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Abstract
To evaluate the effectiveness of trimetoprim-sulfametoxazole (TMP-SMX) for treatment of ventilator-associated pneumonia
(VAP). A retrospective cohort study including patients with VAP from 2011 to 2017. Two groups were analysed: TMP-SMX
group, including patients who had received TMP-SMX (as first-line and as de-escalation), and No-TMP-SMX group, including
patients who had not received TMP-SMX treatment. Primary clinical outcome was mortality at 30 days from starting the
antibiotic treatment (T30). Secondary outcomes were mortality at end of treatment (EoT), day survival at T30, and acquisition
of multidrug-resistant bacteria during hospitalization in intensive care unit. Eighty cases of VAP were included and devised into
two groups: No-TMP-SMX (31/80; 39%) and TMP-SMX (49/80; 61%). Univariate analysis showed no significant differences
were found when the TMP-SMX group was compared with the No-TMP-SMX group, except for frequency of male gender (p =
0.025). No significant statistical correlations between mortality at T30 and individual factors were detected by the multivariate
model. No cases of either severe allergy or Clostridium difficile disease were reported in the TMP-SMX and No-TMP-SMX
groups. TMP-SMX treatment was not associated with higher mortality at EoT and T30 in comparison with the No-TMP-SMX
group. TMP-SMX had a good safety profile, in terms of ecology (acquisition of MDR bacteria and Clostridium difficile disease)
and clinical management (no allergy events).
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Introduction

Ventilator-associated pneumonia (VAP) is defined as a
nosocomial infection of pulmonary parenchyma which
develops in patients who have been mechanically venti-
lated in the intensive care unit (ICU) for at least 48 h
[1]. Epidemiology of VAP, however, differs according to

the geographical area, in particular when it comes to the
prevalence of multidrug-resistant (MDR) bacteria [2–8].

Trimetoprim-sulfametoxazole or co-trimoxazole (TMP-
SMX) is a bactericidal association of two sulphonamides
which is naturally active against a broad spectrum of micro-
organisms, including the most frequents agents of VAP, with
the exception of Pseudomonas aeruginosa which is naturally
resistant to TMP-SMX. It is approved for pneumonia (notably
Pneumocystis jirovecii pneumonia and community-acquired
pneumonia) [9], but it is not currently recommended for the
empiric treatment of VAP by American or European guide-
lines, even though its use is not formally contraindicated in
ventilator-associated respiratory infections [10, 11].
Moreover, TMP-SMX is already used in methicillin-resistant
Staphylococcus aureus (MRSA)–associated VAP, as an alter-
native to vancomycin [12, 13].

The aim of this study was to retrospectively evaluate the
effectiveness of TMP-SMX for treatment of VAP compared
with TMP-SMX-free regimens.
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Materials and methods

A retrospective cohort study was conducted in a hospital ac-
counting for 350 acute care beds in the Ile de France region in
France, from 1 January 2011 to 31 December 2017. Patients
were considered eligible for the study when they had diagno-
sis of VAP, and they did not meet any of the following exclu-
sion criteria: (i) absence of isolates in cultures from lower
respiratory tract samples; (ii) positivity of cultures from lower
respiratory tract samples for Pseudomonas spp. and other
TMP-SMX naturally resistant bacteria.

This study was conducted in accordance with the
Declaration of Helsinki and national and institutional stan-
dards. The local institutional review board did not require
patients’ consent due to the retrospective character of the
study. Because of this and along with the fact that this study
did not require further laboratory analysis or different clinical
management compared with daily clinical routine, a written
consent form was not proposed to any eligible patient.

Diagnosis of VAP was made at ICU by the intensive care
specialist according to the international definition of VAP [1].
A collegiate body, including intensive care specialists, clinical
microbiologists and infectious diseases specialists, performed
daily reviews of antibiotic treatments according to clinical
evolution and microbiological results. De-escalation was car-
ried out in accordance with international definitions [14, 15].

In the case of absence of microbial isolates at VAP
onset, first-line treatment always included penicillin plus
β-lactamase inhibitors (piperacillin/tazobactam or
amoxicillin/clavulanic acid). De-escalation was proposed
when microbiologic isolates became available after the
starting of antibiotic treatment. Because the culture of
lower respiratory tract samples was routinely performed
during invasive ventilation whether or not there were
clinical signs of VAP, some patients already had micro-
bial isolates before the starting of antibiotic treatment.
For these patients, a targeted antibiotic treatment was
started as first-line treatment. For all molecules, the
highest posology was prescribed and adapted to estimat-
ed glomerular filtration rate (eGFR) [16].

TMP-SMX was prescribed only when a susceptible isolate
was identified either at VAP onset (targeted first-line treat-
ment) or after beginning a No-TMP-SMX treatment (de-esca-
lation). In case of TMP-SMX susceptibility, TMP-SMX was
always preferred to other susceptible molecules, except if
there were some contraindications (other concurrent infections
caused by TMP-SMX-resistant bacteria, known history of
TMP-SMX allergy, severe anaemia). A maximal dose of
160/800 mg tid or qid of TMP-SMX was prescribed and
adapted to eGFR and patient’s weight [16].

Patients were devised into two groups: (i) TMP-SMX
group, which included patients who received TMP-SMX as
treatment for VAP, as first-line therapy or de-escalation; (ii)

No-TMP-SMX group, which included patients who did not
receive TMP-SMX as treatment for VAP.

Data about patients’ characteristics, laboratory analy-
sis and treatment outcomes were collected from software
used in daily clinical practice (Sillage v15.5.1.22 and
CGM Lab channel 1.20.33686) and included the follow-
ing: age, gender, body mass index (BMI), co-
morbidities (diabetes, heart disease, lung disease, liver
disease, solid or hematologic neoplasia, severe acute or
chronic kidney disease), antibiotic treatment before the
onset of VAP, simplified acute physiology score II
(SAPS-II), early VAP, shock (at onset of VAP) and bac-
teria isolates from lower respiratory tract samples. The
cutoff for the definition of severe kidney disease was
eGFR < 30 ml/min [17]. Early VAP was defined when
onset of VAP occurred within 96 h from the start of
mechanical ventilation [18]. Patients were considered
in shock when they needed vasopressors for maintaining
a mean arterial pressure of at least 65 mmHg at the
onset VAP symptoms [19].

The primary clinical outcome was mortality at 30 days
after antibiotic treatment initiation (T30) while second-
ary clinical outcomes were as follows: (i) mortality at
the end of treatment (EoT); (ii) day survival at T30,
defined as the number of days of survival for each
patient during the 30 days after antibiotic treatment ini-
tiation; (iii) acquisition of MDR bacteria during hospi-
talization in ICU. For definition of MDR bacteria acqui-
sition, results of nasopharyngeal and rectal swabs (rou-
tinely obtained at admission and discharge) and other
samples (obtained during the hospitalization according
to the patient’s clinical evolution) were all considered.

For univariate analysis, χ2 test (qualitative variables) and
Student’s t test (quantitative variables) were used. Quantitative
variables were presented in the text as mean values.

Differences in the incidence of the four clinical outcomes
were analysed. Moreover, differences at baseline were calcu-
lated for the following individual characteristics: age, gender,
BMI, co-morbidities, SAPS-II, antibiotic treatment before
VAP onset, early VAP, shock (at VAP onset), microbial iso-
lates from lower respiratory tract samples, carriage of MDR
bacteria (both at admission and discharge).

For multivariate analysis, a multiple logistic regression
analysis was performed on the overall population to explore
whether individual factors might explain differences in the
primary clinical outcome (mortality at T30). Parameters in-
cluded in multivariate analysis were chosen according to uni-
variate analysis results (p ≤ 0.250). Moreover, the use of
TMP-SMX was also included in the multivariate analysis to
evaluate the impact of TMP-SMX on mortality at T30.

All analyses were performed using R, the language for
statistical computing (Vienna, Austria; https://www.r-project.
org/). Nominal statistical significance was set at p < 0.050.
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Results

During the study period, a total of 126 cases of VAP were
identified, and 80/126 (63.5%) were included in the study.
According to exclusion criteria, 12/126 (9.5%) patients were
excluded because no microbial isolate was identified from
lower respiratory tract samples, and 34/126 (27%) patients
were excluded because of Pseudomonas aeruginosa isolates
identified in lower respiratory tract samples. Characteristics of
the population included in the study are summarised in
Table 1.

All patients without microbial isolates at VAP onset or with
microbial isolates resistant to TMP-SMX were given mono-
therapy using a penicillin plus/minus penicillinase inhibitor
while 6/80 (8%) were given TMP-SMX-free therapy using
other molecules or associations. The remaining patients with
bacterial isolates susceptible to TMP-SMX (28/80; 35%) were
given monotherapy using TMP-SMX as first line, and none of
them were switched towards another molecule. No patient
started a multidrug regimen which included TMP-SMX as
first line. A total of 36/80 (45%) patients were switched to
another molecule. Among them, 21/80 (26.3%) patients were
switched to TMP-SMX from a TMP-SMX-free regimen.
More specifically, 20/21 (95.2%) switched to a TMP-SMX
monotherapy while only 1/21 (4.8%) patient was switched
to a combination therapy (TMP-SMX plus intravenous
amikacin).

Antibiotic resistance to TMP-SMX was detected in 9/80
(11.3%) isolates. No therapy was discontinued (with or
without TMP-SMX) for adverse events. No cases of severe
allergy were reported in patients treated with TMP-SMX or
with other molecules. No cases ofClostridium difficile disease
(defined as the presence of binary toxin in stools) were report-
ed in the overall population (in TMP-SMX-receiving and non-
receiving patients).

When the TMP-SMX group and the No-TMP-SMX group
were compared, no statistical differences were observed
(Table 1), except for frequency of male gender (p = 0.025).
No statistical differences between the two groups were ob-
served concerning mortality rates at EoT and T30 (p = 0.874
and 0.581, respectively), day survival at T30 (p = 0.623) and
rate of MDR bacteria acquisition (p = 0.108).

The multivariate model did not show any statistical corre-
lation between mortality at T30 and other variables (male
gender, BMI, SAPS-II, TMP-SMX, MDR bacteria acquisi-
tion), as illustrated in Table 2.

Discussion

To the best of our knowledge, this study analysed for the first
time the effectiveness of TMP-SMX for the treatment of VAP
in a real-life cohort.

In our study, effectiveness of treatment with TMP-
SMX was not significantly different than treatment
without TMP-SMX. Indeed, no differences were found
in terms of clinical outcomes (mortality at T30 and EoT,
day survival at T30 and MDR bacteria acquisition)
when the No-TMP-SMX group was compared with the
TMP-SMX group. This also included critically ill pa-
t ients wi th high SAPS-II and sept ic shock at
presentation.

The use of TMP-SMX as first-line therapy in VAP is lim-
ited by the lack of activity on Pseudomonas aeruginosa [9],
one of the most frequent causes of VAP, which needs to be
taken into consideration empirically treating VAP [10, 11].
Thus, we can suggest a larger use of TMP-SMX for VAP only
when microbiological diagnosis and susceptibility tests are
available, both as a first-line regimen and as adapted treatment
(de-escalation). Basing TMP-SMX use on availability of sus-
ceptibility test makes this approach suitable also for settings
with higher resistance rate than France. On the contrary, TMP-
SMX in the empiric treatment of VAP should be avoided in
any setting because the risk of TMP-SMX-resistant strains
(notably Pseudomonas aeruginosa) among patients
hospitalised in ICU is too high [20]. We consider that the
results of our study are convincing enough to promote further
studies and to be evaluated in a randomised clinical trial
(RCT).

There are at least three reasons to encourage the use
of TMP-SMX in VAP. First of all, TMP-SMX allows to
spare β-lactams and fluoroquinolones and, consequently,
to reduce pressure of selection and emergence of MDR
bacteria, in particular, the extended spectrum β-
lactamase and carbapenemase-producing gram-negative
bacteria and Pseudomonas aeruginosa [21–25].
Secondly, TMP-SMX has an extremely high intestinal
absorption and it reaches high concentration in lung
tissue when it is administrated either orally or intrave-
nously. This property can facilitate a quick switch from
an intravenous to an oral regimen, at least in uncritical
patients [26–28]. Finally, the spread of vancomycin-
intermediate Staphylococcus aureus (VISA) is increasing
all over the world and is associated with an increased
risk of mortality [29–31]. Most unfortunately, the best
t reatment of VISA infect ion has not yet been
established. TMP-SMX could be a valid alternative to
vancomycin and it is cheaper than its principal compet-
itors, linezolid and telavancin, even though there is a
lack of data about TMP-SMX’s cost-effectiveness in
treatment of healthcare-associated pneumonia, namely
VAP [12, 13, 32–34]. Moreover, according to the
World Health Organization, linezolid has to be consid-
ered as a reserve antibiotic that should be used as a
last-resort option, while TMP-SMX is part of the access
group (i.e. antibiotics which are supposed to be widely
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Table 1 Characteristics of the population and clinical outcomes

Parameters Overall population No-TMP-SMX TMP-SMX
(N = 80) (N = 31) (N = 49)

Biological parameters
Age years (SD) 63.65 (15.2) 65.4 (15.3) 62.5 (15.1)
Male gender (%) 57 (71.2) 27 (87) 30 (61.2)
BMI (SD) 28 (6.2) 29.1 (6.4) 27.3 (6.1)

Comorbidities
Diabetes (%) 28 (35) 11 (35.5) 17 (34.7)
Heart disease (%) 41 (51.3) 20 (64.5) 21 (42.9)
Lung disease (%) 37 (46.3) 16 (51.6) 21 (42.9)
Liver disease (%) 21 (26.3) 7 (22.6) 14 (28.6)
Neoplasia* (%) 15 (18.8) 7 (22.6) 8 (16.3)
eGFR < 30 ml/min (%) 12 (15) 5 (16.1) 7 (14.6)

Clinical parameters
SAPS-II (SD) 51.07 (19.5) 55.7 (19.9) 48.3 (18.8)
Antibiotic treatment before VAP or VAT (%) 64 (80) 27 (87) 37 (75.5)
Early VAP or VAT (%) 25 (31.2) 7 (22.6) 18 (36.7)
Shock (%) 32 (40) 14 (45.2) 18 (36.7)

Bacterial isolates from lower respiratory tract samples
Enterobacteriaceae (%) 53 (66.25) 21 (67.8) 32 (65.3)
Staphylococcus aureus** (%) 9 (11.25) 2 (6.4) 7 (14.3)
Mixed cultures and/or other bacteria*** (%) 18 (22.5) 8 (25.8) 10 (20.4)

Antibiotic resistance in isolates from lower respiratory tract samples
TMP-SMX (%) 9 (11.25) 9 (29) 0 (0)
Piperacillin/tazobactam (%) 16 (20) 3 (9.7) 13 (26.5)
3rd-generation cephalosporins (%) 16 (20) 4 (12.9) 12 (24.5)
Fluoroquinolones (%) 7 (8.75) 5 (16.1) 2 (4.1)

Carriage of MDR bacteria at admission
None (%) 72 (90) 29 (94) 43 (88)
One MDR species 7 (9) 1 (3) 6 (12)
Two or more MDR bacteria (%) 1 (1) 1 (3) 0 (0)
MRSA or MRSE (%) 3 (4) 0 (0) 3 (6)
MDR Enterobacteriaceae (%) 4 (5) 2 (6) 2 (4)
Carbapenemase producer Enterobacteriaceae (%) 1 (1) 0 (0) 1 (2)

Carriage of MDR bacteria at discharge
None (%) 58 (72) 21 (68) 37 (76)
One MDR species 19 (24) 8 (26) 11 (22)
Two or more MDR species**** (%) 3 (4) 2 (6) 1 (2)
MRSA or MRSE (%) 7 (9) 1 (3) 6 (12)
MDR Enterobacteriaceae (%) 15 (19) 8 (26) 7 (14)
Carbapenemase producer Enterobacteriaceae (%) 1 (1) 1 (3) 0 (0)

First-line antibiotic treatment
Penicillin ± penicillinase inhibitor (%) 46 (57) 27 (87) 19 (39)
TMP-SMX (%) 28 (35) 0 (0) 28 (57)
TMP-SMX + other molecule (%) 0 (0) 0 (0) 0 (0)
Other molecule or association (%) 6 (8) 4 (13) 2 (4)
Switch to another antibiotic (%) 36 (45) 15 (48) 21 (42)

Adapted antibiotic treatment*****
Penicillin ± penicillinase inhibitor (%) 18 (23) 18 (58) 0 (0)
TMP-SMX (%) 48 (60) 0 (0) 48 (98)
TMP-SMX + other molecule (%) 1 (1) 0 (0) 1 (2)
Other molecule or association (%) 13 (16) 13 (42) 0 (0)

*Including both solid and haematological neoplasia. **Including both methicillin-sensible and methicillin-resistant Staphylococcus aureus.
***Including mixed cultures and bacteria other than Enterobacteriaceae and Staphylococcus aureus. ****Including patients with at least two isolates
among MRSA or MRSE, MDR Enterobacteriaceae and carbapenemase producer Enterobacteriaceae. *****Analysis included only 74/80 (92.5%)
patients in overall population, 47/49 (95.9%) in TMP-SMX group and 27/31 (87.1%) in No-TMP-SMX group because 6 patients in overall population (2
in TMP-SMX group and 4 in NO-TMP-SMX group) were lost at follow-up before T30. BMI, body mass index; eGFR, estimated glomerular filtration
rate; MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus; MRSE, methicillin-resistant Staphylococcus epidermidis; SAPS-II,
simplified acute physiology score II; SD, standard deviation; TMP-SMX, trimetoprim-sulfametoxazole; VAP, ventilator-associated pneumonia
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used in first-line treatments and reliably available in
every setting) [35].

Concerning safety, no TMP-SMX-based treatment was
discontinued because of safety issues, including severe aller-
gy. These data are encouraging and could suggest that tolera-
bility of TMP-SMX in ICU patients could be higher than
patients with acquired immune deficiency syndrome, but this
finding needs to be confirmed in further studies with larger
populations [36].

This study presents several limitations: (i) because of
study design (retrospective cohort study), a certain
amount of missing data is predictable, even if all con-
secutive patients were included and computerised medi-
cal files were used for data collection. Variables with a
high number of missing data were excluded from the
logistic regression analysis to preserve the effectiveness
of the statistical analysis; (ii) no power analysis and
sample size calculation were estimated; (iii) the relative-
ly small sample size may have limited the power of
statistical analysis [37, 38]; (iv) data about clinical safe-
ty were not extensively collected which makes analysis
of the safety profile of TMP-SMX limited; (iv) this was
a single-centre study; thus, conclusions could not be
directly applicable to other centres with significantly
different populations.

In conclusion, this study showed that TMP-SMX treatment
for VAP was not associated with higher rates of mortality at
EoT and T30 than TMP-SMX non-including treatment.
Moreover, TMP-SMX had a good safety profile, in terms of
ecology (acquisition of MDR bacteria and Clostridium
difficile disease) and clinical management (no allergy events).
According to these results, the use of TMP-SMX could be
enhanced in VAP in the case of microbiological identification
of TMP-SMX susceptible strains. A RCT is strongly required
to verify effectiveness and safety of TMP-SMX for treatment
of VAP.
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