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IMMUNOLOGICAL RESPONSE TO ANTIRETROVIRAL THERAPY IN HIV-1 INFECTED PATIENTS AT
MUHIMBILI NATIONAL HOSPITAL IN DAR ES SALAAM, TANZANIA

S Aboud!, M Bakari®, A Nyamtema®, F Mugusi’, R Josiah’, EA Aris’

Abstract

Background: CD4+ T-lymphocyte count is an indicator of immune
status used as the eligibility criterion for initiation of antiretroviral
therapy (ART) and for monitoring of immunological response to ART
in HIV-infected patients in resource limited settings.

Objective: To describe the immunological response to ART in HIV-1
infected ART naive patients in relation to age, sex, baseline CD4+ T cell
counts and generic ART regimens at Muhimbili Nation Hospital, in
Dar es Salaam, Tanzania.

Methods: Retrospective analysis of data from patients enrolled in the
pilot ART program between July 2004 and August 2005. All were ART
naive and were mostly started on a fixed dose generic first line
antiretroviral (ARV) drug combination of stavudine, lamivudine and
nevirapine (triomune).

Results: As of August 2005, 1435 patients were recruited for ART, of
these 1285 (89.6%) were aged 13+ years. A total of 361 patients were
included in the analysis. The mean (range) age was 39 years (13 — 69
vears). Two hundred and fourty seven (68.4%) were females. The
overall mean baseline CID4+ T cell count was 113 cells/pl; 105 (29.1%)
patients had baseline CD4+ count < 50 cells/ul. Two hundred and
ninety five (81.7%) received triomune. The overall mean CD4+ T cell
count increase was 23 cells/ul. CD4+ T cell count increased more
rapidly within the first three months of ART (mean of 27 cells/ul per
month), relatively slower thereafter and tended to plateau at 10 - 12
months. There were no significant differences in CD4+ T cell counts
increase between the sexes, age groups and ART regimens.

Conclusion: Initiation of ART resulted in overall good immunological
responses even among patients who had CD4+ count of <S0cells/pl.
Recommendation: Scaling up the ART program country wide should
be enhanced in order to provide access to care and treatment to all
HIV-infected individuals.
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Introduction

Tanzania is one of the countries that have been highly
hit by Human Immunodeficiency Virus (HIV) and Acquired
Immunodeficiency Syndrome (AIDS) pandemic in the
world. In 2003, Tanzania Mainland was estimated to have
about 1,820,000 people living with HIV including 960,000
males and 840,000 females.®” A total of 176,102 AIDS cases
have been reported from 21 regions since 1983. Recent data
based on household surveys reported that 7% of Tanzanian
adults aged 15-49 years are infected with HIV.
Seroprevalence among women (7%) is higher than among
men (6%) with a wide variation across regions.? Based on
the magnitude of the pandemic and the need for
antiretroviral therapy (ART), the Government of United
Republic of Tanzania through the Ministry of Health and
Social Welfare in collaboration with her development
partners started to scale up ART in the country. The scaling
up initiative was first implemented as a pilot program at
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Muhimbili National Hospital from July to October, 2004.
This pilot program was meant to serve as the leaming site
for the broad program of scaling up ART over the country.

The primary goal for use of ART is to establish
maximal and durable suppression of viral load, which in tum
reduces the destruction of CD4+ T cells leading to
restoration and/or preservation of immunologic function,
improvement of quality of life and reduction of HIV-related
morbidity and mortality.®) Antiretroviral therapy is indicated
for all patients who are in WHO stage IV clinical criteria
regardless of CD4+ T cell count; WHO stage III with CD4+
T cell count < 350 cells/pl and those with CD4+ T cell
count < 200 cells/ul regardless of symptoms.® Although
there is theoretical benefit to ART for patients with CD4+ T
cell counts >200 cells/pl, a major dilemma confronting
patients and clinicians is that the currently available ART
regimens that have the greatest potency in terms of viral
suppression and CD4+ T cells preservation are, medically
complex, associated with number of specific side effects and
drug interactions, and pose a substantial challenge for
adherence.” Furthermore, the development of mutations
associated with drug resistance can render therapy less
effective or ineffective. Thus, decisions regarding treatment
of asymptomatic, chronically infected individuals with
CD4+ T cells >200 cells/ul must balance a number of
competing factors that influence risk and benefit. In addition
to it being used as a determinant marker for initiation of
ART, CD4+ T cell count is also used as a surrogate marker
to monitor immunological response to ART as one of the
indicators of progression of the disease. CD4+ T cell count
is recommended at baseline and every 6 months for patients
on ART.?) It has been reported that HIV RNA and CD38
levels were similarly predictive of AIDS early on compared
with a relatively weaker CD4 count signal.) However, later
in the course of infection, CD38 level remained the strongest
predictive marker and CD4 cell count registered a marked
increase in prognostic power.

Previous studies have documented that ART delays
clinical progression by suppressing viral replication
measured by a substantial reduction in HIV RNA, allowing
the immune system to reconstitute measured by an increase
in CD4+ T cells.®® However, virologic and immunologic
consequences do not occur uniformly among ART users.
Baseline CD4+ T cell count, history of ART, the age at the
time of initiation and adherence to treatment have been
found to affect immunologic response.®® It has been
reported that older age is associated with thymus
degeneration and that CD4+ T cell counts in older patients
do not increase as much as those in younger ones.”’ The
larger the thymus, the more active the process of
thymopoiesis, the more significant the rise in CD4+ T cells
is likely to be.® It has also been reported that patients
starting ART at low CD+ levels rarely attain complete
immune reconstitution. In one study it was reported that low
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CD4 + T cell count at baseline was a clear factor for patients
not attaining 500 CD4+ T- cells/ul after four years of
treatment.”

Currently there are various drug combination regimens
recommended for treatment of HIV-infected patients. There
seems to be no great difference in efficacy among these
regimens. Previous randomized, open-label, comparative
trial to assess and compare the efficacy and safety of three
triple combination antiretroviral therapies (Zidovudine -+
lamivudine + nevirapine; stavudine + didanosine +
nevirapine; or stavudine + lamivudine + nevirapine) in HIV-
| infected treatment-naive patients showed that all three-
drug combinations were equally effective at suppressing
viral load and increasing CD4+ T cell counts.” No
significant differences were detected between the treatment
groups in virological or immunological response or cessation
of study drugs due to adverse events. The aim of the present
study was to describe the immunological response to ART in
HIV-1 infected ART naive patients in relation to age, sex,
baseline CD4+ T cell counts and use of generic ART
regimens at Muhimbili Nation Hospital, in Dar es Salaam,
Tanzania.

Materials and Methods

The newly started ART program in Tanzania provides
comprehensive HIV and AIDS care and treatment to the
HIV infected patients. The enrollment processes involve
counseling for voluntary HIV testing, ART health education
as well as adherence counseling, clinical and laboratory
evaluation followed by provision of antiretroviral drugs
(ARVs) free of charge and management of opportunistic
infections (Ols). The laboratory investigations include
baseline and follow up CD4+ T- cell count, hematology,
liver and kidney function tests to monitor drug toxicity and
others to exclude Ols.

Prior to initiation of ART, all ART naive patients were
clinically evaluated and staged using revised WHO HIV
clinical staging criteria. All patients with CD4+ T cell count
<200 cells/u! regardless of the stage, stage [l disease with
CD4+ T cell count < 350 cells/ul and those with stage IV
disease regardless of the CD4+ T cell count were all
considered eligible for ART initiation. No patient was
started on ART unless ART adherence counseling was done
and readiness for treatment was assessed to be possible. All
ART naive patients were started on generic fixed dose
combination regimen stavudine + lamivudine + nevirapine
(triomune) as required by the national guidelines for
management of HIV and AIDS.® Patients intolerant to
triomune, or those with concomitant anti-tuberculosis
therapy were initiated on other generic drug combinations
including zidovudine + lamivudine + nevirapine; stavudine
+ lamivudine + efavirenz; and zidovudine + lamivudine +
nevirapine.

Follow up visits were made monthly at the clinic and
involved sustained monthly ART education and adherence
counseling, clinical evaluation, management of opportunistic
diseases, drug refill, and regular laboratory investigations.
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All clinical and laboratory data were entered into the
hospital ART clinic database access software.

We reviewed retrospectively the data of patients that
were enrolled in the ART scaling up program from July
2004 to August 2005. We excluded for data analysis those
patients: who were already on ARVs prior to initiation of the
program, those whose age was not known, patients whose
latest baseline CD4+ T cell counts were done more than a
month prior to the program before starting ART, and
patients with incomplete information about the dates for
baseline and follow up CD4+ T cell counts. Data analysis
was performed using SPSS version 13.0

Results

A total of 1435 patients were recruited for ART
between July 2004 and August 2005, of these 1285 (89.6%)
were aged 13+ years. A total of 361 patients were included
in the data analysis. The baseline demographic and
immunological characteristics of the study population are
summarized in Table 1. The mean (range) age was 39 years
(13 — 69 years). Two hundred and fourty seven (68.4%)
were females. The overall mean baseline CD4+ T cell count
was 113 cells/pl; 105 (29.1%) patients had baseline CD4+
count < 50 cells/ul.

Table 1. Baseline demographic and immunological
characteristics of HIV-1-infected patients (N=361)
at MNH, Dar es Salaam, Tanzania

Characteristics Sex Total (%)
Male (%) Female (%)

Number 114 (31.6) 247 (68.4) 361 (100)

Mean age (ycars) 42 37 39

Mean baseline CD4+ 95 121 113

count (cells/ul)

CD4+ T-cell count:

1-49 44 (41.9) 61 (58.1) 105 (29.1)

50-99 21(28.4) 53 (71.6) 74 (20.5)

100 —200 42 (31.3) 92 (68.7) 134 (37.1)

201 - 350 5(12.8) 4 (87.2) 39(10.8)

351+ 2(22.2) 7(77.8) 9(2.5)

Table 2 summarizes the distribution of ART regimens
and mean CD4+ T cell increase per month in HIV-1 infected
individuals. Two hundred and ninety five (81.7%) received
triomune. The overall mean CD4+ T cell count increase was
23 cells/ul. The mean CD4+ T-cell count monthly increase
among patients on combined stavudine, lamivudine and
nevirapine, and combined zidovudine, lamivudine and
efavirenz regimens were 25 cells/ul and 15 cells/pl,
respectively, and there was no significant difference in
CD4+ T cell count increase between the two regimens
(p=0.052). The mean CD4+ T-cell monthly increase for
male and female patients were 22.7 cells/ul and 229
cells/ul, respectively, (p=0.963). The mean CD4+ T-cells
increase per month for patients below 50 years (320) and
those aged 50 and above (41) were 23.3 cells/ul and 19.5
cells/pl, respectively, (p=0.378).
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Table 2: Distribution of mean CD4+ T cells increase per
month according to ART regimens in HIV-infected
patients (N=361) at MNH, Dar es Salaam, Tanzania.

Regimen Paticents Mean monthly CD4+ T-cell
No. (%) increase (cells/ul)
D47, 3TC and NVP 295 (81.7) 25
AZT,3TC and EFZ 32(8.9) 15
DA4T, 3TC and EFZ 11(3.3) 23
AZT,3TC and NVP 4(1.1) 25
Changed regimen 18 (5.0) 27
Total 361 (100) 23

DAT, stavudine; 3TC, lamivudine; NVP, nevirapine; AZT, zidovudine;
EFZ, cfavirenz

The curve of the overall immunological responses
overtime showed that the CD4+ T cell count increased
rapidly in the first nine months of treatment with more rapid
increase in the first 3 months (Figure 1). The trends of the
overall means were 113, 194, 228, 270 and 272 cells /ul at
baseline, 1-3, 4-6, 7-9 and 10-12 months intervals,
respectively. Of all the patients, only 12 (3%) patients had
CD4+ T-cell counts that kept on declining overtime, 8 (2%)
patients had CD4+ T-cell counts that remained static even
after having been started on ART.

It was also noted that patients starting treatment with
baseline CD4+ T cell counts <50, 50 — 99, 100 — 200, 201 -
350 and 351+ cells/ul had the mean CD4+ T cell count
increase per month of 27, 23, 24, §, and 9 cells/ul,
respectively, (F=4.46, p=0.001 using ANOVA analysis).

Figure 1: The overall trends of immunological responses to
ART over 12 months
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Discussion

CD4+ T cell count is one of the essential laboratory
parameters that is used as eligibility criterion for initiation of
ART and remains as the gold standard for evaluating the
immunological response to ART in resource-limited
countries. Other parameters that are used to monitor and
evaluate the progress of the patients are viral load and
clinical progression over time. Although viral load is a good
prognostic marker of HIV disease progression and is
routinely used in clinical practice in developed countries, the
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assay is expensive and may not be affordable for every
facility in resource limited countries. It is thus recommended
in Tanzania that, except where viral load assay is available,
monitoring of the patients on ART should be done using
CD4" T lymphacytes and clinical progression. In the current
study, we described the immunological response to ART in
HIV-1 infected ART naive patients in relation to age, sex,
baseline CD4+ T cell counts and generic ART regimens.

More than two thirds (68.4%) of all patients that were
included in the analysis were females. This reflected the
proportion of patients attending ART clinic at Muhimbili
National Hospital. However, the proportion is relatively
higher compared to the proportion (53.3%) of women with
HIV and AIDS in the general population.“) The study
finding suggests that women have a higher tendency to seek
treatment than their male counterparts. It could also be due
to the positive impact of screening for HIV infection during
antenatal clinic (ANC) visits where pregnant mothers are
counseled and screened. In antenatal clinics, which are entry
points, HIV seropositive women are also informed about the
available prevention of mother to child transmission
(PMTCT) and comprehensive trcatment services for HIV
and AIDS and they are therefore more likely choose to
attend the ART clinic for care, treatment and support
compared to males who do not have equivalent ANC
services.

Study findings showed that about one third of the
patients started treatment (ART) with CD4+ T cell count
below 50 cells/ul. This could be due to the fact that MNH
was the first health facility in the country to offer
comprehensive management of HIV and AIDS free of
charge. Prior to the National ART scaling up program the
drugs were sold at very high prices mainly in private health
facilities and many HIV and AIDS patients could not afford
them. The provision of free services for ART could have
motivated the very sick patients with  severe
immunosuppression to scek health care in this facility. It is
also a common observation that HIV-infected patients tend
to come late to the clinic to seek treatment because of less
awareness about the ART program.

The study findings also showed that more than half of
the patients had the first follow up CD4+ cell count tests
done between 4 — 6 months and these were statistically
significant different (p=0.010) from the CD4+ cell counts in
the other intervals for the 1% follow up. These findings are in
line with the Tanzania National Guidelines for Management
of HIV and AIDS that recommends follow up CD4+ T cell
count at every 4 - 6 months for patients on ART. ©’

The overall increase of CD4+ T cell count per month
was found to be 23 cells/ul regardless of regimen, sex, age
and baseline CD4+ count. Similar CD4+ T cell count
increase (21 cells/ul/month) has been reported among HIV-1
infected ART naive patients starting treatment containing a
protease inhibitor.""” CD4+ T cell count increase per month
in relation to the two most used ARV drug combinations
(combined stavudine, lamivudine and nevirapine and
combined zidovudine, lamivudine and efavirenz) were 25
and 15 CD4+ T-cells/ul per month, respectively. Although
the findings appeared to be in favour of combined stavudine,
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lamivudine and nevirapine, the difference between the two
regimens was not statistically significant (p=0.052). Our
findings do not provide adequate evidence for the choice of
one particular combination over the other. These findings are
in line with the findings from other studies that reported
equal effectiveness of ART drug combinations in HIV-1
infected patients starting ART.(% 12

There was no significant difference in the mean CD4+
T-cells monthly increase between sex (p = 0.963) as well as
between the treatment age groups (p = 0.378). Our findings
are in contrast with recent study findings from 68 hospitals
in France which showed that patients over 50 years of age
had their CD4+ T-cell reconstitution significantly slower
than in younger patients, despite a better virologic
response.'” The difference between our study and theirs is
that they had 401 patients over 50 years of age compared to
very few patients (41) in our study.

The mean CD4+ T cell count increase per month was
significantly higher among patients starting treatment with
baseline CD4+ T cell counts < 200 cells/ul than those who
started treatment with baseline CD4+ T cell count >200
cells/ul (F=4.46, p=0.001). The mean CD4+ T cell count
increase per month was as high as 27 cells/pl among patients
started treatment with severely depleted immunity (CD4+ T
cell counts < 50 cells/ul) and as low as 8 cells/ul per month
among those started treatment with baseline CD4+ T cell
counts above 200 cells/ul. Despite such good immunological
response among patients who started ART with severe
immunosuppression, it is still under debate whether patients
with more advanced HIV-1 infection as shown by CD4+ T
cell count <50 cells/ul at baseline could have the capacity in
the immune system to fully replenish the depleted CD4 T-
cells or whether a plateau is possibly reached after three to
four years, beyond which there is no further
improvement."*' It has been reported that patients starting
ART at low CD4+ T cell levels rarely attain complete
immune reconstitution."*'” Since our evaluation was only
done one year after the program started, it is important to
note that further follow up studies are needed to ascertain
whether these patients who started treatment with low
baseline CD+ T cell levels will ever attain complete immune
reconstitution or not. The trends of the overall
immunological responses showed that CD4+ T cell counts
increased more rapidly in the first three months of treatment
(27 cells/ul per month) and much slower thereafter and
almost plateauing at 10 - 12 months. However, our findings
that showed slight increase in the mean CD4+ T cell count at
10 - 12 months are inconclusive because there were very few
patients that had already reached this time interval on
treatment. Similar trend of CD4+ T cell count increase
overtime has been reported following initiation of ART with
a rapid increase of CD4+T cells within the first three to four
months (21 cells/pl per month) and much slower rise (0.5
cells/ul per month) thereafter."® It has been suggested that
the initial rapid increase in CD4+ cells could be due to
redistribution which is followed by production of new CD4+
T-cells. Other study findings have attributed this to
diminished programmed cell death (apoptosis), one of the
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mechanisms of CD4+ T cell depletion that occur to a greater
extent in HIV-infected individuals than in non-infected
persons, both in the peripheral blood and lymph nodes. '”

In conclusion, initiation of ART resulted in overall good
immunological responses even among patients who had
CD4+ count of < 50 cells/ul. It is recommended to enhance
the scale up of the ART program country wide in order to
provide access to care and treatment to all HIV-infected
individuals.
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