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The use ofmedicinal leeches (Hirudomedicinalis) is a valuable
tool in reconstructive surgery to treat venous congestion in
flaps and revascularization/reimplantations. In a review of
the medicinal leech therapy literature, only five bacterial
species have been found to be associated with postoperative
infections after leech therapy. Aeromonas hydrophila, a nor-
mally occurring gut flora of Hirudo medicinalis, is the most
common cause of bacterial infection, for which antibiotic
prophylaxis is directed during leech therapy.1 The authors
herein describe new multidrug-resistant organisms, Proteus
vulgaris and Morganella morganii, as well as Aeromonas
hydrophila acquired from medicinal leech therapy used to
treat venous congestion after reconstructive soft tissue flap
surgery. Culturing of the gut contents from an unused live
leech from the same cohort of leeches used to treat the
patient produced the same strains and antibiotic resistance
patterns as the bacterial isolates recovered from the infected
patient. A successful outcome was achieved with culture-
directed antibiotics, debridement, and hyperbaric oxygen
therapy.

Report

A 68-year-old insulin-dependent diabetic man with venous
insufficiency and morbid obesity (body mass index [BMI]
¼ 42.5 kg/m2) presented with a large, chronic lateral ankle
wound and a Charcot ankle deformity (►Fig. 1). This high-risk
patient had a previous history of osteomyelitis with oxacillin-
susceptible Staphylococcus aureus and group B streptococcus.
Reconstruction consisted of irrigation and debridement, re-
moval of old osteosynthesis implants (via an anterior-medial
incision), and bony stabilization with the Ilizarov technique
(►Fig. 2). Operative cultures taken during the index recon-
struction grew only Enterococcus faecalis, a Haemophilus
species, and a coagulase-negative Staphylococcus. Parenteral
nafcillin was administered while the patient was hospital-
ized, followed by a course of oral cephalexin at hospital
discharge for a total of 10 weeks. Resolution of the lateral
woundwas accomplishedwith Integra BilayerWoundMatrix
Dressing (Integra, Plainsboro, New Jersey), the VAC vacuum-
assisted closure device (Kinetic Concepts, Inc., San Antonio,
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Abstract The use of medicinal leeches in reconstructive surgery has proven value for the salvage
of flaps with venous congestion but is associated with a risk of leech-acquired infection.
The most common leech-associated organism is Aeromonas hydrophila, which antibiotic
prophylaxis is typically directed against. The authors describe two new multidrug-
resistant organisms acquired from medicinal leech therapy that resulted in flap
infection. The evaluation of suspected leech-borne infection and management protocol
for this leech-acquired resistant multi-organism infection is presented.
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Texas), and split-thickness skin graft, and the external fixator
was removed at 8 weeks. At removal of the external fixator,
deep cultures (with the patient off antibiotics) were negative
and antibiotics were discontinued. Deep operative cultures
proved clearing of his bone infection; radiographs and clinical
examination demonstrated successful skeletal stabilization.

However, several weeks after removal of the external
fixator, the patient’s anterior-medial ankle incision failed to
heal and enlarged, resulting in full-thickness tissue loss with
exposed bone and tendon (►Fig. 3). A plantar medial artery
rotation flap was employed to cover the anterior-medial
ankle wound; recalcitrant venous congestion occurred im-
mediately after flap insetting (►Fig. 3). Leech therapy was
initiated immediately (►Fig. 4) and prophylactic ciprofloxa-
cin started; leech therapy continued until venous congestion
resolved and the flap stabilized (total of 5 days). On approxi-
mately day 2 of leech therapy, new purulent drainage flowed
from below the flap (►Fig. 4), despite the patient being on

ciprofloxacin. Vancomycin was added on suspicion of a
recurring resistant infection with E. faecalis or a methicil-
lin-resistant S. aureus. Serial operative irrigation and debride-
ment was performed with collection of new deep operative
cultures that grew Proteus vulgaris and A. hydrophila
(►Tables 1 and 2). A sample virgin leech was sacrificed and
the gut contents cultured (►Table 3). Cultures of the leech
crop contents (►Tables 1 and 2) demonstrated the presence
of two strains of Aeromonas (A. hydrophila complex and
A. veronii complex, both nonsusceptible to fluoroquinolones),
P. vulgaris, andM.morganii. Antibiograms of the A. hydrophila
complex strain and the latter two organisms were virtually
indistinguishable from those recovered from the patient
(►Table 1).

Repeat operative irrigation and debridement was per-
formed again 5 and 16 days later; P. vulgaris was again

Fig. 1 Clinical photo of (A) large lateral chronic wound overlying
(B) osteomyelitic Charcot ankle with severe varus deformity.

Fig. 2 (A) Immediate postoperative appearance of ankle reconstruc-
tion and (B) corresponding radiograph. The anterior-medial incision
used to remove plates and screws failed to heal and broke down
further.

Fig. 3 (A) Nonhealing incision with exposed bone, (B) managed with a
plantar medial artery rotation flap that exhibited immediate and
persistent venous congestion, which was successfully treated with
medicinal leeches.

Fig. 4 (A) Leeches successfully relieving venous congestion on plantar
medial artery flap. (B) Appearance of flap infected with Proteus
vulgaris,Morganella morganii, and Aeromonas hydrophila acquired from
medicinal leeches.
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identified in culture, this time in conjunctionwithM.morganii.
All of the organisms cultured displayed antibiotic resistance,
and all were resistant to ciprofloxacin (►Table 1). Antibiotics
were adjusted by the infectious disease service based on

antibiograms with the deletion of vancomycin/ciprofloxacin
and the initiation of parenteral ceftazidime. Final operative
cultures and bacterial 16S DNA sequencing of polymerase
chain reaction (PCR) amplicons that were taken 22 days

Table 2 Timeline summary of patient and leech culture data

Patient and leech culture results

The index reconstruction (first surgery prior to flap reconstruction and application of medicinal leeches) cultures
recovered Enterococcus faecalis, a coagulase-negative Staphylococcus, and a Haemophilus species (not H. influenzae) by
routine aerobic cultures of tissue from the patient’s left foot. Antibiograms were characteristic for the tested species
(the E. faecalis being susceptible to ampicillin and vancomycin, and the Staphylococcus being susceptible to oxacillin
and resistant to penicillin).

Cultures submitted postinfected flap surgery grew strains of Aeromonas hydrophila complex (resistant to fluoroquinolones)
and Proteus vulgaris (resistant to fluoroquinolones; susceptible to ceftazidime, cefepime, and gentamicin). Cultures
taken 12 days postsurgery demonstrated P. vulgaris and Morganella morganii but no aeromonads. The antibiogram of
P. vulgaris was essentially unchanged from the earlier isolate and highly similar to that of M. morganii with the exception
of gentamicin (resistant in M. morganii). Both P. vulgaris and M. morganii were again recovered 16 days postsurgery but
were absent by day 22 and on subsequent follow-up.

Table 1 Summary of leech gut bacterial isolates with antibiotic sensitivities that resulted in clinical infection

Proteus vulgarisa

Sensitive: amikacin, ceftazidime, cefepime, gentamicin

Intermediate: ceftriaxone, piperacillin/tazobactam

Resistant: ampicillin, ciprofloxacin, cefuroxime, cefazolin, levofloxacin, SXT/TMP, tetracycline

Aeromonas hydrophila

Sensitive: ceftriaxone, cefepime, SXT/TMP

Resistant: ciprofloxacin, levofloxacin

Morganella morganiia

Sensitive: amikacin, ceftazidime, ceftriaxone, piperacillin/tazobactam

Intermediate: tobramycin

Resistant: ampicillin, ampicillin/sulbactam, ciprofloxacin, cefuroxime, cefazolin, levofloxacin, SXT/TMP, tetracycline

Abbreviation: SXT/TMP, sulfamethoxazole/trimethoprim.
aNew reported bacterial organism.

Table 3 Methodology of leech specimen testing

Specimen acquisition

Routine aerobic cultures and susceptibility testing were performed on patient tissue and on the leech crop contents to
examine for shared bacterial pathogens. Leeches were maintained in the hospital pharmacy under conditions specified
by the supplier (Leeches USA, Ltd., Westbury, New York). The tested leech originated from the same cohort used for
patient treatment and was acquired directly from the pharmacy for microbiologic analysis. Leech crop contents were
sampled following a 1-hour freeze-thaw cycle at –80C to inactivate leech motility. The leech was blotted dry with sterile
gauze, held vertically by the caudal sucker with forceps, and gently stripped of crop contents by grasping the body with a
second forceps using minimal external pressure and moving downward along the body surface in a continuous postero-
anterior motion. Several drops of serosanguinous fluid were expressed from the oral sucker and collected in a sterile tube
for processing.

Laboratory processing

All tissue, swab, and crop content specimens were plated to standard media including sheep blood, chocolate, and
MacConkey and colistin-nalidixic acid (CNA) agars, streaked for isolation, and incubated at 35 to 37C in an enriched CO2

atmosphere. Following growth at 24 to 48 hours, identifications and susceptibilities were performed on an automated
instrument platform (BD Phoenix, Becton-Dickinson, Franklin Lakes, New Jersey) using NMIC-ID panels. Identification
confirmation was achieved using matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry (MALDI BioTyper version 3.0; Bruker Daltonics Inc., Billerica, Massachusetts).
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after the initiation of leech therapy were negative (►Fig. 5). In
addition to operative debridement and culture-directed anti-
biotics, local ancillary treatments included two weeks of VAC
(Kinetic Concepts, Inc.) instillation therapy with a triple anti-
biotic solution under the flap (bridged to the donor site) and a
30-day course of daily hyperbaric oxygen therapy; a split-
thickness skin graft was placed on the donor site after the
infection was cleared. Due to concern for the potential of
seeding an occult, deep osteomyelitis, an extended 8-week
course of antibiotic was administered (6 weeks of ceftazidime
and 2 weeks of oral fosfomycin tromethamine). The flap was
salvaged and at 12-month follow-up, the patient’s limb was
plantigrade with durable soft tissue coverage, and he was able
to ambulate in a protective diabetic brace (Charcot restraint
orthotic walker, “CROW boot”).

Discussion

Medicinal leech therapy is an important tool for the reconstruc-
tive surgeon to salvage flaps and replanted parts that exhibit
venous congestion. In ameta-analysis of the literature,Whitaker
et al cited a 78% salvage rate for venous congestion of flaps
treated with medicinal leeches.1 However, infection acquired
frommedicinal leeches is awell-recognized potential complica-
tion andmaybe as high as 14%,withA. hydrophila accounting for
the vast majority of infections (88%), and A. veronii, A. sobria,
Serratiamarcescens,andVibriofluvialiseachaccounting for 3%of
infections; flap salvage after leech-associated infection can be
reduced to 37%.1 Antibiotic prophylaxis upon leech therapy is
recommended, with ciprofloxacin being a commonly used
prophylactic antibiotic. However, fluoroquinolone resistance is
now being reported.2 A newer medicinal leech, Hirudinaria
manillensis, also exhibits typical annelid gut flora populations:
Bickel et al3 reported gut culture results from H. manillensis,
reporting that 20% of leach gut cultures were positive for A.
hydrophila, and the remaining 80% were positive for gram-
positive bacteria and mixed gram-negative bacilli. However, all

bacterial isolates from H. manillensis were sensitive to standard
antibiotic regimens for A. hydrophilia.3 The crop is the section of
the leech digestive tract that harbors bacteria that may result in
human infection.4 Commercial production of medicinal leeches
includes storage in a commonaqueous environment and feeding
with a poultry-based leech food. The commonpractice of adding
antibiotics to commercial poultrymaybe a potentialmechanism
for the development of antibiotic resistance (such as seen in
human foodborne infections), with resistant bacteria passed
from leech to leech. Unfortunately, efforts aimed at external
techniques to achieve leech gut decontamination have failed.5

Thus, although routine antibiotic prophylaxis is effective in
preventing most medicinal leech-acquired infections, the prob-
lem of antibiotic-resistant bacterial infections acquired from
medicinal leeches remains unsolved.

In conclusion, the authors add an important bacterial
pathogen to the list of offending organisms associated with
leech therapy. Due to the high prevalence of A. hydrophila in
the gut ofmedicinal leech species, antibiotic prophylaxis with
an appropriate antibiotic, such as ciprofloxacin, should com-
mence with leech therapy. When confronted with an infec-
tion after instituting medicinal leech therapy despite
antibiotic prophylaxis, operative irrigation and debridement,
along with local bedside wound care, should be commenced
immediately. Antibiotic therapy should be modified to cover
resistant strains of Aeromonas. Laboratory investigation
should seek antibiotic-resistant bacteria that may be har-
bored within the leech by culturing the gut contents of a
virgin leech from the same cohort. Operative tissue culture
results should be compared with those obtained from the
leech gut contents. Further antibiotic therapy should bebased
upon patient-specific and leech-specific culture results, care-
fully ensuring appropriate antibiotic coverage of all infecting
organisms. Therapy should continue until operative cultures
are negative and no devitalized tissue remains. Additionally,
any remaining unused leeches should be sacrificed and
discarded. If further leech therapy is required, a new batch
of leeches should be ordered with consideration given for gut
culture of a representative leech from the same cohort upon
initiation of therapy.
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Fig. 5 (A) Anterior view and (B) oblique view of healed plantar medial
artery flap 22 days after Proteus vulgaris, Morganella morganii, and
Aeromonas hydrophila infection acquired from leech therapy treated
with parenteral antibiotics, operative debridement, negative pressure
dressings, and hyperbaric oxygen therapy.
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