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1 5 O C T O B E R

Correspondence
Modeling the Potential
Public Health Impact
of Imperfect HIV Vaccines

To the Editor—I wish to clarify the lit-

erature with regard to a recent publication

by Anderson and Hanson [1]. They pre-

sent a mathematical model for an imper-

fect preexposure HIV vaccine with ther-

apeutic effects (see the flow diagram in

figure 3 and the equations in the Appen-

dix). However, this model has already

been published by Blower et al. [2–5].

In 1993, McLean and Blower were the

first to model the population-level impact

of imperfect (i.e., those with an efficacy of

!100%) preexposure HIV vaccines [6].

They assumed that vaccinated individu-

als would receive only partial protection

against infection. Their model included

3 mechanisms by which vaccines could

fail: (1) by generating a low “take” (�), (2)

by providing a low degree of protection

against infection (w), and/or (3) by wan-

ing (q) (figure 1). Thus, the efficacy (e)

of an imperfect vaccine could be under-

stood as the product of take and degree

of protection: [3, 4, 6]. Further-e p �w

more, Blower and McLean showed that

the population-level impact (F) of an im-

perfect preexposure HIV vaccine could be

evaluated by multiplying e by the propor-

tion of vaccinated individuals in whom the

vaccine does not wane ( , where[m/ (m + q)]

1/m specifies the average time spent se-

lecting new sex partners and 1/q specifies

the average duration of vaccine-induced

immunity) [2, 3, 6, 7]. Thus, Fp�w[m/

(m+q)], and, if vaccine-induced protec-

tion is lifelong, then . Using theirF p e

model [6, 7], Blower and McLean were

the first to derive the expression for the

critical vaccination coverage (pc) necessary

to achieve HIV eradication with an im-

perfect vaccine:

1 1
p p 1 � ,c ( ) ( )f R0

where R0 is the average number of sec-

ondary infections caused by an infected

individual.

Analysis of the model revealed that even

imperfect vaccines could substantially de-

crease prevalence and incidence but that

the rate of waning of vaccine-induced im-

munity is critical [3, 4, 6–8]. Blower and

McLean also calculated the vaccine effi-

cacy and vaccination coverage levels nec-

essary to eradicate HIV in San Francisco

[7]. They quantified the trade-off between

coverage, efficacy, and potential changes

in risky behaviors. They were the first to

show that an imperfect preexposure vac-

cine could significantly curtail the HIV ep-

idemic, provided that risky behaviors did

not increase [7]. However, their analyses

also indicated that it would be unlikely—

unless risky behaviors were considerably

reduced—that an imperfect vaccine could

eradicate HIV in San Francisco. More im-

portantly, they were the first to show that,

if risky behaviors increased, mass vacci-

nation with imperfect vaccines could have

the perverse outcome of increasing the se-

verity of the epidemic [7].

Blower et al. expanded their original

model to develop a new one for predict-

ing the impact of imperfect preexposure

HIV vaccines that slow disease progres-

sion (i.e., disease-modifying, or therapeu-

tic, vaccines) (figure 1B) [2–5]; this new

model is the same as that which was re-

cently presented by Anderson and Hanson

[1]. The new model included a take, de-

gree of protection, and duration effect.

However, the key additional assumptions

included were that the vaccine increases

survival and reduces infectiousness (and,

hence, decreases transmission) (figure 1B).

An interactive Web-based version of this

model can be found at: http://www

.biomath.medsch.ucla.edu/faculty/sblower

/applets/HIVVAC/hivvac.html. Blower et

al. [4] derived the critical vaccination

coverage necessary to achieve eradication

with an imperfect preexposure disease-

modifying vaccine:

m + q 1 � R0P p .c ( ) ( )( )�m 1 � w R � R0v

Smith and Blower further analyzed this

model [5] and defined a new quantity, the

fitness ratio (f), as defined by ,f p R /Rv 0

where Rv and R0 are the average number

of secondary infections caused by a vac-

cinated-infected individual and an unvac-

cinated-infected individual, respectively.

Disease-modifying vaccines will reduce

transmission if they cause a reduction of

1.5 log10 copies/mL or more in viral load

and if risky behaviors do not increase [5].

However, disease-modifying vaccines that

provide only a low degree of protection

against infection and/or generate high fit-

ness ratios will increase transmission, even

if risky behaviors do not increase [5]. High

fitness ratios will be generated if the vaccine

substantially increases survival times but

does not substantially reduce infectious-

ness. Specifically, transmission will increase

if [5]. Smith and Blower de-f 1 1/(1 �w)

rived 3-dimensional threshold surfaces to

identify critical boundaries at which dis-

ease-modifying vaccines switch from caus-

ing a beneficial to causing a detrimental

effect at the population level if risky be-

haviors change [5]. These surfaces are de-

termined by the value of the fitness ratio,

the proportion of the population that is

successfully vaccinated, and the degree of
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Figure 1. A, Flow diagram of an imperfect preexposure HIV vaccine model, designed by McLean and Blower (diagram is a modified version of
that published in [6]). The population is divided into 4 states: susceptible individuals (X), infected/infectious individuals (Y), vaccinated individuals (V),
and individuals with AIDS (A). The imperfect vaccine can produce a “take” effect, reduce susceptibility to a certain degree ( ), and wane (at1 � w

rate ). B, Flow diagram of an imperfect preexposure HIV vaccine model with therapeutic effects, designed by Blower et al. [2–4]. This model is1/q
an extension, by 1 state, of the 4-state model shown in panel A, which was designed in 1993. The population is now divided into 5 states: susceptible
individuals (X), infected/infectious individuals (YU), vaccinated-uninfected individuals (V), vaccinated-infected individuals (YV), and individuals with AIDS
(A). The imperfect vaccine can produce a take effect, reduce susceptibility to a certain degree ( ), wane (at rate ), and both reduce infectivity1 � w 1/q
and slow disease progression in vaccinated individuals who subsequently become infected.

change in risky behaviors in unvaccinated-

infected individuals.

In summary, the model of an imperfect

vaccine with therapeutic effects presented

recently by Anderson and Hanson [1] was

one that had been designed and analyzed

previously by Blower et al. [2–5, 8].

Sally Blower

Department of Biomathematics and AIDS Institute,
David Geffen School of Medicine at the University

of California, Los Angeles, Westwood
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Reply to Blower

To the Editor—I wish to draw your read-

ers’ attention to an article by Anderson et

al. that was published in Nature in 1991

[1], in particular to the equations and text

on page 357. I hope your readers will draw

their own conclusions as to the origins of

both the first mathematical model (and

associated analyses) of the potential pop-

ulation-level impact of imperfect HIV vac-
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cines and the template described in An-

derson and Hanson [2].

Blower falsely claims (e.g., see [3], p.

118) that her 1993 and 1994 articles in-

cluded, to quote, “the first transmission

model of HIV vaccines to assess the po-

tential epidemic-level impact of imperfect

vaccines.” This is incorrect—the 1991 Na-

ture article by Anderson et al. was the first.

Roy Anderson

Department of Infectious Disease Epidemiology,
Imperial College, University of London, St. Mary’s

Campus, London, United Kingdom
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Breakthrough Zygomycosis
and Voriconazole

To the Editor—Zygomycosis is an inva-

sive fungal infection caused by various

members of the class Mucorales and usu-

ally occurs in patients with ketoacidotic

diabetes or hematological disorders. It

most commonly occurs in patients with

acute leukemia or lymphoma who devel-

op neutropenia as a result of malignan-

cy or chemotherapy and in transplant

recipients receiving immunosuppressive

treatment [1].

Recently, some reports have suggest-

ed an increase in the incidence of zygo-

mycosis in association with prophylactic

voriconazole (VRC) use in immunosup-

pressed patients [2–5]. In a recent arti-

cle, Kontoyiannis et al. reported the re-

sults of an observational matched case-

control study comparing consecutive pa-

tients with zygomycosis and 2 control

groups, patients without an invasive

mold infection and patients with invasive

aspergillosis [6]. The authors identified

27 patients with zygomycosis; 13 (48%)

of them had received previous VRC pro-

phylaxis. In a multivariate analysis com-

paring the patients with zygomycosis and

the patients without an invasive mold in-

fection, VRC prophylaxis, diabetes, and

malnutrition were found to be indepen-

dent risk factors for zygomycosis. When

the patients with zygomycosis and the

patients with invasive aspergillosis were

compared, VRC prophylaxis was found

to be the most relevant factor favoring

the onset of zygomycosis. Kontoyiannis

et al. suggest that the increased inci-

dence of zygomycosis might reflect the

increasing and prolonged use of oral

VRC versus parenteral agents with activ-

ity against Zygomycetes. However, it is

important to determine whether the in-

creased incidence of zygomycosis is due

solely to an increase in oral VRC use or

can also be attributed to improvement of

the tools of diagnosis and to increased

attention to this infection by physicians.

Certainly, an increase in breakthrough

infections by opportunistic pathogens is a

concern with any antimicrobial agent—

VRC is no exception—and it is true that

the increased incidence of zygomycosis

stands in contrast to the previous break-

through infections seen when fluconazole

or itraconazole were used for prophylaxis

[7, 8]. However, an increase in the inci-

dence of zygomycosis over the past 20

years has already been described [9].

In a multicenter retrospective survey

conducted over a 15-year period (1987–

2001) by Gruppo Italiano Malattie Ema-

tologiche Maligne dell’Adulto (GIMEMA),

59 cases of proven or probable mucor-

mycosis in patients with hematological

malignancies were registered [1]. It is

noteworthy that 47 (80%) of the 59 pa-

tients had received oral antifungal pro-

phylaxis, 35 (59%) of whom had received

azole compounds (18 fluconazole, 15 itra-

conazole, and 2 ketoconazole); none of

these patients had received VRC. In ad-

dition, in a study by Larkin and Montero

in which all cases of zygomycosis in the

Collaborative Exchange of Antifungal Re-

search database were analyzed, 13 (23%)

of 64 patients with zygomycosis had pre-

viously received fluconazole [10]. In an

overview of case reports by Gleissner et

al., data on previous antifungal prophy-

laxis were reported for only 12 of 120

patients with zygomycosis and underly-

ing hematological disorders [11]. Pro-

phylaxis with azoles was noted in 7 (58%)

of the 12 patients (3 itraconazole, 3 flu-

conazole, and 1 ketoconazole).

These data suggest that breakthrough

zygomycosis could occur with all prophy-

lactic azoles that do not have activity against

Zygomycetes. In our opinion, improved

diagnostic tools play an important role

in the increased incidence of this fun-

gal complication. Finally, we completely

agree with Kauffman, who has suggested

in an editorial to wait for the results of

a blinded, multicenter trial comparing

VRC and fluconazole for prophylaxis in

patients with hematological disorders be-

fore reconsidering the prophylactic use of

VRC [4, 5].

Livio Pagano,1 Beate Gleissner,2

and Luana Fianchi1

1Istituto di Ematologia, Università Cattolica
del Sacro Cuore, Rome, Italy; 2Medical Clinic III,

Campus Benjamin Franklin, Charité
Universitätsmedizin, Berlin, Germany
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Reply to Pagano et al.

To the Editor—I thank Pagano et al. for

their interest in our work [1]. I agree that

the increase in the incidence of zygomy-

cosis preceded the introduction of vori-

conazole (VRC), as my colleagues and I

have previously reported [2]. However, I

disagree that the increase in reported cases

of zygomycosis resulted from the reasons

Pagano et al. have set forth. First, I am

not aware of any improvement in diag-

nostic tools specific for the detection of

Zygomycetes that have been widely im-

plemented in clinics during the last de-

cade. Such improvement would be most

welcome, given that the yield of conven-

tional culture methods is suboptimal and

that early diagnostic markers by which in-

fection with Zygomycetes and infections

with other, more common opportunis-

tic molds can be differentiated are not

available [3]. Second, I take issue with the

assertion that the increase in the number

of reported cases of zygomycosis is largely

an artifact of an increased awareness of

this infection, for the very reasons stat-

ed above. The clinical presentation of zy-

gomycosis is frequently indistinguishable

from that of aspergillosis, and a definitive

diagnosis is often made only via tissue bi-

opsy [4]. In addition to several case series

from single institutions reporting an in-

crease in breakthrough zygomycosis in pa-

tients receiving VRC during the last 2

years, a recent multicenter prospective

surveillance study in transplant recipi-

ents has also documented an associa-

tion between zygomycosis and previous

VRC use [5]. I believe that all patients

with continuous and intense immuno-

suppression are at high risk for break-

through fungal infection, irrespective of

the antifungal used. In our study, dia-

betes mellitus, malnutrition (serum al-

bumin level of �3 g/dL), and VRC use

were found to be independent risk fac-

tors (along with an initial presentation of

sinusitis) that favored an eventual diag-

nosis of zygomycosis over aspergillosis in

our high-risk patient population [6]. Be-

cause zygomycosis is uniformly fatal if

not accurately diagnosed early, I feel that

it is critical for clinicians who are caring

for highly immunosuppressed patients to

recognize the risk factors associated with

breakthrough infections with this mul-

tiantifungal-resistant mold. I agree that

future prospective studies will help to

clarify the roles played by the complex

and often interrelated factors that con-

tribute to the epidemiology of zygomy-

cosis in highly immunosuppressed pa-

tients with cancer.

Dimitrios P. Kontoyiannis

The University of Texas M. D. Anderson
Cancer Center, Houston

References

1. Pagano L, Gleissner B, Fianchi L. Breakthrough
zygomycosis and voriconazole [letter]. J Infect
Dis 2005; 192:1496–7 (in this issue).

2. Kontoyiannis DP, Wessel VC, Bodey GP, Rol-
ston KVI. Zygomycosis in the 1990s in a ter-
tiary-care cancer center. Clin Infect Dis 2000;
30:851–6.

3. Greenberg RN, Scott IJ, Vaughn HH, Ribes JA.
Zygomycosis (mucormycosis): emerging clini-
cal importance and new treatments. Curr Opin
Infect Dis 2004; 17:517–25.

4. Chamilos G, Marom E, Lewis RE, Lionakis M,
Kontoyiannis DP. Predictors of pulmonary zy-
gomycosis versus invasive pulmonary aspergil-
losis in cancer patients. Clin Infect Dis 2005;
41:60–6.

5. Park BJ, Kontoyiannis DP, Pappas PG, et al.
Comparison of zygomycosis and fusariosis to
invasive aspergillosis (IA) among transplant re-
cipients reporting to TRANSNET [abstract M-
666]. Proceedings of the 44th Annual Intersci-
ence Conference on Antimicrobial Agents and
Chemotherapy (Washington, DC). 2004.

6. Kontoyiannis DP, Lionakis MS, Lewis RE, et al.
Zygomycosis in a tertiary-care cancer center in
the era of Aspergillus-active antifungal therapy:
a case-control observational study of 27 recent
cases. J Infect Dis 2005; 191:1350–60.

Potential conflicts of interest: D.P.K. has received research sup-
port and honoraria from Merck, Pfizer, Fujisawa, and Enzon, and
he serves on the advisory board of Schering-Plough.

Reprints or correspondence: Dr. Dimitrios P. Kontoyiannis, The Uni-
versity of Texas M. D. Anderson Cancer Center, 1515 Holcombe
Blvd., Box 402, Houston, TX 77030 (dkontoyi@mdanderson.org).

The Journal of Infectious Diseases 2005;192:1497
� 2005 by the Infectious Diseases Society of America. All
rights reserved. 0022-1899/2005/19208-0028$15.00

Questioning Wawer et al.’s
Estimated Rate of Sexual
HIV Transmission
from Persons with Early
HIV Infections

To the Editor—Wawer et al. [1] use data

from a prospective study of HIV incidence

in Rakai, Uganda, to estimate rates of HIV

transmission per coital act between HIV-

discordant heterosexual partners, accord-

ing to the stage of infection in the index
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Table 1. HIV seroconcordance among couples with prevalent HIV infections.

Country, years [reference] Population

Couples with HIV, no. (%)

In 1 or both
partners Seroconcordant

Democratic Republic of Congo, 1987–1988 [5] Workers and wives 239 35 (15)
Malawi, 1981–1989 [6] General population 78 22 (28)
Tanzania, 1991–1995 [4] General population 60 17 (28)
Tanzania, 1991–1996 [7] Workers and wives 120 27 (23)
Uganda, 1990–1991 [8] General population 171 88 (51)
Uganda, 1989–1997 [2] General population 48 117 (41)

partner. They use genetic testing to sup-

port intracouple transmission [1]. Their

estimated rate of transmission—0.0082

transmissions/coital act—during the ini-

tial 5 months of the index partner’s in-

cident infection depends on 23 formerly

seroconcordant HIV-negative couples with

incident HIV, of whom 10 (43%) were

seroconcordant HIV positive when the

first infection was recognized after a 10-

month follow-up period.

Three comparable studies that followed

seroconcordant HIV-negative couples in

sub-Saharan Africa observed a cumulative

total of 51 couples with incident HIV, of

whom only 7 (14%) were seroconcordant

HIV positive when the first infection was

recognized. Briefly, in Masaka, Uganda, 3

of 29 couples with incident HIV were se-

roconcordant after an average follow-up

of nearly 2 years [2]; in Rwanda, 1 of 4

couples was seroconcordant after a 1-year

follow-up [3]; and in Tanzania, 3 of 18

were seroconcordant after a 2-year follow-

up [4].

Although we do not have information

on numbers of coital acts in these other

studies, we can compare rates of trans-

mission per 100 person-years (PYs). Using

Wawer et al.’s assumptions (that index

partners seroconvert at the midpoint of

the follow-up interval and transmit at the

midpoint of the remaining half of the in-

terval), we calculate for Rakai a rate of

HIV transmission from 23 index partners

with incident HIV to their spouses of 133

transmissions/100 PYs. For the 3 com-

parable studies summarized above, the cu-

mulative rate of transmission from 51

index partners with incident HIV is 16

transmissions/100 PYs. Even if we over-

adjust for the longer follow-up period in

these studies than in the Rakai study by

assuming that all 51 index partners sero-

converted only 5 months before their in-

fections were recognized, the rate of trans-

mission computes to 35 transmissions/100

PYs, less than one-third the estimated rate

from the Rakai data.

Moreover, the 43% seroconcordance

among 23 Rakai couples with incident

HIV in the index partner is unexpected-

ly high, compared with seroconcordance

among couples with prevalent HIV, for

which we can assume that the mean du-

ration of exposure to an infected index

partner was much longer than 5 months.

Wawer et al. report only 44% serocon-

cordance among 741 couples with prev-

alent HIV at enrollment into the Rakai

study. In 6 comparable studies conducted

in Africa (table 1), the median rate of sero-

concordance among couples with preva-

lent HIV is 28% (range, 15%–51%). (We

searched our records for data on preva-

lent HIV in couples from African studies

that selected persons from the general

population or from workers and wives.

Because people with HIV-related symp-

toms may be more likely to volunteer for

tests, studies of voluntary testers are not

comparable.)

Several methodological aspects of Waw-

er et al.’s analysis deserve comment. First,

they exclude data from 4 of 46 couples

in whom the virus in the seroconverting

partner did not match that of the index

partner. The analysis should have in-

cluded data from these nontransmitting

couples as long as they remained sero-

discordant, which would reduce estimat-

ed rates of HIV transmission.

Second, it is not clear why Wawer et al.,

who establish HIV transmission linkages

through genetic sequencing, limit their

analysis to couples in which the nonindex

partner was monogamous. As a general

rule, studies should present and analyze

all relevant evidence, including, in this

case, data from as many of the other 175

serodiscordant couples for whom part-

ner-to-partner transmission could be con-

firmed by genetic sequencing.

Finally, insufficient attention to blood

exposures undermines their conclusions.

Wawer et al.’s report of 4 genetically un-

linked incident infections in monogamous

partners of HIV-positive spouses suggests

nonsexual HIV acquisition. Moreover, the

high rate of seroconcordance among 23

couples with incident HIV in the index

partner draws attention to blood expo-

sures in the home. In a 1990s study, more

than half of Ugandan families owned in-

jection equipment [9]; sharing of razors,

etc., should also be considered. Wawer et

al. cite another study [10] to show a lack

of association between injections and HIV

in Rakai; this is less satisfying than a pre-

sentation of available (if limited) infor-

mation on blood exposures, exploring as-

sociations with 4 reportedly nonsexual

HIV transmissions and curiously high se-

roconcordance. In sum, Wawer et al.’s

estimated rate of HIV transmission of

0.0082 transmissions/coital act during

early HIV infection depends crucially on

what appears to be an exceptionally high

rate of seroconcordance among couples

with incident HIV in the index partner.
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Reply to Gisselquist
and Potterat

To the Editor—Gisselquist and Potterat

[1] suggest that our Rakai data [2] over-

estimate the increased risk of HIV trans-

mission per coital act during acute HIV

infection. However, the 3 earlier studies

that they cite [3–5] also reported higher

rates of HIV acquisition in partners of new

seroconverters compared with partners of

seroprevalent persons. Direct comparison

of transmission rates between these prior

analyses and the Rakai study is problem-

atic, given differences in the frequency and

length of follow-up, rates of loss to follow-

up, and condom use, and because of the

absence of information on coital frequen-

cy and viral load in the earlier studies.

Gisselquist and Potterat do not refer to

other research that suggests that we may

be conservative in our estimate [6] (which

was based on an estimated mean period

of 2.5 months between HIV acquisition

and transmission to a partner), given what

is now known regarding the effects of high

viral load on increased transmission [7, 8]

and the very high but transient spike in

viral load observed during acute infection

[9].

Gisselquist and Potterat’s calculation

that our data imply an HIV transmission

rate of 133 transmissions/100 person-years

during acute infection is misleading, be-

cause it assumes that the high risk of trans-

mission associated with acute infection is

evenly distributed over a year. However,

one cannot extrapolate the acute short-

term estimates to longer periods [9].

Their letter questions our “unexpect-

edly” low proportion of seroconcordant

HIV-positive couples as a proportion of

couples with at least 1 infected partner.

However, mortality, out-migration of 1 or

both partners, and marital dissolution are

all more frequent in couples with HIV-

positive partners [3, 10], which reduces

the cross-sectional population prevalence

of such unions. In the studies cited by

Gisselquist and Potterat in their table 1,

the 2 community-based cohorts with an-

nual follow-up [3, 11] included a higher

proportion of seroconcordant HIV-posi-

tive couples (41%–51% of all HIV-affected

couples, similar to the 44% we reported

in our article) than did the studies with

less-frequent follow-up or more-mobile

populations. However, it is not surprising

that all of the studies, ours included, ob-

served a lower proportion of seroconcor-

dant HIV-positive couples than would be

expected on the basis of our observed

spousal transmission: 2 HIV-positive part-

ners have a low probability of remaining

together and being identified as a couple.

Gisselquist and Potterat question our

removal of 4 couples in whom the origi-

nally HIV-negative partner acquired HIV

from an external source. Since these in-

dividuals had already acquired the virus

from an individual whose stage of HIV

infection was unknown, they would not

contribute to our analysis of their official

partner’s probability of transmitting HIV.

Although superinfection from the official

partner would theoretically be possible, it

would imply complex immunological dy-

namics that were not the focus of our anal-

ysis. Removal of these 4 cases of new HIV

infection (3 of which occurred in couples

with prevalent HIV-infected index part-

ners) had a negligible effect on the over-

all rates of transmission reported in the

article.

We excluded couples with nonmonog-

amous HIV-negative partners, since in-

dividuals with multiple sexual exposures

differ in behavioral and, possibly, immu-

nological characteristics from those who

are monogamous. Persons with molecular

evidence of external HIV acquisition were

removed from the analysis for the reasons

discussed above. Removing nonmonog-

amous individuals from the numerator,

while retaining them in the denominator,

would result in bias.

Injections did not contribute substan-

tially to the observed rates of HIV acqui-

sition. Forty-five percent of HIV-negative

partners in these couples reported receiv-

ing an injection, mainly from health-care

providers, and their rate of HIV acquisi-

tion was slightly lower than that of the

partners reporting no injections (adjusted

incidence rate ratio, 0.72 [95% confidence

interval, 0.29–1.82]), which is consistent
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with previous Rakai analyses [12]. Fur-

thermore, nonspousal household mem-

bers residing with HIV-positive individ-

uals did not exhibit high rates of HIV

acquisition, regardless of the stage of the

index infection, as would be expected if

transmission occurred through domestic

exposure to blood.

We thank Gisselquist and Potterat for

their comments. However, we believe that

the data support our original conclusions.
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