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ABSTRACT

Aims and Objectives: The aim and objective of this study is to detect invasive fungal infections (IFIs) early and with more sensitivity
by the nested polymerase chain reaction (PCR) for fungus as compared to fungal culture in clinically suspected patients and also
explore its correlation in reference to age, duration of symptoms, immunocompromised status, and other risk factors predisposing
to IFIs. Materials and Methods: In this cross-sectional study, 50 suspected patients admitted in medical acute care unit/intensive
care unit (ACU/ICU) of Sir Sunderlal Hospital, Banaras Hindu University, Varanasi, India, comprised the study. All cases were selected
based on the predefined inclusion and exclusion criteria. A detailed history, clinical examination, and all required investigations
were done in all suspected patients. Blood samples were taken for nested-PCR for fungus and culture. Nested PCR was performed
on extracted DNA form samples collected from all participants under the study. Results: Our study comprised of 50 suspected
immunocompromised patients of IFIs. Among the participants under the study, the most common risk factor was diabetes
mellitus (28% cases). Nearly two-thirds (60%) of the cases were 50 years or more. Around 70% of the cases had a history of illness
more than 2 weeks. Nested PCR for fungus came out to be positive in 21/50 patients (42%); however, fungal culture was positive in
none. Among the admitted patient in ACU/ICU, 75% were neutropenic. Conclusions: IFIs are more common in immunocompromised
individuals, patients with comorbidities, long history of symptoms, and elderly population. Nested PCR for fungus has a high
sensitivity (as compared to the fungal culture), and also they are rapid in giving the results. Thus, nested PCR for fungus can be
used in a cost-effective manner for the early and reliable diagnosis of clinically suspected IFIs.
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Introduction

Fungi are cukaryotic organisms and infection do not occur
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in individual with normal immunity. The most important risk
factor leading to predisposition for an IFI is the presence
of a compromised immunity. The most prevalent of the
reasons for this compromised immunity are the presence of
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febrile neutropenia, hematological malignancy, solid-organ
transplantation, acquired immunodeficiency syndrome (AIDS),
prolonged use of steroids, other immunemodulator drugs, and
diabetes mellitus. There are multiple virulence factors which help
the fungi invade the human system and evade the host-defence
mechanism such as the presence of chitin in their cell wall and
release of certain proteolytic enzymes among others.

Not all fungal infections are invasive. Fungi normally colonize
human mucosal surfaces. When there is a breach in the immunity,
fungi invade the host and cause an invasive fungal infection (IFI).
The European Organization for Research and Treatment of
Cancer/IFIs Cooperative Group has put up a definition for IFIs.
The term IFI is used only to characterize systemic, generalized,
deep seated, visceral, and severe life-threatening fungal infections,
in contrast to superficial, local, benign, self-limiting fungal
diseases. Definition of invasive fungal disease, as per ISHLT
infectious diseases “presence of fungus in the respiratory
secretions (sputum or broncho-alveolar lavage [BAL]) detected by
the culture, polymerase chain reaction (PCR), or biomarker (GM/
cryptococcal antigen) in the presence of symptoms, radiologic,
and endobronchial changes, or presence of histological changes
consistent with fungal invasion of the tissue.!

The diagnosis of IFIs is difficult because of the lack of specific
clinical signs and symptoms until late. The difficulty associated
with making a diagnosis with current diagnostic tools in
developing country, obtaining infected tissue/sample required
to establish a specific diagnosis, and in some cases defining the
isolated agent’s sensitivity to the currently available therapeutic
regimen being advocated in a given patient.

In our country, there have been inadequacies in the availabilities
of nonculture diagnostics, access to antifungal drugs, and local
guidelines as the major gaps in the management of IFIs. These
gaps are targets for improvement.

Moreover, diagnostic test available for diagnosing IFIs has not
been sensitive enough to catch them. The conventional tests
such as routine microscopy and fungal culture are not much
sensitive and specific to diagnose. Therefore, there has been
always a growing need for tests which can diagnose IFIs with
much accuracy and rapidity. Molecular methods such as PCR
which is not only a rapid but highly sensitive method, unlike
fungal culture which can take many days to give the result, has
made it a very a popular and a reliable method to diagnose IFIs.

This study includes all those patients who can be suspected to
have IFIs either clinically or by routine investigations including
radiological investigations and then these patients’ sample would
be subjected to fungal culture and nested PCR.

Materials and Methods

This cross-sectional study was conducted among 50 patients
medical acute care unit/intensive care unit (ACU/ICU) in Sir

Journal of Family Medicine and Primary Care

Sunder Lal Hospital, Varanasi, India, from October 2017 to
June 2019. All cases were selected based on the inclusion and
exclusion criteria. A detailed history, clinical examination, and
all required investigations were done for all patients under the
study. The present study was approved by the Institutional
Ethical Committee.

Study population

Inclusion criteria

Patients with age more than 14 years with a high suspicion of
fungal infection based on history, clinical parameters, and other
routine investigations were included in the study.

Exclusion criteria

Patients who had already taken any antifungal agent whether
prophylactically or therapeutically were excluded from the
study.

Methods and procedure

1. Written informed consent was obtained from each patient.
For patients who were too ill to be communicated, permission
to enrol the patients in the study was obtained from the next
of kin

2. Particulars that were collected at admission included age,
gender, and medical history

3. All patients underwent a general physical examination and a
systemic examination at the time of admission

4. Routine biochemical investigations for all patients included
complete blood count, liver function tests, renal function
tests, and Galactomannan assay

5. Whole blood samples were collected for culture and PCR

6. Wherever required other fluids such as urine, cerebrospinal
fluid (CSF), sputum, pus, BAL, pleural tap, ascitic tap, or
biopsy were collected

7. Computed tomography (CT) of the thorax or abdomen was
performed in all patients with suspected fungal lesions either
clinical and or radiological basis

8.  Finally, clinical, radiological, microbiological, and other laboratory
data were evaluated and compared in the diagnosis of 1FIs.

DNA isolation from whole blood sample

Procedure

e 500 ul of blood sample was taken into an Eppendorf tube
and mixed well

* Equal volume of Tris-ethylenediaminetetraacetic acid buffer
was added having a pH of 8 to the blood sample

e The above mixture was incubated (in a hot water bath) at
65°C=70°C for about 60 min

e Then, 50-60 W of 10% Sodium dodecyl sulfate was added
to the above mixture

e 2-3 W of Proteinase K was added to the above mixture and
mixed well

e It was then incubated for 24 h at 37°C

e 5M NaCl (sodium chloride) solution was then added to the

mixture
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e To this, 100-120 ul of cetyl trimethylammonium bromide
was added and mixed well and incubated (in a hot water bath)
at 65°C-70°C for 30—45 min

e P: C: I (Phenol: Chloroform: Isoamyl alcohol) (25:24:1) was
added to the above sample and gently mixed

*  Above mixture was centrifuged at 10,000 rpm. Aqueous phase
was collected in a fresh Eppendorf tube. Equal volume of C:
I (Chloroform: Isoamyl alcohol) (24:1) was added and mixed
well

e The mixture was centrifuged at 10,000 rpm. Aqueous phase
was collected in a fresh Eppendorf tube

e Equal volume of chilled iso-propanol was added. Turbidity
appeared (i.e., DNA precipitating). It was left for 5 min at
the room temperature. It was then centrifuged at 10,000 rpm,
and the aqueous phase was discarded

e Pellets were collected and washed with 70% ethanol (three
times). It was let to dry and stored in TE buffer (pH 8).

Quantification and qualitative analyses of isolated
DNA

Quantification and qualification was done with the help of
nanodrop spectrophotometer.

Quality checking of DNA to carry out polymerase
chain reaction

Sometimes, DNA gets degraded during storage. Hence,
before proceeding to PCR, it is important to check whether
DNA is intact or degraded. This was checked by Agarose gel
electrophoresis. If DNA remained intact within or near the
well, it meant it was not degraded but if smear formed it meant
DNA had degraded.

Polymerase chain reaction amplification of target
gene

At first, fungal species were identified with the help of primer
internal transcribed spacer (ITS) 1 and I'TS4 which are universal
forward and reverse primers, respectively. Then, primers were
taken that target the I'TS region of tDNA, i.c., ITS1 and ITS2.

Primary cycle

Sample was subjected to initial denaturation at 95°C for 7 min.
Followed by 35 cycles of denaturation at 95°C for 30 s, annealing
at 55°C for 1 min, and extension was given at 72°C for 45 s and
final extension of 10 min at 72°C.

Primers were ITS1 and I'TS4. These amplify the partial sequence
of 18s tRNA gene plus complete sequence of ITS1 region plus
complete sequence of 5.85 tRNA plus complete sequence of
ITS 4 region and partial sequence of 28S rRNA gene. These are
universal fungal oligonucleotide primers.

Secondary cycle or (semi-nested cycle)

PCR mixture for secondary run was subjected to denaturation
at 95°C for 7 min followed by 35 cycles of denaturation at 95°C
for 30 s, annealing at 55°C for 1 min, and extension at 72°C
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for 45 s and final extension was at 72°C for 7 min. Seminested
primers were ITS1 and ITS2 forward and reverse primers,
respectively. These primers would amplify the region of 18S
rRNA + 5.85tDNA and 5.8S + 28S rDNA genes, respectively.

Gel electrophoresis
Agarose gel electrophoresis was performed to check the amplified
segments of nucleic acid.

Statistical methods

The statistical analysis was performed using the SPSS Statistics
software version 16.0. SPSS( Version 23.0;SPSS Inc ., Chicago
JIL, USA). The data were presented as mean * standard deviation
for parametric continuous variables and frequency with their
respective percentages for the categorical variables.

Observations

In this study, 10% patients were of <40 years of age, 30%
were between 41 and 50 years of age, 26% were between 51
and 60 years, whereas 34% patients were of more than 60 years
of age. Thus, in our study, 60% (26% +34%) patients were of
more than 50 years of age [Figure 1]. In this study, male patients
outnumbered the females; males being 58%.

There were 30% patients who had symptom duration between
7 and 14 days, 34% had a history between 15 and 28 days, and
36% patients had symptom duration of more than 28 days. Thus,
majority of the patients i.e., 70% (36%+34%) had a history of
more than 15 days [Figure 2].

Among the 50 patients, most of the patients were found to be
immunocompromised due to some predisposing factors most
common being diabetes mellitus, medical ACU/ICU admission,
and immunosuppressant therapy among others [Figure 3].

In our study, the mean duration of symptoms among
50 cases was 28.16 £ 19.221 days. The mean age was
54.14 * 13.86 years, whereas the mean total leukocyte
count (TLC) was 21235.48 + 72930.435 cells/uL [Table 1].

Among 50 patients, 42% came out to be PCR positive for fungus,
whereas none came out to be fungal culture positive [Table 2].

On analysis of risk factors involved in PCR positive for fungus
patents (21/50), we found that diabetes mellitus was major risk
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Figure 1: Age distribution (%) of the patients
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factor (28%0) followed by ICU admission with or without ventilator. As
per expectation rate of IFI was more common among neutropenics
and those admitted in ICU for other reasons [Figure 4 and Table 3].

Around 67% (28.6 + 38.1) of PCR-positive patients for fungus
were of >50 years [Table 4] and 81% of the PCR-positive patients
had a history of more than 15 days.

Discussion

The term IFIs is used to characterize systemic, generalized,
deep-seated, visceral, and severe life-threatening fungal
infections. These have a very high rate of morbidity and mortality
if not diagnosed eatly and treated promptly.>”!
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Figure 2: Percentage distribution according to the duration of symptoms
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The incidence of IFIs has been increasing over the last
few decades. This is mainly because of increased number
of immunocompromised population like those of AIDS,
increased number of patients with hematological and solid
organ malignancies, increased number of patients undergoing
haematopoietic stem-cell transplantation, and solid organ

transplantation.[*

The diagnosis of IFIs has always been a problem. The
conventional methods of diagnosis such as fungal culture and
others have a very low sensitivity and also take a very long time
in giving the results. Therefore, newer methods were needed
which can diagnose these IFIs with high sensitivity and also with
accuracy. With the advent of molecular methods in diagnostics,
those were also applied in the field of diagnosing fungal
infections. PCR for fungus is one of these newer molecular
methods which have high sensitivity and rapidity in the diagnosis
of IFIs.

Our study comprised of 50 patients, suspected to be having
IFIs either clinically and or from routine investigations including
radiological. To confirm their diagnosis, samples for fungal
culture and PCR were sent to our department microbiology
laboratory. As with all IFI studies climate, demographics and
sample size significantly influence the results. In our study,
58% of the cases were male, 42% were female, and none was
transgender. In a similar study done in 2015 by Magda e7 /™
around 65% were male, whereas around 35% were female.

The age ranged from 20 to 81 years, whereas the mean of the
age being 54.14 + 13.86 years suggesting preponderance of IFIs
in aging population, 60% of our patients were of more than
50 years of age. This is similar to the studies done by Meersseman
et al® and Montagna e a/”! where maximum numbers of cases
of IFIs were of older age group (60 years or more). In a study by
Soliman ez al. (2012),") patients with hematological malignancies,
the incidence of IFIs was higher in younger individuals similar
to our study.

Among the host factors predisposing for fungal infections, in
our study, out of all the cases 28% were diabetic, 14% were ICU

Table 1: Clinical and laboratory parameters (n=50)

Minimum  Maximum MeantSD
Duration 7 90 28.16%19.221
Age (years) 20 81 54.141+13.864
TLC (cells/uL) 490 522000 21235.48+72930.435

SD=Standard deviation, TLC=Total leukocyte count

Table 2: Frequency of nested polymerase chain reaction-
positive patients for fungus (n=50)

Fungal PCR Frequency (%)
Negative 29 (58.0)
Positive 21 (42.0)
Total 50 (100.0)

PCR=Polymerase chain reaction
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Table 3: Predisposing factors and polymerase chain reaction positivity for fungus

Risk factors Clinically suspected patients of PCR-positive Proportion of PCR-positive patients (%) within risk
IFIs patients factor
HIV 3 1 33.33
Diabetes mellitus 14 3 21.42
COPD 5 0 0
Neutropenia 4 3 75.0
Hematological malignancy 5 2 40.0
Patients on ventilator support 3 1 33.33
ICU patients 7 5 71.42
On immunosuppressant 6 4 66.67
Others 3 2 66.67
Total 50 21 42.0

COPD=Chronic obstructive pulmonary disease, ICU=Intensive care unit, PCR=Polymerase chain reaction, IFIs=Invasive fungal infections

Table 4: Age distribution among polymerase chain
reaction-positive patients for fungus

Age n (%)
<40 2(9.5)
41-50 5(23.8)
51-60 6 (28.6)
>60 8 (38.1)
Total 21 (100)

admitted patients, 12% were on immunosuppressants, and 10%
were known cases of chronic obstructive pulmonary disease and
hematological malignancies each, 8% were neutropenic, whereas
6% were on mechanical ventilation and 6% were HIV-positive
patients. In 2010, Slavin e a/'" obsetved that IFIs are motre
common with patient on prolonged (>3 weeks) corticosteroid
therapy.

None of our patient samples was positive on fungal culture
despite repetition. Isolation of fungus from culture as such is a
cumbersome process. The sample has to be collected from sterile
sites such as blood, CSE, or from the tissues. It has a very poor
sensitivity and often repeated blood cultures have to be done to
get a growth of the fungus. Moreover, filamentous fungi such as
Aspergillus are rarely isolated from blood. Therefore, a negative
culture does not exclude the possibility of having a fungal
U This is an important drawback associated with the
conventional diagnostic techniques.

infection.

To overcome this problem, newer tests have been developed to
ease the fungal diagnostics. Fungal PCR is one of such test which
can detect fungal DNA even from nonviable cells with good
sensitivity and specificity."”! In our study, 42% of the patients
came out to be fungal PCR positive. In a study done by Ribeiro
¢t al., (2006),1 only 35% of the patients came out to be fungal
PCR positive. In a study done by Badiee ez £, 17.7% patients
wete positive for fungal PCR. While in a study done by El-Sayed
¢t al '™ around 57% patients were positive for fungal PCR. This
variation in the results in various studies can be attributed to the
different sample size in each study, demographics, difference in
host factors, sample collection methods, and DNA extraction
methods.
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Fungal culture remains the gold standard for the diagnosis of
IFIs, but it takes a very long time to give the result and has a
poor sensitivity, while fungal PCR is a method which can be
used to diagnose IFIs early and with a higher sensitivity. Now
with advent NGS, the diagnosis of IFIs can be more accurate.

There is a poor agreement between fungal culture and fungal
PCR in our study. Similar disagreement was also seen in the
study of El-Sayed e a/l"l They explained the dispatity between
the results of fungal culture and PCR to the poor sensitivity of
the culture method and the ability of the PCR method to detect
even the DNA of the fungus which has been phagocytised by

the circulating blood cells.!"

Eighty-one percent of the PCR-positive patients were found to
have a history of their clinical symptoms of more than 15 days.
It will not be prophesy but reality, now this is the era of virus
and fungus infections and bacterial infection has taken back seat
for a while. Hence, in my opinion, any critically ill febrile patient
admitted to ICU/medical ACU should all be subjected to PCR
for fungus as an additional investigation for better treatment
outcome and reduced the prolonged hospitalization. Further, it
will be prudent that in all suspect immunocompromised febrile
patient having illness of >15 days must be subjected to PCR for
fungus. Unnecessary, nonjudicious prolonged use of antibiotics
at periphery will not only produce antibiotic resistance but
make patients more prone to fungal infections surfaced due to
suppressed defence in prolonged illness.

In this era of transplant, increasing use of biologics, immune
modulatory drugs molecular diagnostics for IFIs is the need
of hour and should be practiced more frequently in relevant
settings.l'"” In IFIs considering the host characteristics, the use of
novel diagnostic tools and use of currently available therapeutics

will surely cut down the mortality and morbidity."

Conclusions

e [FIsare more common in immunocompromised individuals,
older individuals, patients with comorbidities, and with a
prolonged history. The most common symptoms with which
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they present is fever and cough and also commonly have a
high TLC

e Nested PCR for fungus was positive in 42% of patients
clinically suspected to have IFIs. Thus, PCR has a high
sensitivity (compared to fungal culture) and also is rapid in
giving the results. PCR positivity is increased in patients with
a long history or certain subsets of patients like those with
neutropenia or those who are admitted in the ICU

e Further, it will be prudent that in all suspect
immunocompromised febrile patient having illness
of >15 days must be subjected to PCR for fungus for
early and reliable diagnosis and judicious use of available
therapeutic.
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