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Abstract

Background: Leech therapy in plastic/reconstructive microsurgery significantly improves a successful outcome of
flap salvage but the drawback is a risk of severe infection that results in a drop of the salvage rates from 70-80% to
below 30%. We report the results of a national survey conducted in all the French university hospitals to assess the

practices and prevention of the risk of infection.

therapy, on the basis of a standardized questionnaire.

applied and guidelines of good practices are necessary.

current extent of use of leech for medical practices in the hospital and to investigate maintenance, delivery

Methods: Data concerning conditions of storage, leech external decontamination, microbiological controls, mode
of delivery and antibiotic prophylaxis were collected from all the French university hospitals in practicing leech

Results: Twenty-eight of the 32 centers contacted filled the questionnaire, among which 23 practiced leech
therapy, mostly with a centralized storage in the pharmacy; 39.1% of the centers declared to perform leech external
decontamination and only 2 centers recurrent microbiological controls of the water storage. Leech delivery was
mostly nominally performed (56.5%), but traceability of the leech batch number was achieved in only 39.1% of
the cases. Only 5 centers declared that a protocol of antibiotic prophylaxis was systematically administered
during leech therapy: either quinolone (2), sulfamethoxazole/trimethoprim (2) or amoxicillin/clavulanic acid (1).

Conclusions: Measures to prevent infectious complications before application to patient have to be better

Keywords: Leech therapy, Healthcare-associated infections, Practices of leech management, National survey

Background

During the two latest decades, the use of leeches for
medicinal purposes has increased because of their ef-
fectiveness in enhancing venous outflow by removing
the stagnant blood [1]. Leech therapy is widely used in
plastic and reconstructive microsurgery to aid salvage
of failing flaps, replanted digits, ears or lips [2-5]. It
significantly improves a successful outcome but the
drawback is a risk of infectious complication that re-
sults in a drop of the salvage rates from 70-80% to
below 30% [1]. Incidence rates of infection have been
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reported between 4.1% and 36.2% [6, 7], and the vast
majority of infections are mostly caused by aeromonads
[8]. These ubiquitous opportunistic bacteria are mainly
found in aquatic environments and are present in the
digestive tract of leeches as an obligate symbiont [9].
Infection is usually severe (e.g., loss of flap) so that animals
are decontaminated before use to reduce risk of infection,
and antibiotic prophylactic treatment (ATBP) is widely
recommended during leech application [7, 10, 11].
Ricarimpex SAS (Eysines, France), the exclusive supplier
of leeches in France and international leader (FDA ap-
proved), clearly recommends conditions of storage, but
neither the conditions of leech decontamination, the need
to perform environmental surveillance cultures, nor the
type of ATBP regimen are advised. In addition, no clear
guideline of good practices for leech management before
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use exists in France. Guidelines describing procedures of
procurement and storage, transport, application, removal
and discarding of leeches and the use of antibiotics during
leech therapy are available in several countries. For ex-
ample, American guidelines describe procedure of main-
tenance of leeches specifying not to use tap water to the
storage, or English and Australian guidelines which rec-
ommend to administrate an antimicrobial cover during
hirudotherapy [12-14].

To assess the current extent of use of leech for medical
practices in the hospital and to investigate maintenance,
delivery practices and infection control measures, we re-
port the findings of a national survey conducted in all the
French university hospitals.

Methods

A questionnaire was sent by email in August 2015 to the
pharmacy departments of all the institutions belonging
to the “CHU network”, a network that includes all the
32 French university hospitals and related centers. A
second email was sent to non-responders in November
2015. Responders were asked to complete the questionnaire
and to return it by email. Data were analyzed descriptively
after collection. The following data were collected, on the
basis of a standardized questionnaire, from the pharmacist
in charge of medicinal leech management:

— Conditions of storage: type of containers, type of
water, temperature of storage and frequency of tank
water change.
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Leech external decontamination: frequency of
decontamination, type of disinfectant used and
description of the modalities of decontamination.
Microbiological control of the leeches or of the
storage water and description of the modalities of
controls.

Leech delivery: by patient or overall by wards and
traceability of the batch number.

Antibiotic prophylaxis: antibiotic used, length of
therapy and existence of local recommendations.

Results

Overall, information was obtained from 28 out of the 32
institutions interviewed (87.5%), including our center
(Fig. 1). Two questionnaires were returned by one hos-
pital because it was in charge of 2 centers of microsurgery
with differing practices in the leech management. Five of
the 28 responders (17.9%) stated that they did not use
leeches in their hospital, and one center was unaware of
the protocol in use because leeches were not delivered by
the pharmacy but were directly stored in the surgery unit.
A flow-chart of the study is presented in Fig. 2.

In 2015, French centers ordered an annual average of 485
leeches (minimum: 30; maximum 1300) per center (infor-
mation obtained from 52% of the centers using leeches).

Ricarimpex recommendations, displayed in Table 1, are
warranted by the leech susceptibility to external condi-
tions as light, temperature, and varying substances present
in aquatic environments, and should be applied as a mini-
mum standard. All the responders declared using a type
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Fig. 2 Flow-chart of the study showing the distribution of the responders and non-responders French centers

of water in accordance with Ricarimpex recommendations
and 19 centers (82.6%) used a temperature of water stor-
age compliant to supplier’s guidelines (Fig. 3a and b). Tank
water change was achieved at a frequency that was in
accordance with the supplier guideline in only 65% of
the cases (15/23) and 7 centers (30.5%) changed water
less frequently (every two weeks); one center did not
respond (Fig. 3c).

Nine centers (39.1%) among the 23 that used medicinal
leeches declared to perform leech external decontamin-
ation. Overall, 7 centers practiced decontamination with
chlorhexidine and 2 centers with gentamicin. The decon-
tamination was performed at time of leech delivery for 6
centers, at time of leech application for 1 center, and sys-
tematically during all the storage period for 2 centers, at a
frequency of one decontamination every week and every
2 weeks, respectively.

Only 2 pharmacy departments declared to perform
recurrent microbiological controls of the water storage:
one center performed water control just after leech re-
ception or when the visual quality of the water was dete-
riorated, and the other center performed water controls
every month.

Table 1 Ricarimpex recommendations for leech storage

- Sterile jar (or clean) closed with a sterile gauze

- Water storage: either mineral water, mountain spring water or distilled
water with Hirudo salt

- Change water at least once a week or in case of troubled water
- Temperature of storage between +4 and + 20 °C in a dark place

- Conserve the batch number and do not mix leeches from different
batch numbers

Leech delivery was mainly performed by patient (13/23)
and traceability of the batch number was achieved in
39.1% of the cases (9/23).

Five centers (21.7%) declared that a protocol of ATBP
was systematically administered during leech therapy,
and the drug administered was quinolone (2 centers),
sulfamethoxazole/trimethoprim (2 centers) and amoxi-
cillin/clavulanic acid (1 center). In these 5 centers, the
ATBP regimen was defined by the surgeon for 2 centers;
by the local antibiotic committee for 2 others centers,
and one center declared to follow the recommendations
of the supplier despite no guideline on ATBP from Ricarim-
pex exists yet. In these 4 centers, the ATBP was maintained
during the total duration of leech therapy, and in one case
with an average duration of 10 to 15 days. Three other
centers reported to use ATBP, although not systematically,
and decision to administer ATBP depended on the leech
therapy indication or on the health status of the patient
(e.g., immunocompromized patient). Finally, 9 (39.1%) cen-
ters did not use ATBP, and 6 (26.1%) additional centers did
not respond to the question.

Discussion

This survey provides an overview of the current French
hospital practices for managing leech before use on plas-
tic surgery patients. We focused on university hospitals
because this is where reconstructive surgery is overall
concentrated, although we may have missed few other
centers practicing leech therapy. Despite this limitation,
we present almost exhaustive results reflecting French
hospital practices for leech maintenance and this study
is comparable with the national survey of Taneja et al.
conducted in United Kingdom [15]. These authors stud-
ied practices of use and application of leeches in surgery
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wards, while we evaluated practices of maintenance within
pharmacy departments.

Leech storage before use and delivery

This national survey showed that nearly 70% of the
French University Hospitals use leech therapy, confirm-
ing a wide use of this recent practice. Mostly, leeches are
stored in the pharmacy department, which enables a bet-
ter control of leech management prior to delivery and to
application. This includes a centralized maintenance, a
controlled traceability and an easier surveillance in case of
nosocomial infection related to leech therapy. Sartor et al.
suggested that storage conditions and quality of water
could increase the risk of contamination related to the
leeches. When leeches, delivered initially by the pharmacy,
were stored in the hand surgery unit in an aquarium that
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was not regularly decontaminated, infections were twice
as common (4.1% vs 2.4% respectively) as in the recon-
structive units that received leeches directly from the
pharmacy before use. This observation led the authors to
recommend maintaining leeches at a central site, with
strict protocols of cleaning and disinfection of the aquar-
iums [6].

From our experience, a centralized leech storage and
delivery is obviously the best practice to recommend, in
agreement with American, English and German Guide-
lines [12-14].

Leech delivery was registered in only 56.5% of the
cases on a database in the pharmacy and was nominative
per patient, while 7 centers practiced a global delivery to
the medical or surgical units. Despite the lack of guide-
lines, we consider that leech should be nominally deliv-
ered and batch number recorded, in order to allow
optimal investigation in case of healthcare-associated in-
fection related to leech therapy. Overall and in a safer
way, the delivery must be limited to a single use only
and then discarded to avoid any risk of infection trans-
mission between patients, as suggested in the protocol
for the use of leeches by some authors [16, 17].

Microbiological controls prior leech use

There is no guideline concerning either the need or the
procedure of an environmental surveillance culture of
leech tank water. Wilmer et al. advocated microbio-
logical surveillance in routine to establish the ecology of
water, arguing that identifying resistant organisms would
allow clinicians to adjust ATBP regimens [18]. With the
aim to limit serious wound infections, Verriere et al. are
also in favor to perform microbiological controls of the
water tank, allowing to detect resistant strains, to discard
the corresponding leeches and to select an appropriate
ATBP [19]. However, the finding of only susceptible iso-
lates does not preclude the presence of resistant isolates
that would be present at low density in the leech crop and
would remained undetected. The level of evidence is to
date too poor to recommend to implement such policy. It
is not established that either the results of microbiological
analysis of water tank or leech microbiota would accur-
ately predict the bacteria involved in infection following
leech therapy. Indeed, data suggest that the leech gut
microbiota is more complex than initially thought [20]
and includes many distinct Aeromonas strains. In addition,
host-leech-microbiota is a complex biological system that
must not be ignored in which the dominant strain(s) in
the leech gut or in the tank water is not always the domin-
ant strain in the water tank or the pathogenic strain in the
patient. Until a greater body of evidence including a cost
effectiveness analysis, it is tricky to recommend a system-
atic microbiological control to predict leech safety or to
adapt prophylactic antimicrobial treatment.
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Antibiotic prophylactic treatment

Despite the numerous publications widely showing the
interest of ATBP during leech therapy [15, 19, 21, 22],
ATBP was prescribed in only 40% of the French hospitals
interviewed. Overall, this result, together with the worrying
percentage of no response (6 centers, 26%), suggests that
the frequency and severity of this nosocomial infection is
underrated by clinicians, as demonstrated elsewhere [21].
Most of authors suggest to start ATBP prior or when start-
ing the application of leeches on patient, to administer an-
tibiotics during all the duration of the leech therapy, and to
end it 24 h after the end of leech application [7, 16]. Linea-
weaver et al. suggested to extend ATBP until cicatrization
has occurred [10]. Consensual guidelines on ATBP associ-
ated with the use of leeches are needed. Antibiotics the
most frequently encountered in protocols of ATBP associ-
ated with leech therapy are fluoroquinolones, sulfameth-
oxazole/trimethoprim and third generation cephalosporins
[7, 21], although several authors have reported since 2012
the emergence of Aeromonas resistant strains, particularly
to ciprofloxacin [16, 23-25]. Amoxicillin/Clavulanic acid
should be avoided because aeromonads are virtually all re-
sistant to this antimicrobial agent because oxacillinase and/
or cephalosporinase is expressed by the vast majority of
aeromonads [26—-28]. In our center, all prescribers of medi-
cinal leeches are informed on the risk of infection related
to leech therapy, and are advised on prophylactic treatment
by a letter systematically accompanying leech delivery.

Other approaches for controlling the risk of infection

In order to reduce the risk of infection related to leech
therapy, alternatives to ATBP have been described. Mackay
et al. tried to sterilize the leech gut of pathogens by im-
mersing leeches in an antibiotic solution during 12 h [29].
Mumcuoglu et al. proposed to eliminate Aeromonas sp. of
the leech digestive tract by feeding them with an arginine
solution supplemented with ciprofloxacin. All these at-
tempts were unsuccessful [30]. Such approach should
be strongly discouraged because of the risk of selecting
resistant mutants (e.g., to ciprofloxacin). Alternatively,
further research is required to identify new strategies
for removing the aeromonads or at least drastically de-
creasing their density from leech gut, but the objective
is obviously difficult to achieve because of the obligate
symbiosis between leech and aeromonads.

We show here that 39% of the French hospitals perform
an external decontamination, among which 77.7% used
chlorhexidine. Bauters et al. described similar practices of
decontamination in a Belgian hospital, treating leeches with
chlorhexidine 0.02% during 15 s, followed by successive
rinses with sterile water [31]. Comprehensively, the level of
evidence is rather low to identify the best practice, and
there is consequently no consensus on the optimal method
to use. Further study that improves knowledge on this point
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should be welcomed, but the principle of an external de-
contamination ensuring a nearly germ-free state during few
hours and preserving the suckle capability of the leech
should reasonably be recommended [32]. Indeed, flaps or
(re) implanted tissues are associated with a local immuno-
suppression, and the wound caused by the jaws of the
leech offers a cutaneous entry point by contiguity. In a
general way, a consensual approach is needed with at least
European or even international Guidelines [8].

Legal status of medicinal leeches

Leech is a strikingly unparalleled product in healthcare
practice, so that the legal status was not, until recently,
clearly established. Many countries experienced the need to
regulate for health safety purposes, and this resulted in di-
verse status: the French National Agency for Medicines and
Health Products Safety (ANSM) conferred to medicinal
leeches the status of therapeutic aid; the United States Food
and Drug Administration (FDA) the status of a medical de-
vice, approved in 2004 [33]; in the UK, the Medicines and
Healthcare Products Regulatory Agency (MHRA) conferred
the status of a medicinal product when leeches are used
with an obvious medical purpose [34], and the German
Federal Institute for Drugs and Medical devices (BfArM)
conferred to starved leeches, the status of drug since 2008
[14]. German recommend specifically a quarantine storage
to starve leeches during at least 32 weeks after the last feed.
Although the level of scientific evidence is not established
for preventing the risk of infection to Aeromonas, it likely
controls potential viral risks.

Conclusion
In conclusion, leech therapy is associated with a high risk of
severe infection, currently impossible to eliminate. Further
research is necessary to understand how to eliminate this
risk, and will likely require a deep understanding of a com-
plex pathophysiology involving host, leech, and leech micro-
biota. Meanwhile, measures known to control this risk must
clearly be protocoled and actually implemented. The wide
variation of practices observed here highlights that they are
insufficiently fulfilled and advocates for establishing guide-
lines. It is prudent that the practices discussed above be
strictly applied: supplier’s guideline and quality of leech stor-
age, leech decontamination and antibiotic prophylactic treat-
ment. Failure to comply with these measures increases the
risk of infection. On the opposite, microbiological control of
leech tank water should not be promoted until more convin-
cing data are provided, as it likely constitutes a false security.
At last, a multidisciplinary collaboration between the
microbiology laboratory, the infectious disease unit, the
pharmacy and the infection control departments is ad-
vised in every center practicing leech therapy to report,
monitor nosocomial outcomes and to maintain the risk of
infection as low as possible.
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Abbreviation
ATBP: Antibiotic prophylactic treatment

Acknowledgments

French hospitals group: Nathalie Pelloquin CHU of Amiens, Christine Fagnoni
CHU of Besancon, Arnaud Venet CHU of Marseille, Lucile Safrano CHU of Brest,
Claudine Hecquard CHU of Caen, Christelle Prudent CHU of Dijon, Gaélle
Dunoyer CHU of Fort-de-France, Marion Nouvel CHU of Lyon, Charleric Bornet
CHU of Marseille, Grégory Rondelot CH of Metz-Thionville, André Giesenfeld
CHU of Nancy, Jacqueline Césari CCEG of Nancy, Jean-Francois Huon CHU of
Nantes, lan Soulairol CHU of Nimes, Morgane Bonnet CHU of Reims, Laetitia
Grasset CHU of Saint-Etienne, Marie Desplechain CHU of Toulouse, Sébastien
Bauer CHU of Tours, Voa Ratsimbazafy and Mireille Arfeuille CHU of Limoges,
Aude Coquard CHU of Rouen, Dominique Paya CHU of Strasbourg, Valérie
Sautou CHU of Clermont-Ferrand, Florence Lieutier CHU of Nice, Isabelle
Hermelin CHU of Orléans, Ludmilla Tatem CHU of Point-a-Pitre, Vincent Gicquel
CHU of Rennes, Delphine Merger CHU of Saint-Denis de la Réunion.

Funding
Not applicable.

Availability of data and materials
Please contact author for data requests.

Authors’ contributions
All the authors gave final approval of the version to be published.

Ethics approval and consent for publication
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

1Department of Clinical Pharmacy, CHU de Montpellier, 371, Avenue du
Doyen Gaston Giraud, 34090 Montpellier, France. “UMR 5569 HSM, Team
"Pathogénes Hydriques Santé et Environnements’, Unit of Bacteriology,
Faculté de Pharmacie, Montpellier, France. *Department of internal medicine
and geriatrics, HUG de Geneve, Genéva, Switzerland. 4Departmen‘[ of Clinical
microbiology, CHU de Nice, Nice, France. *Inserm U1065, Centre
Méditerranéen de Médecine Moléculaire, Team « Microbial toxins in host
pathogen interactions », Nice, France. ®Université de Nice-Sophia Antipolis,
Faculté de Médecine, Nice, France.

Received: 14 December 2017 Accepted: 30 January 2018
Published online: 05 February 2018

References

1. De Chalain TM. Exploring the use of the medicinal leech: a clinical risk-benefit
analysis. J Reconstr Microsurg. 1996;12(3):165-72.

2. Connor NP, Conforti ML, Heisey DM, Vanderby R, Kunz D, Hartig GK.
Augmented blood removal after medicinal leech feeding in congested
tissue flaps. J Rehabil Res Dev. 2002;39(4):505-12.

3. Durrant C, Townley WA, Ramkumar S, Khoo CTK. Forgotten digital
tourniquet: salvage of an ischaemic finger by application of medicinal
leeches. Ann R Coll Surg Engl. 2006,88(5):462-4.

4. Trovato MJ, Agarwal JP. Successful replantation of the ear as a venous flap.
Ann Plast Surg. 2008,61(2):164-8.

5. Holtje WJ. Successful replantation of an amputated upper lip. Plast Reconstr
Surg. 1984;73(4):664-70.

6. Sartor C, Limouzin-Perotti F, Legré R, Casanova D, Bongrand M-C, Sambuc R,
et al. Nosocomial infections with Aeromonas Hydrophila from leeches. Clin
Infect Dis Off Publ Infect Dis Soc Am. 2002;35(1):E1-5.

O

20.

21.

24.

25.

26.

27.

28.

29.

30.

Page 6 of 7

Bauters TGM, Buyle FMA, Verschraegen G, Vermis K, Vogelaers D, Claeys G,
et al. Infection risk related to the use of medicinal leeches. Pharm World Sci
PWS. 2007;29(3):122-5.

Marden JN, McClure EA, Beka L, Graf J. Host matters: medicinal leech
digestive-tract symbionts and their pathogenic potential. Front Microbiol.
2016;7:1569.

Janda JM, Abbott SL. The genus Aeromonas: taxonomy, pathogenicity, and
infection. Clin Microbiol Rev. 2010;23(1):35-73.

Lineaweaver WC, Hill MK, Buncke GM, Follansbee S, Buncke HJ, Wong
RK, et al. Aeromonas Hydrophila infections following use of medicinal
leeches in replantation and flap surgery. Ann Plast Surg. 1992;29(3):
238-44.

Whitaker IS, Josty IC, Hawkins S, Azzopardi E, Naderi N, Graf J, et al.
Medicinal leeches and the microsurgeon: a four-year study, clinical series
and risk benefit review. Microsurgery. 2011;31(4):281-7.

Guideline of the University of Toledo Medical Center (USA). Available at
http.//www.utoledo.edu/policies/utmc/nursing/guidelines/general. Accessed
24 July 2017.

Guideline of the Mid Essex Hospital (United Kingdom). Available at http://
www.meht.nhs.uk/search/?q=leech. Accessed 24 July 2017.

Guideline of the BfArM (Germany). Available at: http://www.bfarm.de/
SharedDocs/Downloads/DE/Arzneimittel/Pharmakovigilanz/Service/mitteil/
mittl_blutegel.pdf?__blob=publicationFile&v=3. Accessed 27 July 2017.
Taneja P, Rowson J. National survey of the use and application of leeches in
oral and maxillofacial surgery in the United Kingdom. Br J Oral Maxillofac
Surg. 2011,49(6):438-41.

Whitaker IS, Izadi D, Oliver DW, Monteath G, Butler PE. Hirudo Medicinalis
and the plastic surgeon. Br J Plast Surg. 2004;57(4):348-53.

Herlin C, Bertheuil N, Bekara F, Boissiere F, Sinna R, Chaput B. Leech Therapy
in flap salvage: systematic review and practical recommendations. Ann Chir
Plast Esthet. 2017;62(2);e1-e13.

Wilmer A, Slater K, Yip J, Carr N, Grant J. The role of leech water sampling in
choice of prophylactic antibiotics in medical leech therapy. Microsurgery.
2013;33(4):301-4.

Verriere B, Sabatier B, Carbonnelle E, Mainardi JL, Prognon P, Whitaker |,

et al. Medicinal leech therapy and Aeromonas spp. infection. Eur J Clin
Microbiol infect dis off Publ Eur Soc. Clin Microbiol. 2016;35(6):1001-6.
Whitaker IS, Maltz M, Siddall ME, Graf J. Characterization of the digestive
tract microbiota of Hirudo Orientalis (medicinal leech) and antibiotic
resistance profile. Plast Reconstr Surg. 2014;133(3):408e-18e.

Whitaker IS, Kamya C, Azzopardi EA, Graf J, Kon M, Lineaweaver WC.
Preventing infective complications following leech therapy: is practice
keeping pace with current research? Microsurgery. 2009;29(8):619-25.

Kruer RM, Barton CA, Roberti G, Gilbert B, WD MM. Antimicrobial
prophylaxis during Hirudo Medicinalis therapy: a multicenter study.

J Reconstr Microsurg. 2015;31(3):205-9.

Giltner CL, Bobenchik AM, Uslan DZ, Deville JG, Humphries RM.
Ciprofloxacin-resistant Aeromonas Hydrophila cellulitis following leech
therapy. J Clin Microbiol. 2013;51(4):1324-6.

van Alphen NA, Gonzalez A, McKenna MC, McKenna TK, Carlsen BT, Moran
SL. Ciprofloxacin-resistant Aeromonas infection following leech therapy for
digit replantation: report of 2 cases. J Hand Surg. 2014;39(3):499-502.

Patel KM, Svestka M, Sinkin J, Ruff P. Ciprofloxacin-resistant Aeromonas
Hydrophila infection following leech therapy: a case report and review of
the literature. J Plast Reconstr Aesthetic Surg JPRAS. 2013,66(1):e20-2.

Lamy B, Kodjo A, colBVH Study Group, Laurent F. Prospective nationwide
study of Aeromonas infections in France. J Clin Microbiol. 2009;47(4):1234-7.
Lamy B, Laurent F, Kodjo A, Roger F, Jumas-Bilak E, colBVH Study
Group, et al. Which antibiotics and breakpoints should be used for
Aeromonas susceptibility testing? Considerations from a comparison of
agar dilution and disk diffusion methods using Enterobacteriaceae
breakpoints. Eur J Clin Microbiol infect dis off Publ Eur Soc Clin
Microbiol. 2012;31(9):2369-77.

Chen P-L, Ko W-C, Wu C-J. Complexity of B-lactamases among clinical
Aeromonas isolates and its clinical implications. J Microbiol Immunol Infect
Wei Mian Yu Gan Ran Za Zhi. 2012;45(6):398-403.

Mackay DR, Manders EK, Saggers GC, Banducci DR, Prinsloo J, Klugman K.
Aeromonas species isolated from medicinal leeches. Ann Plast Surg. 1999;
42(3):275-9.

Mumcuoglu KY, Huberman L, Cohen R, Temper V, Adler A, Galun R, et al.
Elimination of symbiotic Aeromonas spp. from the intestinal tract of the


http://www.utoledo.edu/policies/utmc/nursing/guidelines/general
http://www.meht.nhs.uk/search/?q=leech
http://www.meht.nhs.uk/search/?q=leech
http://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Pharmakovigilanz/Service/mitteil/mittl_blutegel.pdf?__blob=publicationFile&v=3
http://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Pharmakovigilanz/Service/mitteil/mittl_blutegel.pdf?__blob=publicationFile&v=3
http://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Pharmakovigilanz/Service/mitteil/mittl_blutegel.pdf?__blob=publicationFile&v=3

Grau et al. Antimicrobial Resistance and Infection Control (2018) 7:19

31

32.

33.

34.

medicinal leech, Hirudo Medicinalis, using ciprofloxacin feeding. Clin
Microbiol Infect Off Publ Eur Soc Clin Microbiol Infect Dis. 2010;16(6):563-7.
Bauters T, Buyle F, Blot S, Robays H, Vogelaers D, Van Landuyt K, et al.
Prophylactic use of levofloxacin during medicinal leech therapy. Int J Clin
Pharm. 2014;36(5):.995-9.

Kourt B, Segars LW, Davis TW. When the prescription says “leeches.” Am J
Hosp Pharm 1994;51(17):2113-21142116.

FDA. Product classification. Available at: https://www.accessdata.fda.gov/
scripts/cdrh/cfdocs/cfPCD/classification.cfm?ID=NRN. Accessed 28 July 2017.
MHRA. Guidance on legislation. Available at: http://webarchive.
nationalarchives.gov.uk/20141206100815/http://www.mhra.gov.uk/home/
groups/dts-bs/documents/publication/con286964.pdf. Accessed 28 July
2017.

Page 7 of 7

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolVled Central



https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm?ID=NRN
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm?ID=NRN
http://webarchive.nationalarchives.gov.uk/20141206100815/http://www.mhra.gov.uk/home/groups/dts-bs/documents/publication/con286964.pdf
http://webarchive.nationalarchives.gov.uk/20141206100815/http://www.mhra.gov.uk/home/groups/dts-bs/documents/publication/con286964.pdf
http://webarchive.nationalarchives.gov.uk/20141206100815/http://www.mhra.gov.uk/home/groups/dts-bs/documents/publication/con286964.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Leech storage before use and delivery
	Microbiological controls prior leech use
	Antibiotic prophylactic treatment
	Other approaches for controlling the risk of infection
	Legal status of medicinal leeches

	Conclusion
	Abbreviation
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent for publication
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

