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Have we all been thinking about COVID-19 the 
wrong way? Medicine is a field that depends heavily on 
categories, and within those categories, there is a hierarchy 
of words and phrases that clinicians use to contextualize 
information. Think back to the first time you heard about 
COVID-19. Since the earliest days of media coverage, this 
virus has been intrinsically linked to one word: pandemic. 
The depth of the COVID-19 problem—its persistence, its 
impact, all of the controversies that surround it—has led 
some health leaders to view the situation through a new 
lens. Richard Horton, Editor-in-Chief of The Lancet, is 
one of them. In an editorial he published in the fall of 
2020, Mr. Horton suggested that COVID-19 is not a 
pandemic, but rather a syndemic. Syndemic, he explained, 
is a descriptor that leaves behind the narrow approach of 
managing an outbreak by cutting the lines of viral 
transmission and better reflects the complexity of  
SAR-CoV-2. This is a worldwide health crisis that 
represents two categories of disease that are simultaneously 

and synergistically interacting: an infectious virus plus an 
array of non-communicable diseases. In specific 
populations, we are seeing this combination have a 
deleterious impact on immune function and a catastrophic 
outcome on lives.1 

By now, we are all familiar with the pre-existing 
immune risk factors in the non-communicable disease 
category. They include hypertension, age, gender, diabetes 
or insulin resistance, cardiovascular disease, and 
respiratory disorders. Additional variables that can result 
in alterations in immune function and an increased risk to 
infection with SARS-CoV-2 are the use of immune 
suppressant medications, exposure to environmental 
xenobiotics, and well-known social determinants of 
disease such as stress, racism, poverty, and poor quality 
diets. These factors can also play a significant role in the 
severity and duration of COVID-19 symptoms.2,3

Mechanistically, this constellation of risk factors has 
been associated with the unique genetics of the  
SARS-CoV-2 spike proteins, which are the structures that 
allow the virus to attach to the mucosal surfaces of the 
host and gain access to the mucosal cell’s physiology.4 
Immunological research that pre-dates the emergence of 
COVID-19 demonstrated that alterations in immune 
function associated with these factors can have a significant 
adverse impact on response to vaccination.5 As I write this 
article, the first shipments of COVID-19 vaccines are 
being administered all around the world. Many 
researchers—myself included—will be watching the data 
about vaccine effectiveness as it becomes available in the 
months ahead.

Researchers and clinicians all over the world are 
struggling to bring the spread of SARS-CoV-2 under 
control. Whether we refer to COVID-19 as a pandemic 
(a widely used word) or a syndemic (a new emerging 
term), we now know that specific immunotypes have 
been linked to both risk to infection and presentation of 
this disease. Application of assessment tools that support 
a fuller understanding of individual immune system 
status is next-level care that providers must prepare for 
and deliver. Commonly used biometric devices already 
gather data that can be relevant and useful to a 
phenotypic evaluation of immune function. These 

variables include pulse rate, blood oxygenation, sleep 
cycles, respiration rate, heart rate variability, continuous 
blood glucose monitoring, and ambulatory blood 
pressure. When coupled with traditional blood analytes 
and measurements of nutrient status, a more complete 
picture of immunological function may be revealed. 
Innovative questionnaires and algorithms can also be 
helpful additions to a clinician’s toolkit. In a therapeutic 
relationship between provider and patient, this approach 
may lead to options for personalized immune 
intervention using diet, medical nutrition, and lifestyle 
medicine.

Abstract
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What Can Clinicians Do Right now?
Our understanding of the many factors that can 

adversely influence immune function signals a need for 
clinical tools that support the accurate assessment of 
patients, and guide us in personalizing interventions to 
optimize immune vigilance. Recently, it has been found 
that data collected by certain types of wearable biometric 
devices can provide insights into changes in immune 
system function and perhaps lead to early detection of 
COVID-19.6 These devices have evolved to be quite 
sophisticated. Metrics such as increases in respiration rate, 
sleep disturbances, percent oxygen saturation, heart rate, 
nighttime body temperature, fitness levels, and alterations 
in heart rate variability have all been found to contribute 
to an early warning assessment of COVID-19. How? 
During the initial stages of a viral infection, activation of 
the immune response has been associated with a higher 
respiration rate during sleep, lower blood oxygen 
saturation, an accelerated pulse rate, an increased body 
temperature at night, and decreased heart rate variability. 
All of these parameters have a mechanistic connection to 
alterations in immune system function. This is research 
that a team at the Scripps Translational Institute is taking 
an intense interest in through their work on the Digital 
Engagement and Tracking for Early Control and Treatment 
(DETECT) study. Lead investigator, Giorgio Quer, PhD, 
offered the following quote in a December 2020 interview: 
“DETECT could play an important role in alerting 
individuals that they may have contracted the virus.”7 

In recent years, emerging research has demonstrated 
the existence of different immunotypes. In 2020, it was 
quickly recognized that identifying the immunotypes of 
patients with COVID-19 infection could result in 
personalization of their therapy.8 Last fall, a particularly 
compelling article was published in Science with the 
following title: “Deep Immune Profiling of COVID-19 
Patients Reveals Distinct Immunotypes with Therapeutic 
Implications.” The authors of this piece state that individual 
immunological function can vary not only due to genetics, 
but—to a larger extent—as a result of environmental 
perturbations, which would include factors that influence 
microbiome composition and gastrointestinal immune 
system function.9 

My research group has recently developed a simple 
questionnaire to evaluate the clinical history of an 
individual’s immunophenotype and correlate this 
information with four different immuno-identities (see 
Figure 1). Our algorithm was developed from testing 
several hundred individuals, and we opted to use 
descriptive words to represent the immunophenotypes: 
Angry, Confused, Sensitive, and Withdrawn. Each of these 
immuno-identities is associated with a specific imbalance 
of the innate and/or adaptive immune systems. It is our 
belief that this questionnaire provides a useful first-level 
interrogation of individual immune system function. It 
represents a qualitative evaluation of immuno-identity 

that can guide further evaluation of immune system 
function using the additional biomarkers and epigenetic 
assessment tools that follow.  

Figure 1. Immuno-Identity™ Questionnaire

1. I suffer from symptoms related to autoimmune disease (these are 
conditions where the immune systems attacks the body). 

Not At All
☐

A Little Bit
☐

Sometimes
☐

Quite A Bit
☐

Very Much
☐

2. I am concerned that I could have autoimmune issues.

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

3. I have issues with itchy, watery eyes.

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

4. I have issues with itchy or otherwise irritated skin.

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

5. I have issues with sneezing, congestion or a runny nose.

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

6. I have issues with low mood.

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

7. I am concerned that I feel or look older than other people my age.

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

8. I feel that I am under chronic stress.

Never
☐

Rarely
☐

Sometimes
☐

Often
☐

Always
☐

9. I have GI issues like pain, bloating, cramps, diarrhea or 
constipation.

Never
☐

Rarely
☐

Sometimes
☐

Often
☐

Always
☐

10. Do you or your healthcare provider have concerns about your 
blood pressure?

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

11. Do you or your healthcare provider have concerns about your 
blood sugar?

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

12. Do you or your healthcare provider have concerns that you are 
overweight?

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

13. Do you or your healthcare provider have concerns about your 
thinking or memory?

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐

14. Are you or your healthcare provider concerned that you get 
frequent or prolonged infections?

Not At All
☐

A Little Bit
☐

Somewhat
☐

Quite A Bit
☐

Very Much
☐
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Using Biomarkers to Assess Immune Function
Tools used to assess aspects of immune status can be 

divided into two categories: surrogate markers of immune-
related parameters and biomarkers of specific immune 
functions. The function of an individual’s immune system is, 
in part, dependent upon the quality of their diet.10 Nutritional 
status, therefore, plays a very important role in an individual’s 
defense against SARS-CoV-2 infection.11 An expert on this 
topic, Dr. Philip Calder, published an excellent review article 
in 2020 in which he discussed our need for specific nutrients 
that are required to support immune cell function increases 
during times of immune system stress. This would include 
vitamins A, C, D, and E, as well as the B vitamins, zinc, 
selenium, and omega-3 fatty acids.12 Assessing these nutrient 
levels is an essential step in evaluating the functional status of 
the immune system. This valuable information would be 
considered a surrogate marker of immune cell function.

Vitamin D status is a topic that warrants additional 
attention due to its particular importance in supporting 
both innate and adaptive immune function.13 It can be 
evaluated using the 25-hydroxyvitamin D3 serology test. 
This test represents a surrogate biomarker for determining 
vitamin D status because the active hormonal form of 
vitamin D is 1,25-dihydroxy vitamin D3 calcitriol, which 
is produced in the kidney from the 25-hydroxy form. The 
precursor—25-hydroxy vitamin D3, with a long half-life 
of 15 days—is measured due to the short 15-hour half-life 
of the 1,25 dihydroxy form. 

Zinc represents another very important nutrient for 
the support of immune function. The best surrogate 
measure for zinc status is the zinc tolerance test. In 1978, 
it was reported that zinc supplementation resulted in 
improved taste tolerance in aged individuals.14 No specific 
mechanistic explanation was provided at that time as to 
how zinc influenced taste perception, and—40 years 
later—there is still uncertainty about the connection 
between zinc deficiency and reduction in bitter taste 
threshold to a dilute zinc sulfate solution challenge. It was 
reported in a clinical study that the reduced response to 
the “zinc taste test” composed of a 0.1% solution of zinc 
sulfate in water was correlated with reduced dietary zinc 
intake.15 The clinical accuracy and precision of the zinc 
taste test in evaluating zinc status was challenged in a 2012 
study, but was later improved with the introduction of a 
taste-intensity visual analog scaling protocol in 2015.16,17 

Along with zinc, dietary intake of omega-3 fatty acids 
has been identified to be very important for improving 
immune defense against viral infection.18 The Omega-3 
Index blood spot test is one method that has been used to 
determine omega-3 fatty acid status.19 This test utilizes a 
finger stick procedure to capture a drop of blood on a paper 
collection system for analysis of red cell membrane bound 
fatty acids. An omega-3 index above 7% has been found to 
be associated with reduced inflammatory immune profiles.20 
Dr. Charles Serhan is a leading researcher who has reported 
that the conversion of omega-3 fatty acids by the immune 

system into specialized pro-resolving mediators (SPMs) is 
very important in regulating the inflammatory process 
and may also play a role in the immune response to viral 
infections.21 Minimally processed cod liver oil has been 
found to contain increased levels of the precursors to the 
SPMs, 17-hydroxydocosapentaenoic acid and 
14-hydroxydocosapentaenoic acid, as well as immune 
active forms of vitamin A and vitamin D. Studies are now 
underway to evaluate the immune-associated effects of 
specialized pro-resolving SPMs in the management of 
inflammation and SARS-CoV-2 infection.22 

It is recognized that type 2 diabetes represents a 
significant risk factor for COVID-19 and that blood 
glucose control is important in reducing the risk to  
SARS-CoV-2 infection.23 Insulin resistance associated 
with type 2 diabetes has been identified to result in altered 
immune function and a state of chronic inflammation.24 
It’s clear that the control of post-prandial glycemia is 
important in normalizing immune system function 
through the application of personalized nutrition.25 
Personal glycemic response to various foods can now be 
measured utilizing continuous glucose monitoring 
wearable biometric devices such as the Abbott Freestyle 
Libre or the Dexcom G6 CGM systems.26 In 2019, a 
systematic review and meta-analysis was published that 
indicated intervention with a plant-based, Mediterranean-
style dietary pattern results in improved glycemic control, 
a reduction in inflammation, and normalization of 
immune biomarkers. Systemic immune biomarkers 
evaluated included high sensitivity C-reactive protein 
(hsCRP), fibrinogen, and total leukocyte count, all of 
which were lower in the plant-based dietary group.27 

C-reactive protein (CRP) is an acute-phase protein 
that is produced in the liver through activation by 
interleukin-6 produced systemically. CRP interacts with 
Fc receptors on phagocytic cells and acts as an opsonin, 
thus the main biological function of CRP appears to be 
host defense against bacteria, viruses, and endotoxins.28 
Elevated CRP is often clinically associated with an increase 
in the neutrophil-to-lymphocyte ratio. In conditions of 
insulin resistance, metabolic syndrome, and hypertension 
associated with alteration in the immune system through 
activation of the NLR inflammasome, there is an associated 
increase in both high sensitivity CRP and the neutrophil-
to-lymphocyte ratio.29 Increased neutrophil-to-lymphocyte 
ratios have been found to represent a risk factor for 
COVID-19 in middle-aged individuals without other 
comorbidities.30 The combination of an elevated level of 
hsCRP and an increase in the lymphocyte-to-neutrophil 
and platelet-to-lymphocyte ratios has been shown to 
predict the severity of COVID-19.31,32 In one study of a 
representative older population, elevated neutrophil-to-
lymphocyte ratio was found to be associated with increased 
abdominal obesity and poor eating habits, suggesting it is 
a potential biomarker for evaluating personal lifestyle and 
dietary determinants of immune dysfunction.33  
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Recently, work at the National Institutes of Health has 
indicated that individuals with metabolic syndrome have 
increased risk to both macro- and microvascular 
coagulopathies associated with alterations in immune 
function that result in poor prognoses.34 The key prognostic 
biomarkers of immune dysfunction associated with this 
risk of coagulopathies include elevated plasma ferritin, 
D-dimer, and homocysteine levels.35 In a healthy patient 
population with SARS-CoV-2 infection, an evaluation 
found that those who had elevated levels of fibrinogen 
associated with altered immune function early in the 
infection had much poorer outcomes.36 It is well known 
that plasma fibrinogen is a surrogate marker for 
inflammation of the vascular system and is associated with 
the risk of major cardiovascular diseases.37 A 2019 study 
showed that elevated plasma fibrinogen is associated with 
increases in hemoglobin A1c and immune dysfunction 
that results in the chronic inflammation of type 2 diabetes.38

Lastly, evaluation of mucosal immunity through 
salivary IgA testing is an important analyte for the evaluation 
of immune function related to protection against SARS-
CoV-2 infection. It has been reported recently that salivary 
anti-SARS-CoV-2 IgA is an accessible biomarker of mucosal 
immunity against COVID-19.39 It is well recognized that 
mucosal immunity, including secretory IgA, plays an 
important role in host defense against respiratory pathogens. 
The non-invasive nature and ease of saliva collection 
presents the testing of salivary IgA as a valuable surrogate 
biomarker of mucosal immune function. 

Mucosal immune defense is also related to the 
integrity of barrier functions of the mucosal surfaces in 
the respiratory and gastrointestinal systems.40 There are a 
number of biomarkers used to assess gut mucosal integrity, 
including plasma zonulin and occludin levels. It has 
recently been reported that retinoic acid derived from 
vitamin A improves baseline mucosal barrier function and 
reduces TNF-alpha-induced barrier dysfunction in human 
bronchial cells (TNF-alpha is an inflammatory cytokine).41 
Vitamin A supplementation was found to improve the 
intestinal mucosal barrier and tight junction protein 
zonulin levels in rodents with diarrhea.42 In humans, low-
grade endotoxemia has been found to be associated with 
altered serum zonulin levels and increased coagulation 
factors in patients in the early phase of pneumonia.43 In 
patients with type 2 diabetes, increased plasma levels of 
bacterial lipopolysaccharides associated with endotoxemia 
and elevated levels of serum zonulin signified alterations 
in immune system function associated with inflammation.44 

Calprotectin is an analyte used to assess immune 
system imbalance and inflammation. Fecal levels of 
calprotectin have been found to reflect immune activation 
of the gastrointestinal immune system in patients with 
viral infections.45 Elevation in fecal calprotectin due to 
gastrointestinal mucosal inflammation associated immune 
activation creates the systemic inflammation of 
inflammatory arthritis.46 The studies cited here—as well as 

numerous others—point to the clinical importance of 
determining mucosal barrier status in immune function 
assessment and giving consideration to its association 
with diet and microbiome composition. 

epigenetic Biomarkers Associated with Immune 
Function

Epigenetic modifications that regulate the expression 
of genes are associated with immunophenotype and 
immune system function. Interestingly, telomere length of 
genes within the cells of the immune system is an indirect 
surrogate measure of immune competency.47 Telomere 
length is most frequently measured as an average value in 
heterogeneous peripheral blood leukocytes. Reductions in 
peripheral blood leukocyte telomeres has been shown to 
be associated with immune system aging (or 
immunosenescence). It has been demonstrated that a 
personalized lifestyle intervention program of diet, 
exercise, and stress reduction can increase telomere length 
and improve immune function.48 

Research has also demonstrated that specific methylation 
patterns of the immune cell genome are associated with 
immunosenescence and altered immune function.49 Analysis 
of the methylation pattern of specific genes in immune cells 
provides information about the biological age of the immune 
system. The most interesting sites for altered genomic 
methylation within the immune system are those genes that 
regulate innate immunity and inflammation. Alterations in 
the methylation patterns in these regions of the immune 
genome produce the immunophenotype associated with 
immunosenescence, which is linked to reduced protection 
against infection and increased systemic inflammation (also 
known as inflammaging).50 Inflammaging is an immune risk 
factor that is modifiable through the application of 
personalized diet and lifestyle intervention.51,52 This emerging 
field of research is important to watch, and inclusion of an 
epigenetic analysis in the portfolio of clinical tools for 
assessing immune function represents forward thinking 
about the personalization of patient care. 

Summary
The development of new assessment tools for the 

evaluation of immune system function has opened the 
door for personalizing immune intervention in individuals 
at risk to SARS-CoV-2 infection. The immune assessment 
tools discussed in this review include: 

•	 Immuno-Identity™ Questionnaire
•	 Biometrics using wearable devices:
o Pulse rate
o Body temperature at night
o Oxygen saturation
o Sleep cycles
o Respiration rate
o Heart rate variability
o Fitness level
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•	Vitamin D, zinc, and omega-3 fatty acid assessment
•	Glycemic response assessment using continuous 

glucose monitoring
•	High sensitivity C-reactive protein assessment
•	Neutrophil-to-Lymphocyte ratio
•	 Plasma ferritin
•	 Salivary secretory IgA
•	 Plasma zonulin
•	 Fecal calprotectin
•	 Leukocyte telomere length
•	Whole blood genome methylation age

Whether we refer to this complex time as the era of 
pandemics or syndemics, the application of these assessment 
tools to gain a better understanding of the immune status 
of the individual is next-level care that providers must 
prepare for and deliver. Personalized immune intervention 
using diet, medical nutrition therapy, and lifestyle 
medicine represents an approach that can shift patient 
outcomes, both now and in the future. 

References
1. Horton R. Offline: COVID-19 is not a pandemic. Lancet. 2020 Sep 

26;396(10255):874. doi: 10.1016/S0140-6736(20)32000-6. PMID: 32979964; 
PMCID: PMC7515561.

2. Peretz PJ, Islam N, Matiz LA. Community Health Workers and Covid-19 - 
Addressing Social Determinants of Health in Times of Crisis and Beyond. N 
Engl J Med. 2020 Nov 5;383(19):e108. doi: 10.1056/NEJMp2022641. Epub 
2020 Sep 23. PMID: 32966715.

3. Ajilore O, Thames AD. The fire this time: The stress of racism, inflammation 
and COVID-19. Brain Behav Immun. 2020 Aug;88:66-67. doi: 10.1016/j.
bbi.2020.06.003. Epub 2020 Jun 4. PMID: 32505712; PMCID: PMC7272146.

4. Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19 
disproportionately affect older people? Aging (Albany NY). 2020 May 
29;12(10):9959-9981. doi: 10.18632/aging.103344. Epub 2020 May 29. PMID: 
32470948; PMCID: PMC7288963.

5. Shen-Orr SS, Furman D. Variability in the immune system: of vaccine 
responses and immune states. Curr Opin Immunol. 2013 Aug;25(4):542-7. doi: 
10.1016/j.coi.2013.07.009. Epub 2013 Aug 13. PMID: 23953808; PMCID: 
PMC3788704.

6. Quer G, Radin JM, Gadaleta M, Baca-Motes K, Ariniello L, Ramos E, 
Kheterpal V, Topol EJ, Steinhubl SR. Wearable sensor data and self-reported 
symptoms for COVID-19 detection. Nat Med. 2020 Oct 29. doi: 10.1038/
s41591-020-1123-x. Epub ahead of print. PMID: 33122860.

7. Abbasi J. Using Smartwatch Data to Detect COVID-19 Cases Early. JAMA. 
2020 Dec 8;324(22):2247. doi: 10.1001/jama.2020.23696. PMID: 33289811.

8. Zheng Y, Liu X, Le W, Xie L, Li H, Wen W, Wang S, Ma S, Huang Z, Ye J, Shi 
W, Ye Y, Liu Z, Song M, Zhang W, Han JJ, Belmonte JCI, Xiao C, Qu J, Wang 
H, Liu GH, Su W. A human circulating immune cell landscape in aging and 
COVID-19. Protein Cell. 2020 Oct;11(10):740-770. doi: 10.1007/s13238-020-
00762-2. Epub 2020 Aug 11. PMID: 32780218; PMCID: PMC7417788.

9. Mathew D, Giles JR, Baxter AE, Oldridge DA, Greenplate AR, Wu JE, Alanio 
C, Kuri-Cervantes L, Pampena MB, D’Andrea K, Manne S, Chen Z, Huang YJ, 
Reilly JP, Weisman AR, Ittner CAG, Kuthuru O, Dougherty J, Nzingha K, Han 
N, Kim J, Pattekar A, Goodwin EC, Anderson EM, Weirick ME, Gouma S, 
Arevalo CP, Bolton MJ, Chen F, Lacey SF, Ramage H, Cherry S, Hensley SE, 
Apostolidis SA, Huang AC, Vella LA; UPenn COVID Processing Unit, Betts 
MR, Meyer NJ, Wherry EJ. Deep immune profiling of COVID-19 patients 
reveals distinct immunotypes with therapeutic implications. Science. 2020 Sep 
4;369(6508):eabc8511. doi: 10.1126/science.abc8511. Epub 2020 Jul 15. 
PMID: 32669297; PMCID: PMC7402624.

10. Iddir M, Brito A, Dingeo G, Fernandez Del Campo SS, Samouda H, La Frano 
MR, Bohn T. Strengthening the Immune System and Reducing Inflammation 
and Oxidative Stress through Diet and Nutrition: Considerations during the 
COVID-19 Crisis. Nutrients. 2020 May 27;12(6):1562. doi: 10.3390/
nu12061562. PMID: 32471251; PMCID: PMC7352291.

11. Fernández-Quintela A, Milton-Laskibar I, Trepiana J, Gómez-Zorita S, 
Kajarabille N, Léniz A, González M, Portillo MP. Key Aspects in Nutritional 
Management of COVID-19 Patients. J Clin Med. 2020 Aug 10;9(8):2589. doi: 
10.3390/jcm9082589. PMID: 32785121; PMCID: PMC7463687.

12. Calder PC. Nutrition, immunity and COVID-19. BMJ Nutr Prev Health. 2020 
May 20;3(1):74-92. doi: 10.1136/bmjnph-2020-000085. PMID: 33230497; 
PMCID: PMC7295866.

13. Charoenngam N, Holick MF. Immunologic Effects of Vitamin D on Human 
Health and Disease. Nutrients. 2020 Jul 15;12(7):2097. doi: 10.3390/
nu12072097. PMID: 32679784; PMCID: PMC7400911.

14. Greger JL, Geissler AH. Effect of zinc supplementation on taste acuity of the 
aged. Am J Clin Nutr. 1978 Apr;31(4):633-7. doi: 10.1093/ajcn/31.4.633. 
PMID: 345795.

15. Zdilla MJ, Saling JR, Starkey LD. Zinc sulfate taste acuity reflects dietary zinc 
intake in males. Clin Nutr ESPEN. 2016 Feb;11:e21-e25. doi: 10.1016/j.
clnesp.2015.11.004. Epub 2016 Jan 14. PMID: 28531422.

16. Gruner T, Arthur R. The accuracy of the Zinc Taste Test method. J Altern 
Complement Med. 2012 Jun;18(6):541-50. doi: 10.1089/acm.2011.0298. 
PMID: 22784341.

17. Zdilla MJ, Starkey LD, Saling JR. A Taste-intensity Visual Analog Scale: An 
Improved Zinc Taste-test Protocol. Integr Med (Encinitas). 2015 Apr;14(2):34-
8. PMID: 26770137; PMCID: PMC4566477.

18. 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 Oct 20;12(10):3198. doi: 10.3390/nu12103198. PMID: 
33092041; PMCID: PMC7589163.

19. Allaire J, Harris WS, Vors C, Charest A, Marin J, Jackson KH, Tchernof A, 
Couture P, Lamarche B. Supplementation with high-dose docosahexaenoic 
acid increases the Omega-3 Index more than high-dose eicosapentaenoic 
acid. Prostaglandins Leukot Essent Fatty Acids. 2017 May;120:8-14. doi: 
10.1016/j.plefa.2017.03.008. Epub 2017 Mar 31. PMID: 28515020.

20. McDonnell SL, French CB, Baggerly CA, Harris WS. Cross-sectional study of 
the combined associations of dietary and supplemental eicosapentaenoic 
acid + docosahexaenoic acid on Omega-3 Index. Nutr Res. 2019 Nov;71:43-
55. doi: 10.1016/j.nutres.2019.09.001. Epub 2019 Sep 11. PMID: 31757628.

21. Chiang N, Serhan CN. Specialized pro-resolving mediator network: an update 
on production and actions. Essays Biochem. 2020 Sep 23;64(3):443-462. doi: 
10.1042/EBC20200018. PMID: 32885825; PMCID: PMC7682745.

22. Regidor PA, Santos FG, Rizo JM, Egea FM. Pro resolving inflammatory effects 
of the lipid mediators of omega 3 fatty acids and its implication in SARS 
COVID-19. Med Hypotheses. 2020 Dec;145:110340. doi: 10.1016/j.
mehy.2020.110340. Epub 2020 Oct 8. PMID: 33069094; PMCID: 
PMC7543931.

23. Futatsugi H, Iwabu M, Okada-Iwabu M, Okamoto K, Amano Y, Morizaki Y, 
Kadowaki T, Yamauchi T. Blood Glucose Control Strategy for Type 2 Diabetes 
Patients With COVID-19. Front Cardiovasc Med. 2020 Oct 28;7:593061. doi: 
10.3389/fcvm.2020.593061. PMID: 33195481; PMCID: PMC7655538.

24. Myette-Côté É, Durrer C, Neudorf H, Bammert TD, Botezelli JD, Johnson JD, 
DeSouza CA, Little JP. The effect of a short-term low-carbohydrate, high-fat 
diet with or without postmeal walks on glycemic control and inflammation in 
type 2 diabetes: a randomized trial. Am J Physiol Regul Integr Comp Physiol. 
2018 Dec 1;315(6):R1210-R1219. doi: 10.1152/ajpregu.00240.2018. Epub 2018 
Oct 10. PMID: 30303707; PMCID: PMC6734060.

25. Berry SE, Valdes AM, Drew DA, Asnicar F, Mazidi M, Wolf J, Capdevila J, 
Hadjigeorgiou G, Davies R, Al Khatib H, Bonnett C, Ganesh S, Bakker E, Hart 
D, Mangino M, Merino J, Linenberg I, Wyatt P, Ordovas JM, Gardner CD, 
Delahanty LM, Chan AT, Segata N, Franks PW, Spector TD. Human 
postprandial responses to food and potential for precision nutrition. Nat Med. 
2020 Jun;26(6):964-973. doi: 10.1038/s41591-020-0934-0. Epub 2020 Jun 11. 
Erratum in: Nat Med. 2020 Nov;26(11):1802. PMID: 32528151.

26. Fabricatore AN, Ebbeling CB, Wadden TA, Ludwig DS. Continuous glucose 
monitoring to assess the ecologic validity of dietary glycemic index and 
glycemic load. Am J Clin Nutr. 2011 Dec;94(6):1519-24. doi: 10.3945/
ajcn.111.020354. Epub 2011 Nov 9. PMID: 22071699; PMCID: PMC3252549.

27. Craddock JC, Neale EP, Peoples GE, Probst YC. Vegetarian-Based Dietary 
Patterns and their Relation with Inflammatory and Immune Biomarkers: A 
Systematic Review and Meta-Analysis. Adv Nutr. 2019 May 1;10(3):433-451. 
doi: 10.1093/advances/nmy103. PMID: 30947338; PMCID: PMC6520040.

28. Volanakis JE. Human C-reactive protein: expression, structure, and function. 
Mol Immunol. 2001 Aug;38(2-3):189-97. doi: 10.1016/s0161-5890(01)00042-
6. PMID: 11532280.

29. Syauqy A, Hsu CY, Rau HH, Chao JC. Association of dietary patterns, 
anthropometric measurements, and metabolic parameters with C-reactive 
protein and neutrophil-to-lymphocyte ratio in middle-aged and older adults 
with metabolic syndrome in Taiwan: a cross-sectional study. Nutr J. 2018 Nov 
19;17(1):106. doi: 10.1186/s12937-018-0417-z. PMID: 30454030; PMCID: 
PMC6240947.

30. Wang P, Sha J, Meng M, Wang C, Yao Q, Zhang Z, Sun W, Wang X, Qie G, Bai 
X, Liu K, Chu Y. Risk factors for severe COVID-19 in middle-aged patients 
without comorbidities: a multicentre retrospective study. J Transl Med. 2020 
Dec 7;18(1):461. doi: 10.1186/s12967-020-02655-8. PMID: 33287826; 
PMCID: PMC7719726.



This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1945-7081. To subscribe, visit imjournal.com

Integrative Medicine • Vol. 20, No. 1 • February 2021 23Bland—Creating Synthesis

31. Mousavi-Nasab SD, Mardani R, Nasr Azadani H, Zali F, Ahmadi Vasmehjani 
A, Sabeti S, Alavi Darazam I, Ahmadi N. Neutrophil to lymphocyte ratio and 
C-reactive protein level as prognostic markers in mild versus severe COVID-
19 patients. Gastroenterol Hepatol Bed Bench. 2020 Fall;13(4):361-366. PMID: 
33244379; PMCID: PMC7682970.

32. Seyit M, Avci E, Nar R, Senol H, Yilmaz A, Ozen M, Oskay A, Aybek H. 
Neutrophil to lymphocyte ratio, lymphocyte to monocyte ratio and platelet to 
lymphocyte ratio to predict the severity of COVID-19. Am J Emerg Med. 2020 
Dec 6:S0735-6757(20)31086-X. doi: 10.1016/j.ajem.2020.11.058. Epub ahead 
of print. PMID: 33309506; PMCID: PMC7719281.

33. Rodríguez-Rodríguez E, López-Sobaler AM, Ortega RM, Delgado-Losada 
ML, López-Parra AM, Aparicio A. Association between Neutrophil-to-
Lymphocyte Ratio with Abdominal Obesity and Healthy Eating Index in a 
Representative Older Spanish Population. Nutrients. 2020 Mar 23;12(3):855. 
doi: 10.3390/nu12030855. PMID: 32210070; PMCID: PMC7146141.

34. Bansal R, Gubbi S, Muniyappa R. Metabolic Syndrome and COVID 19: 
Endocrine-Immune-Vascular Interactions Shapes Clinical Course. 
Endocrinology. 2020 Oct 1;161(10):bqaa112. doi: 10.1210/endocr/bqaa112. 
PMID: 32603424; PMCID: PMC7337756.

35. Abu-Farha M, Al-Sabah S, Hammad MM, Hebbar P, Channanath AM, John 
SE, Taher I, Almaeen A, Ghazy A, Mohammad A, Abubaker J, Arefanian H, 
Al-Mulla F, Thanaraj TA. Prognostic Genetic Markers for Thrombosis in 
COVID-19 Patients: A Focused Analysis on D-Dimer, Homocysteine and 
Thromboembolism. Front Pharmacol. 2020 Dec 9;11:587451. doi: 10.3389/
fphar.2020.587451. PMID: 33362545; PMCID: PMC7756688.

36. Ronderos Botero DM, Omar AMS, Sun HK, Mantri N, Fortuzi K, Choi Y, 
Adrish M, Nicu M, Bella JN, Chilimuri S. COVID-19 in the Healthy Patient 
Population: Demographic and Clinical Phenotypic Characterization and 
Predictors of In-Hospital Outcomes. Arterioscler Thromb Vasc Biol. 2020 
Nov;40(11):2764-2775. doi: 10.1161/ATVBAHA.120.314845. Epub 2020 Sep 
10. PMID: 32907371; PMCID: PMC7571843.

37. Fibrinogen Studies Collaboration, Danesh J, Lewington S, Thompson SG, 
Lowe GD, Collins R, Kostis JB, Wilson AC, Folsom AR, Wu K, Benderly M, 
Goldbourt U, Willeit J, Kiechl S, Yarnell JW, Sweetnam PM, Elwood PC, 
Cushman M, Psaty BM, Tracy RP, Tybjaerg-Hansen A, Haverkate F, de Maat 
MP, Fowkes FG, Lee AJ, Smith FB, Salomaa V, Harald K, Rasi R, Vahtera E, 
Jousilahti P, Pekkanen J, D’Agostino R, Kannel WB, Wilson PW, Tofler G, 
Arocha-Piñango CL, Rodriguez-Larralde A, Nagy E, Mijares M, Espinosa R, 
Rodriquez-Roa E, Ryder E, Diez-Ewald MP, Campos G, Fernandez V, Torres 
E, Marchioli R, Valagussa F, Rosengren A, Wilhelmsen L, Lappas G, Eriksson 
H, Cremer P, Nagel D, Curb JD, Rodriguez B, Yano K, Salonen JT, Nyyssönen 
K, Tuomainen TP, Hedblad B, Lind P, Loewel H, Koenig W, Meade TW, 
Cooper JA, De Stavola B, Knottenbelt C, Miller GJ, Cooper JA, Bauer KA, 
Rosenberg RD, Sato S, Kitamura A, Naito Y, Palosuo T, Ducimetiere P, 
Amouyel P, Arveiler D, Evans AE, Ferrieres J, Juhan-Vague I, Bingham A, 
Schulte H, Assmann G, Cantin B, Lamarche B, Després JP, Dagenais GR, 
Tunstall-Pedoe H, Woodward M, Ben-Shlomo Y, Davey Smith G, Palmieri V, 
Yeh JL, Rudnicka A, Ridker P, Rodeghiero F, Tosetto A, Shepherd J, Ford I, 
Robertson M, Brunner E, Shipley M, Feskens EJ, Kromhout D, Dickinson A, 
Ireland B, Juzwishin K, Kaptoge S, Lewington S, Memon A, Sarwar N, Walker 
M, Wheeler J, White I, Wood A. Plasma fibrinogen level and the risk of major 
cardiovascular diseases and nonvascular mortality: an individual participant 
meta-analysis. JAMA. 2005 Oct 12;294(14):1799-809. doi: 10.1001/
jama.294.14.1799. Erratum in: JAMA. 2005 Dec 14;294(22):2848. PMID: 
16219884.

38. Zhang L, Xu C, Liu J, Bai X, Li R, Wang L, Zhou J, Wu Y, Yuan Z. Baseline 
plasma fibrinogen is associated with haemoglobin A1c and 2-year major 
adverse cardiovascular events following percutaneous coronary intervention 
in patients with acute coronary syndrome: a single-centre, prospective cohort 
study. Cardiovasc Diabetol. 2019 Apr 23;18(1):52. doi: 10.1186/s12933-019-
0858-5. PMID: 31014348; PMCID: PMC6480802.

39. Varadhachary A, Chatterjee D, Garza J, Garr RP, Foley C, Letkeman AF, Dean 
J, Haug D, Breeze J, Traylor R, Malek A, Nath R, Linbeck L. Salivary anti-
SARS-CoV-2 IgA as an accessible biomarker of mucosal immunity against 
COVID-19. medRxiv [Preprint]. 2020 Aug 11:2020.08.07.20170258. doi: 
10.1101/2020.08.07.20170258. PMID: 32817976; PMCID: PMC7430621.

40. Wells JM, Brummer RJ, Derrien M, MacDonald TT, Troost F, Cani PD, 
Theodorou V, Dekker J, Méheust A, de Vos WM, Mercenier A, Nauta A, 
Garcia-Rodenas CL. Homeostasis of the gut barrier and potential biomarkers. 
Am J Physiol Gastrointest Liver Physiol. 2017 Mar 1;312(3):G171-G193. doi: 
10.1152/ajpgi.00048.2015. Epub 2016 Dec 1. PMID: 27908847; PMCID: 
PMC5440615.

41. Callaghan PJ, Rybakovsky E, Ferrick B, Thomas S, Mullin JM. Retinoic acid 
improves baseline barrier function and attenuates TNF-α-induced barrier 
leak in human bronchial epithelial cell culture model, 16HBE 14o. PLoS One. 
2020 Dec 10;15(12):e0242536. doi: 10.1371/journal.pone.0242536. PMID: 
33301441; PMCID: PMC7728186.

42. Xiao L, Cui T, Liu S, Chen B, Wang Y, Yang T, Li T, Chen J. Vitamin A 
supplementation improves the intestinal mucosal barrier and facilitates the 
expression of tight junction proteins in rats with diarrhea. Nutrition. 2019 
Jan;57:97-108. doi: 10.1016/j.nut.2018.06.007. Epub 2018 Jul 11. PMID: 
30153586.

43. Cangemi R, Della Valle P, Calvieri C, Taliani G, Ferroni P, Falcone M, 
Carnevale R, Bartimoccia S, D’Angelo A, Violi F; SIXTUS Study Group. Low-
grade endotoxemia and clotting activation in the early phase of pneumonia. 
Respirology. 2016 Nov;21(8):1465-1471. doi: 10.1111/resp.12854. Epub 2016 
Jul 12. PMID: 27403788.

44. Jayashree B, Bibin YS, Prabhu D, Shanthirani CS, Gokulakrishnan K, Lakshmi 
BS, Mohan V, Balasubramanyam M. Increased circulatory levels of 
lipopolysaccharide (LPS) and zonulin signify novel biomarkers of 
proinflammation in patients with type 2 diabetes. Mol Cell Biochem. 2014 
Mar;388(1-2):203-10. doi: 10.1007/s11010-013-1911-4. Epub 2013 Dec 18. 
PMID: 24347174.

45. Ruiz-Briseño MDR, De Arcos-Jiménez JC, Ratkovich-González S, Sánchez-
Reyes K, González-Hernández LA, Andrade-Villanueva JF, Alvarez-Zavala 
M. Association of intestinal and systemic inflammatory biomarkers with 
immune reconstitution in HIV+ patients on ART. J Inflamm (Lond). 2020 Oct 
15;17:32. doi: 10.1186/s12950-020-00262-4. PMID: 33071649; PMCID: 
PMC7558748.

46. Kang KY, Park SH, Hong YS. Relationship between faecal calprotectin and 
inflammation in peripheral joints and entheses in axial spondyloarthritis. 
Scand J Rheumatol. 2020 Sep;49(5):397-404. doi: 
10.1080/03009742.2020.1748707. Epub 2020 Jul 13. PMID: 32657633.

47. Weng NP. Telomeres and immune competency. Curr Opin Immunol. 2012 
Aug;24(4):470-5. doi: 10.1016/j.coi.2012.05.001. Epub 2012 May 22. PMID: 
22626625; PMCID: PMC3423542.

48. Ojeda-Rodríguez A, Morell-Azanza L, Zalba G, Zazpe I, Azcona-Sanjulian 
MC, Marti A. Associations of telomere length with two dietary quality indices 
after a lifestyle intervention in children with abdominal obesity: a randomized 
controlled trial. Pediatr Obes. 2020 Nov;15(11):e12661. doi: 10.1111/
ijpo.12661. Epub 2020 Jun 17. PMID: 32558330.

49. Calle-Fabregat C, Morante-Palacios O, Ballestar E. Understanding the 
Relevance of DNA Methylation Changes in Immune Differentiation and 
Disease. Genes (Basel). 2020 Jan 18;11(1):110. doi: 10.3390/genes11010110. 
PMID: 31963661; PMCID: PMC7017047.

50. Pietrobon AJ, Teixeira FME, Sato MN. I mmunosenescence and Inflammaging: 
Risk Factors of Severe COVID-19 in Older People. Front Immunol. 2020 Oct 
27;11:579220. doi: 10.3389/fimmu.2020.579220. PMID: 33193377; PMCID: 
PMC7656138.

51. Giampieri E, Ostan R, Guidarelli G, Salvioli S, Berendsen AAM, Brzozowska 
A, Pietruszka B, Jennings A, Meunier N, Caumon E, Fairweather-Tait S, 
Sicinska E, Feskens EJM, de Groot LCPGM, Franceschi C, Santoro A. A Novel 
Approach to Improve the Estimation of a Diet Adherence Considering 
Seasonality and Short Term Variability - The NU-AGE Mediterranean Diet 
Experience. Front Physiol. 2019 Mar 5;10:149. doi: 10.3389/fphys.2019.00149. 
PMID: 30890946; PMCID: PMC6413567.

52. Duggal NA. Reversing the immune ageing clock: lifestyle modifications and 
pharmacological interventions. Biogerontology. 2018 Dec;19(6):481-496. doi: 
10.1007/s10522-018-9771-7. Epub 2018 Sep 29. PMID: 30269199; PMCID: 
PMC6223743.


