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ABSTRACT
Whereas cost-effective interventions exist for the control of micronu-
trient malnutrition (MN), in low-resource settings field-friendly tools
to assess the effect of these interventions are underutilized or not read-
ily availablewhere theyaremost needed.Conventional approaches for
MN measurement are expensive and require relatively sophisticated
laboratory instrumentation, skilled technicians, good infrastructure,
and reliable sources of cleanwater and electricity.Consequently, there
is a need to develop and introduce innovative tools that are appropriate
forMNassessment in low-resource settings. These diagnostics should
be cost-effective, simple to perform, robust, accurate, and capable of
being performedwith basic laboratory equipment. Currently, such tech-
nologies either do not exist or have been applied to the assessment
of a few micronutrients. In the Demographic and Health Surveys
(DHS), a few such examples for which “biomarkers” of nutrition devel-
opment have been assessed in low-resource settings usingfield-friendly
approaches are hemoglobin (anemia), retinol-binding protein (vitamin
A),andiron(transferrinreceptor). Inallof theseexamples,sampleswere
collectedmainlybynonmedicalstaffandanalyseswereconductedin the
surveycountryby technicians fromthe localhealthor researchfacilities.
This article provides information on how theDHS has been able to suc-
cessfully adaptfield-friendly techniques in challenging environments in
population-based surveys for the assessment of micronutrient deficien-
cies. Special emphasis is placed on sample collection, processing, and
testing in relation to the availability of local technology, resources,
and capacity. Am J Clin Nutr 2011;94(suppl):685S–90S.

BIOMARKER COLLECTION IN THE DEMOGRAPHIC
AND HEALTH SURVEYS

The Demographic and Health Survey (DHS) program has been
at the forefront of incorporating biomarker testing in large-scale
national household surveys. To date, the DHS has measured 16
different biomarkers in .80 developing countries in .200 sur-
veys (Table 1). This has been possible because of the investment
DHS puts into training and building in-country capacity and the
availability of new or existing technologies and tests that can be
adapted and applied to a survey.

Ideally, tests for measuring biomarkers in population-based
surveys should be field-friendly, defined as follows:

1) Tests should be able to be applied directly in the field.
2) Tests should require minimal equipment.
3) Field staff should require minimal training to be able to

perform the tests.

4) Samples used in the tests should be easy to collect, handle,
and transport.

5) There should be a short turnaround time for results if the
testing is done in a central laboratory.

Tosupportfield testing, theequipmentorkits for the tests need to
be rugged, portable, resilient to extreme temperatures and hu-
midity, and relatively inexpensive. Furthermore, the tests should
perform well under field conditions and show a high degree of
accuracy, sensitivity, and specificity for the biomarkers of interest.
Meeting all of these conditions is a challenge. However, the con-
fluence of advances in research and technology, increasing donor
interest, and the capacity of DHS to implement biomarker tests in
challenging environments have made it possible for DHS to in-
corporate more biomarkers in survey operations.

Tests for biomarkers in population-based surveys are com-
monly performed by nonmedical staff, and therefore the tests
have to be the least intrusive as possible and should preferably
deliver results in a short period of time because testing is con-
ducted in the household and more often than not includes young
children aged ,5 y.

Most tests require the collection of blood, which produces
layers of complexities and considerations for survey operations.
First, the intrusiveness of the method could reduce the response
rate for the test and possibly for the overall interview as well.
Expert training of the interviewer/tester in how to approach the
potential respondents in a sensitive manner, coupled with pro-
ficiency in the application of the test, has been critical in main-
taining high response rates. Here again, technology comes to the
aid of measurement. For example, in the case of the measurement
of hemoglobin for the determination of anemia, development
of portable analyzers such as the HemoCue (HemoCue AB,
Angelhom, Sweden) have made it possible to use a very small
amount of blood from a finger prick to produce reliable results
within a few minutes.
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In the past, many tests required the collection of venous blood,
making it necessary to have specially trained phlebotomists,
which made the survey operation more expensive. However, the
main challenge in collecting venous whole blood is the preser-
vation of the integrity of the blood components before analysis in
a central laboratory. The preservation of venous whole blood
samples requires a “cold chain” in the field setting, which has to
be maintained from the point of collection up to the storage and
processing of samples at the central laboratory. Furthermore,
a relatively large sample of blood is often collected. The col-
lection of blood on filter paper cards as dried blood spots (DBSs)
has facilitated the addition of biomarkers other than HIV in DHS.

The increased application of tests based on the collection of
DBSs has revolutionized the capacity to obtain biomarkers in
field settings. DBS samples have several advantages over venous
blood (1, 2). The use of DBS samples has eliminated the need for
a cold chain and refrigeration of specimens in the field, reducing
considerably the complexity of storage in remote areas and
transport to the laboratory. DBSs are obtained from the prick of
a finger (or a heel in the case of very young children), thus re-
ducing the need for syringes and needles and test tubes and racks
and reducing the invasiveness of the procedure. DBS samples are
collected in preprinted circles on a filter paper card, dried over-
night, protected with glassine paper, sealed tightly in commer-
cially available plastic bags with desiccants and humidity indicators,
and then transported with relatively little effort to the central
laboratory for testing. Many new tests, including those for HIV,
micronutrients, infectious diseases, and tracking immunization
coverage, are increasingly being validated for use with DBSs.

The availability of simpler tests, however, does not mean that
conducting biomarker tests in the field is simple. Due consid-
eration needs to be given to protection of human subjects (including
protection of the persons collecting samples), informed consent
procedures, formal approval of the survey protocol by one or
more institutional review boards, procurement of all equipment
and supplies and delivery in a timely manner (including attention

to customs requirements and local rules and regulations), com-
prehensive training and field practice, preparation of detailed
manuals for blood collectors and field supervisors, the logistics of
getting needed supplies into the field, careful arrangements for
the safe disposal of biohazardous waste, assessments of labo-
ratory capabilities, and the preparation of laboratory protocols.
The procedural steps for the collection of biomarkers in a typical
DHS are outlined in Figure 1.

This article focuses on the DHS experience in using field-
friendly technologies to assess micronutrient deficiencies in Tan-
zania and Uganda.

OVERVIEW OF VITAMIN AND MINERAL DEFICIENCIES
IN TANZANIA AND UGANDA

Vitamin and mineral deficiencies (VMDs) remain a significant
public health problem affecting all segments of society in both
industrialized and developing countries. In many developing
countries, the problems are especially severe. The prevalence of
vitamin A, iron, zinc, folate, and vitamin B-12 deficiencies are
particularly high and are associated with significant adverse health
consequences, including impaired immune function, slowed cog-
nitive development, and an increased risk of severe infection and
mortality. According to a 1998 report from the Tanzania Food and
Nutrition Centre, the prevalence of VAD in lactating women was
69% andwas 24% in children aged 6–59mo (3).More recently, the
Tanzania DHS (TDHS) found that the prevalence of anemia in
pregnant women and children aged 6–59 mo was 48.4% and
71.8%, respectively (4). The picture of micronutrient deficiencies
in Uganda is as dire as in Tanzania. The 2006 Uganda DHS
(UDHS) report cited a prevalence of anemia of 49% in women
aged 15–54 y and 73% in children aged 6–59 mo (5). The
prevalence of VAD in these 2 groups was 19% and 20%, re-
spectively. The last report on iron deficiency (ID) in Uganda on
the basis of serum ferritin concentrations quoted a prevalence of
51.1% in pregnant women, 37.9% in nonpregnant women, and

TABLE 1

Biomarker tests conducted under the Monitoring and Evaluation to Assess and Use Results (MEASURE) Demographic and Health Survey (DHS) project1

Biomarker

Year test

first done

No. of surveys

including test Population typically tested2
Sampling method and

equipment used

Anthropometric measurements

(weight, height, age)

1987 147 Women aged 15–49 y; children

aged 0 (6)–59 mo; men aged 15–59 y

Noninvasive, measuring

board and scale

Hemoglobin (for anemia) 1995 78 Women aged 15–49 y; children

aged 0–59 mo; men aged 15–59 y

Capillary blood, HemoCue

portable analyzer3

HIV 2001 41 Women aged 15–49 y; men

aged 15–59 y

Capillary blood, DBSs

Blood pressure 1998 8 Women aged 15–49 y; men

aged 15–59 y

Noninvasive, automatic

cuff

Syphilis 1996 6 Women aged 15–49 y; men

aged 15–59 y

Venous blood, RPR

Vitamin A 1996 4 Women aged 15–49 y; children

aged 0 (6 or 12)–59 mo

Capillary blood, DBSs,

HPLC, RBP-EIA

Malaria 2006 3 Women aged 15–49 y; children

aged 0 (6)–59 mo

Capillary blood, RDT,

thick/thin slides

1 Other, less-common tests: hepatitis B, hepatitis C, herpes, measles, tetanus, chlamydia, diabetes, lipids, C-reactive protein, transferrin. DBSs, dried

blood spots; RPR, rapid plasma reagin; RBP-EIA, retinol binding protein enzyme immunoassay; RDT, rapid diagnostic test.
2 Varies by country; the numbers in parentheses reflect the variation in ages in a typical DHS population (eg, men aged 15–54 or 15–64 y; children aged

0–59 or 6–59 mo).
3 HemoCue AB, Angelhom, Sweden.
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45.4% in 9-mo-old infants (6). These data indicate that VMDs are
a public health problem in Tanzania and Uganda. Consequently,
Tanzania and Uganda, like other countries that aim to eliminate
hunger and poverty and reduce preventable maternal and child
mortality to meet a number of the Millennium Development Goals,
have initiated many public health initiatives focused on the
elimination and/or control of VMD. The planning and imple-
mentation of these initiatives can be better guided by collecting
baseline data on VMD, as was carried out in the UDHS 2006 and
the TDHS 2009.

APPLICATION OF FIELD-FRIENDLY TECHNIQUES TO
ASSESS VAD AND ID IN THE UDHS AND TDHS

Subjects and methods

The UDHS was conducted in 2006, and the TDHS 2009 is
currently collecting data (data collection is expected to end inmid-
May). In the UDHS and the TDHS, concentrations of retinol-
binding protein (RBP; a proxy for retinol) and transferrin receptor
(sTfR) were measured to assess the prevalence of VAD and ID,
respectively.We alsomeasured C-reactive protein (CRP) to adjust
theRBPdatafor theeffectof inflammation/infection.DBSsamples
were collected fromwomen and children, as described below, and
transferredtoacentral laboratoryfor testing.All testingwascarried
out by local personnel using commercially obtained test kits.
Hemoglobin was also measured in the household in women and
children using a portable device (HemoCue) to assess the preva-
lence of anemia.

Sample size calculations in the DHS

In DHS surveys, sample size is determined for various indi-
cators including fertility and mortality of a given population.

Typically, all households or half of the sampled households are
included for anemia testing. Sample size determinations are
usually made for smaller regions and extended to the entire
population. Depending on the country, a sample of 300–1500
households comprises a smaller region. There are various factors
used in calculating the sample size for biomarkers to be included
in the survey. One of the factors used is the “indicator value,”
which is derived from the prevalence of a given condition. The
indicator value for biomarkers of nutrition is almost .20% in
most of the survey countries. The values for prevalence, total
sample size, design effect (calculated for each variable and an
average is used), and relative errors are inserted into the formula
for calculation of the sample size required for biomarker testing.
Typically, as the indicator value increases, the sample required
for smaller regions will be low. In addition, budget plays an
important role in determining sample size for a given survey, an
undersize sample may not have the power to show the desired
results; however, an oversized sample may be a waste of re-
sources. Sample size is determined during the planning phases
of the survey because it has direct bearing on the cost and pro-
curement of supplies for biomarkers tested.

Sample collection

Obtaining consent

Before sample collection, verbal informed consent was
obtained directly from respondents aged 18–49 y. For respond-
ents aged 15–17 y, verbal informed consent was first obtained
from the parent or adult responsible for the youth. If the parent or
adult consented to the testing of the youth, assent was required
from the youth to proceed with the blood collection. In cases in
which the parent gave consent but the youth did not assent, no
blood samples were collected. Verbal consent was obtained from
parents or adults responsible for children aged 6–59 mo.

FIGURE 1. Procedural steps for the collection of biomarker data in a typical Demographic and Health Survey (DHS).
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Blood collection

Although it is recognized that serum is the sample of choice for
many biochemical assays, DHS typically collects blood samples
as DBSs because of reasons mentioned previously. For the
measurement of CRP, RBP, and sTfR in the UDHS and TDHS, we
collected DBS samples for the analysis of these markers. The
sample collection procedure has been described in detail else-
where (7). Briefly, blood was collected directly from a finger
prick by allowing blood drops to fall freely inside of preprinted
circles on special filter paper cards (Whatman 903; GE Healthcare
Bio-Sciences Corp, Piscataway, NJ), dried overnight, packaged,
and sent to the laboratory for testing.

Specifically, either the third or fourth finger (ring finger; counting
from the thumb) was cleaned with a cotton swab containing 70%
alcohol, air-dried, and punctured with a sterile, retractable lancet
(2.5 mm depth; Owen Mumford, Marietta, GA). The first blood
dropwaswiped awaywith a sterile gauze pad, and the circles on the
filter paper card were filled with free-flowing blood (one drop of
blood per circle) from the puncture. A Band-Aid (plaster; NDC Inc,
La Vergne, TN) was used to cover the puncture site after the blood
had stopped flowing.

The filter paper cards with the blood spots were then placed
horizontally in a drying rack thatwasfixed to the inside of a plastic,
rectangular box with a lid (drying box). Desiccants (Minipak;
Multisorb Technologies, Buffalo, NY) were placed in the box to
keep the cards dry and to hasten the drying process. The amount of
humidity inside the box was monitored with humidity indicator
cards (Humonitor; Multisorb Technologies). After the DBSs had
dried completely overnight, the field technician, wearing gloves,
removed the filter paper cards one by one from the drying box,
placedasheetofglassinepaperover thebloodspots, andpacked the
cards individually in a low, gas-permeable, plastic zip-lock bag
containing 2–3 sachets of desiccant and a humidity indicator card.
The zip-lock bags containing the filter paper cards were then
placed in a larger plastic bag in a portable battery-operated re-
frigerator at 4�C until they were transferred from the field site to
the central laboratory for testing.

To transfer the samples to the central laboratory, the large
plastic bags holding the DBS samples were moved from the
portable refrigerator to a box containing ice packs and transported
to the laboratory and stored at 220�C until tested.

To keep track of survey samples, at the time of collection
a unique, alpha-numeric barcode identification was pasted on the
filter paper card, and the same barcode was pasted onto a sample
tracking form (sample transmittal sheet); this form sent along
with the samples to the laboratory. At the laboratory, the barcode
ID on each sample was checked against the barcode ID on the
tracking form, and discrepancies between the number of samples
received and the number of barcodes on the tracking form were
noted. Samples without barcodes were not tested because the
barcode IDs are the only link between the households’ and re-
spondents’ demographic data.

LABORATORY ANALYSIS OF DBS FOR CRP, RBP,
AND sTfR

All DBS samples collected in the UDHS 2006 and TDHS 2009
were checked individually for stability (gauged by a humidity
indicator card), adequacy of spots, blood clots, smudges, con-
tamination with dirt or another substance, or incompletely filled

circles. Once the samples were deemed adequate for testing, they
were allowed to reach room temperature and were tested for the
3 biomarkers using commercially available test kits, with the
exception of CRP testing in the UDHS, which was tested using an
in-house assay (CSDE Biodemography Core; University of Wash-
ington, Seattle, WA). For the TDHS, we used the Bender Med-
Systems instant enzyme immunoassay (Bender MedSystems,
Vienna, Austria); for RBP, we used the Scimedx RBP Assay
(Scimedx Corporation, Denville, NJ); and sTfR was determined
by using a commercial enzyme immunoassay (TF-94; Ramco
Laboratories, Stafford, TX) (8, 9). Because these assays were not
developed for the DBS, it was necessary to assess the elution
profile of the analytes of interest from the filter paper matrix,
a procedure we believe should always be done. We validated the
DBS as a sample matrix for CRP, RBP, and sTfR. The procedure
for validation of DBS for these markers has been discussed
previously (7).

DISCUSSION

The successful inclusion of multiple biomarkers of nutrition in
2 DHSs (and anemia and vitamin A testing in 78 surveys)
exemplifies how biomarker collection can be effectively in-
troduced into large, population-based surveys. Drawing on its
extensive experience collecting biomarkers on anemia and es-
pecially HIV, and in obtaining anthropometric measurements, the
DHS was able to overcome the following logistical challenges:
sample collection, sample transport to a central testing facility,
supervision of staff, management of a large number of samples,
management of large volumes of data, and measurements of 3
biomarkers as part of a nationally representative survey. The suc-
cessful outcome of these 2 surveys—Tanzania and Uganda—
showed that it is feasible to measure biomarkers in challenging
environments, and where local technical capacity may be limited, if
adequate training of staff and sustained supervision of the project is
made a priority of stakeholders. Because the DHS is the leading
source of demographic and health data, the assessment of VMD in
the context of a DHS provides a very rich blend of demographic,
health, and nutrition data that are invaluable not only to ministries of
health but to academicians, researchers, program managers, and
public health workers.

Despite the extensive training of staff and capacity building
that go into each DHS, there are still numerous challenges within
the survey country that have a direct bearing on the outcome of
the testing. These challenges must not only be recognized before
implementation of the survey butmust be addressed head on if the
survey is to be successful. For example, in most DHS countries,
infrastructure is a serious hindrance to testing large numbers of
samples. There is usually inadequate space for sample analysis,
lack of refrigerators and freezers for storage of samples, an
unstable supply of electricity, and a lack of facilities to produce
deionized water. In many laboratories, the equipment needed to
conduct testing is not available or, if it is, has not been serviced or
is not working properly. Furthermore, there is the issue of
recruiting enough full-time staff to conduct the testing (which can
last up to 4 mo) or the staff available may not have the skills to
conduct the chosen assays. Whenever feasible, the DHS works
with the survey implementing organization in the country to
rectify these problems before implementation of a survey. The
DHS provides intensive training to the staff, procures equipment
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and supplies, and provides ongoing technical support and su-
pervision for the laboratory analyses. Apart from the on-the-
ground challenges, the DHS also is also cognizant of the utility of
measuring the respective biomarkers as a proxy for a vitamin or
mineral deficiency in the context of a national survey and of the
appropriate selection of the sample type and test kits for analysis.

In DHS surveys, the prevalence of anemia is used as a crude
measure of iron deficiency (ID). Although anemia is a crude
measure of ID, it is an effective screening tool for anemia in
population-based surveys and allows for on-the-spot reporting of
results to respondents. However, anemia testing when coupled
with accurate measures of VMD can provide insight into the
underlying cause of the condition. Consequently, the DHS in-
corporated the measurement of sTfR as a marker of ID in the
UDHS and TDHS, in conjunction with hemoglobin measure-
ments. The major advantages of measuring sTfR are that in-
fection or inflammatory processes do not significantly affect the
assay (10), and its concentration does not vary with age, sex, or
pregnancy status (11, 12). Currently, the only major limitation
with the use of sTfR is that there is no internationally certified
standard available, and each method or kit has its own cutoff.
Because different methods for the measurement of sTfR correlate
very well (13), it is relatively easy to get the same prevalence
rates when the appropriate cutoff is used.

TheWorld Health Organization recommends the measurement
of serum retinol (vitamin A) for assessment of vitamin A status at
the population level. HPLC is the preferred method for the de-
termination of vitamin A because HPLC is considered to be
reliable and highly accurate. However, HPLC requires skilled
staff, the equipment is expensive, and the analytic procedure is
long and cumbersome. For the assessment of VAD as a public
health concern, RBP has been recommended as a surrogate
marker of retinol (14) and has been used by the DHS and others to
assess VAD at the population level (9, 15, 16). RBP lends itself
best to DHS because blood can be collected as DBSs and the
samples analyzed in a central laboratory by enzyme immuno-
assay. Even though it is feasible to measure retinol in DBSs, the
analysis requires the use of HPLC (17). Furthermore, RBP in
DBSs is relatively stable compared with retinol in DBSs and
is less likely to be degraded in the filter paper matrix when col-
lected under harsh environmental conditions that exist in tropical
countries.

Despite overcoming someof the challenges of assessingVADin
fieldsettingsbymeasurementofRBPinDBSs, thereare limitations
to usingRBP (and retinol) for the assessment ofVAD.Specifically,
it is known that the concentrations of RBP (15) and serum retinol
(18, 19) decrease during the acute phase response to infection. The
modulatory effect of infection/inflammation on retinol and RBP
concentrations is problematic, particularly in developing coun-
tries, in which there is a high burden of infection. Consequently,
there is a high likelihood that apparently healthy young children
and women recruited to participate in vitamin A surveys harbor
a subclinical infection. In the UDHS 2006, the prevalence of any
infection/inflammation (.5 mg CRP/L) was 34.9% and 58%
in women and children, respectively (unpublished data, Macro
International, 2006). Thus, to improve estimates of vitamin A
deficiency in surveys that use serum retinol and RBP, the simul-
taneous assessment of positive acute-phase proteins such as CRP,
a1-acid glycoprotein, and a1-antichymotrypsin is recommended
(18–23). Furthermore, by measuring CRP, the RBP data can be

adjusted for infection status, rather than excluding respondents
with a subclinical infection from the data analysis, which could
potentiate sampling bias (24).

CONCLUSIONS

In population-based surveys conducted in developing coun-
tries, a major hindrance to effective assessment of VMD is the
lack of appropriate and cost-effective tools that can effectively
and accurately assess micronutrient deficiencies. This is critical
for establishing the magnitude of the problem, identifying sub-
populations at greatest risk, better designing and prioritizing
interventions, and monitoring and tracking the progress that has
been achieved through micronutrient intervention programs. The
2 examples cited above show that it is feasible to measure bio-
markers of nutrition in a nationally representative, population-
based survey in the face of the numerous challenges that exist in
most developing countries. The successful collection of bio-
marker data in the UDHS and TDHS serves as a model to in-
corporate biomarkers of nutrition in other surveys. In the future, it
would be ideal to have an assay that can measure all of the
biomarkers collected in the UDHS and TDHS from a single
sample, as this has the potential to reduce survey cost by reducing
the time required to analyze samples, thereby producing results in
a shorter time frame and decreasing the amount of supplies and
reagents required. An assay that meets many of these require-
ments is under development at the Program for Appropriate
Technology in Health (PATH), Seattle, WA, but it is not yet ready
for field use.
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