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Summary

Human immunodeficiency virus type 1 (HIV-1) isolates of 8 Ethiopian and 8
Swedish untreated AIDS-patients were examined for their sensitivity to 3'-
azido-3'-deoxythymidine (AZT), 2',3'-dideoxyinosine (ddl) and leukocyte-
derived interferon-alpha (IFN-z). No significant difference in drug sensitivity
was found between Ethiopian and Swedish isolates, which all were sensitive to
AZT, ddI and IFN-x except for one Swedish isolate. This isolate exhibited a
mutation at amino acid position 215. These results suggest that it should be
possible to perform clinical trials in Ethiopia using the same dose regimens as in
Sweden.

3’-Azido-3'-deoxythymidine; 2',3’-Dideoxyinosine; Interferon; Human immunodefi-
ciency virus; Ethiopia; Africa

3’-Azido-3-deoxythymidine (AZT) slows down the progression of human
immunodeficiency virus (HIV) infection in European and North American
patients (Yarchoan et al., 1986; Richman et al., 1987). Decreased susceptibility
to AZT, however, often develops (Larder et al., 1989). This has caused a need
for alternative therapies and dose regimens. Other dideoxynucleosides, such as
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2',3’-dideoxyinosine (ddl) (Yarchoan et al., 1989), and compounds with
different modes of action, such as interferon-alpha (IFN-«) (Ho et al., 1985;
Berglund et al., 1991), have therefore also been used.

The African HIV epidemic displays several features that are different from
those in Europe and North America. It is unknown whether there is also a
difference in the sensitivity to anti-HIV compounds. The aim of the present
study was to investigate the in vitro susceptibility of Ethiopian HIV-1{ isolates
to AZT, ddI and IFN-a.

HIV was isolated from peripheral blood mononuclear cells (PBMC) (Ehrnst
et al., 1988) of 8 Ethiopian, and 8 Swedish, untreated, AIDS patients. The
isolates, which were identified as type 1 by Western blot and nucleotide
sequencing (Ayehunie et al., 1991), had been passaged 1-3 times in PBMC and
kept at —70°C for 14 years. At the time of sampling, no Ethiopian patient had
been treated with AZT, ddl or IFN-x. All Ethiopian patients denied sexual
intercourse with European or North American individuals.

Three antiviral drugs were evaluated: AZT, ddI and leukocyte-derived IFN-
o. The drugs were used at the following concentrations: AZT at 10, 1, 0.1, 0.01,
or 0.001 uM; ddl at 10, 5, 2.5, 1.25, 0.625, 0.313, or 0.156 uM; IFN-« at 625,
125, 25, 5, or 1 U/ml. The amount of HIV p24 antigen in the culture
supernatants was determined by a capture ELISA (Abbott Lab., Chicago, IL,
USA). Virus pellets were obtained from 3 ml of the supernatants by
ultracentrifugation (55000 x g, 30 min), disrupted by 0.1% Triton X-100 in
a lysis-buffer for 15 min at 4°C, mixed on ice with a RT-cocktail and thereafter
incubated for 60 min at 37°C. The RT activity was measured in a Searle
analytic Inc. Delta 300 6890 liquid scintillation system. A positive control,
murine leukemia virus, and negative control supernatants were included in each
run.

Analyses of Ethiopian and Swedish isolates were performed in parallel. The
RT activity was measured after thawing the supernatants. Before the
inoculation, 10 x 10° phytohaemagglutinin-stimulated PBMC of a mixture
of two Swedish blood donors were incubated overnight with the drugs. The
inoculum of each isolate (9000 cpm) was incubated with the cells for 30 min.
The cells were washed after each of the two incubations. The PBMC were kept
in 10-ml flasks, as described earlier (Ehrnst et al., 1988). The medium, with the
same concentrations of the drugs, was changed twice a week. Two positive
control cultures of each isolate, and one negative, without the drugs, were
included in each experiment. The viral activity was measured by the antigen
ELISA and, in certain cases, by RT activity after 3 weeks. For the AZT
experiments, the cultures were also analyzed after 2 weeks. The concentrations
of the drugs, which gave 50% inhibition (ICsg) of the p24 antigen or RT levels
of positive control cultures, were determined. Based on our earlier experience
(data not published), we consider isolates with an 1Csy of up to 0.05 uM to be
sensitive, those with an ICsy between 0.05 and 1.0 uM as partly sensitive, and
those with an ICsq >1 uM as resistant.

Nucleotide sequence analysis was performed directly on double-stranded
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DNA by the dideoxynucleotide chain termination method (Ayehunie et al.,
1991). A 703 base pair fragment from the RT coding region of one Swedish
isolate was amplified by the polymerase chain reaction. The sequence data
generated include regions that contain known mutations affecting AZT and
ddI susceptibility. Statistical comparisons were performed using Mann—
Whitney U-test and Spearman rank correlation coefficient.

A dose-dependent anti-HIV-1 activity of AZT was found for the 8 Ethiopian
isolates (p24 antigen/RT- median: 0.0065/0.011 uM; range: 0.001-0.1 uM, for
both) (Table 1, Fig. 1). The ICsy’s of week 2 and 3 did not differ significantly
(data not shown). The ICsy’s of the p24 antigen and RT production were
correlated (r;= 0.86, P= 0.02). No viral activity was found in the negative
control cultures.

Seven Ethiopian isolates were sensitive for ddI, and one strain seemed to
have a decreased susceptibility (p24 antigen/RT- median: 0.160/0.320 uM;
range: <0.160-3.1/<0.156-3.5 uM) (Table 1). Seven Ethiopian isolates were
sensitive for IFN-«, and one strain had an increased 1Cs,, which could indicate
a decreased sensitivity (median: 2.0 U/ml; range: 1.0-11.8 U/ml) (Table 2).

All but one of the Swedish HIV-1 isolates were sensitive to AZT, as
measured by inhibition of p24 antigen production or RT activity (median:
0.012 and 0.01 uM; range: 0.001-1.3 and 0.002-0.07 uM) (Table 1, Fig. 1). A
similar pattern was found for the ICsy’s of ddI (p24 antigen/RT- median: 0.5/

TABLE 1

Sensitivity to 3’-azido-3'-deoxythymidine (AZT) and 2’,3'-dideoxyinosine (ddI) of HIV-1 isolates
from Ethiopia and Sweden, measured as 50% inhibition (ICso) of p24 antigen and reverse
transcriptase (RT)

Isolate ICs (/lM) of AZT IC5() (HM) of ddI
Antigen RT Antigen RT

Ethiopian

1 0.003 0.001 <0.156 <0.156

2 0.059 0.044 3.1 3.5

3 0.009 0.015 n.t. n.t.

4 0.004 0.005 0.35 0.33

5 0.001 0.001 0.31 0.31

6 0.10 0.080 <0.156 n.t.

7 0.048 0.10 0.16 0.35

8 0.003 0.007 <0.156 <0.156

Swedish

1 0.001 0.007 0.50 0.30

2 0.005 0.044 2.20 0.97

3 0.021 0.015 0.56 0.61

4 0.001 0.002 <0.156 n.t

5 1.30 n.t. 4.5 8.0

6 0.020 0.080 «<0.156 <0.156

7 0.150 0.100 0.2 0.2

8 0.005 n.t. n.t. n.t.

n.t. = not tested.
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Fig. 1. Comparison between the sensitivity to AZT of Ethiopian and Swedish HIV-1 isolates, measured as
50% inhibition (ICsp) of the p24 antigen and reverse transcriptase (RT) production. The two [Csy’s of one
isolate are joined by a line.

0.615 uM; range: <0.1564.5/<0.156-8 uM). Thus, no significant difference
was found between the ICsq’s of the Ethiopian and Swedish isolates (P>0.1 for
both). No major difference was found in the growth properties of the Ethiopian

TABLE 2

Sensitivity to interferon alpha (IFN-x) of HIV-1 isolates from Ethiopia and Sweden, measured as
50% inhibition (ICsq) of p24 antigen and reverse transcriptase (RT) production

Isolate 1Csp (U/ml) for [FN-o

Antigen RT Antigen RT
Ethiopian Swedish
5 11.8 n.t. 3 56.0 87.0
2 3.4 n.t. 7 21.2 15.0
4 2.5 4.5 2 4.1 34
7 2.5 2.5 1 3.7 n.t.
8 2.0 n.t. 4 1.0 49
6 1.2 2.0 6 <1.0 n.t.
1 <1.0 n.t.

n.t.= not tested.
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and Swedish isolates, which could have affected the results of the assay (data
not shown).

One Swedish isolate had an increased ICso for AZT, suggesting a resistance
to the compound. The isolate showed a mutation of Threonin to Tyrosin at the
amino acid position 215. Although the isolate also showed reduced sensitivity
to ddl, the proposed mutation at codon 74 (Leucine to Valine) could not be
demonstrated. The Leucine codon used by this isolate was TTA, as compared
to CTA of the HIV-SF2 isolate. One further Swedish and two Ethiopian
isolates had ICsq’s which could possibly indicate a decreased susceptibility for
AZT (0.05-1.0 uM) (Fig. 1).

Although no statistically significant difference was found between the ICsq’s
of IFN-a for the Swedish and the Ethiopian isolates, the ICsy’s for the latter
seemed to be lower. Thus, an ICsy of >3.5 U/ml was found in only 2/7
Ethiopian isolates, as compared to 5/6 Swedish isolates.

A correlation was found between the ICsy’s of the p24 antigen and RT
production for all 3 substances when the Ethiopian and Swedish isolates were
analyzed together (AZT: ro= 0.70, P= 0.015; ddI: ry= 0.95, P= 0.003; IFN-a:
rs= 0.71, P= 0.00).

Anti-HIV drugs are seldom used in Africa due to the lack of availability and
to the high cost. However, an anti-HIV effect of AZT may also be obtained by
low dose regimens (Fischl et al., 1990; Collier et al., 1990). Furthermore, no
racial difference regarding the AZT effect has been found in the USA
(Easterbrook et al., 1991). Therefore, it was of interest to analyze the
susceptibility to AZT of Ethiopian HIV isolates. In one Swedish strain, a
decreased sensitivity for AZT was associated with a mutation at amino acid
position 215. It seems thus likely that the patient had been infected by an AZT-
resistant strain, since he had not been treated with AZT. By contrast, no
resistant Ethiopian strain was found, although some isolates showed a
tendency to an increased 1Csq. Thus, the present results suggest that Ethiopian
HIV-1 strains exhibit a similar sensitivity to AZT as the Swedish strains. The
same beneficial treatment effects with low-dose regimens should therefore be
expected in Ethiopia as in Europe. Our results also show that ddI exhibits in
vitro activity, at low concentrations, against Ethiopian isolates. Thus, ddI can
be considered as an alternative to AZT in Ethiopian patients, if the cost can be
reduced, e.g., by once-daily administration, which is known to improve
laboratory parameters (Cooley et al., 1990).

IFN-a suppresses HIV-1 replication in vitro and in vivo (Ho et al., 1985;
Berglund et al., 1991). The effect on African HIV-1 isolates in vitro has,
however, not been analyzed. IFN-alpha is seldom found in the blood of
Ethiopian HIV-1-infected patients (Ayehunie et al., 1992), which could
theoretically lead to an increased sensitivity of Ethiopian HIV-1 strains due
to a lack of selective pressure. Our results did not give any firm support for a
higher sensitivity of Ethiopian HIV-1 strains. However, IFN-a inhibited the
replication of the Ethiopian strains in a dose-dependent way, at concentrations
which were at least as low as for the Swedish isolates (median ICsq: 2 versus 3.5
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U/ml).

p24 antigenemia is rarely found in African patients, although virus can easily
be isolated from plasma (Ayehunie et al., 1992). We therefore measured the
effect on production of both p24 antigen and RT. However, no significant
difference was found between the two viral markers. Thus, it seems likely that
the drugs would be beneficial in vivo, even if the kinetics of viral replication is
different in Ethiopian patients.
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