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a b s t r a c t 

Background: The COVID-19 pandemic profoundly disrupted healthcare services. This study assessed the 

impact of the pandemic on the incidence, characteristics, and outcomes of late HIV diagnosis (LD) in Italy. 

Methods: All people with HIV (PWH) enrolled in Italian Cohort Naïve Antiretrovirals during 2016-2019 

(prepandemic) and 2021-2024 (postpandemic), and diagnosed with HIV within 3 months before enrol- 

ment, were included. LD was defined as CD4 < 350 cells/mm ³ or an AIDS-defining event (ADE) within 

3 months of HIV diagnosis; AIDS presentation (AIDS-P) was considered an ADE at diagnosis. Annual in- 

cidence, socio-demographic determinants, and survival outcomes were compared between periods using 

Poisson regression, Cox proportional hazards models, and Fine–Gray competing risk models. 

Results: Among 5724 newly diagnosed PWH, 56% were enrolled in prepandemic and 44% postpan- 

demic. Overall, 58% presented late and 13% as AIDS-P, with proportions stable across periods. Risk fac- 

tors for LD—female sex, older age, foreign nationality, heterosexual transmission, lower education, and 

unemployment—remained consistent, with no significant interaction by time ( P = 0.39). During follow- 

up, 151 deaths occurred. LD and especially AIDS-P were associated with substantially increased all-cause 

mortality compared with non-LD, particularly within the first-year postdiagnosis. Adjusted hazard ratios 

were 2.96 for LD and 6.51 for AIDS-P prepandemic, and 8.64 and 17.99 postpandemic. No excess risk was 

observed for non-AIDS-related mortality. 

Conclusion: The prevalence and determinants of LD and AIDS-P in Italy remained stable before and after 

the COVID-19 pandemic. However, late presentation continues to carry a heavy mortality burden, under- 

scoring the urgent need to strengthen early testing and prompt linkage to care. 

© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 
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The emergence of the COVID-19 pandemic in early 2020 

ed governments worldwide to implement unprecedented public 

ealth measures aimed at limiting viral transmission and reducing 

ressure on healthcare systems [ 1 ]. Italy, one of the most severely 

ffected countries during the initial stages of the pandemic, was 

mong the first to adopt nationwide restrictions [ 2 ]. These inter- 

entions significantly disrupted both routine and emergency medi- 

al services. A systematic review across multiple countries reported 

 37% overall reduction in healthcare system use, with non-COVID- 

elated hospital admissions and outpatient visits reduced by 28% 

nd 42%, respectively, particularly among patients with less severe 

onditions [ 3 ]. 

This profound reshaping of healthcare services has significantly 

ffected the regular management, assistance, and early diagnosis 

f many chronic non-COVID-19 pathologies, including HIV infec- 

ion [ 4 ]. Surveillance data from Europe and Italy reported a sig- 

ificant decline in new HIV diagnoses in 2020, followed by an 

pward trend in subsequent years, likely reflecting a rebound ef- 

ect due to the gradual restoration of routine testing service [ 5 , 6 ].

oncerningly, recent data showed an increasing number of people 

ith HIV infection (PWH) who presented to care at an advanced 

tage of infection. In 2023, late HIV diagnoses, defined as CD4 be- 

ow 350/mm3 or an AIDS-defining event (ADE) regardless of CD4 

ount, at presentation to care, accounted for approximately 54% of 

ew HIV cases in Europe and 60% in Italy [ 5 , 6 ]. 

Beyond the increased rates of late presentation, previous stud- 

es have reported a decline in retention in care among PWH fol- 

owing the COVID-19 crisis [ 7 ]. Mathematical models further pre- 

ict a substantial increase in HIV-related morbidity and mortal- 

ty related to the transitory interruption of HIV prevention and 

reatment services due to COVID-19 [ 8 ]. Despite these concerns, 

ew studies have directly assessed the impact of pandemic-related 

estrictions on advanced HIV presentation and associated survival 

utcomes [ 9 , 10 ]. 

This study aims to evaluate the impact of COVID-19 pandemic 

n the incidence, clinical profile, and outcomes of late HIV diag- 

osis and AIDS presentation (AIDS-P) by comparing prepandemic 

2016-2019) and postpandemic (2021-2024) periods. 

aterials and methods 

tudy design and patients 

This is a retrospective analysis of prospectively collected data 

rom the ICONA (Italian Cohort Naïve Antiretrovirals) Foundation 

ohort, an Italian nationwide observational cohort, set up in 1997, 

ncluding adult subjects with HIV-1 infection who were ART-naïve 

t the time of enrolment. Details of the cohort have been described 

lsewhere [ 11 ]. We included all PWH enrolled in ICONA, between 

anuary 1, 2016, and December 31, 2024, who received an HIV di- 

gnosis within the 3 months preceding enrolment in the cohort. 

ndividuals diagnosed in 2020 were excluded, given the marked 

ecline in HIV diagnoses during that year, which may have intro- 

uced selection bias. Eligible individuals were classified as (1) sub- 

ects with CD4 count < 350 cell/mm3 at HIV diagnosis or ADE re- 

ardless of CD4 within 3 months from diagnosis (late diagnosis, 

D); (2) subjects presenting to care with ADE regardless of CD4 

ount (AIDS-presenters, AIDS-P); (3) subjects with CD4 count ≥350 

ells/mm3 without a history of ADE (non-LD). 

For survival analysis, subjects were stratified in participants 

ithout ADE by CD4 cell count (CD ≥ 350 vs < 350 cells/mm3 [LD- 

D4 < 350]) or by ADE presence. The CD4 count considered for 

he classification was the closest to enrolment in the cohort. Par- 
2

icipants without at least one follow-up after enrolment were ex- 

luded. 

utcomes and statistical analysis 

The main baseline characteristics of the overall population and 

f participants with LD were described and compared between 

he two time periods using the chi-square test (Fisher’s exact test 

hen appropriate) for categorical variables and the Mann–Whitney 

r Kruskal–Wallis test, as appropriate, for continuous variables. 

Three main outcomes were evaluated: (1) temporal trends in 

D and AIDS-P across the two time periods; (2) clinical and socio- 

emographic characteristics associated with LD in the pre- vs post- 

andemic periods; (3) survival outcomes of LD-CD4 < 350 and 

IDS-P according to the time period of diagnosis. 

The first outcome was assessed by calculating the annual inci- 

ence risk, defined as the proportion of LD divided by the number 

f ART initiators, in the pre- and postpandemic periods. For each 

ear, binomial 95% confidence intervals (CI) for proportions were 

alculated using the Clopper–Pearson exact formula. This approach 

as selected to guarantee nominal coverage [ 12 ]. 

Secondly, factors associated with LD were explored using uni- 

ariate Poisson regression models. Separate models were fitted for 

ach covariate of interest, acknowledging that confounding is not 

 reciprocal property. Effect modification was assessed by includ- 

ng interaction terms between time period (pre- vs postpandemic) 

nd covariates to determine whether associations differed across 

ime periods. For the third outcome, the association of LD-CD4 

 350 and AIDS-P with all-cause mortality was assessed through 

aplan–Meier curves, and unadjusted and adjusted Cox propor- 

ional hazards models. Survival analysis was performed separately 

or participants’ diagnoses in the pre- and postpandemic periods, 

nd effect modification by time period was formally tested using 

he Wald test for interaction. A Fine–Gray competing risk model 

as performed to evaluate non-AIDS-related mortality, with deaths 

or other causes treated as competing events. Multivariable mod- 

ls were adjusted for the following baseline covariates–identified 

 priori as potential confounders on the basis of presumed causal 

elationships: age, sex at birth, HIV transmission risk group, em- 

loyment status, alcohol consumption, smoking status, and comor- 

idities. 

All statistical analyses were performed using Stata (18.5, Stata- 

orp LLC, College Station, TX). 

esults 

Overall, 5724 newly diagnosed PWH were enrolled during the 

tudy period, with 3204 (56%) diagnosed in the prepandemic and 

540 (44%) in the postpandemic period. The main features of the 

nrolled participants according to the study period are summa- 

ized in Table 1 . 

The population was predominantly male (82.3%), with a me- 

ian age of 40 years (IQR 31-50), and sexual transmission was 

he most common route of HIV acquisition (87%). The median 

adir CD4 count nadir was 294 cells/mm ³ (IQR 106-492). Sev- 

ral differences were observed between the two time periods. 

he proportion of HIV acquisition among men who have sex with 

en (MSM) slightly decreased in post-COVID-19 (49% vs 45%; 

 < 0.001), while the proportion of subjects born abroad increased 

26% vs 30%; P < 0.001). PWH diagnosed after the pandemic were 

ore likely to be employed (50.1% vs 54.9%; P < 0.001) but less 

ikely to have attained higher education (college/university: 14% vs 

1%; P < 0.001). In the LD subgroup, the median CD4 cell count 

adir was stable between the two periods (142 vs 137 cells/mm ³; 
 = 0.354). Conversely, the distribution of first-line ART regimens 
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Table 1 

Participants baseline characteristics according to time period of HIV diagnosis. 

Pre-COVID ( n = 3204; 56%) Post-COVID ( n = 2520; 44%) Total ( n = 5724) P -value 

Overall population 

Female gender, n (%) 579 (18%) 434 (17%) 1013 (17.7%) 0.40 

Age, years, median (IQR) 40 (31-49) 41 (32-51) 40 (31-50) < 0.001 

Mode of HIV transmission , n (%) < 0.001 

– MSM 1578 (49%) 1135 (45%) 2713 (47%) 

– Heterosexual 1274 (40%) 1029 (41%) 2303 (40%) 

– PWID 132 (4%) 107 (4%) 239 (4%) 

Italian nationality, n (%) 2380 (74%) 1763 (70%) 4242 (72%) < 0.001 

CD4 cell count nadir, cell/mm3 (IQR) 297 (107-497) 291 (104-491) 294 (106-492) 0.17 

Late HIV diagnosis, n (%) 1840 (57%) 1568 (58%) 3308 (58%) 0.50 

AIDS presentation, n (%) 391 (12%) 327 (13%) 718 (13%) 0.38 

First-line ART 

– Dual regimen 103 (3%) 242 (10%) 345 (6%) < 0.001 

– INSTI-based 2196 (69%) 1997 (79%) 4193 (73%) 

– PI/booster-based 434 (14%) 122 (5%) 556 (10%) 

– NNRTI-based 289 (9%) 123 (5%) 412 (7%) 

Comorbidities 

– Cardiovascular 33 (1%) 18 (1%) 51 (1%) 0.21 

– Diabetes 77 (2%) 40 (2%) 117 (2%) 0.03 

– HBV and/or HCV co-infection 136 (4%) 85 (3%) 221 (4%) < 0.001 

Education level, n (%) 

– Primary/secondary school 1384 (43%) 807 (32%) 2191 (38%) < 0.001 

– College/university 434 (14%) 280 (11%) 714 (13%) 

Employment status, n (%) < 0.001 

– Unemployed 394 (12%) 263 (10%) 657 (12%) 

– Employed/self-employed 1604 (50%) 1383 (59%) 2987 (52%) 

– Student/occasional 182 (6%) 100 (4%) 282 (5%) 

– Retired/housewife 134 (4%) 128 (5%) 262 (5%) 

LD population 

CD4 cell count nadir, cell/mm3 (IQR) 142 (46, 249) 137 (41, 244) 140 (44, 247) 0.35 

CD4 cell count at diagnosis, cell/mm3 (IQR) 144 (47, 253) 138 (42, 245) 141 (45, 249) 0.30 

log10 HIV-RNA at ART 5.22 (5, 6) 5.45 (5, 6) 5.31 (5, 6) < 0.001 

Total drugs 

0 4 (0.2%) 5 (0.3%) 9 (0.3%) < 0.001 

1 2 (0.1%) 1 (0.1%) 3 (0.1%) 

2 36 (2%) 67 (4.6%) 103 (3.1%) 

3 1733 (94.2%) 1387 (94.5%) 3120 (94.3%) 

4 65 (3.5%) 8 (0.5%) 73 (2.2%) 

First-line ART 

– Dual regimen 36 (2%) 67 (4.6%) 103 (3.1%) < 0.001 

– INSTI-based 1334 (72.5%) 1229 (83.7%) 2563 (77.5%) 

– NNRTI-based 82 (4.5%) 59 (4%) 141 (4.3%) 

– Other 80 (4.3%) 16 (1.1%) 96 (2.9%) 

– PI/booster-based 308 (16.7%) 97 (6.6%) 405 (12.2%) 
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hifted markedly, with increased use of INSTI-based triple ther- 

py (72.5% vs 83.7%; P < 0.001) and dual therapy (2% vs 4.6%; 

 < 0.001), alongside a substantial decline in PI-based regimens 

16.7% vs 6.6%; P < 0.001). 

The overall proportions of LD and AIDS-P remained stable 

cross the two study periods with similar fluctuating trend over 

ime. Particularly, in the prepandemic period, LD and AIDS-P 

ere observed in 57.4% (95% CI: 55.7%-59.1%) and 12.2% (95% CI: 

1.1%-13.4%) of cases, respectively. Comparable proportions were 

een postpandemic, with LD in 58.2% (95% CI: 56.3%-60.1%) and 

IDS-P in 12.9% (95% CI: 11.7%-12.6%) of cases (Supplementary 

igure 1). 

The determinants of LD showed consistent patterns across the 

re- and post-COVID-19 periods ( Table 2 ). Increased risk was as- 

ociated with female sex, older age, being born abroad, hetero- 

exual transmission, lower educational attainment, and unemploy- 

ent. A graded association between age and LD risk was observed, 

ith older people experiencing significantly greater risk in both 

ime periods. Heterosexual individuals had a higher risk of LD than 

SM, though this difference slightly narrowed post-COVID. The 

rotective effect of higher education was more evident prepan- 

emic, while employment status and nationality showed similar 

ssociations across both periods, albeit somewhat attenuated post- 
3

andemic. No significant interactions with time were observed, in- 

icating that the effect of these factors did not substantially change 

fter the onset of the pandemic (all interaction P -values > 0.39) 

 Table 2 ). 

A total of 151 deaths occurred during the study period. Among 

articipants enrolled prepandemic, 118 deaths were recorded over 

 median follow-up of 66 months (IQR 40, 84), of whom 56 were 

ue to ADEs, 44 to serious non-AIDS events (SNAEs), including six 

elated to COVID-19, and 17 to unknown causes. In contrast, among 

articipants enrolled in the postpandemic cohort, 33 deaths oc- 

urred over a median follow-up of 17 months (IQR: 7, 28): 31 from 

DEs, one from a SNAE, and one of unknown cause. In the non-LD 

opulation, only two were attributable to AIDS-related mortality, 

nd they both happened in the prepandemic period. 

The risk of all-cause mortality was significantly higher among 

D, particularly AIDS-P, compared with non-LD. This was consistent 

n both periods and most evident within the first-year postdiagno- 

is. The 18-month probability of all-cause mortality (95% CI) in the 

re-COVID-19 period was 0.46% (95% CI: 0.21, 1.0) for non-LD, 1.4% 

95% CI: 0.93, 2.2) for LD-CD4 < 350, and 8.1% (95% CI: 5.8, 11.4) 

or AIDS-P (log-rank P < 0.001). Corresponding probabilities in the 

ostpandemic period were 0.3% (95% CI: 0.07, 1.2), 1.5% (95% CI: 

.9, 2.6), and 5.1% (95% CI: 3.1, 8.4) (log-rank P < 0.001) ( Figure 1 ,
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Figure 1. Estimated probability of all-cause mortality by time period (a. overall; b. prepandemic; c. post pandemic) and stratified by CD4 cell count (non-LD vs LD-CD4 < 

350) and AIDS-defining event. 

4
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Table 2 

Prevalence risk ratio of LD by socio-demographic characteristics. 

Risk ratio of LD (95% CI) 

Interaction 

P -value a 

Pre-COVID Post-COVID 

Sex at birth 0.759 

Male 1 1 

Female 1.13 (1.01-1.27) 1.10 (0.97-1.26) 

Age 0.957 

< 30 years old 1 1 

30-39 years old 1.35 (1.16-0.57) 1.25 (1.04-1.50) 

40-49 years old 1.59 (1.37-1.84) 1.51 (1.27-1.81) 

50-59 years old 1.74 (1.49-2.03) 1.76 (1.47-2.11) 

60-69 years old 1.85 (1.51-2.28) 1.78 (1.42-2.23) 

≥70 years old 2.32 (1.70-3.18) 2.10 (1.52-2.90) 

Nationality 0.391 

Non-Italian 1 1 

Italian 0.86 (0.78-0.96) 0.92 (0.83-1.03) 

Transmission route 0.610 

MSM 1 1 

Heterosexual 1.43 (1.30-1.58) 1.38 (1.24-1.55) 

PWID 1.12 (0.87-1.43) 1.26 (0.97-1.62) 

Education 0.601 

Primary school 1 1 

Secondary school 0.76 (0.61-0.95) 0.86 (0.59-1.25) 

College university 0.59 (0.45-0.75) 0.75 (0.50-1.12) 

Employment 0.982 

Unemployed 1 1 

Employed/self-employed 0.95 (0.82-1.09) 0.90 (0.76-1.06) 

Student/occasional 0.71 (0.55-0.91) 0.70 (0.50-0.97) 

Retired/housewife 1.30 (1.04-1.64) 1.19 (0.93-1.53) 

a Interaction test socio-demographic characteristics and time-period. 
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upplementary Figure 2). After adjusting for potential confounders, 

he higher risk of all-cause mortality among LD-CD4 < 350 and 

articularly AIDS-P compared to non-LD remained significant in 

oth study periods. In the prepandemic period, adjusted hazard ra- 

ios (aHRs) were 2.96 (95% CI: 1.75, 5.03; P < 0.001) for LD-CD4 

 350, and 6.51 (95% CI: 3.55-11.95; P < 0.001) for AIDS-P, both 

ompared to non-LD. In the postpandemic period, the correspond- 

ng aHRs were even higher: 8.64 (95% CI: 2.03-36.78; P < 0.001) 

or LD-CD4 < 350, and 17.99 (95% CI: 3.85-84.17; P < 0.001) for 

IDS-P. The interaction by time period was not statistically signifi- 

ant ( P > 0.10) ( Figure 2 ). 

Conversely, LD was not associated to an increased risk of non- 

IDS-related mort ality compared to non-LD in both periods (sub- 

istribution hazard ratio [SHR] 1.23 [95% CI: 0.66-2.30; P 0.51]) and 

ollowing the COVID-19 pandemic onset (SHR 1.17, 95% CI: 0.18- 

.20, P 0.869) ( Figure 3 ). 

iscussion 

In this large observational study including newly enrolled PWH 

n the ICONA cohort before (2016-2019) and after (2021-2024) the 

nset of the COVID-19 pandemic, the prevalence of late HIV di- 

gnosis and AIDS-P in Italy remained stable over time, affecting 

pproximately 57%-58% and 12–13% of new cases, respectively. The 

ocio-demographic profile of those at risk also remained essentially 

nchanged, with no evidence of shifts in the strength or direction 

f key associations across the two periods. 

These findings are in line with national surveillance data, which 

eported similar proportion of LD (58% of new HIV diagnoses in 

019 and 60% in 2023) and AIDS-P (23.8% in 2019 and 25.5% in 

023) in pre- and postpandemic periods [ 5 ]. When considering 

ew HIV diagnoses in the context of national HIV testing data 

n Italy, national data from 2018 to 2023 indicate largely stable 

emporal trends, with almost a million tests performed, not in- 

luding hospitalized patients and blood/organ donors. However, 

s expected, a marked decrease was observed in 2020. Overall, 
5

he reported temporal trends in HIV testing rates and HIV diag- 

oses were similar during this period [ 13 ]. Additionally, in line 

ith our results, Italian surveillance data do not indicate a marked 

hift in the socio-demographic characteristics of individuals with 

D between the pre- and postpandemic periods. Although grad- 

al changes have been observed—such as a higher proportion of 

IDS-Ps among older individuals, people born abroad (33.1%), and 

SM (31%), and a decline among women—these appear to be in- 

icative of ongoing epidemiological trends rather than a clear tran- 

ition due to the COVID-19 pandemic. This data is consistent with 

ndings from other settings, including a study from Poland show- 

ng no pandemic-related changes in the prevalence or characteris- 

ics of late HIV diagnosis [ 14 ]. 

Previous reports on the impact of COVID-19 pandemic on HIV 

pidemiology have yielded conflicting findings. Indeed, while ev- 

dence consistently indicates a marked reduction in HIV-testing 

uring the early phase of pandemic, as a result of lockdown and 

estriction measures, across different settings [ 15 ], data on the im- 

act of pandemic on HIV diagnosis and, particularly, on late HIV 

iagnosis, appear more heterogeneous. Several reports from differ- 

nt healthcare settings documented a decrease in HIV diagnosis 

uring the early phase of the pandemic [ 4 , 9 , 16–18 ], while others

ound no substantial change, especially among high-risk subpopu- 

ations [ 19 ] or even an increase of HIV diagnosis [ 20 ]. Notably, a

utch study reported that undiagnosed individuals with HIV indi- 

ator conditions, especially those with subtler clinical manifesta- 

ions, were less likely to access care during lockdown [ 4 ]. Consis- 

ently, a large retrospective cohort study including data from 44 

ountries reported an increased proportion of positive tests in the 

ery early phase of the pandemic, likely reflecting a more selec- 

ive testing strategy focused on symptomatic individuals or those 

erceived to be at higher risk [ 20 ]. Taken together, these findings, 

longside reduced routine testing, may partially explain the delays 

n HIV diagnosis observed during and after the pandemic [ 2 ], as 

ell as the increase in late HIV diagnoses over the same period 

eported in several studies [ 4 , 10 , 16 , 21 ], although this data has not

een consistently confirmed. 

In our cohort, we did not observe an apparent increase in 

ate diagnoses during the postpandemic period; notably, median 

D4 counts among individuals with LD were similar across both 

imeframes. However, this finding should be interpreted with cau- 

ion, as the data originate from ICONA centers, which include 

ost of the referral national HIV centers and may not fully re- 

ect national-level trends. In addition, most of the available stud- 

es focused on the early phase of the pandemic (2020-2021), when 

he most stringent restriction measures were in place, whereas 

ur analysis spans a longer period (2021-2024), potentially dilut- 

ng short-term effects on LD. Of note, the absolute number of new 

IV diagnoses declined during the pandemic and early postpan- 

emic period in the ICONA cohort, mirroring the surveillance in 

taly. 

Although the long-term impact of the pandemic-related health- 

are disruption on survival remains uncertain, modelling studies 

rom sub-Saharan Africa predicted that interruptions of HIV testing 

nd ART distribution due to COVID-19 could significantly increase 

ortality within 1 year [ 22 ]. Real-world data further suggest a sig- 

ificant increase in AIDS deaths due to late HIV diagnosis (6.9% in 

020 vs 13.9% in 2021), despite an overall decrease in HIV/AIDS di- 

gnoses and HIV-related death, highlighting the negative impact of 

OVID-19 control measures on HIV programs [ 16 ]. 

Notably, our study is among the few that have focused on the 

ong-term outcomes of the COVID-19 outbreak and the subsequent 

isruption of healthcare programs, particularly in late HIV diag- 

osis, as it relates to survival [ 16 , 23 ]. In line with previous ev-

dence [ 24 ], late presentation to care and, in particular, AIDS-P, 

ere strongly associated with an increased all-cause mortality risk 
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Figure 2. Hazard ratio of all-cause mortality stratified by late diagnosis and time period. 

Figure 3. Sub-distribution hazard ratio of non-AIDS-related mortality by late diagnosis and time period. 
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n both observation periods in our study, with some evidence sug- 

esting this risk may have been more pronounced in the postpan- 

emic period. In fact, although the interaction by time period was 

ot statistically significant, the relatively higher hazard ratios ob- 

erved postpandemic suggest a possible trend toward worse out- 

omes in the more recent years. 

Although previous evidence documented excess mortality 

mong PWH during the initial phase of the COVID-19 pandemic, 

argely driven by COVID-19–related deaths [ 25 ], we did not observe 

ignificant differences in non-AIDS-related mortality between the 

wo periods. This finding suggests that, in our study, the mortal- 

ty burden among late presenters was primarily driven by AIDS- 

elated causes rather than by comorbid conditions. These obser- 

ations, although consistent with previous reports [ 16 ], should be 

nterpreted with cautiona. Longer-term follow-up will be essen- 

ial to confirm these trends and to determine the full impact of 

andemic-related disruptions on HIV care outcomes. 

This study has several limitations. First, its observational de- 

ign makes it susceptible to residual confounding from unmea- 

ured variables, such as behavioral or social factors not fully cap- 

ured in the dataset. Secondly, the relatively limited follow-up pe- 

iod in the postpandemic phase may have constrained our ability 

o fully assess long-term survival trends or the delayed effects of 

ate HIV diagnosis. Additionally, the study may be underpowered 

o detect interaction effects, particularly regarding time as a poten- 

ial effect modifier for mortality. Future studies with larger sample 

izes and extended follow-up are needed to explore these associ- 

tions more robustly. Furthermore, our analysis of the pandemic’s 

mpact on survival in LD and AIDS-p was restricted to all-cause 

nd non-AIDS-related mortality, due to the relatively small sam- 

le and the lack of AIDS-related death in non-LD population in 

he postpandemic period, limiting further conclusions on mortal- 

ty associations. Finally, incomplete or misclassified data on causes 

f death—particularly in distinguishing HIV-related from COVID-19- 

elated mortality—may limit the interpretation of specific mortality 

rends. 

onclusions 

In conclusion, our findings indicate that the frequency and 

ocio-demographic pattern of late HIV diagnoses remained stable 

efore and after the COVID-19 pandemic. Late presentation and es- 

ecially AIDS-P were consistently associated with increased mor- 

ality, with some indication that this risk may have been more pro- 

ounced in the postpandemic period. Although no significant dif- 

erences emerged in non-AIDS-related events, the potential long- 

erm impact of pandemic-related disruptions warrants continued 

onitoring. These results highlight the urgent need to enhance 

arly HIV testing [ 26 ] and linkage to care. 
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