
co-operative in all phases of the study. The missing
information at the initial stage occurred randomly and
it is not likely to cause bias. Hence the problems related
to the initial examination do not invalidate our findings.

In a cross sectional analysis the plasma glucose
concentration one hour after a glucose load was,
independently of body weight, associated with blood
pressure, even in schoolchildren aged 9-12.3 In our
follow up study the glucose concentration after one
hour was a strong predictor of future hypertension in
adults. Thus a latent abnormality ofglucose metabolism
and blood pressure may last for decades without
clinical manifestation. It is often combined with
dyslipidemia9 20 and may play an important part in the
development of atherosclerosis and coronary heart
disease.
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Abstract
Objective-To examine the association between

HIV-II infection and tuberculosis.
Design-Cross sectional study comparing the

prevalence ofHIV-I and HIV-II infections in patients
with tuberculosis and in blood donors.

Setting-Abidjan, Ivory Coast, west Africa.
Patients-2043 consecutive ambulant patients

with tuberculosis (confirmed pulmonary, presumed
pulmonary, or extrapulmonary) and 2127 volunteer
blood donors.
Main outcome measure-Prevalence of HIV-I and

HIV-II infections as assessed by presence of serum
antibodies.
Results-Overall rates of HIV infection were

40-2% in patients with tuberculosis (26-4% positive
for HIV-I, 4-7% for HIV-II, and 9 0% for both); and
10-4% in blood donors (7-2% positive for HIV-I,
1-9% for HIV-II, and 1-3% for both). HIV-II infection
was significantly more common in patients with all
types of tuberculosis than in blood donors (97/2043,
4.7% v 40/2127, 1-9%; odds ratio 3-8%, 95%
confidence interval 2-6 to 5.6).
Conclusion-Both HIV-I and HIV-II infection are

associated with tuberculosis in Abidjan. 35% of
adult tuberculosis in Abidjan is attributable to HIV
infection and 4% specifically to HIV-II.

Introduction
Human tuberculosis is a recognised complication of

infection with HIV-I.' 2 In the United States a relative

increase in the incidence of tuberculosis has been
found in areas with high rates of AIDS, affecting
certain population groups with the highest incidences
of AIDS most severely.3 Many seroepidemiological
studies have shown high rates of HIV-I infection in
patients with tuberculosis, and cohort studies in the
United States4 and Zaire' have shown that patients
infected with HIV-I are at increased risk of developing
active tuberculosis.
Whether or not tuberculosis is an opportunistic

disease complicating infection with HIV-II is un-
certain.6 Although HIV-II infection is clearly associated
with AIDS,78 it has been suggested that the natural
course of this infection differs considerably from that
of infection with HIV-I (P Kanki et al, fifth inter-
national conference on AIDS, Montreal, 1989).9 '

Work from the Cape Verde Islands (D Andrade et al,
third international conference on AIDS and associated
cancers in Africa, Arusha, 1988) and Guinea-Bissau"
has suggested high levels of HIV-II infection in
patients with tuberculosis, yet reports from Angola
(M J M Almeida et al, fifth international conference on
AIDS, Montreal, 1989), Benin (I Zouhoun et al, fourth
international conference on AIDS, Stockholm, 1988),
Mali (F Brun-Vezinet et al, fourth international con-
ference on AIDS, Stockholm, 1988), and the Ivory
Coast (M Braun et al, fifth international conference on
AIDS, Montreal, 1989) did not show a definite
association.
We compared levels of HIV-I and HIV-II infections

in patients with tuberculosis and blood donors in
Abidjan, Ivory Coast, where both viruses are present,
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to clarify the association between tuberculosis and
infection with HIV-II.

Patients and methods
From July 1989 to January 1990 consecutive

ambulant patients diagnosed as having tuberculosis at
Abidjan's two tuberculosis treatment centres were
tested for HIV infection and counselled. A history was
taken from all patients. They also had a physical
examination, including radiography of the chest
and a tuberculin skin test; expectorated sputum was
examined for acid fast bacilli using the Ziehl-Neelsen
method. Standard treatment for tuberculosis prescribed
for all patients was rifampicin and isoniazid for six
months with pyrazinamide for the first two months.

Patients were considered to have confirmed pul-
monary tuberculosis when acid fast bacilli were found
on direct microscopic examination of smears of
expectorated sputum. Presumed pulmonary tubercu-
losis was diagnosed in patients with consistent clinical
and radiological features but whose sputum smears
gave negative results. Extrapulmonary tuberculosis
was presumptively diagnosed in patients whose sputum
smears gave negative results but who had suggestive
clinical findings. We considered patients whose sputum
smears contained acid fast bacilli who also had signs of
extrapulmonary dissemination to have pulmonary
tuberculosis.

Volunteer blood donors were used as controls on the
assumption that they were a healthy population and
did not have clinical tuberculosis. Basic demographic
details, including age, sex, and nationality, were
collected from consecutive blood donors recruited
during the study period by the national blood trans-
fusion service. Most blood donors were first time
donors.
Serum specimens from patients with tuberculosis

and blood donors were tested for antibodies to HIV-I
and HIV-II using a previously described testing strategy
that included whole virus enzyme linked immuno-
sorbent assay (ELISA) (Genetic Systems, Seattle),
virus specific western blotting (Du Pont de Nemours,
Geneva for HIV-I and Diagnostics Pasteur, Paris for

TABLE I-Demographic features ofstudy populations

Patients with
tuberculosis Blood donors
(n=2043) (n=2127)

Sex of No (%) of patients:
Male 1510 (73-9) 1670 (78-5)
Female 531 (26-0) 431 (20-3)
Unknown 2 (0 1) 26 (1-2)

Age (years):
Mean (SD) 32-6 (13-5) 26 (7 3)
Median 31 24
Range 0-85 15-60

Country of birth ofNo (%) of patients:
IvoryCoast 1004 (49-1) 1981 (93-1)
Other 1023 (50-1) 127 (6 0)
Unknown 16 (0-8) 19 (0 9)

TABLE II-Comparison ofprevalence ofHIV-I and HIV-II infections in patients with tuberculosis and in
blood donors

No (%) of patients

No of Positive for Positive for Positive for Total No positive
Diagnostic group patients HIV-I HIV-II HIV-I and HIV-II for HIV

Confirmed pulmonary tuberculosis 1610 390 (24-2) 83 (5-2) 136 (8 4) 609 (37 8)
Presumed pulmonary tuberculosis 120 37 (30 8) 5 (4 2) 11 (9-2) 53 (44-2)
Extrapulmonary tuberculosis 313 113 (36-1) 9 (2-9) 37 (11-8) 159 (50 8)

Total No with tuberculosis 2043 540 (26 4) 97 (4-7) 184 (9-0) 821 (40-2)

TotalNoofblooddonors 2127 154 (7-2) 40(1-9) 27 (1-3) 221 (10-4)

Odds ratio (95% confidence interval) 55 (45 to 6-7) 3-8 (26 to 56) 10-6 (6-9 to 16-4) 58 (49 to 69)

HIV-II), and synthetic peptide based tests (Peptilav
1-2, Diagnostics Pasteur, Paris).8 Specimens were
characterised as reactive to either HIV-I or HIV-II, or
both ("dually reactive") or non-reactive.8
We analysed the results using computer software

packages for statistical analyses (Epiinfo, version 5,
Centers for Disease Control, Atlanta; statistical package
for the social sciences (SPSS)).'2 To compare the
strength ofassociation between tuberculosis and HIV-I
and HIV-II infections we compared the prevalence of
HIV-I and HIV-II infections in patients and controls.
Odds ratios and their 95% confidence intervals were
calculated. A Mantel-Haenszel weighted odds ratio
was calculated for selected data that were stratified by
age group. Certain comparisons were made using the X2
test and Fisher's test of exact probability (two tailed).
Means of continuous variables that were not normally
distributed were compared using Wilcoxon's rank sum
test. a Was set at 0 05 for all statistical tests.
The proportions of tuberculosis cases attributable to

HIV-I and HIV-II infections in patients positive
for HIV (the aetiological fraction among the exposed
population) and in the population as a whole (the
population aetiological fraction) were calculated using
standard equations'2; we assumed that the prevalence
of HIV-I and HIV-II infections in volunteer blood
donors was representative of that in the general
population.

Results
We studied a total of 2043 consecutive patients

with tuberculosis and 2127 consecutive blood
donors. Of the patients with tuberculosis 1610 had
confirmed pulmonary tuberculosis, 120 presumed
pulmonary tuberculosis, and 313 extrapulmonary
tuberculosis. Culture of a limited number of sputum
smears that gave positive results yielded organisms of
the Mycobacterium tuberculosis complex with no
evidence of atypical mycobacteria. (R W Smithwick,
personal communication).

Table I shows the demographic features of patients
and blood donors. Blood donors were younger than
patients with tuberculosis, more of them were men,
and they were more often born in the Ivory Coast.
Table II shows the relative numbers of patients
positive for HIV-I and HIV-II in patients with
tuberculosis stratified by type of disease and in blood
donors. Overall, 821 (40 2%) patients with tuberculosis
were positive for HIV-I or HIV-II, or both, compared
with 221 (10-4%) blood donors (odds ratio 5 8, 95%
confidence interval 4 9 to 6 9). Each type of serological
profile was significantly more common in patients with
tuberculosis than in blood donors (table II) in each
of the three categories of tuberculosis. The higher
overall prevalence of HIV infection in patients with
extrapulmonary tuberculosis (50 8%) or presumed
pulmonary tuberculosis (44-2%) than in patients with
confirmed pulmonary tuberculosis (37 8%) was due to
higher levels of HIV-I infection.

Blood donors and patients with tuberculosis with
HIV-Il infection were slightly older than patients with
other serological profiles. The median ages of the male
and female patients who were HIV-II positive were 37
years and 32 years respectively. For HIV-I infection
the respective median ages in male and female patients
with tuberculosis were 31 years and 25 years and for
dually reactive patients 34 years and 25 years. Among
blood donors a similar age distribution was seen for the
different serological profiles, with HIV-II positive
donors being older than those who were HIV-I positive
or dually reactive. Overall, patients with tuberculosis
were older than blood donors with a difference in mean
or median ages between the two groups that was similar
for the various serological profiles.
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TABLE III-Prevalence ofHIV-I and HIV-II infections in patients with confirmed pulmonary tuberculosis and blood donors stratified by age
(patients born in the Ivory Coast aged 20-59years only)

No (%) of patients

Age No of Positive for Positive for Positive for Total No positive
(years) Group patients HIV-I HIV-II HIV-I and HIV-II for HIV

20-29fPatients with tuberculosis 263 72 (27 4) 9 (3-4) 16 (6-1) 97 (36-9)
fDonors 1229 79 (6-4) 17(1-4) 13 (1 1) 109 (8 9)

30 39JPatients with tuberculosis 197 52 (26-4) 19 (9-6) 24 (12-2) 95 (48-2)
lDonors 356 33 (9-3) 14 (3-9) 8 (2-2) 55 (15-4)

40 49fPatients with tuberculosis 90 17 (18 9) 8 (8 9) 9 (10 0) 34 (37 8)
iDonors 79 11(13-9) 2(2-5) 1 (1-3) 14(17-7)

50-59fPatients with tuberculosis 63 6 (9-5) 5 (7-9) 1 (1-6) 12 (19 0)
lDonors 27 1 (3-7) 1 (3-7)

Total Patients with tuberculosis 613 147(24-0) 41 (6-7) 50 (8-2) 238 (38-8)
T Donors 1691 124 (7-3) 33(2-0) 22 (1-3) 179(10-6)

Mantel-Haenszel weighted odds ratio (95% confidence
interval) 4-7 (3-6 to 6-2) 4-2 (2-5 to 7 4) 8-9 (51 to 155)

To allow for differences in the age specific pre-
valences of HIV-I and HIV-II infections, as well as for
the unequal age distribution of the two study popu-
lations, we compared the frequency of the various
serological profiles in patients with tuberculosis and
blood donors stratified by age. The data in table III are
restricted to people born in the Ivory Coast to avoid the
possible confounding effect ofnationality on prevalence
of HIV infection.'4 The analysis was restricted to
patients with confirmed pulmonary tuberculosis to
avoid including other HIV related disease potentially
misdiagnosed as tuberculosis.
No cases of HIV-II infection were found in patients

with confirmed pulmonary tuberculosis and blood
donors aged less than 20 years, and dual reactivity in
this age group was also extremely uncommon. For
people aged 20-59 reactivity to HIV-I, HIV-II, and
both viruses was significantly more common in patients
with confirmed pulmonary tuberculosis than in blood
donors (table III).
The distribution of tuberculin skin reactivity

according to serological profile is shown in the figure. A

Patients positive for HIV-I
Patients positive for HIV-II

30- Patients positive for both HIV-I and HIV-ll
......... Patients negative for HIV-I and HIV-I

25,

20\ .
15 15-A\
A
(5L 1 6

0 4 8 12 16 20 24 28 32
Skin test reactivity (mm)

Tuberculin skin test reactivity in patients with tuberculosis with
different serological profiles

negative tuberculin skin test (skin reaction <8 mm)
was more common in patients positive for HIV than in
patients negative for HIV, although most seropositive
patients had positive skin tests. A significantly greater
proportion of HIV-II positive patients with confirmed
pulmonary tuberculosis had a negative skin test than
seronegative patients (17/72 v 118/810; odds ratio 1-8
(95% confidence interval 1-0 to 3'3). The increased
frequency of negative skin tests in HIV-I positive and
dually reactive patients was also significant.

For the calculation of aetiological fraction the odds
ratio was derived from a comparison of the overall
prevalence in adult (> 14 years) patients with
tuberculosis (803/1903, 42 2%) and blood donors
(221/2127, 10'4%) (6-3, 5-3 to 7 5). The aetiological

fraction in the exposed population was calculated to be
84%. The population aetiological fraction was 35% . For
HIV-I infection specifically the population aetiological
fraction was 23%, for HIV-II infection 4%, and for
dual reactivity 8%.

Discussion
Consecutive patients with newly diagnosed tubercu-

losis in Abidjan had a significantly higher rate of
infection with HIV-I and HIV-II as well as a higher
rate ofreactivity to both viruses than consecutive blood
donors in the same city. These associations remained
when only patients with confirmed pulmonary
tuberculosis were considered and when the data were
stratified by age and country of birth. Although not
perfectly representative of the general population,
Abidjan blood donors have a prevalence of HIV
infection similar to that in other sentinel groups such as
women of reproductive age (E Gnaore et al, fourth
international conference on AIDS and associated
cancers in Africa, Marseille, 1989)."5 These results
suggest that neither misclassification nor the con-
founding factors of age or nationality nor selection bias
towards donors negative for HIV could account for the
association between tuberculosis and HIV-II infection.
We have shown previously8 that signs and symptoms

common in HIV-I associated AIDS in Africa'6 are
found more often in patients positive for HIV-II than
in hospital patients negative for HIV-II. The association
with tuberculosis and the increased rate of tuberculin
anergy compared with that in seronegative patients
provide further evidence that infection with HIV-II is a
pathogenic process with a similar spectrum of clinical
manifestations as HIV-I infection. Patients and blood
donors with HIV-II infection tended to be older than
their counterparts in other serological groups, in
keeping with other reports.8 17 8 The differences in
mean or median ages between patients with tubercu-
losis and blood donors, however, were similar across
the different serological profiles (HIV-I, HIV-II, and
dually reactive). Conclusions on the incubation periods
of disease due to HIV-I or HIV-II infection should not
be drawn from such cross sectional data.
From our calculations of the aetiological fraction

84% of cases of tuberculosis in HIV positive adults in
Abidjan and 35% of all (HIV positive and HIV
negative) new cases in adults were attributable to HIV
infection. Of all new adult cases of tuberculosis, 4%
were specifically attributable to HIV-II infection. In
Africa tuberculosis may be the commonest opportunist
infection complicating HIV infection and arguably the
most important, being common, contagious, and
treatable. In sub-Saharan Africa, including HIV-II
endemic areas, rates of tuberculosis will increase
because of the epidemic of HIV infection. Efforts to
control tuberculosis in sub-Saharan Africa can no
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longer be dissociated from public health programmes
for preventing and managing infection with HIV-L and
HIV-II.
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Prognosis and prognostic factors of retinal infarction: a prospective
cohort study

Graeme J Hankey, James M Slattery, Charles P Warlow

Abstract
Objective-To determine the prognosis and

adverse prognostic factors in patients with retinal
infarction due to presumed atheromatous thrombo-
embolism or cardiogenic embolism.
Design-Prospective cohort study.
Setting-University hospital departments of

clinical neurology.
Patients-99 patients with retinal infarction,

without prior stroke, referred to a single neurologist
between 1976 and 1986 and evaluated and foliowed
up prospectively until death or the end of 1986 (mean
foliow up 4*2 years).

Interventions-Cerebral angiography (55
patients), aspirin treatment (37), oral anticoagulant
treatment (eight), carotid endarterectomy (13),
cardiac surgery (six), and peripheral vascular surgery
(two).
Main outcome measures-Death, stroke, coronary

events, contralateral retinal infarction; survival
analysis confined to 98 patients with retinal infarction
due to presumed atheromatous thromboembolism
or cardiogenic embolism (one patient with giant celi
arteritis excluded), and Cox's proportional hazards
regression analysis, including age as a prognostic
factor.
Results-During follow up 29 patients died (21 of

vascular causes and eight ofnon-vascularorunknown
causes), 10 had a first ever stroke, 19 had a coronary
event, and only one developed contralateral retinal
infarction. A coronary event accounted for more
than half (59%) of the deaths whereas stroke was the
cause of only one death (3%). Over the first five years
after retinal infarction the actuarial average absolute
risk ofdeath was 8% per year; of stroke 2-5% per year
(7^4% in the first year); of coronary events 5-3% per
year, exceeding that of stroke; and of stroke,
myocardial infarction, or vascular death 7-4% per
year. Prognostic factors associated with an increased
risk ofdeath were increasing age, peripheral vascular
disease, cardiomegaly, and carotid bruit. Adverse

prognostic factors for serious vascular events were
increasing age and carotid bruit for stroke, and
increasing age, cardiomegaly, and carotid bruit both
for coronary events and for stroke, myocardial
infarction, or vascular death.

Conclusions-Patients who present with retinal
infarction due to presumed atherothromboembolism
or cardiogenic embolism are at considerable risk of a
coronary event. The risk of stroke, although high, is
not so great. Not all strokes occurring after retinal
infarction relate directly to disease of the ipsilateral
carotid system, although this is probably the most
common cause. Few patients experience contra-
lateral retinal infarction. Non-arteritic retinal
infarction should be diagnosed or confirmed by an
ophthalmologist, and the long term care of patients
with the condition should involve a physician who
has an active interest in managing vascular disease.

Introduction
Retinal infarction may complicate a wide variety of

diseases of the blood, heart, and arteries, and many
patients with retinal infarction have a similar vascular
disease and risk factor profiles to those with cerebral
infarction.1-15 Because the effects of retinal infarction
may be observed directly with an ophthalmoscope the
condition may be regarded as an easily visible surrogate
for cerebral infarction. Despite this, far less is known
about the cause(s) and prognosis of retinal infarction.
We have no sound data which allow us to advise
patients about the risk of blindness in the other eye,
stroke, or other serious vascular events such as
myocardial infarction and sudden death of presumed
cardiac cause. No prospective studies, and only a
handful of retrospective studies, are available.3 4 13 'l23
We report a prospective study of 98 patients who

presented with retinal infarction without previous
stroke, in whom complete follow up was achieved. Our
aim was to determine the prognosis of retinal infarction
for serious vascular events and to identify any prog-
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