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ABSTRACT 

Introduction: Dyslipidemias are one of the major modifiable risk factors for coronary heart 

disease. Globally, 80% of deaths due to cardiovascular diseases occur in low- and middle- 

income countries. Screening by biochemical analysis in a good quality central laboratory 

would be ideal, but the cost and safety of sample transportation in cold chain are concerns in a 

large developing country like India with limited resources. Transportation of samples in the 

form of dried serum spots would ease blood processing, storage, and transport. In the present 

study, the stability of cholesterol in dried serum spots on filter paper at room temperature for 

different time intervals was studied. Material & Methods: 100 samples in the laboratory of a 

tertiary care hospital of south India were analyzed. An aliquot of each serum sample was 

analyzed immediately and exact 10-[micro] L replicates of the samples were spotted onto 3M 

Whatman filter paper. After drying, one aliquot was eluted and analyzed on the day of 

collection. The remaining filter discs were kept in sealed plastic bags and analyzed on 7, 14, 

21, 28 and 35 days. Results: Mean and Standard deviation for Cholesterol levels were 147.24+/- 

30.62. Bland Altman plots showed the differences in values obtained from fresh and dried 

serum, within two standard deviations for most of the samples. An Intra class correlation 

coefficient of 0.98 was evident between dried serum spots and fresh serum. Our Study has 

given the values of Cholesterol from Dried serum spots within medically allowable error. 

Discussion: Dried serum spot collection has advantages compared to conventional blood 

draws, such as less sample volume is required, convenience of repeating measurements, and 

easy sample storage and transport. The comparable values between dried serum spots and 

conventional serum assays supports its usage as an alternative when conventional venous blood 

draw facilities are not available or accessible. However, precision and accuracy of the results 

can be improved by opting standard spotting methods and proper storage. The stability, 

efficient recovery, and excellent correlation with fresh serum samples makes the dried spot 

assay reliable and convenient method for screening risk factors like cholesterol. Screening 

patients to identify these risk factors can help prevent cardiovascular diseases and Type 2 

Diabetes Mellitus by providing information for early intervention and treatment . 

Keywords: Dried serum spots, Whatman filter paper, Cholesterol estimation 

INTRODUCTION 

Guthrie and Susi introduced the concept of obtaining blood on filter paper in 1963 for the 

screening of metabolic diseases. The advantages of Dried spot technology over conventional 

serum assays are as follows, it allows convenient transport of samples and drying of sample 

destroys infectious viruses, such as human immunodeficiency virus, and ensures sample stability 

for longer duration at room temperature thereby allowing for transport without the requirement 

of cold chain or any other special precautions.1 
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Screening of risk factors for non-communicable diseases (NCD) is required as they are fast 

increasing in the population. The World Health Organization has put up a three-step approach 

for screening of risk factors: collecting information through questionnaire, carrying out simple 

physical measurements and collection of blood sample. Due to complexities of the measurement 

involved, biochemical analysis is not done in all developing countries. Especially in a large 

country such as India, biochemical analysis at remote corners of the country will be difficult 

because of the limited availability of resources and technical staff. Carrying out the analysis in a 

good quality central laboratory is ideal, but the feasibility of sample transportation is a concern. 

Transportation of samples in the form of dried serum would circumvent the need for blood 

processing, storage, and shipment at ultralow temperatures. 2 

Total cholesterol has been recognized as important modifiable risk factor for cardiovascular 

diseases. 3,4,5 Recent studies support emergence of the term “cardiometabolic risk” defined by 

Watson as “the cluster of modifiable risk factors and markers that identify individuals at increased 

risk for cardiovascular diseases (myocardial infarction, stroke, peripheral arterial disease) and 

type 2 diabetes.”6 Globally, 80% of deaths due to cardiovascular diseases occur in low- and 

middle-income countries. According to the World Health Organisation (WHO) by 2030 more 

than 23 million people will die annually from CVD. The primary and secondary intervention in 

developed countries have made CVD a disease of older age, whereas in developing countries the 
7 

age of onset is at a younger age. 
 

Starck and Lovegren used 4°C stored blood specimens for 5-14 years for the analysis of sterols. 

They did not look at sterol levels in fresh samples and therefore could not evaluate the degree of 

degradation with storage.8 

 

Kapur et al have studied the use of dried blood for cardiometabolic risk factors, including 

triglycerides for screening of patients.1 The collection of samples was done under controlled 

laboratory conditions. 

 

Quraishi et al. have studied triglyceride levels in dried blood spots and have concluded that levels 

were stable for 30 days at 16–28°C and for 90 days at 4°C .9 

 

In the present study we assessed the stability of cholesterol in dried serum spots for 35 days and 

found that the cholesterol values were in acceptable error range hence the use of dried serum 

spots for screening cholesterol levels will be helpful in providing information for early 

intervention and treatment for the individuals at increased risk for cardiovascular diseases. 

MATERIALS AND METHODS 

A Cross-sectional study was done on the Blood Samples collected for lipid profile at a tertiary 

care hospital. Considering the mean and standard deviation values from previous studies done, 

at 95% confidence limit and 5% Tolerance level, the sample size was 83. Considering 

contamination and loosing results, 100 samples were analysed. Hemolysed samples and 

Samples of Jaundice patients with high bilirubin were excluded. Approval to conduct the study 

was obtained from the Institutional ethics committee on human subjects research. 

 

Analysis was done according to the details mentioned by Lakshmy Ramkrishna et al. 10 An 

aliquot of fresh serum sample was analyzed immediately for Cholesterol levels with the 

commercially available kit in a semi autoanalyzer. From the remaining serum, exact 10-[micro] 

L replicates were spotted onto 3M Whatman filter paper kept on a nonabsorbent surface 

(thermacol) and left at room temperature for 1 h for drying. After drying, one aliquot was eluted 

and analyzed on the day of collection. The remaining filter discs were kept in a sealed plastic bag 

to protect them from dust and moisture and stored at room temperature for different time periods. 
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At 7, 14, 21, 28 and 35 days, entire dried serum spots corresponding to 10 [micro]L were cut out 

with scissors and transferred to 1.0 ml of enzymatic reagent. For estimation of Cholesterol in 

fresh serum, 20 [micro] L serum was added to 1 ml of the reagent and the reaction was carried 

out at 37o C for 10 min. For estimation of Cholesterol in dried serum on filter paper, 2 spots of 

10 [micro] L were added to 1 ml reagent and the reaction was carried out for 30 min, according 

to Lakshmi Ramkrishnan et al 10 min will not be sufficient for the reaction to reach completion. 

Analysis was done using a Erba semiautoanalyser. 

Precautions are needed for proper spotting, complete drying and proper storage to protect samples 

from dust, moisture and other contaminants. Careful cutting out of sample spots and complete 

elution of analyte has to be done. 

 
 

FIGURE 1 - Whatman Filter Paper With Dried Serum Spots 

RESULTS 
 

Cholesterol values in the 100 samples analyzed ranged from 102 mg/dl to 314 mg/dl.. The mean +/- standard 

deviation (SD) cholesterol values obtained from fresh serum was 148.33+/-30.68 mg/dl and the mean 

cholesterol values from corresponding dried serum was 147.86+/-30.67 mg/dl on the same day of drying and 

subsequently 147.59+/-30.47 (day 7) , 147.3+/-30.52 ( day14) , 146.74+/-30.62 (day 21) , 146.45+/- 

30.69 (day 28) and 146.41+/-30.66 (day 35). An Intraclass correlation coefficient of 0.98 for cholesterol 

was evident between dried serum spots and fresh serum. Bland Altman plots were done with Mean of Cholesterol 

values on x axis against differences in cholesterol values between fresh serum and dried serum on all (0,7,14,21,28 

and 35 )days. Bland–Altman plots suggest that the difference in values obtained by the two methods was within 

the 2 SD limits for most of the samples for Cholesterol. Less than 5% of the values were outside the 2 SD limits. 
11 

 

 

Tonks and Barnett have published estimates of medically allowable error for critical decision 

levels. Tonks criteria are general (smaller of one fourth of the normal range or 10 % of the 

measured value. Barnetts recommendations are widely used but are limited to common 

laboratory analytes. Westguard has transformed Barnetts limits to 95% limits of allowable error 

i.e 95 % of patients should have errors less than the limit , or only 1 of every 20 samples can have 

an error larger than the specified limit.12 Our Study has given the values of Cholesterol from 

Dried serum spots within medically allowable error. 
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GRAPH 1 – BLAND ALTMAN PLOT OF CHOLESTEROL VALUES FROM FRESH 

SERUM Vs DRIED SERUM SPOTS 

 

DISCUSSION 

Despite the clear benefits by Dried serum sampling, researchers are hesitant to adopt the 

method for various reasons. The first is unpredictability: quite simply, fear of the unknown. The 

second reason is status quo bias: researchers are uncomfortable changing a method that is 

already working. The third reason is data comparability loss: concern for discrepancies between 

historic data vs new data. Finally, the lack of clear guidelines. 

The analysis of dried serum spot samples compared to conventional serum analysis have 

the following differences. As the sample is dried, analytes have to be brought into solution. The 

serum spots are cut out with scissors and put into an elution reagent for a fixed amount of time. 

Whole blood comprises liquid and cellular fractions, and centrifugation of samples removes 

cellular components to yield serum or plasma. (Serum and plasma are comparable in this regard: 

the difference is that clotting factors have also been removed in serum.) When blood samples are 

dried on filter paper, cellular elements get ruptured, and their components are released into 

solution when they are reconstituted. Different analytes will vary in their sensitivity to potential 

interference, and some assays may require additional processing prior to analysis being done.13 

Investigators can expect performance that is comparable to that obtained with 

conventional samples, which may not always be possible. In such scenario, the benefits of DBS 

for collection of sample and transportation have to be compared against the conventional 

methods. Additional procedures for extraction are required for certain analytes to overcome this 

problem. Elution of the analyte from the sample and volume of sample collected are two other 

issues of concern in analysis with dried spots. 

Minimization of preanalytical variations with proper collection of serum spots and 

storage are important determinants for the success of mass screening of total cholesterol using 

Dried serum spots for risk factor assessment. Furthermore, many standard clinical assays are 

performed on automated, high-throughput analyzers designed for use with serum or plasma 

samples. These instruments offer increased speed and reduced costs of analysis but currently are 

not likely to accommodate dried serum samples.14 

Serum can be stored at -20°C in a non-self-defrosting freezer for up to 4 weeks. For longer 

storage (> 4 weeks) they should be maintained at -80°C or lower. Total cholesterol levels are 

stable for at least one year at -80oC or lower. Whereas dried serum spots can be stored at room 

temperature for up to 35 days, according to our study. 
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The stability of dried serum samples for cholesterol at room temperature for 35 days 

promises a great alternative in developing countries with large rural population and limited 

availability of laboratory facilities. Further, the method will be useful for multicentric studies 

where the cost and safety of sample transportation to a distant laboratory are limiting factors. 
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