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Key​no​te lec​tu​res

Zoono​ses and an​ti​mi​cro​bi​al re​sis​tan​ce: col ​-
la​bo​ra​ti​on bet ​ween meds and vets
J.A. Wa​ge​naar, E. Broens, D. Spek​snij​der
Department of Infectious Diseases and Immunology,
Faculty of Veterinary Medicine, Utrecht University,
The Netherlands; Wageningen Bioveterinary Re-
search, Lelystad, The Netherlands; WHO-
Collaborating Center for Campylobacter and OIE Re-
fe​ren​ce La​bo​ra​to​ry for Cam​py​lo​bac​te​ri​o​sis.

In countries with humans and animals living closely to-
gether in high densities, there is a continuous threat of
transmission of zoonotic pathogens and antimicrobial
resistant (AMR) organisms between animals and hu-
mans. This is not restricted to occupational exposed
people but also a risk for the general population. In
The Netherlands, the emergence of resistant bacteria
in livestock and their transmission to humans (e.g. Li-
vestock Associated-MRSA, ESBL producing E. coli),
and the largest Q-fever outbreak in humans ever re-
ported with its origin in goat farms, led to a growing
concern about possible human health implications of li-
vestock production. As a consequence of these
events, the collaboration between public health (medi-
cal doctors) and veterinarians intensified with mutual
respect for their responsibilities. To protect public he-
alth, the animal sectors (farmers and veterinarians)
managed to achieve an almost 70% reduction in anti-
microbial use (AMU) in farm animals over the last 9
years. The use of antimicrobials defined as ‘’critically
im​por​tant for human he​alth’’ (flu​oro​quino​lo​nes and 3rd

J.A. Wa​ge​naar, E. Broens, D. Spek​snij​der
Department of Infectious Diseases and Immunology,
Faculty of Veterinary Medicine, Utrecht University,
The Netherlands; Wageningen Bioveterinary Re-
search, Lelystad, The Netherlands; WHO-
Collaborating Cen​ter for Cam​py​lo​bac​ter

and OIE Reference Laboratory for Campylobacterio-
sis. and 4th generation cephalosporins) in livestock re-
duced to almost zero. Parallel to reduction of AMU
there was a reduction of AMR in livestock observed as
reported in the combined NethMap-MARAN report -
another example of integration between medical and
veterinary infectious diseases domains. In this lecture
several case studies will highlight the power of the col-
la​bo​ra​ti​on.

MALDI-​TOF MS de​ter​mi​na​ti​on of fungi
M. Hen​d​rickx
Mycology and Aerobiology, BCCM/IHEM collection,
Scientific Institute of Public Health, Brussels, Belgium

The diagnosis of invasive fungal disease remains chal-
lenging in the clinical laboratory. The use of MALDI-
TOF MS for the identification of micro-organisms has
successfully been introduced in clinical laboratories,
but its use for the identification of filamentous fungi
remains less wi​de​ly in​tro​du​ced.
Most studies report very high accuracy though for the
identification of filamentous fungi by MALDI-TOF MS.
Its cost effectiveness, short analysis time, low error
rate and the fact that it can also discriminate between
closely related and cryptic species, makes it appropria-
te for implementation in the clinical routine. Two draw-
backs remain the availability of extended reference
spectra databases and the fact that this technique can
only be ap​plied on iso​la​tes.
At the BCCM/IHEM collection, an extensive database
of reference spectra, covering all medically relevant
fungal species has been developed and validated for
its use on clinical isolates. Its use on several fungal
groups such as dermatophytes or members of the
genus Fusa​ri​um, or of the Aspergillus niger group has
been evaluated. Moreover, the identification of fungal
strains using this in house created database has been
im​ple​men​ted
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in the quality control of the BCCM/IHEM collection
(ISO 17025 accredited). More recently, an online iden-
tification tool has been presented that allows re-
searchers or medical practitioners to upload their
MALDI-TOF MS spectrum and to obtain the identificati-
on of their strain.
In conclusion, MALDI-TOF MS is a rapid, robust and
powerful tool for the identification of micro-organisms,
in​clu​ding fi​la​men​tous fungi. 
The availability of an extensive and reliable database
is in​dis​pen​sa​ble.

Culture-​independent tar​ge​ted next ge​ne​ra​-
ti​on se​quen​cing of the 16S-​23S rRNA re​gi​on
for the iden​ti​fi​ca​ti​on of bac​te​ri​al spe​cies di​-
rect ​ly from cli​ni​cal sam​ples: op​por​tu​ni​ties
and chal ​len​ges

A.M.D. Kooistra-​Smid,1,2

M. Hen​d​rickx
Mycology and Aerobiology, BCCM/IHEM collection,
Scientific Institute of Public Health, Brussels, Belgium
 E. van Zan​ten1, G.J. Wis​se​link1, A.J. Sabat2, V. Ak​-
ker​boom2, A. Ott1, W.H.M. Vo​gels1, G.D. Mit​hoe1, R.F.
de Boer1, A.W. Frie​d​rich2, J.W.A. Ros​sen2

1Department of Medical Microbiology, Certe, Gronin-
gen, The Netherlands, 2Department of Medical Micro-
biology, University of Groningen, University Medical
Cen​ter Gro​nin​gen, Gro​nin​gen, The Ne​ther​lands

Accurate and rapid species identification is essential
for successful treatment and clinical management of
bacterial infections. Detection and identification of bac-
terial species highly depends on culture. The role of
molecular tests is still growing. However, both culture
and molecular methods have serious limitations; cultu-
re yield may be hampered in case of slow-growing and
fastidious bacteria. PCR-based methods are rapid and
sensitive, but need an a priori knowledge of the likely
pathogenic species that might be present in clinical
samples. Furthermore, differentiation of multiple bacte-
rial species in clinical samples is almost not feasible
with Sanger sequencing. Previously, we developed an
easy-to use, culture-independent method, based on
Next Generation Sequencing (NGS) of PCR amplicons
encompassing the entire 16S-23S rRNA region, to im-
pro​ve bac​te​ri​al spe​cies iden​ti​fi​ca​ti​on (Sabat et al. Sci

Rep. 2017). Here, new opportunities and challenges of
16S-23S rDNA NGS will be discussed. Furthermore,
the results of 16S-23S rDNA NGS analysis applied di-
rectly on clinical samples as part of a validation study
will be pre​sen​ted.

NGS of the 16S-23S rRNA region has the potential to
increase the diagnostic yield of bacteria involved in
complex infections. It also enables detection of unanti-
cipated bacterial pathogens. However, this approach
needs further validation. Furthermore, studies that
focus on clinical relevance are necessary to determine
the applicability of this NGS-based approach in routine
dia​gnos​tics. Fi​nal​ly, mul​ti​dis​ci​pli​na​ry teams are nee​ded
to share their knowledge, in order to translate the re-
sults of this new test in a report that meets the needs
of tre​a​ting phy​si​cians.

Tick-​borne re​lapsing fever Bor​re​lia: right in
our bac​ky​ard?
A. Wa​ge​ma​kers1,2Department of Medical Microbiolo-
gy, Certe, Groningen, The Netherlands, 2De​part​ment
of Medical Microbiology, University of Groningen,
University Medical Center Groningen, Groningen, The
Ne​ther​lands, J. Koets​veld2, H. Sprong3, J.W. Ho​vi​us2

1Department of Medical Microbiology and Infection
Prevention, VUmc, Amsterdam, 2Center for Experi-
mental and Molecular Medicine, AMC, Amsterdam,
3Center for Infectious Disease Control, RIVM, Biltho-
ven

The genus Bor​re​lia can be divided into Lyme Bor​re​lia
species (Borrelia burgdorferi sensu lato, s.l.) and re-
lapsing fever Bor​re​lia species. Most relapsing fever
species are found in soft ticks, with the highest disea-
se bur​den in Se​negal (B. cro​ci​d​urae) and Tanzania (B.
dut​to​nii). These spirochetes cause fever with a re-
lapsing pattern due to their ability to switch serotypes,
enabling minority serotypes to evade the host antibody
res​pon​se. One re​lapsing fever Bor​re​lia species, Bor​re​-
lia miyamotoi, is found in hard (Ixo​des) ticks, which
are the vector of B. burgdorferi s.l. and many other
human pathogens. Indeed, we identified B. miyamotoi
in 2.5% of Dutch Ixo​des ticks. Interestingly, B. miya-
motoi and B. burgdorferi s.l. were found in the same
ticks more often than expected, suggesting similar re-
servoir hosts. Indeed, we found 9% of wild rodents and
8% of
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birds in The Netherlands to be infected with B. miya-
mo​toi. Furthermore, in an immunocompromised patient
from Zandvoort with a meningo-encephalitis we detec-
ted B. miy​a​mo​toi in the CSF by PCR, marking the first
Eu​ro​pean B. miyamotoi patient. Next, we developed a
culture method for B. miyamotoi, which enabled us to
study B. miyamotoi pathogenesis. Similar to other tick-
borne relapsing fever (TBRF) spirochetes, and in con-
trast to B. burgdorferi s.l., B. miyamotoi is predomi-
nantly present in the blood compartment. Like other
TBRF species, it also evades host antibody responses
due to the emergence of minority serotypes with diffe-
rent var iable major proteins (Vmps). Using these Vmp
antigens we were able to detect antibody responses in
PCR-​confirmed B. miy​a​mo​toi-​infected pa​tients.

Tick-​borne en​cep​ha​li​tis
S. Van Den Brou​c​ke, De​part​ment of Me​di​cal Mi​cro​bi​o​-
logy and Infection Prevention, VUmc, Amsterdam,
2Center for Experimental and Molecular Medicine,
AMC, Amsterdam, 3Center for Infectious Disease
Con​trol, RIVM, Bilt​ho​venU. Maniewski, E. Bottieau, M.
Van Es​broeck
Department of Clinical Sciences, Institute of Tropical
Me​di​ci​ne, Ant​werp, Bel​gi​um

In Belgium, only few cases of Tick-borne encephalitis
(TBE) are diagnosed annually, all in patients acquiring
infection abroad. TBE is caused by 3 closely related
flaviviruses and it involves the central nervous system.
T he tick-​borne encephalitis virus infects a range of
hosts including rumi​nants, birds, ro​dents, carnivores,
hor​ses, and humans. In Europe and Asia between
10000 and 15000 TBE cases are reported annually.
This number very likely underestimates the real inci-
dence. TBE is transmitted to humans by the bite of a
tick (either Ixodes persulcatus or Ixodes ricinus) and
occasionally following consumption of infected unpas-
teurized milk. The ratio of asymptomatic infections is
between 70% and 98%. The initial phase of disease
correlates with viremia and with non-specific flulike
symptoms. The second phase manifests as me​nin​gi​tis,
en​cep​ha​li​tis, or me​nin​goen​cep​ha​li​tis. The long-term
prognosis is unfavorable in about 40% to 50% of pa-
tients who sustain sequelae for months to years. As a
rule, anti-TBEV- IgM and usually TBEV-IgG antibodies
are pre​sent in the first serum sam​ples

taken when CNS symptoms manifest in the second
phase of the disease. In the first phase of illness, the
virus can be isolated or detected by RT-PCR from
blood, but only rarely is TBEV detected at the begin-
ning of the second phase in CSF and occasionally in
cases of progressive disease. There is no specific an-
tiviral treatment for TBE and supportive care is the
mainstay of treatment. Personal protective measures
help in prevention of tick bites. In Europe two vaccines
are li​cen​sed: FSME immun® and En​ce​pur®.

Chro​nic Q fever
C.P. Bleeker-​Rovers
Department of Internal Medicine, Radboud University
Me​di​cal Cen​ter, Nij​me​gen

Q fever is a zoonosis caused by the intracellular Gram-
negative coc​co​ba​c​il​lus Coxiella burnetii. Following pri-
mary infection, 1-5% of all patients develop chronic Q
fever with endocarditis, infected aneurysms or infected
vascular prostheses as most important manifestations.
The duration between primary infection and manifesta-
tion of chronic infection may be several years. Several
risk factors for the development of chronic infection
have been identified and include valvulopathy or prior
valve surgery, aneurysm, vascular prostheses, renal
insufficiency, older age, immunocompromised state
and malignancy. Diagnosing chronic Q fever is difficult
as patients often present with nonspecific symptoms. A
final diagnosis relies on a combination of clinical signs,
serology, PCR on blood or tissue and radiological fin-
dings. Patients are classified as proven, probable or
possible chronic Q fever patients according to the
Dutch chronic Q fever consensus group guideline. Bet-
ween 2007 and 2010, there was a large Q fever out-
break in The Netherlands. It is estimated that over
40,000 people were infected with major impact on phy-
si​cal and psy​cho​lo​gi​cal he​alth. Fol​lo​wing this out​break,
all known chronic Q fever patients were included in an
ongoing nationwide registration (219 patients with pro-
ven chronic Q fever and 74 with probable chronic Q
fever). Q fever related mortality was 25% in patients
with proven chronic Q fever and 4% in probable chro-
nic Q fever. Complications were associated with chro-
nic Q fever-​related mor​ta​li​ty. Based on re​sults from this
national database new insights in diagnosis, complica-
ti​ons, and tre​at​ment will be dis​cus​sed.
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Pa​ral ​lel ses​si​ons

Im​pact of agar rea​ding fre​quen​cy on the re​-
por​ting of blood cul ​tu​re re​sults
B. van den Poel, S. Des​met, J. Ver​hae​gen
Department of Laboratory Medicine, UZ Leuven, Leu-
ven

Rapid identification and antimicrobial susceptibility
(AMS) result of bacteria causing blood stream infecti-
ons is crucial in the management of septic patients. In
this study, we compared a period of twice-daily and a
period of thrice-daily reading of subculture agar plates.
In 2016, 10 644 positive blood cultures bottles
(bioMérieux) from 2608 patients were analyzed at UZ
Leuven. Identification and antimicrobial susceptibility
testing were performed by MALDI-TOF MS (Bruker
Daltonics) and Vitek® 2 (bioMérieux) respectively. In
period 1 (January to June), subculture plates were
read at 8.30 am and 2 pm during the weekdays. In pe-
riod 2 (August until December), reading was performed
at 8.30 am, 2 pm and 5 pm. Time to identification and
time to AMS result after positivity were compared. In
period 1, median time to identification of all organisms
was 22.8 hours compared to 20.2 hours in period 2 (p
< 0.0001, Wilcoxon-Mann-Whitney U test). Moreover,
micro-organisms were identified before 12 hours in 9%
(418/4559) of samples in period 2, a significant increa-
se compared to 1.7% (88/5035) in period 1 (p <
0.0001, Fisher-Exact). In period 2, AMS result was
known within 36 hours in 39% (431/1107) of samples,
compared to 31% (409/1337) in period 1 (p < 0.0001,
Fisher-Exact). Optimization of the reading frequency of
subcultures of blood cultures significantly decreases
time to results. Further optimization can be done by in-
troducing lab automation. We will use the data of this
study as baseline to analyze the impact of introducing
WASPLab (Copan Diagnostics) automation on time to
re​sult.

Ge​no​mic re​so​lu​ti​on of methicillin-​sensitive
Stap​hy​lo​coc​cus au​re​us out ​breaks in a ne​o​-
na​tal in​ten​si​ve care unit
A.J .H . Cre​mers1, J.P.M. Coo​len1, C.P. Bleeker-​
Rovers2, D. Ha​ver​ka​te1, A.D.J. van der Geest3, A. van
Heijst4, H. Hen​driks4, S.S.V. Hen​riet5, M.A. Huy​nen6,
E. Kol​wij​ck1, D. Liem4, W.J.G. Mel​chers1, A. van Sum​-
me​ren3, J. Zoll1, J. Hop​man1*, H.F.L. Wert​heim1*

1Department of Medical Microbiology, Radboudumc,
Nijmegen, The Netherlands, 2Department of Internal
Medicine, Radboudumc, Nijmegen, The Netherlands,
3Occupational Health & Safety and Environmental
Service, Radboudumc, Nijmegen, The Netherlands,
4Department of Neonatology, Radboudumc, Nijme-
gen, The Netherlands, 5Department of Pediatrics,
Radboudumc Amalia Children’s Hospital, Nijmegen,
The Netherlands, 6Centre for Molecular and Biomole-
cular Informatics, Radboud Institute for Molecular Life
Sciences, Radboudumc, Nijmegen, The Netherlands,
*J. Hopman and H.F.L. Wertheim share senior author-
ship

Accurate reconstruction of outbreaks can direct infecti-
on control measures. We examined whether whole ge-
nome sequencing (WGS) analyses improved outbreak
tracing in a neonatal intensive care unit (NICU) in com-
parison with Multiple-Locus Variable number tandem
re​peat Ana​ly​sis (MLVA) ty​ping.
During 2014 and 2015 all methicillin-sensitive Stap​hy​-
lococcus aureus (MSSA) isolates from weekly throat
surveillance cultures at a third level Dutch NICU were
typed by spa and MLVA. On two occasions, when in-
vasive MSSA infections seemed to originate from car-
riage outbreaks, all health care workers (HCWs) were
tested for MSSA carriage. Those HCWs who carried
outbreak MLVA types were decolonized. WGS of isola-
tes that corresponded to the outbreak spa types was
followed by a series of automated tools including de
novo assembly, identifying and localizing high quality
single nucleotide polymorphisms (SNPs), and in depth
ana​ly​sis of out​break clus​ters.
MSSA was isolated in 19% (214/1154) of surveillance
cultures, and in 24% of HCWs. WGS analysis identi-
fied iso​la​tes that were, based on MLVA
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typing, unjustly clustered. Furthermore, detailing parti-
cular clusters improved transmission chain resolution,
and knowledge of the distribution of SNPs across the
genome improved accuracy of the estimated related-
ness of strains. WGS analysis provided evidence for
HCWs being involved in both outbreak transmission
chains. Contrary to what was concluded from classical
typing methods, a HCW involved in the first outbreak
had re-acquired a nearly identical MSSA strain, which
was howe​ver un​re​la​ted to the se​cond out​break.
WGS analysis improved the reconstruction of MSSA
outbreaks, with important implications for HCWs invol-
ved.

Can in​fec​ti​on pre​ven​ti​on me​a​su​res for Clos​-
tri​di​um dif​fi​ci​le be tail ​ored to spe​ci​fic strain
types?
R. van Houdt1Department of Medical Microbiology,
Radboudumc, Nijmegen, The Netherlands, 2De​part​-
ment of Internal Medicine, Radboudumc, Nijmegen,
The Netherlands, 3Occupational Health & Safety and
Environmental Service, Radboudumc, Nijmegen, The
Netherlands, 4Department of Neonatology, Radbou-
dumc, Nijmegen, The Netherlands, 5Department of
Pediatrics, Radboudumc Amalia Children’s Hospital,
Nijmegen, The Netherlands, 6Centre for Molecular
and Biomolecular Informatics, Radboud Institute for
Molecular Life Sciences, Radboudumc, Nijmegen,
The Netherlands, *J. Hopman and H.F.L. Wertheim
share senior authorship, A. Zomer2, J. van Prehn1, R.
van Mans​feld1, C.M.J.E. Vandenbroucke-​Grauls1

1Medical Microbiology and Infection Control, VU Uni-
versity Medical Center, Amsterdam, The Netherlands;
2Department of Infectious Diseases and Immunology,
Utrecht Uni​ver​si​ty, Utrecht, The Ne​ther​lands

During a C. difficile outbreak in the VUmc in 2013-
2014, 86 patients were infected with the B1/NAP1/027
strain. Besides transmission of this 027 outbreak
strain, there were also C. difficile infections with other
ribotype strains. In order to assess whether infections
with other ribotypes were nosocomial or not, whole ge-
nome sequencing was performed on a random selecti-
on of the se​cond most pre​va​lent ri​bo​ty​pe, 014.
After se​quen​cing iso​la​tes from 15 random​ly

selected inpatients from 2014, single nucleotide poly-
morphism (SNP) analysis was used to determine the
phylogenetic relationship and compared with the SNP
ana​ly​sis of the ri​bo​ty​pe 027 strains from the out​break.
In 2014, 101 patients had a C. difficile infection of
which 25 were caused by the ribotype 014 strain. Core
genome SNP analysis of 16 ribotype 027 strains
showed a maximum of 2 SNPs difference. SNP analy-
sis of 15 ribotype 014 strains resulted in 4 distinct clus-
ters, 3 clusters consisting of 2 strains and 1 cluster
consisting of 3 strains, with a maximum of 10 and 26
SNPs difference, respectively. The other 6 strains
were un​re​la​ted.
SNP analysis suggested that the ribotype 014 strains
were unrelated strains or small clusters, indicating no
or little risk on nosocomial transmission, as opposed to
the proven transmission of the B1/NAP1/027 strain.
We suggest that stringent infection control measures
are required to prevent large outbreaks of ribotype 027
strains, while we feel that less stringent measures may
be sufficient to prevent outbreaks with C. dif​fi ​ci​le other
that ri​bo​ty​pe 027.

De​tec​ti​on and dis​cri​mi​na​ti​on of ten cli​ni​-
cally re​le​vant Can​di​da spp. with a novel real
time mo​le​cu​lar assay
C.F.M. van der Donk1Medical Microbiology and Infec-
tion Control, VU University Medical Center, Amster-
dam, The Netherlands; 2Department of Infectious Di-
seases and Immunology, Utrecht University, Utrecht,
The Netherlands, L. Roor​da2, B. Kraak2, A. Burg​-
graaf2, D. Wil​lems3, M.H.A. Her​mans3, F. Hagen4, A.
van der Zee2

1Erasmus Medical Centre, Department of Medical Mi-
crobiology and Infectious Diseases, Rotterdam,
2Maasstad Hospital, Molecular Diagnostics Unit, Rot-
ter​dam, 3Jeroen Bosch Hospital, Department of Medi-
cal Mi​cro​bi​o​lo​gy, ’s-​Hertogenbosch, 4Ca​ni​si​us Wil​hel​-
mina Hospital, Department of Medical Microbiology,
Nij​me​gen, The Ne​ther​lands

In current Can​di​da diagnostics often cultivation on se-
lective media is used to identify Can​di​da species.
MALDI-TOF analysis of Can​di​da species improved
correct identification and shortened time for a final dia-
gno​sis but a test that
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discriminates correctly between closely related species
like C. albicans and C. dubliniensis and the C. pa-
rapsi​lo​sis species complex is not available. Here we
describe a fast and accurate real-time PCR assay for
detection and identification of 10 medically relevant
Can​di​da spp.
Primers and probes were designed to specifically am-
plify DNA of Candida albicans, C. glabrata, C. du​bli​-
niensis, C. tropicalis, C. lusitaniae, C. parapsilosis, C.
metapsilosis, C. orthopsilosis, C. guilliermondii and
C. krusei. DNA was extracted with MagNA Pure 96
and real-time PCR was performed with Biorad CFX96
thermocycler. The real-time PCRs were optimized and
showed good results with regard to efficiency, sensiti-
vi​ty and re​pro​du​ci​bi​li​ty, and spe​ci​fi​ci​ty.
Various clinical materials were tested for the presence
of Candida spp. Routine diagnostic samples that were
culture positive correlated well with respect to Cq valu-
es and growth quantification. We also demonstrated
low levels of Can​di​da spp. DNA in several materials,
which is dis​cus​sed.
This paper describes a validated and robust real-time
PCR assay with high sensitivity, 100% specificity, and
reproducibility for the detection and differentiation of
ten im​por​tant Can​di​da spp. This assay can be used as
a single or multiplex assay without loss of sensitivity
and can be adop​ted to me​di​cally re​qui​red pre​fe​ren​ces.

Eva​lu​a​ti​on of UMIC mi​cro​di​lu​ti​on strip for
co​lis​tin and piperacillin-​tazobactam in non-​
cystic and cys​tic fi​bro​sis pa​tients
A. Muyl​der​mans, S. Pa​ter​nos​ter, M. Ta​jdar, E. Nu​lens
Laboratory Medicine, Medical Microbiology, Alge-
meen Ziekenhuis Sint-Jan Brugge-Oostende AV, Bru-
ges, Bel​gi​um

Antimicrobial susceptibility testing (AST) for colistin
(COL) and piperacillin-tazobactam (PTZ) is challen-
ging. Disk and agar gradient diffusion methods are not
accepted by EUCAST, broth microdilution (BMD) is the
method of choice. In cystic fibrosis (CF) patients AST
is further complicated by the fastidious growth of mu-
cous bacteria. We evaluated the BMD method UMIC
(Bi​o​cen​tric) on iso​la​tes of non-​CF and CF pa​tients.
22 isolates from non-CF patients [P. aeruginosa (n =
7), B. ce​pa​cia (n = 1), En​te​ro​bac​te​ria​ceae (n

= 14)], 17 isolates from CF patients [P. aeruginosa (n
= 10), A. xy​loxi​dans (n = 7)] and 9 QC strains from UK
Neqas [P. ae​rug​i​n​o​sa (n = 7), En​te​ro​bac​te​ria​ceae (n =
2)] were included. AST of COL and PTZ with UMIC
was compared with our routine method: semi-
automated testing by Phoenix in non-CF, disk diffusion
in CF and re​fe​ren​ce la​bo​ra​to​ry for QC strains.
In non-CF patients a categorical agreement (CA) of
100% for COL and 86% for PTZ (2 minor er​rors, 1 very
major error) was found. In CF patients a CA of 88% for
COL (2 minor errors) and 100% for PTZ was found, if
UMIC was incubated in CO2 for 48h. In QC strains a
CA of 78% for COL (2 very major errors) and 86% for
PTZ (1 very major error) was found (P. ae​rug​i​n​o​sa iso​-
la​tes with low-​level re​sis​tan​ce).
A good categorical agreement for COL and PTZ was
found in non-CF and CF patients. In CF patients pro-
lon​ged in​cu​ba​ti​on in CO2 is ne​ces​sa​ry. Fur​ther eva​lu​a​-
tion is needed to determine essential agreement (no
reliable MIC was given with the routine semi-
automated AST).

Eva​lu​a​ti​on of the Ac​ce​le​ra​te Pheno Sy​s​tem
for rapid an​ti​mi​cro​bi​al sus​cep​ti​bi​li​ty tes​-
ting in extended-​spectrum β-​lactamase pro​-
du​cing En​te​ro​bac​te​ria​ceae
G.L. Vlas​pol​der1, B. San​ha​oui1, L.N. van Bel​zen1, P.
Meij​er2, A.N. Spaan1, C.H.E. Boel1
1Department of Medical Microbiology, University Me-
dical Center Utrecht, Utrecht, 2Benelux department of
Ac​ce​le​ra​te Dia​gnos​tics B.V., Lei​den

Bloodstream infections caused by extended-spectrum-
β-lactamase (ESBL)- and AmpC-producing Enterobac-
teriaceae are associated with high rates of morbidity
and mortality. Because ESBL- and AmpC-producing
bacteria are resistant to β-lactam antibiotics used for
empiric treatment of infections, the empirical use of
car​ba​pe​nems has in​crea​sed. As a con​se​quen​ce, an in​-
creasing rate of carbapenem resistance among gram-
negative bacteria is seen. It is a challenge for every
physician to empirically treat patients with ESBL-
bacteremia with appropriate antibiotics and at the
same time minimize unnecessary use of last-resort an-
tibiotics in case of susceptible bacteria. Faster availa-
bility of susceptibility test results could allow pathogen-
directed
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therapy to be started sooner. The Accelerate Pheno™
system (AxDx) is a fully automated system that provi-
des MIC-based antimicrobial susceptibility testing
(AST) results within seven hours, directly from positive
blood cultures. This study was performed to determine
the diagnostic accuracy of AST of the AxDx system for
aminoglycosides and quinolones, in order to provide
adequate therapy in a timely manner and to enable a
de-escalation of treatment in susceptible bacteria. In
total, 34 gram-negative isolates, of which 27 isolates
consists of ESBL-producing bacteria, were analyzed
on the AxDx system and compared to our standard of
care (BD Phoenix, bioMérieux Vitek2, if necessary in
combination with E-tests). The overall category agree-
ment for aminoglycosides and quinolones was 92.7%.
Of note, gentamycin, tobramycin, amikacin and ciprof-
loxacin resistance was correctly detected in ESBL-
producing E. coli (n = 5). In conclusion, the AxDx sys-
tem provides reliable results and is potentially useful
for antimicrobial stewardship in patients with ESBL-
bacteremia.

Im​pro​ve​ment of sur​vi​val of a Stap​hy​lo​coc​-
cus au​re​us sep​sis after in​vol ​ve​ment of the
an​ti​bi​o​tic team and a bund​le of in​ter​ven​ti​-
ons?
M.A.N.P.M. van den Hurk1 (n = 5). In conclusion, the
AxDx system provides reliable results and is potentially
useful for antimicrobial stewardship in patients with
ESBL-bacteremia. , J. Fon​vil​le1, H. Am​mer​laan2, C.
Mie​de​ma3, S. San​ders4, I. Over​de​vest1
1Microbiology, PAMM, Veldhoven, 2Internal-​
infectiology, Catharina Hospital, Eindhoven,
3Pediatric-infectiology, Catharina Hospital, Eindho-
ven, 4Hospital Pharmacology, Catharina Hospital,
Eind​ho​ven

Staphylococcus aureus bacteraemia (SAB) is a se-
rious clinical condition associated with a high mortality
and complications such as seeding. Literature shows
that a bundle of interventions improves the outcome of
S AB sig​ni​fi​cantly.1Microbiology, PAMM, Veldhoven,
2Internal-infectiology, Catharina Hospital, Eindhoven,
3Pediatric-infectiology, Catharina Hospital, Eindho-
ven, 4Hospital Pharmacology, Catharina Hospital,
Eind​ho​ven Since 2013, our an​ti​bi​o​tic team

is increasingly involved in advising medical practitio-
ners on treating patients with SAB. In this retrospective
cohort study we evaluated the effect of the antibiotic
team involvement and of bundle adherence on mortali-
ty and re​lap​se SAB.
All adult patients (n = 179) with SAB admitted to the
Catharina hospital Eindhoven between 2013-2015
were included. Thirty-one patients died < 14 days and
were excluded. We retrospectively defined a bundle of
interventions and scored compliance with the following
measures; (1) involvement of the antibiotic team, inclu-
ding bedside consult of an infectious disease specia-
list; (2) follow-up blood cultures; (3) adequate antibiotic
treatment; (4) source control; (5) TTE/TEE or PET-CT
when in​crea​sed risk of com​pli​ca​ted in​fec​ti​on.
Results showed improved survival rates and complian-
ce to the bundle when the antibiotic team was involved
advising the medical practitioners. The effects were
especially observed with respect to adequate antibiotic
treatment; 67% vs 52% (p = 0.08) and investigations
on seeding in high risk patients; 72% vs 57% (p =
0.11). The risk on relapse SAB and mortality rates de-
creased from 21 to 10% (p = 0.11). We expect the re-
sults to be an underestimate considering the underly-
ing bias where the antibiotic team is predominantly in-
vol​ved in the more se​vere​ly ill pa​tients.
This study shows a trend in improvement of surviving
SAB and an added value of the an​ti​bi​o​tic team.

Re​fe​ren​ce

1. Luis E. López-Cortés, Maria Dolores del Toro, Juan
Gálvez-Acebal. Impact of an Evidence-Based Bundle:
Intervention in the Quality-of-Care Management and
Outcome of Staphylococcus aureus Bacteremia. Clin
Inf Dis 2013:57;1225-​33.

Data have recently been submitted for publication to
the magazine In​fec​tie​ziek​ten; the publication is still
under con​si​de​ra​ti​on of the edi​to​ri​al board.
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The ti​ge​cy​cli​ne on the field: in​di​ca​ti​ons, ef​-
fi​ca​cy, to​le​ra​bi​li​ty
A. Pa​pa​leo1, J. Pre​vost2, F. Ja​cobs2 
1Internal Medicine and Infectious Diseases Depart-
ment Hôpi​taux Iris Sud, Brus​sels, Bel​gi​um, 2In​fec​tious
Diseases Department, Erasmus Hospital, Brussels,
Bel​gi​um

Tigecycline could represent a valuable alternative to
carbapenem and β-lactam based regimens. There are
some data about real-life clinical practice from France,
Germany, Italy, and Spain, but still no data about Bel-
gi​um.
To investigate tigecycline prescription, tolerability and
patients outcome we conducted a retrospective study
in Erasmus Hospital, an 800-bed academic hospital in
Brus​sels, bet​ween 2007 and 2015. 
We included 89 patients. We observed a progressive
increase in the prescription of tigecycline over years.
The 60% of patients received tigecycline in intensive
care unit (ICU), 35% had an immunosuppression, 23%
had undergone solid organ transplantation. The main
indications were pneumonia in 36% of cases and com-
plicated intra-abdominal infections (28%) almost exclu-
sively for healthcare-associated infections (98%). Ti-
gecycline was used after documented infections in
92% of cases, 89% with multi-drug resistant (MDR)
bacteria whose 78% carbapenemase-producing En​te​-
ro​bac​te​ria​ceae. The most isolated pathogen was Aci​-
ne​to​bac​ter bau​man​nii. We used tigecycline after multi-
ple antibiotics in 85% of cases, only in 9% of infections
as monotherapy and often associated with more than
three antibiotics (43%). We recorded 8 secondary ad-
verse events, but we never had to interrupt the treat-
ment. Of 79 patients with enough data, 53% had clini-
cal cure/improvement, 47% clinical failure and 75% of
them died. Mortality rate in ICU was 45%, 71% during
the en​ti​re hos​pi​ta​li​za​ti​on. 
Tigecycline was mainly prescribed for pneumonia, in
MDR infections or as rescue therapy in severely ill pa-
tients. Our data suggest a good tolerability and a need
of tigecycline for different indications than approved by
of​fi​ci​al au​tho​ri​ties.

The use of Alpha-​defensin (Sy​no​va​su​re©) in
the dia​gno​sis of pe​ri​pros​the​tic joint in​fec​ti​-
ons
S. van Lan​de​g​hem1, P. van Over​schel​de2, S.
Steyaert1
1Clinical Laboratory, AZ Maria Middelares, Ghent,
2Hip and Knee cli​nic, AZ Maria Mid​de​la​res, Ghent

Periprosthetic joint infection (PJI) is a major complicati-
on after total joint arthroplasty. According to the mus-
kuloskeletal infection society (MSIS) criteria, a combi-
nation of clinical findings, culture and biomarkers have
to be met to diagnose a PJI. This approach is resource
and time consuming. The Synovasure (Zimmer) is a
new lateral-flow test that is based on the detection of
the anti-microbial peptide alpha-defensin in synovial
fluid. To evaluate the performance in our general hos-
pital a retrospective analysis is made during
01/03/2015 - 01/11/2016. Only samples with an alpha-
defensin and a culture result are included and compa-
red to the physicians’ investigation. Chocolate-, blood-
and Mac Conckey agar is used for aerobic and anae-
robic incubation during two days, a thioglycolate broth
is incubated during five days. 43 results were included
from 37 patients. All 15 (35%) positive and 28 (65%)
negative tests matched MSIS criteria to confirm PJI or
aseptic loosening. However, there were 7 (16%) dis-
crepancies with culture. 2 (4.6%) false positive cultu-
res were due to a contamination and a cyste, not con-
nected to the joint. 5 (11.6%) patients had a false ne-
gative culture due to pre-operational antibiotics, low-
grade infections or pus in the joint that didn’t result in
an organism. The conclusion after multidisciplinary
consultations is that synovasure had no discrepancies
with the physicians’ clinical investigation in contrast to
culture. Therefore synovasure is an interesting new bi-
omarker to detect PJI and supports the choice bet-
ween first and second stage revisions for prosthetic ar-
thro​plasty.
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Non-​invasive de​tec​ti​on of pros​the​tic joint
in​fec​ti​ons by mul ​ti​plex an​ti​bo​dy de​tec​ti​on:
Ex​pe​rien​ces in a ter​ti​a​ry care cen​ter
G. Frans1,*Clinical Laboratory, AZ Maria Middelares,
Ghent, 2Hip and Knee clinic, AZ Maria Middelares,
Ghent S. Om​be​let1,2*, B. Pee​ters1,3, J. Neyt4, J. Ver​-
hae​gen1

1Department of Laboratory Medicine, University Hos-
pitals Leuven, Leuven, Belgium, 2Department of Tro-
pical Laboratory Medicine, Institute of Tropical Medi-
cine, Antwerp, Belgium, 3Department of Laboratory
Medicine, University Hospital Antwerpen, Antwerp,
Bel​gi​um, 4Department of Orthopedics, University Hos-
pitals Leuven, Leuven, Belgium; *both authors contri-
bu​ted equal​ly to this study

Current diagnostic algorithms for prosthetic joint infec-
tions (PJI) involve ESR or CRP testing, followed by
joint aspiration if either is elevated. In this prospective
study we evaluated the BJI InoPlex kit, a multiplex se-
rological immunoassay documenting PJIs caused by
Staphylococcus spp, Streptococcus agalactiae, and
Pro​pi​o​ni​bac​te​ri​um acnes.
Patients who underwent revision or resection arthro-
plasty for suspected PJI between 18 March 2016 and
18 August 2017 at the University Hospitals Leuven
were included. There were no exclusion criteria.
Serum samples for immunoassay were taken at the
time of surgery together with ≥3 intraoperative peri-
prosthetic tissue samples for microbiological culture.
PJI was defined by (i) the presence of a sinus tract
and/or (ii) growth of a virulent organism in ≥1 intraope-
rative sample(s) or growthof the same nonvirulent mi-
croorganism in ≥2 intraoperative samples. Performan-
ce of the BJI InoPlex assay was evaluated with micro-
bi​o​lo​gi​cal cul​tu​re as re​fe​ren​ce.
A total of 56 serum and surgery samples from 49 pa-
tients (26 male and 23 female) were included with 16
hip, 31 knee, and 2 shoulder replacements. PJI was
diagnosed in 38/56 samples (67.9%) corresponding
with the identification of 47 microorganisms. In total,
85.1% (40/47) of infections involved at least one of the
species included in the BJI InoPlex assay. The sensiti-
vity/specificity values were 70.8%/71.0% for Stap​hy​lo​-
coc​cus spp (1/56 un​de​ter​mi​ned re​sult),

83.3%/84.0% for Strep​to​coc​cus spp, and
33.3%/88.7% for Pro​pi​o​ni​bac​te​ri​um spp.
Our results suggest that the BJI InoPlex assay could
complement serological and microbiological screening
in eva​lu​a​ting pa​tients with sus​pec​ted PJI.

Cost-​effectiveness of a scree​ning pro​gram
for chro​nic Q-​fever in The Ne​ther​lands
P.T. de Boer1, M.L. de Lange1, C.C.H. Wielders1, F.
Dijkstra1, P.M. Schnee​ber​ger2, W. van der Hoek1

1National Institute for Public Health and the Environ-
ment, Bilthoven, The Netherlands, 2Jeroen Bosch
Hos​pi​tal, ’s-​Hertogenbosch, The Ne​ther​lands

In the aftermath of a large Q-fever outbreak in The Ne-
therlands, new chronic Q-fever patients are still detec-
ted. A screening program may identify cases in an ear-
lier stage, possibly resulting in a better prognosis. In
this study, we assessed the cost-effectiveness of a se-
ro​lo​gi​cal scree​ning pro​gram for chro​nic Q-​fever.
A health-economic decision model was used to estima-
te the impact of screening on societal costs and health
effects (measured as quality-adjusted life years
[QALYs]). Prevalence of chronic Q-fever was estima-
ted using Dutch prevalence studies of Coxiella burne-
tii infection and chronic Q-fever. The effect of scree-
ning on clinical outcomes was based on the national
Q-fever database. Screening was considered cost-
effective, when the incremental cost-effectiveness ratio
was below a conventional threshold of € 20,000 per
QALY gai​ned.
Screening of patients with cardiovascular risk factors
living in an area with high Q-fever incidence was ex-
pected to be cost saving. In this scenario, 215 QALYs
would be gai​ned and € 0.1 mil​li​on would be saved. Mo​-
reover, screening of patients with cardiovascular risk
factors living in moderate Q-fever incidence areas and
patients with a compromised immune system living in
high Q-fever incidence areas would be cost-effective.
However, screening of patients without known risk fac-
tors would not be cost-effective. Results were found to
be highly sensitive to the prevalence of chronic Q-
fever.
Tar​ge​ted scree​ning pro​grams for chro​nic Q-​fever
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in areas with moderate to high Q-fever incidence might
be cost-effective. However, there is much uncertainty
on the current prevalence of chronic Q-fever and the
ef​fec​ti​ve​ness of scree​ning on cli​ni​cal out​co​mes.

Tre​a​ting ESBLs with beta-​lactams other
than car​ba​pe​nems
J. Mou​t​on
Eras​mus Uni​ver​si​ty Rot​ter​dam

Since carbapenems are often the last defense against
ESBL harbouring multi-drug resistant micro-organisms,
other solutions need to be found. In the class of beta-
lactams several alternative strategies are available.
The first is to determine the activity of the ESBL
against an array of beta-lactams. Most ESBLs are so-
mewhat specific, and resistance to one beta-lactam
does not necessarily imply resistance to others. In con-
trast to Amp-C they are not induced. The second stra-
tegy is to combine beta-lactams with each other, or a
related compound. In general these can be divided in
two groups. The first is combining a beta-lactam with a
beta-lactamase inhibitor. Examples are an available
beta-lactam such as cefepime combined with an exis-
ting beta-lactamase inhibitor such as tazobactam; a
new beta-lactam combined with an existing inhibitor
(e.g. ceftolozane-tazobactam; imipenem-relibactam) or
an available betalactam combined with a new inhibitor
(e.g. ceftazidime-avibactam; aztreonam-avibactam;
meropenem-vaborbactam). The second group consists
of a combination of two beta-lactams with distinct diffe-
rences in affinity for various PBPs for instance PBP2
and PBP3 and thereby potentiating each other. An
example here is cefepime with high affinity to PBP3
combined with zidebactam or mecillinam, both with bin-
ding almost exclusively to PBP2. For many of the cur-
rent ESBLs at least one of these strategies will work
and car​ba​pe​nems be spa​red.

Mo​no​the​ra​py vs com​bi​na​ti​on the​ra​py; cli​ni​-
cal re​sults
A.E. Mul​ler
Haag​lan​den MC, The Hague

With an increasing number of multi-drug resistant
micro-organisms, combination therapy is often sugge-
sted as a solution for adequate therapy. More in gene-
ral, the use of combination therapy can serve multiple
pur​po​ses, such as em​pi​ri​cally co​ve​ring po​ten​ti​al pa​tho​-
gens with a broader spectrum, differences in penetrati-
on of the site of infection or synergy between the two
antibiotics. Some synergistic combinations are com-
mer​ci​al​ly de​vel​o​ped in a fixed com​bi​na​ti​on, for example
amoxicillin/ clavulanic acid and trimethoprim/sulfame-
thoxazole. In the era of multi-drug resistance antibiotics
usually administered as monotherapy are combined to
achieve more effective treatment compared to mono-
therapy. This can be applied to micro-organisms repor-
ted susceptible to the specific antibiotics, but also for
those re​por​ted re​sis​tant ac​cor​ding to the cli​ni​cal break​-
points. Unfortunately, although in vitro studies have in-
dicated that several combinations of antibiotics are
synergistic, proving this synergistic effect in clinical
studies has appeared to be much more complicated.
This can be explained by the complexity of patients in-
volved in these studies. The outcome measures in
these trials, such as mortality or length of hospital stay
are influenced by many more factors than only antibio-
tic therapy. Meta-analyses have shown a benefit of
combination therapy for patients with septic shock or
for treatment of Pseudomonas aeruginosa in​fec​ti​ons.
Interpretation of the results is often complicated by the
difference between appropriate and inappropriate em-
piric therapies. Retrospective analyses are confoun-
ded. In recent publications, the beneficial effect of
combination therapy on the mortality is still under de-
bate and the effects are often limited to high risk pa-
tient groups.
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