
intravenous drug use, bisexual contact,
heterosexual contact, blood transfusion
and unknown sources. Some studies used
terms such as “regular,”25 “consistent,”26

“systematic”27 and “routine”28 to describe
condom use. If the term could be defined
with certainty as always-use, we includ-
ed it in our always-use category.29 In some
cases, the authors provided clarification.*
Studies that combined responses to form
sometimes/always or never/sometimes
groups were included in our sometimes
category. Whenever possible, we sepa-
rated these two imprecise categories into
three categories (always, sometimes and
never) of condom usage. 

HIV Transmission with Condom Use 
Cross-sectional studies (a single blood
sample and retrospective reporting of be-
haviors) indirectly provide information
on transmission by indicating the preva-
lence of HIV infection. Among those who
always used condoms and who were het-
erosexual partners of HIV-positive indi-
viduals, the nine cross-sectional samples30

provided an HIV prevalence estimate of
8.2% (95% confidence interval, 4.9–13.2%);

the most detailed condom usage definition
and the largest sample size was selected.

After these exclusions, 25 studies re-
mained for analysis. Thirteen cross-sec-
tional studies20 contained 12 samples de-
scribing male-to-female transmission and
four samples of female-to-male transmis-
sion (Table 1, page 273). Twelve longitudi-
nal studies21 contained eight samples de-
scribing male-to-female transmission, four
samples of female-to-male transmission
and four samples that did not state the di-
rection of transmission (Table 2). Average
follow-up time in the longitudinal studies
was approximately two years, with study
averages ranging from 12.5 to 36 months.
Some studies provided the number of per-
son-years of follow-up time for the appro-
priate subgroups;22 others estimated fol-
low-up time from the overall average23 or
from the average reported for subgroups.24

Index cases had been infected by vari-
ous routes: hemophiliac blood treatment,

this estimate was homogeneous across
studies, regardless of the direction of
transmission (p=.079).

Cohort or longitudinal studies of cou-
ples who were serodiscordant provide in-
formation on the incidence of serocon-
version, and thus provide better estimates
of the actual transmission rate. Twelve co-
hort samples contain seroconversion data
for those who always use condoms; there
are seven samples of male-to-female trans-
mission,31 three of female-to-male trans-
mission32 and two that do not specify the
direction of transmission33 (Table 2).

The proportion of seroconversions
among those who always used condoms
did not differ significantly across the 12 co-
hort studies, regardless of the direction of
transmission (p=.666), the average length
of follow-up time (χ2 for trend, p=.159) or
the date when the study started (χ2 for
trend, p=.851). The incidence per 100 per-
son-years was 0.7 per 100 (95% confidence
interval, 0.2–1.7) for male-to-female trans-
mission and 1.8 (95% confidence interval,
0.4–5.3) for female-to-male transmission.
Across all 12 samples, regardless of the di-
rection of transmission, there were eight
seroconversions in 504 people (861.2 per-
son-years), yielding an incidence of 0.9
(95% confidence interval, 0.4–1.8) per 100
person-years. The incidence rates and cor-
responding 95% confidence intervals from
each sample of always-users (from Table
2) are shown in Figure 1. 

Additionally, one may make a simple
overall estimate of incidence graphically,
by examining the confidence intervals for
these studies. Described as the “odd man
out” method, it involves constructing a sin-
gle interval from a small number of sam-
ples by finding the confidence region that
is common across all but one sample, and
thus is likely to contain the true value.34

Since one outlier may be omitted, this in-
volves identifying the next-to-highest
lower confidence limit and the next-to-low-
est upper limit (i.e., discarding the highest
lower limit and the lowest upper limit). For
these data, this method estimates the inci-
dence of HIV for always-users to be be-
tween 0.2 and 3.3 seroconversions per 100
person-years. (This is a wider range than
the 95% confidence interval calculated for
these 12 studies, 0.4–1.8.)

HIV Transmission Rate Without Condoms 
Lack of consistency in prevalence estimates
from cross-sectional studies suggests that
never-users cannot be compared across
populations. The prevalence of HIV among
never-users in the eight male-to-female
cross-sectional samples35 is significantly
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Table 2. Characteristics of and seroconversion data from longitudinal and cohort studies of
HIV transmission, by condom usage category, according to direction of transmission

Entry date Study* Study site Predominant Follow-up Condom usage§
mode of infection† (interval)‡

Never Some Always

Male-to-female transmission
1978 Peterman TA U.S. Transfusion 34.7 10/51 0/4 na
1984 van der Ende ME Netherlands Hemophiliac 36 (3) 0/8 0/3 0/2
1985 Laurian Y France Hemophiliac 24 (6) 3/17 na 0/14
1987 Kamenga M Zaire Heterosexual 15.4 (6) na 1/10 1/50
1987 Allen S Rwanda Heterosexual 25.3 (3) 4/10 2/16 0/4
1987 Saracco A Italy Intravenous 

drug use 18.5 (6) 8/79 8/55 3/171
1987 European Europe Intravenous 

Study Group drug use 24.5 (6) na 8/74 0/83
1988 Hira SK Zambia Heterosexual 18 (3) na 5/49 0/30

Total seroconversions 25/165 24/211 4/354
Seroconversion rate 15.2% 11.4% 1.1%

Female-to-male transmission
1978 Peterman TA U.S. Transfusion 31.6 2/23 0/2 na
1987 Kamenga M Zaire Heterosexual 15.4 (6) na 1/1 3/55
1987 Allen S Rwanda Heterosexual 27.6 (3) 2/3 0/15 0/5
1987 European Europe Intravenous

Study Group drug use 24.5 (6) na 4/47 0/41

Total seroconversions 4/26 5/65 3/101
Seroconversion rate 15.4% 7.7% 3.0%

Transmission direction not stated
1983 Fischl MA U.S. Mixed 24** (6) 12/14 1/10 na
1987 O’Brien TR U.S. Transfusion 30 (6) 0/2 0/4 na
1988 Siddiqui NS U.S. Intravenous 

drug use 12.5 (3.5) 0/9 0/6 0/7
1988 Deschamps M Haiti Heterosexual 25.7†† (3) 13/90 6/45 1/42

Total seroconversions 25/115 7/65 1/49
Seroconversion rate 21.7% 10.8% 2.0%

*First author. †In index case. ‡Mean duration of follow-up (in months), with follow-up interval in parenthesis. §Cumulative frequencies
of HIV seroconversion, by condom usage category. **Median. ††24.7 never, 28.9 always. Note: na=not applicable. Sources: M 
Deschamps, 1996 (reference 1); for all others, reference 21.

*For this study, authors provided detailed classification
of data for Roumelioutou-Karayannis A et al. (reference
20). In addition, for an earlier analysis (reference 14), au-
thors of Ragni MV et al., Padian N et al., and Kim HC et
al. (reference 20) provided detailed data.


