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Abstract

Purpose of review: This review highlights research from the past five years on combat trauma-

related invasive fungal wound infections (IFIs) with a focus on risk stratification to aid patient 

management, microbiology, and diagnostics.

Recent Findings: A revised classification scheme stratifies wounds into three risk groups: IFI, 

High Suspicion of IFI, and Low Suspicion of IFI. This stratification is based on persistence of 

wound necrosis and laboratory fungal evidence, presence of signs/symptoms of deep soft-tissue 

infections, and the need for antifungals. Use of this classification could allow for prioritization of 

antifungal therapy. Further, IFIs delay wound healing, particularly when caused by fungi of the 

order Mucorales. Lastly, molecular sequencing offers promising and complimentary results to the 

gold standard histopathology.
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Summary: Optimal management of combat-related IFIs depends on early tissue-based diagnosis 

with aggressive surgical debridement and concomitant dual antifungal therapy. Further research on 

clinical decision support tools and rapid diagnostics are needed.
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INTRODUCTION

Invasive fungal wound infections (IFIs) complicating trauma have been reported worldwide, 

particularly following motor vehicle crashes, agricultural accidents, and natural disasters 

(e.g., tornados) [1-4]. A common characteristic is the occurrence of deep penetrating soft-

tissue injuries (e.g., fascia and muscle) contaminated by soil or other environmental debris 

[3-5]. These infections are associated with considerable morbidity and mortality (as high as 

40% in civilian literature) [1, 3, 6, 7]. Following the surge of military personnel into 

Afghanistan in 2010, IFIs emerged as a serious complication among casualties severely 

injured in a blast, particularly among those who were dismounted (i.e., foot patrol) [8-12]. 

While trauma-related IFIs in the civilian setting often include patients encompassing a wide 

range of ages and comorbidities [3], active-duty military personnel are generally mid-20s 

and healthy prior to injury. As a follow-on to the review by Tribble and Rodriguez in 2014 

[12], this review focuses on research published within the last five years on combat-related 

IFI epidemiology, classification of IFIs and risk stratification, clinical presentation and 

diagnostic approaches, mycology, and patient management.

EPIDEMIOLOGY

As discussed in the prior review [12], following the transition of military personnel into 

Afghanistan, the Military Health System identified a new catastrophic injury pattern termed 

dismounted complex blast injuries. These injuries resulted when a service member was 

injured by an improvised explosive device while on dismounted patrol and were 

characterized by an amputation of a lower extremity (at the knee or higher) with serious 

injury (or amputation) to the opposite limb, as well as having pelvic, abdominal, or 

urogenital trauma [13]. Wounds sustained in the blast were heavily impregnated with 

organic and metallic debris. As a result, wounds generally received successive washouts/

debridements within 72 hours (often up to three) of injury to remove foreign material. 

Resuscitative care also typically involved large-volume to massive transfusions of blood 

products (excess of 10 units) within 24 hours post-injury [13], potentially resulting in a state 

of immunosuppression and increasing susceptibility to opportunistic (e.g., fungal) infections 

[14, 15]. Further details on wounds sustained from dismounted blasts and resultant early 

surgical care are discussed in the prior review by Tribble et al. [12].

Coinciding with the rising frequency of blast trauma, IFIs resulting from filamentous fungi 

emerged as a serious complication among both United Kingdom and United States combat 

casualties [8, 11]. Between June 2009 and August 2011, 77 (6.8%) of 1,133 U.S. combat 

casualties admitted to a military hospital in the National Capital Region or Brooke Army 
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Medical Center were diagnosed with an IFI [9]. Using the refined IFI definition (discussed 

below), 4.9% of 1,932 combat casualties with open wounds sustained in Afghanistan (June 

2009 - December 2014) and admitted to participating military hospitals developed an IFI 

[16]. Due to the high mortality and substantial morbidity associated with these infections 

(i.e., surgical amputations and/or amputation revisions, hemipelvectomies, and total hip 

disarticulations) [8-10], IFIs complicating combat-related trauma have been a focus of 

numerous research initiatives (Table 1).

IFI Definition and Revisions

As described in the prior review [12], the Department of Defense-sponsored Case 

Investigation by the Trauma Infectious Disease Outcomes Study Investigative Team into the 

U.S. military IFI outbreak [10] modified definitions utilized by the 2008 European 

Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative 

Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group 

(EORTC/MSG) Consensus Group [17] for use in a trauma population [9], A combat-related 

IFI was defined as a traumatic wound with recurrent necrosis after ≥2 surgical debridements 

along with either evidence of a filamentous fungus on histopathology or growth of a fungus 

from a wound culture at any time point. Patients meeting IFI criteria were further classified 

based on type of laboratory evidence as proven (i.e., angioinvasion), probable (i.e., 

nonvascular tissue invasion), or possible (i.e., growth of filamentous fungi from wound 

culture without corresponding histopathology) [9].

In 2011, a local clinical practice guideline (CPG) was implemented at Landstuhl Regional 

Medical Center (LRMC) to promote earlier diagnosis of IFIs by collecting specimens from 

wounded military personnel designated as at-risk for IFI based on an understanding of key 

risk factors [18, 19]. Tissue specimens were generally collected shortly after arrival at 

LRMC, often after only one debridement had been completed. With the increased amount of 

sampling, it became clear that cultures positive for fungal growth from wounds were not 

always indicative of infection and it was necessary to differentiate wounds contaminated by 

fungi from those that were truly infected [20]. Hence, following cessation of combat 

operations in Afghanistan in 2014, characteristics of combat casualties with laboratory 

evidence of a filamentous fungus from wound cultures or surgical pathology specimens were 

comprehensively reviewed.

As the findings corroborated the assumption that positivity of early cultures and/or 

specimens may have been due to contamination or colonization, the IFI definition was 

revised to include persistence of laboratory evidence of a fungus (i.e., obtained after ≥2 

serial debridements) as a criterion (Table 2) [16]. Patients who did not meet criteria to be 

classified as an IFI were categorized as either High Suspicion of IFI (IFI-HS) or Low 

Suspicion of IFI (IFI-LS). Specifically, IFI-HS required a wound that met criteria for a deep 

soft-tissue infection (based on definitions from the Centers for Disease Control and 

Prevention, National Healthcare Safety Network [21]) that was attributed to a fungus by the 

attending clinician and treated with antifungals for ≥10 days. If the patient either died or 

underwent an amputation (proximal to infected wound) within 10 days of antifungal 

initiation, they were classified as IFI-HS as either event could preclude completion of a 10-
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day course. Patients who did not meet criteria for either IFI or IFI-HS were classified as IFI-

LS, and included those who had a deep soft-tissue infection attributed to bacteria, deep soft-

tissue infections treated with <10 days of antifungals, and wounds without deep soft-tissue 

infections (Table 2) [16].

Characteristics Among Patients with Laboratory Fungal Evidence and IFI Risk Factors

Blast was the predominant injury mechanism among patients diagnosed with a combat-

related IFI (98% blast; 95% dismounted), as well as those who were classified as either IFI-

HS (100% blast; 94% dismounted) or IFI-LS (98% blast; 95% dismounted) [16]. Traumatic 

amputations were frequent (68% of IFI, 79% of IFI-HS, and 80% of IFI-LS patients) with 

patients largely being classified as having critical injury severity (93% of IFI patients with 

injury severity score ≥26 compared to 85% of IFI-HS patients [p=0.144] and 82% of IFI-LS 

patients [p=0.037]). Patients diagnosed with an IFI had the largest resuscitative requirements 

of the three groups, receiving a median of 31 units (interquartile range [IQR]: 21-43) of 

blood within 24 hours post-injury versus 21 units (IQR: 15-32; p=0.003) for IFI-HS patients 

and a median of 17 units (IQR: 12-24; p<0.001) for IFI-LS patients [16].

Being injured via a blast mechanism (odds ratio [OR]: 5.7; 95% confidence interval [CI]: 

1.1-29.6) while dismounted (OR: 8.5; 95% CI: 1.2-59.8), sustaining a traumatic transfemoral 

amputation (OR: 4.1; 95% CI: 1.3-12.7), and requiring ≥20 units of packed red blood cells 

within 24 hours post-injury (OR: 7.0; 95% CI: 2.5-19.7) were independent predictors 

associated with development of a combat trauma-related IFI [19]. Sustaining injuries in 

southern Afghanistan (lower elevation, warmer temperature, and greater isothermality 

compared to eastern Afghanistan) was also significantly associated with fungal 

contamination of wounds (OR: 129.9; 95% CI: 7.7 to >999) [22].

Risk factors for trauma-related IFIs in civilian populations have not been fully examined. 

Following the 2011 EF-5 tornado in Joplin, Missouri, 13 trauma patients developed an IFI 

[5]. Compared to patients without fungal infections who sustained open wounds during the 

tornado, IFI patients were more likely to have puncture wounds, penetrating trauma, and 

rhabdomyolysis at hospital admission. Sustaining multiple wounds (OR: 2.0 for each 

additional wound; 95% CI: 1.2-3.2) and penetrating trauma (OR: 8.8; 95% CI: 1.1-69.2) 

were identified as IFI risk factors [5]. Although not specific to trauma, civilian reviews have 

assessed predictors of localized cutaneous mucormycosis. Being female (OR: 2.3; 95% CI: 

1.5-3.6), prior surgery (OR: 5.4; 95% CI: 1.8-15.9), HIV infection (OR: 2.6; 95% CI: 

1.0-6.8), and no underlying condition (OR: 2.6; 95% CI: 1.3-5.1) were identified as risk 

factors [23]. Sustaining major trauma (e.g., motor vehicle accidents, burns, natural disasters, 

and other open wound trauma) was also determined to be an independent predictor for 

cutaneous mucormycosis (OR: 25.6; 95% CI: 10.7-61.3) and disseminated mucormycosis 

(OR: 8.6; 95% CI: 2.8-25.7), while minor trauma (e.g., injections, cuts/grazes, animal bites/

scratches, gardening, and other minor injury) was only associated with cutaneous 

mucormycosis (OR: 12.1; 95% CI: 6.3-23.5) [2].
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CLINICAL PRESENTATION AND DIAGNOSIS

As recurrent wound necrosis is the hallmark of an IFI, recognizing a suspicious wound is 

vitally important for clinicians. Necrosis may be centralized or sporadic throughout the 

wound with what has been anecdotally referred to as a ‘burnt butterscotch’ or ‘yellow 

velvet’ appearance overlying the tissue (see Appendix A of the Joint Trauma System [JTS] 

CPG ID: 28 for examples of a suspicious wound) [24]. Following implementation of the 

LRMC CPG related to sampling of patients considered at-risk for IFI, the time to IFI 

diagnosis from injury was a median of 3 days (IQR: 2-5) with antifungal therapy being 

initiated a median of 7 days post-injury (IQR: 5-10) [18]. Due to heightened awareness 

among those caring for combat casualties, this timeframe was much shorter than that 

reported in civilian literature (e.g., symptoms observed median of 8 days post-injury and 

diagnosis a median of 15.5 days post-injury) [3].

Diagnostic methods primarily involve conventional cultures and histopathology; however, 

molecular-based sequencing is being examined for use in combat casualties [25]. Serum 

inflammatory cytokine analysis has also been suggested to have potential utility in aiding 

diagnosis of IFIs in trauma patients. Although RANTES (regulated on activation, normal T 

cell expressed and secreted) were elevated in combat casualties with an IFI (mean 10,492.8 

pg/mL) compared to control patients (mean 5,333.3 pg/mL; p=0.006) [26], the study only 

involved nine IFI patients, so further assessment is needed to determine if serum cytokine 

testing will distinguish between trauma patients with and without IFIs.

Culture and Histopathology

Early diagnosis is critical for effective management of IFI wounds. As such, it is 

recommended that wound tissue specimens for culture and histopathological analysis be 

obtained from wounded personnel considered at-risk for IFI following admission to a 

regional medical center outside the combat zone (e.g., LRMC) with additional specimens 

collected from patients with ≥3 IFI risk factors and a suspicious wound (e.g., recurrent 

necrosis) following admission to a military hospital in the United States [18, 24, 27]. 

Specifically, specimens were collected at the time of wound exploration and include both 

compromised muscle and adipose tissue at the border of necrotic and non-necrotic affected 

areas. Using specimens collected based on these recommendations among 94 combat 

casualties diagnosed with an IFI (using the revised criteria), 74.5% had fungal evidence on 

histopathology (42.6% with angioinvasion and 31.9% with nonvascular tissue invasion), 

while the remaining 25.5% had fungal growth from a wound culture [16].

Although wound cultures provide the capability of identifying fungi, fungal speciation 

requires considerable expertise, and it may take weeks if there is any growth at all [28, 29]. 

Histopathological examination of tissue specimens is the current gold standard. 

Nevertheless, species-level (and often genus-level) identification is very limited with 

histopathology, which has potential for misidentification and sampling errors [30-32]. A 10-

year retrospective review of positive fungal and yeast cultures associated with surgical 

pathology specimens at Stanford University Medical Center determined that the overall 

accuracy with histopathology (compared to cultures) was 79% [30]. Review of specimens 

collected from burns with fungal colonization or infections at a military burn center also 
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found that concordance between histopathology and corresponding cultures was inconsistent 

[32].

Tissue specimens from combat casualties were prepared with hematoxylin and eosin (H&E) 

and subsequently stained with a special stain (Gomori methenamine silver [GMS] and 

periodic acid-Schiff [PAS]) at the primary pathologist’s discretion to aid in visualization of 

the fungal cell wall. Recognizing that the stains have limitations (e.g., masking the fungi’s 

natural color and poor staining when fragmentation or necrosis is present with GMS, while 

PAS has difficulties in differentiating between the fungal cell wall and background tissue 

components [31, 33, 34]), both staining methods were initially used. Nevertheless, 

pathologists began to rely solely on GMS based on anecdotal observations that PAS was less 

sensitive. A retrospective assessment of 74 specimens from combat casualties stained with 

both GMS and PAS found that the stains were 84% concordant (95% CI: 70-97%) related to 

identification of fungal elements [35]. Although neither stain was statistically superior 

(p=0.38), PAS had a false negative rate of 44% compared to 15% for GMS. When the results 

for specimens that utilized GMS alone were compared to those that used both stains, there 

was no significant difference in fungal detection, indicating a lack of benefit with the 

addition of PAS [35].

Frozen section is another type of histopathological examination, which provides a more 

rapid response compared to permanent sections; however, histological quality is often 

compromised [36]. Using specimens collected from combat casualties, frozen sections were 

60% sensitive and 98% specific when compared to permanent sections for fungal 

identification [35]. Thus, while frozen sections may be useful in supporting diagnosis of IFI, 

it should not be used as a standalone method and is not sufficiently sensitive to rule out the 

diagnosis.

Molecular Diagnostic Platforms

Due to limitations with conventional cultures and histopathology, molecular diagnostic 

platforms to rapidly and accurately identify filamentous fungi as detailed above are being 

assessed. Within the Military Health System, one of the first reported uses was with a 

service member critically injured by an improvised explosive device in 2013 [37]. Due to 

signs of wound tissue necrosis, clinicians suspected an IFI and initiated dual antifungal 

therapy. Tissue specimens were collected from each surgical intervention and sent for both 

culture and histopathological examination. After histopathologic findings indicated fungi 

with aseptate hyphae and evidence of angioinvasion, a culture specimen was sent to an 

outside laboratory for DNA sequencing. Pythium aphanidermatum was identified using a 

polymerase chain reaction (PCR)-based assay and subsequently confirmed by culture. 

Following the death of the patient, specimens from additional sites were sent for sequencing 

and Cunninghamella elegans, Lichtheimia corymbifera, and Saksenaea vasiformis were 

identified [37].

In 2015, a pilot study to assess feasibility of using a PCR-based assay to identify 

filamentous fungi in formalin-fixed paraffin-embedded (FFPE) specimens from combat 

casualties diagnosed with an IFI was completed. Based on promising preliminary findings 

(30 specimens with 87% concordance between two independent laboratories), the study 
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moved forward with examination of 171 specimens from wound sites positive for fungal 

angioinvasion and nonvascular tissue invasion, as well as 128 specimens from controls [25]. 

Using a panfungal PCR-based assay, specificity was 99% and sensitivity was 63%; however, 

sensitivity improved to 83% in specimens collected from wound sites with angioinvasion 

[25]. Assessment of semi-nested PCR-based assays targeted for clinically relevant fungi 

(i.e., order Mucorales, Aspergillus spp., and Fusarium spp.) is ongoing.

CLINICAL MYCOLOGY

As with civilian trauma [3, 4, 6, 38-40], fungi from the order Mucorales are frequently 

isolated from combat-related IFIs [16, 25, 41, 42]. A comprehensive evaluation of the 

distribution of fungi was performed using 143 combat-related IFI wounds, 120 IFI-HS 

wounds, and 150 IFI-LS wounds. Among 134 (94% of 143) IFI wounds with cultures 

submitted for analysis, 21 had no growth [16]. Fungi belonging to the order Mucorales were 

most frequently isolated (39% of wounds) followed by Aspergillus spp. (32%) and Fusarium 
spp. (17%) (Figure 1) [16]. Molecular sequencing of specimens from IFI wounds with 

positive histopathology found that Saksenaea spp. accounted for the majority of fungi from 

the order Mucorales [25], which is consistent with reports of cutaneous mucormycosis from 

Asia [3, 38, 43-46]. Fungi belonging to the order Mucorales were less frequently identified 

from the non-IFI wounds (i.e., IFI-HS and IFI-LS) (Figure 1) [16]. Further, wounds 

classified as IFI-LS had greater growth of fungi that did not belong to the order Mucorales, 

Aspergillus spp., or Fusarium spp. (46% vs 13% when compared with IFI wounds).

As wounds that develop IFIs are often highly contaminated with soil or debris, bacterial 

growth is frequently reported with both civilian [3, 5, 47] and combat-related IFIs [16, 37, 

41, 48]. More than half of the 143 IFI wounds (57%) examined grew multiple fungi plus at 

least one bacterium. Specifically, 37% of IFI wounds also grew Enterococcus spp., 20% 

grew Acinetobacter baumannii, and 15% grew Escherichia coli. Furthermore, multidrug-

resistant bacteria were identified in 37% of the IFI wounds [16]. Wounds classified as IFI-

HS and IFI-LS were also polymicrobial (67% and 55%, respectively) [16].

PATIENT MANAGEMENT

In 2016, a revised CPG for the management of IFIs in war wounds was disseminated by the 

JTS [24]. As with the initial 2012 CPG, early identification of IFI followed by aggressive 

surgical debridement and antifungal therapy are emphasized as critical for optimal patient 

management. These recommendations correspond to civilian studies (not specific to trauma 

as the underlying cause) that have demonstrated improved survival when antifungal therapy 

is coupled with surgical treatment compared to use of antifungal therapy alone [7, 49]. The 

2016 JTS CPG also included refined risk factors to support identification of patients at-risk, 

diagnostic criteria, and visual examples of a suspicious wound indicative of an IFI. Timing 

of debridements, avoidance of malnutrition to minimize immunosuppression, use of Dakin’s 

solution for topical antifungal therapy, and inclusion of posaconazole as an alternative to 

voriconazole were also discussed [24].
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Surgical Care

Invading fungi ascends along blood vessels and may not immediately cause wound necrosis 

[50, 51]. Therefore, it is important to remove any remaining fungi. Sharp and/or 

hydrosurgery debridement should occur back to bleeding, healthy tissue. In cases of 

significant wound necrosis, recurrent necrosis, or sepsis, debridements should be repeated 

daily [27]. Among combat casualties with IFIs, a median of 10 (IQR: 7-11) debridements 

occurred within the first four weeks post-injury [16]. With heavily necrotic wounds, 

management of the infection may require surgical amputations or revisions of existing 

amputations to a higher level (e.g., transtibial to transfemoral amputation), including hip 

disarticulations or hemipelvectomies [48, 52].

Antifungal Therapy

When there is a strong suspicion of IFI, dual antifungal therapy with liposomal amphotericin 

B and a broad-spectrum triazole is recommended owing to the polymicrobial nature of the 

wounds with fungi from the order Mucorales and Aspergillus spp. both being common [24, 

27]. While the JTS CPG does not provide recommendations for the duration of antifungal 

therapy, it does advocate that systemic (and topical) antifungal treatment cease when there is 

no fungal evidence on histopathology or culture and wounds that were previously necrotic 

have remained viable for ≥2 weeks [24].

Due to the severe nature of combat trauma and concerns regarding inadequate 

gastrointestinal absorption in septic patients, intravenous antifungal formulations are 

recommended [24]. With inherent resistance of mucormycetes to voriconazole (and often 

limited susceptibility to other triazoles) [53, 54], an amphotericin B product is advocated 

with liposomal amphotericin B as the first-line choice because of its reduced potential for 

nephrotoxicity [24, 55]. Broad-spectrum triazoles are also prescribed due to the potential for 

Aspergillus spp., including Aspergillus terreus, which is intrinsically resistant to liposomal 

amphotericin B [56]. Preliminary examination of antifungal susceptibility of fungal isolates 

collected from combat casualties indicated that mucormycetes were largely resistant to 

triazoles and susceptible to liposomal amphotericin B, while Aspergillus spp. were 

susceptible to liposomal amphotericin B (except for A. terreus) and posaconazole (ranged 

from susceptible to intermediate for voriconazole) [57].

During the war in Afghanistan, voriconazole was the first-line choice of a triazole [24]. 

Along with the potential for central nervous toxicity and hepatotoxicity [58], intravenous 

voriconazole also requires use of a solubilizing excipient (i.e., sulfobutyl ether β-

cyclodextrin), which has been shown to accumulate in animal models [59]. As a result, a 

black box warning was issued regarding use of the intravenous formulation in patients with 

renal dysfunction; however, the impact in humans is uncertain [59]. Another broad-spectrum 

triazole is posaconazole, which has improved susceptibility to mucormycetes compared to 

voriconazole; however, the initial oral suspension had variable absorption and required a 

high fat meal to facilitate absorption, limiting its utility except in salvage situations [49, 60, 

61]. Assessment of the new formulations of posaconazole (data from intravenous infusion 

and delayed-release tablets not examined separately) indicate promising results when used 

as first-line or salvage treatment for invasive mucormycosis (largely within 
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immunocompromised patients) [62, 63]. A water-soluble intravenous formulation of 

isavuconazole is also available and has been shown to be active against common Aspergillus 
spp. with varying effectiveness against fungi of the order Mucorales [64].

As the IFI wounds often are co-infected with bacteria, broad-spectrum antibiotic coverage 

(e.g., vancomycin and meropenem) for both Gram-negative and Gram-positive organisms is 

also recommended [24].

Outcomes

Although the attributable rate has not been determined, a crude mortality of 8.5% was 

reported for combat casualties with IFIs. Morbidity for IFI patients was also high with 53% 

requiring surgical amputations. In contrast, there were no deaths (p=0.007) among patients 

classified as IFI-LS; however, 26% did require a surgical amputation (p<0.001) [16]. When 

combat casualties with IFIs were matched to patients with similar injury patterns and 

severity, the duration of hospitalization was significantly longer for IFI patients (median of 

56 days; IQR: 41-78 days) compared to the controls (median of 44 days; IQR: 30-58 days; 

p=0.019) [48].

Recent analyses have also confirmed the adverse impact of IFIs on wound healing [41, 48]. 

In a case-control analysis, orthopaedic outcomes of combat-related IFI wounds were 

compared to non-IFI wounds (16% with a skin and soft-tissue infection attributed to bacteria 

or yeast) [48]. The IFI wounds had more operative procedures prior to wound closure 

(median of 9: IQR: 6-13) compared to controls (median of 6; IQR: 5-7; p<0.001) and the 

length of time following injury to wound closure was significantly longer for IFI wounds 

(median of 16 days; IQR: 11-23 vs median of 9 days; IQR: 7-13 for controls; p<0.001). 

Approximately 34% of the IFI wounds required an amputation revision to a higher level with 

15% being revised from a transfemoral amputation to either a hemipelvectomy or hip 

disarticulation. Among the control wounds, 13% (p<0.001) had a change in the amputation 

level with 3% requiring a hemipelvectomy or hip disarticulation (p=0.006). On multivariate 

analysis, a reduced time to wound closure was associated with having a wound without an 

IFI (hazard ratio: 1.53; 95% CI: 1.17-2.01) [48]. Among IFI wounds, those that grew 

mucormycetes had the longest time to wound closure (median of 17 days post-injury vs 13 

days post-injury with wounds that only grew fungi other than mucormycetes; p<0.01) [41].

Clinical Decision-Making

A clinical decision support tool, utilizing a Bayesian belief network, was developed to 

support clinicians with risk stratification of combat casualties with regards to IFI [65]. Using 

data from 77 IFI patients and 150 non-IFI controls, two risk stratification models were 

developed: one for use in the combat zone and the other after admission to the first hospital 

following medical evacuation (typically 2-3 days post-injury). Although both models were 

determined to be robust, the clinical utility is likely dependent on the risk threshold set by 

the attending clinicians.

Use of the refined 3-level classification system may also support clinical decision-making 

regarding initiation or withdrawal of antifungals as not all wounds that grow fungi require 

immediate antifungal treatment. Specifically, when close follow-up is possible, wounds that 
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meet criteria for IFI-LS (Table 2), particularly those that do not grow fungi from the order 

Mucorales, may be watched without the immediate need for antifungal therapy [16]. Use of 

wound characteristics defined by the 3-level classification system, as well as the results of 

PCR-based sequencing, would result in a wide-ranging clinical tool that would benefit 

clinicians by aiding treatment-related decision-making.

CONCLUSIONS

Whether they result from blast-related trauma or injuries incurred during civilian life, 

trauma-related IFIs remain an insidious infection. Early diagnosis and timely intervention 

with aggressive surgical debridement and dual antifungal therapy remain cornerstones for 

successful management. The potential of utilizing molecular diagnostics to support early 

identification of filamentous fungi shows great promise. With the refined IFI definition and 

3-level classification scheme, development of clinical tools to aid clinicians in decision-

making regarding increased clinical awareness, early management, and diagnostic support 

are the next steps for mitigating the morbid consequences of this serious battlefield 

complication.
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Figure 1. 
Wound culture mycology distribution by group classification (modified from Ganesan et al., 

2019) [16]. Due to wounds being polymicrobial, organisms are not mutually exclusive for a 

classification type. Other fungi is restricted to filamentous fungi other than order Mucorales, 
Aspergillus spp., and Fusarium spp. IFI – invasive fungal wound infection.
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Table 2.

Definitions for the classification of fungal evidence collected from combat trauma-related wounds (reprinted 

from Ganesan et al. 2019) [16]

Term Definition

Persistent necrosis
a Presence of necrosis after two or more surgical debridements

Persistent laboratory evidence 

of fungal infection
a

Presence of positive histopathology and/or culture after two or more surgical debridements

Wounds meeting criteria for 
Invasive Fungal Infections (IFI)

Includes wounds with persistent necrosis and persistent laboratory evidence of fungal infection

Wounds Highly Suspicious for 
Fungal Infection (High 
Suspicion wounds)

Includes wounds, that did not meet the criteria for an IFI, but had signs and symptoms suggestive of a deep 

skin and soft tissue infection (dSSTI)
b
 ascribed to a fungus (based on the use of antifungals for ≥10 days and 

a physician report). Wounds that did not meet criteria for an IFI, but needed a proximal amputation were 
included irrespective of the duration of antifungal use.

Wounds with Low Suspicion 
for Fungal Infection (Low 
Suspicion wounds)

Includes wounds that did not meet the criteria for an IFI and did not meet the criteria for a dSSTI. This 
category also includes wounds with signs and symptoms of a dSSTI attributed to bacteria (based on 
physician report or the use of antifungals for <10 days) but with laboratory evidence of fungus (i.e. positive 
fungal cultures and or histopathology)

a
This excludes any additional debridement that was performed in the battlefield hospitals in Afghanistan

b
The Centers for Disease Control and Prevention National Healthcare Safety Network criteria for deep skin and soft-tissue infections were adapted 

for this definition [21].
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