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Introduction: SARS-CoV-2 infection is a complex disease with multiple dimensions,
involving factors that promote infection and virus-driven processes in many body organs.
The micronutrient status, beyond others, acts as a potential confounder, influencing
susceptibility to infection and disease severity. Additionally, the virus appears to alter
lipid metabolism, which may serve a dual function, suppor viral replication while
simultaneously contributing to the body’s defense and repair mechanisms.
Methods: This observational study compared micronutrient levels (vitamin D,
selenium, zinc, magnesium, and iron) and lipid profiles between 139 SARS-
CoV-2 -positive patients (62 hospitalized, 77 home care) and 314 healthy
controls, using dried blood spots. We also examined differences by treatment
setting (hospitalized vs. home care) as a proxy for disease severity.

Results: Patients with SARS-CoV-2 infection exhibited similar micronutrient
levels but showed a significantly impaired lipid profile compared to healthy
controls. Notably, there was a significant decrease in palmitic (p-value < 0.01)
and stearic acid levels (p-value < 0.01) and a significant increase in omega-3
and omega-6 PUFAs, like AA (p-value < 0.01), DHA (p-value < 0.01), and EPA (p-
value < 0.05) were detected. In the SARS-CoV-2 positive cohort, hospitalized
patients had significantly lower micronutrient levels (p < 0.01 for all measured
micronutrients) compared to those receiving home care.

Discussion: These findings suggest that SARS-CoV-2 infection alters lipid
metabolism and that lower micronutrient status may be linked to greater disease
severity.

KEYWORDS

dried blood spots, micronutrient status, vitamin D, fatty acid profile, SARS-CoV-2,
COVID-19, observational study, polyunsaturated fatty acids (PUFAs)

1 Introduction

The COVID-19 pandemic has been a global challenge. While clinical outcomes vary
widely, emerging evidence highlights the role of nutritional status, particularly micronutrients
and lipids, in modulating susceptibility to infection and disease progression (1-3).

Micronutrients such as vitamin D, selenium, zinc, magnesium, and iron are critical to
maintaining a balanced immune response (4). They influence antiviral defense through
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mechanisms including cytokine regulation, oxidative stress reduction,
and enhancement of T- and B-cell activity (3, 5, 6).

Many studies show that an adequate micronutrient status supports
overall health, while deficiencies are linked to an elevated infection
risk and more severe disease progression (7-10), especially with
COVID-19 (11-13).

In parallel, fatty acids, especially polyunsaturated fatty acids
(PUFAS), not only constitute structural components of cell membranes
but also act as mediators of inflammation and immune function (14,
15). In viral infections, including COVID-19, disruptions in lipid
metabolism have been observed, as the virus exploits host lipid
resources to support replication (14, 16, 17). Some studies have shown
that SARS-CoV-2 induces virus mediated changes in the metabolome
and lipidome, which are crucial for viral replication and the immune
response (14, 18-20). For example, studies on COVID-19 patients
consistently reported increased PUFAs and decreased saturated fatty
acids levels (14, 18, 19).

In this study, wie aimed to determine whether SARS-CoV-2
infection is associated with alterations in both micronutrient status
and fatty acid composition. To this end, we compared adults with
confirmed SARS-CoV-2 infection, stratified by hospitalization status,
with healthy controls. We hypothesized that infection would
be accompanied by shifts in micronutrient and lipid profiles, with
more pronounced changes in hospitalized patients.

Identifying such changes may enhance understanding of
COVID-19 progression and inform targeted micronutrient screening
and preventive strategies.

2 Methods

Procedures for the observation study were followed in accordance
with the ethical standards of the Helsinki Declaration and were
approved by the ethics committee of the School of Medicine and
Health of the Technical University of Munich, Germany (655/20 S).
All study participants provided online approval. The study was
registered in the German Clinical Trials Register (DRKS):
DRKS00022514.

2.1 MeDiCo Health study cohort

Participant enrollment for this cross-sectional observation study
started on November 23", 2020 and continued until December 14,
2021. Therefore, volunteers either responded to flyers posted in
doctors’ offices and hospitals in Germany or were recruited from the
“Citta della Salute e della Scienza” hospital in Italy.

The participants’ eligibility was assessed with a screening
questionnaire. A total of 158 volunteers were initially screened.
Exclusion criteria included age under 18years, a negative

Abbreviations: DBS, Dried blood spots; PUFAs, Polyunsaturated fatty acids; FAME,
Fatty acid methyl ester; LA, Linoleic acid; AA, Arachidonic acid; DGLA,
Dihomogammalinolenic acid; GLA, y-Linolenic acid; DHA, Docosahexaenoic acid;
EPA, Eicosapentaenoic acid; DPA, Docosapentaenoic acid; ALA, Linolenic acid;
SFA, Saturated Fatty acid; MUFA, Monounsaturated fatty acid; PUFA, Polyunsaturated
fatty acid.
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SARS-CoV-2 test, or a positive test older than 7 days. SARS-CoV-2
infection was confirmed by antigen testing. All participants underwent
nasopharyngeal swab testing, followed by PCR testing in the clinical
setting or rapid antigen testing when performed at home. Participants
who did not complete the study or failed to provide dried blood spot
(DBS) samples were also excluded. The final study population
consisted of 139 participants (62 hospitalized in Italy, 77 home care in
Germany). A detailed participant flow chart is presented in Figure 1.
None of the participants had been vaccinated against SARS-CoV-2
during the study period.

2.2 Study design

This was an observational cross-sectional study among adults with
an acute SARS-CoV-2 infection located in Germany and Italy.

2.3 Dried blood spot analysis in whole
blood

The decision to use DBS was driven by the exceptional
circumstances of the COVID-19 pandemic, where contact-free,
low-burden sampling was essential for participant safety and
feasibility of multi-site recruitment. DBS is a well-established
approach in large epidemiological and nutritional studies, and its
applicability for the quantification of fatty acids and several
micronutrients has been demonstrated in prior validation studies
(21-23).

After inclusion into the study, a home test kit with a detailed
explanation for collecting DBS was send from the Core Facility
Human Studies of the ZIEL- Institute for Food & Health, Freising,
Germany to the participants. Participants collected DBS (filter paper:
Whatman™, Cytiva, Maidstone, UK) from their fingertips at the
beginning of the study with a home test kit. DBS were subsequently
sent to Vitas AS (Oslo, Norway) for the analysis of selenium [pg/mL],
zinc [pg/mL], vitamin D [nmol/L], iron [pg/mL], magnesium [pg/
mL] and lipid profile expressed in % of fatty acid methyl esters
(FAME). The lipid profile includes palmitic acid (C16:0), stearic acid
(C18:0), oleic acid (C18:1¢9), linoleic acid (LA, C18:2n6), linolenic
(ALA, Cl18:3n3), acid (GLA, C18:3n6),
dihomogammalinolenic acid (DGLA, C20:3n6), arachidonic acid
(AA, C20:4n6), eicosapentaenoic acid (EPA, C20:5n6),
docosapentaenoic acid (DPA, C22:5n3), docosahexaenoic acid (DHA,
C22:6n3), omega-6 to —3 fatty acid quotient. The analyzing laboratory

acid y-linolenic

Vitas AS defined the normal range as the 95% reference interval,
corresponding to the 2.5th and 97.5th percentiles. Participants were
instructed to fast overnight before sample collection for accurate
lipid profiling.

2.4 Healthy controls (enable study cohort)

We also took advantage of data from the enable cohort (24) to
compare the SARS-CoV-2 positive MeDiCo Health cohort with
healthy participants (SARS-CoV-2 negative). The enable study
participants underwent a phenotyping program for the different
age cohorts included, beyond others, anthropometry, body
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[ Enroliment (n = 158) ]

+ Assessed for eligibility

Excluded (n =13)

+ One or more exclusion criteria
« Negative on SARS-CoV-2
« Age <18 years
« No online approval

Healthy controls from enable
study cohort (n = 314)

SARS-CoV-2 positive
participants (n = 145)

Premature termination (n = 6)
+ Not providing blood spots

Italy: hospitalized (n = 62) ] [ Germany: home care therapy (n = 77)

+ DBS analysis

+ Phenotypic characteristics

« Minerals and vitamin D
« Lipid profile

FIGURE 1

Participant flow diagram of the MeDiCo Health study, illustrating the inclusion of SARS-CoV-2 positive participants from Germany (receiving home care
therapy) and Italy (hospitalized). Additionally, the diagram includes the healthy control group from the enable study cohort.

composition analysis, health and functional status, and assessment
of dietary intake including food preferences and aversions. 459
healthy volunteers from different age groups including young
adults (18-25 years; n = 94), middle-aged adults (40-65 years
“middle-agers,” n = 205), and older adults (75-85 years; n = 160)
underwent this program. Further details on the study design and
the characteristics of the cohorts can be found elsewhere (24). For
the current study, we used data from “middle-agers” and older
adults (n = 314) as healthy controls, as these cohorts had a similar
age range compared to the MeDiCo Health participants (see
Figure 1). DBS data with the same blood parameters were used
for comparison.

2.5 Data analysis and statistics

Data were analyzed in Excel 2016 and GraphPad Prism 10.4.0.
Results are presented as mean + SD. Box plots in Tukey’s style were
used for the graphical presentation. p-values < 0.05 were regarded as
statistically significant. Shapiro-Wilk test and quantil-quantil-plots
were used to test normal distribution of data. For comparisons
between groups, either a paired t-test or the Mann-Whitney test was
applied to assess statistical significance.

Given the exploratory and cross-sectional nature of our study,
we applied a basic statistical approach, focusing on descriptive
comparisons and group-level associations rather than complex
modeling. As some analytes were either not measurable or fell below
the detection limit in the DBS analysis, the exact number of samples
analyzed is indicated in the respective table or figure.
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3 Results

3.1 MeDiCo Health study cohort: baseline
and phenotypical information

The MeDiCo Health study cohort included a total of 139 SARS-
CoV-2-positive participants, comprising 77 individuals from Germany
and 62 from Italy. All German participants underwent home care
therapy, while all Italian participants were hospitalized. The need for
inpatient treatment in the Italian cohort indicates a more severe course
of SARS-CoV-2 infection. Among the hospitalized participants, some
had comorbidities such as cardiovascular disease, cancer, or obesity and
six passed away during the study period. Table 1 outlines the baseline
and phenotypical characteristics of the MeDiCo Health study cohort.

3.2 Comparative analysis of micronutrient
and fatty acid status in SARS-CoV-2
positive and negative cohorts

The comparison of the micronutrient status between SARS-CoV-
2-positive (MeDiCo Health) and SARS-CoV-2-negative (enable) study
cohorts is shown in Table 2.

The blood values are largely consistent between the two study
cohorts, with the exception of significant differences observed in
magnesium and selenium levels, both of which were higher in the SARS-
CoV-2-positive cohort compared to the SARS-CoV-2-negative cohort.

The results of the fatty acid analysis are presented in Table 3 and
Figure 2. Table 3 provides a detailed overview of all measured fatty
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TABLE 1 Baseline and phenotypical information from MeDiCo Health study cohort.

Number of participants, n

% from all participants

Baseline information
SARS-CoV-2 positive 139 100
Study site
Germany 77 55
Italy 62 45
Therapy
Home care 77 55
Hospitalized 62 45
Deceased
Home care 0 0
From hospitalized 6 4
Phenotypic information
Sex
Female 74 53
Male 65 47
Age, years 51.4+18.9
BMI, kg/m? 252+ 4.4

Results are presented as absolute numbers and percentages of all participants, unless otherwise indicated. Age and BMI are shown as mean + SD.

TABLE 2 Micronutrient levels in SARS-CoV-2 positive study cohort (n = 139; except Vitamin D: n = 127) and micronutrient levels in SARS-CoV-2 negative

study cohort (n = 314).

Micronutrients

MeDiCo Health cohort

SARS-CoV-2 positive

SARS-CoV-2 negative

enable cohort

Magnesium [pg/ml] 35.9+9.7 31.8+3.6 <0.01
Iron [pg/ml] 513.6 +136.3 523.3+83.4 NS
Zinc [pg/ml] 6.5+19 64+1.1 NS
Selenium [pg/ml] 0.18 £ 0.04 0.15+0.03 <0.01
Vitamin D [nmol/1] 104.1 +£43.0 67.4+343 NS

Results are presented as mean + SD. P-values < 0.05 were regarded as statistically significant. Shapiro-Wilk test and quantil-quantil-plots were used to test normal distribution of data. For
comparisons between two groups, either a paired t-test or Mann-Whitney test was applied to assess statistical significance. Significantly lower values are marked in bold.

acids, while Figure 2 categorizes these fatty acids into their respective
subgroups: saturated fatty acids (SFAs), monounsaturated fatty acids
(MUFAs), and omega-3 and omega-6 PUFAs. The analysis revealed
that SFAs were significantly decreased in the SARS-CoV-2-positive
cohort compared to the SARS-CoV-2-negative cohort. In contrast,
omega-3 and omega-6 PUFAs were significantly elevated across all
measured fatty acids in the SARS-CoV-2-positive cohort.

3.3 Comparative analysis of micronutrient
and fatty acid status according to therapy

type

Further analysis, stratifying the SARS-CoV-2-positive MeDiCo
Health cohort by therapy type, home care versus hospitalized
participants, revealed significantly lower levels of iron, magnesium,
zing, selenium, and vitamin D in hospitalized participants compared

Frontiers in Nutrition 04

to SARS-CoV-2-positive participants receiving home care. The results
of this comparison are presented in Table 4 and Figure 3.

The results of the lipid acid analysis are presented in Table 5.
Hospitalized participants exhibited significantly higher levels of
palmitic acid and oleic acid compared to those receiving symptomatic
home care therapies. Additionally, they showed significantly elevated
levels of AA and DHA, as well as a higher AA/EPA ratio. Interestingly,
participants undergoing home care therapy had a significantly higher
total concentration of omega-6 fatty acids compared to
hospitalized participants.

4 Discussion

Our observational study investigated the micronutrient status and
fatty acid profiles of SARS-CoV-2 positive individuals, comparing
them to a healthy cohort and stratifying within the infected group by
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TABLE 3 Fatty acid levels in SARS-CoV-2 positive study cohort (n = 139; except AA: n = 127) and fatty acid levels in SARS-CoV-2 negative study cohort
(n = 314, except AA; EPA, ALA: n = 313, GLA: n = 290).

Subgroup Fatty acids (% SARS-CoV-2 positive SARS-CoV-2 negative p-value
FAME) MeDiCo Health
cohort enable cohort
SFA Palmitic acid (C16) 25.8+2.4 290+ 1.9 <0.01
Stearic acid (C18) 128+1.8 146+13 <0.01
MUFA Oleic acid (C18:1w9) 259439 252428 NS
PUFA (n6) LA (C18:2n6) 203+3.6 19.5+2.9 <0.01
AA (C20:4n6) 95422 71+1.3 <0.01
DGLA (C20:3n6) 1.6+0.4 1.4+0.3 <0.01
GLA (C18:3n6) 02+0.1 0.2+0.1 <0.01
PUFA (n3) DHA (C22:6n3) 23+1.0 1.7£0.5 <0.01
EPA (C20:5n3) 0.5+0.4 0.5+0.3 <0.05
DPA (C22:5n3) 09403 0.8:+0.2 <0.01
ALA (C18:3n3) 03+0.1 0.3£0.1 <0.01
Y PUFA (n6) 31.6+4.0 28.1+3.3 <0.01
Y PUFA (n3) 40+ 15 3.2+1.2 <0.01
Quotients 06/03 8.8+2.9 93+24 <0.05
AA/EPA 29.1+18.7 17.0+7.5 <0.01

Results are presented as mean + SD. P-values < 0.05 were regarded as statistically significant. Shapiro-Wilk test and quantil-quantil-plots were used to test normal distribution of data. For
comparisons between two groups, either a paired t-test or Mann-Whitney test was applied to assess statistical significance. Significantly lower values are marked in bold.

using a threshold of p < 0.05. The Shapiro—Wilk test and quantile-quantile (Q-
Depending on the distribution and pairing of data, either a paired t-test or the

acids (PUFAs).
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FIGURE 2

Fatty acid levels in whole blood of SARS-CoV-2 positive and negative study cohorts. Fatty acid concentrations were compared between participants
who tested positive and those who tested negative for SARS-CoV-2. Data are presented as Tukey-style boxplots. Statistical significance was determined

groups. Asterisks denote levels of statistical significance: p < 0.05 (), p < 0.01 (),
acids (SFAs), (B) presents monounsaturated fatty acids (MUFAs), and (C) displays the combined levels of omega-6 and omega-3 polyunsaturated fatty

Q) plots were used to assess the normality of the data distribution.
Mann-Whitney U test was employed to evaluate differences between
p <0.001 (), and p < 0.0001 (****). (A) Shows levels of saturated fatty

hospitalization status to infer disease severity. These results contribute
to a growing body of literature exploring the nutritional and metabolic
dimensions of COVID-19 (12, 14, 18, 19, 25) and provide a solid
foundation for further research.

We found that while overall micronutrient levels were comparable
between SARS-CoV-2-positive and-negative groups, hospitalized
patients showed significantly lower levels of vitamin D, selenium, zinc,
magnesium, and iron than home care patients did. These reductions
may reflect both preexisting nutritional insufficiencies and

Frontiers in Nutrition 05

infection-induced redistribution or depletion, as previously described
(2, 26,27, 31). Although magnesium may increase in late-stage critical
illness due to cell lysis or organ failure (28), this was not observed in
our cohort. Instead, home care participants showed higher selenium
and magnesium levels, possibly reflecting a lower inflammatory
burden or early compensatory response. In contrast, lower magnesium
levels in hospitalized patients may reflect increased metabolic demand
and systemic inflammation, consistent with reports of declining
magnesium levels with greater COVID-19 severity (28-30). Given the
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TABLE 4 Micronutrient levels in SARS-CoV-2 positive study cohort stratified by therapy type.

Micronutrients

SARS-CoV-2 positive

10.3389/fnut.2025.1608300

Home care therapy Hospitalized
Magnesium [jig/ml] 40.0 £ 8.8 30.7+8.0 <0.01
Iron [pg/ml] 587.2 £120.7 422.3+92.4 <0.01
Zinc [pg/ml] 73+1.9 53+14 <0.01
Selenium [pg/ml] 0.19 £ 0.04 0.16 £ 0.04 <0.01
Vitamin D [nmol/l] 84.7 +31.9 81.9 +48.7 <0.01

Participants with a home care therapy (n = 77) compared with hospitalized participants (n = 62, except Vitamin D: n = 50). Results are presented as mean + SD. P-values < 0.05 were regarded

as statistically significant. Shapiro-Wilk test and quantil-quantil-plots were used to test normal distribution of data. For comparisons between two groups, either a paired t-test or Mann—
Whitney test was applied to assess statistical significance. Significantly lower values are marked in bold.
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Micronutrient whole blood levels in SARS-CoV-2 positive study cohort stratified by therapy type. n represents the number of participants in respective
therapy group. Results are presented as boxplots in style of Tukey. p-values < 0.05 were regarded as statistically significant. Shapiro—-Wilk test and
quantil-quantil-plots were used to test normal distribution of data. For comparisons between two groups, either a paired t-test or Mann—-Whitney test
was applied to assess statistical significance. The asterisks (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001) indicate different levels of significance

TABLE 5 Micronutrient levels in SARS-CoV-2 positive study cohort stratified by therapy type, either home care (n = 77) or hospitalized (n = 62, except

AA: n =50).
Subgroup Fatty acids SARS-CoV-2 positive
Home care therapy Hospitalized

SFA Palmitic acid (C16) 253+25 264+2.1 <0.01
Stearic acid (C18) 13.7+1.3 11.6 + 1.7 <0.01

MUFA Oleic acid (C18:1w9) 23.7+28 286433 <0.01

PUFA (n6) LA (C18:2n6) 223428 17.8+2.8 <0.01
AA (C20:4n6) 9.0£1.9 10.0 +2.4 <0.01
DGLA (C20:3n6) 1.6+0.3 1.5+0.4 <0.01
GLA (C18:3n6) 02+0.1 02+0.1 NS

PUFA (n3) DHA (C22:6n3) 21+1.0 25+1.0 <0.05
EPA (C20:5n3) 0.6+ 0.4 0.4+03 <0.01
DPA (C22:5n3) 1.0+03 0.8+0.3 <0.01
ALA (C18:3n3) 0.3+0.1 0.2+0.1 <0.01

Y PUFA (n6) 332432 29.5+3.8 <0.01

Y PUFA (n3) 41+16 39+ 14 NS
06/03 92+3.0 84+27 NS
AA/EPA 20.9 +10.6 39.4+21.3 <0.01

Results are presented as mean + SD. p-values < 0.05 were regarded as statistically significant. Shapiro-Wilk test and quantil-quantil-plots were used to test normal distribution of data. For
comparisons between two groups, either a paired t-test or Mann-Whitney test was applied to assess statistical significance. Significantly lower values are marked in bold.
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exploratory nature of our study, we have intentionally refrained from
deeper pathophysiological interpretations.

Fatty acid profiles also showed distinct patterns. SARS-CoV-2
infection was associated with a marked decrease in saturated fatty acids
and increases in polyunsaturated fatty acids, particularly omega-3 and
omega-6 subclasses. These shifts are consistent with lipidomic studies
indicating that viral replication and host immune modulation rely on fatty
acid remodeling (14, 18, 19). Specifically, we observed a notable decrease
in palmitic and stearic acids, along with an increase in omega-3 and
omega-6 PUFAs in the SARS-CoV-2-positive cohort. These findings are
consistent with those reported by Pérez-Torres et al. (14), who suggested
that these fatty acids may be involved in viral membrane synthesis or host
defense mechanisms. Pérez-Torres et al. (14) also noted elevated levels of
oleic acid and AA, both of which are closely associated with inflammatory
signaling, cytokine release, apoptosis, necrosis, and oxidative stress.
Similarly, Sun et al. (19) found that higher levels of omega-3 and omega-6
PUFAs were linked to lower disease severity, a trend reflected in our study,
where participants receiving home care therapy exhibited higher overall
omega-3 and omega-6 levels than hosiptalized individuals. These
alterations may therefore represent a complex, adaptive host metabolic
response to viral pathogenesis (19).

Our study is subject to several limitations. Being cross-sectional in
nature, it can only establish associations and not causality. The use of
DBS, while practical, lacks hematocrit correction and may introduce
variability in analyte concentration. The self-collection procedure,
although guided, poses a risk of inconsistent sample quality.
Additionally, the lack stratification by key variables (e.g., age, sex,
comorbidities) may limit the granularity of our findings. The absence
of urinary excretion data prevents comprehensive micronutrient
balance assessment. Many of these constraints, however, must be viewed
in light of the exceptional circumstances of the COVID-19 pandemic.
Under these conditions, our approach represented the only feasible way
to obtain robust and comparable biomarker data from a larger cohort.

Hospitalization was used as a proxy for disease severity, though no
clinical scores (e.g., WURSS) or inflammatory markers were collected,
limiting precision. Some participants also presented with comorbidities,
further complicating interpretation. As a result, no conclusions about
underlying biological mechanisms can be drawn. Although our results
regarding alterations in fatty acid and micronutrient profiles remain
broadly comparable with similar studies (14, 18, 19), which somewhat
offsets this limitation. Additionally, confounding variables such as
comorbidities, dietary intake, supplementation, and socioeconomic
status were not fully controlled. Although the control group originated
from a separate study sampling conditions were comparable,
supporting a general level of comparability across groups. Data were
analyzed using univariate statistics without adjustment for multiple
comparisons, which may increase the risk of false positives.

Despite these limitations, our findings indicate that micronutrient
status and lipid metabolism are altered in SARS-CoV-2 infection, with
distinct patterns linked to disease severity. These results are consistent
with prior studies and underscore the importance of integrated
nutritional-metabolic assessment in infectious disease management (14,
18, 19). The present dataset, collected under the unique constraints of the
COVID-19 pandemic, provides a valuable resource for future
observational studies and meta-analyses on nutrition-infection
interactions. While causality cannot be inferred, our results suggest that
preventive consideration of adequate micronutrient levels may support
immune readiness. These recommendations are made with caution,
underscoring the need for controlled intervention studies and future
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research that accounts for confounders, integrates severity indices, and
follows patients longitudinally from infection to recovery.

5 Conclusion

The findings of our observational study align with existing
research, emphasizing the crucial role of adequate micronutrient
levels, particularly magnesium, selenium, zinc, and vitamin D, in
supporting immune function and potentially mitigating disease
severity. These results underscore the dual nature of micronutrient
deficiencies, which may both predispose individuals to infection and
result from the increased physiological demands imposed by the
immune response during illness.

In parallel, significant alterations in fatty acid metabolism were
observed in the SARS-CoV-2-positive cohort, suggesting a complex
interaction between viral replication and host lipid utilization. The
observed changes may reflect both viral exploitation of lipid resources
and host adaptive mechanisms to inflammation and recovery.

To our knowledge, this is the first study to jointly assess micronutrient
and fatty acid profiles in SARS-CoV-2 patients across varying degrees of
disease severity, directly compared with a healthy control group. These
findings highlight the value of integrated metabolic profiling to advance
the understanding COVID-19. We recommend the inclusion of those
potentially immunoactive micronutrients in the surveillance of SARS-
CoV-2 infections, of in further studies.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics committee
of the School of Medicine and Health of the Technical University of
Munich. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants provided
their written informed consent to participate in this study.

Author contributions

MB: Conceptualization, Formal analysis, Visualization, Writing —
original draft, Writing - review & editing. LS: Conceptualization,
Investigation, Project administration, Writing - review & editing. FD:
Investigation, Writing - review & editing. SS: Investigation, Writing —
review & editing. BB: Resources, Writing - review & editing. HH:
Resources, Writing - review & editing. SB: Investigation, Writing —
review & editing. TS: Conceptualization, Resources, Writing - original
draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This EIT Food activity

frontiersin.org


https://doi.org/10.3389/fnut.2025.1608300
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Bleffgen et al.

(COVID-19 Rapid Response Call - Innovation ID20398) has received
funding from the European Institute of Innovation and Technology (EIT),
a body of the European Union, under Horizon Europe, the EU
Framework Program for Research and Innovation. The funders had no
role in the study design, data collection or analysis, decision to publish, or
preparation of the manuscript. Therefore, the report does not necessarily
reflect the views of the European Union. Subject recruitment and sample
collection in Italy was supported by the Citta della Salute e della Scienza
hospital, Department of Medical Sciences, Torino. LOEWTI received
funding from the EIT-network RisingFoodStars. The enable study was
funded by a grant of the German Ministry for Education and Research
(BMBE grant no. 01EA1409A). The funder had no influence on the
design, conduct, analyses, interpretation or publication of the trial exist.

Acknowledgments

We would like to thank all the participants for their dedicated
contribution in the study. The authors are grateful to participating
doctors’ offices and hospitals for their part in the recruitment process.

Conflict of interest

MB is currently employed by Biogena GmbH & CoKG, which
markets micronutrient products. This employment commenced after

References

1. Calder PC, Carr AC, Gombart AFE, Eggersdorfer M. Optimal nutritional status for
a well-functioning immune system is an important factor to protect against viral
infections. Nutrients. (2020) 12:1181. doi: 10.3390/nu12041181

2. Gombart AF, Pierre A, Maggini S. A review of micronutrients and the immune
system-working in harmony to reduce the risk of infection. Nutrients. (2020) 12:236.
doi: 10.3390/nu12010236

3. Mitra S, Paul S, Roy S, Sutradhar H, Bin Emran T, Nainu F, et al. Exploring the
immune-boosting functions of vitamins and minerals as nutritional food bioactive
compounds: a comprehensive review. Molecules. (2022) 27:555. doi:
10.3390/molecules27020555

4. Pecora F, Persico F, Argentiero A, Neglia C, Esposito S. The role of micronutrients
in support of the immune response against viral infections. Nutrients. (2020) 12:3198.
doi: 10.3390/nu12103198

5. Huang Z, Rose AH, Hoffmann PR. The role of selenium in inflammation and
immunity: from molecular mechanisms to therapeutic opportunities. Antioxid Redox
Signal. (2012) 16:705-43. doi: 10.1089/ars.2011.4145

6. Maares M, Haase H. Zinc and immunity: an essential interrelation. Arch Biochem
Biophys. (2016) 611:58-65. doi: 10.1016/j.abb.2016.03.022

7. Broome. An increase in selenium intake improves immune function and poliovirus
handling in adults with marginal selenium status. Am J Clin Nutr. (2004) 80:154-62. doi:
10.1093/ajcn/80.1.154

8. Ivory K, Prieto E, Spinks C, Armah CN, Goldson AJ, Dainty JR, et al. Selenium
supplementation has beneficial and detrimental effects on immunity to influenza
vaccine in older adults. Clin Nutr. (2017) 36:407-15. doi: 10.1016/j.clnu.2015.12.003

9. Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the prevention of acute
respiratory infection: systematic review of clinical studies. J Steroid Biochem Mol Biol.
(2013) 136:321-9. doi: 10.1016/j.jsbmb.2012.11.017

10. Veverka DV, Wilson C, Martinez MA, Wenger R, Tamosuinas A. Use of zinc
supplements to reduce upper respiratory infections in United States air Force academy
cadets. Complement Ther Clin Pract. (2009) 15:91-5. doi: 10.1016/j.ctcp.2009.02.006

11. Hunter J, Arentz S, Goldenberg J, Yang G, Beardsley J, Myers SP, et al. Zinc for the
prevention or treatment of acute viral respiratory tract infections in adults: a rapid
systematic review and meta-analysis of randomised controlled trials. BMJ Open. (2021)
11:e047474. doi: 10.1136/bmjopen-2020-047474

12. Pereira M, Dantas Damascena A, Galvdo Azevedo LM, de Almeida Oliveira T, da Mota
Santana J. Vitamin D deficiency aggravates COVID-19: systematic review and meta-analysis.
Crit Rev Food Sci Nutr. (2022) 62:1308-16. doi: 10.1080/10408398.2020.1841090

Frontiers in Nutrition

10.3389/fnut.2025.1608300

the completion of the study and did not influence the study design,
conduct, or reporting.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Vlieg-Boerstra B, de Jong N, Meyer R, Agostoni C, de Cosmi V, Grimshaw K, et al.
Nutrient supplementation for prevention of viral respiratory tract infections in healthy
subjects: a systematic review and meta-analysis. Allergy. (2022) 77:1373-88. doi:
10.1111/all.15136

14. Pérez-Torres I, Guarner-Lans V, Soria-Castro E, Manzano-Pech L, Palacios-
Chavarria A, Valdez-Vézquez RR, et al. Alteration in the lipid profile and the desaturases
activity in patients with severe pneumonia by SARS-CoV-2. Front Physiol. (2021)
12:667024. doi: 10.3389/fphys.2021.667024

15. van Meer G, Voelker DR, Feigenson GW. Membrane lipids: where they are and
how they behave. Nat Rev Mol Cell Biol. (2008) 9:112-24. doi: 10.1038/nrm2330

16.Freed EO. Viral late J Virol. (2002)
10.1128/]JV1.76.10.4679-4687.2002

domains. 76:4679-87. doi:

17. Heaton NS, Randall G. Multifaceted roles for lipids in viral infection. Trends
Microbiol. (2011) 19:368-75. doi: 10.1016/j.tim.2011.03.007

18. Nguyen M, Bourredjem A, Piroth L, Bouhemad B, Jalil A, Pallot G, et al. High plasma
concentration of non-esterified polyunsaturated fatty acids is a specific feature of severe
COVID-19 pneumonia. Sci Rep. (2021) 11:10824. doi: 10.1038/541598-021-90362-9

19. Sun Y, Chatterjee R, Ronanki A, Ye K. Circulating polyunsaturated fatty acids and
COVID-19: a prospective cohort study and Mendelian randomization analysis. Front
Med (Lausanne). (2022) 9:923746. doi: 10.3389/fmed.2022.923746

20. Thomas T, Stefanoni D, Dzieciatkowska M, Issaian A, Nemkov T, Hill RC, et al.
Evidence of structural protein damage and membrane lipid remodeling in red blood
cells from COVID-19 patients. ]| Proteome Res. (2020) 19:4455-69. doi:
10.1021/acs.jproteome.0c00606

21.Brindle E, Lillis L, Barney R, Bansil P, Lyman C, Boyle DS. Measurement of
micronutrient deficiency associated biomarkers in dried blood spots using a multiplexed
immunoarray. PLoS One. (2019) 14:€0210212. doi: 10.1371/journal.pone.0210212

22. Hoeller U, Baur M, Roos FE, Brennan L, Daniel H, Fallaize R, et al. Application of
dried blood spots to determine vitamin D status in a large nutritional study with
unsupervised sampling: the Food4Me project. Br J Nutr. (2016) 115:202-11. doi:
10.1017/S0007114515004298

23. Metherel AH, Harris WS, Ge L, Gibson RA, Chouinard-Watkins R, Bazinet RP,
et al. Interlaboratory assessment of dried blood spot fatty acid compositions. Lipids.
(2019) 54:755-61. doi: 10.1002/lipd.12203

24. Brandl B, Skurk T, Rennekamp R, Hannink A, Kiesswetter E, Freiherr J, et al. A
phenotyping platform to characterize healthy individuals across four stages of life-the
enable study. Front Nutr. (2020) 7:582387. doi: 10.3389/fnut.2020.582387

frontiersin.org


https://doi.org/10.3389/fnut.2025.1608300
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/nu12041181
https://doi.org/10.3390/nu12010236
https://doi.org/10.3390/molecules27020555
https://doi.org/10.3390/nu12103198
https://doi.org/10.1089/ars.2011.4145
https://doi.org/10.1016/j.abb.2016.03.022
https://doi.org/10.1093/ajcn/80.1.154
https://doi.org/10.1016/j.clnu.2015.12.003
https://doi.org/10.1016/j.jsbmb.2012.11.017
https://doi.org/10.1016/j.ctcp.2009.02.006
https://doi.org/10.1136/bmjopen-2020-047474
https://doi.org/10.1080/10408398.2020.1841090
https://doi.org/10.1111/all.15136
https://doi.org/10.3389/fphys.2021.667024
https://doi.org/10.1038/nrm2330
https://doi.org/10.1128/JVI.76.10.4679-4687.2002
https://doi.org/10.1016/j.tim.2011.03.007
https://doi.org/10.1038/s41598-021-90362-9
https://doi.org/10.3389/fmed.2022.923746
https://doi.org/10.1021/acs.jproteome.0c00606
https://doi.org/10.1371/journal.pone.0210212
https://doi.org/10.1017/S0007114515004298
https://doi.org/10.1002/lipd.12203
https://doi.org/10.3389/fnut.2020.582387

Bleffgen et al.

25. Laird E, Rhodes J, Kenny RA. Vitamin D and inflammation: potential implications
for severity of Covid-19. Ir Med J. (2020) 113:81.

26. Cooper ID, Crofts CAP, DiNicolantonio JJ, Malhotra A, Elliott B, Kyriakidou Y,
et al. Relationships between hyperinsulinaemia, magnesium, vitamin D, thrombosis and
COVID-19: rationale for clinical management. Open Heart. (2020) 7:¢001356. doi:
10.1136/0penhrt-2020-001356

27. Guillin OM, Vindry C, Ohlmann T, Chavatte L. Selenium, selenoproteins and viral
infection. Nutrients. (2019) 11:9201. doi: 10.3390/nu11092101

28. Aal-Hamad AH, Al-Alawi AM, Kashoub MS, Falhammar H. Hypermagnesemia
in clinical practice. Medicina (Kaunas). (2023) 59:1190. doi: 10.3390/medicina59071190

Frontiers in Nutrition

09

10.3389/fnut.2025.1608300

29. Quilliot D, Bonsack O, Jaussaud R, Mazur A. Dysmagnesemia in Covid-19 cohort
patients: prevalence and associated factors. Magnes Res. (2020) 33:114-22. doi:
10.1684/mrh.2021.0476

30.Zeng H-L, Yang Q, Yuan P, Wang X, Cheng L. Associations of essential and
toxic metals/metalloids in whole blood with both disease severity
and mortality in patients with COVID-19. FASEB J. (2021) 35:e21392. doi:
10.1096/1j.202002346RR

31. Dresen E, Pimient JM, Patel JJ, Heyland DK, Rice TW, Stoppe C. Overview of
oxidative stress and the role of micronutrients in critial illness. ] Parent Ent Nutr. (2023)
47:538-549. doi: 10.1002/jpen.2421

frontiersin.org


https://doi.org/10.3389/fnut.2025.1608300
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1136/openhrt-2020-001356
https://doi.org/10.3390/nu11092101
https://doi.org/10.3390/medicina59071190
https://doi.org/10.1684/mrh.2021.0476
https://doi.org/10.1096/fj.202002346RR
https://doi.org/10.1002/jpen.2421

	Micronutrient status and fatty acid profile of adults with SARS-CoV-2 infection—an observational study
	1 Introduction
	2 Methods
	2.1 MeDiCo Health study cohort
	2.2 Study design
	2.3 Dried blood spot analysis in whole blood
	2.4 Healthy controls (enable study cohort)
	2.5 Data analysis and statistics

	3 Results
	3.1 MeDiCo Health study cohort: baseline and phenotypical information
	3.2 Comparative analysis of micronutrient and fatty acid status in SARS-CoV-2 positive and negative cohorts
	3.3 Comparative analysis of micronutrient and fatty acid status according to therapy type

	4 Discussion
	5 Conclusion

	References

