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Abstract: A binary classification of the pathogenic immune reactions as anti-inflammatory high-Treg reactions or pro-inflammatory 
low-Treg reactions explains both the relatively low incidence rate of several types of cancer, and the relatively high incidence rate of 
herpes zoster cases diagnosed in the summer compared to cases diagnosed in the winter (in regions with temperate climate). This 
binary model also elucidates the longer survival of cancer patients diagnosed during the summer compared to these diagnosed in the 
winter. The three key elements of this explanation are: (a) the effect of sunlight on Treg production; (b) the evolvement of cancer from 
a low-Treg condition at early stage, to a high-Treg condition at advanced stage, and (c) the evolvement of herpes zoster from a high- 
Treg condition at pre-exudative stage to a low-Treg condition at acute exudative stage. A significant proportion of indolent tumors at 
the time of diagnosis (>20%) is a prerequisite for a beneficial effect of sunlight on cancer incidence rate and prognosis. This 
prerequisite restricts the beneficial effect of diagnosis during summer to certain types of cancer. Clinical implication: the prognosis of 
early stage tumors may be improved by a course of corticosteroid (or other immunosuppressant) treatment. 
Keywords: cancer, herpes zoster, Treg cells, vitamin D, UV radiation, incidence rate, cancer prognosis

Introduction
A binary model for the classification of chronic diseases was presented in an earlier paper.1 The model was based on the 
division of chronic diseases into two classes: high-Treg class versus low-Treg class, representing diseases with high or 
low regulatory T cell (Treg) activities, as drivers of pathogenicity. This division was found useful in explaining the 
association between certain pathogens and certain chronic diseases and in predicting the efficacy or inefficacy of 
immune-modulating drugs (such as corticosteroids) in the treatment of different chronic diseases. It also explained 
why certain specific pathogens are involved in coinfections, and why some pathogens may alleviate cancer, while others 
may promote it.1 In addition, the model elucidated why lymphomas and autoimmune diseases may be treated by the same 
immune modulating drugs.2 The model was also found helpful in assessing the efficacy or inefficacy of several immune- 
modulating drugs in treating COVID-19.3,4 From the mechanistic point of view, it was demonstrated that high-Treg 
diseases are driven by a group of anti-inflammatory kinases while low-Treg diseases are driven by a separate group of 
pro-inflammatory kinases.5

Several studies conducted in Scandinavia, Northern England, and North America reported lower incidence rates 
(subsequently referred to simply as, incidence) and better prognosis of some types of cancer when diagnosed during the 
summer as compared to the winter months.6–9 These observations are commonly explained by the effect of 
Vitamin D (VitD), which is more extensively produced by skin keratinocytes during summer due to a higher exposure 
to ultraviolet (UV) radiation. Vitamin D exerts direct anti-cancer effect,10 and immunosuppressive effect.11 While the 
anti-cancer activity of VitD may explain the aforementioned seasonal effects of the period of diagnosis, the role of the 
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immunosuppressive effect of VitD in it is not clear. It is unclear: (a) why immunosuppression lowers the incidence of 
cancer (intuitively, it should raise it) and (b) how immunosuppression during the period of diagnosis (but not later) 
improves survival. Moreover, it is unclear why certain cancer-types are affected by higher exposure to UV radiation 
while others are not. The binary classification model of immune responses elucidates these puzzles. In contrast to cancer, 
a summer peak of new herpes zoster (HZ) cases was reported in a US study.12 This peak is also explained by the binary 
model. A clinical implication regarding early cancer treatment is drawn.

The Seasonal Variation in Cancer Incidence Rate and Prognosis
Several works describe seasonal variations in the incidence rate of some types of cancer. Most of these observations were 
reported in the Nordic countries, where the difference in the number of daylight hours between summer and winter is 
significant. Lambe et al6 used data from the Swedish Cancer Register 1987–1996 to evaluate seasonal trends in the 
diagnosis of cancer. Prostate cancer, breast cancer, thyroid cancer and melanoma were the only types of cancer for which 
a deviation from a uniform distribution throughout the year could be observed. The incidence of melanoma cases was 
minimal in winter while the incidence of prostate, breast and thyroid cancer was minimal in July. McNally et al8 analyzed 
data on all cancer cases diagnosed in children in Northern England during the period 1968–2005. In girls, lymphoma 
incidence peaked in March and Hodgkin lymphoma in January. In boys, a peak in osteosarcoma was observed in October.

Many studies have demonstrated a relationship between the season of cancer diagnosis and patient survival. For 
example, analysis of 5-year survival data of 19,204 female breast cancer, 6740 colorectal cancer, and 1644 prostate 
cancer cases, extracted from the US National Cancer Institute data, revealed that, at all latitudes, female breast cancer 
patients exhibited improved survival when diagnosed in the summer as compared to the winter. Colorectal cancer and 
prostate cancer demonstrated a similar seasonal pattern, when the analysis was restricted to northern regions of the US.9 

Similarly, an analysis of 115,096 cases of breast, colon, or prostate cancer, diagnosed between 1964 and 1992 in Norway, 
revealed that diagnosis during summer and fall was associated with the lowest risk of cancer death.7 Analysis of data on 
all new cases of lung cancer diagnosed in Norway between 1964 and 2000 demonstrated approximately 15% lower cases 
of fatality for young male patients diagnosed during autumn versus winter. Young females diagnosed during the summer 
exhibited a trough in the relative risk of death, but this result was not statistically significant (p = 0.2).13 In addition, 
Norwegian patients residing in regions with higher UV radiation showed a better prognosis than those residing in regions 
with lower UV radiation.13 In a recent analysis of breast, prostate, colorectal and lung cancer data from the Cancer 
Registry of Zurich (Switzerland), a diagnosis in summer and/or autumn was associated with improved survival in all the 
sites combined for both sexes, and in colorectal and breast cancers, in women.14 An exception to these results was 
reported in one Swedish study of breast and prostate cancers.15 The lower incidence and better survival of patients 
diagnosed in summer are commonly explained by the higher production rate of vitamin D during summer, due to the 
higher exposure to UV radiation.14,16

Several direct anti-cancer effects of VitD are reported in the literature.10 Additionally, the suppressive effect of VitD 
on the immune system is well documented.17 UV-induced immunosuppression by VitD-independent pathways was also 
demonstrated.11 Nevertheless, none of these reports explains why the immunosuppressive effect of UV radiation lowers 
the incidence of cancer, and why it pertains specifically to the period of diagnosis. Likewise, none of these reports 
clarifies why only certain types of cancers are affected by UV radiation. The binary model of chronic diseases1 elucidates 
these points.

Cancer starts as a low-Treg pro-inflammatory disease and progresses over the time into a high-Treg anti-inflammatory 
disease.18–21 Figure 1 describes schematically the time dependence of Tregs, active natural killer (NK) cells, and active 
CD8+ T cells levels within the tumor microenvironment (TME) of hepatocellular carcinoma tumor induced in mice.22 

UV radiation promotes a high-Treg response.23 UV light (mainly UVB) induces immunosuppression by several modes of 
action: (a) by the production of vitamin D, which promotes Treg generation;16 (b) by the production of nitric oxide and 
cis-urocanic acid, which enhances Treg generation;11 (c) by inducing the migration of dendritic cells (DCs) from 
irradiated skin to draining lymph nodes where DCs activate Tregs.11 The resulting high-Treg anti-inflammatory response 
ameliorates the low-Treg pro-inflammatory TME that drives early cancers. At an early stage, internal cancers are 
indolent, replicate slowly and are sensitive to the direct anti-cancer effect of TGFβ.2 Importantly, the probability of 
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detecting indolent tumors at the time of diagnosis is relatively high in all the cancer types reported to display a better 
prognosis when diagnosed in summer. At the time of diagnosis, indolence comprises 33–40% of prostate cancer tumors 
(indolence = Gleason Score 1–2),24 20% of non-squamous cell lung cancer (NSCLC) tumors (NSCLC stages I, II)25 and 
about 90% of thyroid cancer tumors.26 In situ or localized colon cancer comprises about 40% of colon cancer tumors 
diagnosed in patients 30–60 years old.27 It is also reported that at the time of diagnosis, indolence comprises 2–35% of 
breast cancer tumors (at 80% test sensitivity),28 however, the number is probably closer to 30% since about 15% of 
overdiagnosis in breast cancer was reported in a recent large US study.29

Due to the relatively high fraction of indolent low-Treg tumors at the time of diagnosis, the UV induced high-Treg 
reaction exerts an anti-cancer effect in these cancer types. The binary model of chronic diseases therefore explains the 
seasonal variation in the incidence rate and prognosis, of cancer types characterized by a significant fraction of early 
tumors at workup. By the same rationale, sunlight is not expected to benefit advanced cancers, since the TME of 
advanced cancer is a high-Treg anti-inflammatory milieu.

The beneficial effect of VitD on lung cancer prognosis further supports the hypothesis that this effect is related to 
early cancer only: more than 85% of NSCLC tumors can be classified histologically as squamous cell carcinoma (SCC) 
or adenocarcinoma.30 Adenocarcinoma has a significantly higher stage-specific 5-year overall survival rate compared to 
SCC.31 An analysis of a lung cancer screening study conducted in the US revealed that about 95% of indolent cancer 
tumors detected were adenocarcinomas by histology.32 Lung adenocarcinoma is more prevalent in young patients 
compared to elderly patients while the opposite is true for SCC.30 If UV radiation affects mainly less aggressive cancers 
(adenocarcinoma in this case), the beneficial effect of lung cancer diagnosis during the summer on the prognosis must be 
more pronounced in young compared to elderly patients. Indeed, as mentioned above, a Norwegian lung cancer study 
demonstrated a lower mortality of young male patients diagnosed in the autumn (compare to the winter), but not of 
elderly patients.13

In contrast to internal cancers, skin cancers are triggered by direct UV radiation, as a consequence of UV-induced 
DNA damage. These DNA lesions may turn mutagenic if damaged cells are not disposed by apoptosis or if repair process 
fails, leading to the activation of proto-oncogenes or the inactivation of anti-oncogenes.33 However, skin cancers are also 
promoted by UV-induced immunosuppression, as was shown in the pioneering work of Kripke and Fisher.34 This may 
explain the correlation between skin cancer incidence and annual solar UV exposure dose.35 Congruently, the use of 
corticosteroids (CS), and other immunosuppressive drugs, increases the risk of melanoma36 and non-melanoma skin 
cancers.37,38 Another study showed a minor increase in the risk of non-melanoma skin cancers following CS use, but the 

Figure 1 A schematic plot of Tregs and inflammatory cells (active CD8+ T cells/active NK cells) levels in hepatocellular carcinoma (HCC) tumor microenvironment (TME), 
as a function of time (months post HCC induction in a mouse model). Based on data from Nguyen PHD, Wasser M, Tan CT, et al. Trajectory of immune evasion and cancer 
progression in hepatocellular carcinoma. Nat Commun. 2022;13(1):1441. doi:10.1038/s41467-022-29122-w.22 The Treg level attains a maximum during the intermediate 
period (around 8 months post HCC induction), while active cellular immunity is at its lowest level during this period. 
Abbreviations: Tregs, regulatory T cells; NK cells, natural killer cells; HCC, hepatocellular carcinoma.
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effect was statistically non-significant.39 Several studies demonstrated an improved melanoma prognosis when diagnosed 
in the summer [Ref. 14 and references therein]; a large recent Australian study revealed about 60% in situ melanoma 
tumors (low-Treg tumors) at diagnosis.40

The Seasonal Variation in Herpes Zoster Incidence Rate
Several studies have shown that both herpes simplex virus (HSV) infection and anti-HSV vaccination induce a Treg 
reaction that suppresses virus-specific CD8+ T cell activation.41–43 Using an ocular murine model, Yu et al44 were able to 
demonstrate that this induced suppression is critical for the expression of latency genes which drive dormancy of the 
HSV-1 virus. At the same time, the authors showed that stress-induced corticosteroids trigger Treg reaction which 
reactivates ocular HSV-1 virus from its latency. The last observation is in agreement with the well-known correlation 
between stress and the recurrence of HSV-1 infection.45

Varicella zoster virus (VZV), also known as human herpesvirus 3, triggers chickenpox (varicella) following a primary 
infection by the virus. Chickenpox is an acute infection characterized by skin rash that forms small, itchy blisters that usually 
fade away after 5–7 days. Chickenpox commonly affects children and young adults. The virus invades sensory neurons, where 
it may stay dormant for years, and reactivates in later life, resulting in herpes zoster (shingles). Shingles are manifested by 
a painful skin rash with blisters usually localized in 1–2 adjacent dermatomes. In most cases, the rash heals within two to four 
weeks, however, some people develop postherpetic neuralgia which can last for months or years.46 It is useful to define three 
stages in the development of HZ: a pre-eruptive stage, an acute exudative stage, and a chronic stage.47

Primary VZV infection, chickenpox, is controlled by the immune response, just like primary HSV-1 infection. VZV-specific 
B and T cells suppress the primary infection and secure the latency of the virus. Humoral immunity has a special role in 
ameliorating or even preventing primary varicella. The involvement of the innate immunity in the pathogenesis of VZV infection, 
however, is not clear cut, but the severity of chickenpox is aggravated in individuals with compromised invariant natural killer 
T (iNKT) cell responses.48 Blood levels of inflammation-markers in unvaccinated children with active chickenpox correlated 
inversely with chickenpox severity.49 Since an anti-inflammatory reaction drives the disease, primary VZV infection (chick-
enpox) may be considered a high-Treg condition during the initial phase of the disease (the term high-Treg, which was reserved to 
chronic conditions in earlier publications, is used here to describe the early stage of an acute condition as well).

The present work suggests that the secondary VZV infection, herpes zoster, progresses from an anti-inflammatory 
high-Treg condition in the pre-eruptive stage, to a pro-inflammatory low-Treg condition in the acute exudative stage. This 
is presented schematically by Figure 2.

Figure 2 A schematic plot of circulating Tregs and pro-inflammatory cytokines levels in an acute herpes zoster infection, as a function of time following VZV reactivation. 
The first phase (days 1–2) correlates with the pre-eruptive stage, the second phase (days 3–12) correlates with the acute exudative stage and the last phase (starts about day 
13) correlates with the resolution stage. Some patients, however, develop chronic postherpetic neuralgia, which may last for years. 
Abbreviations: Tregs, regulatory T cells; VZV, varicella zoster virus.
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In the pre-eruptive stage, Treg cells reactivate the virus by a suppression of the specific immune response that controls 
the virus latency (similar to their role in reactivating HSV-1). In the acute exudative stage, the replication of VZV in the 
dorsal root ganglia results in inflammatory neural damage.50 This inflammatory low-Treg process is mediated by 
inflammatory cytokines via toll-like receptor 251 and by the formation of the NLRP3 inflammasome, which catalyzes 
the processing of IL-1β by caspase-1 enzyme activity in innate immune cells.52 Indeed, serum levels of homocysteine 
(Hcy) and C-reactive protein (CRP), two markers of inflammation, were higher in HZ patients with active disease 
compared to healthy controls.53

The high-Treg character of initial chickenpox and of the pre-eruptive stage of herpes zoster is reflected by the effect 
of CS on the initiation of these diseases. Corticosteroids promote a high- Treg reaction of the immune system.54 As 
a high-Treg trigger, CS are expected to propel the onset of VZV primary infection (chickenpox) and secondary infection 
(HZ), since both are high-Treg conditions at their initiation. Indeed, CS use increases the risk of chickenpox55,56 and 
HZ.57 In addition, the use of CS prior to live attenuated varicella vaccination and live attenuated zoster vaccination 
contributes to serious adverse events.58

On the other hand, “paradoxically”, CS are helpful in ameliorating the acute exudative stage of HZ. German 
guidelines for the diagnosis and treatment of herpes zoster and postherpetic neuralgia,59 recommend the use of CS for 
the treatment of HZ-related ailments such as: vasculitis, retinal necrosis, herpes zoster oticus, and facial nerve involve-
ment, complications which typically develop during the acute exudative stage. Several studies have found CS effective in 
the treatment of adult varicella pneumonia, another inflammatory complication of HZ, when used as an adjuvant to anti- 
viral therapy.60–62

In fact, recognizing that exudative HZ is a low-Treg condition, the beneficial effect of CS on exudative HZ is 
predicted by the binary model.

The effect of CS on pain associated with postherpetic neuralgia is however controversial.63 In line with this, it has 
been proposed that inflammation is not the main driver of pain in postherpetic neuralgia.64

Chickenpox is a self-resolved acute inflammation with a short duration of the inflammatory phase. Corticosteroid 
intervention may interfere with the resolution process, and CS therapy is not recommended in chickenpox.

Due to the intensified UV-exposure during summer, and the ensuing high-Treg reaction, the risk of HZ in countries 
with a temperate climate is expected to rise in summer, since HZ starts as a high-Treg disease. In agreement with this 
expectation, a summer peak in new HZ cases was observed in a large dataset analysis of 513,911 patients from across the 
US.12 On the other hand, herpes zoster ophthalmicus, an inflammatory low-Treg condition that involves the eye or the 
surrounding area, showed a peak in October, but this result was not statistically significant.12

Discussion
It is important to understand that the terms high-Treg and low-Treg do not refer to the inflammatory condition per se. 
Instead, they describe the pathogenic effect of inflammation on the state of disease: inflammation can either control the 
disease or promote it. In the first case, higher levels of Tregs are pathogenic (establishing a high-Treg condition), in 
the second case lower levels of Tregs are pathogenic (establishing a low-Treg condition).

It should also be realized that Tregs regulate the function of a myriad of immune cells: CD4+ T cells, CD8+ T cells, 
B cells, NK cells, NKT cells, neutrophils, macrophages and dendritic cells.65 Hence, a change in Treg activity leads to 
a change in the function of many immune cells. A high-Treg condition therefore results in a wide-range immune 
suppression, while a low-Treg condition results in a wide-range of immune activation.

Next, the pathophysiology of cancer and HZ infection in relation to UV exposure is discussed. The possible 
involvement of other environmental drivers that may affect seasonality patterns is examined as well.

Cancer
Cancer starts as an inflammatory low-Treg condition. Macrophages and neutrophils are potent producers of reactive 
oxygen and nitrogen species (ROS and RNS). These inflammatory species may induce mutations in cancer promoting 
genes (oncogenes) which trigger cancer. For example, chronic inflammation associated with intestinal bowel disease 
results in an accumulation of mutations in the tumor suppressor Tp53 gene (and in other cancer-related genes) in 
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intestinal epithelial cells. Moreover, inflammatory cytokines such as IL-6, TNFα, and IL-1β can induce epigenetic 
changes by inactivating mutations in tumor suppressors (anti-oncogenes) and by activating mutations in oncogenes, with 
the net result of tumor initiation. In addition to initiating cancer, inflammation also promotes cancer cell proliferation, for 
example, by inactivation of nuclear factor-kappa B (NFκB) in immune cells (the nuclear factor NFκB is a suppressor of 
cancer cell survival and proliferation).66

As cancer advances, the immune reaction gradually changes from a low-Treg into a high-Treg condition. High levels 
of regulatory cells suppress the immune system and further drive the disease.18–21

For a discernable beneficial effect of sunlight on cancer, the proportion of low-grade tumors at the time of diagnosis 
must not be too low. In fact, all cancer types that reported to have a lower incidence or a better prognosis when diagnosed 
during the summer (compared to the winter), exhibit at least 20% indolent tumors at diagnosis, as delineated above.

The seasonality of cancer may be related to the seasonality of the pathogens that induce this cancer. For example, the 
authors of a recent acute myeloid leukemia (AML) epidemiological study raised the possibility that the monthly variation 
in AML incidence follows the variation in the rates of infectious agents capable of precipitating or accelerating the course 
of AML.67 This study analyzed data obtained in Spain, where the differences in daylight hours between summer and 
winter are (relatively) moderate, ensuing a moderate seasonal variation in UV exposure. This renders the effect of 
infections more conspicuous. However, in regions with a high seasonal variation in the number of daylight hours (for 
example, the number of daylight hours in Oslo, Norway, varies from 19 in June to 6 in December), the seasonal effect of 
UV exposure at diagnosis on the course of cancer becomes more prominent. Except for the effect of UV radiation, other 
causes for the lower incidence of cancer diagnosis in summer are possible. For example, the tradition of vacationing from 
mid-June to mid-August in some countries may result in a postponement of clinic visits of symptomatic patients during 
these months. In addition, many elective routine procedures in health care (such as mammography) are less available 
during the summer in some countries, for example in Sweden.15 Even though other causes cannot be excluded, seasonal 
variations in UV radiation probably contribute to the observed seasonal changes in cancer incidence and to the effect of 
the period of diagnosis on cancer prognosis. This hypothesis is supported by the following evidence: (a) UV radiation 
induces the production of VitD by skin keratinocytes;13 (b) in the Nordic countries serum VitD status exhibits a strong 
seasonal variation that parallels the seasonal change in UVB radiation that reaches the earth;13 (c) vitamin D can promote 
the development and function of Tregs;17 (d) Treg blood levels are significantly higher in summer compared to winter in 
temperate climate regions;68 (e) Tregs suppress early cancer;69 (f) low VitD levels are associated with increased cancer 
incidence and mortality70 (g) vitamin D intake reduces cancer risk;71 (h) colorectal cancer and prostate cancer seasonal 
variation in the US depend on the latitude;9 (i) UV radiation may induce immunosuppression by VitD-independent 
pathways.11

As a clinical implication, this work suggests that early stage cancer prognosis may be improved by a course of CS (or 
other immunosuppressive drugs) treatment. Corticosteroids may be administered during the period between cancer 
diagnosis and tumor resection, during a “wait and watch” period, or as an adjuvant to chemotherapy or radiation therapy 
of early stage tumors.

Herpes Zoster Infection
Some infections start as low-Treg inflammatory conditions. It is pertinent to ask the question: in what way can intensified 
inflammation (a low-Treg reaction) aggravate infection?

It seems that some infections involve intensified non-specific response (innate immunity) accompanied by an 
impaired specific response (adaptive immunity) against the pathogen. Highly activated innate immunity increases the 
level of pro-inflammatory cytokines (and generates inflammation or a low-Treg state) while defective specific response 
aggravates the infection.

For example, using a mouse model, Takahashi et al72 have shown that cigarette smoke induces an inflammation 
characterized by increased levels of TNFα and IL-6. The inflammation was mediated by IKKβ and JNK1enzymes 
expressed on myeloid cells (macrophages and neutrophils). Importantly, exposure of mice to Non-typeable Haemophilus 
influenzae (NTHi) bacteria, following a chronic exposure to tobacco smoke, elicited a mixed reaction of high proin-
flammatory myeloid reaction, side-by-side with an impaired pathogen-specific lymphoid reaction.73 The impaired 
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specific response hampered NTHi clearance rate in spite of an enhanced non-specific immune response (increased levels 
of IL-1β, TNFα, IL-6, and an increased number of neutrophils).73

Another example: investigations confirmed the ability of 1,25-dihydroxy vitamin D to induce expression of cathe-
licidin (an anti-microbial peptide) in myeloid cell lines.74,75 Other studies demonstrated the role of VitD in activating 
cathelicidin expressed by macrophages, in this way enhancing the human antimicrobial activity against Mycobacterium 
tuberculosis.76,77 At the same time, 1,25-dihydroxy vitamin D suppresses the activity and production of immunoglobulins 
by mononuclear cells78,79 and T cells.80–84 In addition, activated VitD suppresses the secretion of IL-12 and IL-23 by 
dendritic cells, which affects the differentiation of T cells into Th1 and Th17 cell, respectively.85 This subject is 
thoroughly reviewed by Ao et al.86

It is the belief of the author of this article, that a combination of a highly activated innate response and an impaired 
adaptive response is shared by other low-Treg infections.

Some infections are initiated by an anti-inflammatory high-Treg reaction. A secondary VZV infection (HZ) is an 
example. Contrary to cancer, HZ is elicited by a high-Treg response: an enhanced specific immune response is needed to 
control the dormancy of the virus in sensory neurons.48 Regulatory T cells induced by endogenous or exogenous CS, or 
by exposure to UV radiation, reactivate the virus and trigger the disease by the suppression of the specific immune 
response that maintains its dormancy57,58 just as in the case with HSV-1.44 Later on, a pro-inflammatory low-Treg 
response develops within the branches of the sensory trigeminal nerve where the virus multiplies, leading to sore 
inflamed lesions. These lesions may be treated with CS.59

The seasonal variation of infections depends on multiple environmental drivers in addition to UV radiation. Among 
these are: vector (usually an insect) seasonality, seasonality in nonhuman animal host (livestock), seasonal flare-up 
/symptoms and/or remission/latency, seasonal coinfection, seasonal exposure and/or behavior and/or contact rate.87 

Secondary VZV infection (HZ) is not transmitted by a vector or carried by nonhuman animal host, and is only modestly 
contagious. A dependence of VZV seasonality on coinfection cannot be excluded, however, and coinfections of VZV and 
either Epstein–Barr virus (EBV), Monkeypox virus, or SARS-CoV-2 are documented.88–90 However, the presence of 
Monkeypox virus and SARS-CoV-2 was not reported in the USA when the demographic data used by Berlinberg et al12 

was collected (2006–2017), and coinfection of VZV and EBV is rare (only 2 out of 16 patients with EBV coinfection 
were found positive to VZV).88 Therefore, in the study by Berlinberg et al,12 the effect of sunlight exposure was not 
disguised by other environmental drivers.

It should be added that chickenpox and HZ differ in their modes of transmission. While chickenpox spreads by both, 
direct contact with infected skin lesions and inhalation of airborne respiratory droplets,91,92 HZ spreads almost 
exclusively by direct contact with infected vesicular fluid.93 Even though chickenpox starts as a high-Treg disease, 
new chickenpox cases in northern European countries attain their peak in winter.94 Winter is a season when people in the 
Nordic areas, especially children, tend to gather within closed, poorly ventilated spaces (schools for example), resulting 
in the accelerated transmission of the virus. On the other hand, herpes zoster affects mainly adults, and airborne spread of 
HZ is (at best) limited. Therefore, in contrast to chickenpox, HZ summer peak arising from a higher exposure to UV 
radiation is not shifted to the winter season.

Summary
A lower incidence and better prognosis of some types of cancer when diagnosed in summer, as compared to winter, have 
been documented in temperate zones. These beneficial effects have been commonly attributed to an increased VitD 
production as a result of higher exposure to UV radiation during summer months, and to an anti-cancer and immuno-
suppressive effect of vitamin D. However, no answers were provided for the questions: Why does immunosuppression 
induce a decrease in the incidence of cancer? How immunosuppression at the time of diagnosis (but not later) improves 
prognosis? Why only certain cancer-types are affected? The binary model of immune reaction suggests an explanation 
for these puzzles. Cancer develops from a low-Treg condition at an early stage, to a high-Treg condition at advanced 
stages. It seems that VitD-induced immunosuppression slows down cancer progression during the early stage of cancer 
by counteracting this pro-inflammatory low-Treg condition. A relatively high percentage of early stage tumors at 
diagnosis is required for the beneficial effect of UV on tumor initiation and prognosis, and a high percentage of early 
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stage tumors is common to cancer types that are affected by UV radiation. In contrast to cancer, herpes zoster starts as 
a high-Treg condition and develops into a low-Treg condition. The immunosuppressive effect of UV supports the anti 
inflammatory conditions that are necessary for HZ initiation, and therefore a peak in HZ new cases is observed during the 
summer period.

Clinical Implication
A course of corticosteroid treatment (or another immunosuppressive drug) during the early stage of cancer may improve 
survival. This applies only to indolent localized tumors. This drug treatment can take place in the period between cancer 
diagnosis and tumor resection, or during a “wait and watch” period. It can also be added as an adjuvant to chemotherapy 
or radiation therapy of early-stage tumors.
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