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Background: Expanding the use of temocillin could be an important weapon in the fight against antimicrobial 
resistance. However, EUCAST defined clinical breakpoints for a limited number of species and only for urinary 
tract infections (UTI), including urosepsis but excluding severe sepsis and septic shock. Moreover, a dosage of 
2 g q8h is advised in most cases.

Objectives: Evaluation of temocillin use for the treatment of bacteraemia, correlating clinical and microbiologic-
al outcomes with infection site, infection severity, temocillin dosage, Enterobacterales species and MIC.

Patients and methods: All adult patients with blood cultures positive for temocillin-susceptible Enterobacterales 
and treated with temocillin for ≥72 h from June 2018 until June 2021 were considered for inclusion. The primary 
outcome was clinical success, defined as resolution of infection signs, no relapse of the same infection and no 
antibiotic switch due to insufficient clinical improvement. The secondary outcome was microbiological success.

Results: In total, 182 episodes were included [140 UTI versus 42 non-UTI, 171 Escherichia coli, Klebsiella species 
(except Klebsiella aerogenes) and Proteus mirabilis (EKPs) versus 11 non-EKPs]. Clinical and microbiological fail-
ure were low (8% and 3%, respectively). No difference in outcome was observed for dosages of 2 g q12h versus 
2 g q8h, either for EKP versus non-EKP isolates or MIC values ≤8 versus 16 mg/L. Considering only bacteraemia 
episodes of UTI origin, using the 16 mg/L breakpoint, there was no difference in success rate between regimens 
of 2 g q12h and 2 g q8h.

Conclusions: Temocillin 2 g q12h can be successfully used for the treatment of systemic UTI. Prospective studies 
are needed to assess outcomes and evaluate non-inferiority compared with other broad-spectrum antibiotics in 
non-UTI infections, including bacteraemia.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
While broad-spectrum antibiotics play an invaluable role in the 
treatment of bacterial infections, they have a high propensity 
for bacterial resistance selection and a detrimental effect on 
the host microbiome. With the rising threat of MDR microorgan-
isms, giving preference to the use of narrow-spectrum alterna-
tives is desirable.1,2

Temocillin (BRL 17421), the 6-α-methoxy derivative of ticarcil-
lin, is a narrow-spectrum IV β-lactam antibiotic with activity 
against many Gram-negative bacteria. It has no activity for 
Gram-positive bacteria, anaerobes or Pseudomonas aeruginosa.3

Thanks to the methoxy group, temocillin is stable against hy-
drolysis of many ESBL–producing Enterobacterales.4

In Belgium, temocillin is indicated for the treatment of the 
following infections in adults and children, where susceptible 
Gram-negative bacilli are highly suspected or confirmed: com-
plicated urinary tract infections (UTI) including acute pyelo-
nephritis; lower respiratory tract infections (including 
nosocomial pneumonia); acute infections of the skin and soft 
tissues; and bacteraemias associated or suspected to be re-
lated to any of these infections.5 Currently, temocillin is only 
licensed in Belgium, France, the UK, Germany, Luxembourg 
and Iran.6,7
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In 1985, Fuchs et al.8 published the first interpretive criteria for 
temocillin susceptibility testing (Table 1). Until recently, only BSAC 
and the Comité de l’antibiogramme de la Société Française de 
Microbiologie (CA-SFM) published breakpoints for temocillin.9,10

Since April 2020, EUCAST has published off-scale clinical 
breakpoints, valid for a limited number of species and only for 
UTI, including urosepsis but excluding severe sepsis and septic 
shock.11–13 All strains are categorized as ‘susceptible, increased 
exposure (I)’ for an MIC value up to 16 mg/L, meaning a dose 
of 2 g q8h is required. EUCAST however states the standard 
dose of 2 g q12h has to be used for uncomplicated UTI only. 
EUCAST defines uncomplicated UTI as acute, sporadic or recur-
rent lower UTI (uncomplicated cystitis) in patients with no known 
relevant anatomical or functional abnormalities within the urin-
ary tract or comorbidities.12

EUCAST also states that temocillin ‘is used principally to treat 
more serious infections caused by Enterobacterales producing 
extended-spectrum and AmpC type β-lactamases.’ This is not 
in line with Belgian clinical practice, where temocillin has been 
used for several decades and where it is recommended by the 
Belgian Society of Infectious disease and Clinical Microbiology 
(BVIKM) as a first-line treatment of several urinary tract infec-
tions.14 In our hospital, Ziekenhuis Oost-Limburg (ZOL), temocillin 
has been used for more than 20 years. It is prescribed empirically 
in UTI and urosepsis (including severe sepsis and septic shock), 
but also in serious (early-onset) hospital-acquired pneumonias 
(in combination with flucloxacillin) and is used as directed ther-
apy for a broad range of indications (including bacteraemia) to 
spare broad-spectrum antibiotics. In this retrospective study, 

we aimed to evaluate temocillin use for the treatment of bacter-
aemia with Enterobacterales, correlating clinical and microbio-
logical outcomes to the infection site, severity of the 
bacteraemia, temocillin dosage, Enterobacterales species and 
MIC value.

Patients and methods
Patient population
A single-centre retrospective observational analysis was performed in 
ZOL, a tertiary care centre in Belgium. During a 3 year period (June 
2018 until June 2021), all adult patients having positive blood cultures 
for temocillin susceptible Enterobacterales and treated with temocillin 
for at least 72 h were included.

Temocillin dosage
In ZOL, for patients with a normal renal function, a dosage of 2 g q12h is 
recommended for uncomplicated UTI (definition EUCAST) and a dosage 
of 2 g q8h for all other indications.12 Up until December 2019 however, 
even for complicated UTI (definition EUCAST) with or without bacter-
aemia, the lower dosage of 2 g q12h was prescribed.12 Dosages are ad-
justed to renal function according to the local hospital guidelines 
(Table 2), in turn based on the IGGI guidelines from the BVIKM,14 and ad-
justed to the EUCAST guidelines for standard dosage and high dos-
age.11,12 Patients receiving dosages of (or equivalent to after correction 
for renal function) 2 g q12h and 2 g q8h were included. Patients who re-
ceived equivalent dosages less than 2 g q12h or greater than 2 g q8h 
were excluded.

Table 1. Overview of MIC value and disc diffusion breakpoints for temocillin

Breakpoint

Fuchs et al. 
(1985) BSAC (2013) CA-SFM (2019) EUCAST (2022)

S R S R S R S R

MIC value (mg/L) ≤16 ≥32 Urinary: ≤32 Urinary: >32 ≤8 >8 ≤0.001 >16
Systemic: ≤8 Systemic: >8

Disc diffusion (mm), 30 μg ≥19 ≤15 Urinary: ≥12 Systemic: ≤11 ≥20 <20 ≥50 <17
Systemic: ≥20 Systemic: ≤19

S, susceptible; R, resistant.

Table 2. Temocillin dosage according to renal function

Indication
First dose/loading 

dose

eGFR (mL/min/1.73 m2)

IHD CVVH>90 60–89 30–59 15–29 <15

Urinary tract infection and not 
septic16

2 g 2 g 
q12h

2 g 
q12h

2 g 
q12h

2 g 
q24h

1 g 
q24h

1 g q24h 2 g 
q12hSupplemental dose after 

dialysis: 2 g
Septic and/or non-urinary tract 

infection16
2 g 2 g q8h 2 g q8h 2 g 

q12h
2 g 

q24h
1 g 

q24h
1 g q24h 2 g 

q12hSupplemental dose after 
dialysis: 2 g

IHD, intermittent haemodialysis; CVVH, continuous venovenous haemofiltration.
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Susceptibility testing
Temocillin susceptibility was determined by both disc diffusion (Liofilchem, 
Italy) and Etests (Liofilchem). Breakpoints described by Fuchs et al.8,15 were 
applied for susceptibility reporting. Disc diameters were read by the auto-
matic system SIRscan 2000®, with phenotypic detection of ESBL and 
AmpC resistance profiles. When an ESBL was detected, a confirmation 
test was performed using the double-disc synergy test.

Clinical and microbiological outcome parameters
Demographic and clinical parameters, such as underlying diseases; infec-
tion site; severity of bacteraemia (septic shock versus non-septic shock);16

C-reactive protein (CRP); temperature; antibiotic treatment; observed side 
effects (if described); and ICU admission (between 7 days prior to 7 days 
after initiation of temocillin treatment) were collected from the electronic 
patient records.

The primary outcome was clinical success, defined as resolution of in-
fection signs, no relapse of the same infection within hospitalization and 
no switch of antibiotics due to insufficient clinical improvement. Clinical 
failure was defined by switch to other (mostly broad-spectrum) antibio-
tics due to insufficient clinical improvement in combination with persist-
ence of infection signs or relapse of the same infection. Increased or 
pending CRP (if assessable) and persistent fever (if assessable) were taken 
into account likewise. When clinical failure was rated, additional informa-
tion about source control, foreign material, immune status, comorbidities 
and additional infections was collected. Cases where antibiotics were 
switched due to an additional, superposing infection for which temocillin 
was not suitable were excluded. Cases where empirical therapy (with ac-
tivity for the isolated microorganism) was given more than 72 h and 
switches to oral antibiotics after less than 72 h were also excluded. 
Finally, the transition to a palliative setting, independent of the bacter-
aemia, was also an exclusion criterion.

The secondary outcome was microbiological success, defined as 
the absence of a breakthrough bacteraemia (defined as the presence 
of positive blood cultures at least 48 h after the previous positive 
blood cultures under adequately dosed therapy) and no relapse of 
the same bacteraemia within 14 days.17,18 According to the local 
hospital guidelines, repeated blood cultures were taken when symp-
toms persisted and when clinical failure was suspected. In cases 
with microbiological failure, additional information about source 
control, foreign material, immune status, comorbidities and add-
itional infections was collected.

Cases with (possible) clinical and/or microbiological failure were eval-
uated by a second specialist (infectiologist) to ensure unequivocal cat-
egorization. Besides these two endpoints, all-cause mortality within 
28 days (in-hospital mortality), adverse effects and Clostridioides difficile 
infections (defined as laboratory proven toxin-producing species) were 
evaluated. Finally, the outcome parameters were correlated to patients’ 
demographics and clinical features, severity of the bacteraemia (septic 
shock versus non-septic shock), type of Enterobacterales species, MIC va-
lues, temocillin dosages and infectious sites.

Statistical evaluation
Statistical analyses were performed with JMP PRO version 16.0 (SAS 
Institute Inc., Cary, NC, USA). For continuous data, parametric compari-
sons between groups were made with Student’s t-test for normally dis-
tributed data. For categorical data, Pearson’s χ2 test was used. A 
(two-sided) P value of 0.05 or lower was considered statistically 
significant.

Study approval
The study was approved by the Medical Ethics Committee of ZOL (internal 
reference number CTU2020111).

Results
In total, 282 episodes of bacteraemia with Enterobacterales were 
evaluated, of which 182 were included. The main reasons for ex-
clusion were the reception of other empirical antibiotics for more 
than 72 h (n = 35) or higher equivalent dosages than defined 
(n = 32) (Figure 1). Men and women were approximately equally 
represented, with a mean age of 74 years (Table 3). The infec-
tious sites of the bacteraemia were dominantly UTI (n = 140), 
followed by intra-abdominal infections (n = 17) and respiratory 
infections (n = 16). In 66% of the episodes, temocillin was started 
empirically. In other episodes, empirical therapy was switched to 
temocillin based on susceptibility testing. Escherichia coli, 
Klebsiella species (except Klebsiella aerogenes) and Proteus mir-
abilis (EKP) isolates were clearly in the majority (n = 171), with a 
preponderance of E. coli isolates (n = 134) (Figure 1). In total, 32 
ESBLs were identified and four AmpC producers. Overall, 39% of 
the patients received a dose equivalent to 2 g q12h and 61% a 
dose equivalent to 2 g q8h (Table 3). Temocillin was generally 
administered via intermittent infusion, with the exception of pa-
tients in the ICU who received temocillin via continuous infusion.

Clinical and microbiological outcome
Overall, clinical and microbiological success was observed in 92% 
and 97% of episodes, respectively. Table 3 shows the collected 
variables for the included bacteraemia episodes altogether as 
well as split by clinical and microbiological success and failure 
groups. Age, sex, Charlson Comorbidity Index, diabetes mellitus 
and chronic kidney disease were not different between success 
and failure groups. However, the presence of underlying immune 
suppression was higher in the clinical failure group (P = 0.01) 
(Table 3).

The use of (mostly β-lactam) antibiotics prior to temocillin 
therapy (≤72 h) was comparable for success and failure groups. 
More clinical and microbiological success was seen in the group 
with concomitant therapy with aminoglycosides (respectively 
P = 0.05 and P = 0.04). Duration of temocillin therapy was longer 
in the group with microbiological failure (P = 0.01) and clinical fail-
ure (P = 0.05). Interestingly, there was no difference in clinical and 
microbiological success rate between temocillin dosage regi-
mens of 2 g q12h and 2 g q8h (Table 3, 93% versus 91% for clin-
ical success and 97% versus 97% for microbiological success, 
respectively). When considering only bacteraemia episodes 
with a UTI origin, there was also no difference in success rate be-
tween temocillin dosage regimens of 2 g q12h versus 2 g q8h 
(P = 0.20). Since temocillin dosing overlaps between the 2 g 
q12h and 2 g q8h regimen in case of impaired renal function, 
the effect of dosing regimen on outcome was analysed for the 
subgroup of patients with an eGFR of >60  mL/min (49%). For 
this subgroup, there was even a trend towards a higher success 
rate for the 2 g q12h regimen (P = 0.77 for microbiological out-
come, P = 0.46 for clinical outcome). In addition, there was no dif-
ference in clinical and microbiological outcome in episodes 
caused by strains with an MIC value ≤8 mg/L versus those with 
an MIC of 16 mg/L. Important to note, there was no difference 
in dosing regimens between these groups (P = 0.29).

For patients who required intensive care, the clinical and 
microbiological failure rates were higher (P < 0.01). Consistently, 
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presence of septic shock was significantly higher in patients with 
clinical and microbiological failure (P < 0.01 and P = 0.01, respect-
ively) (Table 3).

In the group of episodes with a non-UTI focus, clinical and 
microbiological failure rates were also higher (P < 0.01). 
However, ICU admission, immunosuppression and septic shock 
were significantly higher in this non-UTI group (P < 0.01). The as-
sociation of hospital-acquired infections with more clinical and 
microbiological failure compared with community-acquired in-
fections (Table 3) was also biased by a difference in ICU admission 
and septic shock between these groups (P < 0.01).

The type of Enterobacterales species was not significantly dif-
ferent between success and failure groups (Table 3). The pres-
ence of an ESBL or AmpC resistance mechanism was higher in 
the clinical and microbiological failure groups (P = 0.04 and 
P = 0.02, respectively). However, the presence of ESBL or AmpC 
resistance was associated with a higher incidence of an immuno-
suppressed state (P = 0.04).

As expected, all-cause mortality was higher in clinical and 
microbiological failure groups (Table 3).

Clinical failure group
In total, 15 bacteraemia episodes under temocillin therapy 
(8%) (in 14 patients) showed an unfavourable clinical outcome 

(Table S1 for detailed description, available as Supplementary 
data at JAC-AMR Online). Four cases were clearly attributable 
to the lack of source control. Two cases were attributed to 
underlying comorbidities of the patient. The other nine 
bacteraemia episodes (in eight patients) with clinical failure 
could possibly be due to failure of temocillin treatment. The 
focus of the bacteraemia was respiratory in five patients, 
intra-abdominal in one patient and urinary in two patients. 
All eight patients had other contributing factors for clinical 
failure, and four patients were critically ill needing intensive 
care. Nevertheless, in five cases, a switch after 5 to 13 days 
of temocillin to meropenem or ciprofloxacin led to clinical 
improvement.

Microbiological failure group
In total, five bacteraemia episodes under temocillin therapy 
(3%) showed microbiological failure, all within the group with 
clinical failure. All were non-UTI bacteraemias. Three cases 
were defined as breakthrough bacteraemias, two cases as 
the same episode of bacteraemia within 2 weeks. An increase 
of MIC value towards resistance was seen in four out of 
five cases. Four isolates belonged to the EKP group, one to 
the non-EKP group. Two strains were positive for ESBL and 
one for AmpC resistance.

282 episodes in 
260 pa!ents

100 episodes in 88 
pa!ents excluded

<18 years
(n=5)

dosage <2 g q12h
(n=1)

dosage >2 g q8h
(n=32)

empirical treatment >72 h
(n=35)

pallia!ve treatment
(n=6)

superposing infec!on
(n=12)

switch PO <72 h
(n=9)

182 episodes in 
172 pa!ents included

UTI
(n=140)

Abdominal
(n=17)

Respiratory
(n=16)

Other
(n=9)

EKP
(n=171)

non-EKP
(n=11)

SD: 49
HD: 91

SD: 9
HD: 8

SD: 11
HD: 5

SD: 2
HD: 7

E. coli: 134
K. pneumoniae: 21

K. oxytoca: 7
P. mirabilis: 9

Enterobacter spp.: 6
K. aerogenes: 4

C. koseri: 1

Figure 1. Overview of study population. SD, standard dosage, equivalent to 2 g q12h; HD, high dosage, equivalent to 2 g q8h.

4

D
ow

nloaded from
 https://academ

ic.oup.com
/jacam

r/article/4/4/dlac086/6673847 by KU
 Leuven Libraries user on 17 N

ovem
ber 2022

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac086#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac086#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac086#supplementary-data


Evaluation of temocillin for bloodstream infections                                                                                          

Table 3. Patient demographics and clinical characteristics according to clinical outcome and microbiological outcome

Characteristics All (n = 182)
Clinical success  
(n = 167, 92%)

Clinical failure  
(n = 15, 8%) P

Microbiological 
success  

(n = 177, 97%)
Microbiological failure 

(n = 5, 3%) P

Patients
Age (years), mean  ±  SD 74 ± 12 74 ± 12 70 ± 12 0.21 74 ± 12 67 ± 11 0.20
Sex, n (%) 0.22 0.15

Male 94 (52) 84 (89) 10 (11) 93 (99) 1 (1)
Female 88 (48) 83 (94) 5 (6) 84 (95) 4 (5)

Charlson Comorbidity Index, 
mean  ±  SD

5.25 ± 2.61 5.17 ± 2.53 6.07 ± 3.35 0.33 5.23 ± 2.60 5.80 ± 3.27 0.72

Diabetes mellitus, n (%) 0.73 0.31
Yes 30 (16) 28 (93) 2 (7) 30 (100) 0 (0)
No 152 (84) 139 (91) 13 (9) 147 (97) 5 (3)

Chronic kidney disease, n (%) 0.37 0.89
Yes 41 (23) 39 (95) 2 (5) 40 (98) 1 (2)
No 141 (77) 128 (91) 13 (9) 137 (97) 4 (3)

Immunosuppression, n (%) 0.01 0.15
Yes 30 (16) 24 (80) 6 (20) 28 (93) 2 (7)
No 152 (84) 143 (94) 9 (6) 149 (98) 3 (2)

Intensive care, n (%) < 0.01 < 0.01
Yes 24 (13) 16 (67) 8 (33) 21 (88) 3 (12)
No 158 (87) 151 (96) 7 (4) 156 (99) 2 (1)

All-cause mortality, n (%) 12 (7) 5 (42) 7 (58) <0.01 10 (83) 2 (17) <0.01
Infection

Severity, n (%) <0.01 0.01
No septic shock 166 (91) 157 (95) 9 (5) 163 (98) 3 (2)
Septic shock 16 (9) 10 (63) 6 (37) 14 (88) 2 (12)

Onset, n (%) 0.03 0.05
Community acquired 139 (76) 131 (94) 8 (6) 137 (99) 2 (1)
Hospital acquired 43 (24) 36 (84) 7 (16) 40 (93) 3 (7)

Infectious site, n (%) <0.01 <0.01
UTI 140 (77) 137 (98) 3 (2) 140 (0) 0 (0)
Non-UTI 42 (23) 30 (71) 12 (29) 37 (88) 5 (12)

Microbiological characteristics
Enterobacterales species, n (%) 0.92 0.18

EKP 171 (94) 157 (92) 14 (8) 167 (98) 4 (2)
Non-EKP 11 (6) 10 (91) 1 (9) 10 (91) 1 (9)

MIC value (mg/L), n (%) 0.42 0.38
1 to ≤8 158 (87) 146 (92) 12 (8) 153 (97) 5 (3)
16 24 (13) 21 (88) 3 (12) 24 (100) 0 (0)

Resistance profile, n (%) 0.04 0.02
ESBL- or AmpC-producing 36 (20) 30 (83) 6 (17) 33 (92) 3 (8)
No ESBL or AmpC detected 146 (80) 137 (94) 9 (6) 144 (99) 2 (1)

Temocillin regimen
Duration (days), median (IQR) 6 (4–9) 6 (4–9) 10 (7–11) 0.05 6 (4–9) 10 (10–11) 0.01
Dosage 0.64 0.96

Equivalence 2 g q12h 71 (39) 66 (93) 5 (7) 69 (97) 2 (3)
Equivalence 2 g q8h 111 (61) 101 (91) 10 (9) 108 (97) 3 (3)

Prior (empirical) antibiotic 
therapy with activity, n (%)

0.94 0.76

Yes 47 (26) 43 (91) 4 (9) 46 (98) 1 (2)
No 135 (74) 124 (92) 11 (8) 131 (97) 4 (3)

Continued 
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All-cause mortality
Of all included patients, 11/172 (6%) died within 28 days of their 
positive blood cultures. Six of them were categorized in the clin-
ical failure group, of which two had microbiological failure. All pa-
tients had non-UTI bacteraemias with Enterobacterales EKP 
group. One episode was caused by an ESBL-producing strain. 
Three patients were admitted to the ICU, of which two had septic 
shock. Underlying comorbidities that contributed to their death 
were present in each case.

Adverse events
No adverse events for temocillin treatment were recorded.

C. difficile infections
Only two patients (1.2%) were suffering from C. difficile-associated 
diarrhoea. One patient received another β-lactam antibiotic prior 
to temocillin therapy. The other patient tested positive at Day 5 
of the temocillin therapy. However, at the time of admission, 
symptoms of diarrhoea were already present and no tests were 
performed. In both cases, the infection could not be directly attrib-
uted to treatment with temocillin.

Discussion
First of all, clinical and microbiological failure rates in patients 
treated with temocillin for bacteraemias with temocillin- suscep-
tible Enterobacterales were low (8% and 3%, respectively). 
Failure could not be attributed to an insufficient treatment 
duration.

The effectiveness of temocillin treatment for UTI with or with-
out bacteraemia is well established.19–21 Our results confirm a 
high clinical success rate (98%) for UTI with bacteraemia. 
Importantly, similar outcome data were found between the 2 g 
q12h temocillin group and the 2 g q8h group. However, when fol-
lowing EUCAST guidelines, a dosage of 2 g q12h should only be 
used for the treatment of uncomplicated UTI, excluding all system-
ic infections.22 They state the standard dosage of 2 g q12h provides 
insufficient drug exposure to cover all infecting strains, even when 
these are without acquired resistance mechanisms. EUCAST men-
tions the standard dose will only provide sufficient drug exposure in 
70% to 80% of patients, even for systemic infections originating in 
the urinary tract. They aim for a coverage of 95% to 99% of 

patients.22 Since temocillin is an expensive drug, the difference in 
cost per treatment day is significant between 2 g q12h and 2 g 
q8h.23 Also, prescribing 2 g q8h might limit outpatient therapy.

Several studies evaluated the use of temocillin for the treat-
ment of non-UTI, however proof of non-inferiority compared 
with other antibiotics remains scarce in this group.21,24–27

Prospective randomized control trials are needed, including the 
different dosing regimens for temocillin. Currently, a few clinical 
trials are registered comparing temocillin with a carbapenem 
for treatment of ESBL and/or AmpC infections [for example the 
TEMO-CARB (NCT03543436), TEMO-BLSE (NCT04671290) and 
TEMO-ESBL (NCT02681263) clinical trials, which are in either re-
cruitment or completion phases].28 In our study, non-UTI focus 
was associated with more clinical and microbiological failure. 
However, patients with a non-UTI origin were significantly more 
immunosuppressed and were more severely ill as compared 
with patients suffering from a UTI origin. Therefore, the increased 
failure in this group might be secondary to the condition of the 
patient instead of the failure of the antibiotic treatment with 
temocillin.

As to be expected, our study results showed more clinical and 
microbiological failure and a higher mortality in patients with 
ICU admission and septic shock. Critically ill patients with 
Gram-negative bacteraemia are predisposed to have worse out-
comes, regardless of the antibiotic treatment used. Therapy effi-
cacy can potentially be reduced due to pharmacokinetic and 
pharmacodynamic alterations. This might be overcome by the ad-
ministration of 6 g temocillin via continuous infusion, as described 
by Laterre et al.12,26 Nonetheless, EUCAST guidelines do not sup-
port the use of temocillin for treatment of infections with severe 
sepsis and septic shock. Prospective studies comparing temocillin 
with other antibiotics for these indications are needed.

EUCAST does not provide breakpoints for non-EKP isolates be-
cause of an insufficient number of acceptable distributions to de-
termine epidemiological cut-off values (ECOFFs). In addition, it is 
known that acquired temocillin resistance could be a problem 
for Enterobacter species and Serratia marcescens. This was already 
described by Fuchs et al. in 1984 and is mentioned in the leaflet of 
Negaban®.5,15 However, we did not find a significant difference in 
outcomes between episodes with EKP and non-EKP isolates. These 
findings are in line with the study results of Balakrishnan et al.19

and Alexandre et al.20 More large-scale clinical studies are needed 
to substantiate our findings and to determine whether a clinical 
breakpoint can be set for non-EKP isolates.

Table 3. Continued  

Characteristics All (n = 182)
Clinical success  
(n = 167, 92%)

Clinical failure  
(n = 15, 8%) P

Microbiological 
success  

(n = 177, 97%)
Microbiological failure 

(n = 5, 3%) P

Concomitant antibiotic therapy 
with activity, n (%)

0.05 0.04

Aminoglycosides 80 (44) 77 (96) 3 (4) 80 (100) 0 (0)
No aminoglycosides 101 (56) 89 (88) 12 (12) 96 (95) 5 (5)

P values ≤0.05 are indicated in bold.
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Evaluation of temocillin for bloodstream infections                                                                                          

In vitro activity studies have set an MIC90 of 16 mg/L for 
Enterobacterales, except for Enterobacter species and S. marces-
cens where higher MIC90 values were observed.15,28,29 Based on 
pharmacokinetic studies using Monte Carlo simulations per-
formed on ICU patients, a breakpoint of 8 mg/L was proposed 
for the standard dosage of 2 g q12h and a breakpoint of 
16 mg/L for the high dosage of 2 g q8h.26,30 When comparing 
the outcomes of episodes caused by strains with an MIC value 
≤8 mg/L versus those with an MIC of 16 mg/L, we did not observe 
a significant difference. Since there was no difference in dosing 
regimens between the groups with MIC values ≤8 mg/L and 
16 mg/L, our results indicate that the breakpoint of 16 mg/L pro-
posed by Fuchs et al.8 might safely be used for both dosing regi-
mens, at least in non-critically ill patients and UTI episodes.

Finally, temocillin was very well tolerated by all included pa-
tients. No side effects were registered, neither was there a causa-
tive link with subsequent C. difficile infections. These findings are 
in line with other literature. In addition, temocillin has no effect 
on colonization resistance.27,31–33

Limitations of this study include the retrospective nature and 
the lack of comparison with another antibiotic drug. It would be 
interesting to match the outcome results to those of patients 
who received piperacillin/tazobactam, a carbapenem or another 
broad-spectrum antibiotic for the same indication. Also, it was 
not possible to assess for presence of sepsis or severe sepsis 
retrospectively, so the severity of infection could only be differen-
tiated as presence or absence of septic shock. In addition, temo-
cillin was commonly switched to oral antibiotics after 3 or 4 days 
of therapy. Due to the retrospective nature of this study, the tim-
ing of switch was not standardized. In addition, patients were of-
ten discharged before completion of oral therapy, so we were not 
always able to assess outcomes until the end of therapy. 
Nevertheless, the study design does allow for evaluation of temo-
cillin efficacy during the acute phase of bacteraemia. Of note, the 
local dosing guidelines were not always correctly followed by the 
prescribers, resulting in the majority of abdominal and respiratory 
infections being treated with the lower dose.

In conclusion, this observational retrospective study adds to 
the knowledge on temocillin efficacy for the treatment of bacter-
aemia and in particular on the comparison of different dosing re-
gimens. Low clinical and microbiological failure rates were found 
for the treatment of bacteraemias with temocillin-susceptible 
Enterobacterales while using the Fuchs et al.8 breakpoint of 
16 mg/L. Clinical and microbiological failure was mostly attribut-
able to the patient’s degree of illness, underlying comorbidities or 
source control. No difference in outcome was observed for do-
sages of 2 g q12h versus 2 g q8h, either for EKP versus non-EKP 
isolates or MIC values ≤8 mg/L versus 16 mg/L. For treatment 
of systemic UTI, using the standard dosage of temocillin seems 
sufficient. Since temocillin is an important weapon in the fight 
against antimicrobial resistance, research on temocillin efficacy 
for as many indications as possible is important.

Acknowledgements
We thank the lab technicians for all practical work and the IT engineers for 
the microbiological data extraction.

Funding
This study was carried out as part of routine diagnostic activities. Etests 
used to determine the MIC of temocillin were partially provided by 
Eumedica (Brussels, Belgium).

Transparency declarations
As mentioned above, Eumedica partially provided Etests. There is no fur-
ther financial relationship with Eumedica. We have no other conflict of 
interest to declare.

Supplementary data
Table S1 is available as Supplementary data at JAC-AMR Online.

References
1 Kresken M, Pfeifer Y, Werner G. Comparative in vitro activity of 
piperacillin-tazobactam and temocillin against third-generation 
cephalosporin-resistant, carbapenem-susceptible Escherichia coli and 
Klebsiella pneumoniae. GMS Infect Dis 2021; 9: Doc08. https://doi.org/ 
10.3205/id000077
2 Duployez C, Loïez C, Cattoen C et al. In vitro activity of temocillin against 
extended-spectrum β-lactamase-producing Escherichia coli and 
Klebsiella pneumoniae strains isolated from urinary tract infections in 
France. Med Mal Infect 2019; 49: 47–53. https://doi.org/10.1016/j. 
medmal.2018.10.007
3 Jules K, Neu HC. Antibacterial activity and β-lactamase stability of 
temocillin. Antimicrob Agents Chemother 1982; 22: 453–60. https://doi. 
org/10.1128/AAC.22.3.453
4 Giske CG. Contemporary resistance trends and mechanisms for the old 
antibiotics colistin, temocillin, fosfomycin, mecillinam and nitrofurantoin. 
Clin Microbiol Infect 2015; 21: 899–905. https://doi.org/10.1016/j.cmi. 
2015.05.022
5 BCFI. Carboxypenicillines-Temocilline-Negaban. BCFI, 2022.
6 Dumangin G, Brenkman M, Pape E et al. Temocillin dosage adjustment 
in a preterm infant with severe renal disease: a case report. J Antimicrob 
Chemother 2020; 75: 3652–5. https://doi.org/10.1093/jac/dkaa356
7 Layios N, Visée C, Mistretta V et al. Modelled target attainment after 
temocillin treatment in severe pneumonia: systemic and epithelial lining 
fluid pharmacokinetics of continuous versus intermittent infusions. 
Antimicrob Agents Chemother 2022; 66: e0205221. https://doi.org/10. 
1128/aac.02052-21
8 Fuchs PC, Barry AL, Thornsberry C et al. Interpretive criteria for temocil-
lin disk diffusion susceptibility testing. Eur J Clin Microbiol 1985; 4: 30–3. 
https://doi.org/10.1007/BF02148656
9 BSAC. Methods for Antimicrobial Susceptibility Testing. https://bsac.org. 
uk/wp-content/uploads/2012/02/Version-12-Apr-2013_final.pdf.
10 CA-FSM. Comité de l’Antibiogramme de la Société Française de 
Microbiologie. Recommandations 2019, V.1.0 Janvier. https://www.sfm- 
microbiologie.org/wp-content/uploads/2019/02/CASFM2019_V1.0.pdf.
11 EUCAST. EUCAST General Consultation on Breakpoints for Temocillin, 
Consultation Period 11 October 2019–30 November 2019. https://www. 
eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/ 
EUCAST_General_Consultation_on_temocillin_breakpoints_20191011.pdf.
12 Taccone FS, Laterre PF, Dugernier T et al. Insufficient β-lactam con-
centrations in the early phase of severe sepsis and septic shock. Crit 
Care 2010; 14: R126. https://doi.org/10.1186/cc9091

7

D
ow

nloaded from
 https://academ

ic.oup.com
/jacam

r/article/4/4/dlac086/6673847 by KU
 Leuven Libraries user on 17 N

ovem
ber 2022

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac086#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac086#supplementary-data
https://doi.org/10.3205/id000077
https://doi.org/10.3205/id000077
https://doi.org/10.1016/j.medmal.2018.10.007
https://doi.org/10.1016/j.medmal.2018.10.007
https://doi.org/10.1128/AAC.22.3.453
https://doi.org/10.1128/AAC.22.3.453
https://doi.org/10.1016/j.cmi.2015.05.022
https://doi.org/10.1016/j.cmi.2015.05.022
https://doi.org/10.1093/jac/dkaa356
https://doi.org/10.1128/aac.02052-21
https://doi.org/10.1128/aac.02052-21
https://doi.org/10.1007/BF02148656
https://bsac.org.uk/wp-content/uploads/2012/02/Version-12-Apr-2013_final.pdf
https://bsac.org.uk/wp-content/uploads/2012/02/Version-12-Apr-2013_final.pdf
https://www.sfm-microbiologie.org/wp-content/uploads/2019/02/CASFM2019_V1.0.pdf
https://www.sfm-microbiologie.org/wp-content/uploads/2019/02/CASFM2019_V1.0.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/EUCAST_General_Consultation_on_temocillin_breakpoints_20191011.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/EUCAST_General_Consultation_on_temocillin_breakpoints_20191011.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/EUCAST_General_Consultation_on_temocillin_breakpoints_20191011.pdf
https://doi.org/10.1186/cc9091


Oosterbos et al.

13 Giske CG, Kahlmeter G, MacGowan A et al. Comment on: Efficacy of 
temocillin against MDR Enterobacterales: a retrospective cohort study. J 
Antimicrob Chemother 2021; 76: 1949–50. https://doi.org/10.1093/jac/ 
dkab081
14 Belgische Vereniging voor Infectiologie en Klinische Microbiologie. 
Penicillines: Temocilline. BVIKM. https://www.bvikm.org/document.aspx? 
lang=NL&DocId=1431.
15 Fuchs PC, Barry AL, Jones RN et al. Temocillin: in vitro activity against 
734 selected clinical isolates, including β-lactamase-producing strains. 
Diagn Microbiol Infect Dis 1984; 2: 55–63. https://doi.org/10.1016/0732- 
8893(84)90023-3
16 Shankar-Hari M, Phillips GS, Levy ML et al. Developing a new definition 
and assessing new clinical criteria for septic shock: for the third inter-
national consensus definitions for sepsis and septic shock (Sepsis-3). 
JAMA 2016; 315: 775–87. https://doi.org/10.1001/jama.2016.0289
17 Weinstein MP, Reller LB. Clinical importance of “breakthrough” bacter-
emia. Am J Med 1984; 76: 175–80. https://doi.org/10.1016/0002- 
9343(84)90770-8
18 Sciensano. Nationale Surveillance van Bloedstroominfecties in 
Belgische Ziekenhuizen. https://www.sciensano.be/nl/biblio/surveillance- 
bloedstroominfecties-belgische-ziekenhuizen-protocol-2019.
19 Balakrishnan I, Awad-El-Kariem FM, Aali A et al. Temocillin use in 
England: clinical and microbiological efficacies in infections caused by 
extended-spectrum and/or derepressed AmpC β-lactamase-producing 
Enterobacteriaceae. J Antimicrob Chemother 2011; 66: 2628–31. 
https://doi.org/10.1093/jac/dkr317
20 Alexandre K, Leysour de Rohello F, Dahyot S et al. Efficacy of temocillin 
against MDR Enterobacterales: a retrospective cohort study. J Antimicrob 
Chemother 2021; 76: 784–8. https://doi.org/10.1093/jac/dkaa486
21 Heard KL, Killington K, Mughal N et al. Clinical outcomes of temocillin 
use for invasive Enterobacterales infections: a single-centre retrospective 
analysis. JAC Antimicrob Resist 2021; 3: dlab005. https://doi.org/10.1093/ 
jacamr/dlab005
22 EUCAST. EUCAST General Consultation – Responses to Comments 
Received. https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/ 
Consultation/2019/Responses_to_General_Consultation_on_Temocilin_201 
91202_final.pdf.
23 Nguyen CP, Dan Do TN, Bruggemann R et al. Clinical cure rate and 
cost-effectiveness of carbapenem-sparing β-lactams vs. meropenem 
for Gram-negative infections: a systematic review, meta-analysis, and 
cost-effectiveness analysis. Int J Antimicrob Agents 2019; 54: 790–7. 
https://doi.org/10.1016/j.ijantimicag.2019.07.003

24 Chawki S, Sokal A, Duprilot M et al. Temocillin as an alternative 
treatment for acute bacterial cholangitis: a retrospective microbiol-
ogy susceptibility-based study of 140 episodes. Eur J Clin Microbiol 
Infect Dis 2021; 40: 1773–7. https://doi.org/10.1007/s10096-021- 
04158-w
25 Habayeb H, Sajin B, Patel K et al. Amoxicillin plus temocillin as an al-
ternative empiric therapy for the treatment of severe hospital-acquired 
pneumonia: results from a retrospective audit. Eur J Clin Microbiol Infect 
Dis 2015; 34: 1693–9. https://doi.org/10.1007/s10096-015-2406-x
26 Laterre PF, Wittebole X, Van de Velde S et al. Temocillin (6 g daily) in 
critically ill patients: continuous infusion versus three times daily admin-
istration. J Antimicrob Chemother 2015; 70: 891–8. https://doi.org/10. 
1093/jac/dku465
27 Alexandre K, Fantin B. Pharmacokinetics and pharmacodynamics of 
temocillin. Clin Pharmacokinet 2018; 57: 287–96. https://doi.org/10. 
1007/s40262-017-0584-7
28 Stewart AG, Henderson A, Bauer MJ et al. Activity of temocillin 
against third-generation cephalosporin-resistant Escherichia coli and 
Klebsiella pneumoniae bloodstream isolates from a clinical trial. JAC 
Antimicrob Resist 2022; 4: dlab192. https://doi.org/10.1093/jacamr/ 
dlab192
29 Van Landuyt HW, Pyckavet M, Lambert A et al. In vitro activity of temo-
cillin (BRL 17421), a novel β-lactam antibiotic. Antimicrob Agents 
Chemother 1982; 22: 535–40. https://doi.org/10.1128/AAC.22.4.535
30 De Jongh R, Hens R, Basma V et al. Continuous versus intermittent in-
fusion of temocillin, a directed spectrum penicillin for intensive care pa-
tients with nosocomial pneumonia: stability, compatibility, population 
pharmacokinetic studies and breakpoint selection. J Antimicrob 
Chemother 2008; 61: 382–8. https://doi.org/10.1093/jac/dkm467
31 van Duin D, Kaye KS, Neuner EA et al. Carbapenem-resistant 
Enterobacteriaceae: a review of treatment and outcomes. Diagn 
Microbiol Infect Dis 2013; 75: 115–20. https://doi.org/10.1016/j. 
diagmicrobio.2012.11.009
32 Chenouard R, Mahieu R, Luque Paz D et al. Impact of ceftriaxone and 
temocillin on fecal abundance of extended-spectrum β-lactamase pro-
ducing Escherichia coli in a mouse model. PLoS One 2021; 16: 
e0248177. https://doi.org/10.1371/journal.pone.0248177
33 Woerther PL, Lepeule R, Burdet C et al. Carbapenems and alternative 
β-lactams for the treatment of infections due to extended-spectrum 
β-lactamase-producing Enterobacteriaceae: What impact on intestinal 
colonisation resistance? Int J Antimicrob Agents 2018; 52: 762–70. 
https://doi.org/10.1016/j.ijantimicag.2018.08.026

8

D
ow

nloaded from
 https://academ

ic.oup.com
/jacam

r/article/4/4/dlac086/6673847 by KU
 Leuven Libraries user on 17 N

ovem
ber 2022

https://doi.org/10.1093/jac/dkab081
https://doi.org/10.1093/jac/dkab081
https://www.bvikm.org/document.aspx?lang=NL&amp;DocId=1431
https://www.bvikm.org/document.aspx?lang=NL&amp;DocId=1431
https://doi.org/10.1016/0732-8893(84)90023-3
https://doi.org/10.1016/0732-8893(84)90023-3
https://doi.org/10.1001/jama.2016.0289
https://doi.org/10.1016/0002-9343(84)90770-8
https://doi.org/10.1016/0002-9343(84)90770-8
https://www.sciensano.be/nl/biblio/surveillance-bloedstroominfecties-belgische-ziekenhuizen-protocol-2019
https://www.sciensano.be/nl/biblio/surveillance-bloedstroominfecties-belgische-ziekenhuizen-protocol-2019
https://doi.org/10.1093/jac/dkr317
https://doi.org/10.1093/jac/dkaa486
https://doi.org/10.1093/jacamr/dlab005
https://doi.org/10.1093/jacamr/dlab005
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/Responses_to_General_Consultation_on_Temocilin_20191202_final.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/Responses_to_General_Consultation_on_Temocilin_20191202_final.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/Responses_to_General_Consultation_on_Temocilin_20191202_final.pdf
https://doi.org/10.1016/j.ijantimicag.2019.07.003
https://doi.org/10.1007/s10096-021-04158-w
https://doi.org/10.1007/s10096-021-04158-w
https://doi.org/10.1007/s10096-015-2406-x
https://doi.org/10.1093/jac/dku465
https://doi.org/10.1093/jac/dku465
https://doi.org/10.1007/s40262-017-0584-7
https://doi.org/10.1007/s40262-017-0584-7
https://doi.org/10.1093/jacamr/dlab192
https://doi.org/10.1093/jacamr/dlab192
https://doi.org/10.1128/AAC.22.4.535
https://doi.org/10.1093/jac/dkm467
https://doi.org/10.1016/j.diagmicrobio.2012.11.009
https://doi.org/10.1016/j.diagmicrobio.2012.11.009
https://doi.org/10.1371/journal.pone.0248177
https://doi.org/10.1016/j.ijantimicag.2018.08.026

	Introduction
	Patients and methods
	Patient population
	Temocillin dosage
	Susceptibility testing
	Clinical and microbiological outcome parameters
	Statistical evaluation
	Study approval

	Results
	Clinical and microbiological outcome
	Clinical failure group
	Microbiological failure group
	All-cause mortality
	Adverse events
	C. difficile infections

	Discussion
	Acknowledgements
	Funding
	Transparency declarations
	Supplementary data
	References



