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HISTORICAL PERSPECTIVES

THE exact geographic origins of the human immunodeficiency virus type 1
(HIV-1) are unknown. The acquired immunodeficiency syndrome

(AIDS) is a sufficiently dramatic disease that it is unlikely to have occurred
with any frequency anywhere in the world and not been recognized. A
retrospective serologic search for antibodies to the virus in repeatedly frozen
and thawed stored sera produced nonspecific reactions initially interpreted as
probable serologic evidence for widespread disease among African popula-
tions during the early 1970s.1,2 More recent seroepidemiology from healthy
individuals collected before 1975 do not substantiate the prevalence of this
virus anywhere in Africa until recently.3

At present, the earliest serum with antibodies to HIV-1 confirmed in sev-
eral laboratories by several methods was collected in Zaire in 1959.4 The
earliest viral isolate was obtained from a serum sample collected in Northern
Zaire in 1976.5 Other serologic studies suggest that HIV-1 was endemic in
some regions of Zaire during the 1970s.6 At this same time, some individuals
following blood transfusion or heterosexual contact in Zaire became ill with
what, in retrospect, was AIDS.7,8

Epidemiologic features of AIDS in Central Africa have markedly differed
from those occurring in Western countries.9,10 Early clusters of AIDS cases
were linked by heterosexual contact, and the incidence of AIDS is similar in
both men and women.10. Multiple heterosexual partners was the only major
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risk factor identified during epidemiological studies. Early reports from sev-
eral countries documented that many female patients with AIDS were
prostitutes.11

In 1980 investigators from the University of Manitoba were invited to
participate with colleagues from the University of Nairobi in a series of
studies to determine the etiology, epidemiology, and control of genital ulcer
disease in Kenya. 12 These studies were extended to involve prostitutes who
appeared to be a major epidemiologic reservoir for genital ulcer disease and
other sexually transmitted diseases in Nairobi.13 Additional studies investi-
gating the epidemiology and perinatal transmission of sexually transmitted
pathogens were begun in 1982.14 Sera collected from patients in a number of
studies were initially surveyed for HIV-1 antibodies in 1986, and demon-
strated that an explosive epidemic of HIV-1 was occurring in Nairobi.15 In
Zambia similar retrospective and prospective seroepidemiologic data also
suggest that HIV-1 is spreading rapidly. 6.

THE EXTENT OF THE AIDS EPIDEMIC

As of October 31, 1987, 8,490 cases ofAIDS had been reported from 37 of
the 47 countries of Africa. 17 Almost half of these cases were reported during
1987, and 2,369 of these originated from Uganda. Although surveillance for
AIDS is occurring in many African countries, health care organization makes
under-reporting unavoidable, and only an approximation of the actual num-
ber of cases is possible. It is probable that under-reporting has an order of
magnitude of three to fivefold. In particular, some countries have reported
few or no cases despite informal reports suggesting that numerous patients
are ill or have died with AIDS.

Under-reporting occurs for many reasons. Opportunistic infections, partic-
ularly tuberculosis, and perhaps other diseases endemic to tropical areas may
be the immediate pathogen responsible for the patient's illness and death. For
instance, in Zaire 33% of patients with tuberculosis are seropositive for
HIV-1. 18 Failure to recognize that these patients are dying as a result of HIV-1
infection will continue to lead to underestimates of disease incidence until
widespread serologic testing permits all ill or dying patients to be tested.
Carefully selected samples of various populations, in both rural and urban
communities, within hospitals and in the community, need to be carried out
to ascertain the true prevalence. The initial case definition used by the Cen-
ters for Disease Control to diagnose AIDS was not as applicable in Africa,
and recent changes in criteria to diagnose the disease should improve the
diagnostic accuracy for AIDS in Africa. Health care workers must recognize

Vol. 64, No. 6, July-August 1988

481REVIEW OFHIV-1



A.R. RONALD AND OTHERS

that AIDS presents in Africa in about one half of the patients as a wasting
disease associated with low-grade fever and diarrhea (ie., "slim disease"),).'9
The exact mechanism responsible for these features and the pathogens in-
volved remains uncertain.

Accurate data compilation and reporting to WHO will continue to be a
problem until health care workers in all African countries are aware of the
disease, serological confirmation is rapidly available, and notification is sim-
ple and straightforward.

APPROXIMATE EXTENT OF HIV-I SPREAD

In Kinshasa, Zaire, in 1986 the seroprevalance among adolescents and
young adults in Kinshasa was 8%, declining to 6% among 30-49 year olds
and 4% among those 50 years of age or older. Among infants 8% of those
under one year of age were seropositive, compared to only 1% of healthy
children ages one to 14 years. In Kinshasa from 1985 to 1986 the annual
incidence of HIV-1 infection was estimated to be 1.0% .20
Among 9,000 randomly selected individuals in the Central African French

speaking countries, including the Cameroons, Central African Republic,
Chad, Congo, Equatorial Guinea, and Gabon between 0-5% of individuals
were seropositive in 1986.21

In Nairobi, Kenya, none of 118 men with chancroid and none of 111
pregnant women were seropositive for HIV-1 in 1980 and 1981 respec-
tively,22 In 1981 five of 116 prostitutes were seropositive. By 1983 14% of 93
men with chancroid were seropositive. In 1985 174 of 286 (61%), 29 of 194
(15%) men with chancroid, and 22 of 1100 (2%) of pregnant women were
positive for HIV-1.22 In these populations, serially followed for five years,
the recent introduction of HIV-1 and its rapid spread among heterosexual
populations was confirmed. In Nairobi HIV-1 appears to have had three
routes of entry. It has spread by migration of prostitutes from Northwestern
Tanzania and Uganda.15 The initial seropositive patients were prostitutes
from this area, and many of these women perodically travelled back to their
home regions where AIDS is widely prevalent. The second route of spread is
travellers from other countries to Nairobi. Sexual exposure to men from
Burindi, Rwanda, and Uganda were associated with increased HIV se-
ropositivity.23 A third route may be from contiguous spread from bordering
western territories. Among men with sexually transmitted diseases and preg-
nant women, births in the most Western provinces of Kenya were associated
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with increased risk of seroprevalence. Many of the men had recently mi-
grated to Nairobi to seek work.23

HIV-1 antibody prevalence is much less common in southern and western
Africa. In surveys of antibody prevalence among migrant miners during
1986, seroprevalence was 3.7% in those from Malawi, 0.3% from Botswana,
and 0.1% or less in those from Mozambique, Lesotho, Swaziland, and South
Africa.24
War, internal strife, migrating labor, and movements of refugees and

population desolation for any reason are major routes that enhance the spread
of HIV-1.

Only a few seroprevalence studies have been carried out in rural Africa,
but the incidence of infection may be much lower. In rural Northern Zaire,
sera collected in 1976 were positive for HIV-1 antibodies in 0.8% of 659
individuals.6 Ten years later a second serosurvey of 389 residents showed an
identical prevalence of 0.8%.6 Traditional village life in rural Zaire carries a
low risk of HIV infection.
From these very preliminary seroprevalence studies in sub-Saharan Africa,

it is apparent that seroprevalence studies range from almost undetectable
levels (<1:1000) to as high as 18% in otherwise unselected healthy individ-
uals. Crude estimates of the number of infected individuals in sub-Saharan
Africa have ranged from 3 to 10 million. Presumably in at least four, and
perhaps in five or six countries, as many as 5% of sexually active adults (age
group from 15-50) are infected. Additional well-done epidemiologic studies
of the seroprevalence of HIV-1 are needed to determine the extent of the
spread and to identify at risk populations for intervention strategies.

PROJECTIONS FOR THE NEXT FIVE YEARS

Extrapolations into the future of the consequences of HIV-1 in Africa are
fraught with error. In Western societies, HIV-1 seroprevalence and seroinci-
dence studies have been carried out more widely than in African countries
and, despite this, projections of HIV-1 infections have varied widely. In
Africa, where the risk factors for heterosexual and possibly other routes of
transmission are still to be determined, projections of seroincidence are very
speculative. However, the documentation of recent introduction and rapid
spread of HIV-1 in Nairobi and urban Zambia is alarming. It seems that, at
least in the early stages of HIV-1 entry into a population, seroprevalence can
double each year. This estimate may be conservative if data for both perinatal
and heterosexual transmission are combined.
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These projections lead to alarming estimates for total numbers of infected
individuals in sub-Saharan Africa during the next five years. If five million
individuals are presently infected, arithmetic projection suggests that as
many as 50 million Africans may be infected by 1993. These figures should
not be used to project gloom and despair for Africa, but rather should be a
global goad to increase our efforts to ensure that these projections do not
occur.
A mathematical model of the dynamics of HIV-1 transmission in African

countries is necessary, but epidemiologic data are at present inadequate to
formulate accurate models. Information on the incubation period, the infec-
tiousness of both men and women, the rate of progression to AIDS, knowl-
edge, attitude, and belief about sexuality and sexually transmitted diseases,
the effectiveness of intervention programs, and factors that modify genetic
susceptibility are all essential if we are realistically to determine the size of
the anticipated epidemic.
The demographic implications for AIDS in Africa are staggering. If 50

million Africans are infected with HIV by 1993, this will be about 8% of the
total population of the continent. However, in sub-Saharan Africa, se-
roprevalence of HIV-1 will vary between 15 and 40% among sexually active
age groups (15-50 years of age). Assuming progression to AIDS is similar to
what has been observed in Western countries, this will have a significant
impact on the population of many African countries with a projection of more
than one million deaths by 1991 and an additional 10 million in the five-year
period from 1992 through 1996.
The impact of AIDS will fall most heavily on Uganda, Zaire, Zambia,

Tanzania, Rwanda, and Burindi. Between one and 5% of sexually active
adults will have died of AIDS by 1991. In the absence of effective programs to
control virus spread or to treat disease, other nations including Kenya, Zim-
babwe, Sudan, Angola, Congo, Mozambique, French Equatorial Africa,
Cameroon, Chad, and the Central African Republic will have serious disease
problems withing 3 to 5 years. Ethiopia, Somalia, the countries of West
Africa, and Southern Africa may not experience the major impact of the
disease until 1995 or later. For all these countries it is essential that efforts to
prevent the spread of HIV-1 receive the highest political and economic prior-
ity now.
The impact of AIDS on the health care system will be substantial. Health

costs already are a major concern, and resources are very inadequate for
anything more than basic services and disease prevention. Diseases related to
HIV-1 will dramatically increase total health care costs and severely damage
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much of the health infrastructure that has been established in most African
countries.

The AIDS epidemic in Africa could potentially cause greater dislocation
than any combination of famine, drought, or war that has occurred. As the
disease primarily affects the age groups in society who are both parents and
breadwinners, the number of dependents will rapidly increase relative to the
providers. Whereas famine, drought, and poverty claim the very young and
the aging, AIDS claims the most productive segment of society. Human
resource development is a particular concern with regard to the AIDS epi-
demic. Managerial skills and a skilled labor force are essential to achieve
developmental objectives. HIV-1 incidence seems to be particularly high
among individuals in responsible positions.16

Diseases such as tuberculosis and perhaps measles may cause increased
problems because of the effect of HIV-1 on the immune system.

Gains in social development made by many African countries over the past
three decades will undoubtedly be jeopardized by the AIDS epidemic.

Overall, the economic and social impact of AIDS at present can only be
crudely extrapolated from very imprecise projections of known and assumed
seroprevalence studies. Good models for more exact projection of disease are
urgently needed.

RISK FACTORS FOR HIV-1 SPREAD IN AFRICA

It is now agreed that HIV-1 transmission among adults in Africa is sexual,
involving bidirectional heterosexual spread. At least a dozen seroprevalence
studies in various African countries have repeatedly reinforced the observa-
tion that promiscuity is the major risk factor. There is, at present, no epidem-
iologic evidence to suggest that HIV-1 is spreading by routes not already
known through studies primarily carried out in Western countries.

Studies consistently show significantly higher numbers of heterosexual
partners among persons with AIDS in Africa, as compared to controls. Male
patients with AIDS have had more sexual activity with prostitutes than con-
trols.25 In particular, men attending sexually transmitted disease clinics and
prostitutes are at highest risk of infection causing HIV-1.

Factors that facilitate heterosexual transmission are still being determined.
In the United States available information suggests that HIV-1 is transmitted
less readily than such other sexually transmitted diseases as N.gonorrhoeae,
C. trachomatis, or H. simplex. 24 Transmission studies among HIV-discordant
couples in long-term sexual relationships with hundreds of encounters sug-
gest that most sexual partners remain uninfected. It has been estimated that
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the risk of infection is less than 0.1% of unprotected episodes of heterosexual
penile-vaginal intercourse.24
On the other hand, in Africa several studies have shown that stable hetero-

sexual couples are frequently infected.
What, if any, are the differences in heterosexual infectivity and suscep-

tibility that account for the apparent increased risk of heterosexual transmis-
sion of HIV-1 in Africa?

Several recent studies have suggested that genital ulceration markedly
increases infectivity of women for their male partners.14,23 Following a
single sexual exposure with a seropositive prostitute, men who present with
chancroid have a risk between 15-20% of acquiring HIV-1.25 Among men
presenting with gonococcal infection following sexual contact with an HIV-1
infected prostitute, the risk is approximately one third as great.26 Although
other explanations may account for this difference, we assume that it is due to
the presence of an ulcer in the female partner.
No other factors to date have identified risk factors that increase infectious-

ness of women for their male partners. However, very preliminary studies
suggest that men with foreskins have a significantly increased risk of HIV-1
seroconversion following intercourse with an infected prostitute.26
Our studies have shown that the foreskin increases the risk of acquiring

chancroid by about three-fold following intercourse with a prostitute with a
genital ulcer.26 However, independent of genital ulcers, we have observed
that men with sexually transmitted diseases, both gonococcal urethritis and
chancroid, are more likely to be infected with HIV-1 if they are uncircum-
cised. Ulcers and foreskins are independent risk factors. Among circumcised
men, a recent history of ulcers within the past two years is the major epidem-
iologic association with HIV-1 seropositivity.26 Among uncircumcised men,
genital ulcers and foreskins both are major risk factors.
Any discussion about the biologic role of the foreskin in the transmission

of HIV-1 is speculative. Perhaps mucosal lesions, following intercourse, are
more common in males with foreskins. It is also possible that virus can persist
for longer periods in the moist milieu of the preputial sac. These studies
suggest that the urethra is probably not the route by which HIV-1 gains male
access following heterosexual intercourse.

Risk factors for male-to-female transmission are equally poorly under-
stood. In an initial study among Nairobi prostitutes, genital ulceration and
oral contraceptives appear to be associated with increasing seroprevalence
among at-risk groups.'4 In a recent prospective study we have shown that
genital ulceration is a major risk factor with an odds ratio of greater than 10
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for seroincidence of HIV among prostitutes with ulcers compared to a cohort
group who did not have ulcers.27 In the same group of prostitutes oral
contraceptives also appeared to increase the risk for acquisition of HIV-1 as
did positive cervical cultures for Chlamydia trachomatis. A positive cervical
culture for N.gonorrhoeae was not a risk factor for HIV-1 seroconversion.
Among prostitutes presumably with multiple opportunities to acquire

HIV-1 from their infected male partners, this cohort study clearly identified
risk factors for seroconversion. Whether these risks can be extrapolated to
other populations, in which women have much less risk of seroconversion, is
unknown. Perhaps ulcers may be a major portal of entry. Biologic mecha-
nisms by which oral contraceptives or C.trachomatis may facilitate HIV-1
transmission are unknown.

Hidy recently reviewed cultural practices that might contribute to the
transmission of HIV-1 in Africa.28 Although female circumcision has been
proposed as a mechanism whereby heterosexual transmission is enhanced,
this does not appear to be epidemiologically important. Female circumcision
is most intensively practised in West Africa, Ethiopia, and Sudan. It is less
frequent in the area currently epidemic for HIV-1.

Homosexuality is not practised overtly in most regions of sub-Saharan
Africa. Anal intercourse is denied by most heterosexuals.

Unsterilized shared needles may be a significant route of transmission for
the transmission of HIV-1. However, needlestick injuries in Western soci-
eties are rarely responsible for virus transmission. Although Mann et al.
reported a correlation between a history of injection and AIDS in Zaire, it was
not possible to exclude the bias that treatment was sought for illness occur-
ring in patients with HIV-1 infection.28

Other African practices that result in possible exposure from bloody instru-
ments include scarification and group circumcision. AIDS transmission is
theoretically possible, but this does not explain the observed epidemiologic
spread of HIV-1.

Insects have been investigated as a possible means of transmission of
HIV-1. Any possible role does not fit with known epidemiological data.
Insects do not selectively bite sexually active individuals. At present, no
biologic evidence supports the idea that HIV-1 can survive in insects or
suggests that they may have any role in transmitting this virus.

STRATEGIES FOR CONTROL OF HIV-I IN AFRICA

No easy solutions for the problem of HIV-1 are on the horizon. An effec-
tive vaccine for individuals at risk is at least five years away. Inexpensive
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effective treatment regimens to diminish virus dissemination from infected
individuals, to prevent initial infection or progression to disease, or to cure
AIDS is also years in the future. An inexpensive penicillin-like panacea for
HIV-1 is improbable.
The energy and resources of both African nations and the world must be

directed toward control of heterosexual transmission of HIV-1. National
committees to coordinate education, surveillance, research, and control strat-
egies must be organized in each country in Africa. Most countries should also
establish smaller regional committees based throughout the country.
The main thrust of control must be the education of sexually active young

men and women. Presumably, in most instances in Africa this education
should be incorporated into existing health education programs. The message
must be factual and convey the risks for acquiring HIV-1 through sexual
relationships. It must also emphasize the importance of limiting the number
of sexual partners and of using condoms in sexual relationships.

In Western societies, attempts to change sexual behavior have met with
variable success. Among homosexual men in the United States, the decline in
HIV seroincidence and other sexually transmitted diseases has been dra-
matic. In Nairobi, among prostitutes the use of a condom has become wide-
spread as a result of a program with limited funding and goals. Both
prostitutes and their male clients are now requesting condom use and more
than half of all sexual encounters involve condoms. 30 Among prostitutes, this
has resulted in a dramatic fall in the risk of seroconversion.30

Sexual behavior, including such determinants as knowledge, cultural and
individual attitudes and practices, have not been adequately studied in most
parts of the world, including Africa. As a result, we have limited information
as to cultural or other determinants of sexual behavior. Research is urgently
required to determine what may be major impediments to the control of
HIV-1 through education and behavioral modification in Africa.

Recent evidence that genital ulcer disease and perhaps some other sexually
transmitted diseases are major cofactors for HIV transmission provide an
opportunity to develop control programs and to evaluate the effectiveness of
decreasing the incidence of genital ulcers on the seroincidence of HIV-1.
Control programs for all sexually transmitted diseases must be combined
with control programs for HIV-1.

These programs will require a vast infusion of money and committed
individuals. Bureaucratization and politicalization of AIDS programs must
be avoided. It is essential that Africans with authority and managerial skills
be given leadership roles in AIDS control programs. Money must be pro-
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vided by such agencies as the World Health Organization and various West-
ern countries through augmented allocations to health funds for Africa. AIDS
has the potential to make it impossible for most African countries to achieve
the goal of "health for all by the year 2000."

For most African nations there is theoretically time to embark on effective
control programs. For others strategies to limit virus spread and disease
impact may be the only option available. These are poor and incomplete
solutions to what is rapidly becoming the most serious crisis for Africa during
this century.

REFERENCES

1. Savinger, W.C., Levine, P.H., Dean,
A.G., et al.: Evidence for exposure to
HTLV-III in Uganda prior to 1973. Sci-
ence 227:1036-38, 1985.

2. Biggar, R.J., Johnson, C.K., Oster, C.,
et al.: Regional variation in prevalence
of antibody against human T-lympho-
tropic virus types I and III in Kenya,
East Africa. Int. J. Cancer 35:763-67,
1985.

3. Levy, J.A., Pan, L.Z., Bech-Giraldo,
E., et al.: Absence of antibodies to the
human immunodeficiency virus in sera
from Africa prior to 1975. Proc. Nat.
Acad. Sci. USA 83:7935-37, 1986.

4. Nahmias, A.J., Weiss, J., Yao, Y., et
al.: Evidence for human infection with a
HTLV-III/LAV-like virus in Central Af-
rica, 1959. Lancet 1: 1279-80, 1986.

5. Getchell, J.P., Hicks, D.R., Svini-
vasan, A., et al.: Human immunnodefi-
ciency virus isolated from a serum
sample collected in 1976 in Central Af-
rica. J. Infect. Dis. 156:833-37, 1987.

6. Nzilambi, N., DeCock, K.M., Forthal,
D.N., et al.: The prevalence of infection
with human immunodefiency virus over
a 10-year period in rural Zaire. N. Engl.
J. Med. 318:276-79, 1988.

7. Sonnet, J, Milaux, J.L., Zech, F., et al.:
Early AIDS cases originating from Zaire
and Burundi (1962-1976). Scand. J. In-
fect. Dis. 19:511-17, 1987.

8. Bygbjerg, I.C.: AIDS in a Danish sur-
geon (Zaire, 1976). Lancet 1:925, 1983.

9. Clumeck, N., Sonnet, J., Taelman, H.,
et al.: Acquired immunodeficiency syn-
drome in African patients. N. Engl. J.
Med. 310:492-97, 1984.

10. Piot, P., Quinn, T.C., Taelman, H., et
al.: Acquired immunodeficiency syn-
drome in a heterosexual population in
Zaire. Lancet 2:65-69, 1984.

11. Van de Perre, P., Clumeck, N., Carael,
M., et al.: Female prostitutes: A risk
group for infection with human T-cell
lymphotropic virus type III. Lancet
2:524-97, 1985.

12. Nsanze, H., Fast, M.V., D'Costa, L.J.,
et al.: Genital ulcers in Kenya: Clinical
and laboratory study. Br. J. Vener. Dis.
57:378-81, 1981.

13. D'Costa, L.J., Plummer, F.A., Bow-
mer, I., et al.: Prostitutes are a major
reservoir of sexually transmitted dis-
eases in Nairobi, Kenya. Sex. Trans.
Dis. 12:64-67, 1985.

14. Laga, M., Plummer, F.A., Piot, P., et
al.: Prophylaxis of gonococcal and
chlamydial ophthalmia neonatorum: Sil-
ver nitrate versus tetracycline. N. Engl.
J. Med. 318:653-57, 1988.

15. Kreiss, J.K., Koech, D., Plummer,
F.A., et al.: AIDS virus infection in
Nairobi prostitutes: Extension of the epi-
demic to East Africa. N. Engl. J. Med.
314:414-18, 1986.

16.Melbye, M., Njelesani, E.K., Bayley,
A., et al.: Evidence for heterosexual
transmission and clinical manifestation
of human immunodeficiency virus infec-
tion and related conditions in Lusaka,
Zambia. Lancet 2:1113-15, 1986.

17. Piot, P., Plummer, F.A., Mhalu, F.S.,
et al.: AIDS: An international perspec-
tive. Science. 238:573-79, 1988.

18. Mann, J., Snider, Jr., D.E., Francis, H.,
et al.: Association between HTLV-III/

Vol. 64, No. 6, July-August 1988



490 A.R. RONALD AND OTHERS

LAV infection and tuberculosis in Zaire.
J.A.M.A. 256:346, 1986.

19. Serwadda, D., Mugerwa, R.D. Sew-
ankambo, N.K., et al.: Slim disease: A
new disease in Uganda and its associa-
tion with HTLV-III infection. Lancet
2:849-52, 1985.

20. Ngaly, B., Ryder, R.W., Kapita, B., et
al.: Continuing Studies on the Natural
History of HIV Infection in Zaire. Third
International Conference on AIDS.
Washington, D.C., June 1987.

21. Merlin, M., Josse R., Delaporte, E.,
Durand , J.P., et al.: Infection by HIV
Among Populations of Six Countries of
Central Africa. Third International Con-
ference on AIDS. Washington, D.C.,
June 1987.

22. Piot, P., Plummer, F.A., Rey, M.-A., et
al.: Retrospective seroepidemiology of
AIDS virus infection in Nairobi pros-
titutes. J. Infect. Dis. 155:1108-12,
1987.

23. Greenblatt, R.M., Lukehart, S.L.,
Plummer, F.A., et al.: Genital Ulcera-
tion as a Risk Factor for Human Immu-
nodeficiency Virus Infection in Kenya.
AIDS 2:24-50, 1988.

24. Brink, B.A., Sher, R., and Clausen, L.:
HIV Antibody Prevalence in Migrant
Mineworkers in South Africa During
1986. Third International conference on
AIDS. Washington, D.C., June 1987.

25. Simonsen, J.N., Cameron, D.W., Gak-
inya, M.N., et al.: Human immunodefi-
ciency virus infection among lower
socioeconomic strata prostitutes in
Nairobi. Submitted.

26. Cameron, D.W., Plummer, F.A., Si-
monsen, J.N., et al.: Female to Male
Heterosexual transmission ofHIV Infec-
tion in Nairobi. Third International
Conference on AIDS. Washington,
D.C., June 1987.

27. Plummer, F.A., Simonsen, J.N.,
Ngugi, E.N., Ndinya-Achola J.O., et
al.: Incidence of Human Immunodefi-
ciency Virus (HIV) Infection and Re-
lated Disease in a Cohort of Nairobi
Prostitutes. Third International Confer-
ence on AIDS. Washington, D.C., June
1987.

28. Hrdy, D.B.: Cultural practices contrib-
uting to the transmission of human im-
munodeficiency virus in Africa. Rev.
Infect. Dis. 9:1109-19, 1987.

29. Mann, J.M., Francis, H., Davachi, F.,
et al.: Risk factors for human immu-
nodeficiency virus seropositivity among
children 1-24 months old in Kinshasa,
Zaire. Lancet 2:654-56, 1986.

30. Plummer, F.A., Ngugi, E.N., Si-
monsen, J.N., et al.: Prevention of HIV
transmission through health education
and promotion of condoms among high
risk prostitutes. Submitted.

Bull. N.Y. Acad. Med.


