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In many resource-poor countries, CD4 count thresholds of eligibility for antiretroviral treatment (ART) were
initially low (<200 cells/mm?) but are now being increased to improve patient survival and to reduce HIV
transmission. There are few quantitative data on the effect of such increases on the demand for ART. The
objective of this study was to measure HIV prevalence and the proportion of HIV-positives eligible for
antiretroviral therapy at different CD4 cut-off levels among users of public health care services in Kampala,
Uganda. We recruited 1200 adults from three primary care clinics in Kampala, including equal numbers of family
planning (FP) clients, pregnant women, adult patients with any complaint, and persons seeking HIV counseling
and testing. All participants were screened for HIV and those positive had a CD4 count done. HIV prevalence in
all patients was 16.9% (203/1200). ART eligibility based on CD4 counts significantly increased from 36% at a
200 cells/mm? cut-off to 44% at 250 cells and to 57% at 350 cells cut-off (p for x> trend <0.001). We concluded
that changing cut-off levels to higher CD4 counts will significantly increase patient load in Kampala’s primary

care clinics, but a phased implementation should minimize negative effects on quality of care.
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Introduction

HIV/AIDS remains a major public health challenge
in the world and it is estimated that worldwide
about 33 million people are infected with HIV, of
whom 22 million (67%) are in sub-Saharan Africa
(UNAIDS, 2008). The impact of the disecase has been
progressively mitigated by the increasing use of
antiretroviral treatment (ART). As ART becomes
increasingly accessible, however, the issue of when to
initiate treatment in resource-limited settings, espe-
cially in asymptomatic patients, remains controver-
sial. Whereas, many studies have continued to
demonstrate that initiating ART early, before the
CD4 count drops to 200 cells/ul, has got many
benefits, including slowing progression to AIDS and
death (Baker et al., 2008; Patel et al., 2008; Walensky
et al., 2006), many countries in resource-poor settings
still defer initiation of ART until the CD4 count has
dropped to 200 cells/ul or lower. In resource-rich
settings, the recommendation is to initiate ART at a
CD4 count of 350 cells/pl or higher (Hammer et al.,
2008). Studies have shown that risk of death increases
significantly when the initiation of therapy is delayed

until the CD4 count drops below 350 -cells/ul
(Kitahata et al.,, 2009). Other disadvantages of
delaying initiation of ART include increased risk of
tuberculosis (Edmonds et al., 2009) and patients
remaining viremic for longer periods, thereby increas-
ing the risk of HIV transmission in the population
(Auvert et al., 2004). Because of its role in reducing
viral load, ART is now believed to have population-
wide preventive effects by reducing both vertical and
horizontal transmission (De Cock, Crowley, Lo,
Granich, & Williams, 2009). This is of high signifi-
cance especially in countries with high HIV preva-
lence like in sub-Saharan Africa. From 2003 when the
first Uganda ART guidelines were made, the practice
in the country has been to initiate ART at a CD4
count of 200 cells/ul (Uganda, 2003). The cut-off
point in the country has recently been raised to
250 cells/pl (Uganda, 2008), and it is expected that
this will be raised further to 350 cells/pl as the cost of
ART drops and HIV care becomes more accessible.
The effect that such increases in treatment eligibility
threshold will have on the need for ART is, however,
unknown. To a large extent this will depend on the
relative proportion of people newly identified with
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HIV infection who have CD4 counts below the
threshold. Knowledge of these proportions in various
groups of health service users will therefore be
important to inform planning for resources and
services. We therefore did a survey to measure HIV
prevalence among different user groups and propor-
tions of HIV-positives eligible for antiretroviral
therapy at different CD4 count cut-off levels in
Kampala’s primary health care facilities.

Methods

Kampala is the capital city of Uganda with a
projected 2009 population of 1.5 million residents,
and a daytime population of about three million
people (Statistics, 2002). Primary health care services
are provided by 10 public clinics operated by the
Kampala City Council (KCC). The study was con-
ducted at three of these 10 KCC clinics purposively
selected to include clinics located in different popula-
tion-density areas designated as high, medium, and
low. The three clinics at health center (HC) level were
Kisenyi HC located in the high density central
division, Kiswa HC in a medium density industrial
area and Kiruddu HC in a low density semi-rural area.
The study population was all patients and clients at
these clinics. The groups that we identified for study
were pregnant women attending the antenatal clinic
(ANCQC), clients seeking FP, patients attending the
general outpatient department (OPD) for any com-
plaint, and persons seeking voluntary HIV counseling
and testing (VCT). The only exclusion criterion was
being too sick to be interviewed.

Sample size

We estimated sample sizes assuming HIV prevalence
levels between 8 and 15% in all the study groups, as
based on a recently concluded national sero-survey
that reported HIV prevalence in adults 1549 years to
be 8.5% for Kampala while it was 12% among
women in urban areas (Macro, 2006). We assumed
that sick persons would have slightly higher HIV
prevalence up to about 15%. At the 5% level of
significance and a precision of + 5%, the sample size
per category was determined to be 200 participants.
The sample size was rounded upwards to 300 for each
category to allow for multivariable analysis and
within-strata comparisons of proportions of subjects
with CD4 counts below the threshold level, making
the four groups total recruitment 1200 subjects.

Recruitment procedure

Systematic sampling was done at each of the three
clinics and this was based on the patient attendance

register for the day, usually complete by 11.00 am.
A sampling interval was determined to recruit 10
participants daily from one category. Each clinic
recruited only one category a day during four work
days a week. Recruitment days for each category
were different in the clinics but were changed on
rotational basis weekly in order to avoid selection
bias. This translated into 40 participants from the
four groups per clinic per week and recruitment was
completed in 10 weeks. All patients provided a 4 ml
blood sample drawn by the laboratory technician at
the clinic with the help of the study nurse.

Laboratory testing

Blood samples were screened for HIV by the
laboratory technicians at the three respective HCs
using three sequential rapid HIV tests as is recom-
mended by the Uganda Ministry of Health series
algorithm for rapid HIV testing. We used Deter-
mine™ (Abbott Laboratories by Abbott Japan CO.
LTD, Minato-Ku, Tokyo, Japan), HIV1/2 Stat-Pak
(Chembio Diagnostics Systems, 3661 Horseblock
Road, Med Ford, NY 11763, USA), and Unigold™
(Trinity Biotech PLC, IDA Business Park, Bray,
Cowicklow, Ireland) testing kits. Specimens that
were negative on Determine™ HIV1/2 were consid-
ered negative and specimens that were found positive
on Determine™ HIV1/2 and HIV1/2 Stat-Pak were
considered positive. Specimens with discordant re-
sults on Determine™ HIV1/2 and HIV1/2 Stat-Pak
were retested on Unigold™ as a tie-breaker. Speci-
mens negative on the tie-breaker were considered
negative while specimens positive on the tie-breaker
were considered positive. Samples found positive at
the HC were transported to the core laboratory at
Mulago Hospital for HIV confirmatory testing and a
CD4 cell count by flow cytometry technique using
Becton-Dickinson (BD) FACS calibur.

Data management and analysis

The completed laboratory request forms were che-
cked daily by the nursing officer in charge of the unit
for completeness. Those found with errors were
referred to the respective data collectors for correc-
tion. The corrected data were double entered into a
custom-programmed database using ASP.NET and
stored in Microsoft SQL Server Express Edition
database (Microsoft Software, Seattle, WA, USA),
and discrepancies were checked against the raw data.
This was followed by cleaning and analysis using
Stata 10 (Stata Corp, College Station, TX, USA).
We estimated the HIV prevalence as the number
of HIV-positive subjects divided by the total number
of subjects. We used prevalence risk ratios (PRR) as a
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measure of association, with their 95% confidence
intervals (CI) to ascertain factors associated with
HIV prevalence. The log-binomial model, other than
the logistic model, was used because the outcome
(HIV prevalence) was not rare (>10%; Zou, 2004).
In the multivariable analysis, we included factors
significant at p <0.15 from the bivariable analysis or
potential confounders. Eligibility for ART based on
CD4 count (cells/ul) was grouped as <200 cells/pl,
<250 cells/pul, and <350 cells/pl. Proportions eligible
for ART were then estimated as the number of HIV-
positive clients who attained these CD4 levels divided
by total number of clients, and trends in the propor-
tion eligible across the changing CD4 levels were
obtained using Chi-square for trends analysis. All
these analyses were done by category of sex, age, type
of care sought for, and primary HC where services
were sought.

Ethical considerations

Ethical clearance to conduct the study was sought
and obtained from the Higher Degrees, Research and
Ethics Committee of Makerere University School of
Public Health, as well as from the Uganda National
Council for Science and Technology. Permission and
letters of introduction to the health units and to the
local leaders were obtained from the District Health
Officer of Kampala. To obtain informed consent, the
purpose, benefits, and risks of the study were
explained to the participants with assurance of
confidentiality. All participants who were found to
be HIV-positive were referred to the counseling
section of the clinic where they were counseled and
then notified of their results. ART was initiated
according to government guidelines and at the time
of the survey the threshold was 250 cells/ul.

Results

In all the four service categories no individual was
excluded because of being too ill to participate. The
study participants were largely in the age range of
18-45 years. The exception was the antenatal and
FP groups that had 17 and 6 persons, respectively,
aged <18 years.

HIV prevalence

The overall HIV prevalence was 16.9% (203/1200;
95% CI 14.8-19.2%) from Table 1. There was no
significant difference in HIV prevalence by sex,
although after multivariable adjustment for age,
type of care sought, and HC, women had a 1.55
times higher risk of HIV infection than men.
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HIV prevalence was lowest in the youngest age
group (15-19 years) at 5.1% and rose with age until it
was 29.2% in the 30+ year age group. The linear
trend of rising HIV prevalence with age was statisti-
cally significant (p < 0.001, Chi square linear trend).
This trend of rising HIV prevalence with higher age
persisted even after stratifying by type of service
sought (Table 2).

Looking at HIV infection by type of service,
prevalence was 22.0% (66/300) in the VCT group,
20.0% (60/300) in general OPD adults, 13.0% (39/
300) in FP, and 12.7% (38/300) in ANC (Table 1).
These differences were maintained after multivariable
adjustment, be it less pronounced and short of
statistical significance. Among VCT participants,
HIV prevalence was significantly lower among men
(15.7%; 19/121) than among women, (26.3%; 47/179,
p=0.030). However, no gender differentials in HIV
prevalence were observed in the OPD category;
prevalence among men was 18.8% (21/112) compared
to 20.7% (39/188) among women. Clinic HIV pre-
valence was highest at Kisenyi clinic located in the
high-population density area and much lower at the
other two clinics (Table 1).

Eligibility for antiretroviral treatment (ART)

ART eligibility by type of service sought and by CD4
cut-off is summarized in Table 3. Four samples did
not have a CD4 count, reducing the number of HIV-
positive patients with data available on CD4 count
to 199.

At a cut-off of 200 cells/pl, the proportion eligible
for ART was 35.7% (71/199, 95% CI 29.0-42.8%).
At this cut-off, ART eligibility was significantly lower
in the age group 15-24 years compared to all other
age groups combined (P =0.012), but not associated
with sex, service category, or HC. At a cut-off of 250
cells/pl, the proportion eligible increases to 43.7%
(87/199, 95% CI 36.7-50.9%), corresponding to a
23% increase, taking the proportion eligible at the
cut-off of 200 cells/ul as 100%. At a cut-off of 350
cells/pl, the proportion eligible rises to 56.8% (113/
199; 95% CI 49.6-63.8%), corresponding to a 59%
increase. The rising trend of a higher proportion
being eligible for ART at a higher CD4 cut-off is
statistically significant (p for linear trend <0.0001).
This significant increase in proportion eligible by
higher CD4 count was most noted among clients
aged 25+ years, being 41.3, 51.1, and 63.1% (P =
0.001), but not by type of service sought, sex, or HC.
On the other hand, the relative increase was most
pronounced in the age group 15-24 years old
(by 84.6% when shifting the cut-off from 200 to
350 cells).
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Table 1. Prevalence of HIV by sex, age, service sought, and clinic.

HIV+/ Prevalence Unadjusted RR Adjusted RR

Category total (%) (95% CI) (95% CI)
Sex

Male 40/233 17.2 1.0 1.0

Female 163/967 16.9 0.98 (0.69, 1.39) 1.55 (1.06, 2.26)
Age (years)

15-19 9/175 5.1 1.0 1.0

20-24 49/404 12.1 2.4 (1.18, 4.70) 2.6 (1.25, 5.24)

25-29 49/292 16.8 3.3 (1.64, 6.48) 3.5 (1.69, 7.09)

30+ 96/329 29.2 5.7 (2.94, 10.96) 5.6 (2.75, 11.21)
Service sought

ANC 38/300 12.7 1.0 1.0

FP 39/300 13.0 1.0 (0.66, 1.60) 0.8 (0.50, 1.25)

OPD 60/300 20.0 1.6 (1.05, 2.37) 1.2 (0.79, 1.90)

VCT 66/300 22.0 1.7 (1.17, 2.59) 1.4 (0.88, 2.10)
Health center

Kiruddu 60/400 15.0 1.0 1.0

Kisenyi 90/400 22.5 1.5 (1.08, 2.08) 1.5 (1.09, 2.12)

Kiswa 53/400 13.3 0.88 (0.61, 1.28) 0.9 (0.64, 1.34)

Overall 203/1200 16.9

Note: Bold indicates statistically significant result.

Discussion
Eligibility for antiretroviral treatment (ART)

Of the 199 HIV-positive persons with data available
on CD4 count 35.7% qualified for ART on the basis
of a CD4 cell count of 200 cells/ul or less. The
proportion eligible rises to 56.8% at a cut-off of 350
CD4 cells/pl, i.e., 59% more than the number of
people requiring treatment with the eligibility thresh-
old as it existed just before this study. Although
estimated with less precision due to smaller numbers,
this increase was 85% among people aged 15-24
years. This means that if a cut-off of 350 cells was to
be adopted immediately, the demand on resources

Table 2. HIV prevalence by age and service group.

could increase by about 60%. The decision to first
change to a cut-off of 250 CD4 cells when only 43.7%
of HIV-positive clients qualify for treatment (i.e., an
overall increase of 23%) before adopting 350 cells
should enable the health system to adjust and avoid
being overwhelmed by patient numbers. Differential
elevation of CD4 thresholds is another option for
preventing health system overload. The 2008 Uganda
ART guidelines, for example, allow a cut-off point of
350 cells/ul among persons co-infected with TB, those
with WHO stage III disease, and women who are
pregnant. In addition to these groups elevation of
CD4 thresholds could be considered for all women of

ANC FP OPD VCT
HIV+/ Percentage HIV+/ Percentage HIV+/ Percentage HIV+/ Percentage

Category total (%) total (%) total (%) total (%)
Age group (years)

15-19 4/85 4.7 3/37 8.1 1/26 3.8 1/27 3.7

20-24 15/124 12.1 9/109 8.3 8/81 9.9 17/90 18.9

25-29 13/66 19.7 11/93 11.8 12/71 16.9 13/62 21.0

30+ 6/25 24.0 16/61 26.2 39/122 32.0 35/121 28.9
p-Value 0.013 0.006 <0.001 0.027
Totals 38/300 12.7 39/300 13.0 60/300 20.0 66/300 22.0

Note: Patient/client categories: ANC, antenatal care; FP, family planning; OPD, outpatient department (any presentation); VCT, voluntary
counselling and HIV testing; HIV +, positive HIV-1/2 antibody test; p-Value for association with age (Chi-square linear trend test).



Table 3. Proportions of HIV - positives eligible for ART at different CD4 cut-off levels.

CD4 count cut-off (cells/ul)

<200 <250 <350

Eligible/ Eligible/ Ratio eligible prop. 250/200 Eligible/ Ratio eligible prop. 350/200

total Eligible (%) total Eligible (%) cells ratio (95% CI) total Eligible (%) cells ratio (95% CI)

Age (years)*

15-24 13/58 224 15/58 25.9 1.15 (0.6, 2.2) 24/58 41.4 1.85 (1.1, 3.3)

25+ 58/141 41.3 72/141 51.1 1.24 (1.0, 1.6) 89/141 63.1 1.53 (1.2, 1.9)
Sex

Female 56/159 35.2 69/159 43.4 1.23 (0.9, 1.6) 91/159 57.2 1.63 (1.3, 2.1)

Male 15/40 37.5 18/40 45.0 1.20 (0.7, 2.0) 22/40 55.0 1.47 (0.9, 2.4)
Service

VCT 27/66 40.9 32/66 48.5 1.19 (0.8, 1.7) 43/66 65.2 1.59 (1.1, 2.2)

FP 13/38 34.2 15/38 39.5 1.15 (0.6, 2.1) 17/38 447 1.31 (0.7, 2.3)

ANC 11/38 30.0 14/38 36.8 1.27 (0.7, 2.4) 22/38 57.9 2.00 (1.1, 3.5)

OPD 20/57 35.1 26/57 45.6 1.30 (0.8, 2.0) 31/57 54.4 1.55 (1.0, 2.4)
Health centre

Kiruddu 16/60 26.7 21/60 35.0 1.31 (0.8, 2.3) 32/60 533 1.52 (1.0, 2.3)

Kisenyi 34/86 39.5 39/86 45.4 1.15 (0.8, 1.6) 49/86 57.0 1.44 (1.1, 2.0)

Kiswa 21/53 39.6 27/53 50.9 1.29 (0.8, 2.0) 32/53 60.4 1.52 (1.0, 2.3)
Overall 71/199 35.7 87/199 43.7 1.23 (1.0, 1.6) 113/199 56.8 1.59 (1.3, 2.0)

*p-Value for difference between categories <0.05.
Note: Ratio eligible prop. provides the percentage increase in number of ART eligible patients compared to the baseline value (CD4 200 cells/ul). For example, the overall increase is 23% for an
eligibility cut-off CD4 <250 cells /ul, and 59% for CD4 <350 cells/pl; 95% CI, 95% confidence interval; bold indicates statistically significant results.
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child bearing age (to further reduce vertical transmis-
sion) and for young adults in general to maximize the
gain in life years. Reports that many Ugandans,
especially males, the older age groups, and the less
educated seek hospital care late (Kigozi et al., 2009)
could mean that the effect of raising CD4 cut-off
levels on numbers of patients at health facilities may
be cushioned by the common practice of seeking
health care late. Between the different categories,
eligibility for ART among HIV-positives was highest
in the VCT group (be it not significant: P =0.223),
pointing to the possibility that many of them sought
VCT after getting HIV/AIDS related symptoms. The
proportion eligible for ART among persons aged 25
years or more was significantly higher than in the age
group 15-24 years at all the cut-off levels, probably
indicating that the older group had been with HIV
infection for a longer period than the younger group.
Also, this finding may suggest that older people
progress to ART eligibility ecarlier than younger
people. Follow up studies have shown that older
people progress to AIDS more rapidly than the
young, in both men and women (Chow, And,
Verghesse, Chwe, & Leo, 2005; Pezzotti et al., 1996).

HIV prevalence

The overall adult HIV sero-prevalence of 16.9% at
the three KCC Clinics was much higher than the
8.5% prevalence of Kampala district adults reflected
in the national sero-survey (Macro, 2006). We
attribute this to the fact that many of our study
participants were patients, whose prevalence is ex-
pected to be higher than that of the general popula-
tion. HIV prevalence was highest in the VCT
category and this could probably be attributed to
individuals seeking HIV testing after suspecting that
they might have been exposed to HIV. The FP and
ANC groups were two groups that attended the
clinics as clients for specific services rather than for
illness. The overall HIV prevalence for FP was 13.0%
while the prevalence for ANC was 12.7%. These
prevalence levels are very similar to the HIV pre-
valence of 12.8% that was obtained for the women
aged 15-49 years in urban areas during the Uganda
national sero-behavioral survey of 2004/2005 (Macro,
2006). Our study population being urban, these
findings are consistent with the national sero-survey
finding. Higher HIV infection prevalence was re-
corded among women compared to men in the
categories that had both sexes (OPD adults and
VCT). This is the expected finding, which has been
reported in many previous population-based surveys
in the country that have shown women HIV pre-
valence to be 20-40% higher than the men prevalence

(Macro, 2006). In our OPD adults group the differ-
ence in prevalence between men and women is much
smaller and this could reflect differences in health
seeking behavior between the sexes in the city
population. Kisenyi clinic, located in a high popula-
tion-density area, had a significantly higher HIV
prevalence (22.5%) than Kiruddu (15.0%) and Kiswa
(13.3%) clinics. This could be attributed to the high
mobility of the population in this area, a demo-
graphic feature that has been linked with higher HIV
prevalence (Garcia-Calleja, Gouws, & Ghys, 2006;
Kishamawe et al., 2006; Lydie et al., 2004).

Limitations

The main limitation of our study is that we did
purposeful rather than random sampling of study
clinics. This limits the representativeness of our
findings for the Kampala population accessing
health services. However, the similarity of the HIV
prevalence estimates from our study with those of
other surveys suggests that selection bias due to our
sampling method is not substantial. Furthermore,
selection bias is expected to affect the proportions
of study subjects who are eligible for ART at
different CD4 cut-offs largely to similar extent.
Therefore, the effect of selection bias on the
observed increases in ART eligibility with increasing
eligibility thresholds will be limited.

Conclusions

Changing the CD4 count cut-off level for ART
eligibility upwards will considerably increase the
load of patients in this urban setting. Although there
has been some concern about the health system
getting overwhelmed by patient numbers, a phased
increase in the cut-off level for ART eligibility will
most likely prevent this.
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