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Introduction: Selenium (Se) deficiency is increasingly recognized as a public
health problem in sub-Saharan Africa.

Methods: The current cross-sectional study assessed the prevalence and
geospatial patterns of Se deficiency among children aged 6-59 months (n=741)
and women of 15-49 years old (n=831) selected by simple random sampling in
rural Zimbabwe (Murewa, Shamva, and Mutasa districts). Venous blood samples
were collected and stored according to World Health Organization guidelines.
Plasma Se concentration was determined by inductively coupled plasma-mass
spectrometry.

Results: Median, Q1, and Q3 plasma Se concentrations were 61.2, 48.7, and
73.3 pg/L for women and 40.5, 31.3, and 49.5 pg/L for children, respectively.
Low plasma Se concentrations (9.41 ug/L in children and 10.20 pg/L in women)
indicative of severe Se deficiency risk was observed. Overall, 94.6% of children and
69.8% of women had sub-optimal Se status defined by plasma Se concentrations
of <64.8 pg/L and <70 pg/L, respectively.

Discussion: High and widespread Se deficiency among women and children in
the three districts is of public health concern and might be prevalent in other
rural districts in Zimbabwe. Geostatistical analysis by conditional kriging showed
a high risk of Se deficiency and that the Se status in women and children in
Murewa, Shamva, and Mutasa districts was driven by short-range variations of
up to ~12 km. Selenium status was homogenous within each district. However,
there was substantial inter-district variation, indicative of marked spatial patterns
if the sampling area is scaled up. A nationwide survey that explores the extent and
spatial distribution of Se deficiency is warranted.

selenium deficiency, conditional kriging, geospatial patterns, micronutrients,
glutathione peroxidase 3, iodothyronine deiodinase
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1. Introduction

Worldwide, an estimated one-in-two children aged 6-59 months
and two-in-three women of reproductive age (WRA) have at least one
micronutrient deficiency (1). In sub-Saharan Africa (SSA) and South
Asia, children aged 6-59 months and WRA are the most vulnerable to
vitamin and mineral deficiencies, due in part to greater requirements
(1-3). Recent estimates of dietary mineral supplies indicate that
micronutrient deficiencies (MNDs), such as Se may have considerable
public health significance (4, 5).

Selenium is an essential micronutrient for human health (6-8).
Selenium forms inorganic and organic compounds. The inorganic
forms include selenate (VI) and sodium selenite (selenate IV),
while the organic forms include selenomethionine and methylated
selenocysteine (9). Selenium speciation significantly affects the
potential benefits of this element to mammal health, with organic
Se forms (selenocysteine and/or selenomethionine) being the most
effective bioavailable Se species for human nutrition (10-12).
Selenium is typically found in meat and meat products (13).
Negligible amounts are obtained via drinking water (14). Selenium
has multiple biological activities, which depend on the level of Se
intake (15). Selenium is a component of enzymes that play a key
role in the regulation of thyroid hormone metabolism, antioxidant
defense systems, and oxidative metabolism (8, 13). Selenium
deficiencies can lead to gestational complications, miscarriages,
and oxidative stress (13, 16).

Relatively low Se intakes determine the expression of
selenoenzymes in which it serves as an essential constituent
whereas, higher intakes have been shown to have anti-tumorigenic
potential (15). Selenium exposure with beneficial effects on human
health has generally been limited to around 50-100 pg/day unless
dietary supplements with higher levels of Se are consumed (13, 17)
with an upper tolerable limit of 400 pg/day (18). On the other
hand, supra-nutritional levels might have adverse effects (19). The
recommended intakes of Se have been calculated from the
requirement for optimum plasma glutathione peroxidase 3
(GPX3), selenoprotein P (SELENOP), and iodothyronine
deiodinase (IDI) activities based on Thomson (10). The World
Health Organization (WHO) recommends a daily intake of Se at a
level of 55 pg for adults (18). The Se requirements for pregnant and
lactating women are higher and range from 60-70 pg/day and that
for children range between 15-40 pg/day depending on age (20,
21). However, at the country level, there is a lot of variation in the
recommended daily intakes (13, 22).

Human Se deficiency status is generally defined as plasma Se
concentrations less than 70 pg/L (23). Various thresholds of plasma
Se concentration have been used to define deficiency based on the
associated expression of Se-containing proteins (10, 24). Plasma Se
concentrations of >100, >84.9, and >64.8 pg/L are typically used as
thresholds for optimal activities of selenoprotein P (SELENOP),
glutathione peroxidase 3 (GPX3), and iodothyronine deiodinase
(IDI), respectively (10, 24). Selenoprotein P is essential for Se
transport and homeostasis (25), GPX3 contributes to protecting
the organism from oxidative damage (9), and IDI is essential for
growth and normal thyroid function (26). Selenium deficiency is
associated with the pathogenicity of several viruses, including
human immunodeficiency virus (HIV) (27). The African region is
the most affected, with 25.7 million people living with HIV in 2018
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(28). Viral infection simultaneously increases the demand for
micronutrients and causes their loss, exacerbating deficiency (27).
Selenium deficiency poses a potential public health concern,
particularly in Africa, where HIV is most prevalent.

Worldwide, up to one in seven people have been estimated to
have low dietary Se intake (29). Dietary Se deficiency is estimated
to affect about 0.5 to 1 billion people across the world (30, 31) and
this may be exacerbated by climate change (32). Selenium
deficiency is widespread among women and children in Africa (33,
34), where a 28% prevalence of inadequate dietary Se intake was
estimated (35). The Se status of populations varies markedly as a
result of different geological, geochemical, and climatic factors
(36). Marked spatial variations and patterns in human Se status
have been observed in Malawi (24, 37) and Ethiopia (23, 38). Soil,
forage, livestock, and human Se deficiencies have been previously
reported in Zimbabwe (39-41). However, no national Se data exist
for the country. The current study reports findings from a pilot
micronutrient biomarker survey, the aims of which were to inform
micronutrient national surveillance and provide a clear evidence
base for the delivery of targeted interventions across Zimbabwe by
the Government of Zimbabwe (GoZ), partners, and other
stakeholders. The study looked at the prevalence and geospatial
patterns of Se deficiency in women and children from three rural
districts; Murewa, Shamva, and Mutasa.

2. Materials and methods
2.1. Study site, sampling, and participants

The current paper presents data on the prevalence and geospatial
patterns of Se deficiency in WRA (n=831) and children aged
6-59months (n=741) from a cross-sectional biomarker survey
conducted between October 2021 and January 2022. The survey
covered three rural districts; Murewa (17.6502°S, 31.7787°E), Shamva
(17.04409°S, 31.6739°E), and Mutasa (18.6155°S, 32.6730°E) in
Zimbabwe. The districts were chosen based on high stunting rates at
36.2, 37.7, and 30.9%, respectively and low dietary diversity, with
15-29.9% of children 6-59 months getting the minimum number of
required food groups (42, 43). The sampling design was nested at the
level of the National Demographic Health Survey (DHS) sampling
approach (44).

Thirty Enumeration areas (EAs) were selected per district. An
EA contains an average of 120 households (44). EAs were selected
by proportional probability sampling (PPS) with inclusion
probabilities proportional to the most recently recorded population
(45). Household listing was undertaken for all eligible households
in the selected EAs. Following the listing, 10 households in each
EA were selected by random systematic sampling without
replacement. In households where more than one set of eligible
individuals was identified, one mother-child pair was randomly
selected using the Kish Grid (46). The location of each household
(sampling point) was determined using a global positioning system
receiver (GPS) and verified through matched EA shape files
(Figure 1). Recruitment was done at the household level, with
participants then directed to the nearest health facility for data
collection. Additional information on the sampling design is
described in Mutonhodza et al. (70).
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FIGURE 1

Sampling locations of eligible households (n=900), from which study
participants were recruited in Shamva, Murewa, and Mutasa districts
from rural Zimbabwe.

2.2. Data collection and analysis

2.2.1. Demographic characteristics

A questionnaire adapted from the ZDHS was used to collect
household demographic data (44). This questionnaire assessed
residency by district, maternal age, child age, and sex amongst other
parameters. Enumeration was done by trained research assistants
from the Ministry of Health and Child Care (MoHCC) and the
University of Zimbabwe. The questionnaire was standardized in the
local language, pilot tested, and refined before data collection.

2.2.2. Data and sample management

A temporary laboratory was established at each collection site to
minimize contamination, facilitate accurate record keeping, and for
traceability of samples. Strict quality control measures were followed
as guided by the Centre for Disease Control and Prevention (CDC)
(47). All participants were assigned a unique numeric ID that was
labeled on samples, the labels were identifiable by district,
demographic group, and destination. The IDs were also used on data
capture forms, sample collection materials, and subsequent analyses
to maintain anonymity. Demographic and specimen data were
collected using passcode-protected tablets with KoboToolbox software
(Android v2022.1.2). Data was reconciled and transferred daily to the
central data processing server.

2.2.3. Blood sampling and analysis

One casual blood sample (6 mL blood) was collected from WRA
and children 6-59months by venipuncture by experienced

Frontiers in Nutrition

10.3389/fnut.2023.1235113

phlebotomists and processed as per the World Health Organization
(WHO) blood collection guidelines (48). Blood was centrifuged using
a portable centrifuge model 521-2,854 (VWR compactStar CS4, Rotor.
United Kingdom) to isolate the plasma and aliquoted in triplicate into
cryovials in the field. CDC guidelines were followed to reduce the risk
of hemolysis (49). Plasma samples were transported daily from the
collection health centers to the district hospital, via a cold chain before
being taken to the University of Zimbabwe laboratory in Harare where
they were stored at —80°C. One replicate sample of plasma was
shipped on dry ice to Germany for analysis of biomarkers of
inflammation, CRP, and AGP by a sandwich ELISA as adapted from
Erhardt et al. (71).

Another set of replicate plasma samples was shipped on dry ice to
the University of Nottingham, UK for quantification of plasma Se
concentration using ICP-MS as described by Belay et al. (2020) and
Phiri et al. (2019). The limit of detection (LOD) for all elements was
measured as 3% the standard deviation of 10 operational blanks; the
limit of quantification (LOQ) was calculated as 10x this standard
deviation. The LOD and LOQ were 0.029 and 0.096 pg/L, respectively.
Accuracy was verified using two appropriate reference materials
(Seronorm™ L-1 (Lot 1,801,802) and Seronorm™ L-2 (Lot
1,801,803)); (Nycomed Pharma AS, Billingstad, Norway). Average Se
recovery when compared to accredited values determined across 40
analytical batches of blood plasma was 99 and 102% for L-1 and L-2,
respectively. There was no significant negative correlation between
plasma Se concentration and any of the inflammation biomarkers
(Supplementary Material 1), thus no correction was applied for
inflammation (48, 50).

2.2.4. Data analysis

Prevalence of Se deficiency was then compared against plasma Se
concentration thresholds of 70 pg/L (23, 24) and >100, >84.9, and
>64.8 ng/L previously indicated as optimal activities of SELENOP,
GPX3, and IDI, respectively (10). Descriptive statistical analyses were
conducted using SPSS version 20 (IBM, New York, United States),
while geostatistical analyses were conducted using R (51). Exploratory
data analysis used simple summary statistics and plots, notably
quantile-quantile (QQ) plots to check for outliers and data normality
(52). To check for evidence of spatial trends, classified post plots were
plotted, which showed the spatial location of data using symbols to
indicate quantiles. The variance parameters were estimated by residual
maximum likelihood (REML), with the /ikfit (53) procedure for the
R platform (51). A linear mixed model (LMM) approach was applied
in which the only fixed effect was a constant mean. Following the
exploratory analysis, ordinary kriging was used to predict the plasma
Se concentration of unsampled WRA and children aged 6-59 months
at the household level in the three districts. The predictions were made
using the geoR library in the R platform (51, 53). Cross-validation of
the models was performed by omission of one of the observed data
points in turn from the set of Se data and its value predicted by
ordinary kriging with a suitable model (54). The goodness of fit of a
model was assessed by examining the median standardized squared
prediction error (SSPE) (55). The exponential and spherical models
were both plausible.

To map plasma Se concentrations for WRA and children, ordinary
kriging estimates of individual concentrations were computed by
district boundaries at nodes of a 250 m square grid. Congruent with
other studies (23, 24) the conditional threshold used was: plasma Se
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concentration for optimal activity of GPX3 for WRA based on its
reproductive functions (16) and plasma Se concentration for optimal
activity of IDI for children based on its importance in child growth
and development (26, 56). The conditional probabilities were
presented as calibrated verbal phrases on the Intergovernmental Panel
for Climate Change (IPCC) scale, supplemented with a definition of
the probability range (57).

2.2.5. Ethical statements

The study was conducted in line with the Declaration of Helsinki.
Ethical approval was obtained from the Institutional Review Boards
(IRBs) of the University of Nottingham (Reference#446-1912) and the
Medical Research Council of Zimbabwe (MRCZ/A/2575 &
MRCZ/A/2664). Shipping permissions, including a material transfer
agreement (MTA), were secured in Zimbabwe and UK before sample
shipping. Permission to conduct the research study in communities
was obtained through consultative engagement with local government
officials and the Ministry of Health at the provincial, district, clinic,
and village levels. Written informed consent from all WRA and assent
for all child participants was obtained before the commencement of
data collection.

3. Results

From the targeted sample size of 1800 plasma Se samples (WRA,
n=900; children 6-59 months, 7n=900) a total of 1,572 (WRA, n=831;
children 6-59months, n=741) plasma Se measurements were
adequate for presentation in this paper.

3.1. Demography of study participants

The sample size of the three districts (Mutasa/Murewa/Shamva)
was proportionate across the two demographic groups. The male/
female ratio of the sampled population of children was also
proportionate (1,1) across districts (Table 1). The median (Q1, Q3) age
for the children was 28.8 months (17.8, 43.5), and that for women was
30vyears (24, 37).

3.2. Prevalence of Se deficiency

Selenium deficiency was highly prevalent in both women and
children in all three rural districts. Children were more likely to
be deficient than women, with 94.6% (<64.8pg/L) and 69.8%
(<70 pg/L), respectively. The overall median (Ql, Q3) Se
concentrations were 61.2 ng/L (48.7, 73.3) and 40.5 pg/L (31.3, 49.5),
respectively. Notable evidence of severe Se deficiency risk was
observed in the sample population, with children recording plasma Se
concentrations as low as 9.41 pg/L and 10.20 pg/L being the minimum
in WRA (Table 2). Plasma Se concentrations differed between
districts, ranging from a median (Q1, Q3) of 36.5pg/L (27.8, 44.1) in
Murewa district to 71.7 pg/L (62.1, 84.9) in Mutasa district. Variations
in plasma Se concentrations were notable between districts. Shamva
and Murewa had comparable values. Participants in Murewa district
had the lowest median plasma Se concentration and participants in
Mutasa had the highest. Remarkably, in Mutasa, there was a substantial
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TABLE 1 Characteristics of study participants.

Characteristic ‘ n ‘ %

Children 6-59 months

District

Murewa 247 29.7
Shamva 274 37.0
Mutasa 220 333
Sex

Male 368 49.7
Female 373 50.3
Age (months)

Median (Q1, Q3) 28.8(17.8,43.5)

Women 15-49 years

District

Murewa 281 30.0
Shamva 301 36.2
Mutasa 249 33.8
Age (years)

Median (Q1, Q3) 30 (24, 37)

difference in plasma Se concentrations between the two demographic
groups with median plasma Se concentrations of 71.7 pg/L (62.1, 84.9)
in WRA and 47.2 ug/L (37.1, 58.0) in children.

3.3. Geostatistical modeling of Se
deficiency in WRA and children

6—-59 months in Shamva, Murewa, and
Mutasa districts

3.3.1. Exploratory analysis

Of the 1,572 plasma samples analysed 183 (WRA=74,
children = 109) were excluded from the geostatistical analysis due to
erroneous or missing GPS coordinates (23), to improve the accuracy
of the variogram estimations. The assumption was that the missing
data would not introduce bias as the minimum number of sampling
points used (200) exceeded the minimum required for effective
variogram estimations (54). A few outliers were observed in the
upper tail and were accounted for by the use of the Cressie-Hawkins
(58), a robust estimator which downplays the effect of outliers (54).
All the variables were regarded as normally distributed (Table 3) as
the Se data did not have significantly skewed distributions (octile
skew <0.2) (59), suggesting that the assumption of stationary
variation about a fixed mean was reasonable (55). From the classified
post plots, there was no visible spatial trend in the distribution of
plasma Se concentrations in both women and children in all
three districts.

3.3.2. Variogram estimation and validation

Table 4 shows the median standardized squared prediction error
(SSPE) for the cross-validation of each variogram model. The
variogram model selected in each case was the one with a median
SSPE closest to the expected value of 0.455 for a valid variogram
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TABLE 2 Selenium status by district and demographic group.

10.3389/fnut.2023.1235113

Variable District Plasma Se (pg/L)! Prevalence (%) of Se deficiency
Median Mean SD Min. Max. Plasma SELENOP GPX3 IDI
Set (<100pg/L)  (<84.9pg/L) (<64.8ug/L)
(<70pg/L)
Children 6-59 months
Murewa 36.5 (27.8, 37.0 12.6 9.4 80.0 98.0 100 100 97.6
44.1)
Shamva 402 (31.6, 40.1 113 12.2 76.8 98.2 100 100 97.8
48.0)
Mutasa 472 (37.1, 485 185 12.7 175.2 92.3 98.2 96.8 87.3
58.0)
Overall 405 (31.3, 416 15.0 9.4 175.2 96.4 99.5 99.1 94.6
49.5)
Women 15-49years
Murewa 53.0 (42.5, 53.8 16.7 10.2 1153 84.0 98.9 96.8 74.8
64.8)
Shamva 58.5 (47.6, 59.6 17.7 17.4 150.4 75.1 98.7 92.7 61.1
70.0)
Mutasa 71.7 (62.1, 74.3 213 | 279 1843 474 91.6 755 317
84.9)
Overall 612 (48.7, 62.0 20.3 10.2 184.3 69.8 96.6 88.9 57.0
73.3)

"Values in brackets are Q1: 25th percentile and Q3: 75th percentile, SD, standard deviation; Min., minimum value; Max., maximum value. $Plasma Se concentration is the standard reference
for Se status determination, SELENOP, Selenoprotein P; GPX3, glutathione peroxidase 3; IDI, iodothyronine deiodinase.

TABLE 3 Geospatial exploratory analysis of plasma Se data for WRA and Children in Mutasa, Shamva, and Murewa districts.

Variable District # of Mean Median Q3 Variance Octile
dataf skewness
Children 6-59 months
Murewa 208 37 365 27.9 44.1 156.9 12,5 0.03
Shamva 223 40.1 40.2 31.6 47.9 129.3 11.4 —0.06
Mutasa 201 485 47.2 37.1 57.6 342.1 185 0.04
Women 15-49years
Murewa 258 53.9 53.0 426 64.8 279 16.7 0.05
Shamva 260 59.1 58.4 475 69.5 290 17.0 0.03
Mutasa 239 74.7 71.8 62.2 85.1 470 217 0.13

Represents the number of sampling points with valid geo-coordinates used for geostatistical analysis.

model (55, 60). The variogram model was selected in each case based
on the model that had the greatest median SSPE value, within the 95%
confidence interval.

There were some differences among the districts with respect to the
spatial variation of plasma Se. In Murewa district, the correlated variance
was largest relative to the uncorrelated variance (intercept of the
variogram function) for both demographic groups, with spatial
dependence of 5 to 7km (Supplementary Material 2). In Shamva district
the spatially correlated variance was smaller relative to the uncorrelated
variance, the range of spatial correlation was short for WRA (less than
5km) and longer for children (around 12km). In Mutasa district, the
behavior was intermediate between the other two with spatial correlation
at similar scales to those seen in Murewa (Supplementary Material 2).
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3.3.3. Ordinary kriging prediction

The variograms for both children and WRA do not show large
marked spatial trends. Selenium status was reasonably homogenous
within each district. However, there was substantial inter-district
variation from a snapshot of three ¢.50x 50km areas (Figure 2). The
output from this spatial analysis allows us to visualize the hot spots of
Se deficiency in the three districts under study. The intensity of the
purple color shades is commensurate with the plasma Se
concentration. Lighter shades indicate low Se concentrations within
the study population and darker shades indicate high plasma Se
concentration. Murewa had the lowest plasma Se concentrations in
both WRA and children while Mutasa recorded the highest values of
plasma Se concentration.
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3.3.4. Kriging variance

The kriging variances were high in both children 6-59 months
and WRA residing in Shamva, Murewa, and Mutasa districts with
average values ranging from 142-144 in children and 277-391 in
WRA. Shamva had slightly lower kriging variances (Figure 3).

TABLE 4 Goodness of fit of covariance models by cross-validation.

Median SSPE

Covariance

model

Murewa Shamva Mutasa

Children 6-59 months

n =208 n=223 n =201
Exponential 0.431 0.455 0.323
Spherical 0.432 0.439 0.342
Women of reproductive age

n=258 n =260 n=239
Exponential 0.416 0.381 0.309
Spherical 0.406 0.376 0.295

The confidence interval for the median SSPE for the children biomarker (all districts) is
(0.31, 0.60) and for WRA it is (0.32, 0.59).

10.3389/fnut.2023.1235113

3.3.5. Conditional probabilities

There was a 0.98, 0.98, and 0.9 average probability that the
unsampled children aged 6-59 months in Murewa, Shamva, and Mutasa
had plasma Se concentrations below the threshold for the optimal
activity of IDI (<64.8pg/L), respectively. Similarly, the average
probability of unsampled WRA having plasma Se concentrations below
the threshold of the optimal activity of GPX3 (<84.9ug/L) was 0.97,
0.98, and 0.73 for Murewa, Shamva, and Mutasa, respectively. The verbal
scale shows the likelihood of an individual being below a threshold
(Figure 4). The brown color tone reflects a higher likelihood of the
occurrence of Se deficiency. Children 6-59 months residing in Murewa
have the highest likelihood of being Se deficient.

4. Discussion
4.1. Context of the study

Zimbabwe has a high prevalence of MNDs affecting more than 50%
of the population (44). This estimate is from a decade ago and based on
anaemia prevalence only. However, anaemia is not synonymous with
MND:s (1) since it can be caused by factors unrelated to micronutrient
status (61). Direct indicators of MNDs (e.g., biomarkers of Fe, I, Se, and
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FIGURE 2

Predicted plasma Se concentration in (A) children 6-59months and (B) WRA residing in Shamva (top), Murewa (middle), and Mutasa (bottom). At any
location, the kriging prediction is the best linear unbiased prediction of Se status.
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FIGURE 3
Kriging variances for plasma Se concentration in (A) children 6-59months and (B) WRA residing in Shamva (top), Murewa (middle), and Mutasa
(bottom) by ordinary kriging. The kriging variance is a measure of uncertainty of predictions at unsampled locations

Zn status); are excluded in ZDHS due to cost and gaps in research
capacity, such that the last national micronutrient survey was conducted
in 2012 (62). Thus, the country does not have current micronutrient
data. Additionally, Zimbabwe population studies have been limited to a
few micronutrients namely, vitamin A, I, Zn, Fe, and folate (62) as such,
data on Se is not nationally available.

4.2. Overview of the current study and
summary of the findings

The study sought to determine the prevalence, geospatial patterns,
and distribution of Se deficiency in WRA and children aged
6-59months in Mutasa, Shamva, and Murewa. The proportionate
representation of participants from the districts allowed fair
comparisons. The prevalence of Se deficiency was high and widespread
in all three districts. Thus, we contemplate that Se deficiency is
potentially a public health issue of national relevance. Selenium
deficiency was more prevalent in children compared to women.
Variations in Se concentrations were notable across districts, with
Murewa having the highest prevalence of Se deficiency. The variations
in plasma Se concentration between districts than within districts show
that Se status is under strong geospatial control (24). Controls on Se
status were driven by short-range spatial variation for WRA and
children aged 6-59months residing in Murewa, Shamva, and
Mutasa districts.
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4.3. Prevalence of Se deficiency in WRA and
children 6—-59 months in rural Zimbabwe

The median values of plasma Se concentration in women are similar
to those established in other African countries (33), including Malawi
and Ethiopia. However, the median plasma Se concentrations in children
are low compared to China, a known Se-deficient country reporting
levels as low as <40 ug/L (63). Globally, average plasma Se concentrations
fall within 80-120 pg/L (23), showing the magnitude of Se deficiency risk
among the Zimbabwean population. Different thresholds of adequacy
reflect the expression of essential selenoproteins and the hierarchy of
biological functions (15), whereby expression of SELENOP, GPX3, and
IDI are maximal at plasma Se concentrations of >100, >84.9, and
>64.8ug/L (10), respectively. Recent evidence from laboratory and
epidemiologic studies has shed a different light on S¢’s health effects and
its recommended range of environmental exposure compared with
earlier research. Adverse effects (type 2 diabetes) have been reported in
Western populations at low Se exposure levels, sometimes below or
slightly above Se intakes needed to maximize selenoprotein expression
and activity (17). The new evidence indicates the need to reassess Se
dietary reference values and upper intake level (17).

Based on earlier research Se adequacy cutoff points, our findings
suggest that Se deficiency may lead to an increased risk of oxidative stress
among most women and children in our study area, and an increased risk
of thyroid dysfunction among most children and approximately half of
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FIGURE 4
Probability that plasma Se concentration of (A) children falls below the threshold for the optimal activity of IDI (<64.8pg/L) and (B) women of
reproductive age fall below the threshold of the optimal activity of GPX3 (<84.9ug/L) in Shamva (top), Murewa (middle), and Mutasa (bottom).

the women. Widespread Se deficiencies, particularly in rural areas, have
been reported in Malawi (24) and Ethiopia (23, 38).

The findings of high Se deficiency prevalence are not surprising
considering similarities in geography, diet, and socioeconomic
conditions between Zimbabwe and Malawi. In both countries, rural
populations rely on highly localised agriculture and food systems, where
dietary intakes are supplied through subsistence production and locally
based food purchases (64-66). When these localised food systems occur
in low Se environments, the entry of Se into diets is limited. To
compound matters, Zimbabwe has limited access to freshwater fish,
which are an essential source of Se (and many other micronutrients) as
observed in Malawi (24). Our current findings indicate Se deficiency is
likely widespread in Zimbabwe, with a high risk of severe Se deficiency.
Therefore, there is a pressing need to conduct surveillance work in other
regions and demographic groups. A nationally representative biomarker
survey is recommended to establish the magnitude of the problem
based on revised cutoft points as suggested by the new evidence (17).

4 4. Geospatial modeling of Se deficiency in
WRA and children resident in Murewa,
Shamva, and Mutasa districts

The minimum number of sampling points used for modelling in
the current study was sufficient to avoid bias. Effective variogram
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estimations require a minimum of 100-150 points (54). In the
current study, most of the experimental variograms show variation
over short distances up to only 12km, so the maps appear very
“patchy” with similar values in the clusters of observations. This
suggests that, in these locations and demographic groups, controls on
Se status are driven by short-range variation and are therefore not
showing marked spatial trends within districts (54, 59). Selenium
status was reasonably homogenous within each district. However,
there was substantial inter-district variation, suggesting that there are
marked spatial patterns when the sampling area is scaled up; as
reflected in other African countries; Cote d'Ivoire (67, 68), Ethiopia
(23) and Malawi (24). In Ethiopia spatial factors influencing Se status
operated at distances up to 200km (23) whilst in Malawi spatial
dependence was observed at up to 120km (24). Variations might
be explained by the scale of the studies, being a pilot, the current
study was just a snapshot limited to district level. Thus, it had a
smaller data frame compared to the Ethiopian and Malawian studies
that were conducted at a national scale, with sampling points dotted
around a larger area which improves the accuracy of the empirical
variograms (54). The variation in plasma Se concentration between
the districts could also suggest the influence of other spatial
parameters, such as soil properties, climate, and landscape (29, 36).
Therefore, resource endowment for further investigations may
be important to continue to build an evidence base, through
complementary surveillance of soils, crops, and biomarkers.
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Predictions have an attached uncertainty (60) and hence, no map is
perfect (69). Nevertheless, the results of the current study predicted
a high risk of Se deficiency in both children and WRA residing in the
three districts. The maps and the underlying statistical model
generated in the current study could be useful to plan further
investigations that identify other spatial parameters contributing to
the marked between-district variation in the Se status of women
and children.

4.5. Limitations of study

The current study is limited in geographic scope and we are not able
to infer Se status or risk of deficiency across Zimbabwe, particularly
since Se status is likely to be under strong geographic control, as
observed in other contexts. There is no consensus on the most
appropriate threshold to indicate Se deficiency risk. The current study
only measured plasma Se concentration which was used as a proxy
indicator for the status of the secondary biomarkers (SELENOP, GPX3,
and IDI), and thus may not be truly reflective of the selenoprotein
status. Additional direct measurements of selenoproteins would
complement the findings of the current study. Nevertheless, the present
study contributes to the body of knowledge on the application of
geostatistical modeling for the interpolation and mapping of
nutrient deficiencies.

5. Conclusion

The current study showed that the prevalence of Se deficiency was
widespread among children aged 6-59 months and WRA in the three
pilot districts. Spatial controls on Se status in WRA and children from
these districts were driven by short-range variation. There was no
marked spatial pattern within districts but a substantial inter-district
variation. The prevalence of Se deficiency and the very low
concentrations of plasma Se concentrations recorded in the select
districts is cause for concern. Further investigations at the population
level are warranted to measure the magnitude of the problem using
reassessed Se dietary reference values and upper intake level as
suggested by new evidence and to build more evidence base to
substantiate the current findings and followed by the mapping of
strategies that can be used to reduce Se deficiency at the population level.
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