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AMPLIFIED TRANSMISSION OF HIV-1: MISSING LINK IN
THE HIV PANDEMIC

MYRON S. COHEN, MD

CHAPEL HILL, NORTH CAROLINA

Abstract

Sexual transmission of HIV most closely reflects the concentration of
HIV in the genital tract; HIV in the genital tract of subjects with acute
HIV and some “classical” STDS is 8–10 times greater than in control
subjects. It seems likely that these latter subjects lead to spread of
HIV. Accordingly, the state of North Carolina committed to HIV test-
ing that detects subjects with acute, recent, and established infection.
We tested 109,500 samples over 9 months. We found 563 people with
undiagnosed HIV infection. The majority of subjects were in STD
clinics. This included 23 subjects with (pre-seroconversion) acute HIV
infection (HIV RNA positive, antibody negative). The median blood
HIV was 209,000 copies/ml, more than 10 times higher than in subjects
with established HIV infection. Recognizing the increased number of
subjects with unrecognized acute HIV infection in STD clinics, we
conducted similar studies in STD Clinics in Malawi and South Africa.
Between 1 and 2% of subjects had undetected acute HIV infection. The
median viral burden in blood of subjects in Malawi was greater than
1,000,000 copies/ml. STDS and HIV are often co-transmitted, and
STDS set the stage for subsequent HIV transmission. Prevention of
sexual transmission of HIV likely requires maximal suppression of
genital tract HIV viral burden, either through treatment of STDS or
use of antiretroviral agents.

Introduction

More than 60,000,000 people have been infected with HIV-1 (1). The
routes of HIV transmission are extremely well known (2) (Table 1), and
most HIV transmission can be ascribed to sexual intercourse. How-
ever, the precise biological requirements for transmission are not com-
pletely understood. Furthermore, earlier epidemiology studies re-
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ported coital transmission efficiency so low as to create confusion (3,4).
In the past 5 years increased focus on subjects with acute and early
HIV infection and/or sexually transmitted diseases have allowed new
insights into HIV transmission, which have changed our understand-
ing of the spread of HIV, and provided critical opportunities for pre-
vention and treatment.

The Biology of HIV Transmission

Transmission of HIV requires a sufficiently infectious HIV carrier
and a susceptible host (2). While this seems like a simple idea, the
details have turned out to be very complex. The concentration of virus
(discussed in detail below) and viral genotypic features are critical
determinants of transmission. Understanding the virologic require-
ments for HIV transmission has proven difficult because a very small
number of subjects with acute infection [pre-seroconversion (5)] or
transmission pairs [a subject with acute infection and the appropriate
sexual partner (6)] have been studied. Current ideas about HIV trans-
mission include: i) the virus with the R5 envelope (macrophage trophic)
phenotype is preferentially transmitted or expanded after transmis-
sion (7); ii) more viral diversity is observed after women or gay men
acquire HIV (7,8); iii) viral subtypes (clades) may be transmitted with
differential efficiency and clades A and C may enjoy transmission
advantages (2,3); iv) HIV variants with short viral envelope sequence
and increased susceptibility to neutralizing antibodies may be prefer-
entially transmitted (6).

Not all people are equally susceptible to HIV and differences in

TABLE 1
Routes of Exposure and HIV Infection Risk

Infection Route Risk of Infection

Sexual Transmission
a. Female-to-male transmission 1 in 700 to 1 in 3,000
b. Male-to-female transmission 1 in 200 to 1 in 2,000
c. Male-to-male transmission 1 in 10 to 1 in 1,600
d. Fellatio?? 0–6%
Parenteral transmission
a. Transfusion of infected blood 95 in 100
b. Needle sharing 1 in 150
c. Needle stick 1 in 200
d. Needle stick/AZT PEP 1 in 10,000
Transmission from mother to infant
a. Without AZT treatment 1 in 4
b. With AZT treatment Less than 1 in 10
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hereditary, innate and acquired immunity have been observed (2).
CCR5 receptor deletions drastically reduce HIV susceptibility (9), al-
though such deletions are not distributed homogeneously across the
human species (10). Furthermore, yet to be discovered genetic forms of
resistance are very likely important.

Several forms of innate resistance to HIV have also been described.
The female hormonal status and/or use of contraceptives may influence
HIV acquisition in women (11). Vaginal flora rich in lactobacilli (the
antithesis of the flora of bacterial vaginosis) also favor resistance to
HIV (12). Circumcised men appear to resist HIV (13). And a sexual
partner with HLA type different than the infected subject may be less
likely to acquire HIV (14).

Acquired (immune) resistance has been reported in sex workers in
Kenya (15). Resistance has been correlated with the cytotoxic lympho-
cyte response in peripheral blood cells, and these results are consistent
with studies of acquired immunity in macaques (16).

The Viral Concentration

Careful measurement of the HIV concentration in blood and genital
secretions has greatly advanced our understanding of HIV transmis-
sion (17,18). In their landmark study, investigators working in the
Rakai District of Uganda demonstrated that HIV transmission was
very unlikely to occur when the concentration in blood fell below 3000
copies/ml blood (19). Modeling results using semen HIV concentration
demonstrate an even more precise relationship between HIV concen-
tration and transmission probability (20) (Figure 1). HIV clade (21)
and phase of disease affect the HIV concentration as well (22,23).
Among subjects studied in the US and Malawi with similar CD4 count
we observed much higher concentration of HIV blood and semen in the
Malawi group with clade C infection (Figure 2) (21), compared to US
subjects with clade B infection.

HIV concentration in blood and semen vary greatly with different
stages of HIV disease; peak HIV concentrations are observed during
acute (pre-seroconversion) HIV infection, and in subjects with AIDS
(22). Figures 3A and 3B compare HIV concentration in blood in sub-
jects with acute and established HIV infection in the US and Africa
respectively, demonstrating 10 fold differences in HIV concentration
(21). These results translate into greatly increased probability of HIV
transmission (Figure 1) (22).

The idea that acute HIV infection might be important in the spread
of HIV has long been popular (24), supported by early modeling papers
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(25,26). This hypothesis has received powerful support from recent
further interpretation of the Rakai study (27). In retrospective analysis
of discordant couples, Wawer et al. found that 43.2% of all transmis-
sion events could be related to index (infected) subjects with acute and
early infection (23,27).

FIG. 1. The probability of HIV transmission from a man to a female sexual partner
through heterosexual intercourse based on the concentration of HIV in semen (adapted
from reference 20). HIV transmission probability is also affected by the density of
endocervical CCR5 receptors, represented as percentages in the population.

FIG. 2. Comparison of the concentration of HIV in blood (n � 22) and semen (n � 33)
of men in Malawi and the US at a similar stage of HIV disease and CD4 count. A
horizontal bar represents the median concentration and vertical lines the standard error
of the mean (adapted from reference 21). The differences between American and Malaw-
ian men are significant (p � 0.05).
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Finding Patients with Acute HIV Infection

Finding patients with Acute HIV infection (AHI) has become an
important goal for HIV prevention and treatment programs. Hereto-
fore, only two strategies have been used to find subjects with AHI.
First, investigators have tried to find at-risk patients with a “mono-like
illness”. About half of subjects with early HIV developed such symp-
toms including fever, fatigue and adenopathy around the time of HIV
seroconversion (28). Second, very high risk subjects can be followed in

FIG. 3. Comparison of HIV concentration in blood of subjects with established and
acute HIV infection in the US (3A) and Malawi (3B) adapted from references 34 and 33,
respectively.
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a cohort over time, literally waiting for some participants to develop
symptoms or seroconvert (29). Neither of these approaches has proven
efficient, and they lead to detection of subjects only weeks after infec-
tion, too late for optimal prevention or therapy, and certainly too late
for accurate biological studies of HIV transmission.

Cross-Sectional Detection of Acute HIV Infection

Bollinger et al. identified subjects with acute HIV infection in STD
clinics in India through detection of HIV p24 antigen in blood before
antibody seroconversion (30). Recognizing the importance of this strat-
egy, Pilcher et al. (22,31–34) conducted a series of studies designed to
detect HIV RNA in HIV antibody-negative blood samples. Given the
cost of an individual RNA HIV test this would be prohibitively expen-
sive without a strategy to try to detect HIV in multiple pooled samples
(32). The high viral burden associated with acute HIV infection and the
increased and exquisite sensitivity of the newer versions of HIV testing
make this strategy possible.

Working with the State of North Carolina, Pilcher et al. screened all
agreeable subjects at public testing sites including STD clinics (33).
The results are shown in Figure 4. More than 100,000 subjects were

FIG. 4. The location of subjects with newly detected HIV infections through screening
in public testing sites in North Carolina over 9 months (adapted from reference 34). A
total of 109,500 people were screened: 45,656 in STD Clinics, 11,658 at local free testing
sites, 3,053 in jails, and 7,575 at “other” venues reporting to the State. The majority of
subjects with acute HIV infection (16/23) were found in STD Clinics.
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studied over 9 months. Four hundred seventy seven subjects had HIV
antibodies consistent with established HIV infection. Using an assay
that can report “early” infection based on reduced antibody concentra-
tion or avidity (35), 106 patients with recent HIV infection were also
discovered. Most important, 23 subjects with acute HIV infection were
detected in subjects with no HIV antibodies, although all of these
subjects ultimately seroconverted. As shown in Figure 3A, subjects
with AHI had the expected high concentration of HIV RNA in their
blood. Intriguingly, the largest number of subjects were detected in
STD Clinics, even though less than half the clients seeking STD
screening or care agreed to testing. Since these initial reports investi-
gators in California have applied these methods with similar results
(36).

To further examine the prevalence of AHI subjects in STD clinics we
undertook a series of studies in Southern Africa. Our first study
involved retrospective analysis of samples from the STD Clinic in
Lilongwe, Malawi (33). Among 1361 men who agreed to join the study,
HIV prevalence was 47%; however, 2.1% of HIV antibody negative
subjects had AHI. We noted that AHI could be predicted among pa-
tients with genital ulcers, adenopathy, and/or exposure to sex workers.

We have recently completed a prospective study that included 1441
men and women (37). Five hundred eighty three subjects (40.2%) with
established HIV infection were compared to 20 subjects with AHI. In
multivariate analysis we demonstrated extreme risk for AHI in HIV
antibody negative subjects with genital ulcers (OR 6.69).

To demonstrate that these findings were not unique to Lilongwe we
collaborated with investigators at University of Wittswatersrand (38).
Among 1906 subjects screened, established, HIV infection was de-
tected in 672 (35%) subjects with suspected incident infection. Among
HIV antibody negative subjects, 12 with AHI were detected, the ma-
jority from an STD clinic setting.

Further Consideration of Sexually Transmitted Diseases

Finding AHI in STD clinics should not be surprising. The results
support the well-established synergy between STDS and HIV (3,39).
STDs greatly increase the concentration of HIV in genital secretions
(40) as well as the diversity of the viral swarm (41). STDs cause
mucosal disruption and inflammation that would be expected to facil-
itate HIV acquisition (3). Recent findings emphasize the importance of
genital ulcers and suggest the possibility of co-transmission of HIV and
other STD pathogens (3). Genital ulcers caused by HSV appear to be a
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particularly powerful risk factor for HIV acquisition (42). Treatment of
STDS reduces the genital tract excretion of HIV (Figure 5) (40). How-
ever, clinical trials designed to use treatment of STDs to reduce inci-
dence of HIV in a general population have had mixed results, almost
certainly because of limitations in study design and approach (43).

Implications for Prevention of HIV

The strategies for HIV prevention must take into consideration the
method by which the epidemic is sustained. May and Anderson (44)
provided a critical frame work with the formula:

Ro �the reproductive rate of infection� � b � d � C

Where b is the efficiency of HIV transmission, a product of both
infectiousness and susceptibility;

c is the number of partners or partner change rate;
d is the duration of infectiousness
When Ro becomes less than 1 HIV spread should be reduced. Strat-

egies for HIV prevention are shown in Table 2. The combination of
condoms, partner number reduction, and aggressive attention to STDs
appears to have had great success in Thailand and Uganda (45).

We have been particularly interested in the use of antiretroviral
therapy (ART) for HIV prevention (46,47). Such therapy could be used
as pre- or post-exposure prophylaxis, or to reduce the viral burden in
the infected person. Animal experiments have been used to support

FIG. 5. Effects of treatment of urethritis on excretion of HIV in semen in 87 subjects
in Malawi. Bars represent the median values (adapted from reference 40).
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prophylaxis (reviewed in 47). Antiviral therapy provided to HIV in-
fected subjects substantially reduces HIV excretion in both male (48)
and female (49) genital secretions, and some drugs actually concen-
trate in semen (50). Limited evidence suggests that ART can reduce
transmission of HIV to a sexual partner (51), and broader use of ART
might reduce HIV in a population.

Conclusions

We have an ever better understanding of the requirements for HIV
transmission. It seems clear that considerable HIV transmission oc-
curs at the extremes of the infection (during acute infection and as the
disease progresses and viral burden increases), but HIV prevention
strategies to date have all but ignored such people. In addition, STDs
help to drive HIV transmission, and STD clinics are sites where un-
recognized infections can be readily detected. Success in HIV preven-
tion demands that we focus on those who are most susceptible and
those who are most contagious, so as to maximize effective utilization
of resources.
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DISCUSSION
Luke, Cincinnati: Why are the levels so much higher in Africa?
Cohen, Chapel Hill: First, African subjects have type (clade) C HIV, whereas U.S.

subjects have clade B HIV. Differences in viral genotype and phenotype likely have an
effect on viral replication. Second, many African subjects have malaria, and/or tubercu-
losis and/or worms. Such co-infections drive up the blood viral level. Third, Africans and
Americans and Europeans have different genetic backgrounds, and genetic differences in
host defenses can affect control of the virus.

Goodenberger, St. Louis: In his book, The Tipping Point, Gladwell talks about an
epidemic of syphilis in Baltimore, and asserts that the epidemic can be traced to a
remarkably small number of individuals. Is there such a phenomenon that occurs in
HIV? That is, are there super transmitters, either by virtue of their immunologic status
or their behaviors?

Cohen: HIV “Super shedders” demonstrate increased excretion of the virus in the
genital tract, and increased shedding is especially common in people with acute HIV
infection or an STD co-infection. There was a man living in up state New York who
infected a very large number of female high school students in a very short period of
time; it seems likely that he was a “super shedder.”

Branch, Atlanta: Following up on this from the public health point of view, are we
back into a model where we identify a case and then surround it with case-detection and
treatment?

Cohen: Another great question. So we abandoned case findings in AIDS because of
what is called “AIDS exceptionalism.” When HIV first started, we decided it was too
traumatic for the person to not have any benefit, personal benefit, and, instead, only
suffer the consequences of the stigma. So we never found all the partners. Now in 2005,
one of the highest priorities of the CDC, based on this and other work, is, in fact, to find
the sexual partners, and we find snowballs. So from the study in North Carolina, we
found 23 patients in North Carolina from that study. We then realized that of those 23,
about 9 were African American college students. We then, with the help of the CDC,
found that there’s an epidemic of HIV being transmitted among African American
college students up and down the east coast. So every time we find an acutely-infected
patient, we find a mini-epidemic. Demography, place and partners are really important.
By the way, I didn’t have a chance to talk about the biology of all this. But, of course,
understanding transmission is how you would make a vaccine as well. So this kind of
work is critical to vaccine development because it’s what you acquire that tells you how
to make a vaccine.

Alexander, Atlanta: I was curious about the high infectivity during the acute episode
and was wondering if there was more to it than just copy number. Is there something
different about the virus that has recently been transmitted?

Cohen: That was a question for a man named Eric Hunter. For everyone of these
studies where we collect semen and do epidemiology, we are also doing biology. And
there is some evidence that the virus that’s transmitted to men and women is different,
and that the virus that is transmitted is short, and has a lot of glycosolation and is
differently responsive to neutralizing antibodies. That’s a very hot topic. However, the
investigators at this point in time only have a total of 12 transmission pairs. So one of
our big goals is to find more of these. But there’s every reason to believe the virus is
different, just as you suggested.
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