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ABSTRACT
Background Organism susceptibilities for trauma-
associated pneumonia (TAP) differ from those in other
patient populations, including the critically ill. The
purpose of this study was to identify common organisms
and their susceptibilities in the respiratory isolates of
trauma patients diagnosed with pneumonia within
the first 7 days of hospital admission, and to create a
TAP-specific disease-state antibiogram to guide empiric
antibiotic therapy in this patient population.
Methods This study was a retrospective review
of adult trauma patients with pneumonia admitted
between September 1, 2015 and August 31, 2018.
Patients included were diagnosed with and treated for
pneumonia, with respiratory cultures drawn within the
first 7 hospital-days; both culture-positive and culture-
negative patients were included. Subgroup antibiograms
were made for diagnosis made on days 1–3, 4–5, and
6–7.
Results There were 131 patients included with a
median age of 45; 85% were male, and 31% were
illicit drug users. Most patients (63%) had ventilator-
associated pneumonia, and most respiratory samples
(77%) were obtained via bronchoalveolar lavage.
Cultures were positive in 109 patients and negative in
22. There were 144 total isolates; 54% were Gram-
negative bacteria. The most common Gram-negative
pathogens were Haemophilus influenzae (16%) and
Klebsiella pneumoniae (15%). The most common
Gram-positive pathogen was Staphylococcus aureus;
methicillin-r esistant S. aureus (MRSA) constituted
8% of all isolates. With culture-negative patients
counted as susceptible, ceftriaxone monotherapy and
ceftriaxone+vancomycin susceptibilities were 85%
and 94%, respectively. Susceptibilities to cefazolin,
ampicillin/sulbactam, cefepime, piperacillin/tazobactam,
and levofloxacin were 49%, 69%, 91%, 90%, and
92%, respectively. Illicit drug use and day of pneumonia
diagnosis did not appreciably affect antibiotic
susceptibilities.
Conclusions For TAP diagnosed within the first 7 days
of hospital admission, ceftriaxone monotherapy is
adequate as empiric therapy, including in ventilated
patients. The addition of vancomycin can be considered
in patients with MRSA risk factors or who are critically ill.
Level of evidence Level III, prognostic and
epidemiological.

BACKGROUND

Among the various infectious complications that
trauma patients may experience, pneumonia is one

of the leading causes.1 Although Infectious Diseases
Society of America (IDSA) and American Thoracic
Society guidelines2 3 make recommendations for
the treatment of patients with community-acquired
(CAP), hospital-
acquired (HAP), and ventilator-
associated pneumonia (VAP), they do not address
specific populations, including trauma patients who
may have unique attributes and bacteriology.
Trauma patients are often younger and with
fewer pre-existing comorbidities than other patient
populations in the hospital. Therefore, in pneumonias that develop early in the course of their
hospital admissions, the causative organisms may be
composed of fewer drug-resistant bacteria. Previous
studies have found that trauma patients who
develop pneumonia have better outcomes,4 5 and
have fewer drug-resistant pathogens,6 7 as compared
with surgical intensive care unit or medical intensive care unit patients. Because of these differences,
it may be reasonable to treat trauma patients with
different empiric antibiotic regimens.
The purpose of this study is to examine the
susceptibilities of respiratory isolates in trauma
patients with pneumonia diagnosed within the
first 7 days of admission and create an antibiogram
specific to trauma patients with pneumonia to help
guide empiric antibiotic therapy in this patient
population. The second goal was to determine if
it is feasible to adequately treat pathogens with
empiric antibiotics that do not have activity against
Pseudomonas aeruginosa or methicillin-
resistant
Staphylococcus aureus (MRSA) to improve antibiotic stewardship.

PATIENTS AND METHODS
Study design and outcome measures

In this retrospective electronic chart review
conducted at a level I trauma center, trauma patients
≥18 years of age diagnosed with and treated for
pneumonia within the first 7 days of hospital
admission were evaluated. A list of trauma patients
admitted between September 1, 2015 and August
31, 2018 classified as having pneumonia by the
trauma registry was cross-referenced with a list of
all patients with sputum, quantitative bronchoalveolar lavage (BAL), or endotracheal cultures drawn
during this time period. Trauma patients >18
years of age diagnosed with and treated for pneumonia as documented in physician notes with BAL,
endotracheal, or sputum samples drawn within
the first 7 days of admission were included. Both
culture-positive and culture-negative patients were
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included. Patients who were transferred to the study hospital
after more than 24 hours of admission at an outside hospital
were excluded.
Patient demographics and baseline data were collected to
describe the patient population. Antimicrobial regimens prior to
initiation of antibiotics for pneumonia and results of respiratory
cultures were also collected. Cultures collected via BAL—both
BAL and mini-BAL—were quantitative, with cultures obtained
via this method counted as positive only if there was growth
of >105 organisms. If multiple respiratory samples were drawn
for the same patient, only the first was used in the creation of
the disease-
state antibiogram. Susceptibilities were based on
susceptibilities as reported by the microbiology lab. For certain
pathogens, susceptibilities were not reported for every antibiotic but were interpreted based on national susceptibilities and
Clinical Laboratory Standards Institute guidelines, for inherently resistant or inherently susceptible drug-organism pairs. For
ampicillin/sulbactam, Streptococcus sp, Haemophilus influenzae,
and Pasteurella multocida were presumed sensitive, and Serratia
marcescens and Enterobacter sp were presumed resistant.8–11
For cefazolin, Streptococcus sp, H. influenzae, P. multocida, S.
marcescens, and Enterobacter sp were presumed resistant.8–11
For ceftriaxone, H. influenzae and P. multocida were presumed
sensitive.8–11 For cefepime, H. influenzae and P. multocida were
presumed sensitive.8–11 For piperacillin/tazobactam, Streptococcus sp, H. influenzae, and P. multocida were presumed sensitive.8-11 For meropenem, H. influenzae and P. multocida were
presumed sensitive.8–11 H. influenzae was also presumed sensitive
to levofloxacin.8 9 12
For ceftriaxone, susceptibilities were calculated using both
‘best-case’ and ‘worst-case’ scenarios. In the worst-case scenario,
every organism harboring inducible chromosomal ampC beta-
lactamases was presumed resistant to ceftriaxone, even if the
organism was reported as susceptible. In the best-case scenario,
if the organism was reported as susceptible to ceftriaxone, it
was counted as susceptible. Specifically, these organisms were S.
marcescens, Providencia sp, Morganella morganii, Citrobacter sp,
and Enterobacter sp.13
For culture-negative patients, they were included in the antibiogram as being susceptible to ceftriaxone, cefepime, piperacillin/tazobactam, meropenem, and levofloxacin based on
previous studies of patients with culture-
negative healthcare-
associated pneumonia. These studies have found that culture-
negative patients treated with traditional CAP therapy have
similar outcomes as those treated with broad-spectrum agents.14
Subgroup antibiograms were made for patients with and
without illicit drug use, and patients with pneumonia diagnosis
made on hospital days 1–3, 4–5, and 6–7.

Statistical analysis

Means and SDs were recorded for continuous variables. Counts,
percents, and modes were recorded for categorical variables.

RESULTS

After cross-referencing a list of all trauma patients diagnosed
within the study’s 3-year timespan with a list of all patients who
had cultures drawn within that time, a list of 325 patients was
obtained. A total of 131 patients were included, with the most
common exclusions occurring as a result of pneumonia developing after 7 days (figure 1).
Baseline characteristics are shown in table 1. Briefly, patients
had a median age of 45, and were mostly males. Patients had
few comorbidities overall, although 31% were illicit drug users
2

Figure 1 Patient flow diagram.

by urine toxicology screen or patient report. Head Abbreviated
Injury Scale (AIS) and chest AIS had bimodal distributions, with
most patients having scores of either 0 or 3 or more. Glasgow
Coma Scale (GCS) also had a bimodal distribution, with most
patients having GCS score of either 3 or 14 or 15. The majority
of pneumonias were categorized as VAP, with median time to
diagnosis of 4 days from admission.
The majority of respiratory samples were obtained via BAL
(table 2). Cultures were positive in 109 patients (83%) and
negative in 22. There were 144 total isolates; 54% were Gram-
negative bacteria. The most common Gram-
negative pathogens were H. influenzae and Klebsiella pneumoniae. The most
common Gram-positive pathogen was S. aureus. MRSA and P.
aeruginosa constituted 8% and 5% of all isolates, respectively.
The antibiogram for all organisms is shown in figure 2. With
culture-
negative patients included, cefazolin and ampicillin/
sulbactam had activity in 57% and 74% of all patients, respectively; the other antibiotics had better activity. As the only agent
without activity against Pseudomonas spp, among culture-
positive patients only, ceftriaxone was active in 74% of all
pneumonias in the worst-case scenario and 83% in the best-case
scenario; among all patients including those who were culture
negative, ceftriaxone was active in 79% of patients in the worst-
case scenario and 85% of patients in the best-case scenario. The
combination of vancomycin and ceftriaxone had activity against
87% of all patients in the worst-case scenario and 94% of all
patients in the best-case scenario. As BAL samples are the most
reliable method of obtaining cultures, a separate analysis of
susceptibilities was done for only patients with cultures obtained
via quantitative BAL. The antibiogram for this subgroup only is
shown in figure 3, and had similar susceptibilities as compared
with the overall patient population.
The subgroup antibiogram for illicit drug users is shown in
figure 4; the characteristic of illicit drug use did not appreciably
affect susceptibilities. The subgroup antibiogram for pneumonia
diagnosis on days 6–7 is shown in figure 5; even in patients diagnosed on day 6 or 7, ceftriaxone susceptibilities were no worse
than the overall population.

DISCUSSION

IDSA antimicrobial stewardship guidelines endorse having
disease-specific recommendations for individual disease states,
and previous studies have used disease-
state antibiograms to
guide therapy and improve outcomes in other diseases.15 16 In
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Table 1

Table 1

Patient and injury characteristics

Characteristic
Age

45 (32–61)

Male

111 (84.7%)

 Other

 White

72 (55.0%)

 Black

15 (11.5%)

 Asian

3 (2.3%)
6 (4.6%)

 Unknown

35 (26.7%)

Hispanic

50 (38.2%)

this retrospective cohort study, the use of a disease-specific antibiogram demonstrates the ability to use ceftriaxone empirically
for trauma-associated pneumonia (TAP) diagnosed within the
first 7 days of hospital admission without the need for broader
agents such as cefepime, piperacillin/tazobactam, or vancomycin. Organisms were sensitive to ceftriaxone 79% of the time
in the worst-case scenario and 85% in the best-case scenario.
The combination of vancomycin and ceftriaxone was active
87% of the time in all patients in the worst-case scenario and
94% of the time in all patients in the best-case scenario. These
results were consistent across the subgroups of illicit drug use
and hospital day of pneumonia diagnosis. Balancing the need
for adequate empiric activity with the goal of avoiding antibiotic spectrum that is unnecessarily broad, we conclude that
ceftriaxone monotherapy is adequate as empiric therapy in TAP.
The addition of vancomycin can be considered in patients with
MRSA risk factors—defined by the IDSA HAP and VAP guidelines as recent intravenous antibiotic use within the last 90 days
or currently residing in an intensive care unit in which there is
a high prevalence of healthcare-associated MRSA—or in those

Comorbidities
 Diabetes

27 (20.6%)

 COPD

9 (6.9%)

 HD dependent

1 (0.8%)

 CHF

6 (4.6%)

 Active cancer

4 (3.1%)

 HIV/AIDS

0 (0%)

 Cirrhosis
 None of the above
 Unknown

2 (1.5%)
85 (64.9%)
8 (6.1%)

Smoking status
 Smoker

59 (45.0%)

 Non-smoker

47 (35.9%)

 Unknown

25 (19.1%)

ISS

18 (14–30)

2 (1.5%)

Results are presented as n (%), mean (SD), or median (IQR) as appropriate.
CAP, community-acquired pneumonia; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease; HAP, hospital-acquired pneumonia; HD,
hemodialysis; ISS, Injury Severity Score; TBI, traumatic brain injury; VAP, ventilator-
associated pneumonia.;

Race

 American Indian/Alaskan Native

Continued

Characteristic

Blunt vs. penetrating injury
 Blunt
 Penetrating

114 (87.0%)
17 (13.0%)

Table 2

Type of injury
 TBI

91 (69.5%)

 Chest trauma

70 (53.4%)

 Pelvic or long-bone fracture

43 (32.8%)

 Abdominal organ trauma

27 (20.6%)

 Spinal cord injury

44 (33.6%)
29 (22.1%)

 HAP

19 (14.5%)

 VAP

83 (63.4%)

Hospital day of pneumonia diagnosis

 Sputum
 BAL

11.9 (0.44)

Temperature

38.4 (0.07)

 Gentamicin

67 (51.1%)
5 (3.8%)

 Cefazolin

33 (25.2%)

 Cefuroxime

37 (28.2%)

 Cefoxitin

6 (4.6%)

 Other

2 (1.5%)

 Ceftriaxone
 Piperacillin/tazobactam
 Vancomycin

6 (4.6)

Culture positive

109 (83.2)

 Gram positive

66 (46.1)

 Gram negative

77 (53.8)

 MSSA

34 (23.8)

 MRSA

12 (8.4)

 
Streptococcus pneumoniae

11 (7.7)

 
S. agalactiae

3 (2.1)

 
S. pyogenes

3 (2.1)

 Other

2 (1.4)

Gram-n egative organisms

Treatment antibiotics before cultures drawn
 Any

 Endotracheal

Gram-p ositive organisms

Prophylactic antibiotics before cultures drawn
 Any

24 (18.3)
101 (77.1)

Organism type

4 (3,6)

White cell count

n (%)

Respiratory sample

Type of pneumonia
 CAP

Characteristics of respiratory samples

Characteristic

23 (17.6%)
5 (3.8%)
10 (7.6%)
7 (5.3%)
Continued

 
Haemophilus influenzae

21 (14.7)

 
Klebsiella pneumoniae

20 (13.9)

 
Escherichia coli

10 (7.0)

 
Enterobacter sp

8 (5.6)

 
Pseudomonas aeruginosa

7 (4.9)

 
Moraxella catarrhalis

3 (2.1)

 Other

7 (4.9)

BAL, bronchoalveolar lavage; ; MRSA, methicillin-resistant Staphylococcus aureus;
MSSA, methicillin-sensitive Staphylococcus aureus.
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Figure 2 Antibiogram for all included patients. CFZ, cefazolin; CRO,
ceftriaxone; FEP, cefepime; LVX, levofloxacin; MEM, meropenem; SAM,
ampicillin/sulbactam; TZP, piperacillin/tazobactam.

Figure 4 Antiobiogram for illicit drug users. CFZ, cefazolin; CRO,
ceftriaxone; FEP, cefepime; LVX, levofloxacin; MEM, meropenem; SAM,
ampicillin/sulbactam; TZP, piperacillin/tazobactam.

who are critically ill, such as those in septic shock in which it
would be unacceptable to miss this rare but important pathogen.
Similar to other studies, our patients with TAP were younger
with fewer comorbidities, and grew fewer resistant organisms
than non-trauma patients with VAP. In Magret et al’s4 study, the
most prevalent pathogens in early trauma VAP were Enterobacteriaceae, methicillin-sensitive S. aureus (MSSA), and H.
influenzae, whereas patients with early non-trauma VAP more
commonly grew P. aeruginosa and MRSA. Similarly, in Agbaht
et al’s6 study, patients with early trauma VAP had more MSSA,
whereas patients with early non-trauma VAP had more MRSA
and P. aeruginosa. Our study also demonstrated H. influenzae
and S. aureus as the most common Gram-negative and Gram-
positive pathogens.
One study to examine susceptibilities in this patient population was a single-center study in patients with trauma VAP
looking at causative pathogens’ susceptibilities to ampicillin/
sulbactam.17 Resistance to ampicillin/sulbactam between days 3
and 7 was 26% to 50%, and the authors concluded that ampicillin/sulbactam was inadequate as empiric therapy in their
patient population. This study demonstrated a rate of activity for

ampicillin/sulbactam of only 74% but differs in that additional
antibiotic choices were examined to further define optimal
therapy.
center study, the authors also examined
In another single-
pathogens and susceptibilities in trauma patients with pneumonia.18 Overall rates of susceptibility were 74% for ceftriaxone
and 84% for ceftriaxone plus vancomycin. When the authors
divided groups into early versus late pneumonia, patients with
early pneumonia (days 1–5) had susceptibilities of 83% to ceftriaxone and 93% to vancomycin plus ceftriaxone, whereas patients
with late pneumonia (beyond day 5) had susceptibilities of 57%
to ceftriaxone and 66% to vancomycin plus ceftriaxone. Based
on these susceptibilities, the authors recommend at their institution ceftriaxone plus vancomycin for patients with TAP within
the first 5 days, and vancomycin plus piperacillin/tazobactam for
patients with TAP with pneumonia beyond the first 5 days. Our
study examined only early TAP, which we defined as pneumonia
diagnosed within the first 7 days. Our susceptibilities for early
TAP were similar to those in the study by Becher et al, although
we extended early TAP to the first 7 days of hospitalization and
found in subgroup analyses that patients who developed pneumonia on days 6–7 had similar susceptibilities to those diagnosed

Figure 3 Antibiogram for only bronchoalveolar lavage (BAL)
sampled patients. CFZ, cefazolin; CRO, ceftriaxone; FEP, cefepime;
LVX, levofloxacin; MEM, meropenem; SAM, ampicillin/sulbactam; TZP,
piperacillin/tazobactam.
4

Figure 5 Antibiogram days 6–7. CFZ, cefazolin; CRO, ceftriaxone;
FEP, cefepime; LVX, levofloxacin; MEM, meropenem; SAM, ampicillin/
sulbactam; TZP, piperacillin/tazobactam.
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within the first 5 days. Therefore, in contrast to this previous
study, we recommend ceftriaxone within the first 7 days, with
addition of vancomycin for patients with risk factors. Recognizing that susceptibilities often differ by institution, our study
and that by Becher et al conducted at two different institutions
with similar findings with regard to susceptibilities are reassuring
with regard to wider applicability across the trauma population
and reassure that susceptibilities have not changed significantly
over time between the two studies.
Data were displayed for ceftriaxone with both best-case and
worst-case scenarios, to account for inducible or derepression of
AmpC beta-lactamases that are constitutively present although
not always expressed in a subset of organisms. When this enzyme
is expressed it can destroy ceftriaxone at a rate fast enough to
cause resistance. Previous studies have shown resistance development on therapy as high as 19% in Enterobacter spp bacteremia,19 but a review of the literature has shown much lower
rates of 0% to 5%13 20 across a variety of organisms and disease
states. Although most of the organisms within the study that have
AmpC enzymes were Enterobacter spp, the rate of on-therapy
susceptibility for these organisms is likely much closer to the
best-case scenario than the worst-case scenario and thus our
conclusions are based on these data.
One potential limitation of this study was our assertion
that culture-negative patients were susceptible to ceftriaxone.
Previous data in the Healthcare associated pneumonia (HCAP)
literature support similar efficacy to broader spectrum agents
in the culture-
negative population.14 Additionally, other data
sets and IDSA VAP guidelines support discontinuation of all
antibiotics in BAL culture-negative patients when pneumonia
is suspected, thus indicating that ceftriaxone would not be an
unacceptably narrow agent in our patients.3 21
Another limitation is that this is a single-center retrospective
study and our bacterial susceptibilities may differ from other
institutions secondary to baseline rates of resistance in the
community and infection prevention practices after hospitalization. Although local infection patterns should always be considered when selecting empiric therapy, many hospitals do not have
disease-state antibiograms specific to TAP and, as mentioned
above, this is the second study from a geographical and time-
distinct perspective indicating ceftriaxone is a suitable first-
line agent for TAP, particularly within the first 7 days. Trauma
programs uncomfortable with this approach without local data
should use the data here as justification to investigate their own
local susceptibilities. Lastly, some patients received antibiotics
before cultures were drawn for non-pneumonia reasons. This
could have potentially affected culture growth, although these
antibiotics were most commonly cefazolin and cefuroxime for
prophylaxis related to trauma and surgery. If these drugs did
suppress growth of organisms, those organisms would likely also
be susceptible to ceftriaxone.
In conclusion, for trauma patients diagnosed with pneumonia within the first 7 days of hospital admission, ceftriaxone
monotherapy is adequate as empiric therapy, with the addition
of vancomycin for patients with MRSA risk factors or who are
critically ill.
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