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Reports of an increased clinical incidence of pertussis and the development of resistance by Bordetella
pertussis to erythromycin prompted the collection and testing of recent clinical isolates from patients in
northern California against a range of antimicrobial agents by the Etest (AB BIODISK, Solna, Sweden)
method. All isolates were fully susceptible to all eight agents tested (MIC, =0.38 pg/ml), including newer
fluoroquinolones, such as gatifloxacin (MIC of which 90% of the isolates tested are inhibited, 0.006 pg/ml),
which may be used in cases of adolescent or adult pertussis. Continued surveillance of B. pertussis isolates

appears to be a prudent practice.

The first clear description of pertussis (Whooping cough) was
made by Baillou in 1640 (6). Pertussis remains a highly conta-
gious respiratory disease causing significant morbidity in chil-
dren and now more recently in adults. The incidence of per-
tussis decreased dramatically in the late 1940s, with the
introduction of whole-cell pertussis vaccines. However, even in
countries with high vaccination rates, there have been recent
reports of increases in cases in The Netherlands (1) and in the
United States (2). Experience in the United States has shown
the incidence of pertussis to be relatively stable in infants and
young children, but it has increased markedly in adolescents
and young adults (2). The cause of this increase is not clearly
known, but may be due to increased accuracy of diagnosis and
reporting of the disease or a decline in immunity over time.
The incidence of pertussis as a cause of chronic cough syn-
dromes in adults and adolescents was 19.9% in Canada (11).

Although erythromycin or macrolides remain the antimicro-
bials of choice for the treatment of Bordetella pertussis infec-
tions, there have been reports of the emergence of resistance
to these agents in clinical isolates from the United States (3, 4).
This study reports the susceptibility of 45 clinical isolates of B.
pertussis collected from December 1998 to August 1999 in
Northern California as part of the Special Objectives Phase of
the SENTRY Antimicrobial Surveillance Program (10).

Thirty-six of the 45 B. pertussis isolates were viable, grew well
on test media, and were available for susceptibility testing. The
demographic data of all 45 patients were as follows: (i) 57.8%
of patients were female; (ii) the age distributions of patients
were =6 months (20 patients), 7 months to 1 year (4 patients),
2 to 10 years (9 patients), 11 to 16 years (7 patients, >16 years
(4 patients), and unknown (1 patient), and (iii) the site of
acquisition in the community was 82.2%. The B. pertussis iso-
lates were defined by biochemical reactions (catalase positive,
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urease negative, and oxidase positive) after the finding of
small, gram-negative coccobacilli on Bordet-Gengou potato
infusion or Regan-Lowe agar. Direct fluorescent antibody tests
were performed by the participating site to confirm identifica-
tion prior to shipment of the isolates to the SENTRY monitor.
Upon arrival, isolates were subcultured twice onto Bordet-
Gengou agar (Remel, Kansas City, Mo.) and incubated in a
moist, closed ambient air environment at 35°C for 72 h. Stor-
age cultures were made with defibrinated rabbit blood (Remel)
and kept at —80°C until tested.

MICs of eight antimicrobial agents (azithromycin, erythro-
mycin, clarithromycin, clindamycin, ciprofloxacin, gatifloxacin,
trovafloxacin, trimethoprim-sulfamethoxazole) were deter-
mined by using the Etest (AB BIODISK, Solna, Sweden)
methodology, a method validated elsewhere (3, 4; J. E. Hoppe
and T. H. Tschirner, Abstr. 34th Intersci. Conf. Antimicrob.
Agents Chemother., abstr. D10, 1994). Two large Mueller-
Hinton agar plates, each containing 5% sheep blood, were
inoculated with a swab taken from a colony suspension equal
to that of a 0.5 McFarland standard (8, 9). The quality control
strains used were Haemophilus influenzae ATCC 49247, Staph-
ylococcus aureus ATCC 29213, Escherichia coli ATCC 25922,
and Enterococcus faecalis ATCC 29212. Each isolate was also
sent to the University of Iowa Hygienic Laboratory (Oakdale
Campus), Iowa City, for confirmation of identification by uti-
lizing the direct fluorescent antibody test and other molecular
techniques (5).

The MIC results are summarized in Table 1. All isolates
appeared to be susceptible to all of the antimicrobial agents
tested, erythromycin (“drug-of-choice”) having a MIC range of
=0.016 to 0.19 pg/ml, with a MIC at which 90% of the isolates
tested are inhibited (MIC,,) of 0.125 pg/ml. The other mac-
rolides had MIC,, results slightly lower than those of erythro-
mycin. The highest MIC for one isolate was that of clindamycin
(0.38 pg/ml). The other four antimicrobial agents used (cip-
rofloxacin, gatifloxacin, trovafloxacin, and trimethoprim-sul-
famethoxazole) all had potent activity against B. pertussis, with
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TABLE 1. Antimicrobial activity of eight antimicrobial agents
tested by the Etest method against 36 strains of B. pertussis®

MIC (pg/ml)?

Antimicrobial
agent 50% 90% Range
Azithromycin =0.016 0.064 =0.016-0.094
Clarithromycin =0.016 0.094 =0.016-0.125
Erythromycin 0.023 0.125 =0.016-0.19
Clindamycin 0.032 0.19 =0.016-0.38
CiprofloXacin 0.008 0.032 =0.002-0.064
Gatifloxacin =0.002 0.006 =0.002-0.012
Trovafloxacin 0.016 0.032 0.012-0.032
Trimethoprim- =0.002 0.004 =0.002-0.012
sulfamethoxazole

“ Thirty-six viable strains among 45 total isolates from a regional laboratory in
northern California (1998).
?50% and 90%, MICs, and MIC,,, respectively.

MIC,ys ranging from 0.004 to 0.032 wg/ml. All isolates were
inhibited by concentrations of fluoroquinolones and tri-
methoprim-sulfamethoxazole of 0.064 pg/ml or less. Gatifloxa-
cin (MIC,,, 0.006 pg/ml) and trimethoprim-sulfamethoxazole
(MICy, 0.004 pg/ml) were the most active drugs tested.

The MIC range for erythromycin against B. pertussis has
been generally described as 0.02 to 0.125 pg/ml, and, until
recently, no resistant isolate had been well documented (3, 4).
None of the 36 viable isolates in this study was resistant to any
of the antimicrobial agents tested. The highest MIC was only
0.38 pwg/ml. A strain of B. pertussis recently isolated in Arizona
and resistant to erythromycin (32 pg/ml) was, however, cause
for concern and for continued clinical laboratory vigilance (3).
The development of newer and more reliable testing methods,
such as PCR, will help to accurately and quickly identify B.
pertussis (5, 7). Until these tests are available, direct fluores-
cent antibody testing provides a rapid confirmation of the
presence of Bordetella (7), and tests involving the oxidase,
catalase, and urease reactions will initially distinguish between
B. pertussis and other Bordetella species, thus allowing suscep-
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tibility testing by a reliable and practical dilution method
(Etest) (3, 4, 7; Hoppe and Tschirner, 34th ICAAC).

The assistance of K. Meyer and D. Varnam in the preparation of the
manuscript is greatly appreciated.

The SENTRY Antimicrobial Surveillance Program is supported by
an educational/research grant from Bristol-Myers Squibb.

REFERENCES

1. De Melker, H. E., J. F. P. Schellekens, S. E. Neppelenbroek, F. R. Mooi, H. C.
Rumke, and M. A. E. Conyn-van Spaendonck. 2000. Reemergence of per-
tussis in the highly vaccinated population of The Netherlands: observations
on surveillance data. Emerg. Infect. Dis. 6:348-357. 6

2. Giiris, D., P. M. Strebel, B. Bardenheier, M. Brennan, R. Tachdjian, E.
Finch, M. Wharton, and J. R. Livengood. 1999. Changing epidemiology of
pertussis in the United States: increasing reported incidence among adoles-
cents and adults, 1990-1996. Clin. Infect. Dis. 28:1230-1237.

3. Korgenski, E. K., and J. A. Daly. 1997. Surveillance and detection of eryth-
romycin resistance in Bordetella pertussis isolates recovered from a pediatric
population in the Intermountain West Region of the United States. J. Clin.
Microbiol. 35:2989-2991.

4. Lewis, K., M. A. Saubolle, F. C. Tenover, M. F. Rudinsky, S. D. Barbour, and
J. D. Cherry. 1995. Pertussis caused by an erythromycin-resistant strain of
Bordetella pertussis. Pediatr. Infect. Dis. J. 14:388-391.

5. Loeffelholz, M. J., C. J. Thompson, K. S. Long, and M. J. R. Gilchrist. 1999.
Comparison of PCR, culture, and direct fluorescent-antibody testing for
detection of Bordetella pertussis. J. Clin. Microbiol. 37:2872-2876.

6. Major, R. H. 1954. A history of medicine, vol. 1, p. 423. Charles C. Thomas,
Springfield, Ill.

7. Miiller, F.-M. C., G. E. Hoppe, and C.-H. Wirsing von Konig. 1997. Labo-
ratory diagnosis of pertussis: state of the art in 1997. J. Clin. Microbiol.
35:2435-2443.

8. National Committee for Clinical Laboratory Standards. 2000. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
5th ed. Approved standard M7-AS. National Committee for Clinical Labo-
ratory Standards, Wayne, Pa.

9. National Committee for Clinical Laboratory Standards. 2000. Performance
standards for antimicrobial disk susceptibility tests, 7th ed. Approved stan-
dard M2-A7. National Committee for Clinical Laboratory Standards,
Wayne, Pa.

10. Pfaller, M. A., R. N. Jones, G. V. Doern, K. Kugler, and the SENTRY
Participants Group. 1998. Bacterial pathogens isolated from patients with
bloodstream infection: frequencies of occurrence and antimicrobial suscep-
tibility patterns from the SENTRY antimicrobial surveillance program
(United States and Canada, 1997). Antimicrob. Agents Chemother. 42:1762—
1770.

11. Senzilet, L. D., S. A. Halperin, J. S. Spika, M. Alagaratnam, A. Morris, B.
Smith, and the Sentinel Health Unit Surveillance System Pertussis Working
Group. 2001. Pertussis is a frequent cause of prolonged cough illness in
adults and adolescents. Clin. Infect. Dis. 32:1691-1697. M. A.



