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Abstract: A patient with oral squamous cell carcinoma (OSCC) underwent complex surgical tumor
therapy, including the reconstruction of soft tissues using a radial forearm flap. Due to venous
congestion that could only partly be resolved by revision surgery, leech therapy was started on
the second postoperative day. The patient developed pneumonia and sepsis and died as a result
of septic shock, despite having received targeted broad-spectrum antibiotic therapy since day 5.
Aeromonas spp. were cultured from both the patient’s specimens and unused leeches. Biochemi-
cal identification and matrix-assisted laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) yielded inconsistent identification results. Finally, microbiological identification
of Aeromonas spp. was performed via 165 rDNA sequencing and use of the basic local alignment
search tool (BLAST), and strains from both the patient and the leeches were identified as Aeromonas
veronii. Aeromonas spp. strains derived from the patient and leeches and independent laboratory
strains were submitted to randomly amplified polymorphic DNA (RAPD) subtyping. RAPD of A.
veronii strains from both sources revealed an identical pattern, strongly suggesting the transmission of
A. veronii from the leeches to the patient. Physicians should be aware of the potential for severe lethal
infections as a fatal side-effect of leech therapy in critically ill patients, which should be addressed
using antibiotic prophylaxis.

Keywords: reconstructive surgery; venous flap congestion; leech therapy; Aeromonas spp.; 165 rDNA
sequencing; randomly amplified polymorphic DNA (RAPD)

1. Introduction

Leeches are one of the oldest medical treatments of mankind. Their ability to suck
blood from the patient painlessly yet effectively made their use more popular than me-
chanical methods of bloodletting, such as the fleam and scarifier, even in the days of
Galen’s humoral pathology [1]. Shortly after the discovery of blood circulation [2], many
diseases nonetheless continued to be attributed to an excess of blood in the body [1], and
the consumption of leeches continuously increased and peaked in the 19th century, with
an annual consumption of 100 million [3]. The advancement of scientific medicine, es-
pecially its subfields of physiology and pathology, eventually led to the decline of this
centuries-old application [4].

Scientific interest in leeches resurged when F. Markwardt isolated hirudin, which has
a very strong anticoagulant effect, from leech pharyngeal glands in 1955 [5]. Thus, leeches
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moved into focus in the context of plastic surgery, where they were used to treat venous
congestion of flaps, beginning in 1960 and continuing thereafter [6].

Based on the discovery of hirudin, the mechanism of action and the constituents
of leech saliva were subjected to intensive basic research. Although it was previously
assumed that the saliva was only used for sucking [1], it has now been possible to identify
and characterize a large number of adjuvant ingredients of the saliva, which serve the
goal of an undisturbed blood meal over 15-30 min and subsequent painless phlebotomy.
These include substances that inhibit coagulation (hirudin, calin, saratin, destabilase, and
apyrase), have analgesic and anti-inflammatory effects (eglin C and leech-derived tryptase
inhibitor, LDTE), facilitate tissue penetration via degradation of the extracellular matrix
(hyaluronidase and collagenase), and have vasodilatory (antistasin) or antimicrobial effects;
for reviews, see [7,8]. It has been possible to define useful indications through several
well-founded case series and to develop recommendations for use and algorithms for
leech application with regard to dosage per area, delivery route, frequency of application,
and appropriate antibiotic prophylaxis [9]. For example, leeches are now used to prevent
flap necrosis in congested pedicled or free flaps in plastic surgery [8] and in replantation
surgery in the replantation of various body parts [7]. Other applications of leeches are in
orthopedics, in the treatment of osteoarthritis, in the treatment of chronic regional pain
syndromes, and otitis media [10]. The risks of infection, which can hardly be controlled
in free-living animals, had already led to the institutionalization and regulation of leech
farming at the beginning of the 19th century (with the foundation of Biopharm® in Hendy,
South Wales, UK, in 1812), with the aim of making their application as safe as possible. This
culminated in their approval as a medical device by the US Food and Drug Administration
(FDA) in 2004 [11] and for approval as a ready-to-use drug in Germany by the Federal
Institute for Drugs and Medical Devices (BfArM) in 2005 [12]. As with other drugs, there
are also risks and side effects associated with the use of leeches, which must be carefully
considered before use. These include, first and foremost, severe blood loss, which in
extreme cases can lead to the need for a transfusion [13] or even death [14]. Furthermore,
other risks include regional lymph node swelling, local itching, allergic reactions to protein
components of leech saliva such as local pruritus and anaphylaxis (grade I-IV) [15,16], and
the development of B-cell pseudolymphoma [17].

One of the greatest risks, however, is due to the potential for infections, which may
present as narrowly localized or systemic inflammation caused by secondary infections
of the bite site or primarily through the transmission of the leeches’ intestinal symbionts,
Aeromonas spp. [18]. Moreover, the occurrence of inflammatory complications significantly
lowers the success rate of flap salvage [13,19]. In addition, there is a risk that the inflamma-
tion will spread, causing the patient to become critically ill. Thus, there are reports in the
literature of septic courses of Aeromonas infection [20], but so far, these have invariably had
ultimately favorable outcomes. In this respect, we report here on the first fatal course of
such a systemic spread of infection.

2. Materials and Methods

The diagnostic laboratory of the Institute of Medical Microbiology and Hygiene of the
University Hospital Diisseldorf is accredited according to DIN EN ISO 15198:2014. Blood
culture diagnostics: blood culture bottles were incubated in an automated system (BacT/Alert®,
bioMérieux, Niirtingen, Germany) for 7 days. Processing of tracheal secretion samples: samples
were homogenized with dithiothreitol (DDT) and streaked on Columbia blood agar plates
(bioMérieux, Niirtingen, Germany), MacConkey agar plates (Oxoid, Munich, Germany) and
chocolate agar plates (bioMérieux, Niirtingen, Germany) and incubated for 48 h in aerobic
conditions for MacConkey plates, with additional 5% CO, pressure at 36 °C for Columbia blood
agar plates or for 96 h in anaerobic conditions at 36 °C for chocolate agar plates. Pathogen
identification was carried out by means of matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) technique using the Vitek®MS mass spectrometer
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(bioMérieux, Niirtingen, Germany). Antibiotic resistance testing was performed using the
Vitek®2-System (bioMérieux, Niirtingen, Germany).

Microbiological cultures from leeches (method not accredited): Bacteria were grown
from live leeches by placing the leeches directly on Columbia blood agar plates (bioMérieux,
Niirtingen, Germany) and MacConkey agar plates (Oxoid, Munich, Germany) for 2 min
(Figure 1). Plates were then incubated for 18 h at 36 °C. All the bacterial species growing
on the plates were subcultured and submitted to Vitek®MS and Vitek®2 for identification
and antibiotic resistance testing, respectively.

Figure 1. Leech on MacConkey Agar Plate.

Sequencing of 165 rDNA and comparison to databases: DNA extraction was performed
using a BioRobot EZ1® (Qiagen, Hilden, Germany), 16S rDNA real-time PCR, and melt
curve analysis, which was carried out on an iCycler® (Bio-Rad, Munich, Germany), and the
sequencing of PCR products was performed in the Biomedical Research Facility of the Medical
Faculty of the Heinrich-Heine University, Diisseldorf. Sequence comparison was carried out
using the basic local alignment search tool (BLAST) (http:/ /blast.ncbi.nlm.nih.gov /Blast.cgi,
accessed on 22 November 2016). A characterized bacterial reference strain was simultaneously
analyzed with 165 rDNA PCR and melting curve analysis as a positive control.

Randomly amplified polymorphic DNA (RAPD) was performed as described else-
where [21] using four primers: AP40, ST272, EriclR, and Eric2 (Eurofins Genomics®,
Ebersberg, Germany). The following Aeromonas spp. strains were subtyped by RAPD:

Aeromonas veronii isolate from blood culture;

Two Aeromonas veronii isolates cultured from leeches from the same container in which
the leeches used for the patient were kept;

Four Aeromonas hydrophila isolates from leeches from a different container;

Two independent Aeromonas hydrophila isolates derived from unrelated patients in
terms of time and place.

3. Case Presentation

A 75-year-old Caucasian female patient presented at our clinic with multilocular
plé-negative oral squamous cell carcinoma (OSCC). Three independent intraoral manifesta-
tions were detectable. The patient reported a lifelong abstinence from alcohol and tobacco.
The patient underwent complex tumor surgery according to the decision made by the head
and neck tumor board. For pre-existing medical conditions and detailed information on the
location and staging of OSCC, see Table 1. Due to venous congestion of the radial forearm
flap on the first postoperative day, revision surgery was performed with the removal of a
venous thrombus and revision of the venous anastomosis. Due to insufficient flap recovery,
two leeches were placed on the flap three times a day until spontaneous detachment. The
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breeding leeches (Hirudo verbana) were obtained from a national certified breeding farm
(Medirud®, Biebertal, Germany). Antibiotic therapy with 4.5 g piperacillin/tazobactam
(three times daily) was administered when the patient developed pneumonia on the fifth
postoperative day (Figure 2) and meropenem at 1 g three times daily was included from
day 6, when her condition deteriorated (Table 2). The patient died from sepsis with multior-
gan failure on day 7. Microbiological examination of tracheal secretion and blood cultures
revealed the presence of A. veronii.

Table 1. Patient and Tumor Characteristics.

General medical condition

Pre-existing medical conditions
. Metabolic syndrome, including obesity with a BMI of 40.8 (87 kg/146 cm), arterial hypertension, and
insulin-dependent diabetes mellitus type II;

. Chronic renal failure (1.3 mg/dL serum creatinine);
. Subcortical arteriosclerotic encephalopathy;
. Bilateral gonarthrosis.

No allergies.

Medication

Aspirin, valproate, ramipril, insulin, and ranitidine.

Clinical presentation of tumor disease (OSCC)

Three independent manifestations:

(i) Measuring 2 cm x 1.5 cm on the right side of the lower lip mucosa;
(ii)  Measuring 4 cm x 1.5 cm on the right buccal plane region 045-048;
(iii) 2 cm X 1cm on the alveolar process of the mandible region 037-038.

Tumor Surgery

Tracheostomy; partial resection of the mandible, floor of the mouth, tongue, cheek, and lower lip; and bilateral selective
neck dissection. Reconstruction of the mandibular bone by means of a mandibular reconstruction plate and of the oral soft
tissues using a tongue flap and radial forearm free flap.

Final TNM-stage of the tumors

The final TNM-stage was

(i) pT2 pNO(0/33) LO VO Pn1 G3 RO for the right lower lip;

(ii)  pT4a pNO0(0/33) L0 VO Pn0 G2 RO for the alveolar process of the right mandible;
(iii) pT2pNO(0/33) L0 VO Pn0 G3 R1 for the left floor of the mouth.

im Liegen

Figure 2. Chest X-ray from the fourth postoperative day: Twisted image with lateralization of the
mediastinum to the left. Inserted tracheal cannula, the tip of which projects approximately 6.5 cm
cranially to the carina onto the tracheal lightening band. The left dome of the diaphragm is not
sharply delineated. Marked areal compression left-retrocardially. Prominent pulmonary hili on
both sides as well as somewhat blurred vascular markings. In the supine position, no evidence of a
pneumothorax. Assessment: Compaction retrocardially on the left side, consistent with a pneumonic
infiltrate. Mild PV congestion.
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Table 2. Clinical Status and medical intervention Protocol; (P = prophylaxis, T = therapy, TID = 3 times daily).
.. o S Antibiotic
Day Intervention Clinical CRP Fibrinogen Procalcitonin WBC Sa0, (%) Body Pathogen Prophylaxis
2 (o o .
Symptoms (mg/dL) (mg/dL) (ng/mL) (x1000/uL) Temperature (°C) Detection (P)/Therapy (T)
Ampicillin/Sulbactam
1 Initial Tumor Surgery N/A N/A N/A 10.2 98.7 35.6 N/A iv. 3 g 2 times
intraoperatively (P)
) Ampicillin/Sulbactam
Radial Forearm Flap — Venous flap 9.5 308 N/A 9.5 97.5 38.6 N/A i.v. 3 g once
revision surgery congestion . .
intraoperatively (P)
Venous flap
34  Startofmedicinal — congestion 544 366/400 N/A 9.8/11.4 95.2 36.1/38.9 N/A none
leech therapy improved but
still present
A. veronii from Piperacillin/Tazobactam
5 Pneumonia 329 N/A 0.99 17.5 94.5 39.1 tracheal perac °
4.5 g TID (T)
exudate
. A. veronii from  Piperacillin/Tazobactam
6 Septic shock 46.0 663 1.00 18.4 96.8 39.3 blood culture 45 g TID (T)
Multiorean Piperacillin/Tazobactam
7 5 48.7 817 5.30 17.5 84.9 39.4 4.5 g + meropenem

failure, death

1g TID (T)
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4. Results
Microbiologic Cultures

Patient: A. veronii was grown from the tracheal secretion and blood cultures. The
pathogens of both locations showed the following results in antibiotic resistance testing:
ampicillin/amoxicillin R > 32, ampicillin + sulbactam R > 32, piperacillin I 16, piperacillin +
tazobactam S < 4, cefuroxime S < 1, ceftazidime S < 1, ertapenem S < 0.5, gentamicin S <1,
ciprofloxacin S < 0.25, moxifloxacin S < 0.25, and TMP/SMZ (Co-Trim) S < 20; minimum
inhibitory concentration (MIC) determination: meropenem (mg/L) S 0.06, imipenem
(mg/L) S 0.5, and cefotaxime (mg/L) S 0.03.

Leeches: As expected, Aeromonas spp. was isolated from all the examined leeches. In
addition, further gram-negative rods, including Citrobacter werkmannii, Stenotrophomonas
maltophilia, Comamonas testeroni, and Pseudomonas fluorescens, were isolated from the leeches.
Since identification using the Vitek card AST-N223 and MALDI-TOF MS returned dis-
crepant results (A. sobria and A. veronii resp.), Aeromonas strains from blood cultures, and
from leeches from the same container as those used on the patient, and from leeches from an
independent container, were submitted to 165 rDNA sequencing. The blood culture strain
and the strain from the leeches used on the patient were both identified as Aeromonas veronii,
whereas strains from the leeches taken from the independent container were identified as
Aeromonas hydrophila.

RAPD typing showed that Aeromonas spp. from leeches from the same container had
the same RAPD patterns. Strains isolated from blood cultures and those from the unused
leeches in the same container showed an identical pattern and are thus genetically related.
In contrast, Aeromonas strains from a different container, although related to each other,
were revealed to be unrelated to those of the patient and those from independent laboratory
strains (Figure 3). This strongly suggests that Aeromonas veronii were transmitted from the
leeches to the patient.

— N

Cd ——

N —

1000bp — i E 1000bp

700bp —— pu— e — 700 bp
500bp — [ = 500 bp
400bp — - o 400 bp
300bp — [ o= 300 bp
2000p — [ [ 200 bp
100bp — - e 100 bp

Figure 3. Results for the subtyping of different Aeromonas spp. strains using RAPD PCR with Eric2
primers. Aeromonas veronii strains from blood culture (column 9) and from leeches of the same
container as those used on the patient (columns 3 and 4) showed an identical pattern. Aeromonas
hydrophila strains from 4 leeches from a different container (columns 5-8) showed a pattern identical to
each other but a different to that of the patient strain. Aeromonas hydrophila strains from independent
patients showed independent patterns (columns 2 and 10). Columns 1 and 12 are lambda ladders
(GeneRuler 100 bp DNA ladder, Thermo Fisher Scientific®, Waltham, MA, USA) used as size markers.
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5. Discussion

We report here the first case of lethal sepsis caused by A. veronii during leech therapy
due to venous congestion of a radial forearm free flap. We assume that there is a causal
relationship because the patient showed a clear constellation of infection with a massive
increase in infection parameters, a classic inflammatory/septic circulatory failure (see
Table 1) and we were not able to detect any pathogen other than A. veronii in the laboratory
samples of sputum and blood. Via RAPD typing, we were able to show that the germs
from the leeches had been transferred to the patient. The aeromonads from the leeches
from the container were genetically identical to those from the blood culture.

The microbiome of wild H. verbana contains a large spectrum of pathogen species
of various genera ranging from Morganella, Clostridia, Erysipelothrix, and Desulfovibrio to
Fusobacteria and is dominated by two species, A. veronii and Mucinivorans hirudinis [10].
A. veronii is an obligate intestinal symbiont that is vertically inherited and assists the leech in
blood digestion through the ability to 3-hemolyze [22]. In the directions for the use of these
leeches, tightly localized inflammation, associated sometimes with papular efflorescence
at the bite sites and often with pruritus, is listed as a common risk (>1/100), whereas
marked local inflammation, e.g., cellulitis, erysipelas, phlegmon, or lymphangitis, is listed
as rare (>1/10,000), and systemic infections with sepsis, e.g., via secondary infection of the
wound by different pathogens or by primary infection with A. hydrophila or A. veronii biovar
sobria, are listed as very rare (<1,/10,000) [12]. Finally, inflammatory complications have
led to the standardization and regulation of leech farming and to the approval of leeches
in the United States as a medical device in 2004 [23] and in Germany as a ready-to-use
drug in 2005.

In this respect, by definition, only leeches in which the feeding blood is free of viral
human pathogens and that have completed a minimum 32 week feeding-free quarantine
may be shipped in Germany. Microbiological testing prior to shipment must ensure that no
human pathogens (e.g., pathogens of the genera Clostridium, Staphylococcus, Streptococcus,
Listeria, and Pseudomonas and species of Enterobacteriaceae such as E. coli, or Klebsiella spp.)
other than Aeromonas spp. are detectable on the skin or in the leech internal organs. Most
gut symbionts of H. medicinalis are not culturable, necessitating the use of DNA-based
methods for germ detection and differentiation [23]. Likewise, the transport medium must
be free of the abovementioned pathogens [12]. Accordingly, we were only able to detect
A. veronii in the tracheal secretions and blood culture of our patient. However, in the
leeches themselves, we found other gram-negative bacteria such as Citrobacter werkmannii,
Stenotrophomonas maltophilia, Comamonas testeroni, and Pseudomonas fluorescens.

There are four other case reports of septic complications of leech therapy in the litera-
ture to date: in these cases, as in the present case, no antibiotic prophylaxis was received [20]
or it was ineffective [24,25]. Evans et al. reported septic complication after infection with A.
hydrophila and Enterobacter following the reestablishment of backflow from the hand after
an occupational injury to the right hand. When leeches were applied, the patient received
cephradine and metronidazole, which proved ineffective [24]. Levine et al. reported on a
patient with venous insufficiency after replantation of the thumb and revascularization of
fingers 2—4. General prophylaxis with ampicillin-sulbactam was continued during leech
therapy. After the arrival of findings with evidence of ampicillin—sulbactam-resistant A.
veronii biovar sobria, the antibiotic was changed to ciprofloxacin, and the patient’s condi-
tion rapidly improved thereafter [25]. Maetz et al. reported on two patients with delayed
breast reconstruction via a pedicled TRAM flap. In the first patient, the flap had to be
repositioned because of venous congestion, and the patient received leech therapy for 4
days. She then developed a septic infection due to A. veronii and received IV antibiotics
with 1.5 g vancomycin/day and 6 g cefotaxime/day for 10 days and 350 mg amikacin/day
for 2 days. The fever improved after 4 days of this antibiotic treatment. The other patient
was also subjected to two-stage breast reconstruction with a pedicled TRAM flap. Because
of venous congestion, she was treated with leeches during postoperative days 2-5. On
day 8, necrosectomy had to be performed, and 4 g amoxicillin/clavulanic acid/day and
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160 mg gentamicin/day were initially given for 2 days to treat septic infection. After
the arrival of the microbiology findings, with evidence of A. veronii and the correspond-
ing resistogram, the administered antibiotics were changed to 6 g cefotaxime/day for
10 days, followed by 400 mg ofloxacin p.o./day for 8 days. In this case, the fever again
decreased after three days [20]. The flap success rates of leech therapy of 10 case series
were documented in a recent meta-analysis by Mousavian et al. The courses of 298 patients
could be evaluated, and the success rate for partial or complete salvage was 60.73%; 16.77%
of flaps were lost, and the fate of another 22.5% of patients was unknown [8]. Inflammatory
complications can develop within the first 24 h (as in our case) or up to a month later [9].
This is thought to be due to secondary spread from necrotic, locally immunocompromised
areas [26]. In cases in which inflammatory complications developed, the rate of flap salvage
was more than halved across all case series, such as from 88.3% to 37.4% (in this series, 94%
Aeromonas spp., mostly A. hydrophila, were the causative pathogens) [13] or from 83% to
31.8% [19]. In our case, the flap showed signs of recovery at the time of the patient’s death,
but it was not yet possible to definitively predict whether it would heal.

There are no guidelines on the use of leeches based on prospective randomized clinical
trials (RCTs) nor evolving risk-benefit profiles [27], but there are recommendations for use. For
example, in Germany, the Federal Institute for Drugs and Medical Devices (BfArM) advocates
that the need for concomitant AB therapy should be decided on an individual basis. Thus,
3rd gen. cephalosporins or gyrase inhibitors should be used [12]. The literature currently
consists of reports and case series relating to a few hundred patients and systematic reviews of
these cases [13]. The literature reports frequencies of inflammatory complications of 4.7% [3]
of cases with AB prophylaxis and 2.4-20% in patients without appropriate antibiotics [28].
In such cases, the causative bacteria are mostly Aeromonas spp. (88%) [27]. Accordingly,
the majority of SOPs derived from the current literature recommend antibiotic prophylaxis
starting at the beginning of leech therapy and continuing for one week thereafter [10] but are
still based in part on data obtained prior to the strict regulation of leech manufacturing and
marketing in the United States (2004) and Germany (2005).

Surveys of plastic surgeons indicate that most use AB prophylaxis, and many use
effective prophylaxis. Whitaker et al. surveyed all 62 plastic surgery clinics in England and
Ireland about leech therapy practices and received feedback from 50. Of these, 37 (74%)
used antibiotic prophylaxis with augmentin (30%), metronidazole (5%), benzyl penicillin
and/or flucloxacillin (14%), ciprofloxacin (22%), and various (24%) [10].

A. veronii can carry different types of beta-lactamases and is always resistant to ampi-
cillin. A variable number of strains are susceptible to ampicillin-sulbactam, and resis-
tance to carbapenems and ciprofloxacin is rare but increasing. Thus, resistance has been
increasingly reported in the literature since 2000: Marden et al. reported seven cases
from 2011 to 2014 involving limb replantation or flap surgery in which ciprofloxacin-
resistant A. hydrophila strains were cultured [23]. A study by Wilmer et al. examined
21 Aeromonas isolates from 26 leech water samples and found that 15 (71.4%) were sensitive
to ciprofloxacin, 13 (61.9%) were sensitive to gentamycin, and 21 (100%) were sensitive
to sulfamethoxazole—trimethoprim [29]. Whitaker examined three Aeromonas isolates and
found that all were resistant to amoxicillin, two were resistant to augmentin, and all were
sensitive to ciprofloxacin [30].

In our case, the resistogram was as expected from the literature: Pip/Taz was used
here when pathogens were detected and supplemented with meropenem the following
day, but this was no longer sufficient.

Pre-therapeutic resistance testing of leeches from the same lot used for therapy would
help by facilitating the application of a targeted antibiotic and, thus, not encourage the
breeding of further resistance [31]. This is not yet routinely performed in Germany but
should be introduced, not least because of this report.

To sum up our findings, infections must be considered as a potentially lethal risk in
leech therapy. Leeches must be thoroughly rinsed before therapy, and the application site
must be disinfected. They must not be manipulated with a sharp instrument, such as for-
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ceps. Regurgitation by pulling off or sprinkling with saline solution should be avoided [27].
Postoperative hemorrhage should not be prematurely stopped. AB prophylaxis is recom-
mended, ideally based on the resistogram of Aeromonas spp. strains from other leeches of
the same lot.

6. Conclusions and Limitations

Regarding this case report and data from meta-analyses, a general recommendation
of antibiotic prophylaxis with 3rd generation cephalosporins or gyrase inhibitors during
leech therapy is advocated.

Author Contributions: Conceptualization, C.S. and S.P.; methodology, A.B., S.P. and B.H.; validation,
A.B. and B.H.; formal analysis, A.B. and B.H.; investigation, C.S., A.B., RK. and S.P; resources, B.H.
and S.P; data curation, A.B., B.H. and S.P,; writing—original draft preparation, C.S.,J.L., L.S., B.H. and
S.P; writing—review and editing, C.S., N.R K., RK. and S.P; visualization, A.B. and S.P; supervision,
C.S. and B.H; project administration, C.S. and S.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Written informed consent could obviously not be obtained from
the patient. We have therefore removed any information that would allow someone to identify
the patient.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Whitaker, I.S,; Rao, ].; Izadi, D.; Butler, P.E. Historical Article: Hirudo medicinalis: Ancient origins of, and trends in the use of
medicinal leeches throughout history. Br. J. Oral Maxillofac. Surg. 2004, 42, 133-137. [CrossRef]

2. Harvey, W. Exercitatio Anatomica de Motu Cordis et Sanguinis in Animalibus; Wilhelm Fitzer: Frankfurt am Main, Germany, 1628.

3.  Liu, C; Barkley, TW.,, Jr. Medicinal leech therapy: New life for an ancient treatment. Nursing 2015, 45, 25-30. [CrossRef] [PubMed]

4. Hare, C.J. An Address on Good Remedies-Out of Fashion. Br. Med. |. 1883, 2, 151-158. [CrossRef]

5. Markwardt, F. Studies on hirudin. Naunyn. Schmiedebergs Arch. Exp. Pathol. Pharmakol. 1956, 228, 220-221.

6. Derganc, M.; Zdravic, F. Venous congestion of flaps treated by application of leeches. Br. . Plast. Surg. 1960, 13, 187-192.
[CrossRef]

7. Houschyar, K.S.; Momeni, A.; Maan, Z.N.; Pyles, M.N.; Jew, O.S.; Strathe, M.; Michalsen, A. Medical leech therapy in plastic
reconstructive surgery. Wien. Med. Wochenschr. 2015, 165, 419-425. [CrossRef] [PubMed]

8. Mousavian, A.; Sabzevari, S.; Parsazad, S.; Moosavian, H. Leech Therapy Protects Free Flaps against Venous Congestion,
Thrombus Formation, and Ischemia/Reperfusion Injury: Benefits, Complications, and Contradictions. Arch. Bone Jt. Surg. 2022,
10, 252-260. [CrossRef]

9. Herlin, C.; Bertheuil, N.; Bekara, E; Boissiere, E.; Sinna, R.; Chaput, B. Leech therapy in flap salvage: Systematic review and
practical recommendations. Ann. Chir. Plast. Esthet. 2017, 62, el-e13. [CrossRef] [PubMed]

10. Whitaker, I.S.; Izadi, D.; Oliver, D.W.; Monteath, G.; Butler, P.E. Hirudo Medicinalis and the plastic surgeon. Br. J. Plast. Surg.
2004, 57, 348-353. [CrossRef]

11. Mumcuoglu, K.Y. Recommendations for the use of leeches in reconstructive plastic surgery. Evid. Based Complement. Alternat.
Med. 2014, 2014, 205929. [CrossRef]

12.  BfArM. Mitteilung zu Blutegeln in der Humanmedizin—Leitlinie zur Sicherung von Qualitidt und Unbedenklichkeit. 2017.
Available online: https:/ /www.bfarm.de/SharedDocs/Bekanntmachungen/DE/ Arzneimittel / Blutegel_in_der_Humanmedizin.
html?nn=675370 (accessed on 10 July 2022).

13.  Whitaker, I.S.; Oboumarzouk, O.; Rozen, WM.; Naderi, N.; Balasubramanian, S.P.; Azzopardi, E.A.; Kon, M. The efficacy of
medicinal leeches in plastic and reconstructive surgery: A systematic review of 277 reported clinical cases. Microsurgery 2012, 32,
240-250. [CrossRef] [PubMed]

14. Carter, K.C. Leechcraft in nineteenth century British medicine. J. R. Soc. Med. 2001, 94, 38—42. [CrossRef] [PubMed]

15.  Wells, M.D.; Manktelow, R.T.; Boyd, J.B.; Bowen, V. The medical leech: An old treatment revisited. Microsurgery 1993, 14, 183-186.
[CrossRef] [PubMed]

16. Heldt, T.J. Allergy to leeches. Henry Hosp. Med. Bull. 1961, 9, 498-519.

17.  Sepaskhah, M.; Yazdanpanah, N.; Sari Aslani, F; Akbarzadeh Jahromi, M. Cutaneous Pseudolymphoma As a Rare Adverse Effect
of Medicinal Leech Therapy: A Case Report and Review of the Literature. Cureus 2020, 12, e7517. [CrossRef] [PubMed]

18. Beger, B.; von Loewenich, F; Goetze, E.; Moergel, M.; Walter, C. Leech related Aeromonas veronii complex infection after

reconstruction with a microvascular forearm flap. J. Maxillofac. Oral Surg. 2018, 17, 68-70. [CrossRef]


http://doi.org/10.1016/S0266-4356(03)00242-0
http://doi.org/10.1097/01.NURSE.0000472561.41030.2d
http://www.ncbi.nlm.nih.gov/pubmed/26427330
http://doi.org/10.1136/bmj.2.1178.151
http://doi.org/10.1016/S0007-1226(60)80036-7
http://doi.org/10.1007/s10354-015-0382-5
http://www.ncbi.nlm.nih.gov/pubmed/26297126
http://doi.org/10.22038/ABJS.2022.55013.2736
http://doi.org/10.1016/j.anplas.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27427444
http://doi.org/10.1016/j.bjps.2003.12.016
http://doi.org/10.1155/2014/205929
https://www.bfarm.de/SharedDocs/Bekanntmachungen/DE/Arzneimittel/Blutegel_in_der_Humanmedizin.html?nn=675370
https://www.bfarm.de/SharedDocs/Bekanntmachungen/DE/Arzneimittel/Blutegel_in_der_Humanmedizin.html?nn=675370
http://doi.org/10.1002/micr.20971
http://www.ncbi.nlm.nih.gov/pubmed/22407551
http://doi.org/10.1177/014107680109400114
http://www.ncbi.nlm.nih.gov/pubmed/11220072
http://doi.org/10.1002/micr.1920140309
http://www.ncbi.nlm.nih.gov/pubmed/8479316
http://doi.org/10.7759/cureus.7517
http://www.ncbi.nlm.nih.gov/pubmed/32377465
http://doi.org/10.1007/s12663-016-0961-z

Antibiotics 2022, 11, 1180 10 of 10

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

De Chalain, T.M. Exploring the use of the medicinal leech: A clinical risk-benefit analysis. ]. Reconstr. Microsurg. 1996, 12, 165-172.
[CrossRef]

Maetz, B.; Abbou, R.; Andreoletti, ].B.; Bruant-Rodier, C. Infections following the application of leeches: Two case reports and
review of the literature. J. Med. Case Rep. 2012, 6, 364. [CrossRef]

Williams, J.G.; Kubelik, A.R.; Livak, K.J.; Rafalski, J.A.; Tingey, S.V. DNA polymorphisms amplified by arbitratry primers are
useful as genetic markers. Nucleic Acids Res. 1990, 18, 6431-6535. [CrossRef]

Kozaki, S.; Asao, T.; Kamata, Y.; Sakaguchi, G. Characterization of Aeromonas sobria hemolysin by use of monoclonal antibodies
against Aeromonas hydrophila hemolysins. J. Clin. Microbiol. 1989, 27, 1782-1786. [CrossRef]

Marden, J.N.; McClure, E.A.; Beka, L.; Graf, ]. Host Matters: Medicinal Leech Digestive-Tract Symbionts and Their Pathogenic
Potential. Front. Microbiol. 2016, 7, 1569. [CrossRef] [PubMed]

Evans, J.; Lunnis, PJ.; Gaunt, PN.; Hanley, D.]. A case of septicaemia due to Aeromonas hydrophila. Br. J. Plast. Surg. 1990, 43,
371-372. [CrossRef]

Levine, S.M.; Frangos, S.G.; Hanna, B.; Colen, K.; Levine, ].P. Aeromonas septicemia after medicinal leech use following
replantation of severed digits. Am. J. Crit. Care 2010, 19, 469-471. [CrossRef] [PubMed]

Ouderkirk, ].P; Bekhor, D.; Turett, G.S.; Murali, R. Aeromonas meningitis complicating medicinal leech therapy. Clin. Infect. Dis.
2004, 38, e36—e37. [CrossRef] [PubMed]

Hackenberger, PN.; Janis, ].E. A Comprehensive Review of Medicinal Leeches in Plastic and Reconstructive Surgery. Plast.
Reconstr. Surg. Glob. Open 2019, 7, €2555. [CrossRef]

Porshinsky, B.S.; Saha, S.; Grossman, M.D.; Beery Ii, PR.; Stawicki, S.P. Clinical uses of the medicinal leech: A practical review. J.
Postgrad. Med. 2011, 57, 65-71. [CrossRef]

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, 301-304. [CrossRef]

Whitaker, 1.S.; Maltz, M.; Siddall, M.E.; Graf, J. Characterization of the digestive tract microbiota of Hirudo orientalis (medicinal
leech) and antibiotic resistance profile. Plast. Reconstr. Surg. 2014, 133, 408e—418e. [CrossRef]

Giltner, C.L.; Bobenchik, A.M.; Uslan, D.Z.; Deville, ].G.; Humphries, R.M. Ciprofloxacin-resistant Aeromonas hydrophila
cellulitis following leech therapy. J. Clin. Microbiol. 2013, 51, 1324-1326. [CrossRef]


http://doi.org/10.1055/s-2007-1006471
http://doi.org/10.1186/1752-1947-6-364
http://doi.org/10.1093/nar/18.22.6531
http://doi.org/10.1128/jcm.27.8.1782-1786.1989
http://doi.org/10.3389/fmicb.2016.01569
http://www.ncbi.nlm.nih.gov/pubmed/27790190
http://doi.org/10.1016/0007-1226(90)90094-G
http://doi.org/10.4037/ajcc2009110
http://www.ncbi.nlm.nih.gov/pubmed/19940254
http://doi.org/10.1086/381438
http://www.ncbi.nlm.nih.gov/pubmed/14765362
http://doi.org/10.1097/GOX.0000000000002555
http://doi.org/10.4103/0022-3859.74297
http://doi.org/10.1002/micr.22087
http://doi.org/10.1097/01.prs.0000438461.06217.bb
http://doi.org/10.1128/JCM.03217-12

	Introduction 
	Materials and Methods 
	Case Presentation 
	Results 
	Discussion 
	Conclusions and Limitations 
	References

