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Abstract
Aims/Background Epidemiological studies indicate that the involvement of the immune system in the
pathogenesis of infections associated with chronic obstructive pulmonary disease (COPD), asthma, and
interstitial lung disease (ILD) remains unclear. This study aims to assess the potential causal link be-
tween infections associated with COPD, asthma, or ILD and immune system function.
MethodsWeconducted a two-sampleMendelian randomization analysis using publicly available genome-
wide association study (GWAS) datasets. The causal relationship between immune cell signaling and
susceptibility to infections related to COPD, asthma, and ILD was evaluated using inverse variance
weighting (IVW), Mendelian randomization (MR)-Egger regression, weighted median, weighted mode,
and simple mode approaches. To concurrently assess the causal impact of immune cell signaling on
infection susceptibility associated with COPD, asthma, and ILD, a reverse Mendelian randomization
analysis was also conducted.
Results Genetic predisposition to elevated counts of circulating blood cells and their subpopulations
demonstrated significant causal associations with a higher risk of COPD/asthma/ILD-related infections,
as determined by IVW analysis. Specifically, genetically predicted increases in white blood cell count
(odds ratio (OR) 1.08 [95% confidence interval (CI): 1.04–1.11], p < 0.00001), neutrophil count (OR:
1.06 [95%CI: 1.02–1.10], p = 0.00190), lymphocyte count (OR: 1.04 [95%CI: 1.01–1.07], p = 0.01515),
monocyte count (OR: 1.03 [95% CI: 1.01–1.06], p = 0.00440), and eosinophil count (OR: 1.07 [95% CI:
1.04–1.10], p = 0.00001) were causally correlated with an increased risk of these respiratory infections.
Notably, four immunophenotypes were significantly associated with the risk of COPD/asthma/ILD-
related infections: Human Leukocyte Antigen (HLA) DR+ NK% NK (OR: 0.98 [95% CI: 0.97–0.99],
p = 0.0004), CD66b on CD66b++ myeloid cell (OR: 0.98 [95% CI: 0.97–0.99], p = 0.0007), HLA DR
on CD14+ monocyte (OR: 1.03 [95% CI: 1.01–1.04], p = 0.0002), and HLA DR on CD33− HLA DR+

(OR: 1.03 [95% CI: 1.02–1.05], p < 0.00001). The causal effect of COPD/asthma/ILD-related infec-
tions on Immunoglobulin D (IgD) expression in IgD+ CD38br and transitional B cells was estimated
to be 0.64 (95% CI: 0.49–0.83, p = 0.00091) and 0.70 (95% CI: 0.54–0.91, p = 0.00727), respectively.
Additionally, COPD/asthma/ILD-related infections demonstrated a significant causal effect on several
B cell and T cell subpopulations: IgD+ CD38− %B cells, IgD+ CD38− AC, CD4+ CD8dim AC, IgD+

CD38− % lymphocyte, and TD CD4+ AC, with the OR 1.54 (95% CI: 1.19–2.00, p = 0.00113), 1.56
(95% CI: 1.16–2.10, p = 0.00340), 1.60 (95% CI: 1.15–2.22, p = 0.00478), 1.47 (95% CI: 1.12–1.92, p
= 0.00483) and 1.63 (95% CI: 1.14–2.34, p = 0.00725), respectively.
Conclusion Our study reveals a causal association between altered circulating blood cell counts and
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specific immunophenotypes with the susceptibility to respiratory infections related to COPD, asthma,
and ILD.

Key words: chronic obstructive pulmonary disease; asthma; interstitial lung disease; immunity;
Mendelian randomization
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Introduction
In 2019, chronic obstructive pulmonary disease (COPD), asthma, and inter-

stitial lung disease (ILD) collectively represented the third leading cause of death
globally, becoming a serious public health concern (2020). Individuals afflicted by
chronic respiratory diseases (CRD) face heightened vulnerability to persistent res-
piratory infections, stemming from compromised respiratory pathogen clearance
(Syamlal et al, 2020). Infections associated with COPD, asthma, and ILD typi-
cally present as severe respiratory illnesses, manifesting with diverse symptoms
such as fever, coughing, elevated sputum production, difficulty breathing, wheez-
ing, chest tightness, elevated respiratory rate, and chest pain. These symptoms not
only significantly impair daily respiratory function but also jeopardize the overall
patient well-being, potentially leading to fatal outcomes. Currently, antimicrobial
drugs serve as the primary approach for treating COPD, asthma, and ILD-related
infections. However, these infections often evolve into chronic complications, ex-
hibiting resistance to antibiotic treatment due to the formation of resilient biofilms
(Welp and Bomberger, 2020). Given the elevated risk of recurrent episodes, early
diagnosis and intervention are crucial for effective symptom management, preven-
tion of serious complications, and improvement of prognosis.

COPD affects both large and small airway function (Divo et al, 2014; May and
Li, 2015). A recent study has demonstrated elevated levels of two CD8+ T cell sub-
sets in the lungs of individuals with mild to severe COPD (Villaseñor-Altamirano
et al, 2023). Asthma, another prevalent chronic respiratory condition, has emerged
as a significant global public health issue (Yang et al, 2023). Current research em-
phasizes the critical role of T helper (Th) 17 cells and their secreted cytokine In-
terleukin (IL)-17 in non-allergic asthma, particularly in association with increased
airway neutrophils and severe asthma (Wu and Wan, 2020). ILD is characterized
by progressive dyspnea and can potentially result in end-stage respiratory failure
(Maher, 2024). In a subset of ILD patients, a Th2-type immune response predom-
inates, facilitating the secretion of fibrosis-associated cytokines such as IL-4 and
IL-13 (Shi et al, 2022). While studies have discovered connections between im-
mune cell profiles and infections associated with COPD, asthma, and ILD, the pre-
cise mechanisms underlying immune-mediated inflammation and these infections
remain unclear (Camp et al, 2021; Hsu et al, 2021; Linden et al, 2019). This uncer-
tainty can be attributed to various factors, including small sample sizes, inadequate
study designs, and confounding variables that were not accounted for.
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Mendelian randomization (MR) is an analytical approach grounded in the prin-
ciples of Mendelian genetics and has emerged as an essential tool for establish-
ing causal relationships in epidemiology (Birney, 2022; Davey Smith and Hemani,
2014). Infections associated with CRD play intricate roles in the development and
progression of these diseases, requiring a more thorough investigation. Large-scale
two-sample MR analyses were conducted using Mendelian randomization to in-
vestigate causal relationships between immune cell characteristics and infections
linked with COPD, asthma, and ILD, aiming to offer more precise insights for ap-
propriate treatment recommendations.

Methods
A two-sampleMRapproachwas utilized, leveraging publicly accessible datasets

that provide genome-wide association results for immune-related traits and infec-
tions associated with COPD, asthma, and ILD. This method facilitates the explo-
ration of relationships between genetic variants and outcomes (e.g., COPD, asthma,
and infections associated with ILD) as well as risk factors (including immunologi-
cal characteristics) by utilizing distinct datasets or samples.

Study Design
The causal link between the signatures of 731 immune cells, divided into 7

groups, and peripheral blood immune cells was investigated using a two-sample
Mendelian randomization (MR) study. Genetic variation is a substitute for risk fac-
tors in Mendelian randomization, necessitating that the variants used as instrumen-
tal variables (IVs) for an exposure satisfy three key assumptions to be considered
valid.

First, the genetic variants should have a strong correlation with the exposure.
Second, they should remain unaffected by any possible confounding factors. Third,
it is crucial that these genetic instruments influence the outcome exclusively through
exposure. The comprehensive study design is illustrated in Fig. 1.

Exposure and Outcome Data Sources
Summary statistics for genome-wide association study (GWAS) on peripheral

blood immune cells are publicly accessible through the IEU Open GWAS project,
which incorporates a recent large-scale GWAS focused on hematological param-
eters conducted by the Blood Cell Consortium. This comprehensive GWAS en-
compassed 563,085 participants of European ancestry (Vuckovic et al, 2020). The
genetic variants associated with circulating leukocyte, lymphocyte, monocyte, neu-
trophil, eosinophil, and basophil counts were derived from this initiative.

The GWAS Catalog contains detailed GWAS summary information for each
immunological characteristic, with accession numbers ranging fromGCST90001391
to GCST90002121. This collection includes 731 distinct immunological pheno-
types, such as monocytes, myeloid cells, mature T cell stages, regulatory T cells
(Tregs), conventional dendritic cells (cDCs), and TBNK (T cells, B cells, and natu-
ral killer cells). The original GWASwas conducted on a cohort of 3757 participants
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Fig. 1. The flowchart of the study. Abbreviations: COPD, chronic obstructive pulmonary disease;
ILD, interstitial lung disease; IVW, inverse variance weighting; MR, Mendelian randomization;
PRESSO, pleiotropic residuals and outliers.

of European descent, focusing on immunological traits and ensuring no overlap be-
tween cohorts.

GWAS summary statistics for COPD, asthma, and ILD-related infections were
obtained from the R9 release data of the FinnGen consortium. This study included
377,277 participants of European ancestry, with 117,312 cases and 259,965 controls
(Table 1).

Selection of Instrumental Variables (IVs)
In our study, we applied different significance thresholds for instrumental vari-

able selection for each exposure, accounting for variations in genetic architecture
and the availability of significantly associated single nucleotide polymorphisms
(SNPs) with each immune trait. The Blood Cell Consortium dataset exhibited a sub-
stantial number of SNPs with genome-wide significance (p < 5 × 10−8). There-
fore, we implemented a more stringent association criterion (p < 5 × 10−9) for
identifying genetic IVs in this dataset. In alignment with recent studies (Orrù et al,
2020; Yu et al, 2021), we applied a significance level of 5 × 10−5 to IVs linked
to each immune trait. Considering the small number of SNPs linked to infections
related to COPD, asthma, and ILD, we adopted a less stringent significance thresh-
old of 5 × 10−6. To mitigate bias arising from strong linkage disequilibrium (LD),
we employed a clumping method with an R2 limit of 0.001 and a 10,000 base pair
distance to maintain SNP independence. To ensure consistency, both exposure and
outcome variables were normalized relative to the effect allele. Subsequent anal-
yses were conducted on the combined exposure-outcome dataset. The F statistic,
which measures instrument strength, reflects the proportion of phenotypic variance
explained by genetic variation, sample size, and the number of instruments. An F-
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Table 1. Detailed information on the genome-wide association studies in our analysis.
Traits Year ID Population Sample size Case Control PMID

Circulating white blood cell 2020 ieu-b-30 European 563,085 NA NA 32888494
Lymphocyte 2020 ieu-b-32 European 563,085 NA NA 32888494
Monocyte 2020 ieu-b-31 European 563,085 NA NA 32888494
Neutrophil 2020 ieu-b-34 European 563,085 NA NA 32888494
Eosinophil 2020 ieu-b-33 European 563,085 NA NA 32888494
Basophil 2020 ieu-b-29 European 563,085 NA NA 32888494
Immune trait 2020 GCST90001391-90002121 European 3757 NA NA 32929287
COPD/asthma/ILD-related infections 2023 NA European 377,277 117312 259965 NA
Note: COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease.
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statistic ≥10 indicates a low probability of weak instrument bias in MR analyses
(Palmer et al, 2012).

Statistical Analysis
Weemployed fiveMR approaches, including inverse varianceweighting (IVW),

MR-Egger regression, weighted median, weighted mode, and simple mode, to an-
alyze the causal relationships between 731 immunological phenotypes and infec-
tions linked to COPD, asthma, and ILD. These analyses included data from several
IVs, primarily emphasizing the IVW method for the main findings, while incorpo-
rating insights from the other approaches. Heterogeneity among IVs was assessed
using Cochrane’s Q-statistic, with statistical significance set at p < 0.05. In cases
where the null hypothesis was rejected, random-effects IVW was used instead of
fixed-effects IVW (Burgess et al, 2017). The MR-Egger intercept test was used to
assess directional pleiotropy. MR pleiotropic residuals and outliers (MR-PRESSO)
analysis was also performed using the R package “MR-PRESSO” to identify and
remove potential outlier SNPs that may have a significant impact on the MR results
(Verbanck et al, 2018). To verify the stability of the results, a leave-one-out sensi-
tivity analysis was conducted, removing each IV one by one (Verbanck et al, 2018).
Scatter plots and funnel plots were utilized to demonstrate the robustness of the cor-
relation and absence of evident heterogeneity, indicating that the results remained
unaffected by outliers. All statistical analyses were conducted using R version 4.1.3
(R Foundation for Statistical Computing, Vienna, Austria), primarily utilizing the
packages “TwoSampleMR”, “MRInstruments”, and “MendelianRandomization”.

Results
Causal Estimates between Peripheral Immune Cells and COPD, Asthma,
and ILD-Related Infections

Following rigorous selection and alignment of instrumental variables (IVs),
a comprehensive set of SNPs was employed for MR analysis of various leukocyte
subpopulations. Specifically, 415 SNPs were employed for white blood cell (WBC)
count, 344 for neutrophil cell count, 396 for lymphocyte cell count, 432 for mono-
cyte cell count, 355 for eosinophil cell count, and 153 for basophil cell count. All
SNPs demonstrated F-statistics exceeding 10, indicating their suitability as valid
tools. The data are presented in Supplementary Tables 1–6.

Fig. 2 illustrates the summarized causal effect estimates of peripheral immune
cell counts on the risk of infections associated with COPD, asthma, and ILD. Impor-
tantly, our findings indicated a robust causal association between elevated level of
circulating WBC count and increased susceptibility to COPD, asthma, and ILD-
related infections, as determined by inverse variance weighting (IVW) analysis
(odds ratio (OR): 1.08, 95% confidence interval (CI): 1.04–1.11, p < 0.00001).
Similar positive trends were observed using MR Egger (OR: 1.11, 95% CI: 1.04–
1.18, p= 0.00093) andweightedmedian (OR: 1.08, 95%CI: 1.04–1.13, p= 0.00036)
methods. Similarly, neutrophil count exhibited a positive causal relationship with
the risk of COPD, asthma, and ILD-related infections using either IVW (OR: 1.06,
95% CI: 1.02–1.10, p = 0.0019), MR Egger (OR: 1.12, 95% CI: 1.04–1.20, p =
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0.0042), or weighted median (OR: 1.06, 95% CI: 1.02–1.11, p = 0.0087). We also
found suggestive evidence that lymphocyte count was positively associated with
COPD, asthma, and ILD-related infection risk using either IVW (OR: 1.04, 95%
CI: 1.01–1.07, p = 0.01515) or weighted median (OR: 1.05, 95% CI: 1.01–1.10, p
= 0.02413). Monocyte and eosinophil cell counts were positively associated with
COPD, asthma, and ILD related infections risk using the IVW method (OR: 1.03,
95% CI: 1.01–1.06, p = 0.0044) and (OR: 1.07, 95% CI: 1.04–1.10, p = 0.00001),
respectively. However, no significant association was observed between basophil
cell count and susceptibility to COPD, asthma and ILD-related infections. Addi-
tional visualization results from the MR analysis are presented in the Supplemen-
tary Figs. 1–12. We found pleiotropy between eosinophil cell count and COPD,
asthma, as well as ILD-related infections (Supplementary Table 7, Supplemen-
tary Fig. 1E). This finding suggests that SNPs may affect outcomes through alter-
native pathways, potentially compromising the validity of the MR results concern-
ing the link between eosinophil cell count and infections related to COPD, asthma,
and ILD.

The results of the sensitivity analysis are displayed in Supplementary Table 7.
Despite the Cochran’s Q test yielding a p-value < 0.05, indicating significant het-
erogeneity, the causal estimates derived from the random effects IVW, our primary
analytical approach, demonstrated robustness. TheMR-Egger intercept analysis re-
vealed a pleiotropic effect, specifically for eosinophil cell count, with a pleiotropic
p-value of 0.01294974. In contrast, the p-values for other factors exceeded 0.05,
suggesting an absence of significant pleiotropy (Supplementary Table 8).

Exploration of the Causal Effect of Immunophenotypes on COPD, Asthma
and ILD-Related Infections

A two-sample MR analysis was conducted using the IVW method as the pri-
mary approach to assess the causal relationship between immune phenotypes and
infections associated with COPD, asthma, and ILD. Following the identification of
49 immunological characteristics at a significance level of 0.05, a more stringent
threshold of p < 0.001 was applied. The analysis uncovered two immune pheno-
types with a protective effect against these infections: Human Leukocyte Antigen
(HLA) DR+ NK% NK cells (TBNK group) and CD66b++ myeloid cells (myeloid
group). In contrast, a heightened risk of infections was associated with two im-
munological phenotypes: HLA DR on CD14+ monocytes (monocyte group) and
HLA DR on CD33− HLA DR+ myeloid cells (myeloid group). Using the IVW
method, the odds ratio (OR) for HLA DR+ NK% NK (TBNK panel) in relation
to the risk of infections associated with COPD, asthma, and ILD was estimated at
0.98 (95% CI: 0.97–0.99, p = 0.0004) (Fig. 3, Supplementary Table 8). Com-
parable findings were obtained through two additional methods: weighted median
(OR: 0.98, 95% CI: 0.96–0.99, p = 0.0049) and weighted mode (OR: 0.97, 95% CI:
0.95–0.99, p = 0.0064). Conversely, the MR Egger and simple mode analyses did
not validate this association. The MR Egger analysis showed an OR of 0.98 (95%
CI: 0.96–1.00, p = 0.0799), while the simple mode produced an OR of 0.98 (95%
CI: 0.95–1.02, p = 0.3877). Using the IVW method, the odds ratio for CD66b in
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Fig. 2. Mendelian randomization results between peripheral immune cells and COPD, asthma
and ILD-related infections. Note: SNPs, single nucleotide polymorphisms; OR, odds ratio; CI,
confidence interval; MR, Mendelian randomization.

relation to the risk of infections associated with COPD, asthma, and ILD, based
on the CD66b++ myeloid cell (myeloid panel), was estimated at 0.98 (95% CI:
0.97–0.99, p = 0.0007) (Fig. 3, Supplementary Table 9). Notably, the MR Egger,
weighted median, simple mode, and weighted mode analyses did not demonstrate
a statistically significant association. Using the IVW method, the OR for HLA DR
expression in relation to the risk of infections associated with COPD, asthma, and
ILD, based on CD14+ monocytes (monocyte panel), was estimated at 1.03 (95%
CI: 1.01–1.04, p = 0.0002) (Fig. 3, Supplementary Table 10). Consistent findings
were obtained using three alternative methods: MR Egger, weighted median, and
weighted mode. However, the simple mode analysis failed to corroborate this as-
sociation. For HLA DR expression on CD33− HLA DR+ (myeloid panel), the OR

8 British Journal of Hospital Medicine | 2025 | https://doi.org/10.12968/hmed.2024.0572

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0572


ARTICLEARTICLEARTICLE

for infection risk related to COPD, asthma, and ILD was estimated at 1.03 (95% CI:
1.02–1.05, p < 0.00001) using the IVW (Fig. 3, Supplementary Table 11). Con-
sistent findings were observed with three additional methods: MR Egger, weighted
median, and weighted mode. However, the simple mode analysis did not support
this association. The Supplementary Figs. 1–12 provide additional visualization
findings of the MR analysis.

Fig. 3. Mendelian randomization results for immune phenotype and COPD, asthma and ILD-
related infections.

Moreover, analyses using MR-PRESSO and MR-Egger regression methodolo-
gies did not indicate the presence of horizontal pleiotropy. Sensitivity analysis pro-
vided comprehensive data, further demonstrating the robustness of the identified
causal associations (Supplementary Table 7).

Exploration of the Causal Effect of COPD, Asthma, and ILD-Related
Infections Onset on Immunophenotypes

The causal effects of infections linked to ILD, asthma, andCOPDon immunophe-
notypes were investigated using the IVWmethod as the principal strategy in a two-
sample MR study. At a significance level of 0.01, seven suggestive immunophe-
notypes were identified, including five from the B cell panel, one from the T cell
panel, and one from the TBNK panel. The IVW method revealed that the onset
of COPD/asthma/ILD-related infections onset was associated with decreased lev-
els of Immunoglobulin D (IgD) on IgD+ CD38br (OR: 0.64, 95% CI: 0.49–0.83,
p = 0.0009) (Fig. 4, Supplementary Table 12) and IgD on transitional (OR: 0.70,
95% CI: 0.54–0.91, p = 0.0073) (Fig. 4, Supplementary Table 13). Conversely,
increased levels were observed for IgD+ CD38−% B cells, IgD+ CD38− abso-
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lute count (AC), CD4+ CD8dim AC, IgD+ CD38− % lymphocytes, and TD CD4+
AC in patients with COPD/asthma/ILD-related infections (Fig. 4, Supplementary
Tables 14–18).

Fig. 4. Results of Mendelian randomization of infections and immune phenotypes associated
with COPD, asthma and ILD. Note: Ig, Immunoglobulin.

Specifically, the MR-Egger intercept analysis revealed significant pleiotropic
effects for IgD+ CD38− %B cells, with a p-value of 0.013. In contrast, the p-
values for IgD+ CD38− % B cells, IgD+ CD38−AC, CD4+ CD8dim AC, IgD+

CD38− % lymphocytes, TD CD4+ AC and IgD on transitional cells exceeded
0.05, suggesting the deficiency of evident pleiotropy (Supplementary Table 7).
Sensitivity analyses corroborated the robustness of the observed causal relation-
ships (Supplementary Table 7). The scatter plot further elucidated the presence of
horizontal pleiotropy between COPD, asthma and ILD-related infections and IgD+

10 British Journal of Hospital Medicine | 2025 | https://doi.org/10.12968/hmed.2024.0572

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0572


ARTICLEARTICLEARTICLE

CD38−%Bcells, with theMR-Egger intercept not being equal to 0 (Supplementary
Fig. 3). This finding suggests that SNPs associated with COPD, asthma, and ILD-
related infections may impact IgD+ CD38− % B cells through alternative path-
ways.

Discussion
This study represents the first application of an MR approach to elucidate

causal relationships between distinct immunological phenotypes and infections as-
sociated with ILD, COPD, and asthma.

Our findings demonstrate that a higher proportion ofHLA-DR+ NKcells within
the TBNK panel correlates with a diminished risk of infections related to COPD,
asthma, and ILD. HLA-DR+ NK cells exhibit the capability to produce proinflam-
matory cytokines, undergo degranulation, and readily proliferate in response to
stimuli (Erokhina et al, 2021). Additionally, these cells demonstrate the capacity to
internalize specific antigens and subsequently present them to CD4+ and CD8+ T
cells, leading to their activation and proliferation, which places them close to spe-
cialized antigen-presenting cells (Erokhina et al, 2021). The importance of HLA-
DR+ NK cells extends to their potential role as a crucial source of Interferon-γ
(IFN-γ) during antibacterial immune responses. Given their capacity to produce
IFN-γ, undergo phenotypic changes when interacting with lysed Mycobacterium
tuberculosis, and particularly, their ability to present mycobacterial antigens, in
vitro pre-activated HLA-DR+ NK cells represent a promising subset for targeted
anti-tuberculosis therapy (Kust et al, 2021).

CD66b serves as a distinctive marker for a novel monocyte subset charac-
terized by its retention of immune-stimulatory and proinflammatory capabilities.
These CD66b+ monocytes represent an emerging myeloid subpopulation exhibit-
ing notable traits, including heightened phagocytic activity, matrix adhesion, and
migration. Moreover, these cells play a crucial role in providing co-stimulation
for T cell proliferation and IFN-γ secretion, demonstrating their non-suppressive
nature towards T cell responses (Horzum et al, 2021). Our study also proves that
CD66b onCD66b++myeloid cells is associatedwith decreasedCOPD/asthma/ILD-
related infection risk.

The major histocompatibility complex (MHC) class II cell surface receptor
HLA-DR is encoded by the human leukocyte antigen complex. During chronic
inflammation, HLA-DR can downregulate its own expression in monocytes. The
CD14 receptor facilitates monocyte recognition and phagocytosis of specific pro-
teins, thereby initiating an immune response (Devitt et al, 1998). CD33, a cell
surface glycoprotein expressed on myeloid cells like granulocytes and monocytes,
has been implicated in disease progression. The CD14 receptor initiates the im-
mune response by enabling monocytes to recognize and phagocytose specific pro-
teins (Mcgill et al, 2022). Moreover, influenza virus H1N1pdm09 downregulates
CD33 expression, leading to a significant reduction of CD33 levels on monocyte
surfaces in influenza patients. This downregulation is associated with triggered
tumour necrosis factor (TNF)-α secretion and reactive oxygen species (ROS) pro-
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duction, suggesting an additional mechanism for exacerbating inflammation during
viral infection. Our study also reveals that HLA-DR expression on CD14+ cells in
the monocyte panel and HLA-DR expression on CD33− HLA-DR+ in the myeloid
panel are associated with increased risk of COPD, asthma, and ILD-related infec-
tions.

Moreover, the occurrence of COPD/asthma/ILD-related infections was linked
to reduced IgD levels on IgD+ CD38br and transitional B cells, while also corre-
lating with an increase in the percentage of IgD+ CD38− B cells, IgD+ CD38−
AC, CD4+ CD8dim AC, IgD+ CD38− percentage of lymphocytes, and total CD4+
AC levels. In patients with COPD, asthma, and ILD, the immune response is often
affected in the context of infections. IgD, an antibody found on the surface of B
cells, plays a crucial role in the initial phases of B cell development and immune
responses (Cooper, 2015). The reduced expression of IgD on IgD+ CD38br and
transitional B cells suggests a disruption in B cell maturation or activation (Brink et
al, 1995), potentially due to chronic infections associated with pulmonary diseases.
Transitional B cells are immature cells transitioning from the bone marrow to pe-
ripheral circulation, where they further develop into fully mature B cells (Zhou et
al, 2020). The decrease in IgD may indicate impaired B cell activity (Zikherman
et al, 2012), adversely affecting the immune response to infections. The observed
increase in IgD+ CD38− B cells might reflect a compensatory mechanism or a
polarized immune response, characterized by a predominance of mature B cells
dominating in the context of chronic infection (Upasani et al, 2021). This shift
could also be linked to persistent inflammation or immune exhaustion in patients
with COPD, asthma, or ILD. The rise in IgD+ CD38− activated cells may indicate
that mature B cells are being activated, potentially in response to ongoing infec-
tion or chronic inflammation (Wang et al, 2020). The CD4+ CD8dim activated cell
population in whole blood cultures stimulated with viral antigens like HCMV and
HIV-1 showed significant cytokine expression and proliferation (Suni et al, 2001).
This increase suggests that the immune system is actively attempting to respond
to infections. Elevated levels of transitional CD4+ activated cells may reflect en-
hanced T cell-mediated immune responses to chronic infections in these respiratory
diseases, where these cells assist B cell antibody production (Künzli and Masopust,
2023). Collectively, these changes indicate alterations in the immune status of pa-
tients with COPD, asthma, or ILD, wherein chronic infection is associated with
impaired immune responses and compensatory mechanisms.

Up to now, data on the risk of COPD/asthma/ILD-related infections and im-
mune cells remain limited. We hereby discuss the possible mechanisms that con-
tribute to an increased risk of infections. In the lung’s steady state, a diverse array of
leukocytes, including specialized lymphoid-origin cells known as innate lymphoid
cells (ILCs), constitute a critical component of the pulmonary immune system. De-
spite being a minor fraction, ILCs play a vital role in early responses to pathogens
and contribute to the development of CRD (Künzli andMasopust, 2023). Type 2 in-
nate lymphoid cells (ILC2s) have become major regulators of type 2 inflammation
and are markedly enhanced in type 2 inflammatory illnesses of the human airway,
such as asthma. Potential therapeutic strategies for airway type 2 inflammatory
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diseases include inhibiting ILC2 activators, activating the inhibitory pathways of
ILC2s, and reducing ILC2-mediated pathways involving type 2 cytokines (Künzli
and Masopust, 2023). The pathogenesis of COPD may be significantly influenced
by adaptive immune cells. Experiments in animal models indicate that the cause of
emphysema is associated with the generation of T helper (Th) 1 and Th17 subsets
which promote the activation of innate immune cells (Künzli and Masopust, 2023).

This research utilized a two-sample MR analysis, leveraging published data
from extensive GWAS cohorts to enhance statistical efficiency. The study’s con-
clusions regarding causality are derived from a diverse array of MR analytical tech-
niques. This approach enhances the robustness of the findings by mitigating the
effects of horizontal pleiotropy and other potential confounders. However, the
study has certain limitations. First, despite employing the random effects IVW
method, heterogeneity persists in the results. Variations in analysis platforms, ex-
perimental conditions, population selection, and SNP choice may introduce bias
in estimating the causal effect. Given the presence of heterogeneity, more rigor-
ous randomized trials are required to confirm the causality observed in this study
and to provide stronger support for interpreting the results. Although pleiotropy
is present in the results, the interactions may occur through pathways other than
genetic factors. Second, the lack of individual-level data restricts the possibility
of conducting additional stratified analyses within the population. Third, since the
study utilized a European database, the ability to generalize the findings to other
ethnic groups is limited, which affects the external validity of the results. Finally, a
more lenient threshold was applied to evaluate the results, introducing the possibil-
ity of increased false positives. However, this approach facilitated a more compre-
hensive exploration of the association between the immune profile and infections
related to COPD, asthma, and ILD.

Through MR studies, we successfully demonstrated a causal relationship be-
tween various immune phenotypes and infections associated with COPD, asthma,
and ILD. These findings underscore the intricate interplay between respiratory in-
fections and the immune system in these conditions, enhancing our understanding
of respiratory immunology. While the causal links were not uniformly strong, they
provided valuable insights into potential strategies for infection prevention in pa-
tients with COPD, asthma, and ILD. However, further research is imperative to
unearth additional nuances and refine our approaches for effectively managing in-
fections in these specific patient populations.

Conclusion
This research is based on summary statistics from a recent large-scale GWAS

focused on blood cell traits. We provided preliminary evidence for positive cor-
relations between peripheral white blood cell counts, including neutrophils, lym-
phocytes, monocytes, and eosinophils, and the risk of infections related to COPD,
asthma, and ILD. Utilizing extensive publicly accessible genetic datasets, we con-
ducted a further analysis of the causal relationships involving 731 immune cell
traits and COPD/asthma/ILD-related infections. Our findings reveal that HLA-DR
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expression on CD14+ monocytes and HLA-DR expression on CD33− HLA-DR+

cells are causally associated with an increased risk of COPD/asthma/ILD-related
infections. Conversely, HLA-DR+ NK cell percentage and CD66b expression on
CD66b++ myeloid cells demonstrate causal associations with a decreased risk of
these infections. In addition, our analyses indicate that COPD/asthma/ILD-related
infections exert causal effects on seven immunophenotypes, including IgD on IgD+

CD38br cells, IgD+ CD38− B cell percentage, IgD+ CD38− AC, CD4+ CD8dim
AC, IgD+ CD38− lymphocyte percentage, T-dependent CD4+ AC, and IgD ex-
pression on transitional B cells.

Key Points
• This study adopts a Mendelian randomization technique to examine the

causal association between immune cells and the occurrence of infections
related to COPD, asthma, and ILD.

• Evidence shows that elevated levels of circulating blood cells and specific
immune cell subpopulations increase susceptibility to COPD, asthma, and
ILD-related infections.

• Peripheral white blood cells, neutrophils, lymphocytes, monocytes, and
eosinophils play significant roles in these infections.

• HLA-DR expression on CD14+ monocytes and CD33− HLA-DR+ cells
are associated with increased risk, while HLA-DR+ NK cells and CD66b
on myeloid cells minimize the chance of infection.
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