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Abstract 

Background: Gamma-glutamyltransferase is recognised as a biomarker to 
assess the harms associated with alcohol misuse. The objective ways to meas-
ure GGT in areas lacking central lab facilities are desirable. This study aims to 
measure GGT from dried serum spots and its storage from dried serum spots. 
Method: The study was approved by the institutional ethical committee. One 
hundred and eighty (180) patients were included in the study. Their blood 
samples were collected. The serum samples were spotted onto filter paper 
(Whatman 903) dried and stored at 4˚C. The GGT levels were measured on 
the day of collection and at various time periods to assess the effect of storage. 
All the analysis was performed on SPSS version 21. Result: The GGT levels 
measured from fresh serum GGT levels mean (SD) 286.5 (539.4) correlated 
well with their respective dried serum levels 287.18 (538.2) (P = 0.80). The 
mean recovery of GGT from dried serum was observed to be 103.3%. A 
sub-sample (n = 12) was stored at 4˚C. The dried serum spots were found to 
be stable at the end of four weeks using repeated measure analysis of variance 
(ANOVA) (P = 0.39). Conclusion: This method has the potential to be used 
for epidemiological or field based studies to assess harms associated with al-
cohol use. 
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1. Background 

Harmful alcohol use causes more than 5% of the global burden of disease [1]. 
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Identification of harmful alcohol use may help to plan an early intervention. The 
objective way to assess the damage caused by problematic alcohol use involves 
laboratory testing. Serum Gamma-glutamyltransferase (GGT) testing is widely 
used as an alcohol misuse biomarker. Recently serum GGT is established as a 
superior marker for future disease risk in various clinical setting including epi-
demiological studies [2]. Epidemiological studies often require field sampling 
and an alternate method for sample collection and transportation. The use of 
filter paper for sample collection and storage has many advantages including 
ease of collection and transportation [3]. It has been reported earlier to efficient-
ly measure various biochemical analytes like aminotransferases, urea and creati-
nine [4]. Earlier we reported adaptation of GGT assay on filter paper for screen-
ing of harmful alcohol use in community setting [5]. The aim of this study is to 
observe the stability of the GGT assay on filter paper for various time points. 

2. Methods 

The study was carried out at a leading tertiary care centre for substance abuse 
treatment. A large number of subjects visit the centre for their problematic al-
cohol use. The study was performed as per the 1984 Helsinki declaration. The 
study protocol was approved by the ethical committee at All India Institute of 
Medical Sciences (AIIMS), Delhi in the year 2015. Clinical validation of the GGT 
filter paper assay was carried out in one hundred and eighty (180) patients who 
visited the laboratory for biochemical investigations. After collection of the 
blood sample the serum was separated. On the day of collection GGT was meas-
ured from serum samples as per the standard assay using chemistry analyser 
from Beckman Coulter. The remaining samples were spotted (20 uL per spot) 
onto filter paper (Whatman 903). Serum based calibrator and controls levels 1 
and 2 for GGT were simultaneously spotted onto filter paper and treated the 
same way. The filter paper were dried at room temperature (24˚C - 27˚C) for 
two hours and stored at 4˚C. Next day the spots were punched using a manual 
puncher. Four spots (6 mm) were placed into a microtube. Extraction was car-
ried out in 250 µL of buffer reagent as described earlier [5]. Comparison of GGT 
levels obtained from serum and dried serum spots was done using paired T test. 
The effect of storage on filter disc was assessed at the end of one week, two week 
and four weeks using repeated measure analysis of variance (ANOVA). All the 
analysis was performed on SPSS version 21.  

3. Result & Discussion 

The GGT levels of the fresh serum samples varied between 9 U/L and 3882 U/L 
(n = 180). The fresh serum GGT levels mean (SD) 286.5 (539.4) correlated well 
with their respective dried serum levels 287.18 (538.2) using Paired sample T test 
(P = 0.80; df 179) 95% CI (−2.12 to 1.58). The assay was found to be linear upto 
1200 U/L. Ten samples with GGT levels above the linearity limit also correlate 
well with their filter paper levels. Intra class correlation was calculated to esti-
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mate the limits of agreement. Regression analysis reported an R value of 0.99 
and an intra-class correlation (ICC) value of 0.99 (Figure 1). The mean recovery 
of enzyme from dried serum was 103.3% on the day of collection. The mean in-
tra and inter assay coefficient of variance for GGT in dried serum samples were 
4.02% and 5.15% respectively.  

To study the effect of storage, sub-sample of dried serum spots including 
quality controls (n = 12) were stored at 4˚C. At the end of one week, two week 
and four weeks the disc were analysed in duplicates to assess GGT stability. The 
dried serum spots were reported to be stable at the end of four weeks using re-
peated measure analysis of variance (ANOVA) (df 4, F1.049, P = 0.39) (Table 1). 
 

 
Figure 1. Measurement of GGT from dried serum spots and corresponding serum sam-
ples on the day of collection (n = 108). 
 
Table 1. Effect of storage of dried serum spots on GGT levels. 

Days of storage 
(dried serum) 

Serum GGT Levels (U/L) 
Mean (SD) 
(N = 12)* 

Day 0 Direct 346.2 (436.16) 

Day 0 dried serum 339.35 (440.53) 

Week 1 322.13 (409.08) 

Week 2 328.22 (402.12) 

Week 3 325.07 (406.48) 

Week 4 312.67 (393.19) 

*All the samples run in duplicate and compared using repeated measure analysis of va-
riance (ANOVA) (df 4, F = 1.049, P = 0.39). 
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This report presented the clinical utilization of GGT measurement from dried 
serum spots in a clinical setting. It is noteworthy to mention the limitation of the 
study. The filter paper assay may sometimes involve human errors during spot-
ting and punching. Proper drying and storage under desiccants is a prerequisite 
for filter paper assay. In spite of above limitations the developed assay can be 
used in clinical assessment of patients with alcohol use disorder with varying 
GGT levels. Dried serum matrix used in the study stabilises the enzyme for up to 
four weeks at 4˚C. Thus present method may be adoptable for epidemiological 
or field based studies and is well comparable to the conventional method.  
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