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1. Introduction 
The Global Antimicrobial Resistance Surveillance System (GLASS) aims to support the 
implementation of the Global Action Plan on Antimicrobial Resistance (GAP-AMR) by promoting and 
strengthening standardized antimicrobial resistance (AMR) surveillance worldwide. GLASS combines 
patient, laboratory, and epidemiological surveillance data to enhance understanding of the extent 
and impact of AMR on populations. In its early implementation phase (2015-2019), GLASS aims to 
combine data on the status of enrolled countries’ AMR surveillance systems with AMR data for 
selected bacterial pathogens that cause infections in humans. However, recognizing the growing 
threat of resistant fungal infections, GLASS started a global collaborative effort to also compile 
available data on antifungal-resistant infections. Although largely out of the public’s view, fungi are 
also major causes of human disease and death, and resistance to antifungal medications is a growing 
problem, as it is for antibiotic drugs. One of the major limitations in addressing the threat of 
antifungal-resistant fungi is a lack of data at the global level. Few countries have effective 
surveillance systems for fungal diseases, and consequently, statistics on their incidence, resistance, 
and related burden of disease are limited. 

As the spectrum of invasive antifungal-resistant infections is broad, the GLASS Fungal AMR effort will 
initially focus on invasive fungal bloodstream infections (BSIs) caused by Candida species (spp.). 
Candida spp. BSI is the most common type of invasive fungal disease. Antifungal susceptibility data 
of invasive Candida isolates, especially from patients in high-risk hospital units (e.g. intensive care 
units (ICUs), neonatal ICUs), that will be available through GLASS will provide an overview of the 
emerging resistance in Candida spp. 

Unlike bacteria, accurate identification and antifungal susceptibility testing (AFST) of Candida spp. 
are still major challenges as many laboratories worldwide lack this capability. A fundamental 
limitation is that resistance breakpoints differ by individual species, with many species lacking 
defined breakpoints, and most laboratories rely on phenotypic Candida1 identification methods that 
cannot reliably differentiate beyond the most common species of Candida. Also, the databases of 
automated commercial microbial identification methods used in routine microbiology laboratories 
to identify Candida species may lack emerging and new Candida species, thus requiring molecular 
methods for accurate identification. The AFST expertise to perform the reference broth 
microdilution methods for Candida species is generally restricted to specialized laboratories, and 
breakpoints for interpreting the susceptibility by reference broth microdilution methods have been 
established for only the common Candida spp.  

This early implementation protocol was developed to support countries to strengthen or build their 
national fungal AMR surveillance, and enable incorporation of AMR surveillance for invasive Candida 
into GLASS. The protocol describes the objectives and methodology, and provides details of the 
proposed approach and defined targets for the surveillance of resistance in Candida BSIs. Using the 
evidence collected during the early implementation and the lessons learnt, the protocol will be 
finalized, and the Candida spp. resistance surveillance component will be fully incorporated into 
GLASS. 

1.1.  Objectives 
The objectives of this early implementation are: 

● To collect, analyse, interpret, and report the species distribution of Candida and the antifungal 
resistance patterns of Candida spp. causing BSIs;  

● To support countries in setting up and strengthening a national fungal AMR surveillance system, 
including building laboratory mycology capacity and improving data quality;  

                                                           
1 Candida albicans, C. parapsilosis, C. glabrata, C. tropicalis, C. krusei 
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● To define the steps towards incorporation of Candida spp. resistance surveillance data into 
GLASS; 

● To ultimately provide essential information needed to guide medical practice, including 
therapeutics and disease control activities.  

1.2.  Vision  
GLASS has already developed a tool to collect and share data on new and emerging resistance, 
including antifungal resistance, worldwide.2 New surveillance targets will be progressively added, 
including standardized, comparable and validated data on antifungal resistance to be collected, 
analysed and shared with countries. The initial focus of AMR fungal surveillance in the early 
implementation phase will be Candida spp. from BSIs. 

This protocol is designed for countries participating in the early implementation. It will guide them 
to design their surveillance system or determine how to leverage their existing system for GLASS, 
and to build the capacity needed for AMR surveillance of Candida spp. from BSIs, as well as 
coordinate the related surveillance activities. Modifications to this protocol may occur prior to full-
scale implementation based on the evaluation of the early implementation. 

2. Surveillance methods 

2.1.  Priority pathogen and surveillance setting 
Cases are defined as the isolation of Candida spp. from blood (i.e. candidemia; Table 1). Blood was 
chosen because Candida BSIs are some of the most common healthcare-associated BSIs, and the 
most common type of invasive fungal infection. Rising AMR in Candida spp. causing BSIs is cause for 
concern as these are severe infections with high mortality rates. Candida from blood is also more 
likely to be identified to the species level under routine clinical practice than Candida from non-
sterile body sites. Candidemia is primarily healthcare-associated, so most cases are expected to be 
from hospitalized patients. The criteria for the specimen, case definition, sample setting, and 
surveillance sites for surveillance inclusion are summarized in Table 1.  

Table1: Specimen and definition of Candida bloodstream infections (BSIs) 

Specimen Laboratory case 
definition 

Sampling setting and 
surveillance site 

Candida spp. for surveillance 

Blood* Isolation of 
Candida species 
from blood 

 Selected sites or national 
coverage  

 Continuous  
 Hospitals: hospital or 

community-origin 

Any Candida species isolated 
from blood will be included in 
the surveillance 

*Candida species recovered from blood obtained through catheter are excluded 
 
Cases will be identified from routine clinical samples collected at the surveillance sites. Cases may be 
healthcare- or community-associated, using the same definitions used for the surveillance of the 
other GLASS pathogens:3 

                                                           
2 https://www.who.int/glass/ear/en/ 
3 Global Antimicrobial Resistance Surveillance System: Manual for Early Implementation. World Health 
Organization (2015) available at http://www.who.int/antimicrobial-resistance/publications/surveillance-
system-manual/en/ 
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• Hospital origin (healthcare-associated) BSIs: patient admitted for >2 calendar days when the 
specimen was obtained, or admitted to the health care facility for <2 calendar days but 
transferred from another health care facility where he or she was admitted for ≥2 calendar 
days. 

• Community origin (community-acquired) BSIs: patients in hospital for ≤ 2 calendar days 
when the specimen was taken. 

Similar to the other GLASS pathogens, the surveillance system for Candida can be limited to selected 
sites or have national coverage. Surveillance will be conducted on a continuous basis. 

2.2.  Population and surveillance site data 

2.2.1. Isolate-level data collection 
In the early implementation protocol, data will be collected at the isolate level, including results of 
Candida spp. identification and susceptibility testing, demographic patient information, and hospital 
department information. The required isolate-level variables to be collected by the surveillance sites 
are listed in Table 2. 

Countries are requested to submit data on Candida spp. identification and antifungal susceptibility 
methods undertaken as given below:  

● The yeast identification methods used by sites and the related information to be submitted 
are detailed in Annex I. 

● The AFST methods used by sites and the related information to be submitted are detailed in 
Annex I. 

2.2.2. Basic aggregated epidemiological data  
To calculate the estimated incidence of Candida BSIs and Candida AMR per 1000 hospitalized 
patients/year OR per 1000 tested patients, countries are asked to provide:  

● Total number of hospitalized patients at the surveillance sites per year; 
● Total number of patients4 sampled for blood culture during the 12 months at surveillance 

sites.  

To calculate rates for specific patient subgroups, both the numerators and denominators will need 
to be stratified by the variables listed in Table 2 (for example by gender, age, or hospital department 
(ICU vs. non-ICU)). 

For countries participating in bacterial surveillance for GLASS, some of the data may be the same for 
the surveillance of those pathogens, and therefore only need to be submitted once.  

2.2.3. Defined data fields for isolate-level data collection and basic aggregated 
epidemiological data 

In Table 2, the data fields for surveillance required at national level are described.  

Countries should collect the details about the species identification and AFST methods at national 
level, to ensure quality control of the collected data and confirmation of results if needed, before 
exporting the data to GLASS.  

  

                                                           
4 This includes patients with both positive (growth of Candida spp.) and negative (no growth of Candida spp.) 
samples. 
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Table 2: List of variables to be recorded by surveillance sites enrolled in the Candida species AMR 
surveillance  

Variables required at national level Description 

Patient identification/code  Unique identifier for patients within hospital 

Date of birth (or age) MM/DD/YY or age of the patient when sample was taken 

Gender Gender of the patient: M (male), F (female), other (OTH), 
UNK (unknown) 

Patient type Origin of patient: (INP) inpatient, (OUT) outpatient, other 
(OTH), (UNK) unknown 

Hospital code Defined as Country code + 001, 002, 003 etc. 

Hospital department/unit ICU, Wards (refer to Annex IIa) 

Date of admission MM/DD/YY  

Date of isolate collection  MM/DD/YY  

Community- or hospital-acquired  CA or HA (as defined in section 2.1 or reported by the 
clinician) 

Isolate number/code Unique isolate identifier 

Isolate identification Species of the Candida identified. Refer to Annex III 

Identification methods Refer to Annex I 

Software version of the automated 
system 

Refer to Annex I 

Target gene used for identification Refer to Annex I 

Code of antifungals tested Fluconazole, voriconazole, posaconazole, isavuconazole, 
micafungin, anidulafungin, caspofungin, flucytosine, 
amphotericin B. (Refer to Annex IIb)  

Antifungal susceptibility method Refer to Annex I 

Diameter value (mm)   If using disk diffusion method 

MIC value (µg/mL) In CLSI, EUCAST or other colorimetric and automated 
methods (Refer to Annex I) 

Interpretation of AFST S (Susceptible), I (Intermediate/Susceptible, increased 
exposure5), SDD (Susceptible dose dependent), R 
(Resistant) 

Reference guidelines CLSI, EUCAST, others (refer to Annex I)  

                                                           
5 According to the change in the definitions of S, I, R applied by EUCAST from 2019 
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2.3. Duplicate results 
The early implementation phase of Candida AMR surveillance will collect information on selected 
AMR variables for each 12-month surveillance period (i.e. January 1 – December 31).  

Before data submission to GLASS, the data should be de-duplicated by the country, so that one 
isolate represents one patient. Thus, when several cultures are collected from one patient, duplicate 
findings for the same patient are excluded. For global surveillance, the first Candida positive blood 
isolate per patient, per species, per year will be included for analysis. This also minimizes bias 
associated with reporting of repeated cultures.  

To facilitate de-duplication, sites should collect a unique patient identifier, so that specimens from 
the same patient can be identified and repeated samples can be removed. Upon request, support 
can be provided by the GLASS team in performing de-duplication of the reported isolates.  

Candidemia episodes are species specific. That is, if two or more species are identified within a 
single patient’s blood culture (mixed candidemia), then each species should be included in 
surveillance. Similarly, in an episode in which two or more distinct species are cultured in two 
successive sets of blood cultures from a single patient, then each species should be recorded.  

Although rare, it is important to consider that a Candida species in a patient may develop resistance 
in response to selection pressure from antifungal treatment, which can be identified through serial 
blood culture isolates. With the methodology described above, it will not be feasible to detect this 
type of acquired resistance. However, additional analysis of all Candida isolates from the same 
patient reported for each 12-month surveillance period (i.e. January 1 – December 31) can be 
considered at the national level. 

2.4.  Period for national surveillance 
Candida surveillance will follow the same schedule as surveillance for other GLASS pathogens: 
continuous at the national level every 12 months (i.e. January 1 – December 31). For the early 
implementation phase, data will be submitted to GLASS during the allotted submission period for 
the other GLASS pathogens (currently May – July). While GLASS is a prospective surveillance system, 
submission of historical data from as early as January 2017 from countries where Candida 
surveillance already exists is encouraged in order to provide enough test data for the system. 
Historical data will not be used for public reports on the epidemiology of Candida spp., and will only 
be used for the testing and evaluation of the GLASS system. 

2.5.  Data reporting 
For the early implementation, WHONET software should be used for data entry and reporting to the 
national coordinating centre, as well as submitting the national datafile to GLASS. A standard 
WHONET export configuration for this early implementation is available to support with uploading 
the data to the GLASS Candida spp. Module, which allows for anonymized isolate-level data 
submission to GLASS. This module will also be accessible for the WHO regional offices, to provide 
support with data collection and data quality. The module will provide a standardized summary of 
the data reported, to be confirmed by the countries before publication of the data. Any Candida 
isolates with multidrug resistance (i.e. resistance to at least two antifungal drug classes) should be 
reported to the relevant national authorities as soon as they are confirmed by a reference 
laboratory, and WHO should be informed. 

2.6.  Species identification 
Data submitted to GLASS must include the species of Candida, as the species is needed for 
interpretation of AFST. Some Candida spp. are inherently resistant/display high minimum inhibitory 
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concentrations (MICs) to specific classes of drugs. Several of the non-albicans Candida spp., such as 
Candida krusei, are intrinsically resistant or less susceptible to several classes of antifungals, whereas 
others, including Candida glabrata, develop acquired resistance following exposure to antifungal 
agents. Clinical and Laboratory Standards Institute (CLSI) and European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) breakpoints for interpreting the susceptibility have been established 
for the common Candida spp., allowing classification of isolates into S (susceptible), I 
(intermediate/susceptible, increased exposure), SDD (susceptible dose-dependent) and R (resistant) 
categories. Therefore, identification of species is important for correctly interpreting the 
susceptibility data and monitoring trends among species. 

Surveillance sites that would like to participate, but which cannot identify Candida spp., may be able 
to work with their national reference laboratory (NRL) to submit Candida isolates for species 
identification. Surveillance sites identifying species by conventional methods such as CHROMagar 
and microscopic morphology need to work in association with their NRL or Candida reference centre 
(CRC) for species identification. This approach will ensure that the results are of good quality and 
representative of the population monitored. Participating GLASS countries should consider a 
surveillance site’s ability to provide the species when selecting sentinel sites.  

While many systems reliably identify the five most common Candida spp., which typically comprise 
80–90% of infections, the remaining isolates lack reliable identification. Therefore, national 
laboratories should conduct external quality assessments of the surveillance sites. Some countries 
have little or no access to the most reliable species identification methods, and CRCs or other 
reference laboratories outside the country may be able to conduct limited species identification, 
subject to capacity and funding constraints. Even advanced laboratory methods, like matrix-assisted 
laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF), may provide a “no 
identification” result when the species is rare, which could also prompt the use of an NRL or CRC for 
further species identification as needed. 

Because of the variation in accuracy and granularity of results from different laboratory 
identification methods, surveillance sites should report both the species identified and the Candida 
identification method used to the national level. Knowing the method used enables 
NRLs/surveillance centres to conduct quality control of species identification. The list of yeast 
identification methods and other information required to be collected at the national level are 
included in Annex I. Occasionally, the names of fungal pathogens are subject to changes as increased 
data are available about the organisms, or taxonomy practices shift.6 For GLASS, fungi that are 
clinically considered Candida will be included even if the genus name changes. A non-exhaustive list 
of organisms considered clinical Candida species that are often referred to by other names are 
included in Annex III. 

2.7.  Antifungal susceptibility testing (AFST) 
As for the other GLASS pathogens, AMR for Candida will be assessed using standardized 
microbiological methods of AFST. Table 3 lists the antifungal drugs included in GLASS surveillance. 

  

                                                           
6 De Hoog GS, Chaturvedi V, Denning DW, et al. Name changes in medically important fungi and their 
implications for clinical practice. J Clin Microbiol. 2015;53(4):1056-1062. 
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Table 3: Antifungal agents included in Candida spp. AMR surveillance  

Antimicrobial class Antimicrobial agents that may be used for AFSTa 

Azoles  Fluconazole (FLU), voriconazole (VOR), posaconazole (POS) 
and isavuconazole (ISA) 

Enchinocandins Anidulafungin (ANI), caspofungin (CAS)b,c and micafungin 
(MIF) 

Polyenes  Amphotericin B (AMB) 

Pyrimidine analogues Flucytosine (FCT)  

a The listed substances are priorities for surveillance of resistance in each pathogen, although 
they may not be first-line options for treatment.  
b EUCAST does not recommend performing susceptibility testing with caspofungin, but instead 
suggests anidulafungin and micafungin MIC results as surrogate markers to predict susceptibility 
or resistance to caspofungin.  
c CLSI recommends that laboratories should confirm “intermediate (I)” or “resistant (R)” results by 
additional susceptibility testing with micafungin and anidulafungin. 
 
Unlike bacterial susceptibility testing, AFST is still a major challenge, even in the developed world. 
The expertise to perform the reference broth microdilution methods are generally restricted to 
specialized laboratories. Preferred in vitro antifungal susceptibility testing methods are the two 
reference microdilution methods that have been standardized by CLSI and EUCAST (EUCAST E.Def 
7.3.1. 2017 and the CLSI M27-ed 4).7,8 The individual MICs can be translated into S, I, R by adoption 
of breakpoints (http://www.eucast.org/clinical_breakpoints/; CLSI document M60ed1).9 The two 
standardized methods yield similar MICs for fluconazole, voriconazole, and amphotericin B, but for 
other compounds the MICs can be several two-fold dilutions different. Therefore, it is crucial that 
MICs are interpreted adopting the breakpoints associated with the method being used, otherwise 
susceptibility classification might be incorrect. Also, there has been concern regarding 
interlaboratory variability with caspofungin susceptibility testing when CLSI and EUCAST broth 
microdilution methods are used, with some laboratories reporting higher caspofungin MICs, such 
that isolates may falsely be classified as resistant to this echinocandin. Although this can occur when 
tested against any Candida spp., it appears to affect the testing of C. glabrata and C. krusei isolates 
to a greater degree. To avoid this problem, EUCAST does not recommend performing susceptibility 
testing with caspofungin, but instead suggests using anidulafungin and micafungin MIC results as 
surrogate markers to predict susceptibility or resistance to caspofungin. 

Thus, the early implementation Candida spp. surveillance will include antifungal susceptibility data 
by both reference broth microdilution methods (if available in surveillance sites) and other 
standardized methods, i.e. colorimetric assays (e.g. Sensititre YeastOne assay, ThermoFisher Trek 
Diagnostics), agar-based diffusion assays (e.g. Etest gradient diffusion assay, bioMerieux, MIC test 
strips, Liofilchem), automated assays (e.g. Vitek 2, bioMerieux), and CLSI disk diffusion susceptibility 
method. During the early implementation phase, AFST results by other standardized methods may 

                                                           
7 Clinical and Laboratory Standards Institute. M27 Reference Method for Broth Dilution Antifungal 
Susceptibility Testing of Yeasts. 4th ed. CLSI, Wayne, PA, USA, 2017. 
8 European Committee on Antimicrobial Susceptibility Testing. Method for the determination of broth dilution 
minimum Inhibitory concentrations of antifungal agents for yeast E.DEF 7.3. 2015. 
9 Clinical and Laboratory Standards Institute. Performance standards for antifungal susceptibility testing of 
Yeasts. 1st ed. CLSI supplement M60. CLSI, Wayne, PA , USA, 2017.  

http://www.eucast.org/clinical_breakpoints/
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be used when reference CLSI and EUCAST methods are not feasible. These methods are listed in 
Annex I. These tests have been standardized against the reference methods (mainly against CLSI). 
However, they do not always mirror the reference test precisely, which may lead to incorrect 
classifications when the breakpoints of the reference are applied. Surveillance sites are asked to 
submit, at the national level, data on the AFST method used, AFST interpretations when appropriate 
per EUCAST or CLSI breakpoint definitions, and MICs of the isolates tested. There are few 
established MIC breakpoints for Candida spp., and laboratories have varying access to preferred 
AFST methods. To gather the most valuable data possible given these limitations, the method, 
interpretations, and MICs, along with the quality control strain data should all be sent whenever 
possible. However, at minimum, each isolate should have the AFST method used and the AFST 
interpretations and MICs/zone diameters.  

To participate in GLASS, countries can provide information on only some of the antifungals listed in 
Table 3, and can progressively increase coverage of other antifungals, according to their needs and 
resources. However, countries are encouraged to submit antifungal susceptibility data on as many 
antifungals listed in Table 3 as possible. For countries that are able and willing to participate in 
GLASS, but have not yet established facilities with AFST, assistance for AFST may be provided by a 
CRC (described below) via collaboration with other countries. Similarly, if surveillance sites within a 
country are able and willing to participate, but cannot undertake AFST, they may be able to arrange 
for assistance from their NRL when in-country capacity for this testing is available. Each of these 
options will depend on NRL, CRC, or other laboratory and financial capacity, and will be addressed 
with those in need as these situations arise. 

2.8.  Quality Assurance of Species Identification and AFST 
A quality assurance system ensures reliability and reproducibility of laboratory data. Internal quality 
control should be a routine procedure undertaken by participating laboratories to ensure the quality 
of testing. It should cover all diagnostic tests and procedures including isolation, identification, and 
AFST. Internal quality control should also cover media preparation and equipment maintenance. 
Besides internal quality control, regular external quality control for laboratories in the AMR 
surveillance network is crucial to allow for an evaluation of the quality and reliability of data 
provided to the AMR surveillance system. Surveillance sites should participate in external quality 
assurance (EQA) as per their NRL recommendations. For EQA, surveillance sites are required to send 
isolates to their NRL for verification, as per minimum number recommended by the NRL. The 
information on MIC values and/or zone diameters (mm) of the quality control strains (QC) used by 
surveillance sites for AFST should also be submitted to the NRL. Further, isolates with unusual 
identification and resistance patterns identified by the surveillance sites should be sent to NRLs. In 
countries where an NRL has not yet been designated, surveillance sites must be encouraged to 
participate in EQA by using facilities of regional CRC.  

3. Setting up a national AMR Candida surveillance system 

3.1.  Introduction to setting up a surveillance system 
A successful national AMR surveillance system starts with careful planning and organization. The 
basic principles and guidance for setting up a national AMR surveillance system have been described 
in detail in National antimicrobial resistance surveillance systems and participation in the Global 
Antimicrobial Resistance Surveillance System (GLASS): A guide to planning, implementation, and 
monitoring and evaluation.10 Briefly, GLASS supports the development of three essential core 
components for national AMR surveillance: A National Coordination Centre (NCC), a National 
Reference Laboratory (NRL), and sentinel surveillance sites where both diagnostic results and 
                                                           
10 https://apps.who.int/iris/bitstream/handle/10665/251554/WHO-DGO-AMR-2016.4-eng.pdf?sequence=1 
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epidemiological data are collected. The core components work together to build an effective 
network for detection and monitoring of AMR in clinical samples. This section describes the ways in 
which this system may have to be modified to accommodate the inclusion of Candida spp. (Figure 1).  
 
 

 
 
Figure 1: The proposed Candida Reference Centre (CRC) component inclusion in the three existing 
core components of a national AMR surveillance system participating in GLASS 

3.2.  Surveillance system structure 
In addition to the three core components of the GLASS AMR surveillance system, i.e. the NCC, NRL, 
and surveillance sites, for Candida spp., this chapter also describes the regional CRCs and the WHO 
Regional Offices as part of the structure.  

3.2.1. National coordinating centres 
Briefly, the NCC is the institution designated by national authorities to oversee the development and 
functioning of the national AMR surveillance system. Generally, the NCC is a public health 
institution. The NCC may be supported by institutions inside or outside the country with expertise in 
mycology and surveillance. Duties of the NCC include, but are not limited to, planning the structure 
and management of the surveillance system. The NCC should define a strategy for gradual 
implementation of Candida AMR surveillance in the existing GLASS bacterial surveillance. The main 
role of the NCC will be providing guidance to the NRL and surveillance sites for coordinating 
information sharing and data collection, and analyzing, aggregating, and submitting data to GLASS. 
The NCC is responsible for liaising with policymaking bodies in the country to inform national 
strategies to tackle AMR. 
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3.2.2. National reference laboratory 
The NRL serves as the reference laboratory for the national surveillance system. Each country will 
have at least one NRL at a public health or academic laboratory. For Candida species surveillance, 
NRLs should have expertise in methods for characterizing antimicrobial-resistant fungal pathogens. 
NRLs oversee antimicrobial susceptibility testing (AST) methods and quality performance of the 
laboratories. The NRL functions include supporting surveillance site participation in the national 
surveillance system, and investigating and confirming unusual species or resistance patterns before 
they are reported to the relevant national authority. The NRL oversees EQA throughout the country 
and coordinates with the NCC. The NRL for fungal surveillance in the country is identified based on 
mycology expertise, and it may be different than the NRL for bacterial surveillance, depending on 
the competencies and mandates of the institutions. 

3.2.3. Surveillance Sites 
Surveillance sites are chosen by the NCC, and are generally health care centres and hospitals 
providing clinical care. Surveillance sites are responsible for collecting data, promoting diagnostic 
stewardship, and performing species identification and AST. Participating countries are expected to 
establish at least one surveillance site, and then extend the number progressively, aiming for a 
balanced geographical, demographic and socio-economic distribution. For Candida spp., sentinel 
surveillance sites should serve at least one high-risk patient group. Hospital units serving these 
groups may include intensive care, neonatal, transplant, hematology, oncology, or other high 
dependency units such as listed in Annex IIb. These groups are more likely to have Candida BSIs than 
other patient populations, and sentinel surveillance sites within these units are more likely to 
generate sufficient volumes of data for the resources invested in them. 

3.2.4. Candida reference centres (CRCs) 
As in-country capacity and expertise on Candida spp. testing may be limited, CRCs will be designated 
in all WHO regions. A country’s CRC may be inside their country or located in another country. These 
laboratories will serve as a resource for Candida spp. identification and AFST information and 
training throughout their region. In order to be designated a CRC, laboratories will undergo train-
the-trainer workshops on Candida spp. identification and AFST with the methods most commonly 
used in their region, and will complete additional proficiency testing.  

CRCs will help countries participate in the Candida spp. AMR surveillance of GLASS. As outlined 
below, CRCs will be critical in building country capacity and starting surveillance systems in countries 
with otherwise limited capacity for fungal surveillance. 

3.2.5. WHO Regional Offices          
To ensure coordination of the surveillance activities in the different WHO regions, the WHO Regional 
Offices can provide support at the different levels of the surveillance structure. This could entail: i) 
coordinating and defining the support needed in the region, in collaboration with the CRCs, WHO 
CCs, and the countries requesting support; ii) upon request by the country, performing an 
assessment of AMR surveillance, including Candida spp.; iii) coordinating and supporting capacity 
building training needs in the region; iv) coordinating EQA in collaboration with designated institutes 
or WHO CCs; v) supporting countries to report data to GLASS, and providing feedback on submitted 
data to ensure good quality data collection. Depending on the in-house expertise of the regional 
offices, these activities may vary between regions.  
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3.3.  Country capacity building and participation  
Because this is the first fungal pathogen included in GLASS, and there is less familiarity and capacity 
with fungal species identification and AFST globally, some changes will be required in the Candida 
spp. framework to make this surveillance more feasible, and acceptable to as many countries as 
possible. The main challenges are the lack of uniform fungal identification and AFST practices, few 
established antifungal resistance breakpoints, and uneven development of fungal diagnostic 
laboratories across countries, from countries with no fungal laboratories to countries using 
advanced fungal diagnostics. To aid in addressing these challenges, and to foster country 
participation regardless of their current level of Candida spp. surveillance or testing capacity, 
countries may be classified in three groups with different implementation plans:  

1) Countries with developed fungal diagnostic laboratories;  
2) Countries with limited fungal diagnostic laboratories, or limited personnel trained; 
3) Countries with no or very minimally developed fungal laboratories.  
 
Countries willing to implement the surveillance of AMR in candidemia may consider the following 
steps according to these proposed county classifications. In all categories, countries should identify 
the institution(s) with potential to become NCC and NRL of the country. The countries that have 
identified NCCs and are contributing bacterial AMR data to GLASS may consider the existing NCC 
capacity to function in Candida AMR surveillance. If the mandate and capacities (e.g. national 
coordination, epidemiology, data management, and laboratory) are present in one institution, the 
institution could act as the NCC and NRL. A CRC could support the NRL to overcome the deficiencies 
and provide EQA.  

3.3.1. Countries with developed fungal diagnostic laboratories  
GLASS Candida spp. surveillance systems in countries with developed fungal diagnostic laboratories 
will: 

a) Work towards harmonization of methods of species identification and AFST;  
a) Optimize standard operating procedures (SOPs) for sample collection, processing, species 

identification, and AFST; 
b) Train associated laboratories through the NRL on species identification and AFST; 
c) Have representative surveillance sites chosen across the country to represent country data; 
d) Establish and implement an external quality assurance system (EQAS) for species 

identification and AFST in order to generate high quality data. Participation in EQAS is 
mandatory for the laboratories supplying data. 

3.3.2. Countries with limited fungal diagnostic laboratories, or limited personnel trained  
GLASS Candida spp. surveillance systems in countries with limited fungal diagnostic laboratories will: 

a) Develop SOPs for sample collection, processing, identification, and AFST; 
b) Train associated laboratories through the NRL on species identification and AFST; 
c) Identify surveillance sites across the country to represent country data; 
d) If the surveillance sites report data of <50 isolates, have participating laboratories send 10% 

of all isolates to a CRC or NRL for concordance evaluation until a regular EQAS program is 
developed and implemented by the NRL.  

3.3.3. Countries with no or very minimally developed fungal laboratories 
For countries with no or very minimally developed fungal laboratories, due consideration should be 
given to the resource implications of establishing an AMR surveillance system, regardless of the 
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target pathogens. A gradual and sustainable approach, building on existing structures, should be 
considered.  

GLASS Candida spp. surveillance systems in countries with no or very minimally developed fungal 
diagnostic laboratories will: 

a) Receive in-person and remote training courses on fungal diagnostics and AFST by specialists 
through a CRC with WHO oversight and support; 

b) Seek active participation of the country’s government for the development of laboratories; 
c) Follow the same actions as those for countries with limited diagnostic facilities once an NRL 

and NCC are developed. 

3.4.  Adding Candida to an existing GLASS surveillance system 
Countries already participating in GLASS for other pathogens may add Candida to their existing 
system. In some countries, the same institutions may be used for some or all of the core 
components (i.e. NCC, NRL, and surveillance sites) depending on the capacity and mandate of the 
institutions. However, special consideration should be taken to assess whether these same 
institutions are appropriate for Candida surveillance, as well as whether there are other institutions 
where the capacity, expertise, and population may be more suitable for fungal pathogens than for 
bacterial pathogens. In some cases, alternative NCC, NRL, or surveillance sites should be designated 
for Candida spp.  

When deciding whether to use a country’s bacterial GLASS NCC, NRL, or surveillance sites for 
Candida spp., the following questions should be considered. 

3.4.1. National coordinating centre (NCC) 
a) Does this NCC team have experience with fungal diseases? If the current NCC team does 

not have fungal disease experience, are other staff members there who could be added to 
the team to provide that expertise? 

b) Is there another institution that provides in-country public health response or knowledge 
for fungal diseases? 

c) Does the current NCC team have the capacity to incorporate Candida surveillance into 
their workload? 

d) Is there a need for coordination or data sharing between those working on GLASS fungal 
and bacterial pathogens? If so, would this coordination or data sharing be possible across 
multiple NCCs? 

3.4.2. National reference laboratory (NRL) 
a) Does this NRL team have experience with and laboratory equipment for fungal diagnostics 

and AFST? If the current NRL team does not have fungal disease experience, is there a 
mycology laboratory at the institution that could provide staff to be added to the team? 

b) Does the current NRL perform both yeast species identification and AFST? If they only 
perform species identification, is it possible to expand to AFST with training and/or 
equipment? 

c) Does the current NRL team have the capacity to incorporate Candida surveillance into their 
workload? 

d) Is there another laboratory that serves as a public health or national reference laboratory 
for fungal diseases? 

e) Is there a need for coordination or data sharing between those working on GLASS fungal 
and bacterial pathogens? If so, would this coordination or data sharing be possible across 
multiple NRLs? 
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3.4.3. Surveillance sites 
a) Does this site have at least one population at high risk for candidemia? Units serving such 

populations include intensive care, neonatal, transplant, hematology, oncology, or other 
high dependency units. 

b)  Does this site have any fungal testing performed (either on-site or by a reference 
laboratory)? 

c) If fungal testing is performed, how granular are the species identification results? Do they 
only provide genus (i.e. Candida spp.), or Candida albicans versus non-albicans Candida 
species, or can multiple species be determined by their methods (e.g. C. albicans, C. 
glabrata, etc.)? Do other institutions provide more granular results? 

d) If fungal testing is performed, is AFST performed as well? 
e) If fungal testing is not performed, is it possible to send specimens to a reference 

laboratory?  
f) Does the site’s population reflect the population of interest for public health surveillance in 

this country? 
g) Is there an existing Candida surveillance system in the country? Is this site part of that 

system? 

3.5.  Additional set-up considerations 
The remaining considerations for setting up a national AMR surveillance system for Candida spp. are 
the same for GLASS bacterial pathogens, and can be found in National antimicrobial resistance 
surveillance systems and participation in the Global Antimicrobial Resistance Surveillance System 
(GLASS): A guide to planning, implementation, and monitoring and evaluation.10 In short, these 
include defining the strategic objectives and indicators of interest for the national surveillance 
system, and based on these definitions, developing or adapting national protocols, sharing those 
protocols and conducting training, developing the data collection process, reporting data, and 
monitoring and evaluation.  

  

http://apps.who.int/iris/bitstream/handle/10665/251554/WHO-DGO-AMR-2016.4-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251554/WHO-DGO-AMR-2016.4-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/251554/WHO-DGO-AMR-2016.4-eng.pdf?sequence=1
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Annexes 

Annex I: Candida species identification and antifungal susceptibility methods  

Yeast Identification & 
Antifungal susceptibility of 

Candida spp. 
Methods Information to be collected 

Identification (ID) of 
Candida species*  

Automated ID: Vitek 2 
Automated ID: MicroScan 
Automated ID: BD Phoenix 
Automated ID: MALDI-TOF 

Software version for Bruker 
Biotyper, VITEK MS and VITEK 2 

 Others: API, REMEL Provide name of the methods used.  

 Molecular ID: sequencing of 
target genes  

Target genes: ITS region, LSU region 
or others 

 Molecular ID: PCR for Candida Commercial or in-house 

Antifungal susceptibility 
testing  

CLSI microbroth dilution  MIC values and interpretation.  

 EUCAST microbroth dilution MIC values and interpretation.  

 Sensititre YeastOne MIC values and interpretation.  

 ATB Fungus MIC values and interpretation.  

 Vitek 2assay^ MIC values and interpretation.  

 Gradient diffusion (E-test) and 
Liofilchem 

MIC values and interpretation.  

 Disk diffusion# and other disk 
diffusion methods such as NEO-
SENSITABS 

Zone diameter and interpretation, 
source of the disks  

Guidelines used for the 
interpretation of AFST  

CLSI 
EUCAST 
Others 

 

 
* Laboratories identifying Candida spp. Based only on CHROMagar and microscopic morphology to 
verify the identification by automated/molecular/MALDI-TOF by regional laboratories by sending all 
isolates. 
^ Candida auris MICs by VITEK 2 needs to be confirmed by CLSI or EUCAST reference methods.  
# Disk diffusion interpretive criteria are available for only caspofungin, fluconazole, and voriconazole 
versus Candida spp.  
ITS: Internal transcribed spacer region; LSU: Large ribosomal subunit.  
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Annex IIa. Type of hospital departments/units to be recorded by the surveillance sites  

Hospital Departments/Units Service 

Intensive Care Units (ICU) 

Neonatal ICU (n-ICU) 

Pediatric ICU (p-ICU) 

Adult ICU (a-ICU) 

Coronary care unit (CCU) 

Surgical ICU  

Wards  
(non-ICU) 

Neonatology 

Medical adults 

Pediatric  

Surgery 

Trauma 

Burns 

Oncology 

Hematological 

Transplant 

Obstetrics  

HIV or other immunodeficiency diseases 

Surgical  

Geriatric 
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Annex IIb. Codes for antifungals  

Antifungals Codes  

Fluconazole FLU  

Voriconazole  VOR 

Posaconazole  POS 

Isavuconazole  ISV 

Anidulafungin  ANI 

Caspofungin  CAS 

Micafungin  MIF 

Amphotericin B AMB 

Flucytosine FCT 
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Annex III: Clinical Candida species nomenclature clarification  
Within the GLASS surveillance system, the pathogens of interest are clinical Candida species. Due to 
occasional changes in fungal taxonomy and the historic practice of using both anamorph and 
teleomorph names for a single fungal organism, species considered Candida clinically may not 
always be identified by species identification methods with Candida as the genus. Below is a non-
exhaustive list of common examples where the isolate would be considered Candida under GLASS 
despite often being labeled as another genus: 
 

 Teleomorph name Anamorph name Code for data collection  

 Wickerhamomyces anomalus Candida peliculosa Candida peliculosa  

Clavispora lusitaniae Candida lusitaniae Candida lusitaniae 

Meyerozyma guilliermondii Candida guilliermondii Candida guilliermondii 

Kluyveromyces marxianus Candida kefyr Candida kefyr 

Pichia kudriavzevii Candida krusei Candida krusei 

Pichia caribbica Candida fermentati Candida fermentati 

 Debaromyces hansenii Candida famata Candida famata 

 
If uncertain if a species is clinically considered Candida, the species can be looked up in the 
MycoBank Database.11 Species in the MycoBank Database that have a Candida anamorph name or 
that were previously called Candida can be included in GLASS. 
 
  

                                                           
11 http://www.mycobank.org 

http://www.mycobank.org/
http://www.mycobank.org/


24 
 

Annex IV: Information to be collected routinely at points of care on blood specimens sent 
for fungal culture and testing for susceptibility to antifungal agents 
The form in this Annex is a generic example of a form that can be used to accompany samples to a 
microbiology laboratory. Each surveillance site should adapt this form to local needs, ensuring 
patient privacy. To comply with the GLASS standards, the data fields in the form must be included in 
the requests that clinicians send with samples for microbiological testing. 

In addition, the request form could also include other fields as per the national surveillance system 
policy, such as hospital number and name, the diagnosis, patient history, other reasons for the 
request, and the name and contact details of the person who requested the test. Most fields are 
essential information recorded as part of clinical diagnosis. 

Patient identification 

a. Unique identification number: 

b. Name (family name, given name (s): 

c. Gender: Female: O        Male: O 

d. Date of birth(MM/DD/YYYY): 

e. Date of admission (MM/DD/YYYY) 

 

Specimen information 

e. Specimen: Blood O  

f. Date of specimen collection (MM/DD/YYYY): 

g. Has the patient been hospitalized for more 
than 2 calendar days at the time for sampling?:   Yes: O        No: O 

h. Unit/Ward where the patient is admitted at the 
moment of taking the sample: 
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