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Public Health Methodology

Antibiotic-resistant infections threaten public health and 
account for thousands of deaths annually in the United 
States.1 The national threat posed by emerging antibiotic-
resistant infections led to the creation of the National Strategy 
and Action Plan for Combating Antibiotic-Resistant Bacteria 
in September 2014.2

An estimated 30% to 50% of all outpatient antibiotic pre-
scriptions written are unnecessary,3,4 and many hospitalized 
patients receive potentially inappropriate broad-spectrum 
antibiotics in the United States,5,6 which drives antibiotic 
resistance. Historically, designing and implementing antibi-
otic stewardship initiatives has occurred at the level of local 
health care facilities. These local-level initiatives have been 

effective in reducing antibiotic use in individual facilities 
without increasing adverse patient outcomes.7-9 An additional 
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Abstract

Background: An antibiogram is a summary of antibiotic susceptibility patterns for selected bacterial pathogens and 
antibiotics. The New Hampshire Department of Health and Human Services’ Division of Public Health Services (DPHS) 
sought to create an annual state antibiogram to monitor statewide antibiotic resistance trends, guide appropriate empiric 
antibiotic prescribing, and inform future statewide antibiotic stewardship.

Methods: Through legislative authority, DPHS required hospital laboratories to report antibiogram data annually. DPHS 
convened an advisory group of infectious disease and pharmacy stakeholders and experts to develop a standardized reporting 
form for bacteria and antibiotic susceptibility, which was disseminated to all 26 hospitals in New Hampshire. We combined 
the reported data into a statewide antibiogram, and we created clinical messaging to highlight findings and promote rational 
antibiotic prescribing among health care providers.

Results: All hospital laboratories in New Hampshire submitted annual antibiogram data for 2016 and 2017, including more 
than 30 000 and 20 000 bacterial isolates recovered from urine and nonurine cultures, respectively, each year. The advisory 
group created clinical messages for appropriate treatment of common infectious syndromes, including uncomplicated urinary 
tract infections, community-acquired pneumonia, skin and soft-tissue infections, intra-abdominal infections, and health care–
associated gram-negative aerobic infections. The statewide antibiograms and clinical messaging were widely disseminated.

Conclusions: The small size of New Hampshire, a centralized public health structure, and close working relationships with 
hospitals and clinical partners allowed for efficient creation and dissemination of an annual statewide antibiogram, which has 
fostered public health–clinical partnerships and built a foundation for future state-coordinated antibiotic stewardship. This 
process serves as a model for other jurisdictions that are considering antibiogram development.
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need, however, exists for regional, coordinated approaches to 
prevent the emergence and spread of antibiotic-resistant 
infections.10

Nationally, efforts are under way to contain emerging 
multidrug-resistant organisms,11 such as carbapenem-resis-
tant Enterobacteriaceae,12,13 Candida auris,14,15 and bacteria 
carrying the mcr-1 resistance gene.16,17 State and local public 
health agencies are appropriately strengthening antibiotic-
resistance surveillance, investigation, and response activities 
to identify trends in overall antibiotic resistance.

To address the need for a coordinated regional approach, 
the New Hampshire Department of Health and Human 
Services’ Division of Public Health Services (DPHS) con-
vened a multidisciplinary workgroup to promote and coordi-
nate antibiotic resistance and antibiotic stewardship 
throughout the state. One priority goal of the group was to 
better understand statewide antibiotic-resistance patterns 
through creation of an annual state antibiogram. An antibio-
gram is a summary of antibiotic susceptibility patterns for 
selected bacterial pathogens and antibiotics. The group col-
lected local hospital antibiotic susceptibility data to create an 
antibiogram that would be used to (1) conduct regional and 
state-level surveillance on antibiotic-resistance trends to pro-
actively address increasing resistance trends across geo-
graphic regions, (2) provide data and summary guidance to 
support appropriate empiric antibiotic prescribing, and (3) 
guide and gauge the efficacy of state and regional antibiotic 
stewardship initiatives.

Methods

In fall 2016, DPHS, the New England Quality Innovation 
Network–Quality Improvement Organizations, and the 
Foundation for Healthy Communities convened a multidisci-
plinary workgroup, referred to as the Antimicrobial 
Resistance Advisory Workgroup (ARAW). DPHS charged 
the ARAW to help coordinate and provide direction for anti-
biotic stewardship initiatives in New Hampshire. ARAW 
consists of more than 70 stakeholders from various profes-
sions, including experts in the fields of medicine and infec-
tious disease, veterinary medicine, nursing, pharmacy, 
dentistry, infection prevention, microbiology, and public 
health and representatives of various quality improvement 
and regulatory agencies.

Historically, DPHS had requested that hospitals volun-
tarily report antibiogram data; however, primarily because of 
differences in how hospitals construct their own antibio-
grams, DPHS could not meaningfully combine these data. In 
November 2016, DPHS updated administrative rules that 
govern reportable conditions to require hospital laboratories 
to report their antibiogram data annually to DPHS. To maxi-
mize compliance among hospital laboratories, DPHS also 
engaged hospital microbiologists through the Laboratory 
Response Network to understand the laboratory systems and 
limitations for susceptibility reporting. The process for 

creating and disseminating the state antibiogram consisted of 
8 steps (Figure 1).

Data Collection and Review

We used Excel (Microsoft Corporation) to create a fillable 
form, listing selected gram-negative and gram-positive bac-
teria in each row and selected antibiotics in each column. We 
separated antibiotic susceptibility data for urine and non-
urine isolates to allow for use of these data to create guidance 
on treating urinary tract infections distinct from guidance on 
treating other common infections.

In May 2017, DPHS sent the fillable form for calendar 
year 2016 to all 26 hospital microbiology laboratories and 1 
Veterans Affairs facility. DPHS requested that data be 
reported in accordance with Clinical and Laboratory 
Standards Institute (CLSI) guidance on the creation of 
cumulative antibiograms,18 with the exception that the form 
asked each laboratory to include data on organisms with 
fewer than 30 isolates, because data from all facilities would 
be combined and analyzed. The form instructed that suscep-
tibility data should be obtained directly from the laborato-
ry’s automated antimicrobial susceptibility testing 
instrument to avoid excluding data potentially suppressed 
by the laboratory’s information system. DPHS contacted the 
manufacturers of the systems (Vitek and MicroScan) to ask 
them to provide written directions to guide microbiologists 
in the data collection process and provide in-person techni-
cal assistance, if requested. To facilitate the combining of 
data, DPHS asked hospital microbiologists to report the 
total number of isolates tested for each organism and num-
ber (instead of percentage) of isolates susceptible to each 
antibiotic–organism combination. Hospital microbiology 
laboratories combined data for inpatient and outpatient iso-
lates. DPHS did not ask hospitals to separate data by loca-
tion or unit because hospital microbiology laboratories 
indicated that fulfilling such a request would be difficult and 
labor intensive.

In 2018, we made a similar request of microbiology labo-
ratories for calendar year 2017 data to create the 2017 state 
antibiogram. On the basis of our experience and feedback in 
collecting the 2016 data, we refined the data request process 
when we requested the 2017 data. Specifically, we made 
minor changes to better align with laboratory instrument out-
put by arranging antibiotics alphabetically instead of by 
class, collected data on the percentage and number of iso-
lates susceptible, and requested the data in January (instead 
of May) to better align with when hospital laboratories create 
their own facility antibiograms.

With each data set, the New Hampshire DPHS Hospital 
Associated Infections (HAI) program conducted an internal 
assessment to identify outliers or implausible data by com-
paring the percentages on susceptibility among all hospitals 
for each antibiotic–organism combination. The HAI pro-
gram staff discussed any questionable data, such as <100% 
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susceptibility of Staphylococcus aureus to vancomycin, 
with individual submitting microbiologists. Although 
 vancomycin-intermediate and vancomycin-resistant S 
aureus have been reported, neither had been reported in 
New Hampshire in either 2016 or 2017. By validating data 
with submitting microbiologists, we identified potentially 
misreported bacterial resistance (rather than antibiogram 
reporting errors).

Antibiogram Development

After review and validation of each hospital’s antibiotic 
susceptibility data, we manually combined all laboratory 
data into an Excel file, separating isolates from urine and 
nonurine sources and gram-positive from gram-negative 
organisms. We followed CLSI standards for the creation of 
the state antibiogram documents.18 We censored from 
reporting combinations of organisms with intrinsic resis-
tance to certain antibiotics or nonclinically appropriate 
combinations. We created 4 antibiograms: 2 antibiograms 
showing the percentage of isolates susceptible for each 
antibiotic–organism combination (1 for urine isolates and 1 
for nonurine isolates) and 2 antibiograms comparing the 
total number of isolates susceptible with the total number 
of isolates reported (1 for urine isolates and 1 for nonurine 
isolates). Per CLSI standards, we did not report any antibi-
otic–organism combination with fewer than 30 isolates 
from all hospitals combined. For the 2016 state antibio-
gram, if fewer than 3 hospitals reported a particular antibi-
otic–organism combination, we did not report the data, but 
we added a note indicating that the data may not be geo-
graphically representative. For the 2017 state antibiogram, 
because of concerns about the reliability and representa-
tiveness of the data, the subject matter expert workgroup 
elected to censor the data if fewer than 3 hospitals reported 
a particular antibiotic–organism combination.

Messaging and Communication

After finalizing the antibiograms, we convened an infectious 
disease physician and pharmacist subgroup of the ARAW to 
review the data and develop key clinical messages about 
antibiotic prescribing for common infectious syndromes. 
These clinical messages referenced national guidelines while 
accounting for local resistance. The clinical messaging in the 
2016 antibiogram focused on antibiotic prescribing recom-
mendations for (1) urinary tract infections, (2) community-
acquired pneumonia, (3) skin and soft-tissue infections, (4) 
intra-abdominal infections, and (5) health care–associated 
gram-negative aerobic infections (Table 1). Although some 
messages were reiterated in the 2017 antibiogram, we added 
other clinical messaging: a list of antibiotics whose suscepti-
bilities could be used to predict the activity of other antibiot-
ics, a chart of recommended duration of antibiotic treatment, 
and recommendations for penicillin allergy testing (Table 1). 
The entire ARAW reviewed and approved the final antibio-
grams along with the clinical messaging for each year.19

The HAI program disseminated the final publications of 
the antibiograms and clinical messaging through various 
strategies and to various types of health care providers (Table 
2). We posted the state antibiogram and clinical messaging to 
the DPHS/US Department of Health and Human Services 
website20,21 and sent the antibiogram and clinical messaging 
electronically through the Health Alert Network system to 

Figure 1. Eight-step process of creating a state antibiogram for 
New Hampshire.
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health care providers. ARAW members also helped with dis-
tribution to hospital staff members. In addition, the HAI pro-
gram maintains listservs for hospital infection control 

practitioners, urgent care centers, assisted living facilities, 
and ambulatory surgical centers, all of which received notifi-
cation of the antibiogram publication. The listservs at the 

Table 1. Summary comparison of 2016 and 2017 antibiogram clinical messaging, New Hampshire

Infection 2016 antibiogram messaging 2017 antibiogram messaging

Urinary tract 
infection

•• Asymptomatic bacteriuria should not be treated in 
most cases.

•• Nitrofurantoin and cephalexin are most likely to be 
active against Escherichia coli.

•• Fosfomycin can be considered for E coli and 
Enterococcus species.

•• Nitrofurantoin and cephalexin are more likely to be active 
against E coli.

•• Most Enterococcus species are susceptible to amoxicillin/
ampicillin.a

•• Fosfomycin can be considered for E coli and Enterococcus 
species.

•• Treatment for uncomplicated urinary tract infections 
can be as short as 3-5 days (depending on antibiotic). 
Treatment for complicated urinary tract infections or 
pyelonephritis can be as short as 7 days.a

•• Asymptomatic bacteriuria should not be treated in most 
cases.

Pneumonia •• Azithromycin should not be prescribed if there is 
concern for pneumococcal pneumonia.

•• Preferred antibiotics to treat pneumococcal 
pneumonia:

°• Amoxicillin

°• Amoxicillin-clavulanate

°• Cefuroxime
•• Avoid fluoroquinolones due to toxicity.
•• Ceftriaxone PLUS doxycycline or azithromycin 

recommended for hospitalized patients with 
community-acquired pneumonia.

•• Azithromycin should not be prescribed if there is concern 
for pneumococcal pneumonia.

•• Preferred antibiotics to treat pneumococcal pneumonia:

°• Amoxicillin

°• Amoxicillin-clavulanate

°• Cefpodoxime (changed from 2016 due to increasing 
resistance)a

•• Avoid fluoroquinolones due to toxicity.
•• Ceftriaxone PLUS doxycycline or azithromycin 

recommended for hospitalized patients with community-
acquired pneumonia.

•• Vancomycin is not necessary for all episodes of hospital-
acquired pneumonia.a

•• Treatment for community-acquired pneumonia can 
be as short as 5 days. Treatment for hospital-acquired 
pneumonia is 7 days.a

Skin and 
soft-tissue 
infection

•• Most skin and soft-tissue infections are due to 
Streptococcus species or methicillin-susceptible 
Staphylococcus aureus, so first-line therapy is with 
cephalexin/cefazolin.

•• Trimethoprim-sulfamethoxazole or doxycycline are 
first-line therapy for methicillin-resistant S aureus 
skin and soft-tissue infections or abscess (clindamycin 
should not be used).

•• Most skin and soft-tissue infections are due to 
Streptococcus species or methicillin-susceptible S aureus, so 
first-line therapy is with cephalexin/cefazolin.

•• Trimethoprim-sulfamethoxazole or doxycycline are first-line 
therapy for methicillin-resistant S aureus skin and soft-tissue 
infections or abscess (clindamycin should not be used).

•• Treatment can be as short as 5 days.a

Intra-abdominal 
infections

•• Pseudomonas is not a common pathogen in intra-
abdominal infections.

•• Ceftriaxone PLUS metronidazole recommended for 
empiric inpatient treatment.

•• Piperacillin-tazobactam or cefepime PLUS 
metronidazole recommended for serious life-
threatening infections.

 Not applicable

Other •• Restrict use of carbapenems.
•• Mild-moderate infections caused by extended 

spectrum beta-lactamase–producing organisms do 
not always require treatment with a carbapenem. 
Alternatives include trimethoprim-sulfamethoxazole, 
nitrofurantoin, fosfomycin, and ciprofloxacin.b

•• Restrict the use of carbapenems.
•• Restrict fluoroquinolone use given toxicities.a

•• More than 90% of patients with a penicillin allergy listed 
in their medical record are not truly allergic; therefore, 
based on an assessment, providers should considera

°• De-labeling the penicillin allergya

°• Providing a supervised penicillin challengea

°• Penicillin skin testinga

aMessage was added in 2017.
bMessage not used in 2017.
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New Hampshire Hospital Association, the Foundation for 
Healthy Communities, the New Hampshire Quality 
Innovation Network–Quality Improvement Organizations, 
and the New Hampshire Healthcare Association also received 
notifications. Finally, the HAI program and ARAW members 
presented the data and accompanying clinical recommenda-
tions at various professional organization meetings (a New 
Hampshire infection preventionist organization, the New 
Hampshire Healthcare Quality Assurance Commission, a 
meeting of hospital chief medical officers, and a New 
Hampshire collaborative antibiotic stewardship symposium).

Ethical Considerations

We collected only aggregate data with no patient identifiers 
and used these data for public health surveillance and quality 
improvement as mandated by state law; the work was exempt 
from approval by an institutional review board.

Results

All 26 acute care hospital laboratories in New Hampshire 
reported 2016 data, but 3 were excluded from the 2016 state anti-
biogram report because they did not report data in the requested 
format. All 26 New Hampshire hospitals and 1 Veterans Affairs 
microbiology laboratory reported 2017 data in the requested for-
mat and were included in the 2017 state antibiogram.

The 23 hospital laboratories reporting 2016 data submit-
ted data on 39 707 bacterial isolates from urine sources and 

20 280 bacterial isolates from nonurine sources. The 26 labo-
ratories reporting 2017 data submitted data on 48 419 bacte-
rial isolates from urine sources and 23 652 bacterial isolates 
from nonurine sources (Figures 2 and 3).

Discussion

We presented data from a successful clinical–public health 
partnership that created a state antibiogram that can serve as 
a model for other states and public health jurisdictions. 
Hospitals create facility-level antibiograms to assist local 
health care providers with antibiotic prescribing and to 
inform local antibiotic stewardship programs.7 Similarly, a 
regional or state antibiogram that combines data from mul-
tiple microbiology laboratories can be a resource for health 
care providers who may not have access to a local antibio-
gram. A regional antibiogram can also be an effective tool for 
regional surveillance of emerging antibiotic resistance in a 
wide range of organisms and can serve as a benchmark for 
antibiotic resistance across hospitals and regions, which can 
affect antibiotic prescribing.22-27

The creation of the New Hampshire state antibiogram was 
key to our initiating of a regional coordinated antibiotic 
stewardship program. The establishment and collaboration 
with a multidisciplinary advisory workgroup and the 
Laboratory Response Network facilitated stewardship activi-
ties. At a time when regional and state collaborations are 
being promoted to combat antibiotic-resistant infections, the 
state generated interest and brought together clinical and 

Table 2. Dissemination of the 2016 and 2017 antibiogram and executive summary in New Hampshire

Type of recipient Recipient

Health care providers •• Division of Public Health Services website
•• Health Alert Network message
•• Disseminated through Antimicrobial Resistance Advisory Workgroup network
•• Discussion and presentation to hospital chief medical officers (CMOs) during a regularly 

scheduled CMO meeting of the hospital association
Health care facilities and partners •• Hospital-associated infections program listservs targeting hospital infection control 

practitioners, urgent care, assisted living and nursing home facilities, and ambulatory 
surgical centers

•• Microbiologists through the hospital Laboratory Response Network
•• Healthcare Quality Assurance Commission meeting
•• New Hampshire Infection Control and Epidemiology Professionals meeting
•• New Hampshire Hospital Pharmacy Director’s meeting

Professional societies •• New Hampshire Medical Society
•• New Hampshire Dental Society
•• New Hampshire Infection Control and Epidemiology Professionals
•• New Hampshire Healthcare Association

Public health partner organizations •• New Hampshire licensing boards of medicine, pharmacy, nursing, dental, and veterinary 
medicine

•• New Hampshire Hospital Association and Foundation for Health Communities
•• New Hampshire Quality Improvement Network/Quality Improvement Organizations
•• Infection Prevention and Control Coalition, Nashua, New Hampshire
•• City of Manchester Health Department
•• City of Nashua Health Department
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public health partners in a shared goal of improving antibi-
otic prescribing and preventing antibiotic resistance. The 
small size of New Hampshire, its centralized public health 
structure, and its close working relationships with hospitals 
allowed for collaboration with microbiology laboratories to 
collect antibiogram data. Other public health jurisdictions 
have developed antibiograms or are exploring options and 
best practices for developing them.22-30 To our knowledge, 
however, New Hampshire is the first state to use a combined 
antibiogram to proactively promote appropriate antibiotic 
prescribing through statewide clinical messaging that targets 
common infectious syndromes.

By relying on collaboration with clinical partners, the cre-
ation of the state antibiogram required minimal public health 
resources. Once the process for creating the antibiogram was 
established, it became more efficient and consistent in subse-
quent years. The process improved by seeking feedback 
from laboratory microbiologists who were submitting data 
and adjusting the data collection form.

Limitations

This study had several limitations. First, during the first year of 
data collection, the methods used by each clinical laboratory to 

collect and report data varied; some laboratories collected data 
directly from their antibiotic susceptibility testing instrument, 
but others collected data from their library information system, 
which potentially resulted in incomplete reporting of any sup-
pressed results. Second, the first iteration of the state antibio-
gram was not a complete record of hospital laboratory antibiotic 
susceptibility results, because data from 3 hospital laboratories 
were excluded. The process was improved to allow for more 
consistent and complete reporting.

Third, we limited antibiotic susceptibility data to labora-
tory isolates from hospital inpatient and outpatient settings; 
we did not incorporate data from outpatient reference labora-
tory isolates. Therefore, the antibiograms in 2016 and 2017 
may be skewed toward acute care or inpatient isolates and 
may not reflect overall antibiotic susceptibility across the 
entire continuum of care in New Hampshire, especially nurs-
ing homes.31 However, they are the most complete picture to 
date of antibiotic resistance in New Hampshire. Future work 
will need to focus on collecting data from regional and 
national reference laboratories in a format that can be inte-
grated into the state antibiogram.

Fourth, although the intention of New Hampshire’s DPHS 
is to analyze resistance patterns over time using antibiogram 
data, it has not yet performed this analysis because the 

Figure 2. Antibiogram isolates recovered from urine cultures in New Hampshire, 2016 and 2017. For each isolate, a percentage was 
calculated.
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reporting process and construction of the antibiogram 
changed from 2016 to 2017. Further analysis using subse-
quent years of data will be important.

Finally, DPHS has not formally evaluated the effect of the 
published state antibiogram. However, anecdotally, health 
care system partners have adopted and disseminated clinical 
messaging. Recently, a health care facility presented data on 
changes in facility-level antibiotic-prescribing patterns after 
publication of the first state antibiogram, but more research 
is needed for a formal evaluation.

Future Directions

The HAI program plans to continue to improve and enhance 
the data collection process, analysis, and utility of the state 
antibiogram. In future iterations, the program will include 
reference laboratory data, including more outpatient data, 
which will allow a more complete analysis of antibiotic 
resistance patterns. These data will improve representation 
of other types of health care facilities, including outpatient 
settings in which reference laboratories test isolates from 
patients outside the acute care setting.

The HAI program also plans to develop a streamlined and 
consistent data quality assurance process. As part of this pro-
cess, the program will look for statistical changes in the data 
by coding the antibiogram into R, the statistical computing 
program, to decrease the amount of manual data entry and 
review, improve analysis capabilities, and implement year-
to-year and regional geographic comparisons.

Lastly, DPHS is working to improve access to the antibio-
gram data and clinical messaging to make it more available 
at point of care (mobile application and/or pocket-sized 
booklets) and working with local stewardship partners to 
expand dissemination. A formal evaluation of the utility of 
the antibiogram is needed.

Practice Implications

The creation of a state antibiogram is an important tool for 
coordinating statewide antibiotic stewardship. The New 
Hampshire experience is a potential model for other states 
and jurisdictions, but national leadership and coordination is 
also needed to provide consistent guidance to states in the 
methods of creating and using regional antibiograms. 

Figure 3. Antibiogram isolates recovered from nonurine cultures in New Hampshire, 2016 and 2017.
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In addition, once published data on regional resistance are 
available, future stewardship efforts must focus on furthering 
local antibiotic stewardship, public and health care provider 
messaging, and connecting antibiotic resistance patterns seen 
on the antibiograms with antibiotic use and prescribing.
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