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Abstract 

Background: Single‑cell sequencing studies on the lung microenvironment have revealed that the outcome of 
COVID‑19 depends largely on the immune system response rather than the viral load. A robust innate immune 
response and a regulated adaptive immunity can prevent the worst outcomes such as hospitalization and the need 
for mechanical ventilation.

Main body: Intriguingly, several vaccines pertaining to the routine vaccination schedule, not only BCG, can skew the 
immune response towards the aforementioned beneficial effects.

Short conclusion: This means that routine immunization not only can help in the current pandemic but can also 
offer a rapid rescue in the subsequent epidemics or pandemics until a vaccine is developed.
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Background
COVID-19 usually manifests itself rather mildly in a flu-
like fashion, however, it can manifest very aggressively 
through a massive, fatal cytokine cascade. It is currently 
established that viral load is not the first determinant 
of such wide variability of manifestations. The follow-
ing data has led us to assume there is a solid relation-
ship between a virally skewed innate as well as adaptive 
immune response and the self-induced hyper-inflamma-
tory cytokine storm. This would shed so much light on 
how the virus evades the immune response as well as turn 

it against itself and how COVID-19 manifestations would 
significantly vary amongst individuals. Next-generation 
sequencing has helped us to understand the polarization 
of various limbs and components of the immune system 
and how such polarization can be critical to the determi-
nation of the outcomes of COVID-19 [1].

An efficient innate immunity is critical to a balanced 
adaptive immune response
Natural killer cells
Natural killer (NK) cells represent the prime source of 
interferon-γ (INF-γ) during early viral infection, which 
together with perforin and tumor necrosis factor-ɑ (TNF-
ɑ), help epitomize the cytotoxic T lymphocyte (CTL) 
response against the infection. A clinical trial was con-
ducted by Hailong Guo et  al. where they demonstrated 
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different influenza viral loads on mice and their effect 
on both NK cells as well as CTL activity. To their sur-
prise, reversal of defective CTL activity was achieved in 
mice receiving high viral loads only after effective trans-
fer of splenic NK cells from mice with lower viral loads. 
This sheds more light on the close interaction between 
NK cells and CTL activity. In addition to that, activated 
NK cells speed up dendritic cell maturation via TNF-ɑ 
and granulocyte-monocyte colony-stimulating factor 
(GM-CSF). NK cells also boost the ability of CD4 cells 
to secrete INF-γ and lyse mycobacterium tuberculosis 
(TB). Moreover, NK cells exhibit T cell co-stimulatory 
molecules such as CD-70 and CD-86 which render them 
having antigen-presenting cell (APC)-like characteristics 
and the ability to activate T cells directly. This shows how 
intertwined the NK cells are with both innate as well as 
adaptive immune responses and how an NK cell-spe-
cific treatment will definitely enhance both limbs of the 
immune response [2, 3].

In parallel to the previous information, SARS COV2 
produces chemokines monocyte chemoattractant pro-
tein-1 (MCP-1) and Interferon-γ-inducible protein 10 
(IP-10) which in return attract NK cells to the attacked 
tissues, especially the lungs. Alas, the NK cell function 
had already been skewed to a more exhausted as well 
as inflammatory phenotype by the same virus. Interleu-
kin-6 (IL-6) and IL-10, both renounced cytokines pro-
duced during severe COVID-19, play an important role 
in impeding the NK cell cytotoxicity. This renders the NK 
cells unable to express perforin, granzyme B, and INF-γ 
through which NK cells provide its cytotoxic degranula-
tion of target cells as well as orchestrate both innate and 
adaptive immune cells. The aforementioned defective 
cytotoxicity prepares for further unchecked antigenic 
accumulation which promotes further inflammation and 
tissue damage aiding in a rather critical and unpromising 
immune response instead of a regulatory one [2].

Dendritic cells
Dendritic cells (DC) are bone-marrow-derived anti-
gen-presenting cells that initiate the adaptive immune 
response and present antigens to T cells, thus consid-
ered a vital bridge between both adaptive and innate 
immune response and aiding in effective viral clear-
ance. Etna and colleagues showed a clear difference in 
the dendritic cells’ phenotypes between hospitalized and 
asymptomatic patients. Environmental plasticity causes 
DC to phenotypically diversify in response to viral infec-
tions or single stimuli. They can diversify into three 
stable populations: P1-pDC specialized for type I IFN 
production, P2-pDC displaying both innate and adap-
tive functions, and P3-pDC specifically with adaptive 
functions and secreting mainly IL-6. Etna et  al. proved 

that asymptomatic patients with COVID-19 mainly dis-
play a P1 phenotype, while on the contrary, hospitalized 
patients’ P2-pDC were observed in the lung micro-envi-
ronment. Accordingly, DCs turn from type I IFN into 
TNF-α and IL-6-producing cells in patients with severe 
manifestations [4].

Consequent imbalance of adaptive immune response
A lack of early and efficient innate immune response 
is tightly linked with a cascade of changes in the adap-
tive immune response characterized by an imbalance 
between pro-inflammatory and regulatory immune 
responses towards a pro-inflammatory phenotype.

T‑helper 17 vs. T‑regulatory cells
Severe SARS-COV2 has been vastly linked with mas-
sive dysregulation of various immune cells, especially in 
T cells and their subtypes. Additionally, disequilibrium 
has been noticed in T-regulatory (Treg) vs T-helper 17 
(Th17) subtypes; where the former significantly decreases 
and the latter predominates.

Classically, Th17 cells produce pro-inflammatory 
cytokines (mainly IL-17, hence the name) which help 
recruit monocytes and neutrophils to the site of inflam-
mation, further activating other cytokine cascades (gran-
ulocyte colony-stimulating factor G-CSF, IL-1β, IL-6, 
TNF-α) and chemokines (chemokine ligand 1 CXCL1, 
CXCL-2, CXCL10, and CCL20) (Wu D et  al.). Contra-
rily, Treg cells are known to dampen overactive immune 
responses by producing anti-inflammatory cytokines 
such as IL-4, IL-10, and transforming growth factor-ɑ 
(TGF-ɑ). By doing so, it plays a crucial role in maintain-
ing immune homeostasis.

Typically, Naïve CD4 T cells differentiate into Treg or 
Th17 cells under the effect of TGF-ɑ. In presence of IL-6 
(in addition to TGF-ɑ), Naïve CD4 cells have been found 
to differentiate into the Th17 subtype. Conveniently, the 
IL-6 level is characteristically high in patients with severe 
SARS-COV2 infection, which in return inhibits TGF-β-
induced Treg differentiation. Thus, by promoting a pro-
inflammatory Th17 lineage and hindering Treg induction, 
IL-6 plays a vital role in Treg/Th17 ratio dysregulation 
found in severe COVID-19 infection and accordingly in 
the disease outcome [5, 6].

M1 vs. M2 macrophages and antibody responses
Monocytes and macrophages, meanwhile, are key com-
ponents in the innate immune system, primarily through 
phagocytosis and the release of inflammatory cytokines. 
They exhibit various phenotypes according to their 
microenvironment as well as the organ they inhabit. 
One of the classic macrophage switches is between M1 
(pro-inflammatory phenotype) and M2 (regulatory 
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phenotype). However, Castoldi et  al. highlighted that 
the predominance of M1 is what mainly characterizes 
the lung milieu in severe COVID-19, while M2 phe-
notype predominance indicates a much milder disease 
outcome. M1 macrophages harbor several chemokine 
and IL ligands making them highly involved in the mas-
sive inflammatory response that is the cytokine storm in 
severe COVID-19. While it was thought that an antibody 
response was required to clear SARS-CoV-2 infection, 
patients who produced a premature antibody response to 
the S protein had a higher risk of death and succumbed 
to the disease more quickly than those who developed 
antibody responses later in the disease. This surpris-
ing outcome was caused by enhanced polarization of 
alveolar macrophages to the pro-inflammatory M1 phe-
notype, which resulted in increased inflammation and 
impaired lung repair. This might be an antibody-depend-
ent enhancement of disease (ADE), as shown in SARS-
CoV and MERS-CoV, where early antibody production 
aids viral entrance into macrophages and other immune 
cells by allowing virion absorption through phagocytic Fc 
receptors [7].

Exhausted T cells
T cells play a cardinal role in viral clearance, where CD8 
CTLs can secrete a myriad of molecules such as perforin, 
granzyme, and IFN-y to ensure viral clearance from the 
host. Simultaneously, CD4+ Th cells aid the CTLs and B 
cells by improving their ability to clear pathogens.

Bo Diao et al. deduced an inverse relationship between 
total as well as subset T cell count (CD4 and CD8) and 
patients’ survival in COVID-19. When monitored, cell 
counts were significantly lower in patients requiring 
intensive care unit (ICU) admission as well as patients 
> 60 years old compared to patients with a milder pres-
entation and younger age, suggesting a potential cause 
of this cellular diminution in the elderly. In addition to 
that, the expression of certain exhaustion markers on T 
cells such as programmed cell death protein 1 (PD1) and 
T cell immunoglobulin mucin family member 3 (Tim3) 
was witnessed, denoting a synchronous decrease in T cell 
function as well as number the more severe the disease 
becomes.

Oddly enough, angiotensin-converting enzyme II 
(ACE-II) expression, the main SARS COV2 receptor, is 
normally absent on T cells. This makes us lean towards 
the fact that there’s another reason behind this T cellular 
drop in severe COVID-19 other than direct viral infec-
tion. Hence, another inverse relationship was proposed 
by Diao and colleagues, this time between T cell count 
and certain cytokine concentrations (such as IL-6, IL-10, 
TNF-ɑ) The aforementioned cytokines dropped signifi-
cantly with disease resolution while T cell number and 

function resurfaced, suggesting that these cytokines may 
negatively regulate T cell survival. The source of the fatal 
cytokine storm in severe COVID-19 remains an open 
discussion [8].

C‑cytokines
1‑IL‑6 is it a friend or foe?
Cytokines secreted by immune cells initially serve a 
very important role in combating COVID-19. However, 
they are implicated in hyper-stimulation of the immune 
system that may lead to what is known as the cytokine 
storm, also referred to as cytokine storm syndrome 
(CSS), which can be ultimately deadly. At the begin-
ning of the pandemic, it was thought that IL-6 levels 
are the sole determinant of the severity of COVID-19. 
Serum IL-6 levels were significantly lower in severe or 
critical COVID-19 than in other critical diseases (sepsis, 
cytokine release syndrome, and adult respiratory distress 
syndrome (ARDS) unrelated to COVID-19), according to 
a meta-analysis by Leisman et al, suggesting that, rather 
than its levels, IL-6 induction and differential signaling 
pathways may play a role in the severity of COVID-19 [9].

Although IL-6 has been implicated in the CSS, its role 
in body defense cannot be denied. As demonstrated by 
Mauer et  al, IL-6 acts as an anti-inflammatory cytokine 
by promoting the M2 stage through increasing IL4 
expression [10]. In addition, IL-6 induced IL-4 expres-
sion by CD4 T cells inhibits Th1 polarization and in turn, 
promotes Th2 response [11]. IL-6 also inhibits IFN-γ 
secretion by CD4 T cells, which is an essential interferon 
in Th1 polarization. Other processes mediated by IL-6 
include regulation of IL-21, which increased B-cell IgG 
production, and regulation of the macrophage colony 
stimulation factor (M-CSF). The latter controls mono-
cyte differentiation into macrophages [12]. IL-6 is also 
involved in the regulation of metabolism, maintenance of 
bone homeostasis, neuronal function, and regenerative 
processes [13].

Understanding, the differential effect of IL-6 can be 
achieved through a better understanding of its signaling 
pathways. IL-6 can issue its signals through a classic or a 
trans-signaling pathway. In both pathways, IL-6 binds to 
IL-6 receptor α (IL-6Rα) and subsequently to the signal-
ing receptor protein gp130. In classic signaling, however, 
IL-6 binds to a membrane-bound form of IL-6Rα, in turn 
producing a regulatory response. During trans-signaling, 
IL-6 produces a pro-inflammatory response via binding 
to the soluble form of IL-6Rα which would produce a 
complex that would then bind to the membrane-bound 
gp130. Both pathways ultimately lead to activation of the 
Janus kinase/signal transducer and activator of the tran-
scription pathway (JK/STAT) [14].
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Reeh et al., through a data-driven computational mode-
ling-supported systems biology approach, concluded that 
the pro-inflammatory vs regulatory response depends on 
the ratio of the IL-6 receptor α to gp130 expression inde-
pendent of the JK/STAT pathway. If gp130 is expressed 
more, the trans-signaling pathway takes the upper hand. 
Most somatic cells don’t express IL-6Rα and hence 
don’t respond to the classic signaling pathway. Cells 
that express both gp130 and IL-6Rα respond to both 
pathways. For these cells, the ratio of IL-6α, membrane-
bound IL-6Rα, soluble IL-6Rα, and gp130 would deter-
mine their response [14].

Another hypothesis to the regulatory vs. detrimental 
effect of IL-6 is the production of MCP-1. During early 
inflammation, IL-6 release is coupled with decreased 
production of pro-inflammatory cytokines. With the 
continued release of IL-6, this role is reversed and IL-6 
enhances the production of MCP-1 leading to tissue 
damage [15].

Such findings are very important in understanding the 
differential effect of IL-6. Early production of IL-6 has 
essential beneficial viricidal effects, while its continued 
release and subsequent MCP-1 production can have del-
eterious effects on the host tissues.

2‑IL‑5 overlooked role in COVID‑19
IL-5 has an eminent role in the Th2 response, particularly 
as an eosinophil colony-stimulating factor, promoting 
eosinophil survival and chemotaxis. IL-5 was also found 
to cause an increase in B cells and hence increasing IgM, 
IgA, and IgE [16].

Eosinophils have been demonstrated to have both 
in  vivo and in  vitro virucidal properties. In  vitro expo-
sure of Respiratory Syncytial Virus (RSV) to human 
eosinophils was found to decrease its infectivity. This was 
reversed by the administration of ribonuclease inhibitors. 
Similarly, recombinant eosinophil-derived neurotoxin 
causes a dose-dependent decrease in RSV infectiv-
ity. Similar findings were noted against other viruses 
including HIV-1, parainfluenza [17], and influenza virus 
[18]; has demonstrated that IL-5 transgenic mice have a 
higher viral clearance than wild-type control mice. Adop-
tive transfer of eosinophils into wild-type mice was also 
shown to hasten viral clearance [19].

Mechanisms by which eosinophils produce their anti-
viral effect include the recognition of viruses through 
Toll-like receptors and the production of reactive nitro-
gen species. (Flores-Torres et al., 2019). Eosinophils also 
contain preformed granules, which contain cytotoxic 
proteins, such as eosinophil peroxidase, major basic pro-
tein, and 2 RNases (eosinophil neurotoxin and eosinophil 
cationic protein) [18, 20].

During the first phase of SARS-CoV-2 infection, eosin-
ophils have a beneficial effect by targeting viral replica-
tion. However, during the second phase of the disease, 
clinical symptoms start to appear due to the beginning 
of the immune response, and in the third stage, immu-
nopathologies take the upper hand via a prevalent Th1 
pro-inflammatory response. In the last two phases, eosin-
ophils may contribute to such deleterious processes [21].

Accordingly, an increase in IL-5 was noted in the first 
two weeks following infection, followed by a plummet in 
the following week, and an increase again in the fourth 
week. This can be explained by the aforementioned 
role of eosinophils in viral clearance early in the disease 
course, but as the disease progresses, their role will not 
be of importance. It was suggested that IL-5, and hence 
eosinophil, increase in late severe cases is probably linked 
to immuno-pathologies, including the cytokine storm 
syndrome. It was suggested that this be due to eosinophil 
migration to the lung followed by primary lysis which 
would recruit phagocytes and later cause their uncon-
trolled activation leading to a cytokine storm. Although 
eosinophil increase has been noted in severe cases in 
various studies [22], it was not demonstrated that such 
increase was a direct cause of tissue damage.

In another study, Cazzaniga demonstrated that 
patients with absolute eosinopenia were more prone to 
need intensive respiratory support (49.3% vs 13.3%, P < 
.001), had higher and lower rates of hospital discharge, 
and had a higher mortality rate (30.6% vs 6.2%, P .006) 
compared with those who did not demonstrate absolute 
eosinopenia. They also had a lower hospital disgorge rate 
(28% vs 65.6%, P < .001). Absolute eosinopenia was also 
associated with higher C-reactive protein (CRP), and 
a more marked decrease in lymphocytes, monocytes, 
and platelet count [23]. CD8-T cell depletion and hence 
decrease in IL-5 production might be implicated in the 
noted decrease in eosinophil count in severe cases. Also, 
peripheral eosinopenia might be due to consumption due 
to high viral loads owing to its antiviral properties. This 
explains the unfavorable prognosis in such patients [24].

In conclusion, the role of IL-5, and in turn eosino-
phils, in combating SARS-CoV 2 cannot be denied. And 
accordingly, the upregulation of IL-5 might be helpful in 
improving COVID-19 outcomes.

Main text
We can deduct from the above, that COVID-19 out-
comes are dependent on the predominant response of 
the immune system. A strong innate immune response 
triggers a balanced acquired immune response with an 
adequate viricidal effect and sparing the host signifi-
cant tissue damage; whereas a tamed innate immune 
response results in a pro-inflammatory acquired 
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immune reaction with limited viricidal response and 
significant host tissue damage.

There is strong evidence that some vaccines pertain-
ing to routine immunization schedule have non-specific 
effects on the immune system that can skew the immu-
nity of the host towards a more beneficial response to 
COVID-19. To our knowledge, Chumakov and col-
leagues were the first to outline the role of old vaccines 
in improving innate immune response against COVID-
19, however they did not specify the individual effect of 
such vaccines on the innate or adaptive immunity and 
how these changes can match the changes unleashed by 
single sequencing of the lung micro-environment [25].

We thereby hypothesize, that adherence to routine 
immunization or even reviving their effects by boosters 
in the old aged can have a positive impact on the out-
comes of COVID-19 and can aid the ongoing efforts of 
implementation of COVID-19 vaccines.

Examples of non‑specific effects of non‑COVID‑19 vaccines
Bacillus Calmette–Guérin—tuberculosis
The Bacillus Calmette–Guérin (BCG) vaccine has 
cross-protective effects on diseases other than BCG. 
Trained immunity, characterized by temporary epi-
genetic reprogramming of macrophages, explains this 
effect. It leads to increased inflammatory cytokine 
production and consequently a potent immune 
response. Early in the immune response process, the 
source of IL-6 is primarily from innate immune cells. 
When its activity as a pro-inflammatory cytokine 
persists, the acute beneficial inflammation turns del-
eterious through continuous MCP-1 secretion. Freyne 
et  al. observed that infants who had received the 
BCG vaccine had increased production of IL-6 and 
decreased MCP-1. So even though BCG increases the 
main cytokine involved in COVID-19 complications, 
it blocks its detrimental effects through inhibiting the 
production of MCP-1 [26].

Measles, mumps, rubella
Vaccination with measles seems to induce a transient 
suppression of lymphocyte proliferation but a slight 
increase in the innate immune responses. An animal 
model revealed that as a reaction to the living measles 
virus, CD4-T cells undergo more selective maturation to 
Th2 than to Th1. Interestingly, another study on several 
young adults conducted in Colchester showed that cel-
lular immunity lasts for a long time after receiving two 
doses of the measles, mumps, rubella (MMR) vaccine and 
7.4% of the study population showed a skewed immune 
response towards Th2 [27].

Diphtheria, tetanus, pertussis
White et  al. analyzed T cell responses to diphtheria, 
tetanus, acellular pertussis (DTaP vaccine). They found 
a pattern of Th-2 mediated cytokine production, con-
sistent with data of TT-specific IgE antibodies. There 
was also an increased Tetanus Toxoid -specific IL-5 
response in the DTaP-R group and a weak association 
with the pro-inflammatory IFN-γ. Thus, there seems to 
be a correlation between preexisting Th2-polarized cel-
lular immune memory and the DTaP vaccine. It is con-
sistent with a regulatory rather than pro-inflammatory 
immune response in patients vaccinated with the Dtap 
vaccine. DTaP vaccine antigens administered 2-3 years 
after priming produces a Th-2 preference, along with 
IgE production and subsequent increase in IL5 and 
eosinophil recruitment [28].

Oral polio vaccine
Oral polio vaccine (OPV) was associated with a lower 
rate of overall hospital admission with other non-polio-
related infections and significantly lower rates of lower 
respiratory infections. The principal way OPV confers 
immunity is through activation of NK Cells. OPV inhib-
its the CD155 receptor, thereby eliminating its immuno-
inhibitory effect on NK cells and T cells [29].

Table 1 summarizes the above effect of vaccinations.

Table 1 Example of routine immunizations and their non‑specific effects on the immune system towards a beneficial response 
against COVID‑19

Abbreviations: BCG Bacillus Calmette–Guérin, COVID-19 coronavirus disease 2019, DTaP diphtheria, tetanus, acellular pertussis, CD cluster of differentiation, Ig 
immunoglobulin, IL interleukin, MCP monocyte chemotactic protein, MMR measles, mumps, rubella, OPV oral polio vaccine, Th Thelper

Vaccine Reference (number in the text) Non‑specific beneficial effects in the context of COVID‑19

BCG Freyne et al. [26] Increases IL‑6 and blocks its deleterious effects through inhibiting MCP‑1

MMR Pauksen et al. [27] Skew adaptive immunity towards Th2 response

DtaP White et al. [28] Skew adaptive immunity towards Th2 response
Increases Ig E antibodies and increases IL‑5

OPV Kučan Brlić et al. [29] Improves innate immunity through potentiating NK cells through reduc‑
tion of CD155 receptor
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Implications of such a hypothesis
Unequal distribution of cases around the world
As of 9 August 2021, a total of 4,033,274,676 vaccine 
doses have been administered around the world. Exami-
nation of the confirmed cases and death rates across the 
globe clearly shows a substantial variation in incidence 
and mortality between Western and Eastern countries. 
Countries affected early on, such as China and South 
Korea, have recovered quickly with relatively positive 
statistics (in China, only about 65 cases/mln and three 
deaths/mln; South Korea, about 4000 cases/mln and 41 
deaths/mln). Other Southeast Asian countries have also 
maintained rather low statistics. For example, countries 
like Vietnam (1867 cases per million and only about 24 
deaths per million), Thailand (< 10,000 cases/mln, < 80 
deaths/mln), Laos (< 1000 cases/mln and < 1 death/mln). 
In contrast, Western countries had a much higher rate of 
infection and mortality. At the present moment, the USA 
reports more than 100,000 cases/mln and more than 
1800 deaths/mln; the UK > 87,000 cases/mln and > 1,900 
deaths/mln. Multiple theories attempt to explain this dif-
ference in the development of the pandemic in countries 
of the eastern and the western hemispheres. One of the 
most accepted theories is that the lack of testing and eco-
nomic resources in these countries causes underreport-
ing. Another hypothesis is the impact of temperature on 
cases’ distribution and mortality [30].

We propose a different factor for this unequal distribu-
tion; the widespread coverage of routine immunizations 
in developing countries over developed countries. A 
study showed that vaccine hesitancy increases in coun-
tries with higher gross domestic product. The latter find-
ing might be due to increased access to social media. In 
the US and Canada, only 72% believe vaccines are safe. 
In North Europe from Ireland and the UK through the 
Nordic countries, the figure is about 73%. In other parts 
of Europe, confidence in vaccines is even lower. In Ger-
many, France, Austria, Switzerland, and the Benelux 
countries, an average of 59% believe vaccines are safe. 
In eastern Europe, the figure is 50%. However, poorer 
regions have higher percentages. In South Asia, 95% of 
people think vaccines are safe. In east Africa, 92%. In 
Bangladesh, vaccination campaigns have contributed to a 
fall in childhood mortality. Rwanda has lifted its national 
immunization rate from 30% in 1995 to 95% today [31].

Several reasons justify the lack of vaccination cover-
age in western countries. Wealthier countries are more 
connected to the internet and social media and have 
more access to opposing views. However, some of the 
most notorious spikes in anti-vaccination sentiment pre-
date the rise of social media. A now-discredited article 
appeared in 1998 in The Lancet by a group of doctors led 
by Andrew Wakefield, who linked the MMR vaccine to 

autism. It led to a crisis of confidence among some par-
ents, an echo of which persists today. Opposition to vac-
cination often appears among people with similar beliefs 
and a particular worldview. And so they resist the advice 
of doctors or governments. In New York, there have 
been measles outbreaks among vaccine-opposing groups 
of strictly Orthodox Jews. Some non-religious parents 
persuade themselves and each other that the MMR vac-
cine can overpower a child’s immune system and cause 
autism. Despite large-scale studies in countries such as 
Denmark finding no link between MMR and autism [31].

Why children might be at a lower risk of complications 
of COVID‑19? And should we give boosters of the routine 
immunizations to the old aged to boost their non‑specific 
protective effects?
It is critical to understand why the course of COVID-19 
is affecting different groups of individuals with varying 
severity during the ongoing pandemic. Immune-modu-
lation and “inflammaging” is the most accepted theory. 
Old-aged individuals have an impaired innate immune 
response, and a higher Th1 mediated immune response. 
This pro-inflammatory tendency is not fully understood. 
One of the proposed mechanisms is the loss of routine 
immunization responses with age. As mentioned earlier, 
routine immunization strengthens innate immunity and 
redirects adaptive immunity towards a regulatory Th2 
response. The specific effects and non-specific effects of 
vaccines wane with age [32].

The lowest vaccine effectiveness for influenza vaccine is 
associated with age 50 years and older. Vaccine-induced 
protection decreases due to more fragility with advanc-
ing age. However, the average rate of disease reduction in 
those over 50 is similar to other age groups. Due to the 
indirect effect of herd immunity [33].

According to a study on Vaccine Efficacy (VE) esti-
mates by age, the highest point estimates were in children 
aged 9–17 years (58%; 95% CI, 27–76), and the lowest 
were in adults aged 18–49 years (44%; 95% CI, 21–60) 
and adults aged ≥ 65 years (43%; 95% CI, − 18 to 72). In 
another study, VE ranged from 69% (95% CI, 56%–77%) 
in children aged six months–8 years to 38% (95% CI, − 
16% to 67%) in adults aged ≥ 65 years [34].

A third study showed a similar decline. 44% (95% CI: 
-11 to 72) for those younger than 65 years and 19% (95% 
CI: -146 to 73) for those 65 or older. In the first 100 days 
after vaccination, VE was 61% (95% CI: 5 to 84), 42% (95% 
CI: -39 to 75) in the following 20 days, and zero after that. 
This decline mainly affected people aged 65 or over [35].

The impaired vaccination responses in the elderly are 
due to changes in the number and quality of the T cell 
compartments with age. The balance shifts so that T cells 
prefer short-lived effector responses over memory or T 
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follicular helper cells (Tfh) responses. Vaccine-induced 
antibodies consistently have a reduced protective capac-
ity. Multiple targetable alterations in T cells have been 
identified as contributing to these age-related deficits [36].

When compared to young adults, older people pro-
duce fewer antibodies. By 28 days, vaccine-specific anti-
body levels were comparable across age groups, and 
viremia was under control. The aging immune system 
can generate adequate initial responses but at a slower 
rate. Most vaccines are administered to older people 
to increase preexisting immunity, making it difficult to 
investigate these reactions. However, some vaccines 
were studied. Yellow fever vaccination response wanes 
over years from childhood to adults above the age of 
fifty. This leads to less effector B cell response in old aged 
individuals compared to children. Long-term survival 
of yellow fever YF-specific CD4 T cells decreased with 

age, indicating poor immunologic memory formation 
for CD4 T cells. Older people had delayed and lower 
primary antibody responses to hepatitis B and Japanese 
encephalitis virus (JEV). In JEV, over half of those over 
60 did not attain the antibody levels necessary for a pro-
tective response, compared to fewer than 15% of young 
people [15]. IFN-γ, a major effector cytokine, and IL-10 
production were substantially lower in the older cohort 
compared to the younger cohort [36].

Immune cell senescence caused by telomere shortening 
might result in these poor vaccination responses. Age-
related changes in T cells and B cells may also account 
for these changes in the elderly. Primary vaccination 
responses in the elderly show characteristics associated 
with diminished effector T-cell growth, altered effec-
tor functioning, and decreased long-term immunologic 
memory formation [37].

Fig. 1 Can Old vaccines skew the immune response to protect against COVID‑19 worst outcomes? Abbreviations: BCG, Bacillus Calmette–Guérin; 
COVID‑19, coronavirus disease 2019; DTaP, diphtheria, tetanus, acellular pertussis; CD, cluster of differentiation; Ig, immunoglobulin; IL, interleukin; 
MCP, monocyte chemotactic protein; MMR, measles mumps rubella; OPV, oral polio vaccine; Th, T helper
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In conclusion, vaccination responses decrease with age. 
And “inflammaging” might partly be due to the loss of 
the trained immunity effects of routine immunizations 
with age. Such findings might support giving the old aged 
individuals, boosters of the aforementioned vaccines to 
improve their immune responses against COVID-19.

Figure 1 summarizes all the above hypotheses.

Conclusion
It is obvious from the above that several old vaccines 
can skew the immune system responses, potentiating 
the innate immunity and providing a balance between 
Th1 and Th2 responses of the adaptive immunity; thus, 
preventing significant tissue damage resulting from the 
immune system reactivity to SARS-CoV-2. This over-
looked role of routine immunization can offer an addi-
tional role in the fight of the current pandemic, alongside 
with the newly developed COVID-19 vaccines. It can also 
provide a rapid rescue to the next pandemics, until new 
vaccines are developed.
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