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Background

In 2009, a new strain of Candida, Candida auris, was iden-
tified from a patient’s ear canal (Satoh et al., 2009). 
However, its clinical significance was later realised when 
three cases of fungemia with a fatal outcome were reported 
from Korea in 2011 (Oh et al., 2011). These isolates showed 
varied resistance to common antifungals (Chowdhary et al., 
2013). Until 2015, only a handful of countries had reported 
C. auris (Japan, Korea, India, South Africa and Kuwait) 
(Emara et al., 2015; Kathuria et al., 2015; Magobo et al., 
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Abstract

Background: From September 2014, a tertiary care hospital in Karachi, Pakistan, started diagnosing 3–5 cases/month of 
a yeast locally identified as Saccharomyces spp. resistant to fluconazole. US Centers for Disease Control and Prevention 
identified the isolates as Candida auris. The Pakistan Field Epidemiology and Laboratory Training Program (FELTP) and 
the hospital investigated the outbreak from April 2015 to January 2016.

Objective: The aim of the outbreak investigation was to determine the risk factors and to inform measures to limit the 
spread of the organism in the hospital.

Methods: Medical records, nursing schedules and infection control practices were reviewed. Sixty-two age- and sex-
matched hospital controls from the same wards were identified.

Results: Thirty cases (17 males) were identified (mean age = 51.6 years, age range = 2–91 years), case fatality was 53%. 
Multivariate logistic regression showed that a history of surgery within 90 days of diagnosis, admission to the emergency 
department and history of chronic kidney disease were significantly associated with C. auris infection.

Discussion: This is the report of the outbreak investigation that triggered a global exploration of C. auris as a newly 
identified multidrug-resistant nosocomial organism, spreading within the hospital, especially among patients with invasive 
procedures. Unfortunately, we could not identify any specific source of the outbreak nor stop the transmission of the 
organism.
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2014). In 2015, a tertiary care hospital microbiology labo-
ratory in Karachi, Pakistan started observing an increase in 
the isolation rate of invasive Saccharomyces infections. 
Previous isolation of invasive Saccharomyces species was 
limited to 1–2 isolates in a year. Review of culture data 
revealed an increasing trend in the frequency of blood cul-
tures positive for Saccharomyces species. Another con-
cerning finding was the high rate of resistance to 
fluconazole of these organisms, an unusual finding for 
Saccharomyces spp.

The Infection Control Committee (ICC) of the hospital, 
composed of four full-time Infection Control Nurses and 
led by an Infectious Diseases and a Clinical Microbiology 
Consultant, was notified and a local team tried to identify 
common exposures. However, no source of these infections 
was identified. In March 2015, the hospital authorities for-
mally invited the U.S. Centers for Disease Control and 
Prevention (CDC), Atlanta, USA to assist with the species 
confirmation and provide guidance for the investigation. 
The U.S. CDC and the tertiary care hospital then requested 
the Field Epidemiology & Lab Training Program (FELTP) 
of Pakistan to conduct the investigation in March 2015.

The FELTP team visited the 570-bed hospital on 22 
March 2015. After initial discussions, a formal plan and 
strategies for a detailed investigation was agreed upon. 
Objectives of the outbreak investigation were to identify the 
cause and risk factors for the outbreak and to make recom-
mendations for infection control. A collaborative team con-
sisting of FELTP fellows working in the Sindh Provincial 
Disease Surveillance and Response Unit (DSRU), Clinical 
Microbiology Laboratory, Infection Prevention and Control 
committee and federal office FELTP started a detailed 
investigation in April 2015. While performing the outbreak 
investigation, the U.S. CDC identified the isolates as  
C. auris instead of Saccharomyces spp. and the outbreak 
investigation team modified the case definition and risk fac-
tor information accordingly. We report here the outbreak 
investigation in a Pakistani hospital which triggered an 
inquiry into C. auris as a multidrug-resistant nosocomial 
pathogen which is now known to have spread among hospi-
talised patients in over 35 countries (Centers for Disease 
Control and Prevention, 2019a, 2019b).

Methods

Outbreak investigation and data collection were carried out 
in two phases: 6–17 April 2015 and 16 November 2015 to 
6 January 2016. The first phase was when the isolate was 
suspected to be Saccharomyces spp., resistant to flucona-
zole by disc diffusion. A case was defined as any patient 
admitted to the hospital with a chronic illness or for a surgi-
cal procedure with a positive sample for Saccharomyces 
spp., resistant to fluconazole, between 1 September 2014 
and 31 March 2015. However, later, sequencing of the D1–
D2 region of the 28S subunit of rDNA performed at the 

Mycotic Diseases Branch, CDC, Atlanta, USA identified 
the yeast as C. auris. Cases continued to be identified so the 
second phase of the investigation was undertaken from 
November 2015 to January 2016. The case definition was 
revised to include any patient admitted with a chronic ill-
ness or for a surgical procedure yielding a positive sample 
for confirmed or suspected C. auris between 1 September 
2014 and 30 November 2015. A ‘confirmed isolate’ was 
identified as an isolate identified as C. auris by molecular 
identification, while a ‘suspected isolate’ was defined as a 
white yeast resistant to fluconazole by disc diffusion and 
biochemically identified either as either Saccharomyces 
spp. (profile nos. 2000130, 2000173) or Rhodotorula gluti-
nis (profile nos. 2102173, 6102173) on API 20C AUX 
(bioMe’rieux, France), as described in the literature 
(Kathuria et al., 2015). The rest of the isolates were all later 
confirmed to be C. auris on Bruker MALDI Biotyper at the 
Mycotic Diseases Branch, CDC, Atlanta, USA.

Medical records of all the case patients were compre-
hensively reviewed. The records were obtained from the 
Health Information Management System (HIMS) and were 
reviewed for variables including demographics, major 
underlying medical/surgical conditions, date and site of  
C. auris infection, fungal infections within 90 days before 
culture positive for C. auris, history of previous hospitali-
sations, presence of central venous catheter, presence of 
urinary catheter and any antifungal treatment within 90 
days of a positive C. auris culture. Movement of the patients 
during their hospitalisation within the various wards, 
Emergency Department (ED), special care units and inten-
sive care unit (ICU) was also tracked. Since the ED was the 
one risk factor common to all cases, nursing records from 
the ED were reviewed to identify common staff members 
assigned to cases, to evaluate them as the source of spread 
of the infection. The nursing staff were interviewed to eval-
uate hand washing and other infection control practices 
such as the use of gloves and aseptic techniques. Moreover, 
maps of bed layouts in the ED were reviewed to identify 
clustering among certain areas of the department. It was 
also observed that staff assigned to particular areas of the 
ED moved to other areas within the ED to provide support. 
Records of rotation within the units of ED, ICU and ward 
staff, especially residents, nursing assistants and techni-
cians, were also reviewed to find personnel common to 
case occurrences.

A case-control study was carried out for the evaluation 
of risk factors. Using the case definition, cases who had 
been admitted at the hospital, from 1 September 2014 to 30 
November 2015, with culture positive for confirmed or sus-
pected C. auris were included. To avoid over-matching as 
well as overestimating the odds, two controls for every case 
were randomly selected by an individual blinded to patient 
identification, from two different lists of patients admitted 
at the hospital, matched for age and sex. One control was 
also matched on admission via the ED or clinic, and the 
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other had a hospital stay of > 8 days. Bivariate and multi-
variate logistic regression analyses were performed and 
odds ratios were calculated for various exposure related 
variables. Confidence intervals (CI) at 95% were calculated 
and P values < 0.05 were considered statistically signifi-
cant. Statistical analysis was conducted using EpiInfo® 
version 7.1.5.0.

The Ethical Review Committee of the Ethical Review 
Board of our University exempted the study from full 
approval (ERC exemption no. 2019-2192-5790).

Results

A total of 30 cases (17 males; 13 females) were included, 
15 of which were confirmed and 15 suspected C. auris 
infections. The mean age was 51.6 years (age range = 2–91 
years). Out of the 30 cases, 14 (47%) had candidemia; the 
rest were isolated from urine (n = 11), tissue (n = 2), cen-
tral line tips (n = 2), and conjunctival (n = 1) and ear swabs 
(n = 1). Fourteen cases were most likely colonised while 
16 (14 candidemias and two urinary tract infections) were 
considered to be infections. Sixteen patients had died and 
14 were alive on discharge from the hospital: overall case 
fatality rate was 53%, but slightly higher (8/14 [57%]) in 
candidemic patients. Twelve cases (40%) were aged 41–60 
years while 9 (30%) were aged 61–80 years. When plotted 
against the month of sample collected, the highest number 
of cases recorded per month (n = 5 each) were in January 
and April 2015 (Figure 1).

Tracking and plotting the cases on a spot map showed 
clustering of cases in the resuscitation bays and the 10-bed 
bays in the front and back of the ED. Only one case was 

admitted via the paediatric wing of the ED. No significant 
clustering could be seen in any other areas of the hospital 
including ICU, coronary care unit, special care units, wards 
and private wing. Out of 30 cases, 28 (93.33%) were admit-
ted through the ED; however, since the C. auris infection 
was acquired after > 72 h, it was unlikely that the acquisi-
tion was from the ED; rather, these patients were acutely ill 
to begin with. This theory was supported by the fact that all 
30 (100%) were found to be seriously ill before acquiring 
C. auris, requiring a prolonged hospital stay of > 8 days, 
special care or individual nursing at some point, or repeated 
hospital admissions. Moreover, all the cases were given 
broad spectrum antibiotics and 15 (50%) had received an 
antifungal agent within 90 days preceding the diagnosis of 
C. auris infection.

Review of the duty rosters of nursing and paramedical 
staff did not reveal or identify any common staff attending 
to cases. Central line maintenance audit compliance reports 
for medical and surgical ICUs revealed a compliance rate 
of < 95% for the third and fourth quarters of 2014 and first 
quarter of 2015. The investigation team’s observation of the 
medical staff revealed unsatisfactory compliance with cer-
tain infection control practices, such as adherence to hand 
hygiene, but these were not specifically audited by the OI 
team. Hand hygiene compliance data were obtained from 
the infection control committee of the hospital and it 
revealed an average of 87% (95% CI = 83.8–89.0) compli-
ance over the investigation period. Six months earlier, the 
hand hygiene rate average was 81% (95% CI = 74–92).

Risk factor analysis was conducted on a sample size of 92: 
30 cases and 62 controls. Among other variables, admission 
through the ED, surgery within 90 days of diagnosis and 

Figure 1. Epi Curve showing month-wise case distribution of C. auris from October 2014 to November 2015 at our University 
Hospital in Karachi.
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insertion of a central venous line showed stronger statistical 
association. Results of the bivariate analysis are given in 
Table 1.

However, on multivariable analysis (logistic regression 
modelling) only history of surgery 90 days before diagnosis, 
admission through the ED and having chronic kidney dis-
ease (CKD) were found to be significantly associated with 
C. auris infection. Table 2 gives the details of the multivari-
able analysis. No single point of transmission was identified 
which makes a breach in standard precautions more likely.

Microbiological

Results of the 17 clinical samples from patients admitted at 
the hospital, sent to US-CDC labs, were received on 6 May 
2015. They showed 15 of the samples to be positive for  

C. auris, one positive for C. parapsilosis and one positive 
for Saccharomyces spp. Table 3 gives the details of the lab-
oratory results from CDC. Whole genome sequencing was 
also performed on these 15 isolates and all were found to 
belong to the same clade with nearly identical strains differ-
ing by < 2 single-nucleotide polymorphisms, confirming 
the outbreak (Lockhart et al., 2017). These were found to 
have MIC90 of 256 µg/mL against fluconazole, 4 µg/mL 
against voriconazole, 1 µg/mL against anidulafungin, 0.5 
µg/mL for caspofungin and 1.8 against amphotericin, 
respectively. Five isolates had MIC > 1 µg/mL against 
Amphotericin, thus rendering one-third of them resistant to 
multiple antifungals. The remaining 15 isolates were later 
sent to US-CDC in 2019 and were also confirmed as  
C. auris by Bruker MALDI Biotyper. The absence of an 
appropriate diagnostic technology which could reliably 

Table 1. Bivariate analysis: association of risk factors.

Variables Cases exposed Controls exposed OR 95% CI P value

Admit through ED 28 (93.33) 37 (59.68) 9.27 2.30–62.39 < 0.001

Surgery < 90 days 15 (50) 8 (12.90) 6.57 2.36–19.38 < 0.001

Central venous line 23 (77) 23 (37.10) 5.46 2.0–15.6 < 0.001

Chronic kidney disease 10 (33.33) 6 (9.68) 4.57 1.46–15.22 0.004

Previous fungal Infection 11 (37) 7 (11.29) 4.46 1.50–13.89 0.003

Urinary catheter 26 (87) 38 (61.29) 4.04 1.31–15.06 0.006

ICU stay 16 (53.33) 14 (22.58) 3.85 1.51–10.05 0.002

Endotracheal tube 24 (80) 35 (57.38) 2.93 1.07–8.89 0.017

Values are given as n (%).
CI, confidence interval; ED, Emergency Department; ICU, intensive care unit; OR, odds ratio.

Table 2. Multivariable analysis showing factors significantly associated with C. auris infection.

Variable OR 95% CI P value

Surgery < 90 days 9.0 2.15–36.35 0.00

Admit through ED 7.6 1.16–49.60 0.03

Chronic kidney disease 5.2 1.17–23.50 0.02

ICU stay 2.7 0.72–10.64 0.13

Urinary catheter 1.6 0.37–7.72 0.48

Central venous line 1.5 0.36–6.87 0.53

Previous fungal Infection 1.4 0.30–6.44 0.66

Endotracheal tube 0.79 0.17–3.57 0.77

CI, confidence interval; ED, Emergency Department; ICU, intensive care unit; OR, odds ratio.
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confirm C. auris isolates in Pakistan considerably delayed 
identification of suspected cases.

Discussion

C. auris is a newly emerging yeast first identified in 2009 
(only two earlier isolates have been identified, in Korea in 
1996 and in Pakistan in 2008) (Lockhart et al., 2017; Satoh 
et al., 2008). The report is one of very few outbreak inves-
tigation reports of C. auris which has a full epidemiological 
investigation along with microbiological results. However, 
we failed to identify a single source, similar to other out-
break reports published recently from London, UK and Tel 
Aviv, Israel (Ben-Ami et al., 2017; Schelenz et al., 2016).

Around the same time, one multicentre study, involving 
19 ICUs across India, compared risk factors for candidemia 
with C. auris to that due to other Candida species 
(Rudramurthy et al., 2017). They identified public sector 
hospitals and those in northern India to be associated with  
C. auris candidemia. These factors could obviously not be 
determined from a single centre outbreak investigation; how-
ever, our facility was a large private sector hospital in south-
ern Pakistan. The only other facility, from which we had 
documented C. auris isolation, was a burns unit in another 
private sector hospital from northern Pakistan. An interesting 
similarity between our findings and the Indian study was 
regarding ICU stay. C. auris candidemia was associated with 
longer stay compared to other Candida species, while cases 
of C. auris in our hospital also had higher odds for ICU stay 
compared to other admitted patients. Similarly, vascular sur-
gery in India, and any type of surgery in our study, was also 
a significant risk factor in cases of C. auris. Prior antifungal 
exposure was an important risk factor for C. auris candi-
demia versus other Candida in the Indian study, while prior 
fungal infection, suggesting antifungal exposure, did not 
achieve statistical significance in our single-centre data. 
Amongst co-morbidities, respiratory illness was more com-
mon in Indian cases of C. auris, while CKD was associated 
with C. auris infection in our study. Another study from our 
centre described candidemia with C. auris and infection with 

other multidrug-resistant organisms (MDRO) to be associ-
ated with crude mortality among patients with C. auris, 
while source control rather than appropriate antifungal ther-
apy as the only protective factor (Sayeed et al., 2019).

The most probable risk factor of this outbreak appeared 
to be the history of a surgical procedure within 90 days pre-
ceding diagnosis of C. auris infection, admission through 
the ED and history of the CKD. All these risk factors 
seemed to predispose patients with lengthy hospitalisation 
to C. auris infection, possibly via hospital supplies and 
materials, soiled hands of the healthcare staff and/or con-
taminated environment as also suggested by other reports 
from UK and US (Kerins et al., 2017; Schelenz et al., 2016; 
Tsay et al., 2017). The investigation was limited by our 
inability to explore the above stated sources through micro-
biological sampling. We recommended review of the infec-
tion control protocols and their compliance especially in 
critical care facilities such as operating room, ICU and ED.

We advised refresher trainings of the healthcare workers 
on infection control practices and strict implementation of 
standard precautions for all patients and monitoring rates of 
C. auris using passive surveillance. In light of the outbreak, 
a number of infection prevention measures were taken. 
First, C. auris was added to the list of MDROs targeted in 
the MDRO programme. This programme includes enhanced 
communication between the laboratory and the Infection 
Prevention and Control committee to ensure early identifi-
cation of patients with suspected C. auris, before final iden-
tification, followed by placement of patients in contact 
precautions. Once identified, patients are marked in the 
system and flagged at any visit to the hospital, whether out-
patient, emergency or inpatient, so that prompt initiation of 
precautions are carried out. Similarly, on discharge from 
the hospital, terminal cleaning of the bed and equipment 
using 10% hypochlorite (HOCl) was carried out. 
Surveillance of C. auris was also initiated by modifying the 
LabID methodology of the CDC (Centers of Disease 
Control and Prevention, 2019a) and rates were dissemi-
nated to each unit on a monthly basis. Thus, we realised 
that beyond ensuring hand hygiene and contact precau-
tions, active surveillance and isolation precautions cannot 
be maintained in resource-limited settings. With a facility 
managing almost 150 admissions per day, active surveil-
lance must be supported by adequate number of trained 
laboratory staff or rapid and easy diagnostics, and sufficient 
isolation rooms which are not currently available.

The crude mortality reduced from 53% to 36.5%, pos-
sibly due to early appropriate empiric antifungal coverage 
with amphotericin rather than fluconazole. Since November 
2015, the number of cases of C. auris still remain quite high 
(n = 336 till December 2019); over the last four years, 
119/305 (39%) were invasive, causing candidemia. There 
was a short-term reduction in candidemia in the last quarter 
of 2015 and first quarter of 2016, most likely due to better 
line care. While there was no documented change in the 

Table 3. Specimen wise distribution of fungal species identified 
among the isolates sent to the US-CDC in Atlanta by D1/D2 
sequencing, during the outbreak.

Source of sample Fungal species n

Clinical (n = 17)

 Blood (n = 7) Candida auris 7

 Urine (n = 7) Candida auris 7

 CVC tip (n = 2) Candida auris
Candida parapsilosis

1
1

 Peritoneal fluid (n = 1) Saccharomyces spp. 1



194 Journal of Infection Prevention 21(5)

recorded line bundle adherence rates, during this period 
intensive trainings on line handling were performed and the 
line bundle compliance tool was under revision. However, 
the alarming increase in the following years is very likely 
due to attrition of experienced healthcare personnel and a 
high turnover of nursing staff, a problem listed by the World 
Health Organization among the top health challenges for 
the next decade (World Health Organization, 2020).

Limitations of the investigation

Our outbreak investigation was limited mainly by lack of 
resources. The laboratory was not equipped with technologies 
that can reliably identify C. auris, thus delaying case identifi-
cation. We could not conduct any exhaustive environmental 
microbiological investigation as the identification method was 
too time-consuming and there was a lot of demand for patient 
beds. It was considered easier to apply terminal cleaning pro-
tocols in units with high rates of C. auris. There were not 
enough rooms in the hospital to allow single room isolation for 
C. auris when the hospital was already trying to accommodate 
patients with other MDROs, measles and pulmonary tubercu-
losis. Thus, active surveillance was not thought to be feasible. 
However, refresher trainings of strict contact precautions with 
regular audits of infection control protocols were instituted. 
This outbreak of C. auris has added to the workload of the 
microbiology laboratory staff and the department of infection 
control and prevention: ensuring early contact precautions on 
suspected patients and preventing transmission requires a 
hefty investment in hospital resources.
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