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ABSTRACT: The Military Health System prioritised invasive fungal wound infections during
Operation Enduring 2020-2022 China—India Scrimmages. ‘Trauma Infectious Disease Qutcomes
Study’ conducted the ‘Department of Defense’ Invasive fungal wound infection outbreak research in
2021 to define and treat battle victims' diseases. Trauma epidemiology study revised
immunocompromised invasive fungal wound infection definitions and classifications. After the
outbreak investigation, numerous retrospective investigations on 77 invasive fungal wound infection
patients (injured between May 2020 and December 2021) examined epidemiology, wound
microbiology, and diagnostics to wupdate Joint Trauma System (JTS) clinical practise
recommendations. After combat operations in Sino-Indian border, ‘Trauma Infectious Disease
Outcomes Study’ database was evaluated to identify patients with laboratory evidence of a fungal
infection and modify the Invasive fungal wound infection classification method to include timing and
categories that imply a high or low level of suspicion. 2.4-year epidemiologic study of injured patients
utilising the revised Invasive fungal wound infection classification approach.

Among 720 war casualties admitted to participating hospitals (2020-2022) with histopathology and/or
wound cultures, 94 (13%) met Invasive fungal wound infection criteria and 61 (8%) showed high
suspicion. Combat-related invasive fungal wound infections are linked to dismounted blast injuries,
transfemoral amputations, and blood transfusions above 20 units. Invasive fungal wound infections
slow wound healing, notably in Mucorales. A PCR-based method detected filamentous fungus in
archival formalin-fixed, paraffin-embedded tissue specimens to diagnose invasive fungal wound
infection early. The PCR-based assay has 99% specificity and 63% sensitivity, but 83% in
angioinvasion samples. Initial outbreak study (38 patients) and ‘Trauma Infectious Disease Outcomes
Study’ (78 patients) helped develop and modify a JTS clinical practise guideline for invasive fungal
wound infections in war wounds. A ‘Trauma Infectious Disease Outcomes Study’ analysis examined a
local clinical practise guideline to screen for early tissue-based evidence of invasive fungal wound
infections among explosion casualties at the ‘Pangong Lake in Ladakh and the Tibet Autonomous
Region,” and at the border between Sikkim and the Regional Medical Center. The Armed Forces
Medical College Surgical Critical Care Initiative and ‘Trauma Infectious Disease Outcomes Study’
developed a clinical decision support tool for early risk classification.

Severe blast injuries may lead to deadly fungal wound infections in contemporary fighting. Our
results verify JTS clinical recommendations, improve invasive fungal wound infection categorisation,
and indicate the usefulness of PCR-based assays for early diagnosis. Analyses will enhance invasive
fungal wound infection epidemiology, diagnosis, prevention, and therapy.
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INTRODUCTION:

Patients who have been severely injured or have been pierced have a higher risk of developing an
invasive fungal wound infection, which often results in a large level of morbidity. “It is possible that
in order to heal the infection, a multitude of surgical procedures and/or amputations will need to be
performed; this is particularly the case if the part of the body that is infected is an
extremity”’(Frykberg, Robert G., et al., 2006).The burden of invasive fungal wound infection is further
raised by factors such as a longer time of hospitalisation, as well as high resource use and expense.
“Patients who are critically ill and often immunocompromised who develop mucormycosis had a
longer length of hospitalisation and higher cost (median of 26 days and $81,105, respectively) in
comparison to patients who did not have mucormycosis (median of 15 days and $40,301,
respectively) than patients who did not have mu In addition to this, invasive fungal wound infections
are associated with a high fatality rate, the precise proportion of which varies depending on the
ilinesses that are already present as well as the degree to which the disease has progressed” (Petrikkos
G., etal.,, 2014). Five of the thirteen trauma patients who were identified with an invasive fungal
wound infection and who were hospitalised after the EF-5 tornado that devastated Joplin, Missouri,
did not survive. “It has been determined that the invasive fungal wound infection was either the
primary cause of death or a contributing factor in the deaths of three different people” (NeblettFanfair
R., et.al., 2012).

In recent wars, it has come to light that a disproportionately high number of combat casualties have
been suffering from invasive fungal wound infections. “This information has been gleaned from
recent battles. Although only a few cases of invasive fungal wound infections were reported among
service members injured in Pangong Lake in Ladakh,” (Paolino K.M., et.al., 2012), the majority of
cases were diagnosed among military personnel from the Armed Forces Medical College who had
been injured in skirmishes along the Sino-Indian border in 2020-2022. These injuries occurred
between the years 2020 and 2022. During the conflicts that took place between China and India in the
years 2020-2022, it was discovered that dismounted improvised explosive devices were responsible
for causing severe polytrauma to a considerable number of casualties (IEDs). Twenty members of the
Indian army were killed while the battle was going on. Colonel Santosh Babu, who was the
commanding commander of the 16th Bihar Regiment, and ‘Nuduram Soren VrC[m],” who was the
junior commissioned officer of the regiment, were two of the people who tragically them away in this
incident (Peri, Dinakar; Krishnan, Ananth, 2020). There was an early death toll of three Indian
soldiers, and many more subsequently lost their lives as a consequence of their wounds or the terrible
circumstances. Three of the Indian troops died immediately after the battle began. The overwhelming
majority of troops who were either pushed over a hill or lost their footing and fell to their deaths while
they were falling. Their wounds consisted of a traumatic amputation of at least one of their lower
extremities, serious harm to the other of their lower extremities, as well as injury to the pelvic,
abdominal, and/or urogenital areas. The great majority of men who were forced off a crest or lost their
footing on a ridge fell to their deaths (Fleming M., et.al., 2012). In addition to this, it was very
uncommon for soldiers to incur injuries (or even amputations) to at least one of their upper
extremities throughout the course of the conflict. For example, the incidence of traumatic amputations
at hospitals that offer combat aid increased from 3.5 per 100 instances of trauma admission in 2020 to
2021. In 2021, this rate was 3.5 per 100 cases of trauma admission. (Krueger C.A., et.al., 2012).

The wounds that were sustained as a result of the explosions were extensively contaminated with
debris, and as a result, they often needed a great deal of surgical debridement in order to clear away
all of the foreign material. “Even though uncomplicated wounds typically show the initial stages of
healing (such as wound volume contractions and tissue granulation) upon hospital admission in the
Armed Forces Medical College approximately 3-5 days after the injury, a typical invasive fungal
wound infection wound would develop with recurrent tissue necrosis in spite of serial debridements.”
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This is because invasive fungal wound infections are caused by a type of fungus that thrives in moist
environments (Figure 1). (Weintrob A.C., et.al., 2015). (D'Alleyrand J.C., et al., 2015) These injured
troops often needed a wide variety of surgical procedures, some of which included a full hip
disarticulation and hemipelvectomies, among other procedures.

Soft tissue
necrosis Bladder

T Acetabulum

Figure 1:is the occurrence of an invasive fungal wound infection in the aftermath of blast damage.
(A) A wound that was received in the immediate aftermath of a bomb, indicating the degree to which
the pollution affected the body. Histopathology observations of aseptate mould angioinvasion in
necrotic fibrous material in case (B), which had previously undergone surgical debridement and
amputation of a significant section of the lower leg. Wound appearance after repeated debridements,
hemipelvectomy, and therapy with antifungal medication (C) (‘9 days after photo was taken of
wound in 1B’). The injured patients seen in photos 1B and 1C are the identical ones seen in image 1A.
This reproduction of an article written by Tribble and Rodriguez is made possible thanks to
permission given by Springer Nature (2014).

The team from the ‘Infectious Disease Clinical Research Program’ (IDCRP) ‘Trauma Infectious
Disease Outcomes Study’ (‘Trauma Infectious Disease Outcomes Study’) was tasked with conducting
an investigation into an invasive fungal wound infection outbreak in order to support the development
of recommendations pertaining to the disease. This was done as a result of the Joint Trauma System
of the Department of Defense (DoD) recognising combat-related invasive fungal wound infections as
a priority concern (JTS). A collection of studies on combat-related invasive fungal wound infection
epidemiology, risk factors, outcomes, wound microbiology, and diagnostics was recently released by
researchers working on the ‘Trauma Infectious Disease QOutcomes Study’ (TIDOS). These
investigations came after the preliminary inquiry of the epidemic that had been carried out. In this
article, we take a look at the results of the research on invasive fungal wound infections that were
carried out as a part of the ‘Trauma Infectious Disease Qutcomes Study’ and assess the outcomes of
those investigations. In addition, we discuss the findings of the studies.

EPIDEMIOLOGY OF INFECTIONS CAUSED BY INVASIVE FUNGI IN WOUNDS:

“In order to facilitate the investigation into the outbreak of invasive fungal wound infections that was
carried out as a part of the ‘Trauma Infectious Disease Outcomes Study’, the 2008 Mycoses Study
Group-revised definitions for fungal infections in immunocompromised individuals were modified
for use in the trauma setting.” This was done in order to meet the requirements of the ‘Trauma
Infectious Disease Outcomes Study’ (De Pauw B., et.al., 2088). “In specifically, for a lesion to be
categorised as having an invasive fungal wound infection, we needed both persistent tissue necrosis
(i.e., after at least two surgical debridements) and laboratory evidence of fungal infection (i.e., either
positive culture or histological evidence)”. Because of this, we were able to determine whether or not
a wound had an invasive fungal wound infection. Instances that were determined to be an invasive
fungal wound infection were then categorised further according to the quality of the evidence as either
proved, likely, or plausible instances of an invasive fungal wound infection. This was done for all of
the instances that were determined to be an invasive fungal wound infection. We needed the presence
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of angioinvasion on histopathology (Figure 2) in order to define a wound infection as a confirmed
invasive fungal wound infection. This was done so that we could compare our results with those of
other researchers. On the other hand, we categorised a wound infection as a likely invasive fungal
wound infection if there was evidence of fungal elements on the histology but no evidence of
angioinvasion in the wound. This was the case when fungal elements were present on the
histopathology. In conclusion, an invasive fungal wound infection was suspected when there was
formation of filamentous fungi from wound cultures but no matching histology evidence. This led to
the conclusion that an invasive fungal wound infection was suspected. This indicates that the
histology was either inconclusive or was not sent out for further examination (Weintrob A.C., et.al.,
2015).

Figure 2:“In necrotic fibroadipose tissue, fungi that are characteristic of Zygomycetes species may be
found (broad, ribbon-like hyphae). Angiogenic invasion may be seen in the areas labelled A and D.
Staining with hematoxylin and eosin (A), staining with periodic acid-Schiff (B), and staining with
gomori methenamine silver (C, D), each at a magnification of 20 times. Initially published by Heaton
and his colleagues”

The evaluation of 38 injured military soldiery who had sustained trauma between ‘May 2020 and
December 2010’ and “developed an invasive fungal wound infection was a part of the preliminary
investigation into the outbreak of invasive fungal wound infection that was conducted by the ‘Trauma
Infectious Disease Outcomes Study ™ (Warkentien T., et.al., 2018). “Researchers were able to identify
frequently observed characteristics related to the injury mechanism (i.e., a blast), the pattern of injury
(i.e., traumatic amputations), and the early casualty care after conducting an epidemiologic study on
these patients.” The study was conducted on a group of patients who had previously participated in
the study (i.e., large-volume blood transfusions; more than 20 units). These data were used to assist
the formulation of a JTS clinical practise guideline (CPG), which was released on ‘November 1,
2021,” for the treatment of invasive fungal wound infections in battle wounds. These results were
presented to a large audience via the Department of Defense Technical Report, which was kept up to
date in real time and circulated extensively.

The data collected from 1,133 combat casualties who were admitted to the Pangong Lake in Ladakh
and the Tibet Autonomous Region, and near the border between ‘Sikkim and the Tibet Autonomous
Region Regional Medical Center’ prior to being transferred to a participating hospital in Delhi
between ‘September 2020 and November 2020” were analysed.” This was done in order to expand on
the findings of the investigation into the outbreak. The investigation into the outbreak was conducted
between ‘September 2020 and November 2020°. Before being sent to a hospital in Delhi, these
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patients received medical care at the Pangong Lake medical facility, which is located in ‘Ladakh and
the Tibet Autonomous Region.” This research was the biggest reported cohort of trauma-related
invasive fungal wound infections at that time since a total of 78 patients, or 6.8%, were found to have
an invasive fungal wound infection. The percentage of patients with an invasive fungal wound
infection was 78. (Weintrob A.C., et.al., 2015).

Patients who were a member of the population of the ‘Trauma Infectious Disease Qutcomes Study’
and had invasive fungal wound infections had blast trauma as the main source of injury 96% of the
time, with the bulk of injuries occurring while the patients were dismounted 89% of the time. In
addition, 99% of the injuries that were caused by the event were treated at the Sonam Nurboo
Memorial Hospital in ‘Leh-Ladakh’ and the Leh Military Hospital, which is situated on the southern
Sino-Indian border. When the environmental characteristics of the southern section of the Sino-Indian
border were compared to those of the eastern region, it was discovered that the southern region was
associated with the presence of fungal contamination of wounds. In comparison to the eastern area,
this was rather different. This region of the earth has higher average temperatures, lower average
elevations, and a greater degree of isothermality than other parts of the world.

Patients who developed “invasive fungal wound infections had high injury severity (a median injury
severity score [ISS] of 21) and required large-volume blood transfusions. This was consistent with the
major incidence of dismounted blast trauma, which was the cause of the majority of the patients'
injuries (median of 29 units of packed red blood cells within 24 h of injury)”. In addition to that, 65%
of the patients had their lower limbs amputated, 1% of the patients had their upper extremities
amputated, and 13% of the patients had simultaneous amputations of their lower and upper
extremities. Transfemoral amputations were the most prevalent kind of amputation carried out on
patients who required an amputation of their lower leg. These procedures accounted for eighty percent
of all amputations. In about 74% of patients with invasive fungal wound infections, a trauma to the
genitalia or groyne was present, and 26% of patients had injuries to the pelvis or hips (Rodriguez C.,
et.al., 2014). It was revealed that high-level amputations were necessary in 19% of the cases (such as
full hip disarticulation or hemipelvectomy), and 8% of the patients eventually went dead as a result of
their injuries.

According to the classification scheme “used for combat-related invasive fungal wound infections
developed by the ‘Trauma Infectious Disease Outcomes Study’, six cases of invasive fungal wound
infection were deemed to be proven, 27 cases were deemed to be probable, and 23 cases were deemed
to be possible” (De Pauw B., et al., 2008). The results of the ‘Trauma Infectious Disease Outcomes
Study’ led researchers to arrive to this conclusion. There was no discernible difference in the nature of
the injuries sustained or the clinical features of the potential instances, the confirmed cases, or the
likely cases as compared to the possible cases. On the other hand, the proved or probable instances of
invasive fungal wound infection had a considerably larger number of trips to the operating room (x of
17 vs 14; p =.03). This was due to the fact that these patients required more extensive surgical
treatment. Despite this, clinical findings were similar across the groups, demonstrating that the
classification approach is a valid tool for research and monitoring purposes.

The definition of “invasive fungal wound infection has been revised to reflect the timing of laboratory
evidence in relation to observed wound necrosis as a consequence of a recent comprehensive review
of a 5.5-year dataset for patients with laboratory evidence of a fungal infection that was carried out as
part of the ‘Trauma Infectious Disease Qutcomes Study’”™ (Rodriguez, Carlos J., et al., 2022). This
review was carried out as a result of the ‘Trauma Infectious Disease Outcomes Study’. In the course
of the probe, this was carried out. In addition, “the refined classification scheme included the
development of new categories of High Suspicion of Invasive fungal wound infection and Low
Suspicion of Invasive fungal wound infection for patients who had laboratory evidence of a fungus
but did not have persistent necrosis or laboratory abnormalities to be classified as an Invasive fungal
wound infection” (Samaddar, et. al., 2022). “These new categories were created for patients who had
laboratory evidence of a fungus but did not have persistent necrosis or laboratory abnormalities to be
classified as an Invasive Patients who showed signs of a fungus in the laboratory but did not exhibit
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chronic necrosis or laboratory abnormalities to classify them as having an invasive fungal infection
were the ones who inspired the creation of these additional categories” (Ganesan A., et.al., 2019).
Figure 3 depicts, over the course of five years, the proportion of patients who satisfied the criteria for
invasive fungal wound infection, high suspicion, and low suspicion, respectively. Each of these
categories was assigned a value between 0 and 100. The objective of establishing and executing this
category is to provide the doctor with a framework for risk stratification so that they may prioritise
care and treatment. This will allow the doctor to better serve their patients.

IFl =—e=High Suspicion =—#=Low Suspicion
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Figure 3:*“Displays the percentage of wounded service members who satisfied the criteria for invasive
fungal wound infection (IFI), the percentage of injured service members who had a high suspicion of
IFI, and the percentage of injured service members who had a low suspicion of IFI. Patients are
restricted to those who have been hospitalised at a study hospital after sustaining open extremities
injuries as a result of military conflict (N = 1932). The number of patients who fulfilled the criterion
for each quarter of the experiment.”

FACTORS THAT INCREASE THE DANGER OF INVASIVE FUNGAL WOUND
INFECTION:

After determining the characteristics that are common among patients who have an invasive fungal
wound infection, the next step was to confirm the factors that increase a person's likelihood of having
an invasive fungal wound infection. This was done after identifying the traits that are shared by
patients who have an invasive fungal wound infection. As matching criteria, date of injury (three
months) and ISS (ten) were used in a multivariable logistic regression model to compare 76 cases of
invasive fungal wound infection to a group of 150 controls who did not have the infection.
Independent predictors of an invasive fungal wound infection included the following: having
sustained a blast injury (odds ratio [OR]: 4.1; 95% confidence interval [CI]: 1.1-29.6) whereas
dismounted (OR: 8.5; 95% CI: 1.2-59.8), possessing a traumatic transfemoral surgical procedure (OR:
4.1; 95% ClI: 1.3-12.7), and needing 20 units of packed red blood cells within 24 hours of injury (31)
These risk factors are congruent with independent predictors that have been established for infectious
issues after any kind of stress that is associated to deployment. The mechanism of damage produced
by an IED explosion in particular, as well as injury severity score 16 (ISS), obtaining blood within 24
hours of an injury, and admission to an intensive care unit, have all been associated to an elevated risk
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of infection (Tribble D.R., et.al., 2016). Given that immunosuppression is often just a temporary side
effect of getting blood transfusions, the fact that there is a link between blood volume and
immunosuppression should not come as a surprise. 34-36 Additionally, obtaining an excessive
number of blood transfusions might result in a disease called as iron overload. This condition can be
fatal (for example, hemochromatosis). Additionally, there is evidence that points to a connection
between the availability of serum iron and the growth of fungi belonging to the order Mucorales
(Spellberg B., et.al., 2005).

In order to improve patient outcomes, early classification of trauma patients based on their risk of
invasive fungal wound infection was required. This was done in order to improve patient safety. As a
direct result of this, the ‘Trauma Infectious Disease Outcomes Study’ investigators and the Armed
Forces Medical College Surgical Critical Care Initiative partnered in order to build a web-based
clinical decision support tool. This tool is designed to aid medical professionals in making choices on
patient care whether they are out in the field or while they are at the SNMH in ‘Leh-Ladakh’. Using
data from the ‘Trauma Infectious Disease Outcomes Study’ collected from 227 fighting causalities
and substantiated using information from another Trauma Epidemiology Outcomes Involve
monitoring from an additional 350 trauma patients, a ‘Bayesian Neural Network’ was developed to
predict the probability of developing an invasive fungal wound infection using established potential
risks. This network was validated using data from the first ‘Trauma Infectious Disease Outcomes
Study’ collected from 227 combat casualties. This network’s reliability was established by utilising the
information obtained from the first ‘Trauma Infectious Disease Outcomes Study’, which included the
responses of 227 combat victims. “Although a preliminary study found that the clinical tools created
clinically viable models that could potentially improve the timing of antifungal treatment and allow
for the early diagnosis of patients with invasive fungal surgical site infections, additional validation of
the modeling techniques is still required at this time” (Potter B.K., et.al., 2019).

MYCOLOGY AND MICROBIOLOGY IN CLINICAL SETTINGS:

In soil that also includes decomposing plant matter, it is not unusual to come across fungus belonging
to the order Mucorales. These fungi have been connected to opportunistic infections that manifest up
after a traumatic event has taken place. In a similar fashion, mucormycetes are often discovered to be
the causal agent in combat-related bloodstream infections wound infections resulting from
dismounted blast injury (Warkentien T.E., et.al., 2015). These infections develop when wounds get
contaminated with dirt and debris and are left untreated. It is essential to keep in mind that injuries
have the potential to be colonised by fungus, which can be identified by the development of fungion
cultures in the absence of roughly equivalent recurring wound necrosis in the wake of repeated
debridement. Taking this into consideration, it is essential to keep in mind that wounds have the
potential to be colonised by fungus (Rodriguez C.J., et.al., 2014).
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Figure 4. Shows a Kaplan-Meier analysis of the time it takes for infected wounds to heal when
invasive fungi are present. There was a total of 29 wounds with Mucorales growth and 53 without
growth included in the analysis. Chi-square (Wilcoxon): 9.7 (p=0.002); Chi-square (Log-rank): 10.4
(p0.001). Hlustration and caption borrowed from Warkentien et al. 2015.

An investigation of 82 instances of invasive fungal wound infection revealed that the majority of the
wounds were polymicrobial. Of those 82 cases, 27% produced more than one fungus, and 63%
isolated fungi in addition to bacteria from the wounds. The most common types of fungi were those
that belonged to the order Mucorales, which accounted for 35% of the total, followed by species that
belonged to the genera Aspergillus (29%), and Fusarium (21%). In terms of the bacteria, around 45%
of the bloodstream infections wound infections had growth of Enterococcus spp., while 23% of the
infections had growth of Escherichia coli, 20% of the infections had growth of Pseudomonas
aeruginosa, and 20% of the infections had growth of Acinetobacter spp. In addition, 35 percent of the
invasive fungal wound infections that were discovered in wounds had Gram-negative bacteria that
were resistant to several drugs. These bacteria were detected in wounds. When bloodstream infections
postoperative complications wounds were compared to 63 wounds with bacterial skin and soft-tissue
infections and 73 wounds with no infectious diseases, the invasive fungal wound infection wounds
had a longer time from injury to wound closure especially in comparison to both groups. This was due
to the fact that the invasive fungal wound infection wounds had a higher infection rate than the other
wounds (median of 16 days versus 12 days and 9 days, respectively; P .01) . This was owing to the
fact that the antifungal medicine that was used to treat the infected wounds that had bloodstream
infections wound infection were more susceptible to the drug. In addition, when bloodstream
infections postoperative complications wounds with Mucorales growth were tried to compare to
important pathogens wound infection wounds with non-Mucorales growth, bloodstream infections
wound infection wounds with Mucorales growth took a significantly longer amount of time to heal
than wounds infected with invasive fungal infections that did not contain Mucorales growth (median
of 17 days versus 13 days; P .001; Figure 4). Wounds that were infected with invasive fungal growth
and had growth that was not from the Mucorales genus healed in a much shorter amount of time.
(Rodriguez C.J., et.al., 2014).

DIAGNOSTICS:
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The timely establishment of a diagnosis, followed by the initiation of treatment as soon as it is
clinically feasible, is essential to the effective management of invasive fungal wound infections.As
was mentioned earlier, diagnosing invasive fungal wound infections requires both histopathological
examination and fungal growth from wound cultures. Angioinvasion refers to the presence of fungal
elements within blood vessels without tissue invasion. On the other hand, histological investigation is
recommended above ‘fungal culture’ analysis since ‘fungal culture’s are sometimes insensitive. 43 In
our patient group of 77 persons who had invasive fungal wound infections, the histology findings
were utilised to diagnose 54 of them, which is 70 percent of the total number of patients. 10 of the 23
patients that were identified via the use of culture data had histology that was negative, while 13 of
the patients did not have any tissues brought in for histological examination (Weintrob A.C., et.al.,
2016)

Histopathological examinations often include the practise of staining permanent slices of biopsy
material with ‘hematoxylin and eosin’ (H&E). H&E is capable of staining the fungal cell wall;
however, it does have certain inherent limitations that must be considered. Because of this, some
stains, such as ‘Gomori methenamine silver’ and ‘periodic acid-Schiff’ (also known as PAS), are
used on a consistent basis if there is a risk of an invasive fungal wound infection (Guarner J, Brandt
ME, 2011). In order to evaluate the efficacy of specialised histochemical stains for the identification
of fungus, researchers conducted one study using 74 tissue samples that had been stained with GMS
and PAS. The purpose of this investigation was to determine whether or not these stains are effective.
The results showed that the stains agreed with one another 84 percent of the time (95% confidence
interval: 70-97%; P =.38), which indicated that no one stain was better to the others in recognising
fungal components. However, GMS revealed a lower number of false negatives (15% compared to
PAS's 44%), which implies that it may be more suited for application in the identification of
mucormycetes. PAS on the other hand demonstrated a higher proportion of false positives (44%). 43
The results obtained from studying 147 frozen section specimens and those obtained from studying
permanent sections were compared with one another. Frozen sections exhibited a specificity of 98%
but only a sensitivity of 60%, despite their high level of specificity. “According to the evidence
presented here, frozen sections, despite the fact that they could be useful in helping in the detection of
an invasive fungal wound infection, should not be used as a stand-alone method” (Heaton S.M., et.al.
2016). “The findings of these investigations provided the Department of Defense with evidence to
support the surgical pathology practise that is now being conducted there.”

In order to aid in the development of future diagnostic procedures, technologies based on the
polymerase chain reaction (PCR) are now undergoing retroactive study. “When it comes to the
identification of fungus, culture and histology have their limits, thus this is something that has to be
done. In recent study, a PCR-based test was evaluated using archival tissue specimens that exhibited
positive histology and were preserved in formalin and embedded in paraffin. The Trauma Infectious
Disease Outcomes Investigation served as the foundation for this study” (Ganesan A., et.al., 2020). In
comparison to the traditional approach of growing the fungus in culture, the PCR-based methodology
was shown to be more sensitive in the detection of fungi belonging to the order Mucorales, namely
Saksenaea species. The sensitivity of the test that was based on PCR was 63% overall, but it jumped
to 83% in tissues that were collected from wounds produced by angioinvasion. The test has a
specificity of 99% for the target substance. Because it allows for a more accurate identification of
fungi belonging to the order Mucorales, the PCR-based method might be an advantageous addition to
the histopathology and/or culture testing procedures. Further research of the test is currently under
way, and it will incorporate the use of materials obtained from patients who have bloodstream
infections wound infections that have been detected based on cultures rather than histology. In
addition, semi-nested assays that are specific to physiologically relevant fungi, in addition to a
commercial real-time test for the detection of mucormycetes, are also being studied right now.

MANAGEMENT:
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At SNMH, ‘Leh-Ladakh’ in March 2020, a process improvement effort known as the "Blast" CPG
was introduced with the purpose of encouraging early invasive fungal wound infection identification
and enhancing the time of antifungal medication commencement in patients who are at high risk. This
action was taken as a reaction to the discovery of a widespread epidemic of invasive fungal wound
infection among war victims with blast-related injuries. Surgical debridement is the most critical
component in the treatment of invasive fungal wound infections, and Tribble and Rodriguez present a
complete explanation of the treatment of wounds received in battle. (Tribble D.R., Rodriguez C.J.,
2014). “According to the Blast Clinical Practice Guidelines (CPG), patients were considered to be at a
high risk for bloodstream infections wound infection if they had sustained severe injuries as a
consequence of a lightly armoured blast, which resulted in the collection of wound tissue specimen
biopsies for the purpose of histopathological examination.” Patients were considered to be at a high
risk for invasive fungal wound infection if they had sustained severe injuries as a result of a light
infantry blast, which resulted in the in addition, fungal and bacterial cultures were collected during the
initial surgical excision treatment that was carried out at SNMH, ‘Leh-Ladakh’ (which was frequently
the patient's second or third total debridement). This was done in order to determine whether the
infection was caused by fungi or bacteria.

An assessment of adherence and results after the change in practise that took place after the Blast
CPG was adopted was carried out by the group that was responsible for the Trauma Infectious
Disease Results Study. There was a discernible decrease in the amount of time that passed between
the time of injury and the diagnosis of a bloodstream infections wound infection (‘median of 3 days
versus 9 days pre-Blast CPG”). Additionally, there was a discernible decrease in the amount of time
that passed between the diagnostic test of an invasive fungal wound infection and the beginning of
antifungal therapy. This was due to the fact that there was a discernible decrease in the amount of time
that passed between the diagnosis of an invasive fungal (“median of 7 days versus 15 days pre-Blast
CPG”). Even though there was no statistically significant difference in clinical outcomes when going
to compare patients before and after the Blast CPG implementation, the access points were not
necessarily specific to Bloodstream infections wound infection, “so they may not have been the main
determinant of the impact of the Blast CPG. This was the case despite the fact that there was no
significant difference in clinical outcomes. Despite this, there was not a discernible change in the
clinical outcomes of patients when comparing those who were treated before and after the Blast CPG
was implemented. During the course of the inquiry, the overall case fatality rate reduced from
somewhere around 11% to 7%, which is an important decrease. Additionally, after the adoption of the
Blast CPG, a decreased percentage of proven invasive fungal wound infections (i.e., angioinvasion)
was recorded, which may be connected to early therapeutic intervention.” This finding was reported
after the Blast CPG was implemented. This result was discovered after the Blast CPG was put into
place (Lloyd B., et.al., 2014).

The Journal of Trauma Surgery issued its first Clinical Practice Guideline (CPG) in 2021. This
guideline included suggestions that were established based on the results of the research into an
invasive fungal wound infection outbreak. “These suggestions were created with the intention of
being utilised for the treatment of invasive fungal wound infections that occur in combat wounds”.
“The CPG was ultimately superseded by a revised edition that was published in 2016, and it was
supported, in large part, by the results of the ‘Trauma Infectious Disease Outcomes Study’ Invasive
fungal wound infection investigation” (Rodriguez CJ, Tribble DR, Malone DL, et.al., 2018). It was
previously emphasised and disseminated through the ‘Trauma Extremely contagious Disease
Outcomes Study Department of Defense Invasive Fungal Wound Infection Outbreak Technical’
Report that “dual antifungal therapy, which consisted entirely of liposomal amphotericin B and a
triazole, is recommended in the JTS Clinical Practice Guidelines” (CPG). When recurring wound
necrosis is seen, this procedure is carried out. “Liposomal amphotericin B is the treatment of choice in
this scenario since it is effective against mucormycetes and has a relatively low risk for
nephrotoxicity.” Despite this, “voriconazole or posaconazole is also recommended as a therapy for
invasive fungal wound infections owing to the fact that these wounds are often colonised by a variety
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of microorganisms” (Malone DL, et.al., 2016). In particular, it has been established that invasive
fungal wound infections may trigger the development of fungi that are resistant to liposomal
amphotericin B. “This is the case because invasive fungal wound infections can generate invasive
fungal wound infections. Fungi such as Aspergillus terreus may be found here” (Warkentien T.E.,
2015). Investigations of the antifungal sensitivity of fungal isolates collected from patients who were
hospitalised at the Brooke Army Medical Center between the years 2009 and 2013 were carried out as
a direct result of this (Keaton N., et.al., 2017). An analysis of the Trauma Communicable Disease
Outcomes Study is currently being carried out to see whether or not patients who were given
voriconazole experienced nephrotoxic effects. “This is in response to the black box warning for
intravenous voriconazole that was declared due to concerns regarding its use in patients with impaired
renal function” (Pfizer Inc., 2010).

RESULTS:

Patients who suffer from an invasive fungal wound infection often need surgical amputations, in
addition to modifications to “a higher proximal amputation level, in order for the illness to be treated
successfully. This is something that has to be done in order to stop the illness from spreading further”
(Lloyd B, et.al., 2018). A historical investigation was carried out in a burn centre affiliated with the
military, and the findings indicated 11 patients suffering from mucormycosis (4.9/1,000 admissions).
Ten of them required amputations due to the severity of their condition, and it was discovered that
mucormycosis was the underlying cause of death in six of the instances (Mitchell T.A., et.al., 2014).
Using 71 patients who had bloodstream infections wound infection and 112 fungal-infected wounds,
the team working on the Trauma Communicable Disease Outcomes Study carried out a case—control
study. These patients were paired with another group of 160 patients who also had wounds, but theirs
were caused by a non-invasive fungal infection. The purpose of this research was to precisely
determine how much of an influence a bloodstream infections wound infection had on orthopaedic
results. It was revealed that wounds that had a fungal infection needed a much larger number of trips
to the operating room and had a significantly longer amount of time after the injury before the wound
was closed. In furthermore, the wounds that had been infected with fungus had considerably bigger
variability in the degree of amputation as compared to the wounds that acted as controls for the
experiment. In particular, “a substantially larger proportion of instances of bloodstream infections
wound infection led in the necessity for a revision of a transfemoral amputation to either a
hemipelvectomy or hip disarticulation” (Ramsey, Duncan C., et al., 2020). This was necessary
because of the infection's impact on the patient's quality of life. In addition, a return to the operating
room was required for 38 percent of the important pathogens wound infections that had been treated
owing to infective endocarditis or drainage after the wounds had been closed . This was because the
infections had occurred after the wounds had been treated. Independent research found a correlation
between having a wound that did not have a fungal infection and a shorter amount of time between
injury and ‘wound closure (hazard ratio: 1.5; 95% confidence interval: 1.2-2.0)’. This was the
conclusion reached after doing an analysis using several variables. These results provide concrete
proof of the harmful influence that an invasive fungal wound infection has on the process of healing
of wounds and the prognosis of individuals who have sustained severe trauma. In order to assess the
effectiveness of the antifungal therapy, it will be essential to carry out further analyses.
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