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Abstract. Introduction: The emergence of the novel coronavirus disease (COVID-19) pandemic
has conditioned the whole world to search for an ultimate cure for the infection. Therefore, all
countries with no exception have embraced vaccines in addition to other pharmacological drugs.
The consequences of the pandemic include material and human losses in all countries. Another
emerging disease is a black fungus. The black fungus is a pathological phenomenon that arises
as aresult of exposure to mucormycosis. It is observed concurrently with recovery from the virus.
The infection has symptoms and risks that do not reduce the risk of infection by COVID-19.
Methods: Information was gathered from the review of the relevant literature obtained from
various databases, such as Science Direct, Springer, PubMed, Google, and Google Scholar.
Results: The relationship between diabetes, COVID-19, and mucous fungus is such that diabetes
weakens the immune system which helps the COVID-19 virus. Conclusion: The decline of the
immune system facilitates secondary infections such as the mucous fungus, especially in the
recovery phase from the virus. Therefore, in this review, information about the new pandemic
and its risks have been summarized.
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Introduction

The world is yet to recover from the latest novel coronavirus disease (COVID-19)1, 2,
3. Many countries around the world are still struggling in the fight against the pandemic. One
of the countries that is undergoing an unfavorable rise in the number of cases of COVID-19 in
its second wave is Afghanistan with a total of 203311 confirmed cases of COVID-19
with 7,823 deaths, as 22 th November 2022 from reported to WHO 2 . The recent surge in
COVID-19 cases has a correlation with several of the attributes with the new highly infectious
variants. This includes the violations of the standard protocols in the field of public health such
as hand washing, using a mask, and the maintenance of social events. This is as well as
organising large events such as the Kumbh Mela (Indian major pilgrim) and rallies attracting
enormous crowds3, 4, 5, 6, 7, 8.

The aftermath of COVID-19 is the emergence of another disease. The black fungus
(mucormycosis) is a fungus whose infection is rare. It occurs due to infection by the fungal
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mucus found in soil, compost, plants, and fruits. This is in addition to the presence in the nasal
mucus of healthy people9.

It has been noted that the recent occurrences of the COVID-19 effects have been
connected to fungal infection symptoms such as mucormycosis and aspergillosis. Significantly,
critically ill patients on steroid therapy were affected mainly by invasive mucormycosis post-
COVID-19, which is a consequence of the current jump in COVID-19. During the pandemic's
second wave in India, the black fungus is described in relation to COVID-19 by many case
reports and case series 10, 11.

The disease has a range of symptoms. Convectional breathing problems can often lead
to severe cases that can aggravate secondary infections by opportunistic microorganisms such
as molds and yeast infections. This is when the services of oxygenation and mechanical
ventilation become necessary12, 13. COVID-19 patients co-infected with fungus in intensive
care units (ICUs) have been examined in the course of the present severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) pandemicl4, 15, 16, 17.

The random and extended administration of steroids by clinicians in patients with mild
COVID-19 is a substantial contributor to the development of mucosal mycosis in people with
diabetes. This can cause pancreatic islet cell damage. Sugar levels may also arise as a result of
the inflammatory response, which causes an increase in insulin10, 18.

In India, black fungus cases have been observed in COVID-19 individuals treated and
recovered. The most often reported infection site was rhino-orbital/rhino-cerebral
mucormycosisl0. These people had diabetes and were using corticosteroids to deal with the
severity of COVID-19. This led to a higher death rate and exacerbated the pandemic scenario.
The Severian triad is a group of three people that are related to each other19.

Infection with black fungus is widespread throughout the world, although it is rare.
Between 1992 — 1993, the number of infected people in the San Francisco Bay Area was
estimated to be approximately 1.7 cases per million people20. India is one of the countries with
the largest spread of the disease. This is due to the high number of people with diabetes who
are thought to be the most vulnerable to the disease21, 22, 23. The widespread of black fungus
may also be due to the high humidity, which increases the spread of fungi24.

The relationship between diabetes, COVID-19, and mucous fungus is such that
diabetes weakens the immune system which helps the COVID-19 virus. The decline of the
immune system facilitates secondary infections such as the mucous fungus, especially in the
recovery phase from the virus25, 26.

Diabetic patients whose blood sugar is poorly managed amount to most cases in the
two weeks after their recovery from COVID-19. The skyrocketing infection rate with black
fungus has been influenced by the misuse of steroids. Other sources have reported that the
Covid-19 virus has the ability to suppress the host's immune system, and that this has aided the
propagation of the fungus. Some have used traditional herbs, stretching the health system to
breaking point, while vaccines are in low supply3, 6, 8, 27, 28, 29.

Pathogenesis of a black fungus

Black fungus, often known as the mucormycosis infection, causes black colonies in
the affected tissues. It generally starts in the nose and paranasal sinuses and progresses rapidly.
It takes advantage of immune deficiency in humans to survive6, 8, 30. This fungus infiltrates
the arteries. It develops thrombi within the blood vessels, reducing the blood flow, and causing
necrosis of both hard and soft tissues8, 31. In addition, the fungus can spread to the orbital and
cerebral tissues if it enters the arteries30. Mucormycosis usually appears as an acute infection
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with symptoms that include rhinocerebral, pulmonary, gastrointestinal, cutaneous32, and
diffuse mucormycosis31. The infection might take a long time to develop and be relatively
indolent, and it may finally lead to maxillary necrosis6, 8.

Black fungus is more common in people with uncontrolled diabetes because their
innate immunity makes it difficult for the polymorphonuclear phagocytes to remove the fungi.
The sinuses are the most affected location in diabetic patients, followed by the pulmonary
areas4, 33, 8, 32.

The role of diabetes

In India34, Iran35, the Middle East and North Africal6, and Mexico35, the high
prevalence of diabetes is thought to be responsible for the increasing cases of black fungusb, 7,
8. Diabetes mellitus is a chronic, life-threatening metabolic disorder and it is considered to be
one of Egypt's leading causes of death5, 34.

According to the International Diabetes Federation (IDF), Egypt is among the top ten
nations globally in terms of diabetes patients. It is expected that the number of diabetic patients
in the Middle East and North Africa (MENA) region is predicted to increase by 96%, from 34.6
million to 67.9 million from 2013 to 203536, 37. In Egypt, diabetes affects 15.56% of
individuals aged 20 to 79 years old, resulting in an annual mortality toll of 86,478 people with
type-2 diabetes accounting for more than 90% of cases of type 2 diabetes (T2DM)34. Generally,
T2DM is caused when the pancreatic cells fail to secrete insulin and when the insulin-sensitive
tissues fail to respond correctly to said insulin. T2DM may increase the chance of black fungus
infection in post-COVID-19 patients. The patients with diabetes were identified as making up
more than 80% of the black fungus cases. In addition, people with diabetes show less of an
immunological response, which hypoglycemia medications exacerbate. Patients with a history
of diabetes mellitus should be managed with extreme caution when treating COVID-195, 6, 7.

Methods
The information was gathered from the review of the relevant literature obtained from
various databases, such as Science Direct, Springer, PubMed, Google, and Google Scholar.

COVID-19 and black fungus

The severe acute respiratory syndrome resulting from coronavirus 2 (SARS-CoV-2)
disease in 2019 (COVID-19) has been connected to several opportunistic bacterial and fungal
diseases. Furthermore, the predominant fungal pathogens causing co-infection in COVID-19
patients include Aspergillosis and Candida. Several incidences of mucormycosis in COVID-19
patients have recently been documented globally. Most cases so far have been reported in
India38, 39. The environment includes an insufficient amount of oxygen (hypoxia), an increase
in glucose (diabetes, new-onset hyperglycemia, and steroid-induced hyperglycemia), an acidic
medium (metabolic acidosis, diabetic ketoacidosis (DKA)), and an increased level of iron (high
ferritins). Low white blood cells phagocytic activity (WBC) seems to help germinate the
Mucorales spores in people infected with COVID-1940.

According to the literature, people who contract coronavirus and undergo treatment
are in danger of acquiring immunodeficiency41. The COVID-19 treatment drugs work to attack
the virus while also having a significant impact on the immunity. Because of the increase in the
proportion of cytokines secreted by the immune system to resist the coronavirus, which weakens
the body's defenses, physicians are forced to give the patient steroids to suppress the immune
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system and reduce the secretion of cytokines. Still, both cytokines and steroids cause high sugar
levels and a weak immune system42.

Common symptoms of the black fungus infection

Black fungus infection is mostly a respiratory or skin infection. The symptoms of
infection include symptoms of the respiratory tract and sinus irritation28. Other symptoms and
signs of black fungus infection include a cough, fever, headache, nasal congestion, and sinus
discomfort27. Swelling on one side of the face, headaches, fever, nasal or sinus congestion, and
black lesions on the nose or upper portion of the mouth have also been reported as signs of
black fungus infection30. Other signs and symptoms of pulmonary (lung) mucosa disease
include fever, cough, chest discomfort, and shortness of breath43, 9.

The signs and symptoms of skin infection include blisters or ulcers. The afflicted
region may turn black. There may also be discomfort, excessive redness in the afflicted areas,
and swelling surrounding the infected wound44.

Similarly, some of the intestinal mucosal disease symptoms include intestinal pain,
nausea, and gastrointestinal bleeding. The early detection of the condition frequently leads to
better treatment results27, 28, 45, 46, 30.

Treatment

Anti-fungal medication is considered to be the most appropriate and effective method
of treatment. The treatment plan, however, is very costly because the treatment period may be
extended up to 8 months. Among the most popular compounds used is Amphotericin B, and the
treatment period ranges from 5 days to 12 weeks until the patient reaches the point of recovery.
In some severe cases, the treatment plan requires the removal of the parts that have been
damaged to prevent the fungus spread and to maintain the patient's health47. Isavuconazole has
recently been used as a treatment with FDA approval. In addition, studies have proven the
ability of hyperbaric oxygen to treat black fungus since high-pressure oxygen can raise the
efficiency of the neutrophils in terms of eliminating the fungi48.

According to the US National Library of Medicine, all dead and contaminated tissue
must be removed quickly. The palate, sections of the nose, or eye elements may be removed
during surgery, resulting in deformity. However, if this procedure is not performed, the odds of
survival are significantly reduced.

Antifungal medicine is also administered intravenously, commonly in the form of
amphotericin B. Once the infection has been managed, the patient may be shifted to a different
treatment, such as posaconazole or isavuconazole. When a person has diabetes, their diabetes
levels must stay within a healthy range49.

Amphotericin B, Potassium iodide, miconazole, terbinafine, cotrimoxazole,
hyperbaric oxygen, itraconazole, ketoconazole, and surgical debridement have been practiced
in varying degrees of effectiveness43, 50, 51, 52. Guarro et al. tested nine Basidiobolus spp.
and eight Conidiobolus spp. isolates for susceptibility. Basidiobolus spp. exhibits lower
geometric mean MIC values than those for Conidiobolus spp.: itraconazole at 1.8 vs. 11.3 Ig
mL, ketoconazole at 1.0 vs. 20.7 Ig mL, miconazole at 3.9 vs. 11.3 Ig mL, and amphotericin B
at 2.7 vs. 3.1 Ig mL. There is no clinical experience with voriconazole in the treatment of
entomophthoromyecosis. Over four years, the remarkable work of Krishnan et al. shows there to
be a substantial improvement with potassium iodide at 40 mg kg per day in 9 of 10 patients with
either basidiobolomycosis or conidiobolomycosis52. Amphotericin B has been linked to
clinical failure53. Itraconazole or potassium iodide seem to be good first-line treatments49, 53.
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There is no one antifungal drug with a consistent antifungal action. In-vitro susceptibility testing
may aid in treatment planning49, 52.

Conclusion

The relationship between diabetes, COVID-19, and the black fungus is that diabetes
weakens the immune system. This helps to attack the COVID-19 virus. The decline of the
immune system facilitates secondary infections such as that of the mucous fungus, especially
in the recovery phase from the virus. Most cases of the black fungus are closely related to
COVID-19. Most COVID-19 patients are confined due to intensive care with the assistance of
oxygen devices. In this case, the humidity is high, paving the way for easy infection by the
fungi. As a result, researchers and healthcare practitioners must quickly address mucormycosis
infection by evaluating its impact and severity, particularly in COVID-19 victims. A
multidisciplinary method can be performed including a timely diagnosis, antifungal therapy,
and suitable surgical consultation or treatments. More evaluation of the impact of
mucormycosis in COVID-19 ongoing and recovered patients is needed. Recovering patients
should be recommended to stay in quarantine for some weeks. This is where the immunity can
be improved through the use of follow-up tests to rule out any complications. Comparable
precautions must be undertaken for people infected with the virus. Hand washing, masking, and
social distancing should be followed by normal public health routines.
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