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Abstract
Background: Bacterial infections frequently occur in haematological patients, especially 
during prolonged neutropenia after intensive chemotherapy, often leading to bloodstream 
infections and pneumonia.
Objective: Routine antimicrobial prophylaxis (AMP) for high-risk haematology patients is still 
debated while prevalence of multi-drug resistant (MDR) Gram-negative bacteria (GNB) is 
rising globally. We aimed to assess the current practice of AMP in this population.
Design: Cross-sectional observational survey study.
Methods: Haematologists and infectious diseases physicians Europewide were invited to 
an online survey including questions on routine screening for GNB, incidence of MDR-GNB 
colonization, antimicrobial prophylaxis practices, rates of bloodstream infections (BSI), ICU 
admission and mortality differentiated by infections due to GNB versus MDR-GNB.
Results: 120 haematology centres from 28 countries participated. Screening for MDR-GNB 
is performed in 86.7% of centres, mostly via rectal swabs (58.3%). In 39.2% of routine AMP 
is used, mostly with fluoroquinolones. Estimates of GNB-BSI yielded higher rates in patients 
not receiving anti-GNB prophylaxis than in those who do for E. coli (10% vs 7%) Klebsiella spp. 
(10% vs 5%), and Pseudomonas spp. (5% vs 4%). Rates for MDR-GNB infection were estimated 
lower in centres that administer AMP for MDR E. coli (5% vs 3%) Klebsiella spp. (5% vs 3%), 
and Pseudomonas spp. (2% vs 1%). In an exploratory analysis, Southern and Eastern European 
countries expected higher rates of MDR-GNB infections with lower ICU admission and 
mortality rates which may be subject to estimation bias.
Conclusion: Screening for MDR-GNB is frequently performed. AMP against GNB infections is still 
often implemented. Estimated BSI rates are rather low, while the rate of MDR-GNB infections 
rises. Tailored prophylaxis including antimicrobial stewardship becomes more important.
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Introduction
Bacterial infections occur frequently in patients 
with acute myeloid leukaemia (AML), high-risk 
myelodysplastic syndrome (MDS) as well as in 

acute lymphoblastic leukaemia (ALL) and other 
patients with haematological malignancies. They 
occur mostly during long-lasting (i.e., ⩾7 days) 
periods of neutropenia (i.e., absolute neutrophil 
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count < 500/µl) after intensive chemotherapy, 
mostly as bloodstream infection (BSI) and pneu-
monia.1 After chemotherapy, translocation of 
gram-negative bacteria (GNB) from the gut to 
the bloodstream and dissemination to other 
organs may occur through an impaired mucosal 
barrier, often leading to severe infections with 
sepsis and a subsequent high mortality rate.2 
Routine antimicrobial prophylaxis is recom-
mended with moderate strength by some guide-
lines despite lacking evidence regarding a survival 
benefit from randomized clinical trials (RCT).3–6 
A rising incidence of multidrug-resistant (MDR) 
GNB has been observed over past decades, par-
ticularly in Southern Europe posing a significant 
challenge for selection of antibacterial therapy or 
prophylaxis.7 This fuelled a debate regarding effi-
cacy of prophylaxis.4,5 While MDR-GNB coloni-
zation rates and associated infection and mortality 
risk have been well described for the intensive 
care unit (ICU), transplant and abdominal sur-
gery setting,8–16 few studies in the haematological 
population exist.17

More recent guidelines restrict prophylaxis to cer-
tain settings and clinicians discourage the use of 
routine fluoroquinolone prophylaxis with a vari-
ety of arguments, including lack of efficacy, qual-
ity of data included in guideline recommendations, 
increasing antimicrobial resistance, and adverse 
effects, among others.6,18

Owing to the heterogeneity of recommendations, 
it is currently unclear what is routinely performed 
in haematology centres. We conducted a web-
based survey to better understand the current 
practice of antimicrobial prophylaxis. This survey 
aimed (1) to assess the current practice of proph-
ylaxis in this high-risk patient population and (2) 
to assess practice of screening for MDR-GNB 
and (3) to include estimated rates of infections 
due to frequently detected GNB.

Methods
A web-based cross-sectional observational survey 
was designed and made accessible via www.clini-
calsurveys.net – a health services research plat-
form facilitated by EFS Summer 2021, TIVIAN 
GmbH in Cologne, Germany. Data collection 
specifically targeted professionals specializing in 
clinical microbiology, haematology, infectious 
diseases, internal medicine, and oncology, as 
these are the main medical specialities managing 

patients with GNB infections and prescribing 
AMP. Targeted professionals were reached out to 
via scientific societies (see Supplemental Table 1) 
and professional networks as well as direct con-
tacts. This approach aimed to ensure a compre-
hensive, reliable data collection while accounting 
for differences in service quality and quantity 
across the selected hospitals.

Participants were encouraged to respond on 
behalf of their clinic/hospital and distribute the 
survey among their personal network. Participants 
were obligatorily asked to provide their country 
and the institution on behalf of which they 
responded to the survey, whereas other personal 
data, affiliated scientific organizations, and their 
specialty were voluntary responses. Participants 
were asked to provide estimated numbers of 
patients with underlying disease of ALL, AML 
and high-grade MDS who receive induction or 
re-induction chemotherapy and have long-term 
neutropenia (i.e., ANC < 500/µl for at least 
7 days) at their haematology centre. For this 
patient group we asked whether screening for col-
onization with GNB prior to chemotherapy is in 
place and if so, which proportion of patients have 
resistant GNB colonization. Furthermore, we 
evaluated whether antimicrobial prophylaxis is 
routinely administered and which antibiotic was 
used for this purpose. Estimated rates of develop-
ment of BSI due to GNB (resistant or not) in 
those patients were to be provided as well as caus-
ative species and proportion of MDR-GNB-BSI 
in patients who had received or who had not 
received antimicrobial prophylaxis, if this data 
was available.

The collected data were summarized using fre-
quencies and percentages. Descriptive statistical 
analysis was done with SPSS v27.0 (SPSS, IBM 
Corp., Chicago, IL, USA).

Results
Between May and September 2023, participants 
from 28 European countries representing 120 
institutions responded to the survey (Figure 1). 
After clearance of double-answers and incom-
plete answers not eligible for analysis, 120 
respondents were included in the descriptive 
analysis.

A total of 104 participating centres (86.7%) rou-
tinely screen for colonization with MDR-GNB 
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before chemotherapy. Most frequently, this is 
performed via rectal swab, followed by anal 
swab, and stool culture (Table 1 and Figure 2(a) 
and (b)).

Only 39.2% of participating centres administer 
antimicrobial prophylaxis against GNB, mostly 
using levofloxacin or ciprofloxacin in patients 
without known resistant GNB colonization. 
However, even in patients with resistant GNB 
colonization, fluoroquinolones are routinely 
administered in 32.5% of participating centres, 
but antibiotics with a broader spectrum of action 
are used as well for prophylaxis, such as amikacin, 
carbapenems or colistin (Table 1).

Estimates of BSI development due to GNB 
yielded slightly higher rates of bacteraemia in cen-
tres not administering AMP than in those who do 
for E. coli (10% vs 7%) Klebsiella spp. (10% vs 
5%), and Pseudomonas spp. (5% vs 4%). Rates for 
MDR-GNB BSI were also lower in centres that 
administer prophylaxis for MDR E. coli (5% vs 
3%), MDR Klebsiella spp. (5% vs 3%), and MDR 
Pseudomonas spp. (2% vs 1%) (Table 1). Median 
mortality was estimated to range around 5% (IQR 

2–15) but was excessively higher in patients with 
MDR-GNB colonization with 52% (IQR 30–
66.7) (Figure 3(a) and (b)).

With high participant rates from Italy and Spain, 
countries where the prevalence of MDR-GNB 
isolates is increased, we split results for the two 
countries compared to the overall participants. 
Rectal swab for screening for GNB is significantly 
more often used in the two countries than in the 
rest of Europe (80% vs 58.3%, p = 0.010). No dif-
ferences compared to other centres in Europe 
were detected regarding the indication for admin-
istration of routine antimicrobial prophylaxis, as 
well as the selection of antibiotics for that pur-
pose, mostly fluoroquinolones (Table 1). In 
patients without MDR-GNB colonization, 
prophylaxis is administered in 32.5% (40% in 
Italy, 20% in Spain, 34.1% in other European 
countries, p = 1.000). In patients with MDR-
GNB colonization prophylaxis is administered in 
32.5% (33.3% in Italy, 35.0% in Spain, 31.8% in 
other European countries p = 1.000)

Resistance rates for GNB were estimated to be as 
frequent as in other European countries, in around 

Figure 1.  Distribution of participating institutions.
Spain (n = 20 sites), Italy (n = 15 sites), Germany (n = 10 sites), Turkey (n = 9 sites), Russia (n = 7 sites), Czech Republic (n = 6 
sites), Switzerland (n = 5 sites), Belgium, Poland, Serbia, and Ukraine (n = 4 sites, each), Greece, Hungary, United Kingdom 
(n = 3 sites, each), Belarus, Croatia, Ireland, Israel, Netherlands, Portugal (n = 2 sites, each), and Albania, Armenia, Bulgaria, 
Denmark, Faroe Islands, France, Lithuania, Moldova, Norway, Slovakia, Slovenia (n = 1 site, each).
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Table 1.  Survey results: overall and separately for Italy, Spain and other European countries.

Overall Italy Spain Other European 
countries

p value

  n % n % n % n %

  120 100.0 15 100.0 20 100.0 85 100.0  

GNB colonization determination 
before chemotherapy

104 86.7 15 100.0 19 95.0 70 82.4 0.396

% of patients tested for GNB 
colonization

65.0 (25.0–100.0) 
[2.0–100.0]

77.5 (22.5–100.0) 
[10.0–100.0]

30.0 (15.0–90.0) 
[5.0–100.0]

75.0 (30.0–100.0) 
[2.0–100.0]

0.268

% of patients colonized with an 
MDR-GNB

15.0 (5.0–25.0) 
[0.0–80.0]

7.5 (5.0–15.0) 
[1.0–25.0]

12.0 (5.0–25.0) 
[0.0–30.0]

15.0 (5.0–25.0) 
[0.0–80.0]

0.268

Testing samples  

  Rectal swab 70 58.3 12 80.0 16 80.0 42 49.4 0.010

  Anal swab 26 21.7 5 33.3 3 15.0 18 21.2 0.468

  Stool 18 15.0 1 6.7 1 5.0 16 18.8 0.276

  Nasal swab 8 6.7 0 0.0 2 10.0 6 7.1 0.613

  Urine swab 6 5.0 0 0.0 1 5.0 5 5.9 1.000

  Other samples 27 22.5 1 6.7 4 20.0 22 25.9  

AMP administration 47 39.2 6 40.0 7 35.0 34 40.0 0.978

 � Patients without MDR-GNB 
colonization

39 32.5 6 40.0 4 20.0 29 34.1 1.000

    Fluoroquinolones alone 37 30.8 6 40.0 4 20.0 27 31.8

    Other antibiotics* 2 1.7 0 0.0 0 0.0 2 2.4

 � Patients with MDR-GNB 
colonization

39 32.5 5 33.3 7 35.0 27 31.8 1.000

    Fluoroquinolones alone 27 22.5 5 33.3 5 25.0 17 20.0

    Other antibiotics* 12 10.0 0 0.0 2 10.0 10 11.8

Estimates % bacteraemia 
development

 

Not receiving AMP 83 69.2 10 66.7 16 80.0 57 67.1 0.523

  Escherichia coli, overall 10.0 (5.0–20.0) 
[1.0–50.0]

20.0 (10.0–30.0) 
[1.0–35.0]

10.0 (5.0–17.5) 
[1.0–50.0]

10.0 (5.0–17.0) 
[2.0–50.0]

0.136

  Among those E. coli, MDR 5.0 (1.0–10.0) 
[0.0–20.0]

10.0 (5.0–15.0) 
[0.0–15.0]

5.0 (1.0–10.0) 
[0.0–20.0]

5.0 (1.0–6.0) 
[0.0–20.0]

0.502

  Klebsiella spp., overall 10.0 (4.0–20.0) 
[0.0–65.0]

12.5 (8.0–25.0) 
[5.0–50.0]

10.0 (3.0–20.0) 
[1.0–30.0]

10.0 (3.0–17.0) 
[0.0–65.0]

0.190

 � Among those Klebsiella spp., 
MDR

5.0 (1.0–10.0) 
[0.0–58.5]

8.8 (3.0–10.0) 
[0.0–20.0]

5.0 (3.0–10.0) 
[0.0–20.0]

3.0 (1.0–10.0) 
[0.0–58.5]

0.494

(Continued)
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Overall Italy Spain Other European 
countries

p value

  n % n % n % n %

  120 100.0 15 100.0 20 100.0 85 100.0  

  Pseudomonas spp., overall 5.0 (2.0–10.0) 
[0.0–70.0]

7.0 (5.0–10.0) 
[5.0–25.0]

5.0 (4.0–15.0) 
[1.0–25.0]

5.0 (2.0–10.0) 
[0.0–70.0]

0.104

 � Among those Pseudomonas 
spp., MDR

2.0 (1.0–5.0) 
[0.0–30.0]

4.0 (1.3–5.0) 
[0.0–10.0]

2.0 (2.0–10.0) 
[0.0–20.0]

2.0 (1.0–5.0) 
[0.0–30.0]

0.544

Receiving AMP 61 50.8 8 53.3 10 50.0 43 50.6 1.000

  Escherichia coli, overall 7.0 (3.0–15.0) 
[0.0–40.0]

13.5 (10.0–20.0) 
[1.0–20.0]

6.5 (3.0–10.0) 
[0.0–15.0]

5.0 (2.0–12.0) 
[0.0–40.0]

0.124

  �  Among those E. coli, MDR 3.0 (0.8–7.0) 
[0.0–24.0]

6.0 (3.0–9.0) 
[0.3–10.0]

4.5 (.8–5.3) 
[0.0–8.0]

2.0 (0.4–5.0) 
[0.0–24.0]

0.338

  Klebsiella spp., overall 5.0 (2.0–10.0) 
[0.0–60.0]

10.0 (3.5–17.5) 
[2.0–60.0]

6.0 (5.0–8.0) 
[0.0–35.0]

5.0 (1.0–10.0) 
[0.0–60.0]

0.369

  �  Among those Klebsiella spp., 
MDR

3.0 (0.8–7.5) 
[0.0–60.0]

5.0 (2.5–8.8) 
[1.0–10.0]

3.0 (1.6–5.0) 
[0.0–15.8]

3.0 (0.1–8.0) 
[0.0–60.0]

0.489

  Pseudomonas spp., overall 4.0 (1.0–10.0) 
[0.0–40.0]

7.5 (5.0–10.5) 
[2.0–25.0]

3.0 (2.0–8.0) 
[0.0–35.0]

2.5 (1.0–10.0) 
[0.0–40.0]

0.097

  �  Among those Pseudomonas 
spp., MDR

1.0 (0.2–5.0) 
[0.0–40.0]

4.0 (1.3–7.3) 
[1.0–10.0]

1.0 (0.6–5.0) 
[0.0–17.5]

1.0 (0.0–5.0) 
[0.0–40.0]

0.153

After bacteraemia development  

  % ICU admission, overall 15 (5–30) [0–100] 5 (2–5) [1–60] 15 (5–20) [3–80] 17.5 (5–35) 
[0–100]

0.005

 � % ICU admission, MDR-GNB 
colonization (from those ICU 
admitted)

40 (20–60) [0–100] 20 (50–100) 
[40–83.3]

66.7 (40–50) 
[26.7–100]

34.7 (40–57.1) 
[0–100]

0.062

 � % ICU admission, MDR-GNB 
colonization (from overall)

6 (1–18) [0–100] 1 (1–5) [0.4–50] 10 (2–10) [0.8–80] 6 (2–20) [0–100]

  % Mortality, overall 5 (2–15) [0–80] 4 (2–5) [1–20] 10 (2–15) [0–80] 6.5 (2.5–20) [0–75] 0.183

 � % Mortality, MDR-GNB 
colonization (from those 
deceased)

52 (30–66.7) 
[0–100]

25 (20–50) 
[0–50]

40 (50–66.7) 
[0–100]

44.6 (36–50) 
[0–100]

0.152

 � % Mortality, MDR-GNB 
colonization (from overall)

2.6 (0.6–10) 
[0–80]

1 (0.4–2.5) 
[0–10]

4 (1–10) [0–80] 2.9 (0.9–10) [0–75]

Categorical variables are summarized with n and percentage (%); continuous variables are summarized with median, (interquartile range) and 
[absolute range].
Other European countries include Albania, Armenia, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Faroe Islands, France, Germany, 
Greece, Hungary, Ireland, Israel, Lithuania, Moldova, Netherlands, Norway, Poland, Portugal, Russia, Serbia, Slovakia, Slovenia, Switzerland, and 
the United Kingdom.
*Full details in Supplemental Table 2.
AMP, antimicrobial prophylaxis; GNB, Gram-negative bacteraemia; ICU, Intensive Care Unit; MDR, multi-drug resistant; spp., species.

Table 1.  (Continued)
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one-third of the patients within this high-risk pop-
ulation (Table 1). With lower participant numbers 
from South-Eastern Europe where the prevalence 
of MDR-GNB isolates exceeds 50%, we did not 
perform a separate analysis for this region.

The estimated development of bacteraemia with 
any of the three given GNBs: E. coli, Klebsiella 
spp. and Pseudomonas spp., did not differ between 
Italy, Spain, and other European countries (Table 
1). In patients not receiving Gram-negative 

prophylaxis, overall, 69.2% were estimated to 
develop bacteraemia, whereas this was 66.7%, 
80% and 67.1% for Italy, Spain and other 
European countries, respectively.

However, ICU admission rates are lower in Spain 
and Italy compared to other European countries, 
with an overall median of 15% of those patients 
(IQR 5–30) versus 5% (IQR 2–5) in Italy, 15% 
(IQR 5–20) in Spain, and 17.5% (IQR 5–35) in 
other European countries (p = 0.005).

Figure 2.  Distribution of routine testing practices for Gram-negative bacterial colonization: overall and 
multidrug-resistant strain considerations: (a) percentage of patients tested for colonization with Gram-negative 
bacteria and (b) percentage of tested patients colonized with a multi-drug resistant Gram-negative bacteria.
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Discussion
Our survey demonstrated that prophylactic anti-
biotics are used in 39% of participating centres 
treating patients with AML, ALL and high-risk 
MDS.

In RCTs, levofloxacin reduced the incidence of 
fever, infection, and hospitalization compared to 
placebo, but did not impact survival.19,20 In patients 
with haematological malignancy, no causality has 
been established between colonization by MDR-
GNB and mortality rate. Older data hint towards 
higher prevalence of MDR-GNB, namely 

ESBL-producing Enterobacterales (ESBL-E), 
than in our survey in the haematological popula-
tion, with colonization rates up to 23% while only 
1% of these patients developed BSI with ESBL-E, 
in 80% with the same strain that was identified 
previously as colonizer.17 Antibiotic administration 
for prophylaxis may significantly impact the intes-
tinal microbiota of patients exposed. There is evi-
dence that intestinal microbiota diversity impacts 
the development and severity of infections.21

Estimated BSI rates by E. coli, Klebsiella spp. and 
Pseudomonas spp. were comparably high in this 

Figure 3.  Comparison of overall mortality and mortality from multidrug-resistant Gram-negative bacteria 
after bacteraemiaemia development: (a) overall mortality after development of bacteraemia and (b) mortality 
due to MDR Gram-negative bacteria (from overall) after development of bacteraemia.
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survey in up to 10% of patients. Current studies 
suggest those three species remain the dominant 
causative pathogens of GNB-BSI in patients with 
leukaemia.22

Selection of resistant GNB strains may occur in 
these high-risk patients under extensive empiric 
antimicrobial exposure as well as in other patient 
populations under immunosuppression, those 
with a travel or migration history and those with 
other antimicrobial exposure, for example, in 
agriculture. These infections mostly comprise 
AmpC- or extended-spectrum β-lactamase pro-
ducing Enterobacterales, carbapenem-resistant 
Enterobacterales, Pseudomonas aeruginosa with 
difficult-to-treat resistance patterns, carbapenem-
resistant Acinetobacter baumannii, and 
Stenotrophomonas maltophilia.23 Surprisingly, in 
this survey study, rates for MDR-GNB infection 
were lower in centres that do administer prophy-
laxis, despite probable missing antimicrobial cov-
erage. On the one hand, this is a finding which 
could be interpreted as an artefact as BSI rates 
were only provided as estimates. On the other 
hand, this may indicate that centres with high 
resistance rates are less likely to employ universal 
antibacterial prophylaxis assuming that this meas-
ure may be ineffective for a large proportion of 
patients.

The shift in prevalence of MDR-GNB may lead 
to more severe infections which cannot be pre-
vented by routine antimicrobial prophylaxis, 
especially in geographic regions with high rates of 
antimicrobial resistance, such as – in this survey 
– Southern and Eastern Europe.24 This does not 
preclude prophylaxis in general but calls for a 
more targeted approach to optimize antimicrobial 
exposure and efficacy in high-risk haematology 
patients.25 Furthermore, prophylactic antimicro-
bial administration is critical regarding the risk of 
drug-related adverse events, which is of concern, 
especially for fluoroquinolones, as well as from a 
general antimicrobial stewardship viewpoint.26 
Those concerns are part of an ongoing debate 
around antimicrobial prophylaxis in high-risk 
patients. They are critically appraised by scientific 
societies and have been associated with abandon-
ing of routine antimicrobial prophylaxis in many 
haematology centres.27 Interestingly, our survey 
showed that in both patients with and without 
MDR-GNB colonization, AMP is administered 
in 32.5% while reasons and rationales for or 

against AMP in a specific subset of patients (e.g., 
those with MDR-GNB colonization) were not 
assessed, and should be approached in future 
studies.

Screening for MDR-GNB colonization appears 
frequent practice, as 87% of the participating 
centres in this survey do so prior to initiation of 
chemotherapy. The risk of subsequent infection in 
patients colonized with MDR bacteria is substan-
tial in carriers of carbapenem-resistant GNB, 
whereas it is lower for patients with vancomycin-
resistant enterococci colonization.28 However, the 
downstream management impact of the screening 
results in case of MDR-GNB detection is hetero-
geneous and guideline recommendations are 
incoherent.29,30 These include, among others, 
contact precautions (CP), less contact with 
health-care providers, delay in diagnostic and 
therapeutic procedures (e.g., radiological imaging 
and surgery), and potential psychiatric sequelae 
of isolation.31,32 The transmission of MDR bacte-
ria needs to be prevented under most circum-
stances, however, it is still debated if CP is effective 
to achieve this purpose while other measures, 
such as conventional but strictly performed hand 
hygiene seem to be more efficacious.33–35

This study has several limitations. The nature of 
survey studies does not allow for a balanced selec-
tion of participants according to their geographic 
distribution, kind of hospitals they work at etc., 
and is dependent on their responses only allowing 
estimates limits the accuracy of the results. Thus, 
real rates of MDR-GNB colonization and bacte-
raemia development may differ. It is also impor-
tant to note, that anchoring bias may be a 
limitation on the estimation of bacteraemia devel-
opment, ICU admission and mortality by the par-
ticipants. Furthermore, detailed aspects of MDR 
(e.g., local pathogen distribution and resistance 
mechanisms as well as the used microbiologic 
methodology) were not captured to discourage 
participation due to time constraints. Lastly, due 
to the exploratory scope of the survey, no sample 
size was calculated.

Conclusion
In summary, screening for MDR-GNB in high-
risk haematology patients is a common practice, 
and a subsequent infection prevention strategy 
for high-risk patients – including antimicrobial 
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prophylaxis – is implemented at most participat-
ing centres. The heterogenous results of this sur-
vey highlight a need for tailored infection 
prevention measures as well as further research to 
optimize infection management.
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