
Introduction 
Fungi are one of the most abundant organisms on earth, 
scattered in the air, soil, water or on dead matter, and 
surviving as parasites or in symbiosis with organisms.1 
Spores of fungi are inhaled during every breath, which 
may result as either no disease at all or manifest itself as 
diseases ranging from simple allergy to life-threatening 
invasive fungal disease, depending upon the immune 
status of the host. Invasive fungal disease is described as 
the presence of yeast or moulds in a tissue specimen or 
sample from a sterile site, like blood, cerebrospinal fluid 
(CSF), ascitic fluid, pleural fluid or respiratory samples, like 
sputum etc.2 

Fungi are typically opportunistic in nature, with fungal 
infections typically affecting immunocompromised 
patients.3 It can result in a fatal outcome in a significant 
proportion of such patients.4 With the advent of 
antiretroviral medication, increase in the quantity and 
quality of intensive care units (ICUs) and development of 
procedures such as stem cell or organ transplant, the 
number of immunocompromised patients have increased 
manifold and such patients have longer lives than before. 
Thus, the occurrence of invasive fungal infections is also 
on the rise, owing to the rising numbers of patients 
suffering from neutropenia, acquired immunodeficiency 

syndrome (AIDS), haematological malignancies or 
immunosuppression due to any cause.5 Traditionally, 
aspergillus species (spp), candida (C.) albicans, 
cryptococcus and pneumocystis have been considered 
the most frequent causative agents, but non-albicans 
candida spp and a variety of other fungi, like fusarium spp, 
are becoming more and more common now.6 The organ 
most frequently affected by fungal infection is the lung, 
with the disease depicting in a multitude of symptoms, 
most likely as fever, cough, haemoptysis or chest pain.7,8 

As many as 6 cases per 100,000 persons are affected by 
fungal infections annually, with only half of them being 
detected, making it an important but neglected reason 
for death in critically ill cases.9 In Pakistan, an estimated 
3.28 million people suffer from serious fungal infections 
annually with candidaemia, invasive candidiasis, 
mucormycosis and invasive aspergillosis making the bulk 
of the cases.10 Diagnosis of invasive fungal infection is still 
dependent primarily upon microbiological and 
histological techniques, with radiological techniques 
providing an ancillary role.11 Resistance to antifungal 
medication is aggravating this dilemma, which results 
from irrational repeated use of these drugs.12 

The current study was planned to assess the frequency 
and type of invasive fungal disease in critically ill and 
immunocompromised patients. 

Patients and Methods 
The prospective, cross-sectional, descriptive study was 
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conducted at the Armed Forces Institute of Pathology 
(AFIP), Rawalpindi, Pakistan, from January 2017 to 
December 2020. After approval from the institutional 
ethics review board, the samples were collected using 
non-probability consecutive sampling technique. All 
invasive fungal Culture specimens received at AFIP during 
this period were included in this study. 

Those included were critically ill and 
immunocompromised patients irrespective of age and 
gender. Critically ill patients meant those admitted to the 
ICU. Immunocompromised patients included individuals 
with any cause of congenital or acquired 
immunodeficiency, such as patients on steroids or 
chemotherapy, AIDS patients, bone marrow or organ 
transplant recipients, generalised malignancy, chronic 
renal failure patients or patients with lung disease. 
Samples of immunocompetent outdoor patients, those 
with known systemic or localised fungal disease or 
patients using antifungal medication at the time were 
excluded to overcome confounding factors and bias. 

Samples collected related to tissues, blood, CSF, sputum, 
bronchoalveoar lavage (BAL), endobronchial washing 
(EBW) and body fluid specimens which included 
specimens other then blood and CSF, like pleural, synovial 
and peritoneal fluids All invasive sterile specimens 
submitted for fungal cultures were included. 

All samples received were dealt with in a biosafety 
cabinet. Wet mount for fungal hyphae and 
pseudohyphae were observed to correlate with culture 
findings and establishing the significance of isolate 
grown in culture. 

All tissue specimens were inoculated on Sabouraud agar, 
Sabouraud dextrose agar (SDA) with chloramphenicol 
and SDA with actidione via three-point inoculation 
technique to rule out contamination. All plates were 
incubated at 22-26°C. 

All fluid specimens, including CSF, were inoculated on 
Sabouraud agar and SDA with chloramphenicol via three-
point inoculation technique to rule out contamination. All 
plates were incubated at 22-
26°C. India ink staining was 
done in CSF samples to look 
for budding yeast cells 
cryptococcus neoformans. 

Respiratory tract specimens 
were inoculated on 
Sabouraud agar and SDA with 
chloramphenicol. Plates were 
incubated at 22-26°C. 

All specimens were incubated for 4 weeks. All plates were 
visualised daily for the first week, and then twice every 
week for the next 3-4 weeks, until growth was visualised. 

All blood culture vials received for fungal culture were 
incubated at 35-37°C in an automated blood culture 
system. Vials were removed once they gave positive 
signal. Subculture was done on Sabouraud agar, SDA with 
chloramphenicol, and Sheep blood agar. Plates were 
incubated at 22-26°C. 

Once the culture yielded growth of mould, lactophenol 
cotton blue preparation was performed and 
morphologies were matched according to the guidelines 
of the American Society of Microbiologists.13 

If the culture yielded growth of yeast, then Chrome agar, 
API Aux (Analytical Profile Index for the Identification of 
Yeasts) and VITEK (Automated system used for 
identification and susceptibility testing of microorganism) 
were applied for specie identification. 

All culture plates were kept in transparent zip-lock bags 
and then incubated to prevent contamination and 
potential laboratory exposure. 

The samples were reported as "no fungal growth seen" on 
the basis of absence of growth even after 04 weeks of 
incubation. 

All the results of microscopic examination as well as the 
fungal culture on the samples along with fungal species 
present were documented. Data was analysed using SPSS 
22. Frequencies and percentages were calculated for 
different species in the positive specimens. 

Results 
Of the 8285 patients' specimens, 4722(57%) belonged to 
males and 3563 (43%) to females. The mean age of the 
patients was 48.32±5.42 years (range: 14-98 years). Most 
of the samples belonged to patients aged 40-59 years 
(43.1%). Most common comorbidities among 8285 
patients included diabetes mellitus 2601 (31.4%), chronic 
kidney disease (CKD) 1888 (22.8%), chronic lung disease 
969 (11.7%) and malignancy 778(9.4%). 
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Figure-1: Distribution of fungal species (sppspp) in tissue cultures.



Out of 8285 specimens, 3465 (41.82%) related to blood, 
2640(32%), EBW 837(10%) sputum, 623(7.5%) tissue, 
332(4%) body fluids, 288(3.5%) BAL and 100(1.2%) CSF. 
Aspergillus spp., were the most common 91/194(46.9%), 
followed by Candida spp., 32/194(16.5%) and Penicillium 
marneffei 20/194 (10.3%) (shown in Figure-1). Among the 
Aspergillus species, A. flavus were 50/91 (54.9%), followed 
by A. fumigatus, 32/91(38.9%). Amongst the Candida spp, 

C. albicans made majority of the cases 30/32(93.8%). 

Of the 3465(41.82%) blood specimens, 80 (2.6 %) were 
positive. The most common was C. albicans, 24(30%), 
followed by C. tropicalis 13(16.2%) (Figure-2). 

Distribution of CSF samples (shown in Figure-3), body 
fluid (shown in Figure-4), sputum (shown in Figure-5), BAL 
(shown in Figure-6) and EBW (shown in Figure-7) were 
also studied. 

Discussion 
Fungi are eukaryotic organisms that possess a cell wall 
made up of chitin. They have emerged as a significant 
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Figure-2: Distribution of candida specie (sppspp) in blood cultures.

Figure-3: Distribution of fungal species (spp) in cerebrospinal fluid (CSF) cultures.

Figure-4: Distribution of fungal species (spp) in bodyfluid cultures.

Figure-5: Distribution of fungal species (spp) in sputum cultures.

Figure-6: Distribution of fungal species (spp) in bronchoalveoar lavage (BAL) cultures.

Figure-6: Distribution of fungal species (spp) in bronchoalveoar lavage (BAL) cultures.



cause of infection affecting immunocompromised 
patients, leading to considerable mortality, with the 
burden reaching more than 1.6 million, as much as that of 
tuberculosis (TB) and more than three times that of 
malaria.14 This dilemma is more extensive in Asian 
countries, where they thrive owing to the climate, scarcity 
of healthcare facilities as well as abuse of steroids and 
antibiotic.9 Factors predisposing to invasive fungal 
disease include congenital deficiency of the immune 
system, granulocytopenia <0.5x109/L lasting for >10 
days, allogeneic stem-cell transplantation, intake of 
immunosuppressive medication and corticosteroids, 
patients in ICU and patients having structural pulmonary 
disease and/or complicated influenza.15 Early and reliable 
diagnosis assumes cardinal importance, as a vital 
association exists between prompt reliable diagnosis and 
early management of invasive fungal disease and better 
outcome of the patients at risk.16 

In the current study, 8285 samples were included, and 5% 
of them were positive. A. flavus (20.7%) and C. albicans 
(14.5%) were the two most commonly isolated species. A. 
flavus was most commonly encountered amongst the 
tissue samples, BAL specimens and EBWs. C. albicans was 
most frequent in the blood samples and body fluids, while 
cryptococcus neoformans was most repeatedly found in 
CSF samples. 

A similar prospective study at a tertiary healthcare 
institution in India on invasive fungal infections in 
critically ill patients showed 15% cases suffering from 
invasive fungal disease, with invasive aspergillosis being 
the most common, followed by invasive candidiasis.17 
Similarly, a study investigating fungal infections in adult 
patients on extracorporeal life support included data 
from more than 300 international centres to show that 
10.8% harboured fungal infection with aspergillus 
involvement the being most common, followed by 
candida invasive bloodstream infection.18 Another study 
was organised in Iran concerning 400 BAL samples for 
invasive fungal disease, which pointed out that A. flavus 
was the most common isolate, followed by A. fumigatus 
and A. niger.19 

Exhaustive efforts to locate a local research on this topic 
did not prove fruitful. The findings are mostly in line with 
some similar international studies quoted above. Minor 
differences in results are likely due to dissimilarity in the 
sample size or diversity in inclusion criteria. As there is 
scarcity of published local research on the topic, the 
current study will set the benchmark in this direction. 
However, the study does have its limitation as the 
findings relate to a single centre. Also, advanced 
techniques, like polymerase chain reaction (PCR) or 

serological tests, like galactomannan and beta-D-glucan, 
were not used which may have resulted in a number of 
false negative cases. However, the two tests are newer 
pathways which need to be further evaluated and were 
beyond the scope of the current study. 

Limitation of study includes that sample size was not 
calculated. 

Conclusion 
Invasive fungal infections continue to be cause significant 
morbidity and mortality in immunocompromised 
patients around the world. A high index of suspicion for 
invasive fungal disease should be maintained in such 
patients. Prompt diagnosis and effective appropriate 
medication is essential to improve chances of survival. 

Disclaimer: None. 

Conflict of Interest: None. 

Source of Funding: None. 

References 
1. Britannica. Fungus Definition, Characteristics, Types, & Facts. 

Encyclopedia Britannica. [Online] 2020 [Cited 2020 November 30]. 
Available from URL: https://www.britannica.com/science/fungus 

2. Shahin J, Allen EJ, Patel K, Muskett H, Harvey SE, Edgeworth J, et 
al. Predicting invasive fungal disease due to Candida species in 
non-neutropenic, critically ill, adult patients in United Kingdom 
critical care units. BMC Infect Dis 2016;16:480. doi: 
10.1186/s12879-016-1803-9. 

3. Fontalvo DM, Jiménez Borré G, Gómez Camargo D, Chalavé 
Jiménez N, Bellido Rodríguez J, Cuadrado Cano B, et al. 
Tuberculosis and pulmonary candidiasis co-infection present in a 
previously healthy patient. Colomb Med (Cali) 2016;47:105-8. 

4. Wang RJ, Miller RF, Huang L. Approach to Fungal Infections in 
Human Immunodeficiency Virus-Infected Individuals: 
Pneumocystis and Beyond. Clin Chest Med 2017;38:465-77. doi: 
10.1016/j.ccm.2017.04.008. 

5. Sanguinetti M, Posteraro B, Beigelman-Aubry C, Lamoth F, Dunet 
V, Slavin M, et al. Diagnosis and treatment of invasive fungal 
infections: looking ahead. J Antimicrob Chemother 2019;74(Suppl 
2):ii27-37. doi: 10.1093/jac/dkz041. 

6. Ruhnke M, Behre G, Buchheidt D, Christopeit M, Hamprecht A, 
Heinz W, et al. Diagnosis of invasive fungal diseases in 
haematology and oncology: 2018 update of the 
recommendations of the infectious diseases working party of the 
German society for hematology and medical oncology (AGIHO). 
Mycoses 2018;61:796-813. doi: 10.1111/myc.12838. 

7. Peng L, Xu Z, Huo Z, Long R, Ma L. New insights into the clinical 
characteristics and prognostic factors of pulmonary fungal 
infections from a retrospective study in Southwestern China. 
Infect Drug Resist 2018;11:307-15. doi: 10.2147/IDR.S157030. 

8. Rotjanapan P, Chen YC, Chakrabarti A, Li RY, Rudramurthy SM, Yu 
J, et al. Epidemiology and clinical characteristics of invasive mould 
infections: A multicenter, retrospective analysis in five Asian 
countries. Med Mycol 2018;56:186-96. doi: 10.1093/mmy/myx029. 

9. von Lilienfeld-Toal M, Wagener J, Einsele H, Cornely OA, Kurzai O. 
Invasive Fungal Infection. Dtsch Arztebl Int 2019;116:271-8. doi: 
10.3238/arztebl.2019.0271. 

10. Jabeen K, Farooqi J, Mirza S, Denning D, Zafar A. Serious fungal 

Open Access Vol. 72, No. 12, December 2022

Invasive fungal disease in critically ill and Immunocompromised patients2441



infections in Pakistan. Eur J Clin Microbiol Infect Dis 2017;36:949-
56. doi: 10.1007/s10096-017-2919-6. 

11. Rizwan R, Memon Z, Shaheen S. Candidiasis in perspective of 
Pakistan. Pak J Med Dent 2018;7:39-6. 

12. Walsh TH, Hayden RT, Larone DH. Larone's Medically Important 
Fungi: A Guide to Identification, 6th ed. Washington, DC: ASM 
press; 2018. 

13. Bongomin F, Gago S, Oladele RO, Denning DW. Global and Multi-
National Prevalence of Fungal Diseases-Estimate Precision. J 
Fungi (Basel) 2017;3:57. doi: 10.3390/jof3040057. 

14. Chakrabarti A. Epidemiology of Opportunist Fungal Infections in 
Asia. In: Chakrabarti A, eds. Clinical Practice of Medical Mycology 
in Asia. 1st ed. Gateway East, Singapore: Springer Nature 
Singapore Pte Ltd; 2020: pp 51-66. 

15. Cole DC, Govender NP, Chakrabarti A, Sacarlal J, Denning DW. 
Improvement of fungal disease identification and management: 
combined health systems and public health approaches. Lancet 

Infect Dis 2017;17:e412-9. doi: 10.1016/S1473-3099(17)30308-0. 
16. Durga CS, Gupta N, Soneja M, Bhatt M, Xess I, Jorwal P, et al. 

Invasive fungal infections in critically ill patients: A prospective 
study from a tertiary care hospital in India. Drug Discov Ther 
2018;12:363-7. doi: 10.5582/ddt.2018.01068. 

17. Cavayas YA, Yusuff H, Porter R. Fungal infections in adult patients 
on extracorporeal life support. Crit Care 2018;22:98. doi: 
10.1186/s13054-018-2023-z. 

18. Zarrinfar H, Saber S, Kordbacheh P, Makimura K, Fata A, 
Geramishoar M, et al. Mycological Microscopic and Culture 
Examination of 400 Bronchoalveolar Lavage (BAL) Samples. Iran J 
Public Health 2012;41:70-6. 

19. Sarwar M, Gardezi SAH, Zaman G, Ikram A, Satti L, Khadim MT. 
Evaluation of galactomannan and beta-d-glucan assays for the 
diagnosis of invasive aspergillosis in clinically suspected cases. J 
Pak Med Assoc 2020;70:442-6. doi: 10.5455/JPMA.1476.

J Pak Med Assoc Open Access

S. Shaukat, I. A. Mirza, R. Irfan, et al 2442


