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Introduction

The field of immunoepidemiology explores the interplay between
the immune system and infectious diseases, focusing on how
immune deficiencies influence the spread and severity of infections.
Immunodeficiency-related infections are a significant global health
challenge, as individuals with weakened immune systems are more
susceptible to a broad range of pathogens, including bacteria, viruses,
fungi, and parasites. These infections can be more severe, recurrent,
and harder to treat in immunocompromised populations, which
include those with primary or secondary immunodeficiencies [1]. This
article provides a global perspective on the epidemiology of infections
in immunodeficient populations, highlighting the factors that shape
infection patterns, the burden on healthcare systems, and the challenges
in controlling these infections.

Description
Immunodeficiency-related infections: patterns and burden

Immunodeficiency-related infections vary depending on the type
of immunodeficiency, geographic location, and access to healthcare
resources. In both primary and secondary immunodeficiencies, patients
are at heightened risk for infections that the general population might
effectively fight off, often leading to more severe outcomes.

Infections in primary immunodeficiency (PID): Primary
immunodeficiencies (PIDs) are a diverse group of over 450 genetic
disorders that impair the immune system. Patients with PIDs are
particularly vulnerable to recurrent infections from pathogens like
Staphylococcus aureus, Pseudomonas aeruginosa, and respiratory
viruses such as respiratory syncytial virus (RSV). The epidemiology
of infections in patients with PIDs differs by geographic region and
healthcare infrastructure. In high-income countries, advanced
diagnostic and therapeutic interventions, including immunoglobulin
replacement and hematopoietic stem cell transplants, reduce infection
rates and severity. In contrast, in low- and middle-income countries
(LMICs), infections are more frequent, often leading to increased
morbidity and mortality due to delayed diagnosis and limited access
to treatment [2].

Infections in secondary immunodeficiency (SID): Secondary
immunodeficiencies arise due to external factors such as malnutrition,
HIV infection, cancer, or immunosuppressive therapies. In resource-
limited settings, secondary immunodeficiencies caused by malnutrition
and HIV/AIDS pose a significant public health challenge. Children with
malnutrition often suffer from immune system impairments, leading
to higher susceptibility to respiratory infections, diarrheal diseases,
and tuberculosis. HIV-related immunodeficiency continues to be a
major driver of infections, particularly in sub-Saharan Africa, where
HIV-infected individuals face high rates of tuberculosis, cryptococcal
meningitis, and other opportunistic infections [3]. These infections
place a heavy burden on healthcare systems and contribute to high
mortality rates in these regions.

Regional variations in immunodeficiency-related infections

Immunodeficiency-related infections show significant regional
variations based on epidemiological, environmental, and socio-
economic factors.

High-income countries: In developed countries, improvements in
healthcare, sanitation, and infection control have reduced the overall
burden of many infectious diseases. However, immunodeficiency
patients in these regions are still at risk of infections, particularly
nosocomial infections such as Clostridium difficile, multi-drug
resistant bacteria, and opportunistic fungal infections like Aspergillus
species. In hospital settings, immunocompromised patients often
require heightened infection control measures to prevent healthcare-
associated infections [4].

Low- and middle-income countries (LMICs): In LMICs, where
healthcare infrastructure is less developed, immunodeficiency-
related infections contribute significantly to childhood morbidity
and mortality. Malnutrition and HIV are major drivers of secondary
immunodeficiency in these regions, resulting in high rates of common
infections like pneumonia, diarrheal diseases, and tuberculosis.
Access to clean water, sanitation, and healthcare resources are
often limited, exacerbating the spread of these infections among
immunocompromised populations [5]. Additionally, emerging and
re-emerging infections such as dengue, chikungunya, and Zika virus
disproportionately affect immunocompromised individuals in tropical
regions, where vector control is inadequate.

The role of emerging pathogens and opportunistic infections

Immunocompromised individuals are particularly susceptible
to emerging pathogens and opportunistic infections that may not
significantly affect the general population.

Opportunistic infections: Opportunistic infections, caused
by pathogens that rarely cause disease in healthy individuals, are a
major cause of illness and death in immunocompromised patients.
Infections caused by Pneumocystis jirovecii, Toxoplasma gondii,
and cytomegalovirus (CMV) are common in patients with PIDs or
secondary immunodeficiency due to HIV or cancer treatment. These
infections can be life-threatening, and their epidemiology is often
shaped by local environmental factors, healthcare practices, and the
availability of prophylactic treatments. For example, Pneumocystis
jirovecii pneumonia (PCP) remains a leading cause of death among
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HIV-positive patients in resource-limited settings, where access to
prophylactic medications is inadequate.

Emerging infections: The ongoing COVID-19 pandemic has
underscored the vulnerability of immunodeficient populations to
emerging pathogens. Immunocompromised individuals are at higher
risk of severe outcomes from SARS-CoV-2 infection, with prolonged
viral shedding and increased rates of complications. Similarly, recent
outbreaks of monkeypox, Ebola, and other emerging infections have
highlighted the disproportionate impact on immunocompromised
populations [6]. The spread of antimicrobial resistance (AMR) also
poses a growing threat to immunodeficient individuals, as infections
become harder to treat due to the rise of multi-drug resistant organisms
(MDROs).

Global health implications and control strategies

Addressing immunodeficiency-related infections requires a
comprehensive approach that includes improving diagnostic capacity,
expanding access to treatments, and strengthening infection prevention
and control measures.

Strengthening diagnostic capacity: Early detection of
immunodeficiencies and related infections is essential for improving
patient outcomes. In high-income countries, advances in genetic
testing and immune function assays have improved early diagnosis of
PIDs, allowing for timely interventions. In LMICs, however, the lack
of diagnostic resources remains a significant barrier. Global initiatives
aimed at improving access to affordable diagnostic tools are critical
for early detection and management of immunodeficiency-related
infections in these regions.

Access to treatment: Expanding access to life-saving treatments,
suchasantiretroviral therapy for HIV and immunoglobulin replacement
for PIDs, is essential for reducing infection-related mortality in
immunocompromised populations. Global health organizations, such
as the World Health Organization (WHO) and the Global Fund, have
made significant strides in improving access to these treatments in
resource-limited settings. However, gaps remain, particularly in rural
and underserved areas where healthcare infrastructure is weak.

Infection prevention and control (IPC): Strengthening infection
prevention and control measures in healthcare settings is critical for
protecting immunocompromised patients from nosocomial infections.

This includes implementing strict hygiene practices, isolating high-
risk patients, and providing prophylactic treatments to prevent
opportunistic infections [7]. In LMICs, improving access to clean
water, sanitation, and vaccination programs can significantly reduce
the burden of infections in immunodeficient populations.

Conclusion

The global epidemiology of immunodeficiency-related infections
reflects a complex interplay of immune dysfunction, environmental
factors, and healthcare disparities. Immunocompromised individuals,
including those with primary and secondary immunodeficiencies,
are at heightened risk of infections that can lead to severe illness and
death. Addressing these challenges requires a multifaceted approach
that includes improving diagnostic capabilities, expanding access
to treatments, and strengthening infection control measures. By
addressing the specific needs of immunodeficient populations, we can
reduce the global burden of infections and improve health outcomes
for these vulnerable groups.
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