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- Table 1. Comparative potencies and susceptibility rate results for
A b St r aCt M at er I al S an d M et h O d S tetracycline and doxycycline tested against isolates of Gram-positive

pathogens (13,188 strains in 2010 SENTRY Program).

Objectives: To assess the potency and intermethod Organism collection: All organisms were cultured in the %% by cateqory:

agreement for doxycycline (DOXY) and tetracycline year 2010 from medical centers worldwide (United (susceptible/resistant by

(TETRA) susceptibility (S) testing breakpoints when States [USA], Europe, Latin America, Asia-Pacific Organism MIC (mg/L) method)*

tested against SENTRY Antimicrobial Surveillance Region) and sent for reference susceptibility testing (>30 (no. tested) Antimicrobial  50%  90% CLSI EUCAST

Program isolates of Gram-positive species (13,188 agents) and identification confirmation by a monitoring MRSA (4,046) Tetracycline  =0.25 2 91.2/80 881790

Isolates) collected worldwide. GLP/CLIA-certified laboratory (JMI Laboratories, North Doxyeycline 0.1z 0.5 96.2/06 935755
_ | _ . L S MSSA (4,966) Tetracycline <025 05 942/50 93.2/6.4

Methods: All organisms were cultured in 2010 with S Liberty, lowa, USA). These strains included: boxyoydine 012 042 992/04  96.7/16

testing by CLSI M07-A9 (2012) methods and results Staphylococcus aureus (9,012; 44.9% methicillin- | .

_ . . S. pneumoniae TetracyC“ne 0.5 >8 73.2126.5 73.0/26.7

interpreted by CLSI M100-S22 (2012) and EUCAST resistant [MRSA]), Streptococcus pneumoniae (2,325), (2,325) Doxyeycline 025 8 753/153 73.8/247

(2012) criteria for TETRA and DOXY. Atotal of 9,012 S. and B-haemolytic streptococci (1,851; 42.8% S. S.pyogenes (793) Tetracyclne <025  >8 80.3/19.7 79.6/19.7

aureus (SA; 44.9% MRSA); 2,325 S. pneumoniae (SPN); pyogenes). Doxycycline 0.12 8 81.2/16.0 80.2/18.8

' . . | ) | |
and 1,851 beta-haemolytic streptococci (BHS; 42.8% S. Antimicrobial susceptibility tests: These 13 188 Gram- S. agalactiae Tetracycll.ne >8 >8 14.6/84.9° 14.6/ 85.4
pyogenes [SPYO]) were analyzed for S and cross-S — - . . (1,058) Doxycycline 8 8 15.7/81.3> 15.4/84.3
. . . positive pathogens were tested against tetracycline and T

rates by the two international breakpoint sets. The q ine by the broth microdilut thod e e ety (o1 @012)8 (2012)

tetracycline's S breakpoint MIC (mg/L) criteria differ dg)s()c/ﬁ)l;(;;ln% t%/e C?LSrIOI\/IOr;"ng ('231'(;)] crlT(])ecur(:]er?tSin

CLSI/EUCAST, respectively) as follows: for SA ( £4/<1), _ i = . . .

]S SPN (<2/<1 dpf BH%/) <o/<1). Al o ( t I) validated panels produced under GMP conditions at Table 2._Categ_or|cal comparisons l:_)etv_veen doxycycline and

or (s2/=1) and for (s2/=1). qualily contro tetracycline using the breakpoint criteria of the CLSI (2012) and

ThermoFisher Scientific (formerly TREK Diagnostics) of

tests were within published CLSI ranges. _ _
Cleveland, Ohio, USA. Concurrent quality control (QC)

EUCAST (2012) for over 9,000 S. aureus isolated in 2010.

Results: S rates for DOXY were consistently greater used ATCC strains S. aureus 29213, E. faecalis 29212 Organism/ Titracydme o, lsoares) .
than TETRA for each interpretive criteria used and for and S. pneumoniae 49619. All QC results were within Antimicrobial cLolcategony” SUCAST catlegony”
each pathogen group ana|yzed_ The CLSI CLSI M100-S22 (2012) limits. (no. teste.d) Susc. Interm. Resist. Susc. Interm.  Resist.
DOXY/TETRA S rates (EUCAST rates) were as follows: Doxycycline
99.2/94.2(96.7/93.2)% for MSSA; 96.2/91.2(93.5/88.1)% The interpretations of results were taken from those MSSA (4,966)
for MRSA: 75.3/73.2(73.8/73.0)% for SPN: published by the CLSI (M100-S22, 2012) and EUCAST SUBEEPIIS gt A 208 4630 18° 155
81.2/80.3(80.2/79.6)% for SPYO; and (2012); see above for CLSI breakpoints. EUCAST intermediate 0 0 3% : : o
15.7/14.6(15.4/14.6)% for S. agalactiae (SAGA). DOXY applies lower MIC breakpoints at <1 mg/L for Miess/fzn;%) ° ° ! ° ] "
(MICg,, 0.5 mg/L) was generally 2- to 4-fold more potent susceptibility. Analyses also considered the use of Suscep;ible 2,689 - 7 2564 17 103
than TETRA (MIC,,, 2 mg/L) versus MRSA. Use of tetracycline HCI susceptibility results to predict ntermediate 0 0 . 0 . 2g¢
TETRA-S results to predict DOXY-S was excellent doxycycline susceptibility for the four tabulated species. Resistant 0 0 ’5 1 0 299
(>99.9 - 100.0%) for SA regardless of breakpoints used, L a. CLSI (2012) criteria for tetracycline: susceptible at <4 mg/L and resistant at >16 mg/L. Same categorical criteria are
as were predicted for SPN (99.8-100.0%), SPYO (99.6- Molecular Charact_erlzatlon Of_tet genes was performEd b. Eieg;%er(oz)glcg)c Ici:rr]i?ériafortetracycline: susceptible at <1 mg/L and resistant at >2 mg/L. Same categorical criteria are
999%) and SAGA (100.0%); errors usually hlg her Eyl\r/rllelilh()dz gESCI'Ibed by Aminov et al. (2001) for tet K’ c. lI\J/f:s(i:)Orresgl);yrftyt(%r;eoz minor predictive e)rror ufsilng t_etracycl(ijr_1e resufltsl to predict doxycycline susceptibility, regardless
’ ’ an _ of interpretive criteria (CLSI or EUCAST) e.g. false-intermediate or false-resistant.

applying the lower EUCAST breakpoints. Concerns
persist that strains of staphylococci and streptococci

| Results
CLSl as S (MICs at 2 or 4 mg/L) by current breakpoints

having TET-R mechanisms could be categorized by Table 3. Calculated error rates for tetracycline results used to predict

doxycycline susceptibility categories using CLSI (2012) and EUCAST
(2012) breakpoints (cross-susceptibility testing).

e.g. 2.7% of MRSA tested against DOXY. e Tested against MSSA and MRSA, doxycycline was %% by error type?
C . _ . . L four-fold more potent than tetracycline (MIC, results). Pathogen group _ . .
onclusions: CLSI and EUCAST interpretive criteria for Futhermore, MSSA (MIC.., 0.12 and 0.5 mg/L) were (no. tested) Very major Major Minor Total

tetracyclines (TETRA and DOXY) remain discordant, but four-fold ! t'blgo’t .b h .t than MRSA MSSA (4,996) 0.0 (<0.1) 4.2 (3.1) 1.5(2.1) 5.7 (5.2)
each determines DOXY to have wider spectrum against Our-1old more suscepubie to both agents than MRSA (4,046) 0.0 (<0.1) 4.2 (2.5) 4.0 (3.8) 8.2 (6.4)
four Gram-positive pathogen species and that TETRA-S (MICqg, 0.5 and 2 mg/L). S. pneumoniae (2,325) 0.0 (0.2) 1.9 (0.7) 9.6 (1.8) 11.5 (2.7)
can accurately predict DOXY-S (99.93-99.86% across » The CLSI doxycycline/tetracycline susceptibility rates S. pyogenes (793) 0.1 (0.4) 1.4 (1.1) 2.8 (1.5) 4.3 (3.0)
13,188 isolates). Moreover, molecular test-confirmed (EUCAST rates) were as follows for (Table 1): S. agalactiae (1,058) 0.0 (0.0) 0.6 (0.9) 3.6 (0.3) 4.2 (1.2)
mechanisms appear highly probably among CLSI- 0 MSSA 99.2/94.2% (96.7/93.2%) 2. Error rates for CLS| with EUCAST error rates in parenthesis.

susceptible (MICs, 2 or 4 mg/L) strains requiring 0 MRSA 96.2/91.2% (93.5/88.1%)
International harmonization, to also include other T S 50/ 0 .
tetracycline or-like agents and systematically applying g g E;gg;nnoer!agi 725/8%/73%/02 (g 0(72?;789/76%/0(; %) CO NC I USIONS
pharmacodynamic principles. o S. agalactiae 15.7/14.6% (15.4/14.6%) e Doxycycline remains more potent than tetracycline by

_ _ _ MIC comparisons and possesses greater spectrum of
 Many strains of staphylococci were resistant to

] _ _ _ _ activity (% susceptible rate) by either CLSI and
| N trO d U Ctl on tetracycll_ne (Table 2) but susceptlb!e or intermediate to EUCAST breakpoints.
doxycycline, regardless of breakpoints used.

The tetracyclines (particularly chlortetracycline) were the . If tetracvcline suscentibility was used to oredict  EUCAST breakpoints for each Gram-positive
first broad-spectrum antimicrobial class to be described y P y P pathogen seems better correlated to current data

iIn 1944. Derived from various Streptocmyces species dogyg;g)cl(i)nj()/thf errtor r?te was 'SI'OSI% f;r stjughylococci, (PK/PD) including contemporary MIC distributions
(rimosus, aureofaciens) these agents were expanded via Zn t. -t 70 orts 'ep OC?ICC' (Ta re18 an g:.LSI and minimizes false-susceptibility categorization of
semi-synthetic processes to include tetracycline reatest error rates overail were when using the four analyzed species.

(dehalogenation), doxycycline and minocycline; the latter criteria (Table 3).

e Further studies with other tetracyclines (minocycline

three persisting in contemporary chemotherapy. Their » Figure 1 shows the comparative tetracycline's or more) and disk diffusion methods to establish
mode of action targets the bacterial ribosomes resulting potencies for MSSA with plotted breakpoints (CLSI and correlate breaknoints are uraentlv needed. especiall
In the inhibition of protein synthesis. Tetracycline HCl is EUCAST). EUCAST criteria appear to minimize ‘¢ the CLSI criltoeria Even E%CAyST break’ oir|1ots o y
considered short-acting; and doxycycline and categorization error and the false-susceptible results doxveveline will cateqorize as suscentible F()Bram-
minocycline are long-acting by having extended plasma for strains having resistance genes. In S. aureus, 13 of osi);ivye athodens h%vin detectablg ot genes
half-lives. 50 strains having a tetracycline MIC of either 2 or 4 P PATos ) JEneS:
Tetracyclines are very active against Gram-positive mg/L had detectable tet genes (tet M & K). All strains

bacteria, producing bimodal disk and MIC distributions of tested with tetracycline MIC values at 28 mg/L had one Acknowledament
wild type (WT) susceptible strains and those with or more tet resistance (tet K, L or M). g

elevated MIC results indicating acquired or Intrinsic . Even using the EUCAST doxycycline breakpoint (<1 Co-authors are employees of JMI Laboratories and have no
resistances. These features were recognized early In : L conflicts of interest to declare.
mg/L), staphylococci had tet genes among strains with

the history of standardized antimicrobial susceptibility MIC values at 0.25-1 mg/L.
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