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Objectives: Late HIV diagnosis is associated with a higher impact on treatment outcomes and a poten- 

tial for prolonged transmissibility of HIV-1 infection. The consensus definition for late HIV diagnosis is 

problematic. It was updated in 2022; however, this definition relies on information that might not be 

clinically available. This study aimed to assess late HIV diagnosis using alternative parameters, in addi- 

tion to the definition of clusters of differentiation (CD4) cell count, namely, sequence ambiguity rate and 

estimated time of infection inferred through phylogenetic analysis. 

Methods: Clinical, socio-demographic, and genotypic information from 3668 antiretroviral therapy–naïve 

individuals living with HIV was retrieved from the REGA database. Individuals were classified according 

to three approaches: (i) CD4 cell count, (ii) sequence ambiguity rate, and (iii) phylogenetic reconstruction 

using TreeTime to estimate the time of most recent common ancestor (MRCA) as a proxy for time of 

infection. 

Results: Based on CD4 cell count, 53.8% of individuals had a late diagnosis and 46.2% had a non-late 

diagnosis. Based on sequence ambiguity rate, 57.8% had a chronic and 42.2% had a recent infection, and 

86.4% had an estimated time of infection of more than 3 years, whereas 13.6% had less than 3 years. A 

total of 114 individuals were classified as diagnosed late by CD4 criteria and showed evidence of recent 

infection based on low ambiguity rates and MRCA estimates under 3 years. These individuals had sig- 

nificantly lower viral loads than those with true late diagnoses (median 61,358 vs 134,730 copies/ml; P 

< 0.001). Overall, 41% of individuals were consistently classified across all three methods. 

Conclusions: The definition of late diagnosis remains a major challenge. Alternative and complementary 

methods, such as the use of viral loads, combined with some more clinical information, may improve the 

lack of baseline data. 

© 2026 The Author(s). 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 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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By the end of 2024, 40.8 million people were living with HIV 

PWH) and 1.3 million new infections occurred [ 1 ]. Late diagnosis 

resents a global concern because of consistently high prevalence 

ates worldwide. This results in clinical consequences for affected 
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ndividuals, as well as on prolonged transmission of HIV-1 from 

ndiagnosed individuals. Some individuals diagnosed late may al- 

eady present with AIDS symptoms upon diagnosis, increasing the 

ifficulty to achieve optimal immunologic response to antiretrovi- 

al drugs [ 2 , 3 ]. 

In 2010 [ 4 ], a consensus definition for late HIV diagnosis was 

stablished and later updated in 2022 by Croxford et al. [ 5 ]. The

pdated definition suggested that researchers should inherently 

ely on evidence (or lack of evidence) of recent diagnosis. This up- 

ated definition should be based on the evaluation of people with 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Clinical characteristics of the study population in relation to the definitions of late 

HIV diagnosis. 

Characteristics Total 

3668 individuals N (100%) 

Clusters of differentiations 4 cell count 3668 (100) 

Late diagnosis ( < 350) 1974 (53.8) 

Non-late diagnosis ( ≥350) 1694 (46.2) 

Ambiguity rate 3668 (100) 

Recent infection ( < 0.47%) 1548 (42.2) 

Chronic infection ( ≥0.47%) 2120 (57.8) 

Estimated time of infection based on most recent 

common ancestor 

3668 (100) 

More than 3 years 3168 (86.4) 

Less than 3 years 500 (13.6) 
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vidence of a recent infection, and their reclassification as individ- 

als with non-late diagnosis[4]. 

Most of the time, some important information used by the up- 

ated definition is missing. In those cases, the only available pa- 

ameter for classification of individuals diagnosed late vs non-late 

emains to be the clusters of differentiations (CD4) cell count with 

ts inherent bias. Individuals with acute infection can be classified 

s individuals diagnosed late due to a transient low CD4 cell count 

adir upon the initial drop of CD4 soon after the infection. For all 

he previously mentioned reasons, finding informative and accessi- 

le parameters to overcome the classification bias in late diagnosis 

s of extreme importance to HIV research and public health. 

This study aims to explore the usability of different parameters 

o improve the classification of late HIV diagnosis, as well as of 

cute HIV cases. To that purpose, we used three different methods: 

ne based on CD4 cell count, one based on sequence ambiguity 

ate, and the last one based on the time of infection through the 

econstruction of phylogenetic trees based on most recent common 

ncestor (MRCA). 

ethods 

tudy group 

Clinical, socio-demographic, and genomic information from 

668 antiretroviral therapy–naïve individuals living with HIV from 

he REGA database [ 6 ]. 

ubtyping 

HIV-1 subtyping was performed using the consensus of the re- 

ult obtained based on three different subtyping tools: Rega HIV 

ubtyping Tool version 3.46 [ 7 ], COMET [ 8 ], and Geno2pheno [ 9 ]. 

lassification: CD4 cell count 

For the classification based on CD4 cell count, we classified the 

ndividuals as late diagnosis if the CD4 cell count was lower than 

50 cells/mm3 and non-late diagnosis if the CD4 cell count was 

qual or higher than 350 cells/mm3 . 

lassification: ambiguity rate of sequences 

We classified individuals according to the following: a recent 

nfection if the ambiguity rate of the sequences was lower than 

.47% and individuals with a chronic infection if the ambiguity rate 

f the sequences was equal or higher than 0.47% [ 10 ]. 

lassification: reconstruction of phylogenetic trees based on the MRCA 

We classified individuals with a recent infection if the esti- 

ated time of infection was lower than 3 years and individuals 

ith a chronic infection if the estimated time of infection was 

qual or higher than 3 years. 

cute cases analysis 

To analyze the possible acute cases erroneously classified as late 

iagnosis, we used all the individuals with the primary definition 

f late diagnosis according to CD4 cell count, then we converged 

he other two methods—individuals classified as non-late diagno- 

is/recent infection—to quantify how many individuals could actu- 

lly be acute cases. 
2

esults 

haracteristics of the study population 

Among the 3668 PWH included in the analysis, 66% were males 

nd the median age at time of drug resistance testing was 38 years 

ld (interquartile range: 31-47). Most individuals were originated 

rom Portugal (68.3%) and 23.6% were originated from the African 

ontinent. The main transmission route was through heterosex- 

al contact (41.2%) and the most prevalent subtype was subtype 

 (38.1%) (ST1). 

The clinical characteristics of these individuals based on the 

efinitions used were as follows: 53.8% of individuals were diag- 

osed late and 46.2% were diagnosed non-late based on CD4 cell 

ount; 57.8% had a chronic infection and 42.2% had a recent in- 

ection based on sequence ambiguity rate; 86.4% had an estimated 

ime of infection based on MRCA of more than 3 years, whereas 

3.6% had an estimated time of infection MRCA of less than 3 years 

 Table 1 ). 

Analyzing this for concordance of classification through the 

hree methods, we found a concordance between the CD4 cell 

ount and ambiguity rate of 64% and a concordance of 55.8% be- 

ween CD4 count and the estimated time of infection. The concor- 

ance between ambiguity rate and the estimated time of infection 

as 62%. 

A total of 41% of individuals were consistently classified through 

he combination of these three methods ( Figure 1 ). 

A total of 114 (3.1%) individuals—so called false positives—were 

lassified as individuals diagnosed late based on CD4 cell count. 

hey had lower values of ambiguity rate and less than 3 years 

f time of infection, according to the phylogenetic tree estima- 

ion. Compared with the true positives (individuals with CD4 > 350, 

igher ambiguity, and high estimated time MRCA), these individu- 

ls had lower values of viral load (median = 61,358.5 copies/ml, 

ompared with median = 134,730 copies/ml, P < 0.001). 

iscussion 

The definition of late HIV-1 diagnosis has been a matter 

f complex discussion within the scientific community. A well- 

ecognized limitation of CD4-based definitions is the transient and 

ometimes profound decline in CD4 cell counts that can occur dur- 

ng acute infection, which may lead to the misclassification of peo- 

le with recent infection as being diagnosed late. Although seem- 

ngly easy to solve this problem, addressing this bias has proven 

hallenging in practice, largely because key information required 

y updated definitions—such as the date of the last negative HIV 

est or laboratory or clinical evidence of acute infection—is fre- 

uently unavailable in routine clinical and surveillance settings. 
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Figure 1. The three combined methods. CD4 cell count (LP in blue; NLP in red) combined with the ambiguity rate of the sequences (left side of the graph chronic infection; 

right side of the graph recent infection) and with the estimated time of infection (recent and chronic in both sides of the graph). The 35.1% represents the cases correctly 

identified as late diagnosis (late diagnosis based on CD4 cell count + chronic based on estimated time of infection + chronic infection based on ambiguity rate) and the 5.8% 

represents the cases correctly identified as non-late diagnosis (non-late diagnosis based on CD4 cell count + recent based on estimated time of infection + recent based on 

ambiguity rate). 

CD, clusters of differentiations; LP, late presentation; NLP, non-late presentation. 
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In this study, we directly explored this source of misclassifica- 

ion by comparing the classical CD4-based definition of late diag- 

osis with two alternative indicators of infection recency: sequence 

mbiguity rates and phylogenetically inferred time to MRCA. 

The results found herein highlight the complexity involved in 

ccurately defining acute cases vs late diagnosis among PWH. Al- 

hough the widely used definition based on CD4 cell counts below 

50 cells/mm3 remains standard, we observed that relying only on 

his parameter alone leads to misclassification of acute cases as 

ndividuals diagnosed late. Generating a known classification bias 

reviously reported in the literature [ 5 ]. 

The incorporation of methods such as sequence ambiguity rates 

nd phylogenetic analysis through time to MRCA proved to be a 

romising strategy. The observed overall concordance across the 

hree methods is far away to be a perfect indicator of acute cases 

s individuals diagnosed late. Although complementary, none of 

hese approaches are entirely overlapping. This study highlights a 

eed for a combined strategy to minimize misclassification when 

linical information about recent infection is unavailable. Such a 

ombined strategy will need to be validated based on the training 

f large data sets of individuals where information about age of 

nfection, CD4 counts, and ambiguities rates is known. 

The identification of 114 individuals as false positives—classified 

s diagnosed late based on CD4 counts—is particularly relevant. 

hese individuals exhibited significantly lower viral loads than in- 

ividuals truly diagnosed late, supporting the hypothesis that they 

ere likely in an early phase of infection and indicating that vi- 

al loads could be an indicator of HIV acute infection when com- 

ined with other factors. In this case, the inclusion of viral loads 

s a complementary marker could be potentially important in fu- 

ure studies, particularly, because it is widely available in clinical 

ettings comparing with CD4 at diagnosis. This phase is character- 

zed by a transient CD4 cell depletion. This finding reinforces that 

D4 count alone is not a robust marker for late diagnosis classifi- 

ation, especially in the absence of other clinical or laboratory data 

elevant for understanding disease progression. 
H

3

In concordance with previous studies, such as those by Anders- 

on et al. [ 10 ] and Poljak et al. [ 11 ], our findings support the use-

ulness of the sequence ambiguity rate as a marker for recent vs 

hronic infection. However, the practical application of this param- 

ter can also be biased due to technical constraints. The quality 

f sequences can vary based on the method used, sequence edit- 

ng, and length. The phylogenetic analysis using TreeTime seems 

ore accurate in estimating non-late diagnosis. However, the bias 

n this parameter is also dependent on the robustness of the data 

nd phylogenetic modeling used. Also, this may not be available in 

any clinical settings, namely, in countries where drug resistance 

esting is not performed routinely and, therefore, no genomic se- 

uences are available from the individuals. 

Taken together, these limitations argue against the use of any 

ingle parameter as a standalone solution. Our results also un- 

erscore the importance of developing accessible and standard- 

zed tools that can be applied on a large scale, particularly, in re- 

ions where access to comprehensive diagnostic testing is limited. 

he combination of a molecular approach with clinical and demo- 

raphic data can provide a more accurate classification of late di- 

gnosis that will allow to avoid the misclassification of acute cases. 

From a public health perspective, improving the accuracy of late 

iagnosis classification has implications beyond individual patient 

anagement. More precise differentiation between acute infection 

nd true late diagnosis can strengthen epidemiologic surveillance, 

nform the evaluation of testing strategies, and improve the target- 

ng of prevention and linkage-to-care interventions. All in all, such 

n approach may contribute to improve decision-making in clin- 

cal practice, such as resource allocation, intervention strategies, 

ntiretroviral therapy prescription, and better-informed HIV public 

ealth policies. 

onclusion 

The definition of late diagnosis is still a major challenge in 

IV diagnosis. This study explored alternative and complementary 
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ethods to overcome the lack of clinical information at baseline. 

ombining these techniques with clinical information is crucial for 

 correct discrimination of individuals truly diagnosed late com- 

ared with individuals with acute infection who present with low 

D4 values. 
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