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Abstract

One of the most prominent concerns that has arisen from global events such as the Coronavirus Disease 2019
(COVID-19) pandemic is how the immune system might be enhanced to provide greater protection against ma-
lignant conditions and diseases. Dietary modification is one of the major fields of research, with special focus on
how diet interacts with immunity through impacts on factors such as the gut microbiome, inflammation, and nu-
tritional imbalance. This review focuses on current research regarding the use of bioactives derived from berries
as a dietary supplement to improve immunity, with discussions of relevant clinical studies. Major bioactive, meta-
bolic compounds of focus-flavonoids, anthocyanins, alkaloids, dietary fiber, and stilbenes have demonstrated bio-
chemical merits in modulating immunity. In addition, blueberries, goji berries, black raspberries, and cranberries,
which have been extensively researched and recently gained interest for their effects on the immune system in
animal and cell models, may also hold promise in providing similar benefits to humans, though the precise im-
munological effects have yet to be clearly determined. Overall, the field of berry research as it relates to diet and
immunity shows potential, but more clinical studies will be necessary for a full understanding of the mechanisms
of berry immunomodulation.
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1. Introduction ID-19 or mortality due to COVID-19 (Liu et al., 2020a). Although
great effort has been dedicated to the development of vaccines,
with much success, many human diseases still lack such effective
immune protection. One method of enhancing immunity that has

been under increasing research in the past decades is the potential

The international spread of Coronavirus Disease 2019 (COV-
ID-19) has brought to the forefront concerns regarding optimal im-

mune protection against not only COVID and similar viruses, but
also other debilitating conditions which commonly aftlict patients.
Those with preexisting conditions that affect efficacy of the im-
mune system, such as type II diabetes mellitus, are especially sus-
ceptible to worsened outcomes in association with their conditions
after infection with viruses such as SARS-CoV-2 (Yazdanpanah et
al., 2020). Additionally, tentative studies show that patients with
autoimmune disease may be at increased risk for severe COV-

of dietary modification or supplementation.

Recent studies regarding the interactions between diet and im-
munity have especially focused on the Western diet, which has also
become prevalent in developed and developing countries as the
accessibility and processing of food have increased. While a West-
ern diet may have a greater range of nutrients, these nutrients are
often consumed in excess and thus cause detriment to the immune
system. For instance, the activation of adipocytes by weight gain
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promotes the release of proinflammatory cytokines, such as tu-
mor necrosis factor (TNF) and interleukins (ILs); when prolonged
weight gain leads to constitutive adipocyte activation, the immune
system becomes downregulated such as not to constantly mount a
full inflammatory response (Myles, 2014). This increases suscepti-
bility to disease, and the immune system switches to instead a sys-
temic low level of activation (Wypych et al., 2017). In addition to
increasing disease vulnerability, this increased inflammation may
promote the pathogenesis of conditions such as type 2 diabetes
and inflammatory bowel disease (Ricordi et al., 2015). Another
major switch that occurs with diet is in the gut microbiome, where
many bacterial species reside and interact with the human immune
system—one of the major functions of the gut microbiome is to pro-
tect against infection by pathogenic bacteria, and the distribution
of species in the microbiome can determine whether the bacterial
profile is relatively pro- or anti-inflammatory (Brown et al., 2012).
Studies in both humans and animal models have shown that a high-
fat diet (HFD) with increased proportion of animal products pro-
motes a more inflammatory gut microbiome profile as opposed to
a diet that is low-fat and plant-based (Tilg and Moschen, 2015).
Other studies corroborate this conclusion; for example, it has been
demonstrated that bioactive compounds in cruciferous vegetables
benefit intestinal immune function by providing ligands for the
aryl hydrocarbon (AhR) receceptor, which modulates the T-cell
response against environmental insults (Hooper, 2011).

Such discussion thus leaves the question of what modifications
can be made to the human diet in order to bolster the immune sys-
tem and hypothetically prevent the development of detrimental
conditions. A low-fat, plant-based diet as aforementioned has been
extensively demonstrated to promote a healthier gut microbiome
and decrease proclivity for systemic inflammation, but the precise
execution of such a diet has not always been specified (Tilg and
Moschen, 2015; Hooper, 2011). This review will focus on the use
of berries as a dietary supplement, providing an overview of po-
tential immunological health benefits that have been explored in
human clinical trials as well as mechanisms that have been eluci-
dated to better the understanding of how berries affect the immune
system.

2. Materials and methods

A literature review was conducted within the Medical College of
Wisconsin Libraries PubMed LinkOut database to identify articles
that fulfilled all three of the following criteria: (1) clinical research
performed on human subjects (in vivo), (2) treatment involved
consumption of berries or bioactive compounds derived from ber-
ries, (3) outcomes assessed factors specifically related to the hu-
man immune system. Extraneous articles that did not fall under
these categories were only included where they provided helpful
and relevant context for human clinical studies. To ensure that cur-
rent and recent research was presented in this mini-review, only
articles from 2010 forward were included, with greater preference
given to articles published within 2015-2021 in order to improve
contemporary relevance. Authors were required to be free from
significant conflicts of interest. While specific berries were not in-
cluded as criteria in the initial literature search, a follow-up search
with this criterion was performed when it was found that certain
berries tended to appear more frequently in the relevant literature,
in order to better examine the various range of effects promoted by
these berries. Specific berry types and bioactive/metabolic com-
pounds were only selected to be discussed in the article if they
had a sizeable body of clinical trial-based research, which was in-

tended as a limitation to the scope of the review; thus, this review
may not have included certain berries if they did not appear in a
significant number of relevant clinical studies. It is acknowledged
that this omission could prevent the review from presenting the full
body of clinical trials involving berries.

3. Clinical studies
3.1. Bioactive and Metabolic Compounds

Berries contain a number of bioactive compounds that may have
effects on immune modulation (Gupta and Prakash, 2014). In ad-
dition to the more common vitamins and minerals, there are some
phytochemicals that are more unique to berries and/or have been
more extensively studied in berry-related contexts. One such com-
ponent is flavonoids, which are metabolic products of berries that
have antioxidant properties by virtue of a polyphenolic structure
(Pérez-Cano and Castell, 2016). It has been tentatively shown that
flavonoids can exert anti-inflammatory effects, for example by
supporting normal function of the intestinal gut microbiota bar-
rier and inhibiting cyclooxygenase (COX-2), the latter of which
promotes inflammation via prostaglandin production (Vezza et al.,
2016). Specifically, the flavonoid quercetin, which is found in ber-
ries, has been shown in clinical trials to reduce upper respiratory
tract infection (URTI) rates or symptom severity in athletes and
older adults, respectively, though effects vary in impact depending
on the study cohort demographics (Li et al., 2016). While these
studies have not always been definitive, the decreased incidence
of URTI holds potential especially when considering the possibil-
ity of defending against viruses such as COVID-19. Quecertin has
been shown in one clinical study to improve innate immunity (Li
et al., 2016).

Another compound is anthocyanins, a subclass of bioactive
phenolic compounds. Phenolics act as or influence the manifes-
tations of antioxidants in humans, and can be found at consider-
able levels in several types of berries (Ayoub et al., 2016; Lee et
al. 2015). While identification of anthocyanin content and types
in berries has been challenging due to extraction techniques, it is
known that they exhibit the antioxidant activity seen in their parent
class (Ayoub et al., 2016; Lee at al., 2017). Anthocyanins in partic-
ular have been shown in mouse models to reduce inflammation by
modulating biomarkers such as the aforementioned COX-2, pro-
and anti-inflammatory cytokines, and growth factors, and affecting
the movement of innate immune cells, thus raising the question
of their potential activity in human patients (Peiffer et al., 2016).
In humans, one study on the consumption of 34% blackcurrant
anthocyanin-rich extract (BAE) by healthy adults regulated levels
of circulating neutrophils and maintained the neutrophils’ ability to
phagocytose debris (Hurst et al., 2019). In relation to the potential
antioxidant activity of anthocyanins, BAE was not found in this
study to specifically affect antioxidant status, but did improve rate
of recovery from oxidative stress caused by exercise, as evaluated
by plasma oxidative capacity and protein carbonyl levels (Hurst
et al., 2019). The research team also found that consumption of
BAE prior to exercise has positive effects on innate immunity via
upregulation of beneficial immune factors and anti-inflammatory
activity in cells (Hurst et al., 2020). This study demonstrated that
IL-10, an anti-inflammatory and antioxidant interleukin, was sig-
nificantly increased in individuals who consumed BAE on a daily
basis. Anthocyanins appear to assist in sustaining an optimal im-
mune system and inflammatory balance by affecting both anti-in-
flammatory mediators and mediators involved in the inflammatory
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Table 1. Summary of major bioactives and metabolic compounds derived from berries that have been researched in clinical trials

Bioactive/meta-

bolic compound Hypothesized mechanism

Potential/proven benefits

Flavonoids

Polyphenolic structure bestows antioxidant and anti-inflammatory

Reduce URTI rates and symptom severity

properties. Support gut microbiome and inhibit COX-2

Anthocyanins

Alkaloids

Dietary fibers

Stilbenes Promote anti-inflammatory chemokines and cytokines
to induce Th2 cells. Reduce pro-inflammatory markers in
plasma. Increase expression of antioxidant genes

Tannins Ellagitannins affect antioxidant capacity

Modulate inflammatory biomarkers and immune response
cascade. Improve response to oxidative stress

Modulate inflammatory biomarkers and immune response cascade

Increase gene expression of anti-inflammatory cytokines
and reduce expression of pro-inflammatory cytokines.
Improve antioxidant capacity and ROS processing

Recovery from strenuous exercise.
Reduce inflammation in the elderly

Recovery from strenuous
exercise (inconclusive)

Reduce inflammation and
support gut microbiome

Treat Alzheimer’s patients by improving
adaptive neuroimmunity. Reduce
inflammation in ulcerative colitis patients

Immunoprotective via
antioxidant functionality

immune response. It is important to recognize, however, that these
studies in humans are noted to be pilot studies with relatively small
sample sizes of healthy adults. While encouraging, there are still
limitations in attempting to extend these conclusions to individuals
with medical conditions or generally poor health, or of elderly or
younger age, so it is important to broaden demographic catego-
ries and sample sizes in order to draw additional conclusions. One
such example is a study in older adults which demonstrated that
consumption of anthocyanins in fruit juice significantly reduced
serum TNF-a, a cytokine released by immune cells which is part
of natural defense, but can cause various pathological states un-
der certain conditions (do Rosario et al., 2021). The consumption
of anthocyanin-rich black chokeberry juice yielded a longitudinal
reduction in the use of antibiotics to treat urinary tract infection
(UT)) in elderly residents across multiple nursing homes (Hande-
land et al., 2014).

Alkaloids are nitrogen-containing organic compounds; some
examples are caffeine (found in guarana berries) and ginsenine
(found in ginseng berries) (Diel, 2020; Wang et al., 2006). Gener-
ally, clinical studies regarding berry-based alkaloids are limited.
Some studies in athletes involving caffeine and ginsenine did show
increased lymphocytes, NK cells, neutrophil activation, and IL-
10 after exercise, but the body of research is overall inconclusive
(Senchina et al., 2014). While there are a considerable number of
trials studying the effects of caffeine on the immune system, most
of the caffeine in these studies was derived from tea or coffee fruit,
as opposed to guarana.

A variety of berries are considered to be high in dietary fiber.
A randomized, controlled trial involving consumption of jucara
berry pulp, which is fiber-rich, by obese adults for 6 weeks in-
creased gene expression of IL-10, but reduced the production of
pro-inflammatory cytokines such as IL-6 and TNF-a (Santamarina
et al., 2020). Another study of jucara berry as well as agai berry,
involving consumption of berry juice for 4 weeks by healthy adult
subjects, improved the activity of glutathione peroxidase, which is
involved in the processing of reactive oxygen species (ROS), as
well as overall total antioxidant capacity (de Liz et al., 2020). The
fiber of the kiwi berry has hydration and fermentation properties
that may be related to its immune health effects—it improves the
health of the GI microbiome (Richardson et al., 2018). As with
many other phytonutrient studies, the number of berry-specific

studies is limited, but results are generally promising.

Stilbenes are polyphenolic compounds that can be found in ber-
ries such as grapes and mulberries; one of the most studied stil-
benes specifically derived from berries is resveratrol, which has
shown encouraging beneficial effects to immunity in animal and
cell models (Malaguarnera, 2019). In a relatively large sample of
subjects with mild-moderate Alzheimer’s disease, oral consump-
tion of resveratrol for one year was associated with increased
macrophage-derived chemokine (MDC) and IL-4 (Moussa et al.,
2017). Interleukin-4 (IL-4) is involved in the anti-inflammatory
response and induces both T-cell differentiation into Th2 types and
alternative macrophage activation; as a synergistic effect, MDC
serves to assist in the recruitment and induction of Th2 cells in the
adaptive immune response against injury (Junttila, 2018). The re-
sults from the Alzheimer’s study thus suggest that adaptive neuro-
immunity is improved by the extended consumption of resveratrol.
The administration of resveratrol to patients with ulcerative coli-
tis over 6 weeks reduced plasma levels of C-reactive protein and
TNF-a, both of which are indicative of inflammation; in addition,
antioxidant capability was improved in these patients (Samsami-
Kor et al., 2015). In corroboration with this study, human subjects
given a diet of resveratrol with grape polyphenols showed de-
creased levels of pro-inflammatory cytokine genes and increased
levels of antioxidant genes (Ghanim et al., 2011).

Another polyphenolic compound frequently found in berries is
tannins. Myrciarcia jaboticaba, a berry-producing plant cultivated
in Brazil, has beneficial antioxidant capacity by merit of its high
ellagitannin content; in human subjects who consumed jaboti-
caba, antioxidant capacity was significantly increased (Plaza et al.,
2016). Consumption of red raspberries also shows metabolism of
ellagitannins, hypothetically thereby allowing them to exert their
effects in immunoprotection (Gonzalez-Barrio et al., 2011). Both
jaboticaba and red raspberries are also notable for their anthocya-
nin content, which has been previously discussed in this section
(Table 1).

3.2. Specific Berries

Blueberries are a popular variety of consumed berry that have rela-
tively high (albeit variable) anthocyanin and phenolic acid content,
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and thus have been demonstrated to have beneficial immune-reg-
ulating effects in human cell lines and animal models (Ma et al.,
2018; Correa-Betanzo et al., 2015). While the body of research
for clinical trials in humans involving blueberries is smaller, there
are still significant studies that have been conducted to this end.
A pilot study in a small sample of healthy young women found
reduction of urinary 8-hydroxydeoxyguanosine (8-OHdG) levels
after consumption of blueberry juice (Kim et al., 2017). 8-OHdG
is a form of reactive oxygen species (ROS)-induced lesion com-
monly used as a marker for DNA damage and carcinogenesis (Va-
lavanidis et al., 2009). This study utilized vitamin C as a control
for antioxidant activity and exhibited thorough controls of other
factors within the study cohort. Another study in relatively healthy
subjects found that daily consumption of blueberries for 6 weeks
with additional consumption prior to exercise increased plasma IL-
10, which was discussed in the anthocyanin section of this mini-re-
view to have anti-inflammatory properties (McAnulty et al., 2011).
This diet treatment also increased the counts of natural killer (NK)
cells, which function in the innate immune system; this result may
suggest a bolstering of natural immunity as a result of consistent
blueberry consumption. However, small sample size and lack of
‘unhealthy’ subjects present as limitations to extrapolation in these
two studies. Fortunately, there are some studies which address ei-
ther of these issues. A well-controlled study in adult subjects with
metabolic syndrome found that twice-daily consumption of blue-
berries significantly decreased ROS and the gene expression of cy-
tokines frequently associated with pathological inflammation, but
increased the numbers of dendritic cells, which play a significant
role in adaptive immunity (Nair et al., 2017). Additionally, the re-
search team involved in the exercise study conducted a follow-up
trial in postmenopausal women and men with sedentary lifestyle
habits (McAnulty et al., 2011). This study administered blueberry
powder daily for 6 weeks, similar to the team’s previous methodol-
ogy, and also found increased counts of NK cell types; however, in
contrast to several studies mentioned in this section, redox capabil-
ity was not increased in the subjects of this study.

The goji berry, also known as the woltberry, has roots in tradi-
tional Eastern medicine but has become popularized in the West
for its purported health effects. Peer-reviewed research is continu-
ing regarding the legitimate health benefits of goji berries, with a
number of clinical trials involving observation of immunomodu-
latory activities of goji berries. A randomized, controlled trial on
the consumption of a milk-based goji berry formulation by elderly
human subjects, intended to observe the effects of goji berries on
aging-related immune changes, found improved immunocom-
petence and antibody response in the elderly as measured by re-
sponse to vaccination (Vidal et al., 2012). However, inflammatory
markers were not significantly altered by this treatment. This study
was conducted in light of previous clinical trials involving sup-
plementation with goji berry products, but the body of research on
this topic will require additional human studies to continue with
significant conclusions.

Black raspberries have also been a topic of recent focus due
to their potential chemopreventive effects in esophageal and colo-
rectal cancer (Peiffer et al., 2016; Pan et al., 2015). Some of these
discoveries have involved the immune-modulating effects of black
raspberries and their bioactive components. Black raspberries
have been shown to contain the highest extractable concentration
of phenolic acids in comparison to other common berries, such
as blueberries and blackberries, suggesting that their consumption
leads to strong antioxidant action (Ayoub et al., 2016). In colorec-
tal cancer patients, anthocyanins were detected in the urine after
consumption of black raspberries (Wang et al., 2011). This team
also found that signaling of TGF-J, a cytokine involved in immune

regulation of the lymphocyte life cycle, was altered in patients with
familial adenomatous polyposis, a condition which carries a high
risk of colorectal cancer (Wang et al., 2014). While the precise im-
mune system-affecting mechanisms have not yet been determined
in clinical trials of black raspberries, these studies support previ-
ous research on anthocyanins and the potential for berries to treat
severe malignancies in human patients.

Cranberries are frequently consumed in dried, fresh, and juice
forms, with some colloquial discussion regarding the benefits of
their consumption. The body of definitive clinical trials on cran-
berries relating to immunomodulation focuses mainly on their
benefits in treating or preventing urinary tract infections (UTIs).
However, many of the trials from the past decades present with
poor study design. Even when study methods are better executed,
results have been inconsistent. A multicenter clinical trial in adult
patients with multiple sclerosis did not show significant prophy-
laxis of UTI when cranberry extract was consumed for one year
(Gallien et al., 2014). On the other hand, the consumption of cran-
berry juice by a small sample of healthy adult subjects did promote
the proliferation of y3-T cells involved in the immune response,
suggesting potential benefits in warding off influenza symptoms
(Nantz et al., 2013). To address the issues of inconsistency, a study
was conducted to demonstrate that whole cranberry powder, nota-
ble for its proanthocyanidin content, has significant benefits in pre-
venting recurrent UTI in a sizeable pool of adult female subjects
(Vostalova et al., 2015). This study presented a more meticulous
study design and larger sample size than the research that existed
previously. The team hypothesized that the greater variety of bio-
active compounds found in the whole cranberry produced more
definitively beneficial effects. Contemporary clinical studies on
cranberries and UTI have continued to show improved study de-
sign and benefits to patients, though method of cranberry delivery
is variable, with juice being most frequent (Maki et al., 2016; Fox-
man et al., 2015; Ledda et al., 2015; Bruyére et al., 2019). These
studies frequently attribute the efficacy of cranberries as a therapy
for UTI to their proanthocyanidin content. Cranberries have also
shown promise in other immunoprotective effects. A clinical trial
of cranberry consumption by a large study pool of adults with He-
liobacter pylori, a bacteria frequently responsible for gastrointes-
tinal infections, showed that the consumption of cranberry juice
with high levels of proanthocyanidins, but not cranberry powder,
decreased rates of H. pylori infection and was able to strongly sup-
press the proliferation of the bacteria (Li et al., 2021). Clinical re-
search into the immune effects of cranberry consumption has one
of the more sizeable bodies of research in comparison to that of
other berries; with a significant number of studies showing ben-
efit across pathologies and subject demographics, modern research
may benefit from seeking to determine the precise bioactives and
metabolites responsible for the actions of cranberries upon the hu-
man physiology—there has been demonstration of some initiative
in this field (Liu et al., 2020b, Table 2).

4. Conclusion

Studies on the general bioactive and metabolic compounds found
in berries, or on specific berries of interest, are promising with
regards to demonstrating beneficial immune system effects and re-
ducing inflammation. It is important to note, however, that many
of the studies that have been performed on berry-related immunity
have been performed in animal or cell models, and that there con-
tinues to be a dearth of dedicated clinical, in vivo studies in human
subjects of diverse demographics. While extrapolation from small-
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Table 2. Summary of specific berries that have been researched in clinical trials

Berry Hypothesized mechanism

Potential/proven benefits

Blueberries
antioxidant and anti-inflammatory activity

Goji berries Unknown

Black raspberries Phenolic acids promote antioxidant
activity. Alter immune signaling

Cranberries

Anthocyanin and phenolic acid components promote

High proanthocyanidin content. Promote beneficial
immune response and suppress bacterial proliferation

Reduce ROS-induced lesions. Reduce exercise-
related inflammation. Improve adaptive immunity

Improve immunocompetence and antibody
response to vaccination in the elderly

Improve immune response in familial
adenomatous polyposis

Prevent or reduce recurrence of urinary tract infections.
Decrease rates of Heliobacter pylori infection

er-scale organisms to humans is certainly possible, a greater num-
ber and diversity of clinical trials will be needed before definitive
conclusions can be drawn regarding the benefits of berries to the
human immune system. Nonetheless, the clinical studies that have
been performed have helped open the door for further research
in this niche and show that berries have generally positive, or at
least neutral effects on human immunity. Further studies, perhaps
in consideration of general dietary practices in our modern world,
will hopefully continue to elucidate the specific mechanisms of
berry-modulated immune effects in the human body, and suggest
therapies for patients as well as modifications that the general pub-
lic can make to better guard against malignant conditions.
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