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Failure to Detect 

Acute HIV Infection

A Missed Opportunity for 

HIV Prevention?



Plenary Outline

• Overview of early HIV pathogenesis

• Clinical presentations and scoring systems

• Role of acute and early HIV infection in the onward transmission of HIV

• Laboratory-based strategies to diagnosis acute HIV infection

• The challenge of case-finding –the importance of STI patients

• The potential value of diagnosing acute HIV infection as a public health tool



Pathogenesis - I

• HIV transmission is enhanced by pre-existing inflammation or breaks in the 
mucosal surface/skin

• HIV gp120 and gp41 interact with target cells using CD4, CCR5 or CXC4 
receptors

• Most acute HIV infection virus variants use CCR5 (>90%)
- selection by the innate immune response 
- more efficient outgrowth of CCR5-using populations in the mucosa

• Infection is established at the entry site and the local lymph nodes within 72 
hours

• Within 1-3 days, viral replication converges on the lymphoreticular system of 
the gastrointestinal tract
- phenotype of the most productively infected cells are resting T cells    

without activation markers and express only low levels of CCR5 
- many express α4β7 integrin receptors and Th17 T-cell surface markers

• Infection is systemic by end of first week



Pathogenesis - II

• By day 10, most of the extra lymphoid tissue CCR5+ CD4+ effector-memory 
T cells have been infected or interacted with HIV

• Between days 10-21, there is a dramatic loss of both effector-memory T 
cells and T helper cells 
- viral replication and co-receptor dependent apoptosis

- most pronounced in gut lymphoid tissue

• Massive HIV replication produces peak levels of viraemia by about 6 weeks

• Long-lived HIV reservoirs are fully established by 8 weeks as a result of viral 
latency 
- integration of HIV genomes into the host chromosomes



Pathogenesis - III

• Anti-HIV IgMdetected at 2-4 weeks
- ineffective antibodies with low titre, avidity &affinity

• Initial antibody response is non-neutralising

• Anti-HIV cytotoxicT cell responses broaden by targeting more HIV epitopes

• NeutralisingIgGantibodies against glycosylatedepitopesin the HIV 
envelope first appear around 3 months post-infection 

• Viral diversity increases –neutralisationescape variants appear and HIV-
specific antibody responses broaden



Pathogenesis - IV

• Reduction in viraemiamay reflect 
- exhaustion of CCR5+ CD4+ target cells

- appearance of specific anti-HIV cytotoxicCD8+ T cells at mucosal sites

• HIV viral load (VL) declines to attain its lowest level by 10 weeks post-infection 
in both blood and genital secretions

• Some oscillations may occur but steady ‘VL set point’ set by 8-24 weeks

• Set point viraemiadetermined by both viral factors and host genetics
(CCR5 expression levels, HLA types)

• Strong and broad cellular and humoralimmune responses are associated with 
lower set-point viraemiaand slower CD4+ T cell loss, immune collapse and 
clinical progression



Adapted from Cates W. et al. Am. J. Public Health. 1997;87:1928-1930
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Acute HIV Infection (AHI)

• Presents with a non-specific syndrome

• Symptoms typically appears 2-4 weeks after exposure to HIV

• Symptoms occur in 40-90% of those individuals acquiring HIV

• The duration of symptoms averages 
2 weeks (range 1-10 weeks)

• Rarely, persons may present with either oral candidiasis or other late-stage 
HIV manifestations
- Pneumocystisjirovecipneumonia

- oesophagealcandidiasis



Clinical Features of Acute HIV Infection

Frequent symptoms
or signs

Proportion of 
patients, %

Less common symptom s
or signs

Proportion of 
patients, %

Fever 80-96 Weight loss 32-50

Fatigue 70-90 Aseptic meningitis 24

Rash 40-80 Oral ulcers 8-20

Lymphadenopathy 38-74 Genital ulcers 5-15

Malaise 70 Encephalopathy 6

Pharyngitis 42-70 Neuropathy 6

Headache 32-70 Oral candidiasis 5

Myalgiaor arthralgia 28-70 Laboratory findings

Nausea, vomiting or 
diarrhoea

27-60 Leucopenia+/- atypical 
lymphocytosis

38-40

Diarrhoea 50 Thrombocytopenia 45

Night sweats 50 Elevated LFTs 21

Kahn J. and Walker B. New Engl. J. Med. 1998;339:33-39

Steckler J. and Collier A. Curr. HIV/AIDS Reports. 2004;1:68-73



Clinical Manifestations of 
Acute HIV Infection in Africa

• Early reports suggested that more than 80% of African patients seroconvert 
without a recognizable seroconversion illness

• In Uganda, Morgan et al. (2001) observed that a ‘flu-like illness was reported 
similar numbers of recent HIV seroconverters from a population-based 
cohort and HIV-negative controls (5/27, 18.5% vs. 4/22, 18.2%) 

• Lavreys et al. (2000) reported a much higher prevalence of symptoms among 
103 seroconverting women in a prospective cohort of female CSW in 
Mombasa, Kenya

• Overall, 81% CSW had at least one of the 11 recorded symptoms/signs that 
were significantly associated with HIV seroconversion

• The acute illness was severe enough to prevent 44% of CSW from working

Morgan D. et al. AIDS. 2001;15:1575-1576

Lavreys L. et al. Clin. Infect. Dis. 2000;30:486-490



Lavreys L. et al. Clin. Infect. Dis. 2000;30:486-490

Symptom Proportion of patients at visit (%) aOR* 95% CI P value

HIV-1 seroconversion HIV-1 seronegative

Fever 55/103  (53.4) 1958/7350 (26.6) 2.8 1.8-4.2 <0.001

Headache 45/103 (43.7) 1817/7350 (24.7) 2.0 1.3-3.0 <0.001

Fatigue 27/103  (26.2) 1164/7350 (15.8) 1.6 1.0-2.5 0.05

Arthralgia 25/103  (24.3) 925/7349 (12.6) 2.1 1.3-3.4 0.002

Vomiting 19/103 (18.4) 311/7350   (4.2) 4.8 2.9-8.1 <0.001

Myalgia 19/103  (18.4) 560/7350   (7.6) 2.8 1.6-4.7 <0.001

Diarrhoea 17/103 (16.5) 421/7350   (5.7) 3.1 1.8-5.4 <0.001

Pharyngitis 15/103  (14.6) 580/7350   (7.9) 1.7 1.0-3.1 0.05

Skin rash 9/103    (8.7) 313/7350   (4.3) 2.1 1.0-4.2 0.04

Swollen lymph nodes 7/103    (6.8) 154/7350   (2.1) 3.3 1.5-7.5 0.003

Conjunctivitis 3/103    (2.9) 116/7350 (1.6) 1.9 0.6-6.1 0.3

Too sick to work 45/103 (43.7) 1077/7350 (14.7) 4.0 2.7-6.1 <0.001

Sick days: >7 sincelast 
clinic visit

17/103 (16.5) 172/7350   (2.3) 7.4 4.1-13.1 <0.001

* Adjusted for the time between clinic visits

Symptoms Associated with Acute HIV 
Infection in Kenyan Female CSWs



Signs Associated with Acute HIV 
Infection in Kenyan Female CSWs

Lavreys L. et al. Clin. Infect. Dis. 2000;30:486-490

Clinical Sign Proportion of patients at visit (%) aOR* 95% CI P value

HIV-1 seroconversion HIV-1 seronegative

Vaginal candidiasis 28/103 (27.2) 746/7611 (9.8) 2.7 1.7-4.2 <0.001

Vaginaldischarge 19/103 (18.4) 1393/7623 (18.3) 0.9 0.5-1.5 0.6

Cervical mucopus 9/101   (8.9) 294/7543 (3.9) 2.0 1.0-4.3 0.06

Vulvitis 4/79   (5.1) 157/5200  (3.0) 1.5 0.4-5.3 0.5

Genital warts 5/103   (4.9) 344/7600  (4.5) 0.9 0.3-2.5 0.8

Inguinallymphadenopathy 3/103   (2.9) 20/7624 (0.3) 9.5 4.3-31.8 <0.001

Extrainguinallymphadenopathy** 3/103   (2.9) 38/7623(0.5) 6.1 1.9-19.8 0.002

Genital ulcers 3/103   (2.9) 95/7616 (1.2) 2.6 0.8-8.8 0.1

Splenomegaly 2/103   (1.9) 39/7623 (0.5) 2.3 0.1-88.1 0.7

Conjunctivitis 1/103   (1.0) 2/7623 (0.0) NA NA NA

Oral candidiasis 0/103   (0.0) 1/7623 (0.0) NA NA NA

Oral hairy leukoplakia 0/103 (0.0) 1/7623 (0.0) NA NA NA

Maculopapularrash 0/103 (0.0) 14/7623 (0.2) NA NA NA

Herpes zoster 0/103   (0.0) 1/7623 (0.0) NA NA NA

* Adjusted for the time between clinic visits, ** Lymphadenopathy at Ó 2 sites 



Clinical Scoring System to Improve the 
Detection of Acute HIV Infection Cases in 

Kenyan Female CSWs

Lavreys L. et al. Clin. Infect. Dis. 2000;30:486-490

Cut-off levels 
for clinical 

scores

Sensitivity 
(%)

Specificity 
(%)

Positive
likelihood ratio 

95% CI Negative 
likelihood ratio

95% CI

≥ 1 72.4 54.5 1.72 1.42-2.07 0.40 0.29-0.55

≥ 2 51.3 83.0 3.18 2.41-4.20 0.54 0.46-0.62

≥ 3 26.3 95.0 5.59 3.73-8.37 0.72 0.67-0.78

≥ 4 10.6 99.0 11.96 6.28-22.77 0.84 0.81-0.88

≥ 5 5.7 99.9 73.80 29.34-185.63 0.88 0.86-0.91

• Lavreyset al. (2000) developed a clinical scoring system for Kenyan FCSW 
using six associated symptoms/signs
- fever, vomiting, diarrhoea, too sick to work, inguinal lymphadenopathyand vaginal candidiasis

• As the seroconversion-visit prevalence in this cohort was 1.3%, selecting a 
cut-off of 2 or more symptoms/signs has a PPV of only 4% 

• The PPV will increase in settings with higher seroconversion-visit prevalence



Risk Score Algorithm to Improve Detection of 
Acute HIV Infection in Sub-Saharan Africa

Powers K. et al. AIDS. 2007;21:2237-2242

• Logistic regression used to identify risk behaviours, HIV-related symptoms, 
concurrent STI syndromes and dual HIV rapid test result outcomes that 
predicted acute HIV infection in Malawi

• Prevalence of acute HIV infection was 2.4% (n=21) among 860 HIV antibody 
negative patients 

• Score of ≥ 2 was 95.2% sensitive and 60.5% specific for acute HIV infection

Score = 1 Score = 2 Score = 4

Fever Diarrhoea Discordant rapid test

Body ache Genital ulceration

>1 partner in 2 months



Relationship Between AHI Symptom Severity, 
Viral Load and Clinical Prognosis 

Kelley C. et al. J. Acquir. Immune Defic. Syndr. 2007;45:445-448

Vanhems P. et al. Clin. Infect. Dis. 1998;26:323-329

Lavreys L. et al. Clin. Infect. Dis. 2006;42:1333-1339

Lindback S. et al. Proc. Natl. Acad. Sci. USA. 1994;94:254-258 24 

•Higher initial viral load

•Higher viral load set point

•Faster progression to symptomatic HIV

•Faster progression to AIDS

•Faster progression to death

SYMPTOM

SEVERITY



Risk of Sexual Transmission of HIV

• Per-person probability of transmitting HIV is most closely correlated with the 
plasma VL
- increasing the plasma VL by tenfold increases the risk of HIV transmission by 2.5 fold

Quinn T. et al. New Engl. J. Med. 2000;342:921-929

Cohen M. and Pilcher C. J. Infect. Dis. 2005;191:1391-1393

HIV viral burden in semen
Effect of biological intervention (theoretical)



The probability of HIV transmission from a man to a female sexual partner through heterosexual intercourse 
based on the concentration of HIV in semen.  HIV transmission probability is also affected by the density of 
endocervical CCR5 receptors, represented as percentages in the population

Cohen M. Trans. Am. Clin. Climat. Assoc. 2006;117:213-225

Probability of Sexual Transmission of HIV is 
Dependent on Seminal HIV VL and Density 

of Endocervical CCR5 Receptors



Some Key Risk Factors

Traumatic sex

Rectal intercourse

Transactional sex

Vaginal douching

Uncircumcisedstatus

Genital ulceration

Urethralor vaginal discharge

IV drug use

Use of recreational drugs

Use of sildenafilcitrate

Occupational injury

Behavioural and STI Risk Factors 
for Acute HIV Infection



Gonococcal Amplification of Seminal HIV 
Viral Load ςάIL± {ǳǇŜǊ-¢ǊŀƴǎƳƛǘǘŜǊǎέ

Galvin S. and Cohen M. Nature Rev. Microbiol. 2004;2:33-42



Role of Primary HIV Infection 
in the Spread of HIV

Mathematical Modelling Studies

Adapted from Cohen M. et al. New Engl. J. Med. 2011;364:1943-1954

Miller et al. Curr. Opin. HIV AIDS. 2010;5:277-282

Pinkerton, 
2008

ÅWith new epidemics, early infections account for a large share of HIV transmission

ÅA high rate of partner change has a key role in determining rates of infection



Phylogenetic Studies Highlight the Role of 
Primary HIV Infection in HIV Transmission

• Reconstructed phylogenies, based on HIV-1 pol sequences, identified likely 
transmission clusters among 1,388 HIV-infected persons in Quebec Province
- 593 individuals with primary HIV infection

- 795 individuals with chronic HIV infections (660 on treatment, 135 not on treatment)

Brenner B. et al. et al. J. Infect. Dis. 2007;195:951-959

• 293 (49.4%) PHI cases co-segregated into 75 transmission clusters, with 2-17 
transmission/cluster, suggesting that early HIV infection was responsible for 
approximately half of the onward HIV transmission events
- clustering of chronic HIV infections was infrequent (6.2% untreated, 4.8% treated)



Benefits of Early ARV Therapy

•Decrease the viral set point

•Prevent viral diversification

•Preserve immune function

•Improve clinical outcome

•Decrease secondary transmission



Diagnosis of Acute HIV Infection

Two types of results are required:

(1) Positive screening assay

- HIV RNA/DNA amplification
- HIV p24 antigen
- 4th generation EIA (p24 Ag - HIV Abcombo)

(2) Negative or indeterminate HIV antibody assay

For patients at risk of acute HIV but with negative HIV results, 
repeat testing at least 1 month out from exposure



Detection of Acute HIV Infection with 
Antibody and p24 Ag Based Assays

• Modern 3rd/4 th generation antibody assays are highly sensitive to the 
presence of low-level, immature IgM-class antibodies as well as IgG

• 4th generation combination immunoassays detect p24 Ag/IgM/IgG and 
may correctly identify 60-77% of acute infections

• Combining standard rapid tests with an ultrasensitive p24 Ag assay will 
detect 77-91% of acute infections

• Less sensitive “detuned” antibody tests can be used to supplement a 
positive standard antibody result when acute HIV infection is suspected 
–these assays have reduced affinity or avidity for early HIV antibodies

Zetola N. and Pilcher C.  Infect. Dis. Clin. N. Am. 2007;21:19-48

Miller W. et al. Curr. Opin. HIV AIDS. 2010;5:277-282



Time to Positivity for HIV Tests

Type of Test Time to Positivity

HIV RNA/DNA tests In 2nd week, typically around day 10

P24 Agalone/4th generation EIA In 3rd week, usually 3-6 days after HIV RNA/DNA tests become positive

Modern EIAsand rapid tests Early in the 4th week

Western blot Later inthe 4th–5th week

Cohen M. et al. New Engl. J. Med. 2011;364:1943-1954



Westreich D. et al. J. Clin. Micro. 2008;46:1785-1792

Pooling Strategies to Screen 
for Acute HIV Infection



Westreich D. et al. J. Clin. Micro. 2008;46:1785-1792

Model of Pooling Algorithm Sensitivity 
(PAS)

Model of PAS as a function of master pool size (N) for hypothetical NAATs with different lower limits of detection.

The model assumes use of a 3rd generation ELISA and a rate of exponential increase of HIV viral load during early 
acute HIV infection of 0.52 log10 copies/ml/day.



Testing Algorithm to Detect Acute HIV 
Infection in North Carolina, USA

Pilcher et al.  New Engl. J. Med. 2005;352:1873-1883

ÅPilcheret al. screened 109,250 subjects in 110 public testing in North Carolina 
over 12 months with a pooling strategy (10:1 followed by 9:1, i.e. pools of 90) 
that detected 23 acute HIV cases at additional cost of US$ 3.63 per HIV test



Importance of STD Clinics as Sites to 
Screen for Acute HIV Infection

Pilcher et al.  New Engl. J. Med. 2005;352:1873-1883



Frequent detection of Acute Primary HIV 
Infection in Malawian Men with STDs

Pilcher et al.  AIDS. 2004;18:517-524

• Retrospective cross-sectional study of 1361 consecutive patients from STD 
(n=929) and dermatology (n=432) clinics in Lilongwe, Malawi

• HIV screening was undertaken on-site (rapid test confirmed with an EIA)

• Overall, 553/1361 (40.6%) men were HIV antibody positive 
- 434/928 (46.8%) in the STD clinic and 119/432 (27.6%) in the dermatology clinic

• HIV antibody negative specimens were screened by HIV RNA PCR using a 
pooling/resolution algorithm with master pools of 50 specimens (50:10:1)

• 23 (4.5%) of HIV antibody negative sera from the STD clinic were HIV 
RNA positive c.f. 1 (0.2%) serum sample from the dermatology clinic (with 
asymptomatic T. vaginalisinfection)

• In the STD clinic, independent risk factors for acute HIV infection were –
- inguinal lymphadenopathy(aOR4.29, 1.60-12.12, p 0.003)

- genital ulceration(aOR4.32, 1.19-17.25, p 0.023)
- age 24-26 (aOR3.55, 1.12-12.03, p 0.030), 



Population Province No. HIV Ab
Negative

Master 
pool size

No. HIV RNA
positive 

Acute HIV
prevalence

Reference 

Hospital
admissions

Gauteng 3005 20 4 0.13% Gous et al.  J Clin Micro
2010;48:3407-3409

Pregnantfemales 
(ANC)

KZN 467 10 4 0.86% Kharsany et al.  HIV Medicine 
2010;11:661-665

STIpatients/ HIV 
VCT clients

Gauteng 1211 10, 50, 100 12 0.99% Stevens et al. Abstract MoOa0108, 
3rd IAS Conference on HIV 
Pathogenesis & Treatment, Rio de 
Janeiro, 2005

Female STI 
patients (7 PHCs)

KZN 665 Individual 8 1.20% Kharsany et al. AIDS Care 
2010;22:533-537

Male STI patients 
with genital
ulcers

Gauteng 186 Individual 10 5.38% Paz-Bailey et al. J Infect Dis
2010;201:1811-1815

Prevalence of Acute HIV infections in 
Different Public Sector Clinical Settings 

Within South Africa

Using multivariate analysis, Paz-Bailey et al. showed that acute HIV infection in 
male patients with genital ulcers was associated with:

- genital lymphadenopathy(OR, 5.9; 95% CI, 1.6-21.8, P= 0.01) 

- ulcers of unknown aetiologycompared with HSV aetiology(OR, 7.7; 95% CI, 2.5-25.0, P< 0.001) 
- not having a stable partner (OR, 0.3; 95% CI, 0.1-0.9, P= 0.04)



Outreach Programme to Identify Primary 
HIV Infections in New York City

1

2
3

Silvera R. et al. Open AIDS J. 2010;4:76-83

CBO = community-based organisation

MMTP = Methadone maintenance treatment programme

$
N



Early Diagnosis of Acute HIV 
Infection as a Public Health Tool

• In April 2004, a male performer in the Los Angeles-based heterosexual adult 
film industry was found to have acute HIV infection

• Industry agreed to a 1 month voluntary quarantine while other performers 
were tested

• 3 (23%) additional acute HIV infections were identified among 13 traced 
sexual contacts exposed in the 30 days before the index’s HIV RNA test 
became positive

• Intervention prevented any further HIV transmissions

• Patient-centred and individualised HIV risk reduction counselling is a key 
strategy required to manage acute HIV cases

Brooks J. et al. AIDS. 2006;20:923-928



Detection of Acute HIV Infection 
A Unique Opportunity for HIV Prevention

• Detection of primary HIV infection offers a special window of opportunity in 
which prevention efforts may exert a maximum impact on the spread of HIV 

• Individual-level interventions
- administering ARVs early in infection to reduce viraemia and lower infectious risk
- education of vulnerable populations to seek HIV testing and ARVs based on known exposures to HIV or early 
recognition of symptoms

- behavioural risk reduction (limit no. of new partners, condom use, acute phase abstinence)
- partner notification

• Population-level interventions
- change social norms to reduce the rate of sex partner change
- increase condom use to reduce number of unprotected sexual acts
- target treatment of synergistic STIs in high prevalence communities

• Other interventions
- improved identification of primary infection

- PREP (Tenofovir/Emtricitabine) and PEP in high risk populations, e.g. MSM
- Tenofovir-containing microbicides
- enhance effectiveness of network notification strategies
- innovative STI control at population level, e.g. mass treatment or PPT programmes
- vaccine trials to reduce infectiousness of individuals with primary HIV infection

Cates W. et al. Am. J. Public Health. 1997;:871928-1930


