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Respiratory infectious diseases (RIDs) seriously af-
fect human health (1,2). Before COVID-19, pneu-

monia and influenza were the primary fatal RIDs, 
particularly among the older adult population (3,4). 
Given the substantial burden of respiratory infec-
tions on health, identifying factors that contribute to 
reduced life expectancy related to RIDs is crucial for 
advancing public health.

Frailty is a clinical syndrome characterized by 
increased vulnerability caused by decreased physi-
ologic reserves and functions of multiple physiologic 
systems (5,6). Two main approaches are used to assess 
frailty: the frailty phenotype and the deficit accumula-
tion model (7,8). Growing evidence has demonstrat-
ed that frailty increases the risk for various adverse 
outcomes, including falls, Parkinson’s disease, and 

death (9–11). Recent reviews have further highlighted  
frailty as a notable clinical and public health issue in old-
er adults (12). Studies also have linked frailty to chronic 
obstructive pulmonary disease, asthma, and infectious 
diseases (13–16). However, previous studies on the re-
lationship between frailty and RIDs have been limited 
by insufficient sample sizes, and evidence regarding the 
impact of frailty changes over time remains inconclu-
sive. To address those gaps, we examined the associa-
tions of frailty and its long-term changes with risk for 
RIDs by leveraging data from a large UK cohort.

Methods
We conducted a population-based prospective co-
hort study by analyzing data from the UK Biobank 
(https://www.ukbiobank.ac.uk), which recruited 
≈500,000 participants 37–73 years of age across Eng-
land, Wales, and Scotland. Baseline data were collect-
ed during 2006–2010 through touchscreen question-
naires capturing self-reported characteristics, verbal 
interviews for medical history, standardized physical 
measurements, and biological sample collection. In 
addition, participant data were linked to electronic 
health records for longitudinal follow-up. 

We assessed frailty by using a physical frailty 
(PF) phenotype and a frailty index (FI), and catego-
rized persons as nonfrail, prefrail, or frail. We also 
ascertained incident RIDs from linked health records. 
From an initial cohort of 502,376 participants, we ex-
cluded persons with missing data on frailty variables 
(n = 1,988), prevalent (n = 56,977), missing follow-up 
or recruitment information (n = 10), or missing co-
variates (n = 19,710), resulting  in an analytical cohort 
of 423,691 participants for baseline analysis. In the 
longitudinal analysis of frailty changes, we included 
a subset of 16,848 participants who had complete fol-
low-up frailty assessments and did not have interim 
outcomes (Appendix Figure 1, https://wwwnc.cdc.
gov/EID/article/32/6/25-1235-App1.pdf).
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We explored the association between frailty and respi-
ratory infectious diseases (RIDs) through a large cohort 
of 423,691 participants in the UK Biobank. Participants 
without baseline RIDs were assessed by physical frailty 
and frailty index. A total of 16,848 participants had re-
peated assessments. We divided participants into non-
frail, prefrail, and frail groups and categorized frailty 
changes as alleviation, maintenance, or aggravation. 
We estimated risk for RIDs, including influenza, pneu-
monia, and other acute lower respiratory infections. 
Compared with nonfrailty, prefrailty and frailty increased 
risk for RIDs 1.32–2.29 times. Each 0.1-point increase in 
frailty index per year raised risk for RIDs by 47%; each 
1-point increase in physical frailty per year increased risk 
by 26%. Frailty worsening (e.g., aggravation of prefrailty) 
amplified risk by 2.31–4.16 times. Partial frailty improve-
ment did not fully eliminate risk. Frailty is a modifiable, 
dynamic risk factor, underscoring the need for early frail-
ty identification and intervention to reduce RIDs in high-
risk populations.
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Assessment of PF and FI
We used the Fried Frailty Phenotype assessment (7) 
to determine PF. In brief, the Fried model assesses 
5 criteria: 3 self-reported components (unintended 
weight loss, fatigue, and low physical activity) and 
2 objectively measured components (slow walking 
speed and reduced grip strength). We divided partic-
ipants into 3 groups according to the number of Fried 
model criteria met: nonfrail (0 criteria), prefrail (1–2 
criteria), or frail (>3 criteria). 

We used the FI developed by researchers using 
a population of 500,000 participants from the UK 
Biobank (17). In brief, we calculated FI from a set of 
49 self-reported items covering health, diseases and 
disabilities, and mental well-being, according to 
standard protocol. For participants with <10 missing 
responses, we computed FI as the ratio of reported 
health or functional problems to the total number of 
possible items, yielding a score of 0–1. Finally, we 
classified participants as nonfrail (FI <0.12), prefrail 
(FI 0.12–0.24), or frail (FI >0.24). We applied those 
classifications to both baseline and follow-up assess-
ments of PF and the FI.

Definitions of Outcomes
We defined study outcomes as the first occurrence 
of RIDs as classified in the International Classifica-
tion of Diseases, 10th Revision (ICD-10). The primary 
outcome was a composite of influenza (ICD-10 codes 
J09–J11), pneumonia (ICD-10 codes J12–J18), and oth-
er acute lower respiratory tract infections (OALRTI; 
ICD-10 codes J20–J22). We also analyzed those con-
ditions individually as secondary outcomes. We de-
termined study outcomes by linking National Health 
Service (NHS) records, including hospital inpatient 
data and death registry records. Detailed information 
about the linkage process is available on UK Biobank.

Covariables
We considered the following potential confounders: 
age; sex (male or female); ethnicity (White or another 
race); education level (high, intermediate, or low); 
Townsend deprivation index (TDI); smoking status 
(never, former, or current); alcohol consumption sta-
tus (never, former, or current); cumulative dietary risk 
factor score (continuous, ranging from 0 to 9 [most 
healthy to least healthy]); body mass index (BMI, 
kg/m2) category (underweight BMI <18.5, normal 
weight BMI 18.5 to <25, overweight BMI 25 to <30, or 
obese BMI >30); sleep duration (continuous, hours/
day); sleeplessness (never, sometimes, or usually); 
and daytime dozing (never, sometimes, or often). We 
also examined cofounders related to exposure to pol-

lution, including exposure to particulate matter with 
an aerodynamic diameter of <2.5 µm (PM2.5 exposure; 
continuous, μg/m3), nitrogen dioxide (continuous, 
μg/m3), and nitrogen oxide (continuous, μg/m3) (Ap-
pendix Table 1).

Statistical Analysis
We calculated baseline and follow-up characteristics as 
mean (SD) or median (IQR) for continuous variables 
and as no. (%) for categorical variables, which we strat-
ified by frailty status (nonfrail, prefrail, and frail). We 
used analysis of variance (ANOVA) or Kruskal-Wallis 
H test to compare differences for continuous variables 
and χ2 test to compare categorical variables. The pri-
mary outcome was any first-recorded RIDs (compos-
ite of influenza, OALRTI, and pneumonia); we further 
analyzed each of the 3 constituent RIDs as a secondary 
outcome. We calculated time-to-event from the base-
line or first follow-up date until the first RID event, 
death, or December 31, 2022, whichever occurred first. 
We used Kaplan-Meier curves to estimate cumulative 
incidence and compared results by using log-rank 
tests. We used Cox proportional hazards models to es-
timate the hazard ratio (HR) and 95% CI for the risk for 
RIDs and each secondary outcome. 

We analyzed frailty both as a categorical vari-
able and as a continuous variable using a 1-unit in-
crement for PF and a 0.1-unit increment for FI score. 
Fully adjusted models further incorporated restricted 
cubic splines to evaluate potential nonlinear associa-
tions between sustained frailty and risk for RIDs. We 
considered and adjusted for potential confounders in 
multivariable models. Model 1 adjusted for age and 
sex, and model 2 further adjusted for full covariables.

Frailty Trajectories
We derived frailty trajectories by fitting a linear re-
gression model for each participant and using the PF 
(range 0–5) or FI (range 0–1) score as the dependent 
variable and follow-up time as the independent vari-
able. We calculated change in FI (ΔFI) or PF (ΔPF) in 
points per year, which represented a person’s frailty 
trajectory. We defined the association between base-
line and follow-up changes in frailty status and RIDs 
risk. We categorized long-term changes in frailty sta-
tus as alleviation, maintenance, or aggravation, then 
included 7 study categories: nonfrailty maintenance, 
nonfrailty aggravation, prefrailty alleviation, pre-
frailty maintenance, prefrailty aggravation, frailty 
alleviation, and frailty maintenance. We used non-
frailty maintenance as the reference group. For ΔFI 
and ΔPF, values >0 indicated that the degree of frail-
ty increased over time, a value of 0 indicated stable  
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degree of frailty, and values <0 indicated improve-
ment in degree of frailty. Further, we calculated the 
population attributable risk for RIDs events to esti-
mate the population-level risk associated with chang-
es in frailty status.

Subgroup Analyses
For analyses, we stratified subgroups by age (<65 
vs. >65 years) and sex. To address potential reverse 
causality, we performed a sensitivity analysis by ex-
cluding events occurring within the first 2 years of 
follow-up. Another sensitivity analysis excluded data 
after 2020 to mitigate the confounding effects of the  
COVID-19 pandemic. We further evaluated the  

association between frailty and cause-specific RIDs 
risk by using Fine-Gray competing risks regression 
models and treating all-cause mortality as a compet-
ing event (Appendix Table 2). We conducted 2-tailed 
analyses in R version 4.3.1 (The R Project for Statisti-
cal Computing, https://www.r-project.org) and con-
sidered p<0.05 statistically significant.

Results

Baseline Characteristics
The first assessment cohort included 423,691 persons 
with a mean age of 56.35 years; 45.5% were male and 
54.5% were female (Table 1). In that assessment, we 

 
Table 1. Baseline characteristics of participants in the first and final assessment of physical frailty in a study of association of frailty 
and frailty trajectory with risk for RIDs* 

Characteristics 

First assessment 

 

Final assessment 
Frail, n = 

9,075 
Prefrail, 

n = 144,734 
Nonfrail, 

n = 269,882 
p 

value† 
Frail, 

n = 409 
Prefrail, 

n = 8,350 
Nonfrail, 
n = 8,089 

p 
value† 

Mean follow-up, y (SD)  12.29 (3.34) 13.02 (2.64) 13.37 (2.25) <0.001  8.96 (2.33) 9.50 (1.59) 9.69 (1.44) <0.001 
Mean age, y (SD) 57.86 (7.63) 56.96 (8.08) 55.97 (8.09) <0.001  62.40 (7.52) 62.10 (7.29) 60.36 (7.46) <0.001 
Sex    <0.001     <0.001 
 M 3,327 (36.7) 62,077 (42.9) 127,389 (47.2)   169 (41.3) 3,950 (47.3) 4,144 (51.2)  
 F 5,748 (63.3) 82,657 (57.1) 142,493 (52.8)   240 (58.7) 4,400 (52.7) 3,945 (48.8)  
Ethnicity    <0.001     <0.001 
 White 7,793 (85.9) 133,415 (92.2) 259,028 (96.0)   389 (95.1) 8,122 (97.3) 7,927 (98.0)  
 Another race 1,282 (14.1) 11,319 (7.8) 10,854 (4.0)   20 (4.9) 228 (2.7) 162 (2.0)  
Education    <0.001     <0.001 
 High 1,398 (15.4) 41,353 (28.6) 99,556 (36.9)   106 (25.9) 3,505 (42.0) 3,868 (47.8)  
 Intermediate 4,061 (44.7) 73,466 (50.8) 135,111 (50.1)   219 (53.5) 4,056 (48.6) 3,688 (45.6)  
 Low 3,616 (39.8) 29,915 (20.7) 35,215 (13.0)   84 (20.5) 789 (9.4) 533 (6.6)  
Smoking status    <0.001     <0.001 
 Never 4,229 (46.6) 76,799 (53.1) 154,029 (57.1)   209 (51.1) 4,909 (58.8) 4,944 (61.1)  
 Previous 3,047 (33.6) 50,681 (35.0) 91,828 (34.0)   156 (38.1) 2,918 (34.9) 2,676 (33.1)  
 Current 1,799 (19.8) 17,254 (11.9) 24,025 (8.9)   44 (10.8) 523 (6.3) 469 (5.8)  
Alcohol status    <0.001     <0.001 
 Never 1,060 (11.7) 8,211 (5.7) 8,440 (3.1)   30 (7.3) 320 (3.8) 220 (2.7)  
 Previous 1,025 (11.3) 6,629 (4.6) 6,649 (2.5)   37 (9.0) 275 (3.3) 184 (2.3)  
 Current 6,990 (77.0) 129,894 (89.7) 254,793 (94.4)   342 (83.6) 7,755 (92.9) 7,684 (95.0)  
Mean (SD) Townsend 
deprivation index  

0.74 (3.59) −0.93 (3.24) −1.66 (2.88) <0.001  −0.54 (3.44) −1.91 (2.75) −2.27 (2.53) <0.001 
Mean (SD) sleep 
duration, h/d  

6.81 (2.22) 7.07 (1.37) 7.15 (1.08) <0.001  6.97 (2.19) 7.22 (1.16) 7.21 (0.99) <0.001 
Mean (SD) cumulative 
dietary risk factor score  

5.29 (1.45) 4.99 (1.42) 4.91 (1.38) <0.001  5.29 (1.38) 4.88 (1.33) 4.87 (1.32) <0.001 
Mean (SD) PM2.5, 
μg/m3  

10.34 (1.11) 10.07 (1.06) 9.93 (1.04) <0.001  10.26 (1.13) 10.01 (1.06) 9.92 (1.02) <0.001 
Mean (SD) NO2, μg/m3  29.28 (7.69) 27.33 (7.64) 26.23 (7.56) <0.001  28.02 (6.97) 26.35 (6.92) 25.71 (6.72) <0.001 
Mean (SD) NO, μg/m3  48.91 

(16.56) 
45.24 (15.86) 43.19 (15.28) <0.001  47.05 

(14.94) 
43.78 (14.63) 42.46 

(13.87) 
<0.001 

BMI category‡    <0.001     <0.001 
 Underweight 62 (0.7) 758 (0.5) 1,184 (0.4)   3 (0.7) 36 (0.4) 46 (0.6)  
 Normal weight 1,369 (15.1) 36,742 (25.4) 100,907 (37.4)   68 (16.8) 2,577 (31.1) 3,481 (43.6)  
 Overweight 2,728 (30.1) 60,162 (41.6) 118,895 (44.1)   131 (32.4) 3,664 (44.2) 3,369 (42.2)  
 Obese 4,916 (54.2) 47,072 (32.5) 48,896 (18.1)   202 (50.0) 2,013 (24.3) 1,096 (13.7)  
RIDs    <0.001     <0.001 
 N 6,882 (75.8) 125,900 (87.0) 246,801 (91.4)   337 (82.4) 7,695 (92.2) 7,627 (94.3)  
 Y 2,193 (24.2) 18,834 (13.0) 23,081 (8.6)   72 (17.6) 655 (7.8) 462 (5.7)  
*Values are no. (%) except as indicated. Data are from UK Biobank (https://www.ukbiobank.ac.uk) during 2006–2010 for the first assessment and during 
2012–2013 for the final assessment. BMI, body mass index; PM2.5, particulate matter <2.5 µm; NO, nitrogen oxide; NO2, nitrogen dioxide; RIDs, 
respiratory infectious diseases. 
†Calculated by analysis of variance, Kruskal-Wallis H, or 2 test. p<0.05 considered statistically significant. 
‡Underweight <18.5 kg/m2; normal weight, 18.5 kg/m2 to <25 kg/m2; overweight, 25 kg/m2 to <30 kg/m2; obese, >30 kg/m2.  
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classified 2.14% as frail and 34.16% prefrail over a 
mean follow-up period of 13.79 years (Table 1). The 
final assessment subcohort had a mean follow-up 
of 9.58 years and included 16,848 persons, 2.43% of 
whom were classified as frail and 49.56% as prefrail. 
Persons classified as frail were generally older, were 
more likely to be female, and had lower education 
levels. Frail persons also had higher prevalences of 
smoking, socioeconomic deprivation, adverse sleep 
patterns, poorer diet quality, and higher air pollution 
exposure and were more likely to be overweight or 
obese. Consistent with their risk profiles, frail partici-
pants had a markedly higher incidence of RIDs than 
nonfrail participants.

Overall, baseline patterns for FI were broadly 
consistent with those observed using PF, and we not-
ed substantial concordance between the 2 measures 
in both the first and final assessments (Appendix 
Table 3, 4). The distribution of respiratory infection 
subtypes was similar across frailty groups, regardless 
of the assessment tool or time point (Appendix Figure 
2). A comparison of participants with and without 
follow-up data revealed statistically significant but 
clinically modest differences, suggesting a low risk 
for meaningful selection bias (Appendix Table 5).

Incident RIDs HRs Associated with Frailty
During a mean follow-up of 13.79 years in the first as-
sessment, a total of 44,108 cases of incident RIDs were 
recorded. In fully adjusted models, both frailty mea-
sures showed a dose-dependent increase in RID risk. 
For PF, adjusted HR for the prefrail group was 1.32 
(95% CI 1.30–1.35) and for the frail group adjusted HR 
was 2.01 (95% CI 1.92–2.10). For FI, the corresponding 
HR for the prefrail group was 1.50 (95% CI 1.47–1.53) 
and for the frail group was 2.29 (95% CI 2.22–2.37) 
(Table 2).

We observed similar trends in the final assess-
ment cohort. Mean follow-up was 9.58 years, dur-
ing which 1,189 incident RIDs cases were reported. 
PF-based HR was 1.17 (95% CI 1.04–1.33) for prefrail 
group and 2.27 (95% CI 1.75–2.95) for the frail group. 
FI-based HR was 1.28 (95% CI 1.13–1.45) for the pre-
frail group and 2.59 (95% CI 2.10–3.19) for the frail 
group (Table 3). Kaplan-Meier and restricted cubic 
spline analyses further supported those associations 
(Appendix Figures 3–6).

Associations of Frailty Trajectory with RIDs
In the analysis of associations between FI trajecto-
ries and RIDs, we noted substantially higher risks 
among the maintained prefrailty (HR  1.39 [95% CI 
1.20–1.61]), aggravation of prefrailty (HR 2.63 [1.95–

3.55]), alleviation of frailty (HR 1.51 [1.09–2.11]), and 
maintained frailty (HR 2.55 [1.94–3.35]) subgroups. 
We also observed similar increases in risk in OALRTI 
and pneumonia, particularly in the aggravation of 
prefrailty and maintained frailty groups, where the 
risk increased by 2.55–2.92 times (Figure 1).

In the analysis of associations between PF trajec-
tories and RIDs, we designated nonfrail as the refer-
ence group. For RIDs, we noted substantial increases 
in risk for the maintained prefrailty (HR 1.45 [95% CI 
1.24–1.71]), aggravation of prefrailty (HR 2.31 [1.66–
3.20]), and maintained frailty (HR  4.16 [2.65–6.52]) 
subgroups. We observed similar patterns for OALRTI 
and pneumonia (Figure 2).

Restricted cubic spline curves showed a statis-
tically significant U-shaped relationship between 
frailty changes and RIDs risk (overall p<0.0001, non-
linearity p<0.01). Specifically, persons with deterio-
rating frailty trajectories (ΔFI or ΔPF >0) exhibited 
statistically significant and sharp increases in RIDs 
risk compared with those with stable frailty status 
(ΔFI or ΔPF = 0) (Figure 3).

Additional Analyses
We noted similar effects in subgroup analyses (Ap-
pendix Tables 6–9) as on the main results. Frailty 
showed a stronger association with the risk for in-
cident RIDs in persons >65 years of age and in fe-
male populations. To avoid the possibility of reverse 
causation and effects of the COVID-19 pandemic on 
RIDs, we conducted sensitivity analyses that exclud-
ed cases with study outcomes <2 years of follow-up 
or cases that occurred after 2020 (Appendix Table 
10). We also analyzed the relationship between 
frailty and deaths caused by RIDs in subgroups and 
noted slightly lower HR estimates in the competing 
risk model, but estimates remained robust (Appen-
dix Table 11).

Discussion
In this large prospective cohort study, both base-
line frailty and worsening frailty trajectories were 
associated with higher risk for RIDs. Those find-
ings support frailty as a dynamic marker of vulner-
ability for identifying populations at elevated risk 
for RIDs. 

Previous studies explored the relationship be-
tween frailty and some RIDs, proving that frailty 
was closely related to RIDs occurrences (18,19). 
For example, a recent systematic review and meta-
analysis focused on patients >60 years of age with 
pneumonia found that frailty was common (inci-
dence rate of 49%) and greatly increased risk for 
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death (odds ratio [OR] 3.51) and readmission (20). 
However, that study used a single point in time for 
frailty assessment, without considering the dynam-
ic changes in frailty status. A prospective cohort 
study exploring the relationship between influenza 
and frailty found no association between influenza 
and frailty phenotype (OR 0.50) (21). However, that 
study had a small (n = 1,135) sample size and in-
cluded persons >50 (median 67.5) years of age from 
the community, which might have underestimat-
ed the long-term association between frailty and  
influenza risk. That underestimation could result 
from potential underdetection of influenza cases, 
particularly milder or asymptomatic cases among 

frailer persons who might not have sought test-
ing. Another study found that frailty was a pre-
dictive factor for poor recovery in patients >65 
years of age hospitalized with acute respiratory 
diseases (OR 0.70–0.75) (22), but it only used data 
from the 2011–12, 2012–13, and 2013–14 influenza 
seasons, which limited the generalizability of the 
conclusions. In contrast, using a large sample size,  
long-term follow-up, and multidimensional assess-
ments (PF and FI), our study revealed the indepen-
dent associations of frailty and its changing trajec-
tory on the risk for RIDs. For participants stratified 
by FI, prefrail persons had 1.50 times higher risk 
for RIDs and frail groups had 2.29 times higher risk 

 
Table 2. Hazard ratios of incident RIDs in first assessment of association of frailty and frailty trajectory with risk for RIDs* 

Category Events/no. participants 
Model 1 

 
Model 2 

HR (95% CI) p value HR (95% CI) p value 
Grouped by physical frailty       
 Nonfrail 23,081/269,882 Referent   Referent  
 Prefrail 18,834/144,734 1.51 (1.48–1.54) <0.001  1.32 (1.30–1.35) <0.001 
 Frail 2,193/9,075 2.93 (2.81–3.06) <0.001  2.01 (1.92–2.10) <0.001 
 Per 1-point increase  1.41 (1.39–1.42) <0.001  1.26 (1.24–1.27) <0.001 
Grouped by frailty index       
 Nonfrail 19,181/253,296 Referent   Referent  
 Prefrail 19,014/144,591 1.68 (1.65–1.71) <0.001  1.50 (1.47–1.53) <0.001 
 Frail 5,913/25,804 3.02 (2.93–3.11) <0.001  2.29 (2.22–2.37) <0.001 
 Per 0.1-point increase  1.64 (1.62–1.66) <0.001  1.47 (1.45–1.49) <0.001 
RID subgroups       
 Influenza       
  Grouped by physical frailty       
   Nonfrail 1,209/269,882 Referent   Referent  
   Prefrail 931/144,734 1.42 (1.30–1.55) <0.001  1.30 (1.19–1.42) <0.001 
   Frail 132/9,075 3.18 (2.65–3.80) <0.001  2.44 (2.02–2.95) <0.001 
   Per 1-point increase  1.39 (1.33–1.46) <0.001  1.29 (1.23–1.36) <0.001 
  Grouped by frailty index       
   Nonfrail 1,054/253,296 Referent   Referent  
   Prefrail 924/144,591 1.51 (1.38–1.65) <0.001  1.41 (1.29–1.54) <0.001 
   Frail 291/25,804 2.64 (2.31–3.00) <0.001  2.19 (1.90–2.51) <0.001 
   Per 0.1-point increase  1.52 (1.44–1.59) <0.001  1.41 (1.34–1.49) <0.001 
 OALRTI       
  Grouped by physical frailty       
   Nonfrail 13,070/269,882 Referent   Referent  
   Prefrail 10,308/144,734 1.44 (1.40–1.48) <0.001  1.27 (1.24–1.30) <0.001 
   Frail 1,131/9,075 2.52 (2.37–2.68) <0.001  1.78 (1.67–1.90) <0.001 
   Per 1-point increase  1.34 (1.33–1.36) <0.001  1.21 (1.19–1.23) <0.001 
  Grouped by frailty index       
   Nonfrail 10,595/253,296 Referent   Referent  
   Prefrail 10,677/144,591 1.70 (1.66–1.75) <0.001  1.54 (1.49–1.58) <0.001 
   Frail 3,237/25,804 2.89 (2.78–3.01) <0.001  2.26 (2.17–2.36) <0.001 
   Per 0.1-point increase  1.62 (1.59–1.64) <0.001  1.47 (1.44–1.49) <0.001 
 Pneumonia       
  Grouped by physical frailty       
   Nonfrail 11,221/269,882 Referent   Referent  
   Prefrail 10,204/144,734 1.66 (1.62–1.71) <0.001  1.43 (1.39–1.47) <0.001 
   Frail 1,370/9,075 3.70 (3.50–3.92) <0.001  2.39 (2.25–2.53) <0.001 
   Per 1-point increase  1.52 (1.50–1.54) <0.001  1.34 (1.32–1.36) <0.001 
  Grouped by frailty index       
   Nonfrail 9,413/253,296 Referent   Referent  
   Prefrail 9,940/144,591 1.73 (1.68–1.78) <0.001  1.52 (1.47–1.56) <0.001 
   Frail 3,442/25,804 3.39 (3.26–3.53) <0.001  2.45 (2.35–2.56) <0.001 
   Per 0.1-point increase  1.73 (1.70–1.76) <0.001  1.51 (1.49–1.54) <0.001 
*Data from UK Biobank (https://www.ukbiobank.ac.uk) collected during 2006–2010. Model 1 is adjusted for age and sex; model 2 is adjusted for all 
covariates. HRs and 95% CIs were estimated using Cox proportional hazards models. A 2-sided p<0.05 was considered statistically significant. FI, frailty 
index; HR, hazard ratio; OALRTI, other acute lower respiratory tract infection; PF, physical frailty; RID, respiratory infectious disease. 
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compared with the nonfrail group. In the analysis of 
associations between FI trajectories and RIDs, risks 
substantially increased in the maintained prefrailty 
(HR 1.39), aggravation of prefrailty (HR 2.63), alle-
viation of frailty (HR 1.51), and maintained frailty 
(HR 2.55) groups. The results grouped according to 
PF were similar. Our study not only validated the 
role of frailty as a static risk factor but also quanti-
fied the cumulative effect of its dynamic changes 
on infection.

Previous studies have relied mainly on single 
point-of-time assessments of degeneration, failing to 

capture the dynamic evolution of degeneration and its 
cumulative biologic effects. Persons can gradually fall 
into a state of frailty, which can lead to adverse health 
outcomes, including cardiovascular disease, depres-
sion, and all-cause deaths (23–25). However, few stud-
ies have examined the relationship between dynamic 
changes in frailty and RIDs. Our study integrates lon-
gitudinal frailty trajectories and demonstrates that the 
maintenance or aggravation of frailty status can inde-
pendently predict the long-term risk for RIDs. 

Unlike previous research limited to static frailty 
assessments, our repeated measurements revealed 

 
Table 3. Hazard ratios of incident RIDs in final assessment of association of frailty and frailty trajectory with risk for RIDs* 

Category Events/no. participants 
Model 1 

 
Model 2 

HR (95% CI) p value HR (95% CI) p value 
Grouped by physical frailty       
 Nonfrail 462/8,089 Referent   Referent  
 Prefrail 655/8,350 1.28 (1.14–1.45) <0.001  1.17 (1.04–1.33) 0.011 
 Frail 72/409 3.04 (2.37–3.90) <0.001  2.27 (1.75–2.95) <0.001 
 Per 1-point increase  1.36 (1.27–1.46) <0.001  1.25 (1.17–1.35) <0.001 
Grouped by frailty index       
 Nonfrail 573/10,424 Referent   Referent  
 Prefrail 495/5,794 1.44 (1.27–1.62) <0.001  1.28 (1.13–1.45) <0.001 
 Frail 121/630 3.31 (2.72–4.03) <0.001  2.59 (2.10–3.19) <0.001 
 Per 0.1-point increase  1.66 (1.53–1.80) <0.001  1.48 (1.36–1.62) <0.001 
RID subgroups       
 Influenza       
  Grouped by physical frailty       
   Nonfrail 9/8,089 Referent   Referent  
   Prefrail 20/8,350 2.04 (0.92–4.50) 0.078  1.81 (0.81–4.05) 0.146 
   Frail 2/409 4.04 (0.87–18.81) 0.075  2.36 (0.45–12.47) 0.312 
   Per 1-point increase  1.38 (0.96–1.98) 0.079  1.20 (0.79–1.80) 0.382 
  Grouped by frailty index       
   Nonfrail 18/10,424 Referent   Referent  
   Prefrail 9/5,794 0.85 (0.38–1.91) 0.696  0.73 (0.32–1.65) 0.443 
   Frail 4/630 3.35 (1.12–9.98) <0.05  2.09 (0.63–6.95) 0.228 
   Per 0.1-point increase  1.82 (1.15–2.90) <0.05  1.53 (0.94–2.50) 0.087 
 OALRTI       
  Grouped by physical frailty       
   Nonfrail 242/8,089 Referent   Referent  
   Prefrail 301/8,350 1.12 (0.94–1.33) 0.194  1.03 (0.86–1.22) 0.760 
   Frail 28/409 2.13 (1.44–3.16) <0.001  1.64 (1.09–2.48) <0.05 
   Per 1-point increase  1.22 (1.10–1.36) <0.001  1.14 (1.02–1.27) 0.024 
  Grouped by frailty index       
   Nonfrail 278/10,424 Referent   Referent  
   Prefrail 233/5,794 1.40 (1.18–1.67) <0.001  1.28 (1.07–1.53) 0.007 
   Frail 60/630 3.29 (2.49–4.36) <0.001  2.77 (2.06–3.73) <0.001 
   Per 0.1-point increase  1.63 (1.45–1.83) <0.001  1.51 (1.32–1.71) <0.001 
 Pneumonia       
  Grouped by physical frailty       
   Nonfrail 247/8,089 Referent   Referent  
   Prefrail 408/8,350 1.47 (1.26–1.73) <0.001  1.34 (1.14–1.58) <0.001 
   Frail 53/409 4.12 (3.06–5.55) <0.001  2.96 (2.16–4.05) <0.001 
   Per 1-point increase  1.53 (1.40–1.67) <0.001  1.39 (1.27–1.52) <0.001 
  Grouped by frailty index       
   Nonfrail 320/10,424 Referent   Referent  
   Prefrail 312/5,794 1.58 (1.35–1.84) <0.001  1.38 (1.17–1.62) <0.001 
   Frail 76/630 3.53 (2.75–4.55) <0.001  2.67 (2.04–3.50) <0.001 
   Per 0.1-point increase  1.73 (1.56–1.92) <0.001  1.52 (1.35–1.70) <0.001 
*Data from UK Biobank (https://www.ukbiobank.ac.uk) collected during 2012–2013. Model 1 is adjusted for age and sex; model 2 is adjusted for all 
covariates. HRs and 95% CIs were estimated using Cox proportional hazards models. A 2-sided p<0.05 was considered statistically significant. FI, frailty 
index; HR, hazard ratio; OALRTI, other acute lower respiratory tract infection; PF, physical frailty; RID, respiratory infectious disease. 

 



RESEARCH

900	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 32, No. 6, June 2026

dynamic frailty patterns. Those findings emphasize 
that aggravation or maintenance of frailty were key 
predictors of RIDs risk, and that RIDs risk increased 
with worsening frailty trajectories. In addition, we 
found a U-shaped association between the annual 
rate of frailty progression (ΔFI or ΔPF) and suscep-
tibility to RIDs, indicating that worsening frailty rap-
idly increases the risk for RIDs. Furthermore, we not-
ed a higher risk for RIDs among participants whose 
frailty metrics improved. 

Frailty is a multidimensional syndrome, in which 
a person’s overall health status might not fully re-
cover to nonfrailty levels, and certain subclinical 
states (such as chronic inflammation or metabolic dis-
orders) might persist, resulting in a continued high 
risk for infection. We found that for every 0.1-point 
increase in FI per year, the risk for RIDs increased by 
47%, and for every 1-point increase in PF per year, the 
risk increased by 26%. When conducting subgroup 
analyses, we found that for every 0.1-point increase 
in FI per year, the risk for influenza increased by 41%, 
OALRTI by 47%, and pneumonia by 51%; for every 
1-point increase in PF per year, the risk for influenza 
increased by 29%, OALRTI by 21%, and pneumonia 
by 34%. The final assessment of frailty also showed 

similar outcomes. Those findings emphasize the val-
ue of continuous monitoring of frailty, especially in 
prefrail populations.

Several FI components, such as low physical 
activity and fatigue, are potential independent risk 
factors for respiratory infection and illness sever-
ity. However, frailty should not be viewed as a 
simple repetition of conventional epidemiologic 
risk factors because it reflects cumulative declines 
in physiologic reserve and multisystem dysregu-
lation (5,9,12). In this study, we quantified vul-
nerability by using FI, which summarizes multi-
dimensional health deficits; moreover, frailty is 
considered a distinct clinical syndrome rather than 
a synonym for underlying conditions or disability 
(5,7). Even after adjusting for major confounders 
including age, sex, education, deprivation, smok-
ing, alcohol use, BMI, diet, sleep characteristics, 
and air pollution exposure, the association be-
tween frailty and RIDs remained evident, suggest-
ing that frailty could capture integrated suscepti-
bility beyond individual risk factors considered 
separately. At the same time, because some frailty 
components overlap with established infection- 
related risk factors, the independent causal  

Figure 1. Longitudinal baseline and follow-up associations of frailty index with risk for RIDs. Forest plots show the trajectory of frailty 
index associated with incident RIDs (A), influenza (B), OALRTI (C), and pneumonia (D). Squares indicate point estimates of HRs; error 
bars indicate 95% CI; dotted vertical lines indicate null effect. Analyses were adjusted for age, sex, ethnicity, education level, Townsend 
deprivation index, smoking status, alcohol consumption status, cumulative dietary risk factor score, PM2.5 (exposure to particulate matter 
<2.5 μm), nitrogen dioxide and nitrogen oxide levels, body mass index category, sleep duration, sleeplessness, and daytime dozing. HR, 
hazard ratio; OALRTI, other acute lower respiratory tract infection; RIDs, respiratory infectious diseases.
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contribution of frailty itself could not be fully dis-
entangled in this observational study.

Our research also found that participants >65 
years of age have a higher risk for developing RIDs 
because of prefrailty and frailty compared with per-
sons <65 years of age. Results of a previous study em-
phasized that frailty affects the susceptibility to and 
severity of pneumonia in persons >65 years of age 
(26), which is similar to our results. 

Mounting evidence suggests that acute influenza 
infection could have long-lasting health effects, and 
studies have shown that frailty is associated with poor 
recovery after hospitalization for influenza (22,27). 
Our study also showed that frailty increases the risk 
of developing influenza by 119%–144% compared 
with nonfrailty. Those findings further support pri-
oritizing vaccination-focused prevention among per-
sons with frailty, particularly in resource-constrained 
settings where preventive interventions must be tar-
geted efficiently.

Previous research has shown that frailty is as-
sociated with an increased risk for severe COV-
ID-19 outcomes, including hospitalization or death 
(28). Our study extends those findings by show-
ing that frailty was associated with a 1.29–2.20- 

fold increased risk for death from broader catego-
ries of RIDs. 

Frailty is associated with an exacerbated in-
flammatory state, which can impair immune func-
tion and increase susceptibility to respiratory infec-
tions (29). In addition, persons with frailty might 
be more likely to experience malnutrition, swal-
lowing difficulties, and other underlying condi-
tions (26), which could contribute to their suscepti-
bility to RIDs and support the need for nutritional 
and rehabilitation-based intervention as targets for  
future study. 

Although some factors associated with frailty, such 
as smoking and alcohol use, can be modified at the pa-
tient level, frailty is also shaped by broader social and 
environmental determinants, including socioeconomic 
disadvantage and environmental exposures (9,12). 
Thus, frailty should not be interpreted as a condition 
that can be readily prevented through patient-level be-
havioral advice alone. Accordingly, future prevention 
efforts should consider broader public health and so-
cial policy measures, such as strengthening nutritional 
support and reducing exposure to harmful environ-
ments, and specific measures would depend on local 
resources and policy conditions. 

Figure 2. Longitudinal baseline and follow-up associations of physical frailty with risk for RIDs. Forest plots show the trajectory of 
physical frailty associated with incident RIDs (A), influenza (B), OALRTI (C), and pneumonia (D). Squares indicate point estimates 
of HRs; error bars indicate 95% CI; dotted vertical lines indicate null effect. Analyses were adjusted for age, sex, ethnicity, education 
level, Townsend deprivation index, smoking status, alcohol consumption status, cumulative dietary risk factor score, PM2.5 (exposure to 
particulate matter <2.5 μm), nitrogen dioxide and nitrogen oxide levels, body mass index category, sleep duration, sleeplessness, and 
daytime dozing. HR, hazard ratio; OALRTI, other acute lower respiratory tract infection; RIDs, respiratory infectious diseases.
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From a public health perspective, our find-
ings demonstrate that vulnerable populations are 
at high risk for respiratory infections, and vaccina-
tion should be considered for this population. Fur-
thermore, measures such as nutritional support and 
physical rehabilitation could be potential interven-
tion targets, and those approaches might be better 
suited for exploration in select high-risk subgroups 
or demonstration projects. In that sense, our find-
ings are intended not to advocate the immediate 
broad rollout of all frailty-directed interventions but 
to provide an epidemiologic basis for risk stratifica-
tion so that preventive resources, including vaccina-
tion and other supportive strategies, can be more 
rationally prioritized.

The strengths of this study included a prospec-
tive design, a large sample size, dual-dimensional 
frailty assessment using PF and FI, and dynamic 
change analysis. The first limitation of this study 
is that unmeasured variables, such as genetic sus-
ceptibility or undiagnosed underlying conditions, 
might have led to residual confounding. Second, the 
baseline age range of the cohort was 37–73 years, 
and most participants were White, which limited 
the generalizability of the results to the entire popu-
lation. Third, recall bias might have affected some 

self-reported information, including parts of the 
PF assessment and all FI items. Fourth, outcomes 
on the basis of ICD coding might have underesti-
mated mild or unreported RIDs outcomes. Fifth, the 
UK Biobank did not have records for influenza and 
pneumonia vaccine administration, making analysis 
between the role of vaccination in frailty and RIDs 
impossible. Sixth, our models did not incorporate 
season-specific effects, and relying on time to first 
respiratory infection as the primary outcome could 
underestimate the true frequency and cumulative 
burden of recurrent respiratory infections. Finally, 
although we analyzed the frailty trajectory through 
longitudinal modeling, the evaluation interval 
might not have captured short-term fluctuations in 
frailty status. Future research should incorporate 
more frequent measurements of frailty and explore 
the mediating biologic mechanisms between frailty 
and respiratory infections, such as chronic inflam-
mation and immune dysregulation.

In summary, this study provides strong evidence 
that baseline and dynamic frailty substantially in-
crease the risk for RIDs. Our findings advocate for the 
inclusion of frailty screening as a preventive strategy 
for respiratory infections, especially in persons >65 
years of age.

Figure 3. Restricted cubic spline curves from linear regression analysis of frailty changes associated with risk for respiratory 
infectious diseases. A–D) Dose-response relationships of change in frailty index associated with incident respiratory infectious 
diseases (A), influenza (B), other acute lower respiratory tract infection (C), and pneumonia (D). E–H) Dose-response relationships 
of change in physical frailty associated with incident respiratory infectious diseases (E), influenza (F), other acute lower respiratory 
tract infection (G), and pneumonia (H). Blue lines indicate fitted HR curves; shading indicates 95% CI; horizontal dotted lines 
indicate HR of 1; vertical lines indicate 0 change. Analyses were adjusted for age, sex, ethnicity, education level, Townsend 
deprivation index, smoking status, alcohol consumption status, cumulative dietary risk factor score, PM2.5 (exposure to particulate 
matter <2.5 μm), nitrogen dioxide and nitrogen oxide levels, body mass index category, sleep duration, sleeplessness, and 
daytime dozing. HR, hazard ratio.



Frailty and Respiratory Infectious Diseases

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 32, No. 6, June 2026	 903

Acknowledgments
We thank the UK Biobank participants. 

This research was conducted using the UK Biobank  
resource under application no. 43795. The UK Biobank 
study was approved by the North West Multi-centre  
Research Ethics Committee, the England and Wales  
Patient Information Advisory Group, and the Scottish 
Community Health Index Advisory Group. All  
participants provided written informed consent before 
enrollment in the UK Biobank. This study received  
approval from the North West Multicenter Research Ethics 
Committee (approval no. 11/NW/0382). This study was 
conducted using existing data from UK Biobank, a large-
scale biomedical database that does not allow researchers 
to contact participants directly. Data are available from UK 
Biobank upon request (https://www.ukbiobank.ac.uk).

This work was supported by the National Natural Science 
Foundation of China (grant no. 82425052), and the  
Construction of High-level University of Guangdong 
(grant no. G624330242).

About the Author
Dr. Yang is currently a postdoctoral fellow in the School of 
Public Health, Southern Medical University, Guangzhou, 
China. Her research interests include respiratory infectious 
disease epidemiology.

References
  1.	 Bourouiba L. Fluid dynamics of respiratory infectious  

diseases. Annu Rev Biomed Eng. 2021;23:547–77.  
https://doi.org/10.1146/annurev-bioeng-111820-025044

  2.	 GBD 2021 Lower Respiratory Infections and Antimicrobial 
Resistance Collaborators. Global, regional, and national 
incidence and mortality burden of non–COVID-19 lower  
respiratory infections and aetiologies, 1990–2021: a  
systematic analysis from the Global Burden of Disease  
Study 2021. Lancet Infect Dis. 2024;24:974–1002.  
https://doi.org/10.1016/S1473-3099(24)00176-2

  3.	 Rafeq R, Igneri LA. Infectious pulmonary diseases. Infect Dis 
Clin North Am. 2024;38:1–17. https://doi.org/10.1016/ 
j.idc.2023.12.006

  4.	 Uyeki TM. Influenza. Ann Intern Med. 2021;174:ITC161–76. 
https://doi.org/10.7326/AITC202111160

  5.	 Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K.  
Frailty in elderly people. Lancet. 2013;381:752–62.  
https://doi.org/10.1016/S0140-6736(12)62167-9

  6.	 Ofori-Asenso R, Chin KL, Mazidi M, Zomer E, Ilomaki J,  
Zullo AR, et al. Global incidence of frailty and prefrailty 
among community-dwelling older adults: a systematic  
review and meta-analysis. JAMA Netw Open. 2019; 2: 
e198398. https://doi.org/10.1001/jamanetworkopen.2019. 
8398

  7.	 Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, 
Gottdiener J, et al.; Cardiovascular Health Study  
Collaborative Research Group. Frailty in older adults: 
evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001; 
56:M146–57. https://doi.org/10.1093/gerona/56.3.M146

  8.	 Rockwood K, Stadnyk K, MacKnight C, McDowell I,  
Hébert R, Hogan DB. A brief clinical instrument to classify 
frailty in elderly people. Lancet. 1999;353:205–6.  
https://doi.org/10.1016/S0140-6736(98)04402-X

  9.	 Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, 
Fried LP. Frailty: implications for clinical practice and public 
health. Lancet. 2019;394:1365–75. https://doi.org/10.1016/
S0140-6736(19)31786-6

10.	 Ward DD, Ranson JM, Wallace LMK, Llewellyn DJ,  
Rockwood K. Frailty, lifestyle, genetics and dementia risk.  
J Neurol Neurosurg Psychiatry. 2022;93:343–50.  
https://doi.org/10.1136/jnnp-2021-327396

11.	 Zheng Z, Lv Y, Rong S, Sun T, Chen L. Physical frailty,  
genetic predisposition, and incident Parkinson disease. 
JAMA Neurol. 2023;80:455–61. https://doi.org/10.1001/
jamaneurol.2023.0183

12.	 Kim DH, Rockwood K. Frailty in older adults. N Engl J Med. 
2024;391:538–48. https://doi.org/10.1056/NEJMra2301292

13.	 Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. 
Frailty and pre-frailty in middle-aged and older adults and 
its association with multimorbidity and mortality: a  
prospective analysis of 493 737 UK Biobank participants.  
Lancet Public Health. 2018;3:e323–32. https://doi.org/ 
10.1016/S2468-2667(18)30091-4

14.	 Wang L, Zhang X, Liu X. Prevalence and clinical impact of 
frailty in COPD: a systematic review and meta-analysis.  
BMC Pulm Med. 2023;23:164. https://doi.org/10.1186/
s12890-023-02454-z

15.	 Wang X, Wen J, Gu S, Zhang L, Qi X. Frailty in asthma-
COPD overlap: a cross-sectional study of association and  
risk factors in the NHANES database. BMJ Open Respir  
Res. 2023;10:e001713. https://doi.org/10.1136/ 
bmjresp-2023-001713

16.	 Yang Y, Che K, Deng J, Tang X, Jing W, He X, et al.  
Assessing the impact of frailty on infection risk in older 
adults: prospective observational cohort study. JMIR Public 
Health Surveill. 2024;10:e59762. https://doi.org/ 
10.2196/59762

17.	 Williams DM, Jylhävä J, Pedersen NL, Hägg S. A frailty 
index for UK Biobank participants. J Gerontol A Biol Sci Med 
Sci. 2019;74:582–7. https://doi.org/10.1093/gerona/gly094

18.	 Huang S, Wang Y, Chen L, Chen X. Use of a frailty index 
based upon routine laboratory data to predict complication 
and mortality in older community-acquired pneumonia  
patients. Arch Gerontol Geriatr. 2022;101:104692.  
https://doi.org/10.1016/j.archger.2022.104692

19.	 Luo J, Tang W, Sun Y, Jiang C. Impact of frailty on 30-day 
and 1-year mortality in hospitalised elderly patients with 
community-acquired pneumonia: a prospective  
observational study. BMJ Open. 2020;10:e038370.  
https://doi.org/10.1136/bmjopen-2020-038370

20.	 Yang Y, Zhong Y. Impact of frailty on pneumonia outcomes 
in older patients: a systematic review and meta-analysis. 
Eur Geriatr Med. 2024;15:881–91. https://doi.org/10.1007/
s41999-024-00974-3

21.	 Takahashi P, Wi CI, Ryu E, King K, Hickman J, Pignolo R, 
et al. Influenza infection is not associated with phenotypical 
frailty in older patients, a prospective cohort study. Health 
Sci Rep. 2022;5:e750. https://doi.org/10.1002/hsr2.750

22.	 Lees C, Godin J, McElhaney JE, McNeil SA, Loeb M, 
Hatchette TF, et al. Frailty hinders recovery from influenza 
and acute respiratory illness in older adults. J Infect Dis. 
2020;222:428–37. https://doi.org/10.1093/infdis/jiaa092

23.	 Quach J, Kehler DS, Giacomantonio N, McArthur C, 
Blanchard C, Firth W, et al. Association of admission frailty 
and frailty changes during cardiac rehabilitation with  



RESEARCH

904	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 32, No. 6, June 2026

5-year outcomes. Eur J Prev Cardiol. 2023;30:807–19.  
https://doi.org/10.1093/eurjpc/zwad048

24.	 Sang N, Liu RC, Zhang MH, Lu ZX, Wu ZG, Zhang MY, 
et al. Changes in frailty and depressive symptoms among 
middle-aged and older Chinese people: a nationwide cohort 
study. BMC Public Health. 2024;24:301.  
https://doi.org/10.1186/s12889-024-17824-3

25.	 Shi SM, Olivieri-Mui B, McCarthy EP, Kim DH. Changes in 
a frailty index and association with mortality. J Am Geriatr 
Soc. 2021;69:1057–62. https://doi.org/10.1111/jgs.17002

26.	 Iwai-Saito K, Shobugawa Y, Aida J, Kondo K. Frailty is  
associated with susceptibility and severity of pneumonia in 
older adults (a JAGES multilevel cross-sectional study). Sci 
Rep. 2021;11:7966. https://doi.org/10.1038/ 
s41598-021-86854-3

27.	 Iwai-Saito K, Sato K, Aida J, Kondo K. Association of frailty 
with influenza and hospitalization due to influenza among 

independent older adults: a longitudinal study of Japan 
Gerontological Evaluation Study (JAGES). BMC Geriatr. 
2023;23:249. https://doi.org/10.1186/s12877-023-03979-y

28.	 Petermann-Rocha F, Hanlon P, Gray SR, Welsh P, Gill JMR, 
Foster H, et al. Comparison of two different frailty  
measurements and risk of hospitalisation or death from  
COVID-19: findings from UK Biobank. BMC Med. 
2020;18:355. https://doi.org/10.1186/s12916-020-01822-4

29.	 Yao X, Li H, Leng SX. Inflammation and immune system  
alterations in frailty. Clin Geriatr Med. 2011;27:79–87. 
https://doi.org/10.1016/j.cger.2010.08.002

Address for correspondence: Chen Mao, Department of 
Epidemiology, School of Public Health, Southern Medical 
University, 1838 Guangzhou Ave N, Baiyun District, Guangzhou 
510515, China; email: maochen9@smu.edu.cn

®

Parasitic Infections

To revisit the September 2025 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/31/9/table-of-contents

• �Chagas Disease, an Endemic Disease in 
the United States  

• �Severe Group A Streptococcus Infection 
among Children, France, 2022–2024 

• �Rickettsioses as Underrecognized Cause 
of Hospitalization for Febrile Illness, 
Uganda 

• �Epidemiology of Chikungunya  
Hospitalizations, Brazil, 2014–2024 

• �Drivers of Crimean-Congo Hemorrhagic 
Fever in Natural Host and Effects of 
Control Measures, Bulgaria 

• �Increased Incidence of Candida auris 
Colonization in Early COVID-19  
Pandemic, Orange County,  
California, USA

• �Differences in Lyme Disease Diagnosis 
among Medicaid and Medicare  
Beneficiaries, United States, 2016–2021  

• �Theileria luwenshuni and Novel  
Babesia spp. Infections in Humans, 
Yunnan Province, China  

• �Detection of Multiple Nosocomial 
Trichosporon asahii Transmission  
Events via Microsatellite Typing Assay, 
South America   

• �Sporothrix brasiliensis Treatment Failure 
without Initial Elevated Itraconazole 
MICs in Felids at Border of Brazil 

• �Insights into Infant Strongyloidiasis, 
Papua New Guinea  

• �Related Melioidosis Cases with  
Unknown Exposure Source, Georgia, 
USA, 1983–2024  

• �CYP2D6 Genotype and Primaquine 
Treatment in Patients with Malaria, 
Venezuela  

• �Gastric Submucosal Tumor in Patient 
Infected with Dioctophyme renale 
Roundworm, South Korea, 2024  

• �Rapidly Progressing Melioidosis  
Outbreak in City Center Zoo,  
Hong Kong, 2024

• �Genetic Characterization of Orientia 
tsutsugamushi, Bhutan, 2015  

• �Novel Henipavirus, Salt Gully Virus,  
Isolated from Pteropid Bats, Australia 

• �Modeling Case Burden and Duration of 
Sudan Ebola Virus Disease Outbreak in 
Uganda, 2022  

• �Detection of Rat Lungworm  
(Angiostrongylus cantonensis) in Rats 
and Gastropods, Italy  

• �Emergence of Autochthonous  
Leishmania (Mundinia) martiniquensis 
Infections in Horses, Czech Republic  
and Austria, 2019–2023  

• �Imported Malaria and Congenital  
Acquisition in Infant, Portugal, 2024

• �Monkeypox Virus Clade IIa Infections, 
Liberia, 2023–2024  

• �Detection of Rat Lungworms in Invasive 
Mollusks, Georgia, USA, 2024  

• �Characterization of Emerging Human 
Dirofilaria repens Infections,  
Estonia, 2023  

• �Zoonotic Rat Lungworm  
Angiostrongylus cantonensis in Black 
Rats, Houston, Texas, 2024 

• �Linezolid and Meropenem for  
Nocardia otitidiscaviarum 
Actinomycetoma, India  

• �Attachment Patterns of Avian Influenza 
H5 Clade 2.3.4.4b Virus in Respiratory 
Tracts of Marine Mammals,  
North Atlantic Ocean  
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