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Abstract

Measurement of C-reactive protein, a marker of inflammation, in dried blood spots has been
increasingly incorporated in community-based social surveys internationally. Although the dried
blood spot based CRP assay protocol has been validated in the United States, it remains unclear
whether laboratories in other less developed countries can generate C-reactive protein results of
similar quality. We therefore conducted external quality monitoring for dried blood spot based C-
reactive protein measurement for the Indonesia Family Life Survey and the Longitudinal Aging
Study in India. Our results show that dried blood spot based C-reactive protein results in these two
countries have excellent and consistent correlations with serum-based values and dried blood spot
based results from the reference laboratory in the United States. Even though the results from
duplicate samples may have fluctuations in absolute values over time, the relative order of C-
reactive protein levels remains similar and the estimates are reasonably precise for population-
based studies that investigate the association between socioeconomic factors and health.

Introduction

Social, economic, and psychological factors are known determinants of health (Marmot et
al. 2012, Kawachi and Berkman 2001). In the last decade, an increasing number of
community-based social surveys have included molecular biomarkers, either as objective
measurements of health or as part of the effort to understand the biological pathways
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through which socioeconomic factors influence population health. One of the biomarkers
that has been tested for in many surveys is C-reactive protein (CRP), an acute phase protein
produced by the liver and a commonly-used marker of general systemic inflammation
(Ridker et al. 1997).

Inflammation plays an important role in the process of aging and age-related diseases (Singh
and Newman 2011). Chronic inflammation, often indicated by persistently elevated CRP
level, may lead to more cardiovascular events, increased risk of diabetes mellitus, functional
impairment, frailty, and higher mortality in older adults (Ridker et al. 1997; Lindahl et al.
2000; Figaro et al. 2006; Pradhan et al. 2001; Kuo et al. 2006; Garrod et al. 2007; Fulop et
al. 2010). Measurement of CRP in community settings has been greatly facilitated by the
development of a high sensitivity CRP (hsCRP) assay for dried blood spot (DBS) specimens
(McDade, Burshop, and Dohnal 2004). Compared to venous samples, DBS are easier to
collect, and do not need to be processed and frozen immediately. Consequently, the DBS-
based CRP assay has been incorporated into a number of major studies in the United States,
such as the Health and Retirement Study (HRS) and the National Social Life, Health, and
Aging Study (NSHAP), and is also being adopted by other HRS-type studies internationally.

Although the DBS-based CRP assay protocol has been validated in the United States, it
remains unclear whether laboratories in less developed countries can generate CRP results
of similar quality. Potential errors and between-laboratory variation in assay results may
result from inadequate training of the laboratory personnel on the assay protocol, variation
in the types of equipment used for the assay, and the quality of test reagents and other
supplies. Assay quality control is important everywhere, but many countries may make
comparisons difficult because of rules and regulations that restrict the shipment of biological
specimens out of the country. In this paper, we report our experience in external quality
control for DBS-based CRP assay in Indonesia and India, where specimens collected as part
of studies cannot generally leave the country. This ability to accurately measure CRP levels
on DBS specimens and generate external quality control data in developing countries is
essential for harmonizing bioassay data from these two population-level studies with similar
studies in other countries. It also has the potential to provide valuable information on natural
variation in CRP in response to lifestyle factors and infectious disease burden (Mcdade et al.
2012)

Description of the studies

The Indonesia Family Life Survey (IFLS) is an on-going longitudinal study of economic and
social behaviors, and health. Detailed descriptions of the study, documentation, and data for
public use are available on the IFLS homepage (http://www.rand.org/FLS/IFLS). Briefly,
this panel survey collects individual and household level information on household
consumption; assets; income; work and retirement experiences; intergenerational transfers of
time, goods, and money; living arrangements; individual health measures; and health care
utilization. It also collects community data, including health facilities serving the local
elderly population over time. The fieldwork of the fourth wave of ILFS (IFLS4) took place
between November of 2007 and July of 2008, approximately 15 years after its first wave in
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1993. IFLS4 collected DBS specimens during the interviews, which were assayed for CRP
in 2012.

The Longitudinal Aging Study in India (LASI) is a panel survey representative of persons at
least 45 years of age in India. The survey instrument has been designed to collect
information that is conceptually comparable to the HRS, and includes variables on
demographics, family structure and social network, housing and environment, health and
health behaviors, health care utilization, work and pension, income, assets, debts, and
consumption. The LASI pilot study, which was fielded in 2010, also measured
anthropometric parameters and physical performance, and collected DBS specimens (https://
mmicdata.rand.org/meta/?section=study&studyid=36). The DBS-based bioassays, including
CRP, hemoglobin, and Epstein-Barr virus (EBV) antibody titer, were conducted from
October of 2012 to April of 2013.

Preparation for DBS-based CRP assay

For the DBS-based CRP assay, the IFLS collaborated with the laboratory at the Clinical
Pathology Department at Gadjah Mada University in Yogyakarta, Indonesia. The LASI’s
collaborating institution was the National AIDS Research Institute (NARI) in Pune, India.
These two institutions are part of the laboratory network that also performs DBS-based
assays for the World Health Organization (WHO)’s Study on Global AGEing and Adult
Health (SAGE) project. As a result, the personnel from both laboratories were trained for
DBS-based assays at NARI in March of 2011. This training course, organized by the SAGE
and conducted by Dr. Sharon Williams of Purdue University, lasted for five days and
provided training on four assays: CRP, hemoglobin, EBV antibody titer, and glycosylated
hemoglobin (Hbalc).

For the CRP assay, both IFLS and LASI modified the ELISA-based protocol, which was
originally developed and validated by Thomas McDade (McDade, Burshop, and Dohnal
2004), by substituting Dako CRP polycolonal antibodies with antibodies manufactured by
Meridian Life Science (https://meridianlifescience.com/). This high-sensitivity assay
protocol requires individual ordering of components reagents as well as the creation of DBS-
based CRP standards. The lower limit of detection is 0.148 mg/L. In Indonesia, some of the
reagents were not available locally. Consequently, IFLS received assistance from the WHO
(SAGE project) to purchase and ship these reagents into Indonesia, under shipping
conditions specified by the manufacturers. For LASI, all assay reagents were purchased
through local vendors.

Pre-test for CRP assay

Before testing study specimens, a pre-test for the DBS-based CRP assay was conducted at
each laboratory to satisfy several aims: 1) to evaluate the technical skills of trained
laboratory personnel, including transfer of knowledge and skills to those technicians in these
laboratories who did not participate in the original training organized by WHO; 2) to verify
that correct equipment was being used for the planned assays; 3) to verify that correct test
reagents and supplies were being used; 4) to evaluate general conditions of the laboratory
(e.g., adequate work space, proper temperature control); and 5) to evaluate the reliability and
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validity of the assay results, using both study samples and samples for external quality
control.

The USC/UCLA Center on Biodemography and Population Health (CBPH) prepared quality
control samples for both IFLS and LASI. Researchers at the Biodemography Center
collected venous and DBS specimens from 67 volunteers for the IFLS pre-test. Serum
samples were sent to the laboratory at the Department of Laboratory Medicine, University of
Washington (UW), for a “gold standard” hsCRP assay (laboratory director: Alan Potter,
PhD). Two DBS cards were also collected from each volunteer via direct finger prick, with
two blood spots on each card. One set of DBS cards was sent to UW for DBS-based hsCRP
assay, which uses reagents from Percipio Biosciences, (http://www.percipiobio.com/
product_details.php?ProductSelector=11190), while the other set was sent to the laboratory
at Gadjah Mada University in Indonesia. Quality control samples for both laboratories were
shipped on dry ice. Duration of time for shipment to Indonesia was approximately 48 hours.

For the LASI pre-test, researchers at the Biodemography Center collected venous specimens
from 50 volunteers. Based on the previous validation work done by the Center, the DBS
cards were created from venous blood, with five blood spots on each card. Serum samples
were sent to the UCLA Clinical Laboratory for hsCRP assay, using Siemens Vista platform.
One set of the DBS cards was sent to UW for DBS-based hsCRP assay, the same reference
laboratory used for IFLS. Two sets of DBS cards were sent to the NARI in Pune, India
through World Courier, a commercial shipping company. A temperature monitor was
included in the package containing the DBS quality control samples, which recorded the
temperature inside the shipping box once every two hours. The subsequent analysis of the
data from the temperature monitor showed that the duration of shipment (including customs
clearance) was approximately 162 hours and temperature was maintained at less than —40°C
during the shipment from Los Angeles to Pune, India.

The pre-tests at the IFLS and LASI laboratories were conducted in December of 2011 and
August of 2012, respectively. Both pre-tests lasted for five days. The detailed schedule for
each pre-test is shown in Table 1. Because LASI had more blood spot material than IFLS, it
measured more quality control samples during the course of the pre-test.

Ongoing assay quality control

The IFLS and LASI research teams were in regular communication with the laboratories
throughout the period of assay and reviewed the CRP results from the study samples on a
biweekly basis. Both studies also tested quality control samples periodically to monitor for
possible laboratory drift in CRP results over time. For IFLS, eight quality control samples
were inserted after approximately every 1,500 IFLS study samples, due to the large number
of study specimens and limited blood spots for quality control. LASI included five quality
control samples on each microplate for the first 10 microplates that measured study samples,
followed by eight quality control samples for every 150 study samples. Moreover, because
of the greater availability of blood spots generated from venous blood, LASI was able to use
quality control samples from selected volunteers on multiple assay runs, so that it could
track changes in absolute CRP values for these samples over time.
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Statistical Methods

Results

The minimal detection limit of the DBS-based CRP assay is 0.148 mg/. For calculation
purpose, two specimens with undetectable CRP level at IFLS laboratory were assigned a
value of 0.001 mg/L (the corresponding values from UW laboratory were 0.25 mg/L and
0.38 mg/L). Pearson’s correlation coefficients were calculated to examine the relationship
between the results from different laboratories. We also performed Bland-Altman analysis
and reported coefficient of variation (CV) and summary statistics for the absolute value
differences of duplicate quality control samples between the laboratories.

Pre-test Results

For the ILFS pre-test, 14 quality control samples had DBS-based CRP values from the ILFS
laboratory as well as both DBS-based and serum-based values from UW. The mean CRP
concentration for these quality control samples was 3.41 mg/L (standard deviation: 2.60
mg/L) at the IFLS laboratory. For UW, the mean concentrations were 3.88 mg/L (standard
deviation: 2.85mg/L) from DBS-based assay and 3.28 mg/L (standard deviation: 2.70 mg/L)
from serum-based assay. The pair-wise correlation coefficients and average absolute
difference in CRP values are summarized in Table 2. Figure 1 shows the Bland-Altman plot
comparing DBS-based CRP results from IFLS and UW.

During the LASI pre-test, LASI’s CRP results on 32 quality control samples were compared
with DBS-based values from UW. The correlation coefficient was 0.95. The average
difference was 1.75 mg/L (standard deviation: 1.81 mg/L). The Bland-Altman analysis
indicated no significant difference between LASI laboratory and UW. LASI also measured
10 quality control samples twice during the pre-test. The correlation coefficient between the
test-retest values was 0.998. The average difference in absolute values was 0.62 mg/L
(standard deviation: 0.64 mg/L). The coefficients of variation (CVs) for the repeated
measurements of all specimens were less than 15%, except one, which had a CV of 22%.

Results for Ongoing Quality Control

During the testing of study samples, IFLS included eight quality controls on every fortieth
microplate, or approximately once in every 1,500 study samples: According, a total of 48
quality control samples were measured over 6 months. Figure 2 shows the correlation
coefficients of CRP values between IFLS DBS and serum, and between UW DBS and serum
over that period. Using serum-based CRP levels as the gold standard, the results from IFLS
and UW were comparable. All correlation coefficients were above 0.95

Figure 3 summarizes correlations of DBS-based CRP results between LASI and UW as well
as the correlations between LASI and serum-based values, when quality control samples
with corresponding serum hsCRP results became available during the second half of study
sample measurement. The correlation coefficients between LASI and UW DBS ranged from
0.94 to 1.00, and the coefficients between LASI and serum values were from 0.98 to 1.00.
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Compared with IFLS, LASI had significantly more blood spot material available for quality
control purposes, because LASI laboratory received two Whatman cards per volunteer, each
with five high-quality blood spots. As a result, LASI was able to track changes in absolute
CRP values from eight quality control samples over time (Figure 4). The CVs for the
repeated measurements of these 8 specimens ranged from 5.46% to 14.20% (median was
approximately 10%). For the quality control sample with the highest CRP value (sample #2),
the DBS-based value from the UW reference laboratory was 6.96 mg/L. The absolute values
from 16 repeated measurements at LASI laboratory varied from 5.58 mg/L to 7.83 mg/L,
ranging from 20 percent under-estimation to 13 percent over-estimation. Although the
results from duplicate samples fluctuated in absolute values over time, the relative order of
CRP concentrations remained similar (Figure 4).

Discussion

The results from the testing of quality control samples show that DBS-based CRP values
from IFLS and LASI had excellent correlations with serum-based values and with DBS-
based results from the reference laboratory in the United States. Both laboratories were able
to maintain their assay quality during the testing of actual study samples. Repeated
measurements of quality control samples from the same individuals demonstrated some
fluctuations in absolute CRP values over time. However, the relative order of CRP levels
was preserved.

To our knowledge, this is the first study that has systematically evaluated the quality of
DBS-based CRP assays that were conducted in the laboratories outside the United States.
Comparing DBS-based results, both IFLS and LASI have consistently high correlation
coefficients with UW during the pre-test and subsequent testing of the study sample (all
correlation coefficients are above 0.95). Results from both laboratories also correlated well
with venous-based CRP values. These coefficients were very similar to those reported by
previous validation studies in the United States (McDade, Burshop, and Dohnal 2004;
Brindle et al. 2010). These findings suggested that, with proper personnel training, close
adherence to assay protocol, ongoing technical support, and quality assessment, a DBS-
based CRP assay can have a validity that approximates venous-based testing and may be
successfully implemented in community-based surveys in other less developed countries.

Compared to venous-based assay, the DBS approach offers several important advantages
(McDade, Williams, Snodgrass 2007). First, the collection of DBS specimens is less
invasive and, for both IFLS and LASI, was conducted in the field by interviewers without
formal medical training. Second, DBS samples do not need to be processed and frozen
immediately, nor do they require cold chain for shipment from collection site to a central
storage facility. Third, DBS specimens may remain stable in laboratory freezers for a long
period of time and can be analyzed in the future when DBS-based methods for new
biomarkers become available. Therefore, the DBS approach allows collection of valid and
reliable blood-based biological information in large-scale population-based surveys for
which collection of venous specimens may not always be possible.
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One unique feature of the quality control effort for LASI was the availability of a large
number of blood spots from same individuals and the ability to measure quality control
samples from these individuals over time. The findings have showed that there is a
fluctuation in the absolute CRP values over time, which could be up to approximately 20
percent. Some variations in test results are not unexpected. For DBS-based CRP assay, the
absolute values may be influenced by many factors such as temperature variation in
laboratories, slow degradation of test reagents over time, and volume of reagents added to
different microwells. Despite this fluctuation in absolute CRP values over time, our results
suggest that the relative order of CRP concentrations from different individuals remained
similar. Therefore, DBS-based CRP measurement may be reasonably precise for population-
based studies that explore the associations between socioeconomic factors and health
outcomes.

Our experience with IFLS and LASI also indicates that pre-testing and ongoing quality
controls for the DBS-based assay depend on availability of adequate blood spots in quality
control samples. Preparation of DBS quality control samples from venous blood seems to be
a better approach for CRP assay, because it will ensure a large number of blood spots,
maintain good spot quality, and minimize volunteer discomfort. This approach is even more
valuable for between-laboratory comparisons across multiple countries and multiple waves
of the study, which may require large amount of blood spot material from same individuals.
However, a previous validation project conducted by USC/UCLA CBPH shows that the
comparability of DBS results based on standard “finger-prick” DBS collection versus DBS
created by drops from venous blood samples may vary by the type of assays, ranging from
virtually indistinguishable results for HbAlc; to very similar for CRP; to only a modest
relationship for cholesterol (personal communication with USC/UCLA CBPH). Thus,
comparability for other analytes will require carefully planned tests in the future.

Several limitations should be noted about our quality control work for ILFS and LASI. First,
given the budget constraints, our sample size for quality control specimens was relatively
small, particularly for those with very high CRP levels. While this may not affect overall
cross-laboratory correlations in a significant way, we could have under-estimated the
magnitude of the fluctuation in the absolute values, when CRP levels are very high (e.g.
above 10 mg/L). Second, DBS quality control samples were collected in the U.S., frozen at
—70 Celcius, and then shipped to various laboratories and assayed at different times.
Although frozen DBS samples are generally considered very stable for CRP assay, it is still
possible to have some low level sample degradation during the storage and shipment. Third,
although this study has compared the quality of DBS-based CRP assay in other countries
against a reference laboratory in the United States, it was not designed to harmonize CRP
data across multiple studies, due to possible differences in test reagents, equipment and
personnel.

Despite these limitations, our study has shown that it is possible to conduct well-designed
pre-test and ongoing monitoring to ensure data quality for DBS-based CRP assay. Our data
indicate that DBS-based CRP results from less developed countries can have excellent and
consistent correlations with serum-based values and DBS-based results from the reference
laboratory in the United States. Even though there may be fluctuations in absolute CRP
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values over time, the relative order of CRP concentrations remains similar and the CRP
estimates may be reasonably precise for population-based studies that examine the
associations between socioeconomic factors and health. New effort is needed to further
improve the precision of DBS-based CRP assay, to establish specific criteria to define
acceptable quality and between-laboratory variability of the assay, and to develop
calibration algorithms for laboratories in multiple countries, which is essential for biomarker
data harmonization from different studies.
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Figure 1.

Bland-Altman Plot of the Dried Blood Spot (DBS) Based C-reactive Protein (CRP) Results

from Indonesia Family Life Survey (IFLS) and University of Washington (UW)
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Correlations between the Indonesia Family Life Survey (IFLS), University of Washington

(UW), and serum C-reactive protein values by microplate numbers
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Correlations between the Longitudinal Aging Study in India (LASI), University of

Washington (UW), and serum C-reactive protein values by microplate numbers
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Changes in absolute C-reactive protein values for selective validation samples over time
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Table 1

C-reactive protein (CRP) pre-test schedule for the Indonesia Family Life Survey (IFLS) and the Longitudinal
Aging Study in India (LASI)

IFLS LASI

Day 1 | Inspection of general laboratory working environment, equipment, and reagents and other supplies. Sample preparation for the next
day.

Day 2 | Measured CRP levels on 20 IFLS study samples Measured CRP levels on 22 validation samples and 5 additional

samples from local volunteers

Day 3 | Measured CRP levels on 32 IFLS study samples and 5 Measured CRP levels on 20 validation samples and 5 samples from
validation samples the same local volunteers

Day 4 | Measured CRP levels on 27 IFLS study samples and 10 Measured CRP levels on 7 validation samples and 4 samples from the
validation samples same local volunteers

Day 5 | Review of pre-test results with local laboratory personnel and plan for subsequent quality control during testing of study samples

Biodemography Soc Biol. Author manuscript; available in PMC 2015 April 27.



Page 15

Hu et al.

‘AjaAnoadsal /6w gz'g pue /6w g8's “1/BW TH's a1am Wwinias AAN PUe ‘Sga MN ‘SEA ST141 Wo.y SUOIRIIUZIU0D ulaloid aAoeal-0) sueal
M

190 090 %50 71/Bw ‘93uaIaIpP BU} JO UOITRIASP pJepuels
120 10 TT°0 71/6w ‘aausIaIP BIN|OSAER UBSIA
160 160 860 SJUIDI}J802 UOIR[81I0D

wnks sASgd MN  Wnies sAsgasTdl  ,S8AS3TISASaamn

(MnN) uoiBurysepy
10 AISIBAIUN WA} SYINSal paseg-winJas pue Sga pue ‘(S141) AsAIng ay1 Ajiwe4 eISauopu| syl wol) sanjea paseq (Sgq) 10ds poojq paip Jo uostiedwo)

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biodemography Soc Biol. Author manuscript; available in PMC 2015 April 27.



