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Abstract

Background: The primary aim of this study was to describe the frequency of pulmonary infiltrates on chest X-ray
(CXR) during community acquired Gram-negative bacteremia at a single centre in Denmark.

Methods: The patients were retrospectively identified from the laboratory information system and clinical and
radiological data were retrieved from the electronic health records. Overall 114 patients with E.coli or K.pneumoniae
bacteremia fulfilled the inclusion criteria during the period 2009–2010.

Results: CXR was performed in 77% of cases (80% of E.coli and 56% of K.pneumoniae) among which infiltrates were
identified in 34%. The two most frequent localizations of infiltrates during E.coli bacteremia were lower lobe/basal
(56%) and diffuse (22%). Furthermore, 30% of infiltrates were bilateral while 40% were present on the right lung and
30% on the left lung.

Conclusions: In conclusion, the presence of infiltrates during community acquired Gram-negative bacteremia was
very frequent in our population.

Keywords: Gram-negative bacteremia, Pulmonary infiltrates, Urosepsis, Lipopolysaccharide, Flagellin
Background
Patients admitted to hospital with sepsis and pulmonary
infiltrates may have bacterial pneumonia, however, this
is not always the case. The recommended treatment of
community acquired pneumonia in Denmark is still in
most cases penicillin taking into account disease severity
and patient characteristics. The recommended treatment
of urosepsis includes a broader spectrum beta-lactam
antibiotic covering the most common Enterobacteriacae.
It is well known that appropriate antibiotic treatment on
admission reduces mortality during severe sepsis and
septic shock. Therefore, the primary diagnosis and early
focus identification is crucial in order to initiate appro-
priate empiric antibiotic treatment while waiting for mi-
crobiologic results. The primary purpose of this study
was to determine how often pulmonary infiltrates are
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identified on chest X-ray (CXR) during community ac-
quired Gram-negative bacteremia.
Methods
General information
Patients admitted to the emergency department at
Nykoebing Falster Hospital with bacteremia with E.coli
or K.pneumoniae during the period January 2009 to
December 2010 were included in the study retrospect-
ively. Patients with multiple bacteremic episodes were
only included with the first episode fulfilling the inclusion
criteria. Episodes with more than one isolated micro-
organism were excluded. Patients under the age of 14 years
were excluded. CXR and microbiologic samples taken
within 2 days of the positive blood culture were studied.
CXR was considered positive by the authors if the radiolo-
gist’s reading described findings suggestive of acute infil-
trate. Patients were defined as having a primary urinary
tract focus when the urine and blood culture contained
the same species. According to Danish law, approval of
the Regional Ethics Committee was not required. The
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Table 2 Bacteremia with verified microbiologic focus, N
(%, 95% binomial confidence intervals)

Bacteremia BC Urine positive Respiratory positive Other

E.coli 96 52/66 (79%, 58–87) 0/2 (0%) 1

K.pneumoniae 18 6/11 (55%, 28–79) 0/0 (0%) 0

BC, Blood culture.
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study was included in the simplified registration of Region
Zealand at the Danish Data Protection Agency (Journal
number 2008-58-0020).

Statistics
The R statistical software was used. The 95% binomial
confidence intervals on the binomial probabilities were
calculated by the “Wilson” method (Command binom.
confint, library binom, www.r-project.org).

Results
During the 24 month period a total of 287 patients with
315 bacteremic episodes (excluding coagulase-negative
Staphylococci and Corynebacterium sp.) were identified.
Excluding duplicates 114 episodes fulfilled the inclusion
criteria (Table 1). Median age was 75 (range from 27 years
to 96 years) and 52% were male.
CXR was available in 77% of bacteremic episodes (80%

of E.coli and 56% of K.pneumoniae) (Table 1). Among
these, infiltrates were identified in 34% (35% E.coli and
30% K.pneumoniae). Furthermore, CXR was performed
in 44 (85%) of the 52 episodes of E.coli bacteremia with
confirmed primary urinary tract focus. Among these an
infiltrate was also present in 34% (15/44).
Localizations of infiltrates were only analysed for epi-

sodes of E.coli bacteremia as only three patients with
K.pneumoniae had infiltrates. The two most frequent lo-
calizations of infiltrates among bacteremic episodes
caused by E.coli were lower lobe/basal (56%) and diffuse
(22%). Furthermore, 30% of infiltrates were bilateral
while 40% were present on the right lung and 30% on
the left lung.
Overall urine samples were obtained in 69% (E.coli)

and 61% (K.pneumoniae) of bacteremic episodes. When
available, urine cultures were positive with the same
microorganism as the corresponding blood culture in
79% (E.coli) and 55% (K.pneumoniae) (Table 2).
Lower respiratory tract samples were obtained in 2%

(E.coli) and 0% (K.pneumoniae) of all episodes. Among
patients with Gram-negative bacteremia none had a con-
firmed respiratory tract focus. Blood cultures were the
single microbiological samples available in 32% of cases
(31% of E.coli and 39% of K.pneumoniae). Furthermore,
33% of patients with pulmonary infiltrates who later on
had confirmed E.coli bacteremia did not have urine sam-
ples collected.
Table 1 Pneumonic infiltrates on chest radiography

Bacteremia BC Chest
radiography

+ infiltrate - infiltrate

E.coli 96 77 (80%, 71–87) 27 (35%, 25–46) 50 (65%, 54–75)

K.pneumoniae 18 11 (56%, 39–80) 3 (27%, 10–57) 8 (73%, 43–90)

BC, Blood culture.
N (%, 95% binomial confidence intervals).
Discussion
To our knowledge articles addressing the presence of
pulmonary infiltrates among patients with community
acquired Gram-negative bacteremia have not previously
been published. In this study 80% of all E.coli bacteremic
episodes had CXR done upon admission verifying pul-
monary infiltrates in 35%. Similar rates (27%) were found
for K.pneumoniae but the limited number of data does
not allow a certain estimate.
Antibiotic treatment for bacterial pneumonia in areas

with low level of antimicrobial resistance is often not
sufficient to treat other infections derived from e.g. the
urinary tract or gastrointestinal tract. Therefore, the ini-
tial clinical diagnosis upon admission is crucial. This is
especially the case in Scandinavia where the resistance
of S.pneumonia to penicillin is still low.
A study from the County of Northern Jutland, Denmark

showed that among 815 episodes of monomibrobial
Gram-negative bacteremia (70% E.coli, 17%K.pneumonia)
128 (16%) did not receive any antibiotic treatment before
the notification of a positive blood culture and 94 (12%)
were treated with penicillin G. The presence of pulmonary
infiltrates was not investigated in that study [1].
Only a small proportion of patients (2%) in this study

had both respiratory tract and urine cultures collected,
thus identification of the primary focus had to be based
on the samples available. Ideally both samples should be
collected, without unnecessary delay, before initiation of
antibiotic treatment in order to confirm the primary focus.
Surprisingly, 31% of E.coli and 39% of K.pneumoniae bac-
teremic episodes did not have any supplementary microbio-
logical samples collected apart from blood cultures.
It is well known that Gram-negative sepsis may cause

acute lung injury (ALI) or acute respiratory distress syn-
drome (ARDS) [2]. A possible immunological explanation
could be LPS (lipopolysaccharide) induced neutrophil re-
cruitment to the lungs. LPS has been identified as a reli-
able indicator of Gram-negative bacteremia comparable to
blood cultures [3] but whether LPS concentrations are
correlated with the presence of pulmonary infiltrates has
not been studied.
In vivo studies have shown that LPS activates macro-

phages and epithelial cells regardless of the route of admin-
istration [4,5]. This triggers a chemotactic inflammatory
response with production of proinflammatory cytokines
and oxygen metabolites which causes an influx of neutro-
phils into the airways. Platelets adhere to vascular wall
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causing endothelial damage and increased permeability
[4-6]. Reactive oxidants may lead to ARDS which is caused
by an imbalance between oxidants and endogenous anti-
oxidants [7,8]. The immunologic response to LPS expos-
ure from different Enterobacteriacea is not the same which
has recently been shown to have prognostic value [9].
Another possible pathophysiological explanation for

the inflammatory cascades in the lungs after exposure to
Gram-negative bacteria is mediated by flagellin, a com-
ponent of bacterial flagella. In a small sample of patients
(N = 16) flagellin level was correlated to lung injury
score, alveolar-arterial oxygen difference and duration of
septic shock. Furthermore, flagellin was found to be a
more potent stimulus than LPS for the release of proin-
flammatory cytokines in the lungs of mice [10].
A weakness of this study is that patient characteristics

were not analyzed in relation to primary clinical diagno-
sis, co-morbidity or severity scores. Furthermore, micro-
biological samples were not systematically collected.
These parameters should be included in future studies.
However, the primary purpose of our study has been
achieved showing that overall pulmonary infiltrates on
CXR, whatever the cause, are very frequent among pa-
tients admitted with Gram-negative community acquired
bacteremia in our population.

Conclusions
This study has shown that pulmonary infiltrates are
common among patients with community acquired
Gram-negative bacteremia in Denmark. The study also
showed that only a small number of our patients had
both urine and respiratory tract samples collected.
Emergency room physicians should have this in mind
when treating patients with community acquired sepsis
as focus identification and initial diagnosis is important
to initiate effective antimicrobial therapy as early as pos-
sible. These findings could have an important impact on
initial patient assessment in the emergency department
if supported by future studies.
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