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Background. Invasive fungal infections are a constant threat
to immunocompromised and critically ill patients. Healthcare
workers caring for such patients act as conduits of transmission
through their contaminated hands and belongings causing noso-
comial infections. Although bacterial contamination of healthcare
workers is known, our knowledge about fungal carriage is sparse.
Among the fungi, candida species colonization of hands of health-
care workers is known however it would be interesting to know the
type of fungal carriage on their inanimate belongings.

Aim. To study the prevalence and type of fungal carriage on
healthcare workers hands, aprons/hospital scrubs, electronic
devices, and stethoscopes.

Methods. Healthcare workers working in Medicine ward and
ICU during November and December 2019 were sampled. Hand
washes were collected in Brain Heart Infusion (BHI) broth with
gentamycin. Direct impression smears on blood agar were taken

Introduction

Fungal nosocomial infections continue to be a serious
problem among hospitalized patients causing increasing
morbidity, mortality and healthcare costs [1]. A study
done at a tertiary care center in India reported 15%
invasive fungal infections in ICU, including invasive
aspergillosis, invasive candidiasis and mucormycosis [2].
Most of the fungal nosocomial infections are due to
exogenous acquisition of the fungus which shows a
marked tendency to colonize hospital environments.
These fungal pathogens flourish on their surfaces and
form biofilms causing plethora of hospital acquired
infections. The presence of biofilms proves to be
therapeutic challenge and thus complicates the clinical
scenario [3, 4]. The major implicated agent involved in
spread of fungal infections are the hands of healthcare
workers (HCWs) which are vulnerable to colonization
and infection by fungal pathogens, especially with
Candida species [5, 6]. Recent studies have observed,
Candida parapsilosis represents the most frequently
isolated fungus from the hands of healthy people and
healthcare workers thus highlighting the importance of
hand washing to prevent the horizontal transmission of

from aprons/hospital scrubs. Electronic devices and stethoscopes
were sampled using moist cotton swabs. Subculture and plating
was done on Sabarouds Dextrose Agar (SDA). Yeasts were iden-
tified using Matrix Assisted Laser Desorption lonisation Time of
Flight (MALDI TOF) and moulds were identified using microscopy.
Findings. Out of 60 health care workers, 20 (33.3%) had fungal
carriage. Aprons/hospital scrubs and hands were contaminated
in 17 (28.3%) and 3 (5%) respectively. Aprons/hospital scrubs
mainly constituted moulds belonging to species of Aspergillus.
Hands were contaminated with Candida tropicalis, Candida par-
apsilosis and Candida auris. Electronic devices and stethoscopes
had no fungal contamination.

Conclusions. Active fungal surveillance provides prevalent car-
riage rates and serve as a feedback to improve our disinfection
and hand hygiene practices. It also aids in identification of poten-
tial source of hospital outbreaks.

this pathogen [7, 8]. The other modes of transmission
of nosocomial infections are less studied in fungal
pathogens, hence this study was undertaken to assess
the frequency and type of carriage of fungal pathogens
on health care workers hands, apron/hospital scrubs,
electronic devices and stethoscopes and their role as
conduits of transmission.

Methods

A cross sectional study was conducted over a period of
two months (November and December 2019) among
health care workers working in wards and ICU of
medicine department AIIMS, New Delhi after receiving
ethical approval from institute ethics committee. The
health care workers included were doctors, nursing
officers and other support staff (OT technicians, hospital
attendants and sanitary attendants)

Samples from hands were taken using Brain Heart
Infusion (BHI) broth with gentamycin, in which the
hands were washed, and samples were collected as hand
washes. The hand wash broths were further incubated
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at 38 degree Celsius for 48 hours and later was sub-
cultured on Sabarouds Dextrose Agar (SDA).

Samples from apron/hospital scrubs sleeves and side
pockets were taken as direct impression smears on blood
agar plates. Stethoscopes and electronic devices were
swabbed using moist cotton swabs and were further
cultured on SDA and incubated.

SDA and blood agar plates were incubated at 38 degree
Celsius for a maximum of five days to look for any
growth. The growth was identified using gram stain and
Matrix Assisted Laser Desorption Ionisation Time of
Flight (MALDI TOF) for yeast like colonies. Moulds
were identified by microscopy based on morphology on
Lactophenol Cotton Blue (LPCB) mount.

This pilot study was carried out on healthcare
workers working in medicine wards and ICU. A total
of 60 healthcare workers were sampled based on
convenience and available resources. A descriptive
statistical analysis was performed in the form of
frequency and percentages to assess the nature of fungal
carriage on healthcare workers hands, aprons/hospital
scrubs, stethoscopes, and devices.

Results

Sixty healthcare workers in medicine wards and ICU
were sampled during the study period. It included
43 males and 17 females. They were further stratified
based on their designation, 36.7, 26.7, 25, 10 and 1.7%
were Junior Residents, Nursing staff, Senior Residents,
Support staff and interns, respectively. 75 and 25%
of the healthcare workers included were working in
medicine wards and ICU respectively (Tab. I). A total
of 41 stethoscopes, 66 devices (Mobile phones, tablets,
pulse oximeters), everyone’s hands and aprons were
sampled, totalling up to 227 samples. Fifty-four (90%)
had a single device while 6 (10%) had two devices.

Twenty (33.3%) out of the 60 healthcare workers had
one or the other fungi isolated. None of the stethoscopes
or the devices swabbed had any fungal growth while
growth was seen mainly in the aprons and hands. Out
of the 20 fungi isolated, 17 were from aprons, 3 were
from hands (Tab. II). Amongst the fungi isolated from
apron, 15 were Aspergillus species, one Rhizopus oryzae
and one Lichthemia corymbifera. Only Candida species
was isolated from hands which included one each of
Candida tropicalis, Candida parapsilosis and Candida

Tab. I. Demographic profile.

Demographic characteristic mngger %),

Male 43 (71.7%)
Senior resident 15 (25%)
Junior resident 22 (36.7%)

Designation Intern 1(1.7%)
Nursing staff 16 (26.7%)
Support staff 6 (10%)

unit Ward 45 (75%)

of surveillance ICU 15 (25%)
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Tab. ii. Fungal isolates from different samples.

Sample (N) Number of fungal isolates (n = 20) (%)
Stethoscope (41) |0

Devices (66) 0

Aprons (60) 17 (28.3%)

Hands (60) 3 (5%)

Tab. IlI. Species of fungi isolated from various samples.

Sample Fungal isolate Number (n = 20) (%)

Aspergillus fumigatus 10 (50%)
Asperagillus flavus 2 (1%)

Aprons/ Aspergillus terreus 1(0.5%)
hospital Asperagillus nidulans 1(0.5%)
scrubs Aspergillus sydowii 1(0.5%)
Rhizopus oryzae 1(0.5%)
Lichthemia corymbifera 1(0.5%)
Candida auris 1(0.5%)
Hand Candida tropicalis 1(0.5%)
Candida parapsilosis 1(0.5%)

Tab. IV. Fungal isolates in different surveillance units.

Surveillance unit Number of fUnga' isolates (n = 20)
(N) (%)
Ward [45] 12 (26.7%) Apron - 11
Hands - 1
Apron - 6
0,
ICU 115 8 (53.3%) e

auris (Tab. II). Electronic devices and stethoscopes had
no fungal contamination. Eight out of 15 (53.3%) and
12 out of 45 (26.7%) of healthcare workers working in
wards and ICU respectively were contaminated with
fungi (Tab. IV).

Discussion

Our study was conducted to analyse the fungal carriage
among healthcare workers by active surveillance. Wide
spectrum of healthcare workers were sampled including
senior residents, junior residents, interns, nursing
staff and support staff working in wards and ICU. All
potential sites of contamination including hands, aprons/
hospital scrubs, devices and stethoscope of healthcare
workers were sampled. The total fungal carriage among
healthcare workers was 33.3% in our study, which
accounts for one third of the healthcare workers sampled.
Single studies which have comprehensively investigated
all possible sites for fungal carriage in a healthcare
worker are sparse. Most of the studies have focussed on
bacterial carriage, however the present study has shown
a significant proportion of fungal carriage.

Aprons/hospital scrubs and hands were the major
sources of contamination accounting for 28.3% and
5% respectively. Varying levels of fungal isolation have
been reported from hands. A surveillance study on yeast
carriage on hands reported a prevalence of 61% from
healthcare workers out of which 57% were candida
species [5]. While another study revealed a prevalence
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of 16.6% Candida species [9]. Our rates of carriage
were much lower, the probable reason could be good
adherence to hand hygiene practices. However, among
the three Candida species isolated one of them was
Candida auris. It is known to cause hospital outbreaks.
Its multidrug resistant nature and persistent colonization
makes it difficult to treat in critically ill patients. Health
care workers can have transient colonization and can act
as conduits of transmission as reported in a study which
had a Candida auris carriage rate of 2.8% [10]. With
the isolation of Candida auris, ICU staff were alerted,
and strict hand hygiene measures were employed.
Repeat testing after 2 weeks did not show any growth.
Emphasizing the need for handwashing.
Aprons/hospital scrubs were the major source of fungal
contamination, accounting up to 28.3% in our study
which mainly included various species of Aspergillus.
Fungal isolation was seen 1.9% in a study, which
included Mucorales [11]. Swabbing was their method of
surveillance which markedly differed from ours wherein
blood agar plates were directly inoculated from the
scrubs. Fungal spores are ubiquitous in the environment
and can readily contaminate the scrubs and thus can act
as potential sources of transmission. In the absence of
HEPA filters, fungal spores can cause invasive infections
in immunocompromised patients.

Bacterial contamination of cell phones has been
documented however moulds and yeasts have been
infrequently isolated from electronic devices used by
healthcare workers [12-14]. Similarly, we were also not
able to isolate any fungal growth from both stethoscope
and electronic devices which mainly included mobile
phones. That does not mean that they cannot be a source
of contamination and it probably requires better method
of surveillance.

This study emphasizes the need for active fungal
microbiological surveillance among healthcare workers.
Neutropenic and critically ill patients are at an increased
risk of invasive fungal infections. Most of the surveillance
currently focuses on isolation of bacteria, however fungal
surveillance can help in recognizing healthcare workers
as a source of transmission and thus prevent an outbreak
as evidenced in this study by isolation of Candida auris
and a potential outbreak could be averted. This study also
provides insight into novel surveillance methods which
can be tried in contrast to the usual swabbing technique.
A significant fungal carriage was reported in this study,
but does this carriage translate into transmission and
disease in patients requires additional studies.

conclusions

Fungal carriage among healthcare workers is significant.
They can serve as a potential source of transmission.
Active surveillance, adequate disinfection of hospital
scrubs and compliance to hand hygiene can go a long
way in reducing invasive fungal infections.

Abbreviations

ICU: Intensive Care Unit

BHI: Brain Heart Infusion

SDA: Sabarouds Dextrose Agar. Yeasts were identified
using

MALDI TOF: Matrix Assisted Laser Desorption
Tonisation Time of Flight

LPCB: Lactophenol Cotton Blue

Acknowledgements

Funding sources: this research did not receive any spe-
cific grant from funding agencies in the public, commer-
cial, or not-for-profit sectors.

Conflicts of interest statement

The authors declare no conflict of interest.

Authors’ contributions

VCK, AK and GS conceived the study. VCK, NR and MS
were involved in collection of samples and processing
under the guidance of GS. VCK wrote the manuscript
and was guided by AK. MAK was involved in statistical
analysis and script editing. NW and IX were involved in
script editing and script critical review. All authors read
and approved the final version of the manuscript.

References

[1] Chakrabarti A, Sood P, Rudramurthy SM, Chen S, Kaur H,
Capoor M, Chhina D, Rao R, Eshwara VK, Xess I, Kindo AJ,
Umabala P, Savio J, Patel A, Ray U, Mohan S, Iyer R, Chander
J, Arora A, Sardana R, Roy I, Appalaraju B, Sharma A, Shetty
A, Khanna N, Marak R, Biswas S, Das S, Harish BN, Joshi S,
Mendiratta D. Incidence, characteristics and outcome of ICU-
acquired candidemia in India. Intensive Care Med 2015;41:285-
95. https://doi.org/10.1007/s00134-014-3603-2

[2] Durga CS, Gupta N, Soneja M, Bhatt M, Xess I, Jorwal P, Singh
G, Ray A, Nischal N, Ranjan P, Biswas A, Wig N. Invasive fun-
gal infections in critically ill patients: a prospective study from a
tertiary care hospital in India. Drug Discoveries & Therapeutics
2018;12:363-7. https://doi.org/10.5582/ddt.2018.01068

[3] Bajwa SJ, Kulshrestha A. Fungal infections in intensive care
unit: challenges in diagnosis and management. Ann Med
Health Sci Res 2013;3:238-44. https://doi.org/10.4103/2141-
9248.113669

[4] Cavalheiro M, Teixeira MC. Candida biofilms: threats, chal-
lenges, and promising strategies. Front Med (Lausanne)
2018;5:28. https://doi.org/10.3389/fmed.2018.00028

[5] Brunetti L, De Caro F, Boccia G, Cavallo P, Capunzo M. Sur-
veillance of nosocomial infections: a preliminary study on yeast
carriage on hands of healthcare workers. JPMH 2008;49:63-8.
https://doi.org/10.15167/2421-4248/jpmh2008.49.2.118

[6] Strausbaugh LJ, Sewell DL, Ward TT, Pfaller MA, Heitzman T,
Tjoelker R. High frequency of yeast carriage on hands of hospi-
tal personnel. J Clin Microbiol 1994;32:2299.

[7] Bonassoli LA, Bertoli M, Svidzinski TIE. High frequency of

E172



(8]

[9]

[10]

(11]

Candida parapsilosis on the hands of healthy hosts. J Hosp In-
fect 2005;59:159-62. https://doi.org/10.1016/j.jhin.2004.06.033

Sakita KM, Faria DR, da Silva EM, Tobaldini-Valério FK,
Kioshima ES, Svidzinski TIE, de Souza Bonfim-Mendonga
P. Healthcare workers’ hands as a vehicle for the transmis-
sion of virulent strains of Candida spp.: a virulence factor ap-
proach. Microbial Pathogenesis 2017;113:225-32. https://doi.
org/10.1016/j.micpath.2017.10.044

Khodavaisy S, Nabili M, Davari B, Vahedi M. Evaluation of
bacterial and fungal contamination in the health care workers’
hands and rings in the intensive care unit. JPMH 2011;52:215-8.
Biswal M, Rudramurthy SM, Jain N, Shamanth AS, Sharma D,
Jain K, Yaddanapudi LN, Chakrabarti A. Controlling a possible
outbreak of Candida auris infection: lessons learnt from mul-
tiple interventions. J Hosp Infect 2017;97:363-70. https://doi.
org/10.1016/.jhin.2017.09.009

Shermil S Sreejith VP, Shamsudeen S, Jamsher M. Identifica-

[12]

[13]

[14]

HEALTHCARE WORKERS CARRIAGE OF FUNGI

tion of microbial isolations from the clinical aprons of graduates
and post-graduate trainees in a college department. Acta Scien-
tific Dental Sciences 2018;8-15.

Chauhan A, Garg S, Ranjan AA, Singh D, Dimri AG, Jindal T.
Prevalence of microbial contamination of mobile cell phones
in general population of Delhi, India. J] Exp Clin Microbiol
2018;1:12-5.

Jalalmanesh S, Darvishi M, Rahimi M, Akhlaghdoust M. Con-
tamination of senior medical students’ cell phones by nosoco-
mial infections: a survey in a university-affiliated hospital in
Tehran. Shiraz E-Medical Journal 2017;18:e59938. https://doi.
org/10.5812/semj.43920

Fard RH, Fard RH, Moradi M, Hashemipour MA. Evaluation of
the cell phone microbial contamination in dental and engineer-
ing schools: effect of antibacterial spray. Journal of Epidemiol-
ogy and Global Health 2018;8:143-8. https://doi.org/10.2991/j.
jegh.2017.10.004

Received on August 27, 2020. Accepted on March 3, 2021.

Correspondence: Arvind Kumar, Associate Professor Department of Medicine, AIIMS, New Delhi - Tel.: 8800984895 - E-mail: link-

toarvind @ gmail.com

How to cite this article: Keri VC, Kumar A, Singh G, Xess I, Khan MA, Rastogi N, Sahu M, Wig N. Fungal carriage on healthcare work-
ers’ hands, clothing, stethoscopes and electronic devices during routine patient care: a study from a tertiary care center. J Prev Med Hyg
2021;62:E170-E173. https://doi.org/10.15167/2421-4248/jpmh2021.62.1.1645

© Copyright by Pacini Editore Srl, Pisa, Italy

This is an open access article distributed in accordance with the CC-BY-NC-ND (Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International) licen-
se. The article can be used by giving appropriate credit and mentioning the license, but only for non-commercial purposes and only in the original version. For further

information: https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en




