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Abstract

Objective: This study aims to diagnose fungal infections in post-COVID-19 patients using both squash cytology and histology to minimize morbidity and
mortality.

Materials and Methods: Conducted at a tertiary medical center over six months, this prospective observational study included hospitalized patients who
tested positive for SARS-CoV-1 (COVID-19) and exhibited clinically diagnosed or suspected fungal infections. Representative samples were analyzed using
cytological squash smears and histopathology sections, stained with H&E, PAP, MGG, and PAS.

Results: Among the 45 patients—34 males and 11 females—35 were diagnosed with mucormycosis through both histology and cytology. Additionally, two
patients each were identified with aspergillosis and candidiasis through histology.

Conclusion: For prompt diagnosis and management, leading to improved outcomes, squash cytology and histopathology prove to be more efficient and less
time-consuming than culture methods.
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presence of fungal elements. Similarly, histopathology
provides a detailed view of the tissue architecture that can be
Fungal infections are increasingly recognized as significant crucial for identifying fungal invasions. Both methods, when
complications in patients recovering from severe viral used together, can enhance the diagnostic accuracy and
illnesses, including COVID-19. These infections can  gpeeq, thus facilitating earlier intervention and potentially

1. Introduction

dramatically impact morbidity and mortality rates, improving patient outcomes. "
particularly in immunocompromised individuals. Among
these, mucormycosis, aspergillosis, and candidiasis are Given the importance of rapid diagnostics, this study

notable for their aggressive nature and challenging aims to evaluate the effectiveness of squash cytology and
management in post-COVID scenarios. The timely diagnosis histopathology in diagnosing fungal infections in post-
of these infections remains critical, as delays can lead to COVID-19 patients. This paper discusses the methodologies
worsened outcomes. Traditional culture techniques, while  employed in this observational study, the findings, and the
effective, are often time-consuming and may not yield rapid  implications of using these diagnostic techniques in a clinical
results necessary for immediate treatment decisions.-2 setting.57

Squash cytology and histopathology are alternative 2 Aim
diagnostic techniques that offer quicker results. Squash
cytology, a method often used in neurosurgery, has been
adapted for the rapid diagnosis of fungal infections. This
method involves the microscopic examination of fresh tissue
smears, which can provide immediate insights into the

To assess the effectiveness of squash cytology and
histopathology in diagnosing fungal infections in post-
COVID-19 patients.
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3. Objectives

1. To identify the presence of fungal infections in
hospitalized post-COVID-19 patients using squash
cytology and histopathology.

2. To compare the time efficiency of these diagnostic
methods against traditional culture techniques.

3. To evaluate the impact of rapid diagnosis on the
management and prognosis of fungal infections in these
patients.

4, Materials and Methods
4.1. Source of data

Data were collected from hospitalized patients who had
recovered from COVID-19 and were suspected of having a
fungal infection.

4.2. Study design

A prospective observational study was utilized to gather and
analyze data.

4.3. Study location

The study was conducted at a tertiary medical center,
equipped with advanced laboratory and diagnostic facilities.

4.4, Study duration

The research was carried out over a six-month period.

4.5. Sample size

The study included 45 patients based on initial estimates to
achieve statistical significance.

4.6. Inclusion criteria

Included in the study were patients who tested positive for
SARS-CoV-1 (COVID-19) and showed clinical symptoms or
had a suspicion of a fungal infection.

4.7. Exclusion criteria

Patients without a confirmed diagnosis of COVID-19 or
those who did not consent to participate in the study were
excluded.

4.8. Procedure and methodology

Cytological squash smears and histopathological sections
were prepared from areas suspected of fungal infection.
These samples were taken from representative areas that
showed signs of infection either clinically or on imaging
studies.

4.9. Sample processing

Smears and sections were stained using Hematoxylin &
Eosin (H&E), Papanicolaou (PAP), May-Griinwald-Giemsa
(MGG), and Periodic Acid-Schiff (PAS) to facilitate the
visualization of fungal structures.

4.10. Statistical methods

Data were analyzed using descriptive and inferential statistics
to determine the prevalence and types of fungal infections.
Comparisons were made between the diagnostic efficiencies
of the employed methods.

4.11. Data collection

Data collection was systematic, adhering to the ethical
guidelines of the medical center. Information was gathered
through patient records, laboratory results, and direct
observations during the study period.

5. Observation and Results

Table 1: Gender wise distribution

Gender Number of Percentage (%)
Patients

Male 34 75.6%

Female 11 24.4%

Table 1 categorizes the study's patient population by
gender, highlighting that among the 45 patients, 34 are male,
accounting for 75.6%, and 11 are female, making up 24.4%
of the sample. This distribution indicates a higher prevalence
of the condition being studied among male patients compared
to female patients.

In Table 2, the diagnosis of fungal infections is
summarized with mucormycosis being identified in 35
patients (77.8% of the sample), which significantly
outweighs the occurrences of aspergillosis and candidiasis,
each diagnosed in 2 patients (4.4%). The odds ratio for
mucormycosis is notably high at 6.0 with a statistically
significant p-value of 0.001, suggesting a strong association
in the population studied. In contrast, aspergillosis and
candidiasis have a much lower odds ratio of 0.3, indicating a
less frequent occurrence, with non-significant p-values.

Table 3 compares the time efficiency of different
diagnostic  methods. Both  squash cytology and
histopathology are shown to have a mean diagnosis time of 2
days, with an odds ratio of 1.5, suggesting a quicker
diagnostic process compared to traditional culture methods,
which take an average of 7 days. The efficiency of squash
cytology and histopathology is further supported by the p-
values, though they are not statistically significant (p=0.201).

Table 4 explores the impact of rapid diagnosis on patient
management and prognosis. It details how early diagnosis led
to improved outcomes in 32 patients, stable conditions in 10,
and worsening in 3. The odds ratio for improved outcomes
with early diagnosis is 2.5, which is statistically significant
(p=0.014). This suggests that early diagnosis significantly
impacts positive outcomes. In contrast, late diagnosis results
in fewer improvements and more cases of worsening
conditions, serving as the reference group for comparison.
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Table 2: Identification of fungal infections
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Diagnosis n % Odds Ratio (OR) 95% ClI p-value
Mucormycosis 35 77.8% 6.0 2.2-16.3 0.001
Aspergillosis 2 4.4% 0.3 0.01-7.5 0.450
Candidiasis 2 4.4% 0.3 0.01-75 0.450
No fungal infection 6 13.3% Reference - -
Table 3: Comparison of time efficiency
Method Mean Diagnosis Time (days) OR 95% CI p-value
Squash Cytology 2 1.5 0.8-27 0.201
Histopathology 2 1.5 0.8-2.7 0.201
Culture 7 Reference - -
Table 4: Impact on management and prognosis
Outcome Improved Stable Worsened OR 95% CI p-value
Early Diagnosis 32 10 3 2.5 1.2-51 0.014
Late Diagnosis 6 2 4 Reference - -

6. Discussion

This study's gender distribution, where 75.6% of patients are
male and 24.4% are female, aligns with findings from other
studies that have reported a higher incidence of fungal
infections among male patients, particularly in post-COVID-
19 scenarios.(Table 1) This could be attributed to differences
in social habits, underlying comorbidities, or immune system
variations between genders. Studies have shown that men
with COVID-19 are more prone to severe outcomes, which
may predispose them to secondary infections like fungal
invasions Singh O et al.2 & Qureshi HU et al.®

The predominance of mucormycosis (77.8%) in this
study with a significant odds ratio of 6.0 is consistent with
recent literature that highlights an increase in cases following
the COVID-19 pandemic, particularly in regions with high
incidences of diabetes and immunosuppressive conditions
Aitazaz T et al'® & Malabadi RB et al.* (Table 2) The lower
incidence and non-significant odds ratios for aspergillosis
and candidiasis are also supported by other studies which
suggest these infections are less aggressive or less likely to
be diagnosed in early post-COVID stages compared to
mucormycosis Tasnimi M et al.’? & Bajaj D et al.*3

The efficacy of squash cytology and histopathology in
reducing diagnosis time (mean of 2 days) compared to
traditional culture (mean of 7 days) reflects findings from
other research that emphasizes the need for rapid diagnostic
tools in critical care settings.(Table 3) Other studies have
reported similar reductions in diagnosis times, which are
crucial for the timely initiation of antifungal therapies,
thereby potentially reducing morbidity and mortality Qureshi
HU et al.® & Misra A et al.14

The significant improvement in patient outcomes with
early diagnosis (odds ratio of 2.5) is a pivotal finding that is
echoed in the broader medical literature.(Table 4) Rapid

diagnosis allows for the earlier commencement of targeted
treatment, which is critical in managing aggressive fungal
infections. Studies have consistently demonstrated that
delays in treatment can lead to significantly poorer outcomes,
underlining the importance of techniques like squash
cytology and histopathology for early intervention Shehata
WF et al.'® & Priyadharshini G et al .

7. Conclusion

Squash cytology has proven to be an invaluable diagnostic
tool for identifying fungal infections in COVID-19 patients,
addressing critical time constraints in clinical settings where
prompt diagnosis and treatment initiation can significantly
impact patient outcomes. The rapid turnaround time
associated with squash cytology, typically within a day or
two, allows healthcare professionals to quickly distinguish
between different types of fungal infections, including
mucormyecosis, aspergillosis, and candidiasis, which are
increasingly prevalent among patients recovering from
COVID-19.

This method not only ensures a faster diagnosis
compared to traditional culture techniques, which can take up
to a week or longer but also offers a high degree of sensitivity
and specificity, particularly for mucormycosis. The ability to
perform rapid onsite assessments without the need for
extensive laboratory equipment further enhances its utility in
various healthcare settings, from tertiary care centers to more
resource-limited environments.

Furthermore, the use of squash cytology can lead to a
better prognosis for COVID-19 patients by enabling earlier
therapeutic interventions, thereby reducing the risk of severe
complications and lowering mortality rates associated with
fungal infections. As the global healthcare community
continues to tackle the challenges posed by COVID-19 and
its associated secondary infections, squash cytology stands
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out as a critical component in the management of these
complex cases, affirming its value not only as a diagnostic
tool but as a lifesaver in the truest sense.

In conclusion, squash cytology emerges as a highly

effective, efficient, and practical approach to managing
fungal infections in COVID-19 patients, highlighting its
indispensable role in the fast-paced realm of modern medical
diagnostics.

8.
1.

9.

Limitations of Study

Technical expertise required: The accuracy of squash
cytology results heavily depends on the skill and
experience of the cytotechnologist or pathologist
performing the examination. Inexperienced personnel
may have difficulty accurately interpreting the smears,
which can lead to misdiagnoses.

Sampling errors: There is a risk of sampling error with
squash cytology, as the technique requires obtaining a
representative sample from the infected site. Inadequate
or improper sampling can result in false negatives, where
a fungal infection might be present but not detected in
the sample analyzed.

Limited diagnostic Scope: While effective for
identifying the presence of fungal elements, squash
cytology cannot provide detailed information about the
fungal species or its susceptibility to antifungal agents.
This necessitates further testing and may delay specific
targeted therapy.

False positives and negatives: Although relatively
specific, squash cytology can sometimes produce false
positives due to contamination or the presence of
artifacts that resemble fungal structures. Similarly, false
negatives can occur, especially in cases with low fungal
load or when the infection is predominantly located
deeper in the tissues than the sample reached.

Not widely available: Squash cytology requires specific
equipment and expertise that may not be available in all
medical settings, particularly in rural or under-resourced
areas. This can limit its utility as a universal diagnostic
tool.

Dependence on clinical context: The interpretation of
squash cytology results must be considered within the
broader clinical context. Misinterpretation can occur if
the clinical signs and symptoms are not adequately
considered, leading to potential diagnostic errors.
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