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Abstract
Purpose of Review—Acute HIV infection (AHI), the earliest period after HIV acquisition, is
only a few weeks in duration. In this brief period, the concentration of HIV in blood and genital
secretions is extremely high, increasing the probability of HIV transmission. Although a
substantial role of AHI in the sexual transmission of HIV is biologically plausible, the significance
of AHI in the epidemiological spread of HIV remains uncertain.

Recent Findings—AHI is diagnosed by detecting viral RNA or antigen in the blood of persons
who are HIV seronegative. Depending on the setting, persons with AHI represent between 1% and
10% of persons with newly diagnosed HIV infection. The high concentration of virus during AHI
leads to increased infectiousness, possibly as much as 26 times greater than during chronic
infection. In mathematical models, the estimated proportion of transmission attributed to AHI has
varied considerably, depending on model structure, model parameters and the population. Key
determinants include the stage of the HIV epidemic and the sexual risk profile of the population.

Summary—Despite its brief duration, AHI plays a disproportionate role in the sexual
transmission of HIV infection. Detection of persons with AHI may provide an important
opportunity for transmission prevention.
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Introduction
Acute HIV infection (AHI) is the earliest phase of HIV infection, immediately following
acquisition of the virus and prior to seroconversion. The period of acute infection generally
lasts 3–4 weeks, during which both HIV RNA and p24 antigen (Ag) are present [1]. In the
absence of a developed immune response, AHI is further characterized by unfettered viral
replication, resulting in high concentrations of HIV recovered from blood and genital
secretions [1–8]. The concentration of HIV remains markedly elevated for up to 10–12
weeks post-infection, at which point it gradually declines to the levels observed in
established infection. The duration of the pre-seroconversion period and the magnitude of
the peak in viral load are variable. Seroconversion indicates a transition out of the acute
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phase and into the stage of early or recent infection in which antibodies are present and viral
load begins to decline [1, 4].

The high concentration of HIV in the genital tract during AHI leads to very efficient sexual
transmission [5, 7]. Consequently, AHI has a disproportionate role in HIV transmission,
despite the short duration of AHI. The significance of AHI in HIV transmission depends on
the stage of the epidemic and the characteristics of the underlying population. Despite this
potentially substantial role in sexual transmission, detection of AHI has not become routine,
primarily because of the challenges in diagnosis.

Diagnosis of Acute HIV Infection
The diagnosis of AHI is complicated by the absence of detectable HIV-specific antibodies.
In the window period, ranging from a few weeks to roughly 2 months in duration, a person
with AHI will test negative or indeterminate with traditional HIV antibody assays [4, 9–10].
Therefore, diagnosis of acute infection relies on the direct detection of the virus, typically
plasma HIV RNA detected with nucleic acid amplification tests (NAAT). Pooling samples
for RNA testing is a cost-containment strategy, significantly reducing per-patient costs for
this otherwise expensive assay [11]. Pooling also contributes to the feasibility of identifying
the relatively rare acute infection among the thousands of individuals who test negative for
HIV antibodies [3, 9, 12–14].

Many patients with AHI have symptoms of acute retroviral infection, but these symptoms
are often mild and non-specific. Targeted testing based on a combination of factors,
including reported risk behaviors, symptoms of acute retroviral infection, or STI syndromes,
such as genital ulcer disease, may facilitate identification of HIV-seronegative persons who
are most likely to benefit from testing for AHI [15–16]. The type of clinic and geographical
location may be important criteria for targeted testing in large programs [16]. The targeted
approach reduces resource utilization for population-level AHI screening.

Financial, technical, and logistical challenges impede widespread utilization of NAAT in
many high-prevalence, low-resource settings. The window period can be shortened by using
third-and fourth-generation indirect enzyme immunoassays (EIAs) that are sensitive to both
IgM and IgG, leading to detection of the host immune response earlier in the course of
infection [9]. Fourth-generation combination immunoassays are sensitive to p24 antigen and
IgM/IgG antibodies. Fourth-generation tests correctly identify 60–77% of acute infections,
generally missing persons with lower viral loads and very early infections [9, 17].
Combining standard rapid antibody tests with an “ultrasensitive” p24 antigen assay is
another alternative, detecting up to 90% of acute infections [12], but this procedure is
difficult to implement in practice. Point-of-care combination antibody/antigen tests are
under evaluation and could offer the benefit of same-day results.

AHI testing has been incorporated into routine testing procedures in several settings. Given
the short duration of AHI, persons with AHI generally represent a small proportion of
persons with negative HIV antibody tests. However, persons with AHI represent a
substantial proportion of all persons diagnosed with HIV infection, approximately 1–10%
[7, 9–11, 15–16, 18–20]. This proportion varies by setting. In the general counseling and
testing setting, the prevalence is often lower, as is the prevalence of established HIV
infection.[11, 16, 18] Enriching the population for higher risk persons, such as men who
have sex with men or persons attending STD clinics, increases the yield [10, 16, 18].
Targeted efforts in an STD clinic in Malawi and among febrile patients in Mozambique have
yielded substantial numbers of persons with AHI [15, 20–21].
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Biological Plausibility of AHI role in Transmission
Persons with AHI often exhibit markedly elevated viral loads, often exceeding 1 million
copies/milliliter [1–8]. Virus can be detected within the internal iliac lymph nodes within
two days of infection, with systemic viral dissemination occurring shortly thereafter [22].
The rapid consumption of target cells by HIV during AHI allows for significant viral
replication, leading to markedly elevated viral loads [6, 21]. In addition to host-specific
genetic factors that influence viremia during acute infection, viral factors may also play a
significant role [23]. The viremia expands exponentially for 2–3 weeks after infection,
unregulated in the absence of HIV-specific antibodies [2]. Among a cohort of Malawian
men with newly diagnosed HIV infection, the median blood viral burden among those with
AHI was >106 copies/ml, compared to 104.5 copies/ml observed among men with chronic
infection [21].

The heightened viral load in infected blood during AHI is mirrored in genital secretions [6–
8]. In men, the peak viral load is estimated to occur at 17 days in plasma and at 30 days in
semen [6]. Increased viral concentrations are also observed in female genital secretions
during the acute stage [8]. Cervical viral loads are strongly correlated with plasma viral
loads for the first 6 months of infection, and are significantly higher than levels in chronic
infection, approximately 0.7 – 1.1 log10 copies/ml above set point [8].

The elevated viral load in genital secretions in men and women provides the biological
mechanism for efficient sexual transmission of HIV during AHI [3, 6–7, 24–26]. Other
biological factors, including concomitant STI, also contribute to enhanced viral
transmissibility [7, 27]. As the majority of new HIV infections worldwide are acquired
through sexual transmission, the peak viremia and associated risk of onward transmission
make AHI a potential target for transmission prevention.

Empirical Evidence for the Role of AHI in Sexual Transmission
Despite the clear biological plausibility of a meaningful role of AHI in sexual transmission,
determining the proportion of transmission events attributable to AHI and estimating the
transmission rate by stage of infection have been difficult. The relative lack of empirical
data linking AHI to increased transmission reflects the dual challenges of identifying
individuals during or just after the brief acute stage and linking them to HIV-uninfected
sexual partners who subsequently seroconvert.

In the study of monogamous HIV serodiscordant couples in a population-based cohort in
Rakai, Uganda, the rates of transmission per coital act varied considerably by stage of
infection [28]. The rates per coital act were markedly higher during early infection (8.2/1000
within 2.5 months of seroconversion) decreasing to 1.5/1000 within 16 months of
seroconversion and 0.7/1000 during established infection. Rates increased again during late
stage infection (2.8/1000 within 6–24 months of death). The unadjusted rate of infection was
8.3 times higher in the first five months of infection than in established infection (95% CI:
3.4, 20.2). Adjustment for age and genital ulcer disease reduced the rate ratio slightly to 7.3
(95% CI 3.1, 17.3) [28].

The data from this cohort were reanalyzed with improved assumptions about sexual
behavior and transmission timing [29]. During AHI, the hazard rate of transmission was
estimated to be 26 times the rate during established HIV infection.

In a European cohort of discordant heterosexual couples, the probability of transmission per
coital act was significantly higher for penile-anal sex (126/1000 acts) in the first three
months following infection [30]. However, a change in the probability of transmission per
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coital act across stages was not observed for penile-vaginal sex, possibly because of limited
statistical power. A meta-analysis incorporating these and the Rakai data found per coital act
probabilities to differ by 2.5/1000 in early versus established infection [15].

Phylogenies reconstructed from sampled viral gene sequences can be used, cautiously, to
identify probable transmission clusters. In Quebec, reconstructed phyologenies were used to
identify likely transmission clusters among persons who seroconverted in the previous six
months [31]. Persons with treated or untreated established infection were also included.
Approximately half of the persons who seroconverted in the previous six months
cosegregated into 75 transmission clusters, while the remaining individuals had unique
sequences, suggesting that early HIV infection was responsible for approximately half of
HIV transmission events. Elsewhere, approximately 30–35% of persons with primary HIV
infection cosegregrated into phylogenetically related clusters [27, 32]. However, these data
may overestimate the proportion of transmission events attributable to AHI [33].

Mathematical Models
With limited empirical data, mathematical models have been a key tool for evaluating the
role of AHI in HIV epidemiology. Mathematical models have addressed two issues – the
relationship between viral load and male-to-female transmission probabilities and the impact
of AHI on predicted evolution of the HIV epidemic.

As one would expect, HIV RNA concentration in genital secretions has a profound effect on
predicted HIV transmission. In a probabilistic model, transmission was assessed as a
function of viral load based on HIV cell free viral concentrations in seminal plasma. The
probability of transmission was described with a log10 exponential function of viral load
with transmission probabilities of 0.3/1000 with 1000 copies of HIV RNA and 10/1000 with
100,000 copies [24]. The latter estimate is consistent with peak seminal viral burdens during
AHI [6–7].

Mathematical models to describe epidemic spread have used a variety of model structures in
varying populations and settings with differing parameter estimates (Table 1). Early
mathematical modeling studies supported a role of early HIV infection as a critical driving
force in the HIV epidemic [36]. In more recent studies, however, the impact of AHI in
mathematical models has varied considerably, due in part to the varying approaches used
[37, 39, 41, 43, 45].

The epidemic phase appears to be a critical determinant of the importance of AHI in sexual
transmission of AHI. In the early phase of an epidemic, acute/early HIV infection appears to
be responsible for a considerable share of transmission [34, 37, 43]. This observation is
logical, as a relatively larger proportion of infected persons have acute or early infection and
relatively few have progressed to late-stage disease [43]. In contrast, in models of endemic
HIV disease, the importance of AHI has been remarkably variable, with estimates ranging
from <1% to 82% [34, 36–37, 39, 41, 43, 45].

The characteristics of the population also greatly influence the potential role of acute/early
HIV infection. In contexts of high sexual partner concurrency or very high rates of partner
change, the role of AHI is substantially increased [29, 39]. Given its short duration, the
potential transmission due to AHI is limited to one person if the index case is in a
monogamous relationship for the duration of AHI. However, if the index case has
concurrent sexual partners, the risk of onward transmission is substantially increased. In
North Carolina, individuals with AHI named 2.5 times (95% CI: 2.1–3.0) as many current
sexual partners as individuals diagnosed with established HIV infection [46]. Importantly,
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concurrency operates not only as an individual factor for increased transmission, but also by
connecting multiple sexual dyads and clusters to one another at the population level [47].

Although mathematical models have been useful tools for assessing the role of AHI in HIV
sexual transmission, the quality of available data for use as model parameters is limited.
Mathematical models developed in the future would benefit greatly from more accurate data
about the relationship between disease state and transmissibility, as well as valid, reliable,
setting-specific data regarding sexual contact patterns.

Opportunities for Prevention Interventions
The challenges in the design of a prevention intervention targeted to persons with AHI are
numerous. First, as with any intervention dependent on testing, the success of the
intervention would hinge on persons’ decisions to seek HIV testing or aggressive
population-based programs (such as door-to-door testing). Second, the intervention would
undoubtedly require additional testing procedures, such as NAAT or antigen testing, to
detect AHI. Finally, the brief window period of AHI limits the proportion of persons who
would be identified with any testing program.

The potential benefits of an AHI testing program with a transmission prevention
intervention are substantial. In traditional testing, persons with AHI who present for HIV
testing will be informed that they are likely HIV-uninfected, and in most settings, will be
asked to return for repeat testing after several weeks or months. Such persons have little
incentive to alter behavior and may continue to contribute to onward HIV transmission.

Persons with unknown HIV status are believed to be responsible for a substantial proportion
of HIV transmission [48–49]. Indeed, test and treat has been suggested as a key approach for
HIV prevention [50]. Efforts to detect AHI are especially poignant in this context. AHI
reflects the earliest possible period of intervention after infection. Persons with AHI who are
informed of their status will know their HIV status from the earliest possible moment –
within a few days of HIV acquisition. The potential impact on transmission through
“positive prevention” may be substantial, even if the impact is primarily realized in the latter
phases of established HIV infection.

An intervention after AHI diagnosis is likely to require both behavioral and treatment
components. A behavioral intervention would need to be administered quickly and must
emphasize risk reduction, including partner notification, limiting new partner acquisition,
condom use, and possibly, abstinence during the acute phase. Treatment may also be
beneficial from a public health perspective. The treatment goal would be rapid reduction of
the viral load, especially in the genital tract, to limit the potential for onward transmission.
Other potential aspects of AHI treatment are discussed elsewhere in this volume [Fidler].

Conclusion
Persons with AHI contribute disproportionately to the onward sexual transmission of HIV
infection. While the magnitude of the proportion of HIV transmission attributable to persons
with AHI (or early HIV infection) is uncertain and variable, it is undoubtedly greater than
the prevalence of AHI. AHI represents a brief window of time and consequently, the
prevalence of AHI is low at any given time. However, the “hyperinfectious state” of persons
with AHI increases the likelihood of transmission to others.

The role of AHI in sexual HIV transmission varies with the epidemic stage and the
characteristics of the population. AHI appears to be especially important in populations with
newly introduced HIV infection. The significance of AHI also appears to increase in
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populations with high prevalence of concurrent partnerships and frequent partner change.
Even in a well-established HIV epidemic where the role of AHI generally appears to be less,
detection of persons with AHI provides an opportunity to intervene at the earliest possible
stage of infection.

Persons with AHI will continue to play an important role in the sexual transmission of HIV
for the foreseeable future. Improved awareness of AHI and implementation of routine
testing programs are needed. In addition, rapid, point-of-care diagnostics capable of
detecting a high proportion of persons before seroconversion would greatly facilitate
diagnosis. Currently, diagnosis of AHI is extremely challenging. But, ignoring AHI may
have substantial consequences for the future of the HIV epidemic.

Acknowledgments
This work was supported by the National Institute of Allergy and Infectious Diseases of the National Institutes of
Health to William C. Miller and Audrey Pettifor (NIAID - R01 AI083059). We wish to thank Drs. Audrey Pettifor,
Myron Cohen, Joseph Eron, Jr., Susan Fiscus, Christophe Fraser, Azra Ghani, and Sarah Fidler for comments on
the grant identified above, which served as the primary basis for this work.

References
1. Pilcher CD, Eron JJ Jr, Galvin S, et al. Acute HIV revisited: new opportunities for treatment and

prevention. J Clin Invest. 2004; 113:937–45. [PubMed: 15057296]
2. Fiebig EW, Wright DJ, Rawal BD, et al. Dynamics of HIV viremia and antibody seroconversion in

plasma donors: implications for diagnosis and staging of primary HIV infection. AIDS. 2003;
17:1871–9. [PubMed: 12960819]

3. Quinn TC, Brookmeyer R, Kline R, et al. Feasibility of pooling sera for HIV-1 viral RNA to
diagnose acute primary HIV-1 infection and estimate HIV incidence. AIDS. 2000; 14:2751–7.
[PubMed: 11125894]

4. Zetola NM, Pilcher CD. Diagnosis and management of acute HIV infection. Infect Dis Clin North
Am. 2007; 21:19–48. [PubMed: 17502228]

5. Pilcher CD, Shugars DC, Fiscus SA, et al. HIV in body fluids during primary HIV infection:
implications for pathogenesis, treatment and public health. AIDS. 2001; 15:837–45. [PubMed:
11399956]

6. Pilcher CD, Joaki G, Hoffman IF, et al. Amplified transmission of HIV-1: comparison of HIV-1
concentrations in semen and blood during acute and chronic infection. AIDS. 2007; 21:1723–30.
[PubMed: 17690570]

7. Pilcher CD, Tien HC, Eron JJ Jr, et al. Brief but efficient: acute HIV infection and the sexual
transmission of HIV. J Infect Dis. 2004; 189:1785–92. [PubMed: 15122514]

8**. Morrison CS, Demers K, Kwok C, et al. Plasma and cervical viral loads among Ugandan and
Zimbabwean women during acute and early HIV-1 infection. AIDS. 2010; 24:573–82. This
paper provides one of the first estimates of HIV RNA concentrations in cervical samples during
early HIV infection. [PubMed: 20154581]

9*. Patel P, Mackellar D, Simmons P, et al. Detecting acute human immunodeficiency virus infection
using 3 different screening immunoassays and nucleic acid amplification testing for human
immunodeficiency virus RNA, 2006–2008. Arch Intern Med. 2010; 170:66–74. This paper
reports the results of large scale programs for detection of AHI with special consideration of the
type of antibody test used in initial screening. [PubMed: 20065201]

10*. Stekler JD, Swenson PD, Coombs RW, et al. HIV testing in a high-incidence population: is
antibody testing alone good enough? Clin Infect Dis. 2009; 49:444–53. Testing for AHI was an
important adjunct to routine testing among men who have sex with men in the State of
Washington. [PubMed: 19538088]

11. Pilcher CD, Fiscus SA, Nguyen TQ, et al. Detection of acute infections during HIV testing in
North Carolina. N Engl J Med. 2005; 352:1873–83. [PubMed: 15872202]

Miller et al. Page 6

Curr Opin HIV AIDS. Author manuscript; available in PMC 2011 July 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



12. Fiscus SA, Pilcher CD, Miller WC, et al. Rapid, real-time detection of acute HIV infection in
patients in Africa. J Infect Dis. 2007; 195:416–24. [PubMed: 17205481]

13. Westreich DJ, Hudgens MG, Fiscus SA, et al. Optimizing screening for acute human
immunodeficiency virus infection with pooled nucleic acid amplification tests. J Clin Microbiol.
2008; 46:1785–92. [PubMed: 18353930]

14*. Kerndt PR, Dubrow R, Aynalem G, et al. Strategies used in the detection of acute/early HIV
infections. The NIMH Multisite Acute HIV Infection Study: I. AIDS Behav. 2009; 13:1037–45.
This paper is one of several highlighting a large study to identify persons with AHI. The focus of
this paper is on the approaches used to find persons with AHI. [PubMed: 19495954]

15. Powers KA, Poole C, Pettifor AE, et al. Rethinking the heterosexual infectivity of HIV-1: a
systematic review and meta-analysis. Lancet Infect Dis. 2008; 8:553–63. [PubMed: 18684670]

16*. Miller WC, Leone PA, McCoy S, et al. Targeted testing for acute HIV infection in North
Carolina. AIDS. 2009; 23:835–43. In a large testing program in North Carolina, targeted testing
was deemed a feasible approach to reducing costs. [PubMed: 19318909]

17*. Eshleman SH, Khaki L, Laeyendecker O, et al. Detection of individuals with acute HIV-1
infection using the ARCHITECT HIV Ag/Ab Combo assay. J Acquir Immune Defic Syndr.
2009; 52:121–4. This study utilized samples that had been identified as acute based on presence
of HIV RNA in order to evaluate the ARCHITECT HIV Ag/Ab Combo assay. [PubMed:
19506484]

18*. Acute HIV infection - New York City. MMWR Morb Mortal Wkly Rep 2009. 2008; 58:1296–9.
This MMWR article describes an AHI surveillance program in New York City using pooled
NAAT to screen all seronegative tests in STD clinics.

19. Patel P, Klausner JD, Bacon OM, et al. Detection of acute HIV infections in high-risk patients in
California. J Acquir Immune Defic Syndr. 2006; 42:75–9. [PubMed: 16763493]

20. Serna-Bolea C, Munoz J, Almeida JM, et al. High prevalence of symptomatic acute HIV infection
in an outpatient ward in southern Mozambique: identification and follow-up. AIDS. 2010; 24:603–
8. [PubMed: 20019574]

21. Pilcher CD, Price MA, Hoffman IF, et al. Frequent detection of acute primary HIV infection in
men in Malawi. AIDS. 2004; 18:517–24. [PubMed: 15090805]

22. Kahn JO, Walker BD. Acute human immunodeficiency virus type 1 infection. N Engl J Med.
1998; 339:33–9. [PubMed: 9647878]

23. Hecht FM, Busch MP, Rawal B, et al. Use of laboratory tests and clinical symptoms for
identification of primary HIV infection. AIDS. 2002; 16:1119–29. [PubMed: 12004270]

24. Chakraborty H, Sen PK, Helms RW, et al. Viral burden in genital secretions determines male-to-
female sexual transmission of HIV-1: a probabilistic empiric model. AIDS. 2001; 15:621–7.
[PubMed: 11317000]

25. Fideli US, Allen SA, Musonda R, et al. Virologic and immunologic determinants of heterosexual
transmission of human immunodeficiency virus type 1 in Africa. AIDS Res Hum Retroviruses.
2001; 17:901–10. [PubMed: 11461676]

26. Wilson DP, Law MG, Grulich AE, et al. Relation between HIV viral load and infectiousness: a
model-based analysis. Lancet. 2008; 372:314–20. [PubMed: 18657710]

27. Pao D, Fisher M, Hue S, et al. Transmission of HIV-1 during primary infection: relationship to
sexual risk and sexually transmitted infections. AIDS. 2005; 19:85–90. [PubMed: 15627037]

28. Wawer MJ, Gray RH, Sewankambo NK, et al. Rates of HIV-1 transmission per coital act, by stage
of HIV-1 infection, in Rakai, Uganda. J Infect Dis. 2005; 191:1403–9. [PubMed: 15809897]

29. Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage of infection. J Infect
Dis. 2008; 198:687–93. [PubMed: 18662132]

30. Leynaert B, Downs AM, de Vincenzi I. Heterosexual transmission of human immunodeficiency
virus: variability of infectivity throughout the course of infection. European Study Group on
Heterosexual Transmission of HIV. Am J Epidemiol. 1998; 148:88–96. [PubMed: 9663408]

31. Brenner BG, Roger M, Routy JP, et al. High rates of forward transmission events after acute/early
HIV-1 infection. J Infect Dis. 2007; 195:951–9. [PubMed: 17330784]

32. Yerly S, Vora S, Rizzardi P, et al. Acute HIV infection: impact on the spread of HIV and
transmission of drug resistance. AIDS. 2001; 15:2287–92. [PubMed: 11698702]

Miller et al. Page 7

Curr Opin HIV AIDS. Author manuscript; available in PMC 2011 July 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



33*. Brown AE, Gifford RJ, Clewley JP, et al. Phylogenetic reconstruction of transmission events
from individuals with acute HIV infection: toward more-rigorous epidemiological definitions. J
Infect Dis. 2009; 199:427–31. This brief paper highlights some of the potential problems in
attempting to estimate the proportion of infections attributable to acute HIV infection using
phylogenetic reconstruction. [PubMed: 19133810]

34. Jacquez JA, Koopman JS, Simon CP, et al. Role of the primary infection in epidemics of HIV
infection in gay cohorts. J Acquir Immune Defic Syndr. 1994; 7:1169–84. [PubMed: 7932084]

35. Pinkerton SD, Abramson PR. Implications of increased infectivity in early-stage HIV infection.
Application of a Bernoulli-process model of HIV transmission. Eval Rev. 1996; 20:516–40.
[PubMed: 10183259]

36. Koopman JS, Jacquez JA, Welch GW, et al. The role of early HIV infection in the spread of HIV
through populations. J Acquir Immune Defic Syndr Hum Retrovirol. 1997; 14:249–58. [PubMed:
9117458]

37. Kretzschmar M, Dietz K. The effect of pair formation and variable infectivity on the spread of an
infection without recovery. Math Biosci. 1998; 148:83–113. [PubMed: 9597826]

38. Coutinho FA, Lopez LF, Burattini MN, et al. Modelling the natural history of HIV infection in
individuals and its epidemiological implications. Bull Math Biol. 2001; 63:1041–62. [PubMed:
11732175]

39. Xiridou M, Geskus R, de Wit J, et al. Primary HIV infection as source of HIV transmission within
steady and casual partnerships among homosexual men. AIDS. 2004; 18:1311–20. [PubMed:
15362664]

40. Hayes RJ, White RG. Amplified HIV transmission during early-stage infection. J Infect Dis. 2006;
193:604–5. [PubMed: 16425144]

41. Pinkerton SD. How many sexually-acquired HIV infections in the USA are due to acute-phase
HIV transmission? AIDS. 2007; 21:1625–9. [PubMed: 17630558]

42. Pinkerton SD. Probability of HIV transmission during acute infection in Rakai, Uganda. AIDS
Behav. 2008; 12:677–84. [PubMed: 18064559]

43. Abu-Raddad LJ, Longini IM Jr. No HIV stage is dominant in driving the HIV epidemic in sub-
Saharan Africa. AIDS. 2008; 22:1055–61. [PubMed: 18520349]

44. Salomon JA, Hogan DR. Evaluating the impact of antiretroviral therapy on HIV transmission.
AIDS. 2008; 22 (Suppl 1):S149–59. [PubMed: 18664947]

45*. Prabhu VS, Hutchinson AB, Farnham PG, et al. Sexually acquired HIV infections in the United
States due to acute-phase HIV transmission: an update. AIDS. 2009; 23:1792–4. Using recently
released CDC surveillance data for HIV prevalence and incidence, this analysis updated a
previously published mathematical model that assessed the number and proportion of sexually
transmitted HIV infections in the US due to AHI. [PubMed: 19684485]

46*. Moore ZS, McCoy S, Kuruc J, et al. Number of named partners and number of partners newly
diagnosed with HIV infection identified by persons with acute versus established HIV infection.
J Acquir Immune Defic Syndr. 2009; 52:509–13. This study used the North Carolina HIV
surveillance database to compare the number of named partners among persons diagnosed with
AHI to individuals diagnosed with established infection. [PubMed: 19568174]

47. Rothenberg R. HIV transmission networks. Curr Opin HIV AIDS. 2009; 4:260–5. [PubMed:
19532062]

48. Marks G, Crepaz N, Senterfitt JW, et al. Meta-analysis of high-risk sexual behavior in persons
aware and unaware they are infected with HIV in the United States: implications for HIV
prevention programs. J Acquir Immune Defic Syndr. 2005; 39:446–53. [PubMed: 16010168]

49. Marks G, Crepaz N, Janssen RS. Estimating sexual transmission of HIV from persons aware and
unaware that they are infected with the virus in the USA. AIDS. 2006; 20:1447–50. [PubMed:
16791020]

50. Granich RM, Gilks CF, Dye C, et al. Universal voluntary HIV testing with immediate antiretroviral
therapy as a strategy for elimination of HIV transmission: a mathematical model. Lancet. 2009;
373:48–57. [PubMed: 19038438]

Miller et al. Page 8

Curr Opin HIV AIDS. Author manuscript; available in PMC 2011 July 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Miller et al. Page 9

Ta
bl

e 
1

Pr
op

or
tio

n 
ne

w
 H

IV
 in

fe
ct

io
ns

 a
ttr

ib
ut

ab
le

 to
 e

ar
ly

 in
de

x 
ca

se
s i

n 
m

at
he

m
at

ic
al

 m
od

el
in

g 
st

ud
ie

s

A
ut

ho
r,

 y
ea

r
Po

pu
la

tio
n/

Se
tti

ng
1

M
od

el
 ty

pe
2

E
ar

ly
 H

IV
in

fe
ct

io
n

du
ra

tio
n

(m
on

th
s)

%
 n

ew
 c

as
es

 d
ue

 to
ea

rl
y 

H
IV

Fa
ct

or
s v

ar
ie

d

Ja
cq

ue
z,

 1
99

4 
[3

4]
M

SM
/U

SA
M

ix
in

g
2

25
%

 –
 5

1%
3

N
um

be
r o

f s
ex

ua
l a

ct
iv

ity
 g

ro
up

s;
 S

ex
ua

l c
on

ta
ct

 ra
te

s;
Ea

rly
 tr

an
sm

is
si

on
 p

ro
ba

bi
lit

y

Pi
nk

er
to

n,
 1

99
6 

[3
5]

M
SM

/U
SA

Li
ne

ar
2

25
%

 –
 9

0%
Ea

rly
 tr

an
sm

is
si

on
 p

ro
ba

bi
lit

y;
 N

um
be

r o
f a

ct
s p

er
 p

ar
tn

er

K
oo

pm
an

, 1
99

7 
[3

6]
M

SM
/U

SA
M

ix
in

g
1.

5
20

%
 –

 4
7%

3
A

gi
ng

 p
ro

ce
ss

; N
um

be
r o

f s
ex

ua
l a

ct
iv

ity
 g

ro
up

s

K
re

tz
ch

m
ar

, 1
99

8 
[3

7]
H

yp
ot

he
tic

al
M

ix
in

g,
 P

ai
r

1–
2

65
%

 –
 8

2%
3

M
od

el
 ty

pe
 (m

ix
in

g/
pa

ir)
; P

ai
r s

ep
ar

at
io

n 
ra

te

C
ou

tin
ho

, e
t a

l. 
20

01
 [3

8]
M

ix
ed

Li
ne

ar
1.

5
2%

 –
 8

9%
A

gi
ng

 p
ro

ce
ss

; S
ex

ua
l c

on
ta

ct
 p

at
te

rn
s;

 R
el

at
io

ns
hi

p:
 v

ira
l

lo
ad

, i
nf

ec
tio

us
ne

ss

X
iri

do
u 

et
 a

l.,
 2

00
4 

[3
9]

M
SM

/A
m

st
er

da
m

H
yb

rid
1 

– 
5

<1
%

 –
 3

9%
3

Pa
rtn

er
sh

ip
 ty

pe
 (c

as
ua

l/s
te

ad
y)

; R
at

io
 o

f p
ar

tn
er

sh
ip

 to
 A

H
I

le
ng

th

H
ay

es
 &

 W
hi

te
, 2

00
6 

[4
0]

H
et

er
os

ex
ua

ls
/U

ga
nd

a
M

ix
in

g,
 P

ai
r

5
23

%
 –

 4
1%

Se
xu

al
 c

on
ta

ct
 p

at
te

rn
s

Pi
nk

er
to

n,
 2

00
7 

[4
1]

M
ix

ed
/U

SA
Li

ne
ar

1.
5 

– 
2

3%
 –

 1
7%

D
ur

at
io

n 
of

 A
H

I; 
Tr

an
sm

is
si

on
 ra

te
 ra

tio
 (A

H
I:E

H
I)

Pi
nk

er
to

n,
 2

00
8 

[4
2]

H
et

er
os

ex
ua

ls
/U

ga
nd

a
Li

ne
ar

1.
5 

– 
2

85
%

 –
 9

3%
D

ur
at

io
ns

 o
f l

at
en

t p
er

io
d 

&
 A

H
I

A
bu

-R
ad

da
d 

&
 L

on
gi

ni
, 2

00
8 

[4
3]

H
et

er
os

ex
ua

ls
/K

en
ya

 &
 C

am
er

oo
n

M
ix

in
g

2.
5

~7
%

 –
 ~

15
%

3
Se

xu
al

 m
ix

in
g 

pa
tte

rn
s a

nd
 ri

sk
 b

eh
av

io
rs

Sa
lo

m
on

 &
 H

og
an

, 2
00

8 
[4

4]
H

et
er

os
ex

ua
ls

/U
ga

nd
a

Li
ne

ar
5

~2
0%

 –
 4

0%
Se

xu
al

 c
on

ta
ct

 p
at

te
rn

s;
 A

R
T 

pa
tte

rn
s

H
ol

lin
gs

w
or

th
 e

t a
l.,

 2
00

8 
[2

9]
H

et
er

os
ex

ua
ls

/U
ga

nd
a

M
ix

in
g,

 P
ai

r
2.

9
9%

 –
 3

1%
3

M
od

el
 ty

pe
 (p

ai
r v

s.m
ix

in
g)

Pr
ab

hu
, e

t a
l. 

20
09

 [4
5]

M
ix

ed
/U

SA
Li

ne
ar

1.
5

11
%

N
/A

1 Ei
th

er
 d

ire
ct

ly
 u

se
d 

in
 m

od
el

in
g 

or
 fo

r s
ou

rc
e 

of
 p

ar
am

et
er

 v
al

ue
s.

2 Li
ne

ar
 m

od
el

s d
o 

no
t i

nc
lu

de
 th

e 
no

n-
lin

ea
r d

ep
en

de
nc

y 
of

 H
IV

 in
ci

de
nc

e 
on

 H
IV

 p
re

va
le

nc
e.

 M
ix

in
g 

m
od

el
s a

ss
um

e 
th

at
 H

IV
 tr

an
sm

is
si

on
 c

an
 o

nl
y 

oc
cu

r d
ur

in
g 

in
st

an
ta

ne
ou

s c
on

ta
ct

s b
et

w
ee

n
su

sc
ep

tib
le

 a
nd

 in
fe

ct
ed

 in
di

vi
du

al
s. 

Pa
ir 

m
od

el
s a

ss
um

e 
th

at
 H

IV
 tr

an
sm

is
si

on
 c

an
 o

nl
y 

oc
cu

r w
ith

in
 m

on
og

am
ou

s, 
se

ro
di

sc
or

da
nt

 c
ou

pl
es

. H
yb

rid
 m

od
el

s c
om

bi
ne

 th
e 

tra
ns

m
is

si
on

 ro
ut

es
 o

f m
ix

in
g 

an
d

pa
ir 

m
od

el
s t

o 
al

lo
w

 tr
an

sm
is

si
on

 b
ot

h 
w

ith
in

 a
nd

 o
ut

si
de

 o
f s

te
ad

y 
pa

rtn
er

sh
ip

s;
 th

er
ef

or
e,

 h
yb

rid
 m

od
el

s a
re

 li
ke

ly
 to

 c
ap

tu
re

 tr
an

sm
is

si
on

 d
yn

am
ic

s m
or

e 
re

al
is

tic
al

ly
 th

an
 a

 p
ur

e 
m

ix
in

g 
m

od
el

 o
r p

ur
e

pa
ir 

m
od

el
.

3 W
he

n 
H

IV
 a

t e
nd

em
ic

 e
qu

ili
br

iu
m

.

Curr Opin HIV AIDS. Author manuscript; available in PMC 2011 July 5.


