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Abstract
Introduction Although prevalence of HIV infection in Sri
Lanka is low, there is a gradual increase in incidence.
Effective anti-retroviral treatment (ART) controls the virus,
improves immunity and reduces transmission of HIV
greatly.

Objective We studied the impact of tuberculosis and
response to ART in a cohort of patients with HIV in Sri
Lanka.

Methodology A retrospective study of all patients with HIV
followed up at the ART clinic at National Institute of
Infectious Diseases, Angoda, Sri Lanka was carried out.
Their socio-demographic data, clinical presentations,
anti-retroviral treatment and clinical, immunological and
virological response were analysed.

Results Study included 72 patients. Mean age was 47.19 
(SD10.354) years. Male to female ratio was 1:0.8. Forty 
nine (68%) patients were diagnosed with HIV after 
presenting with an opportunistic infection. Of these, 25 
had tuberculosis (TB). Another 5 developed TB later. Fifty 
two (72.2%) had CD4 cell counts <200/l which included 
45 (62.5%) who had CD4<100/l. Twenty six (36.1%) 
patients were bed ridden and a further 6 (8.3%) were 
physically dependent at the time of diagnosis. Mean 
duration of ART was 82.4 months. With ART, CD4 cell 
counts and mobility improved. In 38 (52.8%) CD4 counts 
increased to more than 500/l. Viral load became 
undetectable in 62 (86.1%). Sixty nine (95.8%) became 
completely physically independent.

Conclusion TB is a common co-infection in patients with
HIV in Sri Lanka. Though many patients with HIV
presented with poor immunological and physical status,
ART markedly improved these outcomes and reduced
the viral load which results in prevention of spread
of HIV. Therefore, ART should be supported and
encouraged.

Introduction
Human immunodeficiency virus (HIV) infection is a

major global public health problem. At the end of 2016
there were approximately 36.7 million people living with
HIV globally and 1.8 million people becoming newly
infected in 2016 [1]. In Sri Lanka, in 2016, the estimated
number of HIV infected people was around 4000. Though
Sri Lanka is a country with low prevalence, the incidence
of HIV has been slowly rising [2].

Tuberculosis (TB) is the leading cause of morbidity
and mortality in people with HIV worldwide. People living
with HIV have a 21-36 times higher risk of developing TB
compared to those without HIV [3]. Globally, about 30%
of HIV-infected persons have concomitant TB infection.
However, this is usually latent [4]. HIV co-infection is the
strongest risk factor for progression from latent TB to
active disease. Similarly, TB itself exacerbates progression
of HIV infection [5].

Though prevalence of HIV is low in Sri Lanka,
tuberculosis is common. The annual incidence of TB is
9,000-10,000 [6]. The impact of TB on HIV and vice versa
has not been assessed in Sri Lanka although there is high
prevalence of TB in the country.

Though there is no cure for HIV infection, effective
anti-retroviral (ARV) drugs can control the virus. In Sri
Lanka ARV drugs were included in the National STD and
AIDS Control Program (NSACP) in 2004 and is provided
free of charge to people living with HIV. In 2016, WHO
recommended providing lifelong ART to all people living
with HIV [7].
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With the introduction of highly potent ARV drugs,
the clinical outcome of HIV infection has improved
significantly. This has increased the life-span of people
living with HIV to near normal levels [8]. Furthermore,
with good adherence to ARV treatment, transmission of
HIV would reduce by 96% [1]. Studies have been
conducted in many countries regarding response to Anti-
Retroviral Treatment (ART) in people living with HIV.

CD4 cell count and viral load are the most commonly
measured parameters which assess efficacy of ART [9].
Many studies have shown marked increase in CD4 cell
count and marked reduction in viral load with ART [10,11].

Improving immunity and reduced viral load of HIV
lead to increased survival of people living with HIV [12,13].
In the United States alone, it had been estimated that at
least 3.0 million years of life have been saved among
patients with AIDS because of ART [12]. Studies show
that people living with HIV who are on ART and have a
recent undetectable viral load and CD4 cell counts > 500
cells/l, do not have an increased risk of death compared
to the general population [13]. In addition, sustained
virological response in people living with HIV would
reduce transmission of HIV.

Data from Sri Lanka on the positive immunological
and virological responses as well as improvement in
quality of life with ART, is useful to enlighten health
professionals regarding the usefulness of ART and to
convince policy makers to allocate funds for ARV drugs
and ART programs. It can also help convince people living
with HIV to have ART. This information is very important
in Sri Lanka as ART programs have low priority due to low
prevalence of HIV in the country.

Methodology
National Institute of Infectious Diseases (NIID), 

Angoda, with its in-ward facility for HIV/AIDS patients 
and its ART clinic, serves as a main centre for HIV care 
in Sri Lanka. Many patients with HIV/AIDS are 
referred there from hospitals and clinics across the 
country. At present, about 12% of the total number of 
people living with HIV on ART are followed up at this 
institute. Patients who were transferred to other ART 
clinics, patients who died and those who default ART 
for more than 6 months were excluded from the study.

All HIV patients attending the ART clinic at the
National Institute of Infectious Diseases were included in
this retrospective study. Their socio-demographic
characteristics, clinical and health status at the time of
initial enrolment in the clinic and on subsequent visits
and complete profile of antiretroviral therapy were
documented prospectively. Immunological assessment
was done at pre-treatment point and at 3-6 monthly
intervals thereafter by measuring CD4 cell count using
flow-cytometry. Viral load was assessed at 6-12 month

intervals using real time PCR. Both these tests were done
at the National Laboratory of the National STD and AIDS
Control Program.

Data on immunological and virological response to
ART as well as improvement in the physical status were
extracted from clinic records. Data was analysed using
SPSS version 23.

Ethical clearance was obtained from the Institutional
Ethical Review Committee of National Institute of
Infectious Diseases, Angoda.

Results
Patient characteristics

A total of 72 patients, 40 males and 32 females, were
included in the study. Mean age was 47.19 years (SD 10.35).
Of the 40 male patients 29 were heterosexual, 4 were
homosexual and 6 were bisexual. All 32 female patients
were heterosexual. None were intravenous drug abusers
(Table 1).

Of the 72 patients, 49 (68%) were diagnosed with
HIV when they presented with an opportunistic infection.
This is in keeping with the finding that 52 (72.2%) had CD
4 cell counts <200/l at the time of diagnosis. This included
45 (62.5%) who had CD4 cell count < 100/l at the time of
diagnosis. Another 17 (23.6%) had CD4 counts between
201-500/l.

At the time of the study 65 (90.3%) had been on ART
for more than 2 years. Another 4 were on ART for a period
of 1 to 2 years while 3 had received ART for less than 1
year. Mean duration of ART was 82.4 months (SD 38.8).

Table 1. Demographic and baseline
immunological characteristics of the sample

Characteristic Number %

Age group
<40 years 18 25
>40 years 54 75

Gender
Male 40 55.6
Female 32 44.4

Sexual preference
Heterosexual 61 84.7
Homosexual 4 5.6
Bisexual 6 8.3

CD4 count
<200  cells/l 51 70.8
>200 cells/l 21 29.2
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Association with tuberculosis
Of the 49 presenting with opportunistic infections, 

25 had tuberculosis. Five more later developed TB 
resulting in a total of 30 (41.7%) with TB. At the time 
TB was diagnosed, CD4 cell counts were below 100 
cells/l in 16 patients and between 100-200 cells/l in 
another 6. However, in 3 CD4 was  > 700 cells/l. 
Seventeen (56.7%) had pulmonary TB, 6 (20.0%) had 
TB lymphadenitis and 2 had both pulmonary and lymph 
node TB. Three (10.0%) had TB meningitis. One 
patient each had pleural and spinal TB (Figure 1). TB 
was diagnosed by demonstrating alcohol and acid fast 
bacilli in sputum, lymph node aspirate, pleural fluid or 
cerebro-spinal fluid in 26, and on radiological 
appearance in four.

Response to ART
With ART, patients had marked immunological

improvement as reflected by the increase in CD4 counts.
At the time of commencement of ART, 45 (62.5%) had CD4
counts< 100 cells/l while another 7 (9.7%) had CD4 counts
between 101-200/l. By end of 6 months of anti-retroviral
treatment, 15 out of 65 (23.1%) had CD 4 count rise of
> 0/l. By end of one year 59 out of 72 (81.9%) had CD 4
rise of > 50/l. And this trend continued.

At the time of data collection none of the patients on
treatment had CD4 counts < 100/l. However, a majority
(62.5%) had CD4 <100/l before commencement of ART.
In 38 (52.8%) CD4 counts increased to >500/l (Table 2).
This CD4 rise was not associated with gender, age or
baseline CD4 count or with co-infection with tuberculosis
(Table 3). Mean CD4 rise in response to 12 months of ART
in TB-HIV co-infected patients (222 cells/l) was similar
to non-TB HIV patients (232 cell/l).

Figure 1.Sites of tuberculosis.

Figure 2 shows the crude mean increase in CD4 cell
count after one year of ART according to the baseline
CD4 cell count. On average, after one year of ART, CD4
cell counts had increased by 251.8/l (SD=188.8) in
patients with baseline CD4 <100 cells/l, by 228/l
(SD=159.7) in patients with CD4 between 100 and 199 cells,
and by 161.5/l (SD=222.5) in those with CD4 counts
>200cells/l.

Figure 2. Increase in CD4 cell count after one
year of ART according to the baseline CD4
cell count.

Together with the immunological improvement,
physical condition of these patients also showed marked
improvement. Before commencing on ART, 26 patients
(36.1%) were bed ridden and further 6 (8.3%) were
physically dependent. After ART, 70 patients (95.8%) had
totally independent physical functioning. Only one patient,
who had a stroke, was still bed-ridden. Another, who had
tuberculosis of the spinal cord and was unable to walk
due to paralysis of her left leg, could walk with support at
the time of data collection (Table 2).

Because of improvement in physical condition 49 were
employed. Sixteen were housewives. Only seven people
living with HIV were unemployed. Thirty one (43%) had
an average monthly income >Rs.20,000 (Sri Lankan
Rupees) per month while another 13 had and average
monthly income between Rs.10,000-20,000.

Of the 19 patients who had viral loads assessed after
one year of ART (this was done sparingly at that time), 13
(68.4%) had undetectable viral loads. However, viral load
is measured at 6-12 monthly intervals now to assess
response to ART. With ART, viral load had become
undetectable (<34/l) in 62 patients (86.1%) and further
7 (9.7%) had a viral load < 1000/l showing effectiveness
of ART.
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Discussion
This study shows a strong correlation between TB 

and HIV in Sri Lanka. This indicates that TB services 
should be used as an entry point for the diagnosis of 
HIV and patients can then be provided ART [5]. 

Table 2. CD4 counts and physical status before starting
ART and at final evaluation and viral load at final evaluation

Characteristic Pre ARTNumber (%) After ARTNumber (%)

Base line CD4 counts
<100 45 (62.5) 0 (0.0)
101-200  7 (9.7) 3 (4.2)
201-500 17 (23.6) 31 (43.1)
501-700  2 (2.8) 20 (27.8)
>700  1 (1.4) 18 (25)

Physical ability
Bed-ridden 26 (36.1) 01 (1.4)
Sitting only 01 (1.4) 0 0
Walking with support 05 (6.9) 01 (1.4)
Independent 40 (55.6) 69 (95.8)
Total 72 (100) 72 (100)

Viral load (Final evaluation)
<34 copies/ml 62 (86.1)
<34-1000 copies/ml 7 (9.7)
1000-10000 copies/ml 2 (2.8)
>10000 copies/ml 1 (1.4)

Variable Virological 95% confidence P-value
success* interval for

Number (%) percentage
success

Gender
Male (n 5 84) 34 (85) 44.4-66.7 0.451
Female (n 5 66) 25 (78.1) 33.3-55.6

Age (years)
<40 (n 5 75) 17 (94.4) 16.7-34.7 0.111
>=40 (n 5 75) 42 (77.8) 65.3-83.3

Baseline CD4 cell count
(cells/mL)

<100 38 (86.4) 50.0-72.2 0.330
100-199  6 (85.7) 4.2-16.7
>=200 15 (71.4) 19.4-38.9

Presence of TB
Yes  24 (80) 30.6-54.1 0.717
N o  35 (83.3%) 45.9-69.4

Table 3. Association of demographic and immunological factors and
TB co-infection with immunological success after one year of ART

P-values were for chi-square tests.
*Assessed as an increase in the CD4 cell count of at least 50 cells/mL over the baseline values

As similar relationship is recognized in other countries 
as well, World Health Organization (WHO) 
recommends HIV testing in all patients with TB [3]. 
This is important as TB is common in Sri Lanka. 
However, in Sri Lanka, guidelines regarding 
management of tuberculosis still do not recommend 
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testing all TB patients for HIV [6]. Our study re-iterates 
the need for HIV testing in all patients with TB and the 
need to implement this soon.

Studies done in Western and African countries
demonstrate good immunological and virological response
to ART. There are only a few such studies done in the
Indian sub-continent. Only a few studies have looked at
correlation between virological and immunological
improvement, physical improvement and economic
stability.

Many studies have shown rise of CD4 cell counts 
indicating good immunological response to ART. In the 
UK Collaborative HIV Cohort Study (UK CHIC) a 
marked increase in CD4 cell counts were seen in the 
first year of ART and this continued to increase up to 5 
years on ART. Of these patients 81% had CD4 cell 
counts <350 cells/l at commencement of ART whereas 
79% of patients who were on ART for more than 5 
years had CD4 cell counts  > 350 cells/l and 52% had 
CD4 counts > 500 cells/l [6]. Interestingly in our study 
too, a similar percentage (52.8%) of patients had CD4 
cell counts > 500/l after an average follow up of 6.8 
years ART. However, this is despite 62.5% of patients 
having a CD4 cell count <100/l at the commencement 
of ART. Our findings show that even patients with 
severe immune-suppression respond well to ART.

A Japanese study showed that lower CD4 cell counts
were associated with poorer physical condition and lower
level of activities of daily living in people living with HIV
[14]. A South African study showed that ART significantly
reduced fatigue levels while increasing the ability to
perform normal activities and work. This was associated
with steady rise in CD4 cell counts [15]. In our study,
there was a marked improvement of initial physical
disability with 95.8% of patients becoming physically
independent after ART. This occurred together with
improvement of CD4 count. The fact that almost all our
patients became physically independent is very important
as they are then able to contribute to society. Furthermore,
this increases their self-esteem which in turn would
improve compliance to ART.

With improvement in physical status, many of our
patients started employments. Our finding that 49 people
living with HIV were employed and 31 were earning more
than 20,000 SLR is notable for a low-middle income country.
All those employed were earning more than Rs. 10,000 per
month which is more than the recommended minimum wage
in the country [13].

Reduction of viral load as a response to ART has
been shown in many studies from Africa, America and
Europe. In a large study done in Europe, 85% of patients
achieved a reduction of viral load to <500 copies/ml by 32
weeks of ART [11]. Another study done in Barbados
showed that 82% of patients achieved a reduction of viral
load to undetectable levels within 6 months of ART [17].

The difference in the rate of achieving undetectable viral
load is probably due to the treatment regime, in addition
to factors like treatment compliance [17].

In our study, 13 out of 19 patients, who had the viral 
load measured at the end of one year of ART, achieved an 
undetectable viral load by 12 months of treatment and 
86.1% achieved an undetectable viral load in an average 
of 82.4 months of ART. Similar reduction in viral load 
was seen in another study done at a different ART clinic 
in Sri Lanka [18]. The longer duration needed for 
achieving an undetectable viral load in our patients was 
probably due to the fact that a large proportion were 
severely immuno-suppressed with advanced disease at 
the beginning of treatment. Patients with higher viral 
loads have an initially slow response to ART [10].

In addition to improving the physical and immuno-
logical status of patients, ART markedly reduces HIV
transmission from people living with HIV to others. In a
study of 1763 sero-discordant couples, early initiation of
ART had 93% lower risk of HIV infection among partners
compared to the group without ART. This study showed
that successful treatment of HIV is a highly effective
method for the prevention of sexual transmission of the
virus and the usefulness of ART as a public health strategy
to reduce the spread of HIV infection [19,20].

Therefore, ART should be considered as an
economically attractive health investment even in
countries with limited resources like many Asian countries
including Sri Lanka [21]. Use of ART has expanded
beyond treatment of HIV infection. ART can virtually
eliminate mother to child transmission and will prevent
heterosexual transmission [22]. WHO and International
Antiviral Society-USA recommends starting ART in all
HIV infected individuals with detectable plasma virus with
HIV regardless of CD4 cell count or disease stage [7,22].

Conclusions
This study sample, though relatively small, consisted

of a high proportion of patients presenting with
opportunistic infections, very low CD4 cell counts and
poor physical status. The study demonstrated the
importance of co-infection with tuberculosis in HIV, the
positive impact of ART has patients with AIDS and value
of ART in preventing the transmission of the disease in
Sri Lanka. These findings reiterate the usefulness of ART
and the need for readily available supply of anti-retroviral
medicines for people living with HIV in resource limited
countries such as Sri Lanka.
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