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Abstract

Background: Ignatzschineria species are rare emerging human pathogens that are typi-
cally associated with myiasis. Methods: We report the first case of Ignatzschineria indica
bacteraemia in Greece in a male patient presenting with maggot-infested wounds of the
thorax, shoulders, and arms. The isolate was identified by matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry (MALDI-TOF MS), and antimicrobial
susceptibility testing was performed according to EUCAST guidance. A review of the
published literature on I. indica bacteraemia was also conducted. Results: The patient
was diagnosed with bacteraemia caused by a multisusceptible I. indica isolate and was
successfully treated with antibiotic therapy, resulting in complete recovery. This represents
the first reported case of I. indica infection in Greece. Review of the literature showed that
most published 1. indica isolates were susceptible to a broad range of antimicrobial agents,
and all reported patients survived, although some required limb amputation because of
severe underlying soft tissue disease. Conclusions: Ignatzschineria indica infection should
be considered in patients with neglected, maggot-infested wounds. Increased awareness of
this emerging pathogen, together with the use of modern microbiological identification
methods, may improve recognition of these uncommon infections. Socio-economic inequal-
ities and the changing distribution of insect vectors due to climate change may contribute
to the occurrence of such infections.
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1. Introduction

Ignatzschineria is a Gram-negative, aerobic, non-spore-forming, non-motile, rod-shaped
bacterium that belongs to the class Gammaproteobacteria. This genus has been isolated
from the first and second larval stages of the obligate parasitic fly Wohlfahrtia magnifica [1].
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W. magnifica is mostly found in southern Europe, Central Asia, the Middle East, North
Africa, and China [2-4]. The larvae of W. magnifica can infest the tissues of vertebrate
animals and humans (myiasis) [5]. W. magnifica is an important veterinary pathogen
causing traumatic myiasis primarily in sheep, but also in goats, cattle, horses, dogs and
other mammals. Human myiasis represents an accidental infestation and is typically
associated with neglected wounds, poor hygiene, or debilitating underlying conditions [6].
Ignatzschineria species are emerging pathogens that have been isolated from clinical samples
from patients with myiasis [7]. The genus Ignatzschineria was first proposed in 2007 to
replace the genus Schineria [8]. Ignatzschineria indica has been described as a cause of human
wound infection after myiasis since 2014 [9]. The designation ‘emerging pathogen’ reflects
the increasing number of published human cases over the past decade, largely due to
improved detection by MALDI-TOF MS and molecular methods, together with reports
from an expanding geographic distribution.

Ignatzschineria indica grows well on blood agar with visible non-haemolytic colonies
after 24 h of aerobic incubation at 37 °C, while growth on MacConkey agar is slower
and needs 48 h incubation (lactose-negative colonies). Catalase and oxidase reactions
are positive [1]. Until now, there have been a handful of cases from Europe describing
Ignatzschineria infection (France, Spain, The Netherlands, Denmark). Moreover, interna-
tionally there have been a few more reported cases of human I. indica infection from USA,
Canada, Argentina, Japan [10,11].

2. Case Presentation

A 62-year-old male was brought to a tertiary university hospital in Athens, Greece by
Emergency Medical Services (EMS). He had poor health status and was found lethargic
with limited communication ability. He was living on the street in squalid conditions and
had a history of mental illness and alcohol abuse. On physical examination he looked ill and
had numerous open wounds on the anterior and posterior thoracic wall, on the shoulders
and arms. The lesions were tender and erythematous and infested with numerous maggots.
His body temperature was 36.8 °C. His blood pressure was 103/68 mm Hg, peripheral
oxygen saturation 99%, and heart rate 99 beats/min. Lung auscultation revealed decreased
breath sounds. The remaining physical examination was unremarkable. Hematological
and biochemical investigations showed a white blood cell count of 7.1 x 10° L~ (reference
range 4-10 x 10° L) with 76.7% neutrophils, C-reactive protein 338 mg L~! (reference
range < 5 mg L~!) and overall normal results for hemoglobin level, platelet count, liver
enzymes, electrolytes and creatinine. The abdominal ultrasound examination and head CT
scan were normal. A chest X-ray revealed mild pulmonary infiltrates on both lungs. Two
blood culture sets inoculated in aerobic and anaerobic bottles (BACTEC Plus Aerobic/F and
Anaerobic/F Culture Vials, Becton Dickinson) were drawn upon admission and empirical
treatment with ampicillin/sulbactam was initiated (3 gr x 4 IV). The wounds were irrigated
with water and washed with chlorhexidine solution.

One of the aerobic bottles revealed growth after incubation for 48 h. Gram-variable
bacilli were seen on microscopy (Figure 1). The blood culture broth was inoculated to
blood agar, chocolate agar and MacConkey agar plates (Oxoid, Basingstoke, UK), and after
aerobic incubation for 24 h small colonies were grown on blood and chocolate agar and after
48 h non-lactose-fermenting colonies were grown on MacConkey agar. Gram stain from
the growth on solid media revealed Gram-negative rods. Basic biochemical identification
testing showed an oxidase- and catalase-positive strain. Further workup was performed
using matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-
TOF MS, Microflex LT, Bruker Daltonics, Bremen, Germany) and interpretation of the result
was done by MBT Compass Software (Version 4.1) and Spectra Library: MBT 8468. The
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MBT Compass Software matches an organism'’s acquired mass spectrum against reference
spectra and assigns an arbitrary log score value from 0.00 to 3.00 reflecting pattern similarity,
the identification score criteria are: (a) >2.00 to 3.00: Secure/reliable identification at the
species level; (b) >1.70 to 1.99: Reliable identification at the genus level only; (c) <1.70:
Unreliable identification [12].

Figure 1. Gram stain of Ignatzschineria indica from blood culture. (Gram variable rods).

In this case the bacterium was identified as Ignatzschineria indica with a highly confi-
dent score of 2.52. Identification was also performed by the Vitek 2 GN card (BioMérieux,
Marcy—l’Etoile, France), which resulted in a low confidence identification for Sphingomonas
paucimobilis (VITEK 2 ID probability: 90%). For VITEK 2 bacterial identification at the
species level is divided into four groups based upon the probability of accurate identifi-
cation as follows: excellent (probability of accurate identification, >96%), very good (93
to 95%), good (89 to 92%), and acceptable (85 to 88%) [13]. The 90% ID probability is
considered marginally good and it was finally disregarded because Shingomonas paucimo-
bilis is a microorganism that does not grow in MacConkey agar [14]. Vitek 2 GN does
not have the biochemical profile of Ignatzschineria in its library of identifiable microorgan-
isms [15]. Susceptibility testing was performed using MIC test-strips (Liofilchem, Roseto
degli Abruzzi, Italy) on Mueller-Hinton agar (Oxoid, Basingstoke, UK). There are no
specific susceptibility breakpoints for this rare pathogen and thus the EUCAST guidance
document ‘When-there-are-no-breakpoints’ was used to interpret the results [16]. All MICs
were in the susceptible range, being for ampicillin 0.016, amoxycillin/clavulanic 0.016,
ceftriaxone 0.002, aztreonam 0.064, piperacillin/tazobactam 0.125, meropenem 0.016 and
ciprofloxacin 0.016 pg/mL.

The patient’s therapy was changed on the fourth day of hospitalization to piperacillin/
tazobactam (4.5 gr x 4 IV) for a total of two weeks. Repeat blood cultures were all negative
and the patient was discharged after 18 days of hospitalization. The hospital’s social
services found a secure new home for the patient and scheduled regular psychiatric care.
Upon a follow up visit, the wounds completely healed up.

3. Discussion—Review of the Literature

Four Ignatzschineria species have been described until now, I. indica, I. larvae, 1. ure-
iclastica and I. cameli. Flesh flies are the natural hosts for Ignatzschineria species and all
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human infections by this microbial genus have been reported to have an association with
maggot infestation of wounds (myiasis) [17]. The first two cases of Ignatzschineria human
infection were reported from France in 2007, and both patients suffered from myiasis and
bacteraemia [18,19]. In the last 15 years more cases of myiasis associated Ignatzschineria
bacteraemia have been recognized [7,9,11,20-28]. Additionally, a case of Ignatzschineria
urinary tract infection has been described from USA [9]. In Table 1 there is a summary of
all the published I. indica bacteraemia cases from around the world. After 2020 most of
the cases have been identified by MALDI-TOF. Moreover the majority of I. indica isolates
were susceptible to most antibiotics tested and all of the patients were cured. Some cases
required amputation. In the published cases, amputations were performed because of
advanced tissue necrosis, osteomyelitis, severe peripheral vascular disease or extensive
chronic wounds, rather than because of Ignatzschineria infection itself. In Figure 2 the wide
geographical distribution of I. indica bacteraemia cases is presented.

Table 1. Ignatzschineria indica Bacteraemia published cases.

Age/ . . . Identification Antibiotic Year/
Country Sex Risk Factors Primary Site Method Susceptibility Treatment Outcome Reference
Usa Homeless SAM+VA »  loe 2014
64 M .. Foot wound 16S rRNA No data . amputation;
Kentucky myiasis cefalexin . [9]
survived
. . s Below knee
USA Alcoholism, chronic Foot Broad susceptibility =~ TZP +CM — L 2014
South Dakota 67M ulcers, myiasis osteomyelitis 165 rRNA (TZP: intermediate) CIP +VA zzg;ilt:‘;lon, [9]
Chronic Kidney TZP —
USA Disease, gout, Sacral ulcers, - cefepime + 2017
Mississippi 46M decubitus ulcers, osteomyelitis 16SrRNA Broad susceptibility MTZ — Cure [22]
myiasis LVX
USA o ) Lower ) VA +CM + 2018
. 37M Myiasis, poor hygiene  extremity No data No data TZP — Cure
Indiana : [5]
ulcers cefepime
Peripheral
USA M vascular disease, Lower MALDI-TOF Multi-susceptible Cefepime — Cure 2020
Pennsylvania chronic wounds, poor  extremity ulcer =~ MS (TET: intermediate) ceftriaxone [4]
hygiene, myiasis
. MALDI-TOF
Canada 60 M Hor'ne'l essness, Necroélc leg MS Broad susceptibility =~ TZP + VA Cure fg'z]o
myiasis woun +165 rRNA 5
. . MALDI-TOF
Canada dOlf No Dlaz?:es, poor _hv1'ng Heel ulcer Ms Susceptible to all TZP Cure %;)]20
ata conditions, myiasis + 16SFRNA
Homelessness, Ulcer in the Amputation: 2018
Argentina 72M alcoholism, anterion area 16S rRNA CIP susceptible CIP +CM P ’
A o survived [23]
myiasis of left tibia
Homelessness, L nd foot MALDI-TOF 2017
Spain 4M alcoholism, poor fg andtoo MS Broad susceptibility =~ AMC Cure [1]
hygiene, myiasis weers +16S5rRNA
MALDI-TOF
Diabetes, Ulcer in MS TZP + Survived 2026
Denmark 67M vascular disease, amputated + Whole Broad susceptibility ~ Cloxacillin — (below knee
- X - [26]
myiasis right foot Genome CIP amputation)
Sequencing
Japan 70 SF Aj;“}i’cai'e e Occipital MALDI-TOF Broad susceptibility o Cure 2025
p poorhyg ’ lesion MS (SXT: resistant) [27]
myiasis
Homelessness, IV .
USA drug use, Left foot Outside Lab TZP — 2024
. 72M molecular No data Cure
Georgia recurrent wound identificati LvX [28]
o identification
cellulitis
Homeless, Thoracic wall
Greece 62M mental illness, alcohol shoulders and MALDI-TOF Broad susceptibility SAM — Cure 2026
abuse, MS TZP This paper
o arms wounds
myiasis

Abbreviations: AMC: Amoxicillin-clavulanate; CIP: Ciprofloxacin; CM: Clindamycin; LVX: Levofloxacin; MTZ:
Metronidazole; SAM: Ampicillin-Sulbactam; SXT: Trimethoprim-Sulfamethoxazole; TET: Tetracycline; TZP:
Piperacillin-Tazobactam; VA: Vancomycin.
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Figure 2. Geographic distribution of published Ignatzschineria indica Bacteraemia cases worldwide
(n=13).

Infections by Ignatzschineria are probably underdiagnosed and thus underreported due
to the unusual biochemical phenotype of the genus and the fact that these bacterial species
are not included in the databases of the common commercial biochemical identification kits.
In our laboratory, the semiautomated biochemical identification of the isolate by Vitek 2
(BioMerieux, Marcy-1'Etoile, France) showed Sphingomonas paucimobilis (with identification
score of 90%). A MALDI-TOF mass spectrum for Ignatzschineria indica has been added to
the Bruker reference library in 2016 [29]. We identified the bacterium by MALDI-TOF MS
as Ignatzschineria indica. The presence of maggots in the patients” wounds corroborated
our diagnosis. Before the availability of MALDI-TOF MS identification, microbiology
laboratories had to rely primarily on 16S rRNA gene and gyrB sequencing for Ignatzschineria
accurate identification [9,18-21]. These molecular methods were performed usually in
reference laboratories and consequently there was considerable delay in diagnosis.

Ignatzschineria indica also shares ecological and clinical characteristics with Wohlfahrti-
imonas chitiniclastica, another fly-associated Gram-negative bacterium causing wound infec-
tions and bacteraemia in patients with myiasis. Although they belong to different genera,
both are members of the class Gammaproteobacteria, inhabit necrophagous fly larvae, and
have likely been historically underrecognized before the introduction of MALDI-TOF MS
and molecular identification methods. The accumulating literature on both organisms
suggests that fly-associated bacteria have to be considered in patients presenting with
myiasis [26].

Although molecular confirmation by 165 rRNA gene sequencing, gyrB sequencing, or
whole-genome sequencing was not performed for this case, we believe the identification
was reliable. The MALDI-TOF MS score (2.52) exceeded the manufacturer’s threshold for
secure species-level identification. In contrast, the alternative biochemical identification
obtained by the VITEK 2 GN system was considered unreliable because Ignatzschineria
spp. are not represented in its database and because the suggested organism, Sphingomonas
paucimobilis, is not expected to grow on MacConkey agar; whereas, our isolate clearly did.
We nevertheless acknowledge that sequencing-based confirmation would have further
strengthened the microbiological characterization of this isolate and should be considered
in future reports whenever feasible.

The case we describe presented with the wound form of myiasis as a complication of
neglected wounds on the chest. Myiasis is usually reported from tropical climates but it can
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be seen also in other geographic regions especially in poor homeless people who cannot care
adequately for their personal hygiene [30]. Our patient fitted this typical low socioeconomic
status, suffered from mental illness and was homeless. Unfortunately, maggots had been
rapidly discarded after cleaning the wounds, and we could not have an entomological
identification. We assume that the larvae present in the patient’s wounds most probably
belonged to Wohlfahrtia magnifica, since this species is known to occur in Southern Europe.
However, reports from North and South America, where W. magnifica is absent, suggest
that Ignatzschineria spp. may also be transmitted by other necrophagous flies, including
species of the genus Lucilia. These observations indicate that the ecological association
between Ignatzschineria and fly larvae is likely broader than originally recognized and may
vary according to geographic region [31].

Fortunately, most of the Ignatzschineria strains that have been studied until now were
susceptible to beta-lactams, aminoglycosides, fluoroquinolones, colistin, and trimetho-
prim/sulfamethoxazole [5,9,20,22,23]. There has been only one report of a carbapenem-
resistant Ignatzschineria [10]. The Ignatzschineria strain that we isolated had low MICs for
ciprofloxacin and all beta-lactams tested and our patient was treated with piperacillin/
tazobactam showing a full recovery.

The clinical and laboratory findings in this report add information to the accumulating
data on the emerging pathogen Ignatzschineria and its geographic distribution. This is the
first case report of I. indica infection in Greece.

4. Conclusions

We should always consider how social and economic inequalities may lead to unusual
infections. Moreover, global climate changes may contribute to a wider distribution of
insect vectors. We have to keep in mind the possibility of Ignatzschineria infection in patients
with neglected wounds that are infested with maggots.

Finally, whenever feasible, larvae recovered from myiasis-associated wounds should
be preserved for entomological identification, as this may improve our understanding
of the insect vectors involved and their associated microbiota. Although Ignatzschineria
indica remains an uncommon cause of human infection, the increasing number of reported
cases from different geographic regions, together with improved detection by MALDI-TOF
MS and molecular techniques, supports its recognition as an emerging pathogen whose
epidemiology and clinical spectrum are still being defined.
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