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ABSTRACT 

Background: Malnutrition due to insufficient intake of micronutrients, or due to impaired delivery 

of micronutrients to patients’ cells, is suppressing immune functions that are fundamental to host 

protection. Concurrently, an excessive triggering of patients’ immune reactions as the result of 

adverse responses to certain food antigens, can also lead to various chronic health conditions.  

 

Objective: To examine nutritional and immunological status in patients’ groups varying in age, 

dietary regimens and gastrointestinal condition; and explore a possible correlation between an 

impaired patients’ immune status and micronutrient deficiencies, food sensitivity and oxidative 

stress responses. 

 

Methods: This is a population-based study consisting of a American residents, age 13 and older, 

who completed the investigator’s provided questionnaires with application of cell-based 

individualized functional assays. Data for this paper were collected from 845 individuals between 

May and September 2019, as part of CSS CNA beta study. Micronutrient deficiencies, immune 

Redox status, antioxidative responses and food sensitivity profiles were assessed for each patient 

participating in this study.  

 

Results: The group of patients with low Redox status demonstrated significantly higher percent 

of immune reactivity (17%) to food antigens as compared to15% reactivity detected in the groups 

with the average and strong Redox response. An average number of identified micronutrient 
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deficiencies, as well as beneficial anti-oxidative protective compounds, was also significantly 

higher in the group with the weak immune function as compared to other two groups. 

 

Conclusion: This study suggests that high food sensitivity is associated with a higher nutrient 

deficiency, a stronger oxidative stress response and a lower immune redox status.  

 

BACKGROUND 

Micronutrient deficiencies are recognized as a global public health issue; and poor nutritional 

status compromises immune function thus predisposing to many health issues. The immune system 

acts to protect the host from infectious agents that exist in the environment (bacteria, viruses, fungi, 

parasites) and from other harmful insults such as removal of toxins and cellular debris. It relies on 

two functional branches: the innate and the acquired; both involving a diversity of blood-borne 

factors (complement, antibodies, and cytokines) and cells (macrophages, polymorphonuclear and 

mononuclear cells; and, lymphocytes). The adequate functioning of this defensive system is 

critically impacted by intracellular nutritional status, and its interaction with the host’ cells. 

Lacking adequate nutrition, the immune system is clearly deprived of the components needed to 

generate an effective immune response. Various micronutrients are essential for immune 

competence, particularly vitamins A, C, D, E, B2, B6, and B12, folic acid, iron, selenium, and zinc 

[1], [2], [3], [4]. For example, vitamin A deficiency impairs mucosal barriers and diminishes the 

function of neutrophils, macrophages, and NK cells [5].  Antioxidant nutrients play a pivotal role 

in maintaining the antioxidant/oxidant balance in immune cells, in protecting them from oxidative 

stress and preserving their adequate function, such as protection from DNA breaks, oxidative 

lesions, or both [6], [7]. Oxidative stress is worsened in infection if micronutrients are deficient. 

Leukocyte functions are strongly influenced by the antioxidant/oxidant balance, because immune 

cells produce reactive oxygen species (ROS) to support their functions [8]. Thus, adequate 

amounts of neutralizing antioxidants are required to prevent damage to the immune cells 

themselves. Investigations in humans confirm a lower capacity of lymphocytes deficient in 

micronutrients/ antioxidants to proliferate in response to mitogen activation. 

Immune function may be improved by restoring deficient micronutrients to recommended 

levels, thereby increasing resistance to infection and supporting faster recovery when infected. 

Therefore, the ability to identify the key antioxidants that appears to be deficient in patients’ cells, 

offers a valuable tool to strengthen patients’ immune system and prevent/ improve many health 

conditions [9]. Nutrient repletion via supplements and/or food sources can restore immune 

function and resistance to infection. However, excessive amounts of some nutrients also impair 

immune function [10] and in certain cases potential harmful effects of excessive supplementation 

have been observed in some clinical trials [11]. Thus,  Ferrante  et al., reported that dietary intake 

of long-chain n-3 polyunsaturated fatty acids was associated with selective depression of 

circulating natural killer cells of the patients [12].  

Additional complexity in assessing individual nutritional requirements and patients’ immune 

responses is compounded by the individual reactions of immune system to food antigens. The 

initiation of adverse immune responses to food may appear from the development of a ‘new’ 

reaction to a food antigen and/or a loss of previously acquired tolerance. This ability of the immune 

system to discriminate between harmful and ‘safe’ substances is the result of complex interactions 

between the cells which sample the gut contents and ‘show’ it to the immune system (antigen 
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presenting cells) and the immune cells. The signals which the immune cell receives during the 

encounter with the antigen presenting cell will dictate whether the immune cell will be activated 

or remain quiescent. The loss of this state of tolerance results in an adverse immune response to a 

food antigen. Therefore, the proper and timely identification of these reactive foods is critical to 

maintenance of homeostasis and prevention of pathological inflammatory responses. 

All these data suggest that nutritional supplementation should be tailored to each patient, 

which is possible by using a functional assessment of the patients’ cells. For at least the last three 

decades cellular assays have been used as a sensitive functional approach in the assessment of a 

patient’s nutritional status. In the present study we used the cellular functional response assay 

(Cellular Nutrition Assay) developed by Cell Science Systems, Corp. (Deerfield Beach, Florida)  

to evaluate a possible correlation between nutritional deficiencies, food sensitivity profiles and 

their immune status in groups that vary in age, life style, dietary habits, supplementation and 

gastrointestinal symptoms.  

 

METHODS 

Tested Groups 

This study was designed as a randomized observational analysis including a large number (845) 

of consecutive patients that volunteered to donate venous blood and complete a questionnaire on 

lifestyle, dietary habits, and self-reported health conditions. Informed consent for anonymous 

reporting of outcomes was obtained from each subject.  Study subjects were self-selected in that 

they requested, through their health care provider, to have their blood drawn for identification of 

food and chemical sensitivities through Alcat testing. Approximately 15cc of venous blood was 

taken, in addition to that required for the already requested lab test, and the investigators self-

determined that this condition posed no additional risk to patients. The study population was 

represented by different ages (18– 86 years old), genders, medical and ethnic backgrounds. 

Subjects were asked to complete questionnaires regarding their biological and medical 

background, lifestyle, and diet. Subjects use of anti-inflammatory medications were discontinued, 

if possible, for a minimum of 72 hours prior to blood draw. Finally, all subjects were divided into 

the groups of interest. The subjects’ personal data were anonymized and secured, in accordance 

with HIPAA regulations, until the lab data findings were complete. Each patient received their 

respective lab test results. 

 

Redox Assay for Immune Function Status Assessment 

The redox status of patients was measured using the Cell Science Systems (CSS) Redox assay. 

Redox is a measurement of overall antioxidant function of patients’ peripheral immune cells. 

Briefly, the patients’ leucocytes suspended in the minimal media, containing patients’ autologous 

serum, are challenged with increasing concentrations of a free radical generating system (H2O2). 

The cells’ ability to resist oxidative damage, as determined by lymphocyte count, was assessed 

and gradated by CSS Redox software.  

 

Micronutrient Assay for Micronutrients Deficiencies Assessment 

All 845 subjects were tested for micronutrient deficiencies (MN) using the CSS Micronutrient 

Deficiency assay (Cellular Nutritional Assay – CNA). Briefly, patients’ serum and a mixture of 

lymphocytes were isolated from the whole blood of patients. Patients’ cells were resuspended in 

https://www-sciencedirect-com.ezproxy.auckland.ac.nz/topics/agricultural-and-biological-sciences/antigen-presenting-cell
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autologous serum and cultured in the presence of different micronutrients, while stimulated by 

mitogen. The lymphocytes’ growth rate, without the addition of a micronutrient, is defined as the 

patient’s baseline. Results were expressed as the stimulation index (SI) which is the percentage of 

stimulation in response to mitogen, with non-stimulated values being 100%. An increase in 

lymphocyte count following the addition of a specific micronutrient is regarded as indicating a 

functional deficiency of the specific micronutrient. The number of micronutrient deficiencies for 

each patient was recorded. An average number of deficiencies per group was calculated. 

 

 

Antioxidant Assay for Antioxidant Deficiencies Assessment 

CSS cellular antioxidant test (AO) was used to identify patient-specific antioxidants that may be 

particularly protective in resisting oxidative stress and restoring antioxidant function. Similar to 

the MN testing, patients’ serum and a mixture of lymphocyteswere isolated from the whole blood 

of patients. Patients’ cells resuspended in autologous serum were grown in the presence of different 

antioxidants, while exposed to H2O2 at the concentration that was determined to create oxidative 

stress to the patients’ lymphocytes in vitro. The lymphocytes’ growth rate without additional 

antioxidants, is identified as the patient’s baseline. Results are expressed as the  

stimulation index, which is the percentage of stimulation of cell proliferation in the presence 

of single antioxidant, compared with the proliferation rate of cells without addition of antioxidants 

being 100%. The number of antioxidant deficiencies (AOD) for each patient was recorded. An 

average number of deficiencies per each group was calculated. 

 

Alcat Assay for Food Sensitivities Assessment 

Food sensitivity profiles of all 845 subjects were assessed by Alcat 3D CSS assay. Briefly, the 

Alcat Test is a leukocyte activation test that measures cellular immune response, such as changes 

in cell size and cell number following the exposure to individual food substances in vitro. Cellular 

changes in leukocytes were detected by impedance technology (ROBOCat II) and analyzed by the 

Alcat software. Total number of reactions was expressed as percent of reactivity. Average percent 

of reactivity per group was calculated and compared between Redox groups. 

 

Statistical Analysis 

Repeated-measures analysis of variance (ANOVA) tested for within- and between-group 

differences in MND, AOD and Alcat % of Reactivity for groups that vary in age, diet, smoking 

and alcohol consumption habits, and GI status. Statistical differences were determined by t-test or 

by one-way analysis of variance (ANOVA), using GraphPad Prism V.8.2.1, 2019. A p value < 

0.05 was considered to indicate a significant difference between values, while a p value < 0.10 

was regarded as marginal difference.  

 

RESULTS 

Evaluation of Alcat Reactivity, Micronutrient Deficiency and Antioxidant Deficiency in 

Subjects with Various Redox Status (RS).  

First, using CSS Redox Assay we evaluated level of RS in each subject. Of the 845 tested subjects, 

101 demonstrated a weak RS, 189 fell into a strong RS group, while 555 reported an average RS 
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response. These groups were selected for the further assessments, such as Alcat 3D food sensitivity 

testing, CNA Micronutrients Deficiency assay (MND) and CNA Antioxidant  

 

Protection assay (AOP). 

Alcat Reactivity results were expressed as an average percent of reactivity (AvgAR). AvgAR was 

significantly increased in the weak redox group comparative to the other two groups: F (2, 842) = 

6.342, p = 0,002 (Fig 1, A). 

Moreover, average numbers of micronutrient and antioxidant deficiencies were significantly 

higher in the weak redox group comparative to the average and strong redox groups with F(2, 859) 

= 4.720, p = 0.0091 and F(2, 859) =4.640, p = 0.0099 respectively (Fig 1, B and C).   

         

 

Figure 1: Participants with a weaker redox status demonstrated overall higher Alcat reactivity (A), 

MND (B), and AOD (C) across the study population (n = 845). Data shown are participant’s blood 

samples subdivided into weak reactions (WR; n = 101), Strong reactions (SR; n = 189), and Average 

reactions (AR; n = 555), based on the assessment of their redox assay. A one-way ANOVA indicated that 

the average percent of reactivity was significantly increased (p = 0.002), post hoc analysis with Turkey’s 

test indicated the WR group was significantly different from both the AR and SR groups (p = 0.001 and 

0.007, respectively). Data are shown as the group average ±SEM; asterisks indicate significance when 

compared against the other groups. 

Effect of alcohol on MND, AOD, redox status and food reactivity responses 

There was a larger percentage of strong redox responses (20%) in the group with low consumption 

of alcohol as compared to a high consumption alcohol group (12%), while high consumption 

alcohol group had a 7% higher average number of weak redox responses, as compared to the low 

consumption alcohol group. According to the chi-square test, high alcohol consumption had 

marginal negative effect on immune redox function of the tested subjects (p = 0.07) (Fig 2, A). An 

average percent of reactivity towards food antigens was significantly higher in the LAC group than 

in the HAC group (p = 0.045) (Fig. 2, B). There was no significant difference in the number of 

micronutrient and antioxidant deficiencies between low and high alcohol consumption groups as 

assessed by the one-way ANOVA analyses. 
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Figure 2: Effect of alcohol on Alcat reactivity and redox status. (A) Participants with a low 

alcohol consumption (LAC; n = 813) demonstrated an overall higher Alcat sensitivity, than the high alcohol 

consumption group (HAC, n = 32). Data are shown as the group average ±SEM; asterisks indicate 

significance with significance being determined through an unpaired t-test (p = 0.045). (B) The comparison 

of the percentage for Average (63% vs 64%), Strong (12% vs 20%), and weak (23% vs 16%) redox status 

of HAC participants against LAC participants. Dependence was examined through a chi-squared analysis 

(p = 0.07).  
 

Effect of smoking on MND and Redox status distribution 

There was a larger number of identified MND in the smokers group, comparative to the non-

smokers, while AOD and Alcat reactivity did not differ between two groups. Unpaired t-test 

determined that the average number of MND was marginally higher (p = 0.09) (Fig. 3, A). 

Percentage of strong redox responses was higher (23% vs 15%) in the non-smokers group, while 

the percentage of the weak responses was higher in the smokers’ group (21% vs 11%). According 

to the chi-squared test, smoking had a marginally negative effect on immune redox function of the 

tested subjects (p = 0.09) (Fig 3, C).  
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Figure 3. Effect of smoking on MND, AOD and food reactivity responses. Participants who 

were smokers (n = 814) demonstrated overall higher Alcat sensitivity, than Non-Smokers (n = 48). Unpaired 

t-tests were performed on (A) MND and (B) AOD, data are shown as the group average ±SEM; reference 

marks (※) indicate a marginal difference, with significance being determined through an unpaired t-test (p 

= 0.09 and 0.77, respectively). (C) The comparison of the percentage for Average (66% vs 66%), Strong 

(15% vs 23%), and weak (21% vs 11%) redox status of smokers compared to non-smokers. Dependence 

was examined through a chi-squared analysis (p = 0.09). 
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Effect of diet on redox status, micronutrient and antioxidant deficiencies, and food reactivity 

responses 

According to the questionnaires’ answers, all subjects were divided into 2 groups. The diet of the 

first group (healthy diet) consisted of primarily whole fresh foods including fruits, vegetables, 

nuts; while the (poor diet) group reported high consumption of sweets, fried, frozen and starchy 

foods. Mean values for micronutrient and antioxidant deficiency were significantly higher in the 

poor diet group as compared to the healthy diet group with p-values of 0.0017 and 0.0395, 

respectively (Fig 4, A and B).  The effect of the diet had no statistically significance on the food 

reactivity responses between the two groups. Assessment of the redox status in both groups showed 

higher percentage of the strong redox responses and showed lower percentage of the weak redox 

responses in the healthy diet group (Fig 4, C).  
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Figure 4. Effect of diet on MND, AOD and food reactivity responses. Participants who had a 

poor diet (n = 123) demonstrated overall higher Alcat sensitivity, than those who reported having a healthy 

diet (n = 739). (A) MND and (B) AOD, data are shown as the group average ± SEM; asterisks indicate 

significance determined through an unpaired t-test (p = 0.0017 and 0.0395, respectively). (C) The 

comparison of the percentage for Average (65% vs 65%), Strong (25% vs 21%), and weak (10% vs 14%) 

redox status of participants with a healthy diet compared against those with a poor diet. Dependence was 

examined through a chi-squared analysis (p = 0.6). 

 

Effect of GI health on redox status, micronutrient and antioxidant deficiencies, and food 

reactivity responses 

Group of patients with reported active GI issues demonstrated significantly higher percent of food 

reactivity than the group without GI issues (p = 0.0048) as analyzed by unpaired t-test (Fig. 5, A). 

The mean value of micronutrient and antioxidant deficiencies was not significantly different 

between two groups. Percentages of strong and weak redox responses were 18% and 9%, 

respectively in the healthy subjects, as compared to 14% and 15% in the group with GI issues (Fig 

5, B).    
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Figure 5. Effect of GI health on the number of micronutrient and antioxidant deficiencies. 

Participants who had GI issues (n = 215) were compared against participants who had a healthy GI system 

(n = 232). (A) Alcat Reactivity data are shown as the group average ± SEM; asterisks indicate significance, 

with significance being determined through an unpaired t-test (p = 0.0048). (C) The comparison of the 

percentage for Average (73% vs 71%), Strong (18% vs 14%), and Weak (9% vs 15%) redox status of 

participants with good gastrointestinal health compared against those with bad gastrointestinal health. 

Dependence was examined through a chi-squared analysis (p = 0.36). 

Age effect on redox status, micronutrient and antioxidant deficiencies, and food reactivity 

responses 

According to the unpaired t-test,mean values of identified micronutrient deficiencies were 

statistically significantly higher (p = 0.0002) in the younger group (18 to 50 years old) than in the 

age group over 50 years old (Fig. 6, A). The same trend was observed for antioxidant deficiencies; 

however, the difference was not statistically significant (p = 0.0719) (Fig. 6, B). No significant 

differences were found in the redox status distribution between the two groups.  
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Figure 6. Effect of age on the number of micronutrient and antioxidant deficiencies. Alcat 

sensitivity of older participants (n = 332) was compared younger participants (n = 531). (A) MND and (B) 

AOD data are shown as the group average ± SEM; asterisks indicate statistical significance while a 

reference mark (※) indicates marginal significance. Significance was determined through an unpaired t-

test (p = 0.0002 and 0.0719, respectively).       
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DISCUSSION 

Presently there is a great interest in investigating the role of nutrition in the prevention and possible 

cure of variety of medical symptoms and conditions. Laboratory serum tests are available for 

testing individual micronutrients and are generally used to confirm suspected micronutrient 

deficiencies. However, those tests do not reveal information about intracellular availability of the 

tested micronutrients. In addition, these tests are reporting results based on population averages, 

not on the functional cell responses of the tested individual. Intracellular nutrient status is probably 

more relevant than serum testing because it reflects more stable micronutrient levels over longer 

time periods than serum levels and reflects individual needs of the individual which may differ 

markedly from the general population for a number of reasons; such as, infection, pregnancy or 

other stressors, transport efficiency, metabolic function, etc.   Thus, the balance of intra- and 

extracellular levels depends on a few factors, including the physiology of cellular transport 

mechanisms and the individual genetic background. Therefore, it is important to include the 

patient’s serum depot into the functional assessment of micronutrient levels.  

Lymphocyte metabolic activity is a normal and desirable response following mitogenic 

stimulation, therefore, provides a functional assessment that reflects the individual’s requirements 

for optimal cellular functionality both of immune and other (non-immune) somatic cells. In the 

present study, we investigated the newly developed CSS cellular assays that use patient leucocytes 

suspended in the patient own serum to functionally assess micronutrient deficiencies in patients 

with a variety of biological backgrounds, medical history, and lifestyle. The present study, thus, 

investigated whether micronutrient deficiencies correlated with the changes of the immune redox 

status of patients.  

Another important question explored in this study, is an effect of the biologic background and 

the lifestyle of patients on micronutrients and antioxidant deficiencies and overall immune 

response status. It was found that the higher number of micronutrient deficiencies correlates with 

the lower redox status of the tested patients. It was also found that lifestyle factors, like a poor diet, 

alcohol consumption, and tobacco smoking correlated with the increased micronutrient 

deficiencies and the ability of the immune system to resist oxidative stress. Also, biological factors 

such as age, influence micronutrient deficiencies and immune redox status of patients. Older 

subjects tend to have a higher incidence of infection and each episode lasts longer compared to 

younger individuals. For these reasons, several attempts have been made to study the immune 

system at various ages and to seek ways by which immunity can be enhanced by diet and 

nutritional supplements [13],[14]. The findings of this study were somewhat controversial to the 

existing belief that diseases and chronic conditions are an expected process of aging. There was 

no significant difference in the identified antioxidant deficiencies and Alcat reactivity between the 

young and older groups. Interestingly, the number of micronutrient deficiencies was lower in the 

older group. Since nutritional needs of each individual closely related to metabolic and physical 

activity, a condition of gastrointestinal permeability, taken medications and other patient-specific 

factors, it makes sense that an older population has generally lower metabolic activity rates and at 

the same time they are more conscious about micronutrient supplementation. These data are 

presenting the scientific rational for making a shift to more individualized approach that takes in 

consideration patients’ age, activity status, physiological and genetic background, in selection of 

single or multiple micronutrients to reduce risk of chronic diseases and to improve overall health 

of patients. 
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Oxidative stress occurs when the generation of ROS exceeds the ability of the body’s 

antioxidant defense system to neutralize them. Increased oxidative stress and chronic inflammation 

are associated with the initiation and progression of most chronic human diseases such as cancer, 

heart disease, arthritis, diabetes, Alzheimer’s disease, and Parkinson’s disease. Therefore, 

attenuation of these two biological processes is of high importance. Several randomized, double-

blind, and placebo-controlled clinical studies of individual antioxidants in high-risk population 

resulted in controversial effects: from no effect, beneficial effects, to harmful effects [15], [16]. 

Close review of these studies raises fundamental questions whether these clinical trials took into 

consideration the status of oxidative stress and chronic inflammation that are elevated in high-risk 

populations. Therefore, an application of accurate methods for evaluation of patients’ immune 

responses, as well as effects of single antioxidants on patients’ immune status, are essential for the 

design of safe antioxidant therapies.  

Alcoholism is one of the main medical conditions leading to antioxidant imbalance, as a result 

of an increased synthesis of reactive oxygen species, and an impaired antioxidant response 

triggered by ethanol metabolism. The ability of acute and chronic alcohol intake to increase ROS 

production, and potentiate cellular damage, has been demonstrated in a number of cells, systems, 

and species, including humans[17],[18]. Using our functional cellular assays, we have 

demonstrated a clear effect of the high alcohol consumption on the ability of patients’ immune 

system to overcome oxidative stress. Also, we were able to identify and select the most efficient 

antioxidants for each tested individual. These data demonstrate suitability of our newly developed 

cellular assays for the accurate evaluation of the antioxidant efficacy of patients’ immune system 

and for selection of the best therapeutic candidates.  

Many gastrointestinal disorders with compromised microbiota in the gut may interfere with 

nutrient availability and impaired stimulation of gastrointestinal immune response. Under certain 

conditions, the immune system can produce toxic chemicals that play an important role in the 

initiation and progression of chronic diseases as well as cause autoimmune diseases. 

Gastrointestinal allergic disease includes a variety of adverse, food antigen-driven, immune-

mediated diseases [19]. Although, these diseases vary mechanistically; common elements include 

a breakdown of immunologic tolerance and an impaired mucosal barrier [20]. It was also recently 

reported that IFN- produced by T cells directly induces intestinal stem cell death upon 

inflammation-induced intestinal injury [21]. These pathways are influenced by diverse factors such 

as diet, infections, exposure to antibiotics and chemicals, GI microbiome composition, and genetic 

and epigenetic elements. The difficulty of diagnosing food sensitivity which is not IgE mediated 

is well known. The Alcat test was developed to identify inflammation-triggering foods using WBC 

as a sensitive functional tool to identify those triggers that underlie such non-IgE mediated 

reactions to foods and chemicals. Using Alcat and CNA functional cellular assays we were able to 

identify nutritional deficiencies as well as overall immune status in patients with and without 

gastrointestinal issues. We also determined food sensitivity responses and compared them between 

two groups. We found significantly higher number of food reactivity responses in the group with 

gastrointestinal issues, than in patients with the healthy gut. Therefore, an accurate identification 

and elimination of inflammation-triggering foods can be a valuable tool in prevention and 

treatment of gastrointestinal disorders.  

https://www-sciencedirect-com.ezproxy.auckland.ac.nz/topics/biochemistry-genetics-and-molecular-biology/ethanol-metabolism
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CONCLUSION 

These data clearly indicate direct correlation between patients’ nutrient deficiencies and their 

immune status. Also, data suggests that high food sensitivity is associated with higher nutrient 

deficiency and lower immune redox status. Further studies can assess whether the effects of an 

addition of the identified deficient micronutrients into the patient diet and simultaneous restriction 

of the identified reactive foods may result in significant improvement of patients’ redox status and 

their overall health condition. Preventive nutrition is a critical component not only of preventive 

medicine, but also of therapeutic medicine. Individualized nutrition is a very cost-effective way of 

decreasing mortality and improving overall individual functioning. Therefore, adequate and 

individualized nutritional intervention must be identified and implemented into the patients’ 

regimen. 
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