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Synopsis

Objectives. Public health surveillance is often dependent on sentinel testing 
performed in clinical microbiology laboratories, and recognition of emerging/
unusual antimicrobial resistance is especially challenging. We obtained cumula-
tive antibiograms from hospitals to determine whether clinical laboratories 
recognized unusual resistance or reported antimicrobials inappropriate for 
various bacterial species, as measured before and after public health laboratory 
(PHL) educational and technical-support interventions.

Methods. We compared cumulative antibiogram data from 81 clinical labo-
ratories servicing 86 hospitals in Michigan from 2000 through 2005 with a 
standardized checklist derived from Clinical and Laboratory Standards Institute 
(CLSI) antimicrobial susceptibility testing (AST) documents. We considered the 
reporting of unlikely percent-susceptible results and/or inappropriate antimicro-
bials serious errors, and we calculated error rates for each data year. We used 
CLSI-recommendation compliance as a measure to determine whether labora-
tories were implementing changes. 

Results. Ninety-five of 239 (28%) cumulative antibiograms examined had 
one or more serious errors. The annual number of cumulative antibiograms 
with serious errors did not change radically (range: 10–13); however, when 
expressed as a percentage of cumulative antibiograms received, the occur-
rence of these errors declined from 59% in 2000 to 19% in 2005. The reporting 
of misleading or dangerous antimicrobial-organism combinations occurred less 
frequently than the reporting of unlikely percent-susceptible results. Compli-
ance with new CLSI recommendations did not improve significantly.

Conclusions. AST is complex and nuanced. PHL programs can provide 
resources, guidance, and technical support to help clinical microbiologists dif-
ferentiate questionable AST results from true emerging antimicrobial resistance. 
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In most state public health systems, communicable 
disease surveillance not only depends on the ability of 
sentinel clinical laboratories in the community to recog-
nize and identify organisms of concern, but also relies 
on their cooperation in reporting results and referring 
specimens to public health laboratories (PHLs) for 
confirmatory testing and outbreak investigation. This 
process is fairly well established for foodborne disease 
agents such as Salmonella and for suspect bioterrorism 
agents, but is less well defined for unusual or novel 
antimicrobial resistance surveillance. 

The world’s first confirmed vancomycin-resistant 
Staphylococcus aureus (S. aureus) (VRSA), recovered in 
Michigan in 2002, demonstrated the role of PHLs in 
investigating and controlling emerging antimicrobial 
resistance. As vancomycin is often used for treatment 
of resistant S. aureus infections, spread of VRSA into 
the community would have enormous therapeutic 
and economic implications. This single isolate from a 
diabetic patient’s foot wound prompted intensive epide-
miologic investigation and surveillance by public health 
agencies, including local and state health departments 
and the Centers for Disease Control and Prevention 
(CDC), and highlighted the importance of the clinical 
laboratory’s ability to recognize unusual results.1

Recognition of unusual or novel antimicrobial resis-
tance is challenging for a number of reasons. Labo-
ratory testing for detecting antimicrobial resistance 
is highly complex and becoming more so; changes 
in technique and/or methodology may be required 
as organisms acquire new resistance mechanisms. 
Laboratories increasingly rely on automated antimi-
crobial susceptibility testing (AST) instruments, and 
may depend on manufacturers to incorporate recom-
mended changes. Many laboratories now use “expert” 
software as part of the laboratory diagnostic test system 
or information system to recognize questionable results, 
because laboratory workforce shortages have resulted 
in fewer experienced microbiologists with the necessary 
skills to interpret and report results accurately. 

These concerns led to a hypothesis that clinical 
laboratories need additional guidance in AST practices. 
In 2002, the Michigan Department of Community 
Health (MDCH) Bureau of Laboratories implemented 
a strategy of education, communication, and provision 
of technical support and resources for clinical labora-
tories, dedicating one full-time, experienced clinical 
microbiologist to a multiyear initiative to promote 
AST laboratory standards and evaluate adherence to 
laboratory practice guidelines. 

Methods

To determine if new trends in antimicrobial resistance 
were developing in Michigan without adding the bur-
den of reporting additional data, MDCH requested 
cumulative antibiograms from clinical laboratories. 
These statistical reports are routinely prepared by com-
piling individual patient culture and sensitivity results 
over a defined period of time (usually one year) into 
an aggregate picture of the various isolated species 
and their susceptibility/resistance patterns. The data 
are typically presented as the percentage of each spe-
cies that is susceptible to various antimicrobial agents 
on the hospital pharmacy formulary. Generally in a 
tabular format, the data are distributed to the medi-
cal staff by clinical laboratories and/or pharmacies to 
aid in empirical therapy. An example is provided in 
Figure 1.

During review of the cumulative antibiograms, we 
noted unexpected anomalies, such as improbable 
resistance patterns not reported in the literature to 
date and not reported to MDCH as required by the 
Michigan Communicable Disease Rules.2 These find-
ings suggested that clinical laboratories may have dif-
ficulty recognizing emerging/unusual resistance and 
keeping up with corresponding changes in testing rec-
ommendations. Considering the antibiogram data are 
derived from patient reports, this was of great concern 
to us, as the reporting of an incorrect result, whether 
susceptible or resistant, can lead to the prescribing of 
inappropriate or ineffective antimicrobial therapy and 
possibly less-than-optimal outcomes.

Therefore, MDCH undertook a systematic analysis 
of the cumulative antibiograms, comparing them with 
documents from the Clinical and Laboratory Standards 
Institute (CLSI, formerly the National Committee for 
Clinical Laboratory Standards), including the first 
published standardized guideline, document M39-A: 
“Analysis and Presentation of Cumulative Antimicrobial 
Susceptibility Test Data; Approved Guideline—First Edi-
tion” (2002); and document M100-S12: “Performance 
Standards for Antimicrobial Susceptibility Testing; 12th 
Informational Supplement” (2002).3,4 

We used results of the analysis to develop educa-
tional presentations and materials intended to raise 
awareness of changing antimicrobial resistance patterns 
and the tools for detecting them. MDCH also pur-
chased and distributed AST-related CLSI documents, 
including M2, M7, M39, and M100, to the sentinel 
clinical microbiology laboratories in Michigan.3–6 We 
predicted that increasing awareness of and compliance 
with these standards and guidelines would result in 
a decrease in the number and type of irregularities 
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noted in Michigan hospital cumulative antibiograms, 
reflecting an increasing accuracy of the AST and 
reporting data from which cumulative antibiograms 
are constructed. 

Approximately 110 Michigan clinical laboratories 
perform AST. MDCH initially asked these laboratories 
to submit on a voluntary basis cumulative antibiograms 
from 2000 and 2001 as a baseline to compare with 
data from 2002. Assuring laboratories of anonymity, we 
requested a cumulative antibiogram each year there-
after via the MDCH laboratory quarterly newsletter 
and direct fax. In 2004, we added the submission of 
cumulative antibiogram data to yearly requirements for 
participation as a sentinel laboratory in the Michigan 
Laboratory Response Network. We examined cumu-
lative antibiograms from 2000 through 2005 for this 
study, using CLSI AST document M100-S12 to develop 
a standardized checklist of unlikely percent-susceptible 
results and antimicrobials that should not be reported 
on certain organisms (Figure 2). 

For purposes of analysis, we considered the report-
ing of improbable or impossible percent-susceptibility 
results or the reporting of misleading or inappropri-
ate organism-antimicrobial combinations as serious 
errors. These errors were of greatest concern because 

of their potential adverse impact on patient care. We 
also noted a number of minor errors which, although 
not included in our checklist, were difficult to ignore. 
These included misspelled organism names or antimi-
crobial agents and obvious math calculation errors. 
Minor errors were unlikely to have any adverse impact 
on individual patient care.7

Beginning in 2003 and each year thereafter when 
new editions appeared, MDCH purchased CLSI AST 
documents for all sentinel laboratories and provided 
educational materials on these standards and guide-
lines at regional presentations, collaborative meetings, 
and wet workshops. The hands-on wet workshops 
allowed participants to examine culture plates and 
other materials set up as case studies, to demonstrate 
the correct reading and interpretation of susceptibility 
test results. We also wrote articles for our laboratory 
newsletters and sent timely e-mail updates as issues 
related to AST and reporting emerged. It seemed likely 
that testing practices would improve and occurrence 
of cumulative antibiogram errors would decrease as 
awareness and implementation of AST standards and 
guidelines increased; therefore, we chose to track error 
rates as an objective way to measure the effectiveness of 
our education, communication, and technical-support 

Figure 2. Checklist used by the Michigan Department of Community Health to examine  
cumulative hospital antibiograms submitted by clinical laboratories, 2000–2005

Facility Yes No

NR (percent S not reported 
for this antimicrobial) NA 
(organism not reported) Comments

H. flu 5 100% S to all third-generation cephalosporins reported
Salmonella/Shigella appropriate drugs reported (no first- or second-

generation cephalosporin, no aminoglycoside)
Pseudomonas aeruginosa 0% S to ampicillina

Beta strep 100% S to penicillin/ampicillin
Beta strep 100% S to vancomycin
Staphylococcus aureus 100% S to vancomycin
Enterococcus appropriate drugs reported (no aminoglycoside, 

cephalosporin, clindamycin, or trimethoprim/sulfamethoxazole)
Staphylococcus percent oxacillin 5 percent all Beta-lactamsb

Streptococcus pneumoniae data presented
Streptococcus pneumoniae 100% S to linezolid
Streptococcus pneumoniae 100% S to vancomycin
Data reported on 10 isolates only 
Dates included
Indicated whether/how duplicates were excluded or otherwise 

addressed on cumulative antibiogram how “first isolate” was  
defined

Only final verified results reported

aFor results that are 0% S, an acceptable alternative is to omit any percent S data and indicate “-” in the cell on the cumulative antibiogram 
report. This checklist item was noted only if a laboratory reported percent S other than 0 for Pseudomonas aeruginosa vs. ampicillin.
bExcluding Beta-lactams that are penicillinase-labile agents: ampicillin, amoxicillin, and penicillin

S 5 susceptible
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strategies. We also calculated error rates for hospitals 
according to bed size, using data from the American 
Hospital Association.8

In addition to determining error rates, we compared 
cumulative antibiograms with selected recommenda-
tions from CLSI document M39-A to measure how 
readily clinical laboratories were adopting the new 
guidelines. The checklist we designed and the param-
eters used for the analysis are shown in Figure 2.

Results

During the six-year period, 95 of 110 (86%) clinical 
laboratories responded by providing cumulative anti-
biograms from 100 hospitals. (Many larger laboratories 
performed testing for several hospitals and analyzed 
data separately for each.) For consistency, although 
they were analyzed by the same laboratory, cumula-
tive antibiograms were counted separately if they were 
clearly printed and distributed as facility-specific reports 
and not shared system-wide. We excluded 42 raw-data 
summaries printed directly from automated instru-
ments in 14 hospital laboratories, as it was unlikely that 
these data were distributed to physicians. 

We analyzed a total of 239 cumulative antibiograms: 
17 from 2000, 26 from 2001, 34 from 2002, 44 from 
2003, 54 from 2004, and 64 from 2005. The same hospi-
tals did not submit data each year: we received cumula-
tive antibiograms (excluding instrument raw data) for a 
single year from 16 hospitals; two years from 15; three 
years from 20; four years from 12; five years from 11; 
and for all six years from only five hospitals. 

Serious errors occurred each year but decreased. 
Fifty-nine percent of cumulative antibiograms from 
2000 contained one or more serious errors, 38% from 
2001 and 2002, 23% from 2003, 20% from 2004, and 
19% from 2005. Figure 3 and the Table illustrate the 
total number of cumulative antibiograms submitted 
and the percentage with serious errors for 2000 to 
2005. 

Eight unlikely or impossible percent-susceptible 
results were reported on cumulative antibiograms from 
2000 to 2005. These patterns included Beta-hemolytic 
streptococci that were not susceptible to penicillin or 
vancomycin; Streptococcus pneumoniae not susceptible to 
vancomycin; and Haemophilus influenzae not susceptible 
to third-generation cephalosporins—none of which 
has been confirmed in the literature to date.4 Other 

Figure 3. Number and percentage of cumulative hospital antibiograms submitted by clinical laboratories  
to the Michigan Department of Community Health with serious errors, 2000–2005
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unlikely patterns included methicillin-resistant S. aureus 
(MRSA) isolates reported as susceptible to Beta-lactam 
antimicrobials, Pseudomonas aeruginosa isolates suscep-
tible to ampicillin, and Enterobacter species susceptible 
to cefazolin. Finally, although two of the four isolates 
of VRSA reported globally from 2002 to 2005 were con-
firmed in Michigan, cumulative antibiogram data would 
indicate that 14 additional laboratories encountered 
VRSA, which was neither reported to nor confirmed 
by the MDCH laboratory. 

Misleading or dangerous combinations reported by 
laboratories during this period included antimicrobi-
als inappropriate for treating Enterococcus infections 
(cephalosporin, clindamycin, and trimethoprim/
sulfamethoxazole); oxacillin results on Streptococcus 
pneumoniae (a surrogate test for penicillin susceptibility, 
oxacillin itself should not be reported); and antimicro-
bials inappropriate for treating Salmonella and Shigella 

infections (first- or second-generation cephalosporins 
and aminoglycosides). More than half of these serious 
errors (n552) occurred in cumulative antibiograms 
from hospitals with 100 beds located in small com-
munities or rural areas of the state. Twenty-eight serious 
errors were noted in cumulative antibiograms from 
hospitals with 500 beds located in large urban areas. 
The remaining 15 errors were found in cumulative 
antibiograms from hospitals with 100–250 beds and 
were evenly split between rural and urban hospitals 
(data not shown). The Table outlines the number and 
type of serious errors found.

There were also a number of errors that we catego-
rized as minor: misspellings of microorganism names 
or antimicrobial agents and obvious calculation errors. 
While unlikely to affect prescribing practices, these 
errors may indicate that laboratories should review 
cumulative antibiograms before distribution and, thus, 

Table. Number and type of serious errors in cumulative hospital antibiograms submitted by  
clinical laboratories to the Michigan Department of Community Health, 2000–2005

Number of errors per year

Type of error 2000 2001 2002 2003 2004 2005 Total

Unlikely or impossible percent-susceptible results reported
Staphylococcus aureus 100% S to vancomycin 1 4 2 4 1 2 14
Methicillin-resistant Staphylococcus aureus 0% S to  

Beta-lactams
1 2 3

Beta-hemolytic Streptococcus 100% S to penicillina 3 4 3 2 1 13
Beta-hemolytic Streptococcus 100% S to vancomycina 1 1 1 1 4
Streptococcus pneumoniae 100% S to vancomycina 1 1 1 3
Pseudomonas aeruginosa 0% S to ampicillinb 2 1 4 2 5 5 19
Enterobacter species 100% S to cefazolinb 1 1
Haemophilus influenzae R to third-generation cephalosporina 3 5 5 3 4 2 22

Subtotal 11 15 16 12 13 12 79

Misleading or dangerous combinations
Oxacillin reported on Streptococcus pneumoniae 1 2 3 3 9
Cephalosporin reported on Enterococcus 1 1
Clindamycin reported on Enterococcus 1 1 2
SXT/TMP reported on Enterococcus 1 1
Cephalosporin (first and second generation) reported on 

Shigella species
1 1

Aminoglycoside reported on Shigella or Salmonella species 1 1 2

Subtotal 4 5 3 0 1 3 16

Total number of serious errors 15 20 19 12 14 15 95
Number of cumulative antibiograms with serious errors 10 10 13 10 11 12 66
Number of cumulative antibiograms submitted 17 26 34 44 54 64 239
Percent of total cumulative antibiograms with serious errors 59 38 38 23 20 19 28

aNone confirmed in literature to date 
bPatterns extremely unlikely

S 5 susceptible

R 5 resistant

SXT/TMP 5 sulfamethoxazole/trimethoprim
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were noted. Figure 4 compares percentages of serious 
and minor errors in cumulative antibiograms from 
2000 through 2005.

An easily implemented recommendation of M39-A 
is to indicate the period of time the susceptibility 
data were collected by printing inclusive dates on the 
cumulative antibiogram. The number of laboratories 
adopting this recommendation increased each year 
(10 in 2000, 18 in 2001, 19 in 2002, 24 in 2003, 30 
in 2004, and 39 in 2005). However, when expressed 
as a percentage of cumulative antibiograms received, 
progress in adopting this recommendation fluctuated, 
due to the increasing number of facilities submitting 
data (59% in 2000, 69% in 2001, 56% in 2002, 55% 
in 2003, 56% in 2004, and 61% in 2005).

The 2002 version of M39-A recommends that labora-
tories calculate the percent susceptible for a particular 
organism only when data exist for at least 10 isolates 
of that organism. (In the 2005 version, M39-A2, the 
recommended number of isolates increased to 30.)9 
Again, the number of laboratories implementing this 
recommendation increased every year (nine in 2000, 

15 in 2001, 20 in 2002, 22 in 2003, 33 in 2004, and 
36 in 2005); however, because the number submitted 
each year also increased, the percentage of cumula-
tive antibiograms adhering to the recommendation 
decreased for 2003 and 2005 (53% in 2000, 58% in 
2001, 59% in 2002, 50% in 2003, 61% in 2004, and 
56% in 2005).

Perhaps one of the recommendations most difficult 
to implement in M39-A is to include only the first 
isolate of a microorganism from a patient in the data 
analysis. Both the number and percentage of cumula-
tive antibiograms indicating whether duplicates were 
excluded or, at a minimum, explaining this issue in 
footnotes remained essentially unchanged during 
the period. Antibiogram compliance with these three 
recommendations is outlined in Figure 5.

Discussion

The primary purpose of the cumulative antibiogram 
is to guide community clinicians in choosing empiri-
cal antimicrobial therapy during the 48- to 72-hour 

Figure 4. Percentage of cumulative hospital antibiograms submitted by clinical laboratories  
to the Michigan Department of Community Health with serious and minor errors, 2000–2005
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period before specific culture and sensitivity results are 
available.10,11 There were no standardized guidelines 
for preparing cumulative antibiograms prior to 2002, 
although the practice was common and had been well 
established for many years prior in most hospitals.12 
Consequently, considerable variation exists in the data 
from one hospital to another,13 confounding our origi-
nal purpose of using these data to construct a picture 
of resistance trends in Michigan. 

The coincidental finding of errors in the cumula-
tive antibiograms supported our hypothesis that some 
clinical laboratories need additional guidance in keep-
ing up with the rapid changes in AST methods and 
interpretation. Although the percentage of cumula-
tive antibiograms with serious errors decreased over 
time after MDCH provided the CLSI documents, at 
least 10 cumulative antibiograms each year included 
unlikely percent-susceptible results and/or inappro-
priate antimicrobials reported for some organisms 
(range: 10–13). 

These findings are troubling from a clinical stand-
point alone due to their impact on individual patient 
care, implications for empirical therapy, and influence 
on hospital formulary decision-making.14 But they 

should also raise concern for public health, because 
they represent possible gaps in clinical laboratory 
capacity to recognize and report emerging or novel 
antimicrobial resistance. 

For example, it is highly improbable that there were 
actually 14 additional VRSA cases reported to physicians 
but not reported to MDCH from 2000 through 2005. 
What likely occurred is that the laboratories performed 
repeat testing on these unusual isolates but could not 
confirm the initial result; thus, no vancomycin resistance 
was reported. Cumulative antibiogram data in some 
laboratories may have been derived from automated 
testing instruments instead of laboratory computer infor-
mation systems, and if the original incorrect results were 
not deleted from instrument data, they may have been 
included in the cumulative statistical analysis. We were 
not able to verify this explanation, but it could account 
for several of the anomalies noted, and it is an issue to 
address because it could present an inaccurate picture 
of local resistance. This and other studies indicate that 
infectious disease specialists, clinical microbiologists, and 
infection-control professionals should review cumulative 
antibiograms to identify and correct these abnormal 
findings and potential errors prior to distribution.14

Figure 5. Compliance of cumulative hospital antibiograms submitted by clinical laboratories to the  
Michigan Department of Community Health with three recommendations from CLSI M39-A guideline, 2000–2005 

CLSI 5 Clinical and Laboratory Standards Institute
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Other authors have reported suboptimal AST 
practices, underscoring the complexity of AST and 
reporting and demonstrating the need for ongoing 
education and quality-assurance activities.15–17 Promo-
tion and explanation of guidelines, intervention and 
motivation strategies, and training activities provided 
by CDC and state PHLs have all shown to be effective 
in improving AST and reporting.18,19 Clinical laboratory 
improvement has been identified as a Core Function 
of State Public Health Laboratories,20 and the results 
of this study support previous findings suggesting that 
PHLs can play a key role in providing guidance and 
support to clinical laboratories in the area of AST.18

The errors noted on cumulative antibiograms 
prompted MDCH to focus 2002–2003 outreach efforts 
on recognition of unusual resistance and the impor-
tance of verifying each patient result before releasing 
the laboratory report. We incorporated these topics 
into regional all-day workshops and sentinel laboratory 
update meetings, which took place in Michigan, and, 
beginning in 2002, the CLSI AST-related documents 
we provided to clinical laboratories included summary 
tables of unusual results requiring further verification. 
Reporting of misleading or dangerous antimicrobial-
organism combinations on cumulative antibiograms 
decreased each study year through 2003, when none 
were noted. The reappearance of this type of error in 
2004 and 2005 data could be explained by the partici-
pation of additional hospitals that had not previously 
submitted cumulative antibiograms; however, it also 
could indicate a need for ongoing education in AST 
practices. For example, PHL programs could assist 
smaller laboratories in orienting new microbiology 
staff. 

More than half (52/95, 55%) of the serious errors 
occurred in cumulative antibiograms from hospitals 
with 100 beds in rural settings, but larger hospitals 
(500 beds) in urban areas were not immune from 
cumulative antibiogram errors (28/95, 29%). The 
remaining 15 serious errors occurred in both rural 
and urban hospitals with 100–250 beds. Of the 86 
total hospitals for which cumulative antibiograms 
were submitted, 27 (31%) had 100 beds, 21 (24%) 
had 100–250 beds, 17 (20%) had 250–500 beds, and 
seven (8%) had 500 beds. Fourteen hospitals (16%) 
were part of large health-care systems with central 
laboratories and were counted as having 500 beds 
in determining the size of the hospitals where these 
errors occurred. 

The observed decrease in the percentage of cumula-
tive antibiograms with serious errors over time (from 
59% in 2000 to 19% in 2005) suggests that laboratories 
are improving their review of patient data. 

Failure to indicate whether subsequent, duplicate 
isolates from patients were excluded may indicate the 
need for changes in computer algorithms for AST 
instruments and laboratory information systems, which 
are difficult to implement without additional techni-
cal support. The inclusion of data calculated on a low 
number of isolates (CLSI recommends calculations 
using no fewer than 10 isolates as of 2002 and no fewer 
than 30 as of 2005) may indicate a lack of training in 
statistical methods or demonstrate a need for guidance 
in this area. Addition of inclusive dates in the report 
is a straightforward recommendation that could be 
implemented by changing the spreadsheet or print-
ing template used by the hospital. These findings may 
indicate there is still need for review of the cumulative 
antibiogram data before they are distributed.

Limitations
This analysis was subject to several limitations. Cumula-
tive antibiograms were not obtained consistently from 
the same hospitals each year. For example, 16 of the 
86 (19%) hospitals submitted data from only a single 
year. The number of cumulative antibiogram submis-
sions increased each year, resulting in smaller sample 
sizes in the earliest years, when error rates were highest. 
We presumed cumulative antibiograms submitted to be 
self-explanatory, but many were photocopies, possibly 
missing additional explanatory pages or footnotes. We 
did not identify whether cumulative antibiograms were 
prepared and/or reviewed by laboratory, pharmacy, or 
infection-control staff. We also did not determine how 
data were extracted or compiled or whether data were 
derived from laboratory information systems or test-
ing systems. Other authors have suggested that until 
there is greater compliance with M39-A guidelines, the 
cumulative antibiogram should include an explanation 
of the construction methodology.13

There were also many confounding variables. 
Changes in commercial assays and several new CLSI 
recommendations for testing, methodology, and inter-
pretation of results occurred each year during this 
period. Some laboratories are known to have switched 
instrumentation, resulting in data loss during the 
transition period, but this is not apparent from the 
cumulative antibiograms. 

conclusions

Despite the statistical limitations, some conclusions 
remain valid: AST is nuanced and complex, and auto-
mated instrumentation does not eliminate the need 
for well-trained, experienced clinical microbiologists 
to oversee testing and review data.
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Clinical microbiologists need guidance and con-
tinuing education designed to help them recognize 
emerging antimicrobial resistance patterns. PHL 
programs that provide and explain the AST standards 
and guidelines may encourage compliance with sus-
ceptibility testing standards and may reduce serious 
errors. Analysis of cumulative antibiograms by PHLs 
can provide useful information to focus educational 
efforts for AST.

Cumulative antibiograms may provide PHLs with 
a tool to monitor resistance in their jurisdictions, but 
the limitations must be understood. If laboratories 
follow the CLSI recommendation to include only the 
first isolate per patient per analysis period, subsequent 
emergence of resistance in an isolate from a given 
patient or acquisition of a second, more resistant 
isolate will not be reflected in the cumulative antibio-
gram. Also, to determine if any improbable resistant 
isolates were overlooked, one would have to analyze 
all isolates and not just the first per patient. Increased 
compliance with CLSI AST standards and cumulative 
antibiogram guidelines should provide more reliable 
local data for clinicians to guide their antimicrobial 
choice in initial infections. Based on these results, we 
propose continuing this activity, pending the approval 
of additional funding.

This study was supported by cooperative agreement #U10/
CCU523520-02 from the Centers for Disease Control and 
Prevention (CDC). Its contents are solely the responsibility of the 
authors and do not necessarily reflect the official views of CDC. 
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technical assistance.
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