to extended-
spectrum cephalosporins, we determined the MICs of ceph-
azolin, cefotaxime, ceftazidime, and amoxicillin-clavulanate
by an agar dilution technique (National Committee for
Clinical Laboratory Standards) using concentrations of these
antimicrobial agents ranging from 0.06 to 128 pg/ml (20, 21).

Statistical significance of quantitative variables was ana-
lyzed by means of the chi-square test, considering P values
of <0.05 (two-tailed) significant (25).

During the study, we isolated 1,671 salmonellae, of which
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52 strains were Salmonella typhi, with all of them being
susceptible to the antimicrobial agents tested. Hereafter, we
will refer only to the remaining 1,619 (961 patients) nonty-
phoid salmonellae, considering a single isolate per patient
(961 isolates from 961 patients). Table 1 summarizes the
increasing number of cases and the distribution of sero-
groups per year. Origins of isolates were stool (82.6%),
blood (14%), urine (2%), and others (1.4%).

Isolates belonging to serogroup B, 5 have showed a signif-
icant increase, rising from 20 (10%) in 1988 to 66 (24%) in
1991 (P < 0.001), while the rate of isolation for serogroup Dy
decreased from 84 to 67% (P < 0.001). Further serotyping of
strains demonstrated that serogroup D, (159 strains studied)
corresponded to Salmonella enteritidis, serogroup B, 5 (46
strains studied) corresponded to Salmonella typhimurium
(74%), Salmonella bredeney (24%), and Salmonella bran-
denburg (2%), and serogroup C, (19 strains studied) corre-
sponded to Salmonella virchow (89%) and Salmonella ohio
(11%).

Overall antimicrobial resistance and its evolution are
summarized in Table 2; 32% of our strains were resistant to
ampicillin, 11% were resistant to chloramphenicol, and 2%
were resistant to trimethoprim-sulfamethoxazole. Resis-
tance to chloramphenicol increased from 9% in 1988 to 16%
in 1991 (P < 0.05), and resistance to tetracycline increased
from 8% in 1988 to 19% in 1991. When we studied chloram-
phenicol resistance monthly, no evidence of an epidemic
outbreak was observed (data not shown). Rates of resistance
to other drugs have remained stable.

Although resistance to amoxicillin-clavulanic acid is low
(4%), 20% of our sensitive strains exhibited an intermediate
MIC of 16/8 pg/ml (16 pg of amoxicillin per ml plus 8 pg of
clavulanic acid per ml). Resistance to cefazolin and amino-
glycosides was uncommon (data not shown). The most
frequent pattern of multiresistance was ampicillin plus chlor-
amphenicol, which has increased from 4% in 1988 to 15% in
1991 (P < 0.05). None of our strains were resistant to
extended-spectrum cephalosporins or to fluoroquinolones.

In our media, serogroups B, s and C, are significantly
more resistant than serogroup Dy (P < 0.001) (Table 3). It is
noteworthy that 38% of our serogroup B, 5 salmonellae were
simultaneously resistant to ampicillin and chloramphenicol
and 3% were additionally resistant to trimethoprim-sul-
famethoxazole. During the years covered by the study,
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TABLE 1. Serogroups of non-S. typhi Salmonella isolates®

No. (%) of isolates®

Serogroup(s) 1988 1989 1990 1991 Total

NOTES 1201

TABLE 3. Evolution of resistance to different antimicrobial
agents by serogroup”

Antimicrobial Sero- No. (%) of resistant isolates

[191, 3.93] [226, 4.72] [270, 5.81] [274,5.98]  [961] agent(s)”  group(s) ~ 1988 1989 1990 1991 Total
D, 161 (84) 153 (68) 203 (76) 184 (67) 701 (73°  AMP D,  47(29) 41(27) 45(22) 29 (16) 162 (23F°
g,s Zg %)) ig g;‘) g g?) ?3 %‘) 1§§ %J)‘ B,s  6(30) 27(50) 35(67) 43(65) 111 (58)
3(43) 8(42) 3(25) 10(59) 24 (44)
Others 32 0(0) 3Q) 72 13(Q) Others 0 0 3(100) 1(14) 4(31)
“ One isolate per patient. -
& The first value in brackets is the total number of patients from whom CHL D, 9(6) 1(06) 1(05) 2(1) 13(2) .
isolates were obtained in the corresponding year; the second value (if given) Bys 2(10) 20(37) 22(42) 37(56) 81 (42)
is the number of such patients per 100,000 admissions. (&) 5(71) 2(Q0) 1(8) 4(24) 12(22r
¢ P < 0.001 (1988 versus 1991). Others 2(66) 0 0 (] 2 (15)
TMP-SMZ D, 20001) 2(1) 42 32 11
B,s 0 30 1(2) 4(6) 84
serogroups B, 5 and C, have become more resistant, while G 1a9 1) 1 0 36)
serogroup Dy isolates became more susceptible. AMP + CHL D 1(0.6) 0 1(05) 1(0.5) 3 (0.4
An increase in Salmonella infections has been reported in Bjs 4 520)) 14 (26) 20 238)) 35 253)) 73 238)2
recent years for many geographic areas, including countries c, 2(28) 2(10) 0 3(17)  7(Q3)
with very high public health and hygienic standards (23). The
knowledge of the resistance patterns for different areas of =~ AMP + CHL + D, 0 0 0 1(0.5) 1(0.14)
the world can be very useful in our era of frequent overseas TMP-SMZ  B,s 0 36) 36 0 6(3)
travelling. G 0 15) 0 0 12

Our results show that although gastrointestinal infections
remain the most common, 18% of our patients had a variety
of extraintestinal infections, as reported elsewhere (8).

The relative proportion of Salmonella serogroups and
serotypes isolated at a single geographic area or hospital is
very variable (5, 16, 27). Our study, as well as other studies,
proves that different serogroups have different patterns of
resistance, with serogroups B, 5 and C, usually being more
resistant than serogroup Dy (6).

Our study shows an overall percent resistance to ampicil-
lin of 32%; this rate has reached up to 45.8% in other areas
of Spain (2, 22). In other countries, ampicillin resistance has
ranged from 1.5% in New Zealand to 85.4% in Iran (10, 12,
17).

Chloramphenicol resistance was present in 11% of our
strains, and it is also a problem in North Africa, South
America, and Asia, where it reached 10% (7, 28).

Co-trimoxazole resistance was only 2% in our study, as in
other Spanish institutions (2, 22), and represents a good oral
alternative against ampicillin-resistant strains. However,

TABLE 2. Overall resistance of non-S. typhi Salmonella isolates
to antimicrobial agents®

Antimicrobial No. (%) of resistant isolates
agent(s)” 1988 1989 1990 1991 Total

AMP 56 (30) 76 (34) 86(32) 83(30) 301 (32)
CHL 18(9) 23(10) 24(9) 43 (16) 108 (11)°
TMP-SMZ 3@ 6(3) 6(2) 73) 22 (2)
Amoxicillin-clavu- 11 (6) 12 (5) 8(3) 104 41 (4)

lanate
Tetracycline 15(8) 38(17) 45(17) 53(19) 151(15)
Cefazolin 1(0.5) 3(1) 104 O 5(0.5)
AMP + CHL 74) 16(7) 20(7) 40(15) 83(9)F
AMP + CHL + 2(1) 2(1) 3(1) 1(0.4) 8(1)

TMP-SMZ

2 One isolate per patient.

% AMP, ampicillin; CHL, chloramphenicol; TMP-SMZ, trimethoprim-sul-
famethoxazole.

€ P < 0.05 (1988 versus 1991).

“ One isolate per patient.

& AMP, ampicillin; CHL, chloramphenicol; TMP-SMZ, trimethoprim-sul-
famethoxazole.

€ P < 0.05 (1988 versus 1991).

higher resistance has been reported in Asia and South
America (24).

More important among our data is the high percent com-
bined resistance to ampicillin and chloramphenicol, which
increased from 4 to 15%. This situation, occasionally de-
scribed for other geographic areas, may be sporadic or
epidemic (15). In our study, we could not demonstrate
evidence of an epidemic outbreak to explain this situation.

In the presence of a severe infection caused by a multire-
sistant strain, the main therapeutic alternatives are new
quinolones and extended-spectrum cephalosporins (3). Both
have demonstrated excellent bactericidal effects in vivo and
in vitro, even against organisms resistant to multiple drugs
(1, 4, 26). Although occasionally described, resistance of
salmonellae to these agents remains exceptional (11, 13). In
our experience, none of the strains was resistant to extend-
ed-spectrum cephalosporins or to ciprofloxacin.

In conclusion, in our media, resistance of salmonellae to
antimicrobial agents is high, and in the case of chloramphen-
icol resistance, it is significantly increasing. A continuous
surveillance of susceptibility of salmonellae to antimicrobial
agents and a more prudent and restricted use of them, in
both humans and animals, are desirable.
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