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Abstract

Lymphopenia, a marked reduction in circulating lymphocytes, is frequently observed in patients with severe COVID-19 and 
is strongly associated with increased disease severity and poor clinical outcomes. This paper explores a novel hypothesis that 
environmental exposure to heavy metals-specifically lead (Pb) and cadmium (Cd)-may contribute both to the mutation of Influenza A 
virus into SARS-CoV-2 and to the pathogenesis of lymphopenia in COVID-19 patients. Lead is known to impair T lymphocyte function 
and promote a shift from Th1- to Th2-dominant immune responses, reducing antiviral efficacy. Similarly, cadmium exposure leads 
to decreased lymphocyte viability, increased apoptosis, and disrupted immune function. Both metals are associated with systemic 
inflammation and elevated neutrophil-to-lymphocyte ratios, further implicating them in SARS COV-2 severity. The hypothesis posits 
that co-exposure to Pb and Cd may not only trigger viral evolution but also intensify immune dysregulation, ultimately contributing 
to lymphopenia. Further research is needed to investigate this potential etiological pathway and its broader implications for immune 
health and pandemic readiness.
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Introduction

Lymphopenia, characterized by a reduction in circulating lymphocyte levels, is a prevalent and clinically relevant feature in patients 
with severe COVID-19. Approximately 85% of critically ill individuals infected with SARS-CoV-2 exhibit lymphopenia, which has been 
closely linked to disease progression and adverse clinical outcomes [1]. Although T lymphocyte levels may initially increase during the 
early phase of infection, they tend to decline as the illness advances, resulting in a sustained reduction in total lymphocyte counts and a 
higher risk of complications.

A proposed hypothesis suggests that this immune abnormality may, in part, result from environmental exposure to toxic heavy metals-
specifically lead (Pb) and cadmium (Cd). These elements are postulated to induce mutations in the Influenza A virus, potentially giving 
rise to the SARS-CoV-2 pathogen [2]. In addition to their hypothesized role in viral evolution, lead and cadmium are well-documented 
immunotoxicants capable of disrupting immune system homeostasis and promoting lymphocyte depletion through various biological 
pathways.
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Discussion 

Effects of lead on immune system function

Lead exposure is known to adversely affect lymphocytic activity, particularly impairing the function of T cells, which are integral 
to antiviral defense. Lead interferes with intracellular calcium signaling, alters lymphocyte proliferation, and disrupts the functionality 
of both T helper (Th) cells and cytotoxic T cells [3]. Notably, lead exposure tends to skew immune responses toward a Th2-dominant 
profile, which is less effective in controlling viral infections than the Th1-type response. This Th1-to-Th2 shift has been observed in 
severe COVID-19 cases, especially those marked by hyperinflammatory states such as cytokine storms, where elevated Th2 cytokines are 
correlated with poor clinical outcomes [4,5].

Importance of T helper cells in antiviral immunity

T helper cells-particularly T follicular helper (Tfh) cells-play a critical role in orchestrating effective immune responses against 
influenza viruses. These cells support B cell maturation, antibody production, and long-term immune memory formation. Influenza 
infection typically elicits robust T helper cell responses within lymphoid tissues, highlighting their essential function in antiviral immunity 
[6]. Disruption of T helper cell activity-such as that caused by heavy metal toxicity-may compromise the immune system’s ability to mount 
an effective response against respiratory viruses, including SARS-CoV-2.

Immunotoxic effects of cadmium

Cadmium represents another potent environmental toxin that directly impairs lymphocyte function. Cadmium exposure reduces 
lymphocyte viability, impedes cell proliferation, and promotes apoptosis (programmed cell death) of immune cells [7,8]. These 
alterations weaken both the innate and adaptive branches of the immune system. Clinical findings indicate that elevated urinary cadmium 
concentrations early in COVID-19 infection are predictive of greater disease severity and poorer clinical outcomes. Furthermore, higher 
cadmium levels have been independently linked with increased neutrophil-to-lymphocyte ratios, a biomarker of systemic inflammation 
and immune imbalance in COVID-19 [9].

Synergistic effects of lead and cadmium co-exposure

Recent studies indicate that concurrent exposure to lead and cadmium exacerbates systemic immune inflammation. This co-exposure 
may lead to enhanced immune dysregulation, further contributing to the lymphopenia frequently observed in patients with severe SARS-
CoV-2 infection [10].

Conclusion

This hypothesis proposes that environmental exposure to lead and cadmium may not only contribute to the mutagenesis of Influenza 
A virus-potentially resulting in the emergence of SARS-CoV-2-but also play a significant role in the development of lymphopenia in 
COVID-19 patients. By exerting direct cytotoxic effects on lymphocytes and promoting a skewed Th2 immune profile, these metals could 
significantly impair immune function and worsen disease outcomes. Given the widespread presence of heavy metal pollutants worldwide, 
further investigation into this potential etiological mechanism is warranted to better understand its impact on viral pathogenesis and 
immune system compromise, and to inform future public health strategies.
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