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Abstract While the use of medicinal leech therapy (MLT) in
reconstructive and orthopaedic surgery is widely described,
post-operative complications related to leeches remain a major
concern. Aeromonas spp. strains are involved in the majority
of reported cases. As surgical success rate is directly impacted,
an adapted antibiotic prophylaxis should be instituted in order
to minimize these complications. We assessed pharmaceutical
process, microbiological control and related infections in or-
der to provide data and choose the appropriate antibiotherapy
for patients requiring MLT. We report a clinical and microbi-
ological study over a 24-month period. Clinical data were
collected from patients’ database, and microbiological analy-
sis both on leeches’ tank water and crushed leeches were per-
formed to characterize isolated strains and their susceptibility
to antibiotics. A total of 595 leeches were used to treat 28
patients (12 in plastic surgery and 16 in orthopaedic surgery),
and three documented cases of post-operative infections were
reported. Aeromonas spp. isolates yielded from 62 % of ana-
lyzed batches (75 % of Aeromonas veronii). Eighteen
Aeromonas spp. isolates yielded from 23 water samples and

three crushed leeches. Isolates were similar in tank and
crushed leeches. Strains were susceptible to fluoroquinolones,
sulfamethoxazole/trimethoprim, aminosides, and third-
generation cephalosporins but resistant to amoxicillin/
clavulanic acid and second-generation cephalosporins.
According to collected data, routine tank water microbiologi-
cal analyses are mandatory in order to identify leeches’
batches containing resistant strains and to discard them. In this
context, the surgeon is able to select an appropriated antibiotic
prophylaxis in order to avoid MLT associated serious post-
operative complications.

Introduction

Although the first recorded use of medicinal leeches dates to
ancient Egypt [1, 2], the U.S. Food and Drug Administration
only approved the use of Hirudo medicinalis as a medical
device in 2004 [3]. Medicinal leeches therapy (MLT) has been
used for decades in surgery [4, 5], and recently for chronic
pain syndromes associated with degenerative diseases [6, 7].
The combination of leeches active salivary products including
vasodilators (histamine like products), inhibitors of platelet
aggregation (calian, apyrase, saratin), anticoagulants (hiru-
din), permeability factors (hyaluronidase) and proteinase in-
hibitors (bdellin, egline) [8], allows prolonged bleeding.
When the congestion of a free flap is not related to venous
thrombosis (where surgical revision should be performed
without any delay) but to its design and/or venous anatomy,
leeches allow preserving some congested parts of the flap.
This enables expectation of micro collateral venous drainage
recovery (7 days on average).

Leech-borne infections, imputed to pathogenic agents from
their digestive tract, are the most widely reported complica-
tions of MLT [9] with an incidence between 2.4 and 36.2 %
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[10–16]. It can result in localised cellulitis, meningitis and
septic shock, occurring from 24 hours to 26 days after MLT
initiation [17–20]. Gram-negative bacillus (as Aeromonas
spp.) belonging to commensal leech digestive tract flora have
been reported in 18.5 to 71.3 % of cases [5, 11, 14, 21].

Aeromonas spp.’s muscular and vascular tropism can result
in myonecrosis, vascularitis and thrombosis. Literature reports
that MLT success rate may drop to less than 30 % ver-
sus 60–90 % in the absence of Aeromonas spp. infec-
tion [5, 12, 18, 20, 22]. Various options have been
reported to prevent Aeromonas spp. infection, from ar-
tificial feeding with antibiotics targeting Aeromonas spp.
[23] to external decontamination [24]. Indeed, although
this pathogen is responsible for postoperative complications, it
is essential for blood digestion and thus the expected clinical
efficacy [25, 26].

In order to prevent infective complications, antibiotic pro-
phylaxis has traditionally been employed to varying degrees
and with a range of strategies over the years [6, 22, 27]. A
recent review of 277 patients in multiple centers by Whitaker
et al. showed that only 79.05 % of patients received prophy-
lactic antibiotics [5]. The most recent study in 2015 by Kruer
et al. shows that 91.5 % received prophylaxis [28]. Treatment
is normally started prior to or the onset of MLT, and prophy-
laxis maintained from their removal or up to wound healing is
achieved [12, 13]. Aeromonas spp. are generally resistant to
aminopenicillins and first-generation cephalosporins (beta-
lactamases) [11, 12, 14, 15, 21]. Fluoroquinolones (FLQ) have
been recommended based on sound microbiological evidence
[6, 12, 14]. In 2006, a French prospective multicenter study
including 78 Aeromonas spp. isolates reported an overall sus-
ceptibility of 91.7, 95.8 and 98.6 % to ciprofloxacin,
cefotaxim and cefepim, respectively [29]. It has been consid-
ered that infection risk of MLT is minimized with FLQ and/or
sulfamethoxazole/trimethoprim (SXT) [5, 14, 17, 30]. An in-
creased incidence of infections associated to multi-drug resis-
tant’s Aeromonas spp. including FLQ resistant isolates has
been reported [27, 31–33]. Due to the heterogeneous suscep-
tibility of Aeromonas spp. to antimicrobial agents and the
increase in resistance to FLQ, identification of pathogenic
Aeromonas spp. strains and documentation of their antibiotic
susceptibility is essential. To date, no standardized methods
have been established.

The objectives of our study are (i) to assess and describe
local pharmaceutical/microbiological control processes and
MLT related infections and (ii) to provide data in order to
adapt prophylactic antibiotherapy for patients undergoing
MLT. We also assessed through microbiological tests on
crushed leeches the link between digestive tract microbiota
and isolated strains from leeches’ tank water. Given the lack
of guidelines, these data are essential for the surgeon in the
management of patients undergoing surgery requiring MLT in
order to select the most appropriate antibiotic.

Materials and methods

This is a clinical and microbiological study performed at the
Georges Pompidou European Hospital (Paris, France) from
January, 1st 2013 to January, 30th 2015, by the Pharmacy,
Microbiology, Orthopaedic and Plastic Surgery Departments.

Indications for MLT and leech-borne infections
documentation

Leeches were indicated for early postoperative congestion of
local flap, after eliminating any cause of flap compression
jeopardizing the venous backflow. Regarding free flap, pro-
viding any global venous thrombosis had been ruled out by
appropriate revision, leeches were indicated when the distal
part of a flap (opposed to the pedicle location) could not be
trimmed out due to the size requirements.

The cases of leech-borne infections were retrospectively
searched except for one patient analyzed per protocol.
Medical history, MLT indications, antibiotic prophylaxis if
present, documented infections and their subsequent treatment
were retrieved from patients-held databases (DxCare®) and
laboratory information system (LIS). Microbiological docu-
mentation was based upon local swabs taken from the wound.

Leeches pharmaceutical circuit, bacteriological
identification and antimicrobial susceptibility testing

Once received at the Pharmacy, leeches are stored in 5-liters
tanks filled with neutral (pH 7) and low hydrometric titer
mineral water changed weekly. The tanks are then placed in
a dedicated and controlled refrigerator between 2 and 8 °C.
Each water tank contains 30–40 leeches from the same batch.
Up to 200 leeches are permanently stored at the Pharmacy.

Microbiological tank water analyses were performed per
protocol. Under aseptic conditions, 100-ml samples were col-
lected (Milliflex® filtration unit 100 ml; filter 0.45 microns;
MILLIPORETM) from each tank and then filtered (Milliflex®

PLUS filtration system; MILLIPORETM) in a laminar flow
hood. The sample was placed in an agar plate (Milliflex® TS
pre-filled; MILLIPORETM) and then incubated at 32 °C for
24 hours. Using stratified random sampling, five leeches from
each batch were killed, mechanically crushed, weighed, and
then diluted in 10 ml of water for injection. Then 10 and/or
100 μl were plated on Columbia + 5 % horse blood,
bioMérieuxTM medium. The media were then incubated at
32 °C for 24 hours. For each microbiological analysis, a neg-
ative control was performed with French mineral water used
for leeches’ storage.

Each colony morphotype was selected and identified.
Bacteria were inset using a cotton swab on a MALDI-TOF
MS target plate at room temperature. Samples were then fixed
by adding 1 μl of absolute ethanol to inactivate bacteria.
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Samples were then overlaid with 1 μl of saturated α-cyano-4-
hydroxycinnamic acid and allowed to crystallize. Samples
were processed on the Microflex MALDI-TOFMS spectrom-
eter with the FlexControl software (Bruker DaltonicsTM,
Bremen, Germany). The spectra were analyzed in an m/z
(mass/charge number of ions) range of 2,000 to 20,000 using
the flex analysis software (Bruker Daltonics) and calibrated
with the protein calibration standard I (Bruker Daltonics).
Numerical data obtained from the spectrometer (peak value
and relative intensity for each peak) were analyzed using Flex
control analysis. Only scores >2 were considered.
Antimicrobial susceptibility testing was performed using disk
diffusion method according to the EUCAST guideline v3.1
2013 [34]. In this study, we considered the following pheno-
types as wild type Aeromonas spp.: (i) resistant to amoxicillin/
clavulanic acid (AMC) and second-generation cephalosporin
(2GC) but (ii) susceptible to third-generation cephalosporin
(3GC), FLQ and SXT.

Results

Documented leech-borne infections

Over the 24-month analysis period, 595 leeches from eight
batches were used to treat 28 patients (12 in plastic surgery
and 16 in orthopaedic surgery) (Table 1). Among them, three
(11 %) cases of post-operative infections were reported, one in
orthopaedic (finger reimplantation after ring syndrome) and
two in plastic surgery (breast reconstructions by free flap). No
medical history related to infectious risk factors such as im-
mune deficiency, diabetes, hepatobiliary disease, and obesity
was noticed. A common feature of all three post-operative
infection cases was an inadequate (fluoroquinolone) or lack
of antibiotic prophylaxis.

Local bacteriological swabs taken from the wound for the
ring syndrome patient (day 4), from abscess (day 5) and ne-
crotic tissues (day 7) for the patients managed in the plastic
surgery department, had been realized for microbiological
identification.

Two of the three cases involved wild type Aeromonas spp.
strains while the one identified in the third reported case

(breast reconstruction) was resistant to FLQ, whereas
levofloxacin had been used as prophylaxis (Table 1).

Despite these postoperative complications, the patients
completely recovered with the administration of appropriate
intravenous antibiotic treatments over 7 days (levofloxacin for
two patients, cotrimoxazole for the patient infected with FLQ-
resistant strains). The prospective microbiological analysis re-
trieved the incriminated batches (batch B, Table 2) for the
orthopaedic case. In the other two cases (breast reconstruc-
tion) no batch analysis was performed.

Tank water and leeches analyses

During the study period, 26 microbiological analyses were
performed (23 tank water and three crushed leech samples).
The subsequent microbiological analyses of both tank water
and crushed leeches allowed identification of similar patho-
genic strains (Table 2). Aeromonas spp. isolates yielded from
62 % of analyzed batches (more than 3/4 of Aeromonas
veronii). Tank water and leeches’ homogenates revealed sim-
ilar microbiological flora. Pseudomonas gessardii was isolat-
ed from the French mineral water negative control sampling
and was thus not considered as part of leeches’ microbiota.
Antibiotic susceptibility testing performed on the set of isolat-
ed strains from both is presented in Table 3. Tank water and
leeches' homogenates revealed a similar susceptibility.
Antimicrobial susceptibility testing revealed that Aeromonas
spp. strains were all resistant to AMC, and mostly 2GC
resistant and susceptible to 3GC, aminosids, SXT and FLQ
(Table 3).

Discussion

Management of patients undergoing surgery requiring MLT
should systematically include an appropriate antibiotic pro-
phylaxis involving FLQ or SXT. Given the literature, the lack
of guidelines and our local experience, it is clear that this
crucial point is not a standard of care. We must keep in mind
the leech-borne infections’ clinical consequences and the pos-
sibility for physicians to face resistant Aeromonas spp.

Table 1 Leech prescription analysis over a 24-month period at Georges Pompidou European Hospital

Indications Number of
patients

Cumulated treatment
duration in days (mean)

Cumulated number
of leeches (mean)

Mean number of leeches
per patient/24 h

Infected
patients

Plastic surgery 12 32 (2.7) 540 (45) 17 2a

Orthopaedic surgery 16 38 (2.4) 287 (18) 8 1b

Total 28 70 (2.5) 595 (29.5) 12.5 3

a Breast reconstruction
b Ring syndrome
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In order to minimize postoperative infections related to
Aeromonas spp. strains, leech pathways from the suppliers
to the patients has to be thoroughly assessed including tank
water microbiological analysis, monitoring of storage and
dispensation.

In the present study, we implemented the adaptation of the
antibiotic prophylaxis administrated to patients undergoing
MLT based on systematic microbiological controls of the
leeches' tank water before their use. The microbiological tests
on crushed leeches confirmed the link between digestive
tract microbiota and isolated strains from leeches’ tank
water. Thus, based on microbiological evidence (includ-
ing antimicrobial susceptibility testing), physicians can
choose the most appropriate antibiotic prophylaxis when
MLT is required.

Over a 24-month study period, three post-operative infec-
tions were recorded, one of them involving a strain demon-
strating FLQ resistance. The current incidence of 3 MLT re-
lated infections corresponds to the 2.4 and 36.2 range of inci-
dence previously reported [12–16]. While the risk appears
limited, it should be kept in mind the difficulty to manage this
kind of patient (anemia, transfusion) and preserve the graft
from infection and/or congestion.

Despite the above reported case of FLQ-resistant
Aeromonas spp. infection, our results suggest that leeches
used for leech therapy do not frequently carry any mutated
type bacteria.

Over the several microbiological analyses, four species of
Aeromonas spp. (A. hydrophila, A. veronii, A. eucrenophila,
and A. salmonicida) have been isolated from both leeches’
tank water and homogenate of crushed leeches. We herein
report only wild type Aeromonas strains which is in line with
the correspondent literature [11–15].

The combined data from both crushed leeches and tank
water analysis (similar isolates and antibiotic susceptibility
depending on the leech’s batch) support that the microbiolog-
ical control of water storage is adequate for routine clinical use
of leeches.

Crushed leeches control did not bring additional informa-
tion and was thus abandoned following the current prospec-
tive study. Our data also confirm the need and pertinence of
FLQ and SXT, indifferently used as first option for MLT an-
tibiotic prophylaxis [35, 36]. As these two antibiotic classes
are also used for curative antibiotherapy, tanks which harbor
FLQ and/or SXT resistant isolates have to be detected and
leeches from the incriminated batches discarded, to help re-
ducing post-operative complications [30, 35, 37].

Data on quinolone-resistant-determining regions (QRDRs)
reported double mutations (Ser83→ Ile and Asp87→Asn)
and a single mutation (Ser80→ Ile) in the gyrA and parC
genes, respectively [38]. Therefore, we decided to perform
weekly tank water microbiological analyses on every batch,
even those previously controlled [39, 40].

Therefore, in order to preserve MLT’s clinical efficacy and
with respect to the literature [23, 24], we decided to (i) manage
the patients with an appropriate antibioprophylaxy instead of
eradicating Aeromonas strains from leeches’ digestive tract
and (ii) to perform weekly tank water microbiological analy-
ses on every batch, even those previously controlled.

Imputability of postoperative infections is controversial.
Indeed, we should keep in mind that the vast majority of
affected tissue necrosis is related to venous congestion. In
any case of local infection, debridement should be performed
without any delay in order to preserve flaps integrity as much
as possible, even under venous congestion. Occurrence of
Aeromonas spp. in samples, while antibiotic prophylaxis has
been initiated, cannot explain alone extensive necrosis of

Table 2 Tank water (TW) and
crushed leech (CL)
microbiological analysis (N = 26)
results for each batch (A to G)

Number of sample MALDI-TOF identification Leech batches Origin

3 Aeromonas hydrophila B, C TW and CL

12 Aeromonas veronii A, B, D, C, E, F TW and CL

2 Aeromonas eucrenophila C, D TW

1 Aeromonas salmonicida C TW

3 Morganella morganii A, G, E, G TW and CL

2 Pseudomonas gessardii A, B TW

1 Pseudomonas proteolytica D TW

2 NA A TW

NA not applicable: unconformity of the sample

Table 3 Antibiotic susceptibility of strains isolated from tankwater and
crushed leeches (N = 21) (EUCAST v3.1 2013)

Strain Susceptibility (%)

AMC 2GC 3GC AMN FLQ SXT

Aeromonas hydrophila (n = 3) 0 66 100 100 100 100

Aeromonas veronii (n = 15) 0 64 100 100 100 100

Morganella morganii (n = 3) 0 100 100 100 100 100

AMC amoxicillin/clavulanic acid, 2GC second-generation cephalosporin,
3GC t h i r d - g en e r a t i o n c epha l o s po r i n , AMN am ino s i d e ,
FLQ fluoroquinolone, SXTsulfamethoxazole/trimethoprim
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congestioned flaps [4, 18, 22]. Others factors such as flap
design or venous thrombosis may be involved and could lead
to surgical revision.

The virulence factors of Aeromonas spp. with type III se-
cretion systems [35, 36] altering phagocytosis and inducing
apoptosis [37, 41] can also participate to tissue necrosis.

We established a secured medicinal leech pharmaceutical
circuit including routine microbiological tank water control
and pharmaceutical validation of the antibiotic prophylaxis
prescribed for patients undergoing surgery requiring MLT.
Ciprofloxacin 250 mg bid is currently prescribed per os as
first line antibioprophylaxy for patients undergoing scheduled
surgery. In case of contraindication (i.e. renal impairment) or
leeches containing FLQ resistant Aeromonas spp. strains,
SXT (800mg/160mg bid per os) is prescribed. Before starting
MLT, a complete blood count including platelets is performed
and hemoglobin under 7 g/dl is considered as a contraindica-
tion in our hospital.

To our knowledge, this is the first study involving micro-
biological analyses (strains identification and antimicrobial
susceptibility testing) performed both on tank water and
crushed leeches in order to prevent surgical failure due to
postoperative infection for patients undergoing MLT.

A prospective study is on going regarding Aeromonas spp.
related postoperative infections taking into account the initi-
ated pharmaceutical circuit and microbiological analyses.
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