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Abstract 
Invasive Candida infection is a serious infection associated with high mortality rates. The infection 

occurs when yeast cells enter the blood stream and cause so called fungemia. This condition primarily 

occurs in immunocompromised patients, such as recipients of stem cell transplant or patients 

undergoing organ transplant. The most common way of diagnosing an invasive Candida infection by 

microbiological tools is detection by blood cultures. This method has been shown to have a diagnostic 

sensitivity (true positive rate) of about 50%, which means that 50% of the cases show false negative 

results and remain thus undetected. Also, diagnosis may be delayed by 24-48 hours due to time-

consuming procedures. In order to find a more sensitive method, which also allows earlier and more 

specific detection of an invasive Candida infection, the presence of a substance called D-arabinitol in 

urine may be used. Arabinitol exists in two enantiomers; D-arabinitol (DA) and L-arabinitol (LA) and 

an increased D-/L-ratio may be used for diagnosis of invasive Candida infection. 

The objective of this project was to establish a gas chromatographic (GC) method for the determination 

of D-/L-arabinitol in urine at Norrland’s University Hospital (NUS) in Umeå. Furthermore, the aim 

was to validate the method, to perform method inter-comparison with two GC assays currently used in 

clinical routine and to establish a local reference range for the D-/L- arabinitol ratio in the urine from 

healthy subjects. 

100 urine samples were analyzed at Lund’s University Hospital and the same samples were re-analyzed 

at Norrland’s University Hospital in Umeå with a GC/MS method and a GC/ECD method, respectively. 

Spot urine samples were stored on dried filter paper until methanol extraction and analysis. Also, urine 

samples were gained from 30 healthy individuals from the Department of Microbiology at Umeå 

University hospital in order to establish a reference range for the ratio of D-/L-arabinitol.  

The Bland-Altman plots demonstrated acceptable measurement agreement between the three methods, 

showing coefficients of variation (CVs) of 23% and 16%, respectively. The 95% confidence interval of 

the ratio of D-/L-arabinitol in the normal material constituted by a presumed healthy local population 

was 1.71 ±0.88, indicating a 95% confidence interval with an upper normal limit of about 2.6, which 

corresponds well with the normal range cited in the literature. 

Reproducibility and precision experiments showed high analytical precision as indicated by low 

analytical variability with CV-values of 5-8% and a high measuring accuracy.  

In conclusion, the GC/MS method for determination of D-/L-arabinitol ratio established at the 

Department of Clinical Microbiology at Umeå University Hospital displayed favorable analytical 

performance allowing its routine application. Further, the low analytical variability within normal 

range indicates that samples can be analyzed as singleton without need of duplicate analyses.  

 

Key words: Invasive Candida infection, D-/L-arabinitol ratio, diagnosis method, gas chromatography, 

method-intercomparison 
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1. Introduction 
 

1.1 General information about invasive Candida infection 
Invasive Candida infection (IC) is a serious condition associated with high mortality rates (1). 

This infection occurs when yeast cells enter the blood stream and primarily affects 

immunocompromised patients, such as recipients of stem cell transplant and patients 

undergoing organ transplant (2)(3). The incidence of IC infections has increased during the 

recent years most likely due to a higher number of patients receiving immunosuppressive 

therapy. In the U.S. population, the estimated incidence rate of invasive Candida was 29/ 

100 000  per year (in 2003), which was considerably higher than the incidence rate the year 

before (22/100 000). Also, a study showed that the incidence of IC in the U.S. increased by 

207 % between 1979 and 2000 (4). It has been proposed that the incidence rate of invasive 

Candida in Europe is probably lower than in the US. Also, there are geographical differences 

in the prevalence of different Candida species causing IC. In North and South America, C. 

glabrata and C. parapsilosis are dominant while C. albicans is the most prevalent cause of IC 

in Europe(5).  

 

IC infections are treated with systemic antifungal drugs (antimycotics) and treatment is often 

long-term and may be associated with serious side effects. The most severe adverse drug 

effect is drug-induced liver disease such as hepatitis. In addition, there is considerable risk 

for development of antifungal drug resistance during low-dose long-term treatment 

rendering antimycotic treatment ineffective (6). Development of antifungal drug resistance is 

a big problem and has recently led EMA (European Medical Agency) to recommend 

withdrawal of ketoconazole, an imidazole derivate with antifungal effects, in Europe and to 

advocate avoidance of unnecessary antifungal treatment in general (7). Therefore, treatment 

decisions should ideally be based on early, sensitive and specific diagnostic criteria for 

invasive Candida infection.  

 

The management of serious and life-threatening IC remains a big challenge as diagnosis is 

often delayed and reliable diagnostic tools that allow early detection of fungemia (presence of 

fungi or yeasts in the blood) and/or tissue invasion by Candida species are sparse. 

 

 

1.2 Diagnostics 
Principally and theoretically, there are different options of diagnosing IC infections through 

molecular biological, microbiological and immunological techniques.   

The most common microbiological approach is detection of Candida species by blood 

cultures (8-10). This method has shown to give a true positive result in 50% of verified cases, 

which means that in 50% of cases IC infection may remain initially undetected (3)(8)(9). 

Thus, the predictive value of this test is low, and – in addition – the approach is time 

consuming leading to delayed diagnosis and poorer treatment success rates. 
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An alternative approach for detecting IC is by determination of circulating antibodies against 

Candida in blood, a technique that appears sound at first sight. Unfortunately, the test has 

low negative predictive value in immune-compromised patients since the production of 

antibodies is strongly suppressed (2)(10). As a result, a low antibody titer does not exclude 

IC-infection. 

Another strategy for diagnosis of IC is by amplification of specific Candida DNA sequences by 

PCR techniques. It has been demonstrated that blood culture negative patients may exhibit 

positive PCR results indicating a higher diagnostic sensitivity of the PCR test compared to 

blood cultures (11).  

 

There are several difficulties with antifungal treatment, which is mainly due to the fact that 

fungus cells are eukaryotic cells just like human cells. This makes it hard to develop 

treatment strategies that only harm the fungus without effecting human cells and therefore 

there are rather few therapeutic options for treating Candida infections compared to bacterial 

infections (bacteria belong prokaryotes). The treatment for IC usually demands long-term 

systematic treatment with antifungal drugs, but it is also important not to over-treat patients 

due to the risk of resistance (6).  

 

 

1.3 Stereochemistry of molecules 

A molecule can exist in enantiomers, which have the same physico-chemical properties but 

rotate plan polarized light in different directions. These can either have absolute 

configurations such as R respectively S configuration. R-enantiomers rotate the light to the 

right and S-enantiomers rotate the light to the left. In order to define whether a molecule has 

a R- or S-configuration, the atoms that are attached to the carbon atom, which forms the 

chirality center are prioritized. The atom with the highest molecule weight has the highest 

priority and the molecule with the lowest molecule weight has the lowest priority. If the circle 

goes to the left when starting from the molecule with the highest molecule weight and going 

towards the molecule with the least molecule weight, the molecule is a S-enantiomer and vice 

versa (12). In other cases, the molecules can have a relative configuration and here the 

enantiomers are labeled L or D according to the configuration of glyceraldehyde. L-

glyceraldehyde has its carboxyl-group to the left, whilst D-glaceraldehyde has its carboxyl-

group to the right (12).  

It is not easy to separate enantiomers from each other with traditional separation techniques 

since enantiomers have the same physical-chemical properties such as boiling and freezing 

points and - of course - molecular weight. One effective way of separating enantiomers from 

each other is by employing chiral columns in gas chromatographic methods (13)(14).  

In the search for alternative diagnostic tools of IC, which would allow earlier, more sensitive 

and specific detection of IC, the arabinitol ratio was evaluated (13). Arabinitol exists in two 

enantiomers; D-arabinitol (DA) and L-arabinitol (LA) and an increased ratio may be used for 

diagnosis of IC (see section 1.4). Concentrations of DA can be measured in different biological 

fluids, and both enzymatic methods applying the enzyme D-arabinitol dehydrogenase or gas 

chromatographic methods have been developed. In both cases DA and LA concentrations can 
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be measured. The DA/LA ratio in urine increases already during initial stages of an invasive 

infection and thus allows earlier diagnosis and treatment of the disease (3). 

Indeed, the DA/LA-ratio has been shown to give positive test results 2-3 weeks ahead of 

conclusive test answers from blood cultures (15), which is why the D-/L-arabinitol ratio is 

recommended to be applied for patients at risk of getting IC (15). 

 

 

1.4 D-/L-arabinitol  
Arabinitol is a substance, which exists in two enantiomers, D-arabinitol (DA) and L-

arabinitol (LA), see figure 1. LA is an intermediary product of mammalian metabolism and is 

detectable in all human body fluids. LA is eliminated from the body by glomerular filtration, 

and urine contains up to 60 times higher concentrations than serum. Also, in humans 

dehydrogenase enzymes selectively oxidize LA but not DA (16).  

 

Under normal conditions, DA is not thought to be produced in mammalian metabolism. 

However, physiologically, low concentrations of DA may still detectable in human body fluid. 

The exact origin is not known, but possible sources could be external supply through 

consumed food, production by host microorganisms such as yeasts in the stomach (17). DA is 

an important metabolic product, which is produced by nearly all Candida species (except C. 

krusei and C. glabrata). This means that increased concentrations of DA may be observed in 

patients who have a Candida infection. Since the elimination of arabinitol is mainly by 

glomerular filtration, patients who have reduced renal function and glomerular filtration 

rates may show lower absolute concentrations of DA and LA in the urine, but relative 

concentrations and the ratio between the two enantiomers is still expected in the normal 

range. Therefore, the DA/LA ratio is considered being robust against changes in renal 

function and can be used even in patients with renal insufficiency. The normal range of the 

DA/LA ratio has been proposed to be 2 ± 0.6 in adults, but slightly higher values can be 

observed in children (3). 

 

 

 

Figure 1. The molecular structure of L-arabinitol is to the left and the molecular structure of 

D-arabinitol is to the right.  
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1.5 Gas chromatographic method 

1.5.1 Chromatography 

Chromatography is a separation method, which separates different compounds in a sample 

from each other. In chromatographic methods separation is carried out through interaction 

of the analytes with a stationary phase and a mobile phase. Depending on how polar the 

different compounds are and how polar the stationary phase is, the analytes will have 

different affinities to the stationary phase. The time it takes for a compound to pass through a 

column is called retention time, and the higher affinity the compound has to the stationary 

phase, the longer is the relative retention time. Depending on their different retention times, 

the compounds can be separated and presented in a chromatogram. 

 

Figure 2. A chromatogram of a dried filter urine extract of D- and  L-arabinitol, 

respectively. D-arabinitol is the peak to the left with a retention time of 8.7 min, and L-

arabinitol is the peak to the right with a retention time of 8.9 min. In order to get the ratio 

between these, the area of D-arabinitol is divided by the area of L-arabinitol. The 

chromatogram presented here shows a normal ratio of 2.09. The y-axis has arbitrary units 

and depicts absolute counts of a photomultiplier tube induced by the ions after striking a 

dynode, which results in electron emission. The x-axis depicts retention time and has 

minutes as unit. 

There are several different types of chromatographic separation methods, which separate 

compounds according to different principles; high pressure liquid chromatography, gas 

chromatography and thin layer chromatography are some examples. 
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1.5.2 Gas chromatography (GC) 

The method used in this project is gas chromatography (GC). Although high-pressure liquid 

chromatography (HPLC) coupled to mass spectrometry is the most common quantitative 

chromatographic method today, there are some benefits of GC over HPLC. GC has the same 

accuracy and precision as HPLC, but sometimes exhibits better separation efficacy compared 

to HPLC. GC also allows analysis of volatile substances and quantification of molecules that 

lack chromophores. Moreover, this methodology reduces environmental hazards from 

organic solvents that are necessary for HPLC-separation. However, GC also has its 

limitations. Not all analytes can be separated with GC methods. The analyte has to be 

thermally stable and must be volatilizable. Alternatively, derivation steps can be carried out 

prior to GC-separation in order to make the analyte more volatile, but this introduces an 

extra step during sample preparation. Also, accurate quantitative analysis may be more 

difficult to perform due limited loading capacity of capillary GC columns compared to 

traditional HPLC-techniques. Moreover, aqueous- and high ionic strength sample matrixes 

may be incompatible with GC analysis (14). 

 

1.5.3 Instrumentation 

 

Figure 3. A schematic representation of a gas chromatographic instrumentation. Modified 

from Watson DG. Pharmaceutical analysis : a textbook for pharmacy students and 

pharmaceutical chemists. Edinburgh: Elsevier Churchill Livingstone; 2005.  

 

The gas chromatograph consists of several components. First, it has an injector which 

introduces the sample into the chromatography system. There are two types of injectors; split 

injector and splitless injection. One drawback of split injection is that it is hard to analyze 

substances at low concentrations because this injection type only allows loading columns 

with tiny injection volumes. During a splitless injection, the gas flow is stopped for 30-60 

seconds, which makes it possible to load the columns with larger sample volumes and 



6 
 

thereby allows quantification of analytes occurring at concentrations. Therefore, split 

injection is mainly used when dealing with samples with high analyte concentrations.  

The column can be packed or capillary. Packed columns are made out of glass where the 

polar OH-groups have been removed. This is a rather nonpolar column and the usual gas 

used for packed columns is nitrogen with a flow rate of approximately 20mL/min. When 

using a packed column, the maximum temperature in the oven can be 280°C as otherwise 

there is risk for the stationary phase to evaporate. Capillary columns are made of fused silica 

and these can handle higher temperatures than packed columns. Capillary columns exhibit 

improved resolution compared to packed columns. Other columns that can be used in GC 

analysis are for instance chiral columns when one wants to isolate enantiomers, as is the case 

in the present work (14). The most common carrier gas used in capillary columns is helium at 

a flow rate of 0.5-2 mL/min. 

 

After the injection, samples are evaporated by heating the injection port and letting the 

sample condensate on the top of the column. The column represents the stationary phase of 

the chromatographic system. The mobile phase of the system is a carrier gas (usually 

nitrogen or helium) which drives the analyte through the column. The column is situated in 

an oven.  

The temperature in the oven can either be constant during the whole analysis (isothermal 

analysis) or a positive temperature gradient can be applied during the analysis (temperature 

program). Isothermal (constant temperature) analysis is beneficial if the compounds in the 

sample have similar boiling points. If the compounds have different boiling points, a 

temperature ramp is preferable in order to achieve improved separation and (often) shorter 

run times as compounds with different boiling points will be separated by changing the 

temperature. 

Finally, a detector is attached to the chromatographer to give the result of the analysis. A 

commonly used detector in GC is a flame ionization detector (FID). This detector type is 

rather inexpensive, but still has a high sensitivity for detection of carbon-hydrogen 

compounds. However, FID is rather insensitive for carbon atoms that are attached to oxygen, 

nitrogen and chlorine. The eluted compounds get burned in hydrogen gas and ions are 

produced with help of radicals. Another detector used in GC is electron capture detector 

(ECD). This detector uses a radioactive beta-particle (electron) emitter, often 63Ni, which 

collide with the molecules in the carrier gas, producing many more free electrons. The 

electrons are accelerated towards an anode, generating a current. The analytes in the sample 

can be quantified since they capture electrons resulting in a reduced current. The grade of 

current reduction will be proportional to the amount of electrons that are captured by the 

analytes and thus the analyte concentration in the sample (14).  
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Figure 4. A schematic representation of a flame ionization detector (FID). Modified 
from Watson DG. Pharmaceutical analysis : a textbook for pharmacy students and 
pharmaceutical chemists. Edinburgh: Elsevier Churchill Livingstone; 2005.  

 

 

1.5.4 Mass spectrometry (MS) 

Mass spectrometry (MS) is often coupled or "hyphenated" to a separation step such as HPLC 

or GC. MS represents a detection method, which is commonly used for determination of the 

identity/structure of a molecule and for quantifying it. When using this method, the analyte 

has to be ionized and often fragmented before introduced in the mass spectrometer. To 

achieve this different ion sources may be used. Examples of commonly used ionization 

sources in mass spectrometry are electrospray ionization (ESI), atmospheric pressure 

photoionization (APPI) and atmospheric pressure chemical ionization (APCI) (14). The 

molecule ions or fragments are often transferred into a gas phase and accelerated by an 

electronic field. This detection method can be coupled to GC as separation method (GC/MS) 

prior to mass spectrometric analysis (14). 

 

 

In ESI, a nebulizer is employed in order to transfer the mobile phase into an aerosol of small 

particles. At the end of the nebulizer, voltage is applied which generates an electric field that 

will attach an electric charge to the aerosol droplets when leaving the nebulizer. During the 

course of an evaporation process and under near-vacuum conditions the droplets get smaller 

and smaller while the charge density increases. This eventually leads to an "explosion" of the 

droplets due to the repelling charges. When they explode, the charge is transferred from the 

solvent to the organic molecules in the solution. If the voltage is negative, negative ions are 

produced and if the voltage was positive, positive ions are produced. This method is suitable 

for polar compounds (14). 
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In APPI, a nebulizer turns the mobile phase into aerosols which gets ionized by photons in a 

lamp. This method can give both positive and negative ions and is suitable for small and 

nonpolar compounds. 

In APCI, the mobile phase is ionized by a nebulizer and the mobile phase ionizes the sample.  

There are different modes of monitoring ions applied in MS. Common methods are full scan, 

single ion monitoring (SIM) and multi reaction monitoring (MRM, MS/MS). In full scan, 

the mass spectrometer scans all m/z ratios in a certain interval. This gives knowledge about 

all ions that are found in the sample which makes this as a suitable method when searching 

for unknown analytes and identification of analytes. 

In SIM, the mass spectrometer only searches for a certain m/z ratio, which makes this mode 

more selective and about 100 times more sensitive compared to full scan. This method can be 

used for quantification of analytes with known m/z ratios and fragmentation pattern, drugs 

for example.  

In MRM, a precursor ion is first generated and then fragmented. The fragments which are 

produced can then be measured and related to the precursor ion. This method is even more 

specific than SIM and has a lower limit of detection (14). 

 

 

1.6 The aim of this project 

The goal of this project was to establish a GC/MS method for the determination of D-/L-

arabinitol in urine at Norrland’s University Hospital (NUS) in Umeå, to validate the method, 

and to perform method inter-comparison with two established GC-routine assays.  Further, 

the project aims at finding the normal range for the D-/L- arabinitol ratio through analysis of 

urine from healthy subjects. 
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2. Method 

2.1 Background information 

General information about the principles of chromatographic separations methods was 

gathered from “Pharmaceutical Analysis” by David G. Watson. Information about the 

pharmacology of antimycotics was based on the Swedish FASS.se.  

Updated information on the biology and diagnosis of invasive Candida infections was sought 

in PubMed. The search terms used for the literature search are given in table 1.  

 

Table 1. The results from the literature research in PubMed.  

Database  
Pubmed 

Search word Number of 
results 

Number of 
articles 
viewed 

Range 1 Range 2 

#1 Invasive Candidias 
arabinitol 

41 15 10 7 

#2 Gas chromatography 
D-/L-arabinitol 

7 5 5 4 

#3 Arabinitol ratio 41 10 8 7 

#4 Stereochemistry and 
drug effects 
knowledge 

7 3 3 1 

 

 

2.2. Sample preparation 

2.2.1. Sample preparation at Lund University Hospital 

5-10 mL urine from each patient was stored in urine culturing tubes and kept in refrigerator. 

The urine samples were sampled during the whole day; there was no requirement for fasting 

or certain sample collection times. The urines was stored as dried spot samples on filter 

paper with a thickness of 0.45 µm by drenching a filter paper in the urine sample and then 

letting it air dry at room temperature. This sampling strategies guarantees high storage 

stability for at least 2 years when stored at room temperature (Ann-Margret Andersson, 

personal communication). A native urine sample is considered not as stable, even when kept 

frozen due to risk of contamination of arabinitol consuming bacteria. The filter papers were 

labeled with an ID numbers. For analysis, pieces of  1x3 cm were cut out from the original 

stored filter paper samples. These pieces of filter were put into a glass tube and completely 

submerged under methanol and shaken and allowed to stand for 15 minutes.  

 

The filter paper was then removed from the tube and the methanol was evaporated by placing 

the tube on a heating block under a gentle stream of nitrogen gas (nitrogen plus from AGA). 

Consequently, 40µL of trifluoroacetic anhydride (TFAA) and heptane (from Acros Organics) 

were added to the tube, the tube was shaken and then heated on a heating block (QBT1) at 

80°C for 10 minutes. The tube was then evaporated until complete dryness and the 



10 
 

remaining substance dissolved in 100 µL heptane-dichloromethane with a ratio of 1:1 for GC-

MS analysis. 

 

The validation and reproducibility experiments for the GC/MS method in Umeå were done 

between 20130927 and 20131217. 

 

2.2.2 Sample preparation at Umeå University Hospital  

The GC/MS method to be established at Norrland’s University Hospital was adapted from a 

method used in Lund for routine analysis and both methods show a high grade of similarities.  

The same 104 filter samples that had been analyzed in Lund’ University Hospital were re-

analyzed in Norrland’s University Hospital in Umeå with the local GC/MS method and 94 

filter samples were re-analyzed with the GC/ECD method. 

Each filter (3 cm2) was put into a glass tube and submersed in 1.4 mL methanol which 

covered the whole piece of filter and this was shaken for 15 seconds and stood for 12 minutes. 

400 µL of the extraction was removed to a smaller tube and the methanol was evaporated by 

placing the tube under a gentle stream of nitrogen gas for 30 minutes. Subsequently, 100 µL 

of trifluoroacetic anhydride (TFAA) and 200 µL hexane (from Acros Organics) were added to 

the tube, and the tubes were shaken for 15 seconds and then heated on a heating block 

(QBT1) at 80°C for further 10 minutes. The tubes were then evaporated until dryness and 

dissolved in 20 times more hexane than visible drops and were then ready for GC-MS 

analysis. 

 

 

2.3 Determination of D-L-/arabinitol ratio in patients in Lund 

University Hospital 

The analysis was done on a Varian Saturn 2100 GC/MS ion trap instrument hyphenated with 

a chiral Betadex 120 column from SUPELCO. The size of the column was 30 m x 0.25 mm 

(total length x internal diameter) and it had a thickness of 0.25 µm. The temperature gradient 

of the GC started at 70°C and was then increased with 7°C/minute until 170°C was reached 

and the flow rate of the carrier gas (nitrogen gas) was 1 mL/minute. A split-less injection was 

done when 170°C was reached and the split-ventile was then closed for one minute. The 

insertion of the sample into the injector was open with a funnel shaped bottom and wool was 

placed in the middle of the tube. An ion trap and transfer line were thermostated at 200°C. 

Single ion monitoring (SIM) mode was used for MS-detection and ions were recorded at 

m/z=519 

 

 

2.4 Determination of D-/L-arabinitol ratio at Umeå University 

Hospital  
The analysis was performed on an Agilent 40 GC/MS ion trap instrument equipped with a 
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chiral Betadex 120 column from SUPELCO. The size of the column was 31 m x 0.25 mm and 

it had a thickness of 0.25 µm. The temperature gradient of the GC started at 70°C and was 

then linearly increased with 5°C/min until 120°C was reached. The flow rate of the carrier gas 

(nitrogen gas) was 1 mL/min. A split-less injection, 1µL, was done when 120°C was reached 

and the split-ventile was then closed for one minute. The insertion of the sample into the 

injector was open with a funnel shaped bottom and the injection volume was 1µL. SIM mode 

was used for MS-detection and ions were recorded at m/z=519.  

 

The analysis on GC-ECD instrument was done similarly as described above, however with the 

following modifications. The chiral Betadex 120 column from SUPELCO was 60 m long and 

the analysis was done on a Agilent 6890 (GC-ECD) instead of Agilent 240 GC/MS Ion Trap 

and the injection volume was 1.5 µL. 

 

 

2.5 Method inter-comparison of a GC/ECD method and two GC/MS 
methods 
Method inter-comparison was based on repeat analysis of identical dried urine filter paper 
samples. Two GC/MS-methods were compared with a GC/ECD-method. 94 samples from 
Lund University Hospital were repeat-analyzed with an established GC/ECD method at 
Umeå University Hospital which had been used for 18 years (from year 1996) in clinical 
routine in order to see the differences in efficacy between the two gas chromatographers. The 
reason for the establishment of GC/MS in Umeå is because it was expected to be a more 
robust and sensitive method compared to GC/ECD, and less time-consuming. 

 

Figure 5. A schematic representation over the method inter-comparison of a GC/ECD 
method and two GC/MS methods. 
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Each sample was analyzed in duplicate and the standard deviation of duplicate analyses was 
determined according to the following formula (d=difference between the results of duplicate 
analysis): 

                                                             (18). 

 

2.6 Comparison of GC/ECD and GC/MS at Norrland’s University 

Hospital in Umeå 

The samples from Lund’s University Hospital were also analyzed with the GC-ECD currently 

used for routine analysis in Umeå. The analysis on GC-ECD was done according to the 

procedures described in sections 2.2 and 2.4.  

 

 

2.7 Establishment of a reference range of D-/L-arabinitol in urine in 

a healthy local population 
Urine samples were collected from 30 healthy individuals from the Department of Clinical 

Microbiology at Umeå University Hospital. These samples were processed as described in 

section 2.2.2 and analyzed with the GC/MS method as described in section 2.4. 
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3. Results  

3.1 General considerations 
Generally, samples were analyzed in duplicate but in some cases the samples were analyzed 

in singleton. In case of duplicate analysis, the average of the two measurements was used for 

further evaluation of results, if not mentioned otherwise. 

 

 

3.2 Assay performance and validation 

3.2.1. Accuracy and linear range 

 

Linearity and accuracy 

The linearity of the method was tested by analyzing a set of ratios of D-/L-arabinitol. The 

figure below shows the result of the different sets of ratios.  

 

Figure 6. The figure represents the linearity of the GC/MS in Umeå.  

From the formula in figure 5 the response factor is determined to be 1.1476. 

 

3.2.2 Precision 

 

Reproducibility - within-run 

In order to evaluate the GC/MS method in Umeå, reproducibility experiments were 

performed with both internal and external controls. The results are shown below. 
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Internal controls 

Table 4. Reproducibility experiments. Reproducibility of internal controls at different ratios 

of DA/LA as judged by standard deviations and coefficient of variations. Each sample was 

analyzed from the same ampoule five times and this was repeated 2 times, so every ratio 

was tested ten times. 

 

 
Ratio of D-/L-

arabinitol 2 

mg/mL 

Ratio of D-

/L-arabinitol 

4 mg/mL 

Ratio of D-/L-

arabinitol 6 

mg/mL 

Ratio of D-/L-

arabinitol 8 

mg/mL 

 1.96 4.21 6.36 8.4 

 1.97 4.21 6.29 8.21 

 1.95 4.12 6.39 7.94 

 2.30 4.04 6.52 8.14 

 1.96 4.08 6.53 8.24 

 1.89 3.94 6.10 7.81 

 1.88 3.89 6.40 7.72 

 1.88 4.10 6.25 7.63 

 1.90 3.96 6.23 7.74 

 1.89 4.03 6.29 7.95 

Mean value 
 

1.96 4.06 6.34 7.98 

Standard 
deviation 
 

0.126 0.108 0.132 0.259 

Coefficient of 
variation (%) 

6.4 2.7 2.1 3.2 

 

 

 

External controls 

Table 5. The table displays reproducibility trials done on three external controls and their 

standard deviations and coefficient of variations. SG 94/13 was taken from the same 

ampoule five times and each aliquot was analyzed with two replicates (in total three times 

per aliquot), the ratio was thus measured 15 times in this sample. SG 68/13 was taken from 

the same ampoule 5 times and analyzed in duplicate, the ratio was thus determined 10 

times in this sample. SG 166/13 was taken from the same syringe five times the first time 

and four times the second time. The code-name for each sample does not indicate patient 

name initial, but is solely used for keeping track of the samples.  

 SG 94/13 
 

SG 68/13 
 

SG 166/13 
 

 2.3 3.8 8 

 2.3 3.8 7.6 

 2.2 3.5 7.4 

 2.2 3.8 8.3 



15 
 

 2.2 3.8 7.9 

 2.1 3.6 6.3 

 2.3 3.8 7.6 

 2.3 3.7 7.7 

 2.2 3.7 7.9 

 2.3 3.9  

 2.3   

 2.2   

 2.3   

 2.3   

 2.3   

Mean value 
 

2.25 3.74 7.6 

Standard 
deviation 
 

0.064 0.117 0.566 

Coefficient of 
variation (%) 

2.8 3.2 7.4 

 

 

Reproducibility - between-run 

The between-run precision of the GC/MS in Umeå was evaluated by analyzing 15 samples 

with known D-/L-arabinitol ratios, each sample was analyzed singleton on five different 

occasions and mean values, standard deviations and coefficient of variations are calculated. 

Table 6. The table shows the results from the precision test on the GC/MS in Umeå. 

Sample Test 
1 

Test 
2 

Test 
3 

Test 
4 

Test 
5 

 Mean  
value 

Standard  
deviation 

Coefficient of 
 variation (%) 

SG 94/13 2.3 2.2 2.2 2.2 2.2  2.2 0.045 2.0 

SG 68/13 3.6 3.4 3.5 3.3 3.2  3.4 0.158 4.7 

SG 166/13 7.8 7.7 7.4 7.8 8.2  7. 8 0.286 3.7 

SG 953/12 1.8 1.8 1.8 1.8 1.8  1.8 0 0 

SG 441/12 6.5 6.6 6.3 6 6.6  6.4 0.255 4.0 

SG 2121/11 3.9 3.9 4 3.9 4.1  4.0 0.089 2.3 

SG 2252/12 3.6 3.4 3.6 3.5 3.7  3.7 0.071 1.9 

SG 222/12 2.1 2.1 2.3 2.2 2.2  2.2 0.071 3.2 

SG 137/12 3.7 3.9 3.9 3.5 3.4  3.7 0.228 6.2 

SG 611/13 2.1 2 2.1 2.1 2.2  2.1 0.110 5.2 

SG 1534/13 1.9 1.9 1.9 1.9 1.8  1.9 0.045 2.4 

SG 1147/13 3.9 3.7 3.6 3.5 3.8  3.7 0.158 4.3 

SG 1509/13 1.7 1.7 1.7 1.7 1.7  1.7 0 0 

SG 1081/13 7.8 8 8.3 7.9 7.6  7.9 0.259 3.3 

SG 1725/13 3.6 3.6 3.7 3.7 3.7  3.7 0.055 1.5 

 

The mean between-run coefficient of variation (%) of the 15 samples presented in table 6 is 

3%.  
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3.3 Method inter-comparison 
For the method inter-comparison, the same sample was analyzed in duplicate with the 

GC/MS method in Lund, GC/MS method in Umeå and GC/ECD method in Umeå. The results 

of these duplicates analyzes are presented in Appendix 1a. Furthermore, the mean-value of 

each duplicate was measured and these mean-values are presented in the table below. 

Table 7. Mean values of the analyzed samples which were analyzed with GC/MS in Lund, 

GC/MS in Umeå and GC/ECD in Umeå. 

Samples GC/MS Lund (D-
/L-arabinitol 
ratio) 

GC/MS Umeå (D-/L-
arabinitol ratio) 

GC/ECD Umeå (D-/L-
arabinitol ratio) 

BQA 1757/10 11.85  9.9 8.95  

BQA 1948/10 7.85  6.5 6.05  

BGA 2007/10 9.4  8.2 9.0  

Lund 33/10 4.35  3.75 3.25  

Lund 64/10 2.0  1.8 1.45  

Lund 72/10 3.65  2.85 3.0  

Lund 90/10 2.5  2.3 1.9  

Lund 137/10 3.85  3.8 3.85  

Lund 206/10 1.75  1.7 1.6  

Lund 207/10 4.15  3.4 3.4  

Lund 440/10 2.55  2.15 2.25  

Lund 478/10 3.55  3.15 3.0  

Lund 609/10 4.15  3.2 4.2  

Lund 756/10 1.6  1.5 1.45  

Lund 1463/10 1.55  1.5 1.25  

Lund 1520/10 4.4  4.1 3.8  

Lund 1544/10 3.55  3.0 3.05  

Lund 1598/10 1.3  1.3 1.2  

Lund 1604/10 2.5  2.3 2.55  

Lund 1610/10 4.0  3.55 4.05  

Lund 2592/10 0.9  0.8 0.85  

Lund 12/12 1.35  1.5 1.4  

Lund 19/12 9.5  8.8 8.5  

Lund 20/12 11.65  10.2 10.35  

Lund 111/12 4.1  4.2 4.0  

Lund 137/12 3.85  3.8 3.85  

SG 39/11 4.55  4.05 3.95  

SG 43/11 4.4  3.9 4.0  

SG 65/11 2.05  1.9 1.9  

SG 90/11 1.85  1.7 1.65  

SG 195/11 4.1  3.5 4.15  

SG 303/11 7.25  6.45 6.55  

SG 371/11 11.5  9.05 10.65  

SG 473/11 1.55  1.6 1.7  

SG 545/11 4.1  3.7 3.75  

SG 737/11 1.55  1.4 1.4  

SG 945/11 9.5  8.4 8.05  

SG 1167/11 4.35  4.0 3.85  

SG 1190/11 2.15  2.05 2.0  
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SG 1799/11 11.3  13.45 11.35  

SG 2049/11 8.75  7.9 8.25  

SG 2108/11 3.3  3.1 3.4  

SG 2110/10 1.5  1.45 1.6  

SG 2121/11 4.15  4.2 4.05  

SG 2176/11 2.15  2.0 2.1  

SG 222/12 2.4  2.15 2.25  

SG 441/12 7.25  6.4 6.25  

SG 493/12 3.85  3.45 3.0  

SG 790/12 11.4  10.6 10.35  

SG 953/12 1.95  1.8 1.9  

SG 1148/12 4.15  4.0 3.9  

SG 1285/12 14.25  9.5 11.1  

SG 1700/12 7.6  6.65 7.6  

SG 1711/12 2.5  2.55 2.4  

SG 1740/12 1.9  1.95 1.0  

SG 1746/12 3.9  3.6 4.0  

SG 2252/12 3.7  3.45 3.7  

SG 2297/12 3.9  4.2 4.65  

SG 2323/12 8.25  7.3 7.75  

SG2577/12 1.1  1.0 1.15  

SG 08/13 0.9  0.8 0.9  

SG 68/13 4.0  3.65 3.8  

SG 92/13 13.05  15.8 11.85  

SG 94/13 2.25  2.25 2.3  

SG 124/13 3.85  3.85 3.55  

SG 162/13 3.35  3.3 3.3  

SG 166/13 8.4  8.0 9.0  

SG 243/13 1.85  1.7 1.9  

SG 392/13 4.05  3.9 4.2  

SG 409/13 15.05  12.45 12.0  

SG 582/13 7.15  6.1 6.6  

SG 611/13 2.2  2.15 2.2  

SG 1081/13 9.2  8.05 8.25  

SG 1086/13 4.2  3.7 3.6  

SG 1147/13 3.95  3.7 3.65  

SG 1258/13 9.15  8.25 11.65  

SG 1509/13 1.7  1.7 1.8  

SG 1534/13 2.0  2.0 2.05  

SG 1547/13 2.25  2.1 2.4  

SG 1567/13 7.35  5.4 6.05  

SG 1605/13 4.35  3.75 3.8  

SG 1641/13 12.1  5.65 8.7  

SG 1725/13 4.0  3.75 3.65  

SG 1760/13 1.25  1.3 --  

12ATG-686 4.5  4.3 4.4  

12ATG-691 4.0  4.0 4.1  

12ATG-692 2.1  1.95 1.95  

12ATG-693 2.2  2.15 2.1  

12ATG-695 2.0  1.9 2.0  

12ATG-696 1.6  1.55 --  
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12ATG-699 4.8  4.7 --  

12ATG-700 1.7  1.7 --  

12ATG-701 2.4  2.85 --  

12ATG-702 4.0  3.7 --  

12ATG-742 2.3  2.25 2.35  

12ATG-744 1.7  1.6 1.75  

12ATG-746 2.5  2.45 2.8  

12ATG-747 2.2  2.0 2.6  

13ATG-566 3.5  3.15 --  

13ATG-569 2.0  1.9 --  

13ATG-571 2.2  2.2 --  

13ATG-576 6.3  5.35 5.1  

13ATG-580 6.8  5.6 5.4  

13ATG-483 3.6  3.1 --  

 

 

3.3.1 Comparison of GC/MS Lund and GC/MS Umeå 

In order to compare the GC/MS in Lund with the GC/MS in Umeå, a Bland-Altman analysis 

was performed and illustrated in a graph displaying the differences between the two methods 

on the y-axis and the mean values of the methods on the x-axis (Bland-Altman plot). The 

dashed lines in the figure below indicate the accepted confidence interval (± 1 RSD). The 

Bland-Altman plot of the GC/MS method at Lund versus GC/MS from Umeå revealed a 

coefficient of variation of 23% between the two methods and a slight positive bias indicating 

that the Lund method showed higher ratios in the upper range (Figure 7).  

 

  

Figure 7. The diagram shows a Bland-Altman plot of 104 analyzes of the same samples 

performed with the GC/MS method in Lund in comparison to the GC/MS method in Umeå 

(n=104). 
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3.3.2 Comparison of GC/MS Lund and GC/ECD Umeå 

A corresponding analysis as done under 3.3.1 was performed for evaluating measuring 

agreement between the GC/MS in Lund and the GC/ECD method in Umeå. The coefficient of 

variation between the methods was 18%. The Bland-Altman plot again indicates a positive 

bias, where the Lund method displays on average higher ratios in the upper range (Figure 8).  

 

Figure 8. The diagram shows a Bland-Altman on the GC/MS method in Lund in comparison 

to the GC/ECD method in Umeå. 

 

3.3.3 Comparison of GC/MS Umeå and GC/ECD Umeå 

Comparison of the GC/MS method in Umeå with the GC/ECD in Umeå showed a coefficient 

of variation between the methods of 16%. The Bland-Altman plot displayed a high degree of 

measuring agreement between the methods and virtually no bias (Figure 9)  

 

 
Figure 9. The diagram shows a Bland-Altman plot on the GC/MS method in Umeå in 

comparison to the GC/ECD method in Umeå. 
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3.4 Establishing a normal range for D-/L-arabinitol in urine 
In order to establish a normal range for D-/L-arabinitol in a presumed healthy local 

population in Umeå, urine samples from 30 healthy, adult individuals were analyzed. The 

results are presented in the table 8. For determination of the mean value, standard deviation 

and confidence interval, subject no 27, who showed growth of fungi in the urine, was 

excluded since this reference range was intended to relate to a healthy population. The D-/L-

arabinitol ratios in the remaining 29 subjects showed normal distribution (as judged by 

visual inspection of a histogram of the study population). The mean value of the D-/L-

arabinitol ratio in urine of a local presumed healthy population in Umeå was 1.71, and the 

standard deviation was 0.45. Thus, the 95%-confidence interval, that is the expected range 

within which 95% of the D-/L-arabinitol  ratios in this particular population are expected to 

lie was 0.83-2.59 (1.71 ±0.88). Accordingly, a D-/L-arabinitol ratio of 2.6 may be considered 

the upper normal limit in this population. In clinical routine, the Department of Clinical 

Microbiology at Umeå University Hospital currently uses a upper cut-off value of 3. Values 

below 3 are considered normal (no indication of IC infection) and values between 3 and 5 as 

"borderline" requiring confirmation within the following days. Values above 5 are considered 

indicative of IC infection.  

Table 8. Establishment of a normal range. The table presents the data from 30 individuals 

from the Department of Clinical Microbiology at Umeå University. The reference range for 

D-/L-arabinitol in urine in a local normal population is based on this data. 

No Age Gender Ratio of 
D-/L-
arabinitol 

Comments 

  1.      34 Female      1.9        

  2.      49 Female      2.4        

  3.      63 Female      2.3        

  4.      54 Female      1.65        

  5.      47 Female      2.0        

  6.      59 Man      1.6        

  7.      57 Man      1.45        

  8.      55 Female      <1         

  9.      58 Female      1.2       

10.      62 Female      1.7       

11.      62 Female      1.1      

12.      67 Female      1.0      

13.      62 Female      1.0        

14.      32 Man      2.1      

15.      52 Female      1.5      

16.      55 Female      1.55       

17.      27 Female      2.05      

18.      27 Man      1.5       

19.      48 Female      2.4       

20.      27  Man      2.1       

21.      47 Female      1.9       

22.      67 Man      2.2       

23.      64 Female      1.6       

24.      29 Man      2.2       

25.      50 Female      2.2       



21 
 

26.      41 Female      <1       

27.      33 Female      3.2      Growth of fungi in the urine, which might 
have influenced the arabinitol ratio.  

28.      60 Female      2.0       

29.      41 Female      1.4       

30.      56 Female      1.7  
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4. Discussion  

The aim of the present study was to evaluate and validate the establishment of a new GC/MS 

method for determination of the D-/L-arabinitol ratio in human urine at the Department of 

Clinical Microbiology at Umeå University Hospital. Mass-spectrographic methods are 

advanced analytical tools in biochemistry and even though a similar GC/MS method has 

already been in routine use at the Department of Clinical Microbiology of Lund University 

Hospital for many years, the two methods need not necessarily produce identical results 

when testing the same sample material. Testing in different laboratory environments, 

employing different staff, having different routines and using different kind of 

instrumentation and consumables carries the risk of deviating test results. The establishment 

of advanced methods requires extensive proficiency testing to evaluate the performance of 

the individual laboratories for this test and to monitor the laboratories’ continuing 

performance (19). This is even more important as only two laboratories in Sweden offer 

analysis of the D-/L-arabinitol ratio and periodically serve as back-up institutions for each 

other. Also for this reason it is of upmost importance that the two methods show a high 

degree of measuring agreement and reproducibility. 

I found that the overall performance of the new GC/MS method for determination of the D-

/L-arabinitol ratio in human urine at the Department of Clinical Microbiology of Umeå 

University Hospital was good with high precision (low CV-values) and accuracy. Further, the 

inter-method agreement between the GC/MS method at Umeå University Hospital and the 

GC/MS method at Lund University Hospital was - despite a slight positive bias of the Lund 

method compared to the two Umeå methods - acceptable, and I also found a good internal 

agreement between the current routine GC/ECD method and the new GC/MS method at 

Umeå University Hospital. 

Diagnosis of IC is demanding and it is therefore crucial to have access to as accurate, 

sensitive and specific diagnostic tests as possible and that these tests deliver unambiguous 

results and do not add to diagnostic uncertainty. Studies have shown that if a patient gets 

treatment within two days from the start of the IC infection, the risk of mortality decreases 

from 70% to 30% (20). Though treatment is not motivated until the diagnosis of IC is 

confirmed and the diagnostic sensitivity and utility of current conventional tests based on 

blood samples or molecular biological testing often are not sufficient as these tests are 

generally time-consuming and barely 50% of the infected patients receive a positive diagnosis 

at an early stage of the disease (8). Accurate and reliable measurement of the urinary D-/L-

arabinitol ratio may thus represent an important complement to traditional Candida 

diagnostics.  

 

 

4.1 Assay performance and reproducibility. 
To be useful in clinical practice, a diagnostic test should be based on a reliable, reproducible 

and accurate technology. This regards both natural biological variability, sampling 

conditions, sample stability and the analytical method itself, as well as monitoring and 

interpretation of test results. There are many sources of variability for the outcome of a test 

result, some controllable, some not. Therefore, it is of upmost importance that analytical 

methods employed are as precise and accurate as possible and show good reproducibility. 
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Information on assay reproducibility of the GC/MS method in Umeå, can be derived from 

tables 4 and 5. The overall within- and between-run variability (coefficient of variation, CV) 

was 2-6%, which is in line with other GC/MS analyses using urine as sample matrix (21). 

Also, the between-run CVs of single analysis of patient samples with known D-/L-arabinitol 

ratios by the GC/MS method in Umeå analyzed on five different occasions showed promising 

results. The coefficient of variation within each sample series ranged between 0-6.2% (table 

6) and CVs of duplicate analyses ranged from 2.5-5.9% (see appendix 1a), which indicates 

that the methods are highly reproducible. The analytical CV lies well within the desirable 

range of reproducibility of a biochemical test given the relatively high intra-individual 

biological variability of about 20% for the D-/L-arabinitol ratio (22). Ideally, the analytical 

CV should not be higher than 50% of the intra-individual biological variability (23). 

The total variance of an analytical method is the sum of the within-run and between-run 

variability (24). Normally, the variation of the whitin-run is lower compared to the variation 

of the between-run. 

Table 9. The table presents the within-run variability and between-run variability from the 

GC/MS in Umeå.  

Type of CV Average CV (%) 

Within-run variability 3.43 

Between-run variability 3.00 

 

As shown in table 9, the within-run variability in our case was slightly higher compared to the 

between-run variability. Normally, the opposite is the case since there is a higher risk of 

variation for samples measured on different days compared to samples run during the same 

day.  

I observed that the coefficient of variation gets higher with higher ratios. One explanation to 

why the within-run variability was higher than the between-run variability in our material 

could be that - by chance - the material tested generally had higher ratios for the within-run 

experiments. 

Most of the samples were analyzed in duplicates, which is the current practice for routine 

analysis with GC-ECD. The results from duplicate analyses are presented in appendix 1. As 

can be seen from the table, the repeat analysis of the D-/L-arabinitol ratio with GC/MS in 

most cases gave almost identical results, the CVs between the two runs were acceptable and 

influenced by a few outliers especially at higher ratios (see Bland Altman plots in the 

appendix). The duplicates measured in GC/MS Lund had a CV of 2.5%, GC/MS Umeå had a 

coefficient of variation of 5.9% and GC/ECD Umeå had a coefficient of variation of 4.7%. The 

observed CV-values from duplicate analysis were not substantially different from the CV-

values observed in single analysis. Therefore, for routine use it may not be necessary to 

analyze samples in duplicates (as is present routine), but analysis of singleton samples may 

suffice and could spare time and resources.  

However, concerning measuring agreement between the duplicates, test 1 and test 2, the 

GC/MS in Lund showed a systematic bias towards higher ratios in the second analysis (Test 

2), which was mainly observed at higher ratio values. Within the normal range of the D-/L-
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arabinitol ratio deviations between test 1 and 2 were only minor and therefore may not affect 

the analysis of samples within normal range. I have no explanation for this phenomenon 

other than potential assay drift over time and the need of a new assay calibration. 

Moreover, the sample named SG 68/13 was analyzed both in the external controls in the 

reproducibility trials and in the precision experiment. Both of these tests were run on the 

same GC/MS platform in Umeå University Hospital, but the coefficient of variation of the 

tests varied. For the within-run variability trial the samples was introduced from the same 

syringe five times and this procedure was performed on two different occasions.  The 

coefficient of variation from this trial was 3.1%. For the between-run variability test, the 

sample was prepared and analyzed five times at different occasions. The coefficient of 

variation observed in this experiment was 4.6%. Here, the relationship between the within-

run and between run CVs was as expected. The within-run CV is an expression of the pure 

analytical CV when the same sample material is consecutively analyzed several times, while 

running the same sample on different occasions is expected to introduce a slightly increased 

variability due to added variability through sample preparation steps.  

However, the Bland-Altman plots in appendix 1b-d also reveals systematic differences 

between the duplicates that were analyzed in each method and their mean values and gives a 

picture of how robust the test is in itself. Comparing the plots it becomes apparent that the 

GC/MS method in Lund had the highest reproducibility of the three methods, while GC/MS 

in Umeå showed slightly poorer performance compared to the other two methods (Appendix 

1b-d). 

 

 

4.2 Method inter-comparison 
Overall, the three methods showed good overall measuring agreements. The Lund method 

generally showed a positive bias especially at higher ratio as compared to the two Umeå 

methods. The GC/ECD method at Umeå University Hospital can still be considered a valid 

analytical tool that may serve as a back-up method for the newly established GC/MS method, 

given the high degree of measuring agreement and no signs of bias between the two Umeå 

methods. Looking at the Bland-Altman plots presented in figure 6-8, the dashed lines 

indicate the ± 1 RSD limits for the test results. There are only few results that are outside 

these rather tight limits and the overall measuring agreement of the three methods was 

acceptable. Not unexpectedly, the two methods used in Umeå showed the highest measuring 

agreement. A possible explanation could be that method inter-calibration is easier to perform 

within laboratories than between laboratories. Considering the very low within- and between-

run CVs, the relatively high CV values observed in method intercomparison are most likely 

due to pre-analytical factors such as sample storage, sample preparation and assay 

calibration. 
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4.3 Reference range for D-/L-arabinitol in urine  
The clinical decision limits for the of D-/L-arabinitol ratio used at Lund, Sweden are as 

follows:  

 Ratio of D/L >5 = positive  

 Ratio of D/L 3-5 = threshold value 

 Ratio of D/L<3 = negative  

In patients showing a threshold value repeat analysis of the D/L ratio is recommended within 

a few days for definite diagnosis (25).  

A histogram of the observed ratios for D-/L-arabinitol in urine in a local presumed healthy 

population in Umeå indicated a normal distribution of  results (data not shown) and 

therefore the mean and SD-values for the ratios were calculated from non-transformed 

results in order to determine a 95% confidence interval of the D-/L-arabinitol ratio (0.83-

2.59). If the sample from the person with possible candida infection in the lower urinary tract 

had not been excluded, the reference range would have been 0.75-2.78. However the 

reference range is supposed to represent a presumed healthy population, and, therefore that 

sample was excluded. Our results are in line with the reference range used at Lund (a 

reference range which is <3). Other studies have found similar reference ranges for a healthy 

adults, 1.8 ± 0.4 (26), 1.65 ± 0.36 (13) respectively 1.95 ± 0.34 (27). Moreover, sample storage 

conditions until analysis may influence the results when establishing a reference range. The 

samples used for this assay were all kept on dried filter paper in order to exclude the risk of 

contamination. However, the others kept their samples in the original sample tubes 

(27)(13)(26) which might have affected the test results. 

 

 

4.4 The clinical utility of D-/L-arabinitol ratio as a laboratory tool 

for diagnosis of invasive Candida according to literature 
In this validation study, I did not have the opportunity to study the clinical utility of the D-

/L-arabinitol ratio in the diagnosis of IC infection, which was outside the scope of the present 

project. However, PubMed search reveals that several studies have been undertaken to 

investigate the clinical usefulness of D-/L arabinitol in urine to detect IC infections at an 

early stage (13)(15)(27). Early detection of IC infection is crucial for successful treatment (13). 

It has been demonstrated that a treatment delay of two days may result in an increase of the 

mortality rate from 30% to 70% (13). In a study of 214 patients on immunosuppressive 

therapy were followed up for 42 months in order to track development of IC and to evaluate 

the antibody test. The diagnostic sensitivity and specificity of the antibody test was only 29% 

and 67%, respectively. This is unsatisfactory and a strong indication that the antibody test 

must be considered unsuitable for this patient group (2).  

Stradomska and Mielniczuk measured D-/L-arabinitol in 198 healthy children to establish a 

normal range of the ratio in healthy children and compared these findings to the ratio 

observed in 8 hospitalized children who were suspected to have disseminated Candida (13). 

The study showed that the mean value for the ratio of D-/L-arabinitol in healthy children 

decrease with age, older children (>10 years) had a lower ratio (mean value of 2.4) compared 

to younger children (1-3 years, mean value of 3.5). Moreover, they showed that the ratio of  
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D-/L-arabinitol of all hospitalized children were higher than in the healthy children, 

irrespective of age. In the same study a case of a patient was described, who had a ratio of 5.3 

prior to fluconazole treatment was initiated and after 11 days of treatment, the ratio had 

increased to 6.3. The increased ratio was interpreted as treatment failure and an alternative 

anti-fungal management with Amphotericin B was started instead. Two weeks later the 

patient had a ratio of 2.5, which was considered a normal value (13). 

Moreover, Christensson and Larsson performed a study in 100 children with cancer and 

neutropeni. The study showed that ten of the children had IC infection which could be 

diagnosed 3-21 days (median value of 8) earlier than blood cultures allowed positive 

confirmation of IC-infections. A reason for why the arabinitol test can detect an IC earlier 

than blood cultures could be that there is a successive growth of the fungus in 

parenchymatous tissues (the liver, kidneys, blood vessles) which gives an increased 

production of DA already prior to occurrence of fungemi. Thus, awaiting fungemi may delay 

diagnosis and appropriate treatment of Candida infections. Earlier diagnosis allowing more 

effective treatment is one of the big advantages of the arabinitol ratio test (3). 

However, it has been claimed that the arabinitol test may be less sensitive in patients who are 

not immune-compromised (28)(29).  

To sum up, it is my impression that the use of D-/L-arabinitol ratio is a very powerful 

diagnostic tool due to rather fast, simple and reliable analytical procedures allowing short 

response times from the laboratory.  The results of validation experiments described in the 

present work indicate that the new GC/MS method at Umeå University is ready to be 

introduced in clinical routine. My data indicate that the analytical performance of the test is 

very reliable. However, it is important to bear in mind that the test cannot detect Candida 

infections caused by C. glabrata and C. krusei for biological reasons. A study performed at 

127 institutions in 39 different countries estimated the relative contribution of different 

Candida species to the total occurrence of IC infections. In year 2003, the total number of IC 

infection at these institutions was 33,002 and 62.3 % of these were caused by C. albicans, 

while 12 % of the infections were caused by C. glabrata and 2.5 % of the infections were 

caused by C. krusei (4). Accordingly, only 14.5 % of the 33,002 IC infections would have been 

missed if clinical diagnosis had been based solely on the D-/L-arabinitol ratio. The reason for 

why the arabinitol-test does not detect infections caused by C. glabrata and C. krusei is 

simple. These pathogens do not produce D-arabinitol (2). This is an important argument 

against the practice to base the diagnosis of IC infections solely on the results of the 

arabinitol ratio. Rather, clinicians should apply additional complimentary laboratory tests 

and clinical criteria to allow a reliable diagnosis.  
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5. Conclusion  

The aim of this essay was to validate the establishment of a gas chromatographic method at 

Norrland’s University Hospital (NUS) in Umeå for analysis of the ratio of D-/L-arabinitol in 

urine. The goal was also to establish a reference range for D-/L-arabinitol ratio. The results 

from the validation experiments indicate that the new GC/MS method performs well 

compared to the other established methods. The assay CVs indicate an assay reproducibility 

which is well within the desirable range of 50% of the intra-individual biological CV. 

Moreover, the high within- and between-run analytical reproducibility of the GC/MS method 

indicates that duplicate analyses are not necessary. The local reference range for D-/L-

arabinitol agreed well with other reference ranges cited in the literature. The results from this 

validation study indicate that the new GC/MS method for analysis of the D-/L-arabinitol 

ratio may be introduced into clinical routine.  
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 Appendix 
 

Appendix 1a. The table displays the results from GC/MS in Lund, GC/MS in Umeå and GC 

in Umeå. Each sample was analyzed in duplicate, which is depicted by test 1 respectively 

test 2 in the table. 

Samples GC/MS Lund (D-
/L-arabinitol 
ratio) 

GC/MS Umeå (D-/L-
arabinitol ratio) 

GC/ECD Umeå (D-/L-
arabinitol ratio) 
 

 Test 1     Test 2 Test 1     Test 2 Test 1   Test 2 

BQA 1757/10 11.7 12 10.0          9.8 8.9 9.0 

BQA 1948/10 7.6 8.1 6.5          6.5 6.0 6.1 

BGA 
2007/10 

8.9 9.9 8.1          8.3 8.6 9.4 

Lund 33/10 4.3 4.4 3.7          3.8 3.2 3.3 

Lund 64/10 2.0 2.0 1.8          1.8 1.4 1.5 

Lund 72/10 3.7 3.6 2.8          2.9 3.0 3.0 

Lund 90/10 2.5 2.5 2.3          2.3 1.9 1.9 

Lund 137/10 3.7 4.0 3.7          3.9 3.7 4.0 

Lund 206/10 1.8 1.7 1.7          1.7 1.6 1.6 

Lund 207/10 4.0 4.3 3.4          3.4 3.4 3.4 

Lund 440/10 2.5 2.6 2.1          2.2 2.2 2.3 

Lund 478/10 3.5 3.6 3.2          3.1 3.0 3.0 

Lund 609/10 4.1 4.2 3.2          3.2 4.1 4.3 

Lund 756/10 1.6 1.6 1.5          1.5 1.4 1.5 

Lund 
1463/10 

1.6 1.5 1.5          1.5 1.2 1.3 

Lund 
1520/10 

4.5 4.3 4.2          4.0 3.7 3.9 

Lund 
1544/10 

3.6 3.5 3.0          3.0 3.0 3.1 

Lund 
1598/10 

1.3 1.3 1.3          1.3 1.2 1.2 

Lund 
1604/10 

2.5 2.5 2.3          2.3 2.5 2.6 

Lund 
1610/10 

4.0 4.0 3.6          3.5 3.8 4.3 

Lund 
2592/10 

0.9 - 0.8          0.8 0.9 0.8 

Lund 12/12 1.3 1.4 1.5          1.5 1.4 1.4 

Lund 19/12 9.6 9.4 8.8          8.8 8.5 8.5 

Lund 20/12 11.6 11.7 10.6          9.8 10.3 10.4 

Lund 111/12 3.9 4.3 4.2          4.2 3.9 4.1 

Lund 137/12 3.7 4.0 3.7          3.9 3.7 4.0 

SG 39/11 4.4 4.7 4.0          4.1 3.9 4.0 

SG 43/11 4.1 4.7 4.1          3.7 3.9 4.1 

SG 65/11 2.1 2.0 1.9          1.9 1.9 1.9 

SG 90/11 1.8 1.9 1.7          1.7 1.6 1.7 

SG 195/11 4.0 4.2 3.5          3.5 4.1 4.2 
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SG 303/11 6.8 7.7 6.5          6.4 6.0 7.1 

SG 371/11 11.3 11.7 9.1          9.0 10.0 11.3 

SG 473/11 1.5 1.6 1.6          1.6 1.7 1.7 

SG 545/11 4.1 4.1 3.7          3.7 3.8 3.7 

SG 737/11 1.5 1.6 1.4          1.4 1.4 1.4 

SG 945/11 9.7 9.3 8.3          8.5 7.8 8.3 

SG 1167/11 4.0 4.7 3.9          4.1 3.8 3.9 

SG 1190/11 2.1 2.2 2.0          2.1 2.0 2.0 

SG 1799/11 10.0 12.6 13.0          13.9 11.1 11.6 

SG 2049/11 8.4 9.1 8.2          7.6 8.1 8.4 

SG 2108/11 3.2 3.4 3.2          3.0 3.3 3.5 

SG 2110/10 1.4 1.6 1.5          1.4 1.6 1.6 

SG 2121/11 4.1 4.2 4.3          4.1 4.0 4.1 

SG 2176/11 2.1 2.2 2.0          2.0 2.1 2.1 

SG 222/12 2.4 2.4 2.2          2.1 2.2 2.3 

SG 441/12 7.0 7.5 6.5          6.3 6.2 6.3 

SG 493/12 3.7 4.0 3.5          3.4 3.0 3.0 

SG 790/12 11.0 11.8 10.5          10.7 10.2 10.5 

SG 953/12 1.9 2.0 1.8          1.8 1.9 1.9 

SG 1148/12 4.1 4.2 4.1          3.9 3.7 4.1 

SG 1285/12 13.4 15.1 10.5          8.5 10.9 11.3 

SG 1700/12 7.5 7.7 6.9          6.4 7.5 7.7 

SG 1711/12 2.5 2.5 2.6          2.5 2.4 2.4 

SG 1740/12 1.9 1.9 2.0          1.9 0.9 1.1 

SG 1746/12 3.8 4.0 3.6          3.6 3.9 4.1 

SG 2252/12 3.7 3.7 3.4          3.5 3.6 3.8 

SG 2297/12 4.0 3.8 4.1          4.3 4.5 4.8 

SG 2323/12 8.6 7.9 7.0          7.6 7.9 7.6 

SG2577/12 1.1 1.1 1.0          1.0 1.1 1.2 

SG 08/13 0.9 0.9 0.8          0.8 0.9 0.9 

SG 68/13 4.1 3.9 3.6          3.7 3.8 3.8 

SG 92/13 11.2 14.9 15.6          16.0 11.7 12.0 

SG 94/13 2.2 2.3 2.2          2.3 2.2 2.4 

SG 124/13 3.8 3.9 3.9          3.8 3.5 3.6 

SG 162/13 3.5 3.2 3.4          3.2 3.3 3.3 

SG 166/13 8.3 8.5 8.2          7.8 8.9 9.1 

SG 243/13 1.9 1.8 1.7          1.7 1.9 1.9 

SG 392/13 4.0 4.1 3.9          3.9 4.2 4.2 

SG 409/13 14.9 15.2 12.5        12.4 11.9 12.1 

SG 582/13 7.1 7.2 5.4          6.8 6.4 6.8 

SG 611/13 2.2 2.2 2.2          2.1 2.2 2.2 

SG 1081/13 8.4 10.0 7.9          8.2 8.1 8.4 

SG 1086/13 4.1 4.3 3.7          3.7 3.6 3.6 

SG 1147/13 3.7 4.2 3.6         3.8 3.6 3.7 

SG 1258/13 9.1 9.2 8.0         8.5 11.6 11.7 

SG 1509/13 1.7 1.7 1.7          1.7 1.8 1.8 

SG 1534/13 2.1 1.9 1.8          2.2 2.0 2.1 

SG 1547/13 2.3 2.2 2.3          1.9 2.4 2.4 

SG 1567/13 7.6 7.1 5.4          5.4 6.0 6.1 

SG 1605/13 4.4 4.3 3.5          4.0 3.8 3.8 

SG 1641/13 13.4 10.8 5.2          6.1 8.6 8.8 
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SG 1725/13 4.1 3.9 3.6          3.9 3.6 3.7 

SG 1760/13 1.2 1.3 1.3          1.3 -- -- 

12ATG-686 4.5 -- 4.4          4.2 4.4 4.4 

12ATG-691 4.0 -- 4.0          4.0 4.1 -- 

12ATG-692 2.1 -- 2.0          1.9 2.0 1.9 

12ATG-693 2.2 -- 2.1          2.2 2.0 2.2 

12ATG-695 2.0 -- 1.9          1.9 -- 2.0 

12ATG-696 1.6 -- 1.5          1.6 -- -- 

12ATG-699 4.8 -- 4.6          4.8 -- -- 

12ATG-700 1.7 -- 1.7          1.7 -- -- 

12ATG-701 2.4 -- 2.8          2.9 -- -- 

12ATG-702 4.0 -- 3.7          3.7 -- -- 

12ATG-742 2.3 -- 2.2          2.3 2.2 2.5 

12ATG-744 1.7 -- 1.6          1.6 1.7 1.8 

12ATG-746 2.5 -- 2.4          2.5 2.7 2.9 

12ATG-747 2.2 -- 2.0           -- 2.6 -- 

13ATG-566 3.5 -- 3.1          3.2 -- -- 

13ATG-569 2.0 -- 1.9          1.9 -- -- 

13ATG-571 2.2 -- 2.2          2.2 -- -- 

13ATG-576 6.3 -- 5.3          5.4 5.1 5.1 

13ATG-580 6.8 -- 5.7          5.5 5.7 5.1 

13ATG-483 3.6 -- 3.1          3.1 -- -- 

 

Coefficient of variation GC/MS Lund: 2.5 %  

Coefficient of variation GC/MS Umeå: 5.9 %  

Coefficient of variation GC/ECD Umeå: 4.7 % 

 

Appendix 1b. A Bland-Altman plot over the sample duplicates gained from GC/MS in Lund. 
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Appendix 1c. A Bland-Altman plot over the sample duplicates gained from GC/MS in Umeå. 

  

 

 

Appendix 1d. A Bland-Altman plot over the sample duplicates gained from GC/ECD in 

Umeå. 
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