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Family nutritional support improves survival, immune
restoration and adherence in HIV patients receiving

ART in developing country
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In developing countries, access to antiretroviral treatment for persons living with HIV is still in progress. Malnu-
trition represents another cause of acquired immunodeficiency and premature death. This evaluation program es-
timated the impact of family nutritional support during the first year of antiretroviral treatment in West Africa's
sub-Sahara region. Family nutritional support was proposed to patients with CD-4 cell count <200 /mm® and/or
developing a WHO stage III/IV or with body mass index <18.5 kg/m? and receiving antiretroviral treatment. Fol-
low-up of 62 patients receiving support was compared to 118 patients who had only received antiretroviral
treatment the year before. Average body mass index, CD-4 cell count were 20.7 and 20.5, 217 and 191/mm” re-
spectively in supported and control groups (NS). Twenty-two (36%) and 56 (48%) were WHO stage III/IV (NS)
respectively in supported and control groups. One patient who received support and twelve controls died (Mor-
tality Ratio=0.19; p<0.05). Increase in CD-4 cell count was around 1.7 times higher (+ 114 vs. + 68 CD-4
cells/mm’ respectively in supported and control groups; p<0.05) and observance was improved in supported
group (p<0.005). The evolutions of WHO stage and body mass index were not different but the study period was
short. Family nutritional support for persons living with HIV initiating antiretroviral treatment in a developing
country showed a positive impact after six months. This family intervention could be integrated into AIDS inter-

ventions as an effective and comprehensive community-based primary care.

Key Words: AIDS, developing country, nutritional support, survival, immunologic restoration

INTRODUCTION

Antiretroviral therapy (ART) and opportunistic infections
(OI) prophylaxis have become the cornerstone of the thera-
peutic arsenal available against HIV infection worldwide.'
In developing countries, although providing affordable
access to ART for people living with HIV (PLWH) is one
of the highest global public health priorities, it clearly
needs to be combined with clinical care to get patients
living longer and better quality of lives.”” In spite of cer-
tain advantages brought by the large-scale distribution of
triple combination of ART, patients starting ART in re-
source-poor settings have increased mortality rates in the
first months on therapy compared to those in developed
countries because of late diagnosis and evolved stage of
the disease.’

In 14 countries of sub-Saharan Africa, 35 % of the
population suffered from chronic malnutrition in 2001-
2003.° Chronic malnutrition is still a major contributor to
the burden of HIV disease worldwide and high AIDS

prevalence is a major determinant in maintaining situa-
tions of food insecurity.®” Prevalence of HIV infection
was estimated in Niger at 0.7 % in 2006." This remained
stable since 2002 (0.9%).” Niger was economically last
ranked in the United Nations Development Program clas-
sification for the second consecutive year in 2006, with
85% people living with less than two dollars a day.'® Ac-
cording to the Food and Agriculture Organisation of the
United Nations, although food availability was estimated
at 2 100 kcal per person per day in Niger, 32% of the
population suffered from undernutrition during the years
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2002-2004.° During the 2005 nutritional crisis, Niger re-
ceived international assistance. Young malnourished
children (under five years old) were the main beneficiar-
ies of these programs. Support was secondary enhanced
and all beneficiaries were treated principally with ready
to use therapeutic food (RUTF). But a lot of vulnerable
persons remained excluded and food needs of these indi-
viduals and their families still were not met. Although
already six ART prescribing centres were affiliated to the
national program for HIV treatment in the country in
2005, none received food support for patients.

This study started simultaneously with the introduction
of a new Family Nutritional Support (FNS) for PLWH
under ART. The purpose was to determine whether this
type of program fostered improved health, immunologic

and nutritional status of PLWH, next to ART introduction.

Positive findings from this targeted nutritional program
would further justify its humanitarian and sensible out-
comes.

MATERIALS AND METHODS

This study was conducted in the “Ambulatory Treatment
Centre” (ATC), a centre intended by PLWH ambulatory
care in Niamey, managed by the Niger Ministry of Health
and the French Red Cross. It included a day care unit,
consultations, a laboratory and a pharmacy. On annual
ATC assessment by the 2007/01/01, the ATC of Niamey
was currently following 1426 patients including 529 pa-
tients receiving ART (41% of PLWH under ART in Ni-
ger). This study was proposed to patients of this centre.
Only those who met the inclusion criteria could partici-
pate.

At ATC inclusion, social and demographic characteris-
tics, medical and AIDS history were recorded. Medical
follow-up data were routinely obtained on standardised
forms and registered into FUCHIA monitoring software
(Epicentre, Paris). Informed consent, permitting statistical
analysis of medical data in an anonymous way was ob-
tained after explanation in local language. Level of under-
standing was assessed for every patient. Patient’s refusal
of data registration did not exclude them from receiving
any treatment. The study has obtained approval from
medical staff at ATC, from the ethic committee of the
University of Mediterranee (Marseille, France) and from
the French Red Cross.

Medical follow-up was the same for all patients.
Physical examination was scheduled once a month for
anthropometric measures, research for new symptoms,
diagnosis, and for treatment prescription. A standardized
questionnaire was filled up with collected data. Weight
was determined in the ATC with the same balance and
height was measured with a single height gauge. Blood
cell count was performed twice a year with a CD-4 cell
count and haemoglobin dosing. Blood tests were con-
ducted in the ATC laboratory.

The National HIV infection care protocol was fol-
lowed throughout the study. This protocol, elaborated by
Nigerian experts in the HIV care, according to WHO rec-
ommendations,' detailed ART guidelines, biological fol-
low-up, and OI treatment. Recommendations were not
modified during the study. Antiretroviral therapy and OI
treatments were supplied by the Niger National Initiative

to Access to ART. Anti tuberculosis treatments were fur-
nished by the National Program to Fight Against Tuber-
culosis.

Episodes of pneumonia, diarrhoea and dermatological
disorders were diagnosed by history and physical exami-
nation, and confirmed by either chest radiograph or direct
examination of samples. Pulmonary tuberculosis was con-
firmed by presences of Koch bacillus in light microscopic
examination of sputum. Tuberculosis of lymph nodes was
confirmed by ultrasonic tomography. Opportunistic infec-
tions such as cerebral toxoplasmosis, neuromeningal
cryptococcosis, or neuropathy were confirmed by the suc-
cess of specific treatments. Adherence was assessed on
follow up consultation with help of patient interviews,
checking remaining tablets in ART boxes and possible
oversights of adherence. Chest radiograph and ultrasonic
tomography were realized within the Niamey National
Hospital. Exams were charged to outpatients but solidar-
ity funding was available if patients couldn’t afford it.
Investigation for Koch bacillus in direct examination of
sputum was performed at the National Anti-Tuberculosis
Centre.

Study intervention

There were two selection criteria for receiving FNS: 1)
receiving ART and 2) a CD-4 cell count under 200/mm”,
at one of the two last blood sampling and/or develop a
clinical advanced stage of AIDS (World Health Organisa-
tion (WHO) stage III or IV) and/or body mass index
(BMI) <18.5 kg/m?. Pregnant and breastfeeding women
received FNS but were excluded from analysis.

Patients in the FNS group received a family food ra-
tion once a month after follow-up consultation during the
six months study. A preliminary social investigation de-
termined the number of people the patient was in charge
of, in order to cover all the family’s food needs. This ra-
tion was furnished by the World Food Program (WFP)
according to WHO recommendations.'"'* Food energy
intake was calculated on the basis of 2250 kcal/person/
day obtained with 500, 100 and 30 g/person/day respec-
tively of cereal, legume (dry peas and not containing
vegetables) and vegetable oil strengthened with vitamin A
(75 g of proteins namely 300 kcal). Patients received nu-
tritional advices: they needed to eat habitual food ration
plus the FNS. The FNS group was observed during the
six months when participants received the food support.
Blood tests were realised as scheduled during personal
patient follow-ups. They were not performed similarly
timed with clinical follow-up and FNS. Database of the
FNS group was censored on 2007/03/31. It included pa-
tients who had received six months of FNS.

The control group was retrospectively selected with
patients meeting the same criteria (ART, CD-4 cell count)
and followed in the same ATC the year before. Patients in
the control group had received the same monthly clinical
follow-up during the six months study. They received
nutritional advices to increase their food intake as much
as tolerated and economically possible but have not been
provided any supplement. Data for the control group were
collected during the six months following the first medi-
cal exam and similarly timed with blood tests. Database
of control group was censored on 2006/03/31. Patients
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satisfying inclusion criteria in both periods were excluded
from the FNS group for analysis.

Statistical analysis

Data registered in patient medical files were collected.
Patients receiving ART for less than one year were com-
pared with the patients receiving ART for less than one
year plus nutritional support. Statistical analysis was per-
formed to test differences between the FNS and control
groups. Missing data were omitted.

Survival analysis was conducted with log-rank test and
multivariable Cox model. Significance level was p=0.05.
Variables integrated in the multivariable model, were as
usual the most relevant (in the literature, statistically as-
sociated or clinically significant). WHO stage is a clinical
composite score (including BMI, tuberculosis and oppor-
tunistic infections). Thus it was impossible to integrate
the same multivariable model as variables inherent to it.
The initial and incident status of tuberculosis and oppor-
tunistic infections were treated like dummy variables - i.e.
it was thought illogical to consider only one initial infec-
tion but not if incident. Intermediary variables were ex-
cluded from the multivariable model (ex: haemoglobin,
antiretroviral regimen).

RESULTS

Sixty two and 118 patients meeting inclusion criteria
were included respectively in FNS and control groups.
Initial and final patients’ characteristics are respectively
outlined in Table 1 and 2. WHO stages, BMI, ages and

CD-4 cell counts did not significantly differ in the two
groups at the beginning. There were more women in the
FNS group (p<0.005). Respectively, 22 (35.8%) and 56
(47.5%) patients in FNS and control groups had initial
WHO stage III or IV (NS). Initial CD-4 cell count was
not significantly different between the two groups (mean:
200 [179; 221]). At inclusion, 5 (8.1%) and 26 (41.9%)
patients in the FNS group and 12 (10.2%) and 63 (53.4%)
controls had initial CD-4 cell count respectively less than
50 and 200/mm’ (NS). Respectively, 47 (75.8%) and 87
(73.7%) patients in FNS and control groups received the
following ART regimen: zidovudine, lamivudine and
nevirapine (NS). Others ART regimens were adapted to
drugs interactions (mainly anti-tuberculosis agents) and
side effects. Stavudine was switched to zidovudine for 3
and 17 patients respectfully in FNS and control groups
and to abacavir for 1 patient in FNS group (NS). Nevirap-
ine was switched to indinavir (ritonavir boosted) for 2 and
5 patients respectfully in FNS and control groups and to
efavirenz for 13 and 22 patients in FNS and control
groups (NS).

Thirteen patients died during the study period (global
mortality rate over the two groups=12.7%). Only one
patient died in the FNS group (mortality ratio=0.19;
p<0.05). Lower survival was significantly associated with
initial WHO class III or IV (mortality ratio=7.0; p<0.005)
and tuberculosis (either initial or incident; p<0.005).
Lower survival was statistically associated with lower
initial haemoglobin level (p<0.05). But there was no
clinical significance since initial haemoglobin rate was

Table 1. Characteristics of HIV infected patients under ART at beginning and end of follow-up

FNS group' control group
p-value
N (%) ; [IC 95 %] N (%) ; [IC 95 %]

Patients 62 118
Sex (male) 19 (30.7) 73 (61.9) <0.005
Age (years; median) 38.0 [35.2;39.7] 38.5 [36.8; 39.8] NS
BMI (kg/m?)

< 16.5 (Severely underweight) 9 (14.5) 7 (6.4)

16.5-18.4 (Underweight) 18 (29.0) 26 (23.6)

18.5-24.9 (Normal) 25 (40.3) 67 (60.9) NS

25-29.9 (Overweight) @) 7 6.4)

>30.0 (Obese) (4.8) 3 2.7)
Clinical Status

WHO stage III/TV 22 (35.5) 56 (47.5) NS

Tuberculosis disease 8 (12.9) 14 (11.9) NS

Opportunistic infection 13 (21.0) 23 (19.7) NS
gl‘l‘gittf: “m“eddi;‘gm before inclusion 5.9 [6.8; 10.7] 5.8 [5.3;8.7] NS
CD-4 + cell count (per mm3)

<350 5 8.1) 12 (10.2)

50-199 26 (41.9) 63 (53.4) NS

200-350 23 (37.1) 30 (25.4)

> 350 8 (12.9) 13 (11.0)
Haemoglobina (g/dL; mean) 11.3 [10.8; 11.9] 11.6 [11.2; 12.0] NS
Antiretroviral regimen AZT+3TC+NVP 47 (75.8) 87 (73.7) NS

"Family Nutritional Support
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Table 2. Final evaluation of patients

FNS group+ control group
p-value
N (%) 5 [IC 95 %] N (%) ; [IC 95 %]

Clinically evaluable patients 61 (98.4) 97 (82.2) <0.005
Final BMI stage

BMI evolution (kg/m?; mean) +1.0 [0.6; 1.5] +1.2 [0.8; 1.5] NS

Final BMI (kg/m?; mean) 21.9 [20.6; 23.1] 21.9 [21.2;22.7] NS
WHO stage evolution

Deterioration 2 3.3) 3 3.2)

Stable 32 (52.5) 49 (51.6) NS

Improvement 27 (44.3) 43 (45.3)
Final WHO stage III/IV 4 (6.6) 12 (12.4) NS
Events during follow-up

Incident tuberculosis 1 (1.6) 1 (1.0) NS

Incident OI 12 19.7) 19 (19.6) NS
Adherence to ART? 61 (98.4) 82 (77.4) <0.005
Biologically evaluable patients 60 (96.8) 100 (84.7) <0.05
CD-4 + cell count (per mm”)

CD-4 + cell count evolution (mean) +114 [76; 152] + 68 [46; 89] <0.05

Final CD-4 + cell count

<50 0 0) 4 %

50-199 18 (30) 36 (36) NS

200-350 17 (28.3) 28 (28)

> 350 25 41.7) 32 (32)
Final haemoglobina (g/dL; mean) 12.3 [11.9; 12.7] 12.9 [12.5; 13.2] 0.05

"Family Nutritional Support; ¥in intention to treat

respectively 11.6 g/dL [11.3; 11.9] and 10.0 g/dL [9.0;
11.0] for surviving and dead patients. Survival was also
found not to be associated with sex, age, Ol (initial or
incident), type of ART, initial CD-4 cell count. Mortality
was not significantly prevented in the small subgroup of
initially malnourished patients but only one patient re-
ceiving FNS died (mortality rate=7.7%) while four died
in the control group (mortality rate=22.2%). Survival was
adjusted by multivariable analysis for sex, age, initial low
BMI and activation of tuberculosis. This showed the per-
sistence of the protection provided by the FNS (RR=0.1
[0.01; 0.93]; p<0.05), in terms of initial and incident tu-
berculosis reactivation (respectively RR=3.3 and 48.8;
p<0.005) and the suppressed risk of initial malnutrition
Table 3.

Sixty-one and 97 patients had clinical pattern evolu-
tions (BMI, WHO stage and OI) assessable respectively
in FNS and control groups. Sixty and 100 patients had
biological patterns (CD-4 cell count, haemoglobin rate)
evolution assessable respectively in FNS and control
groups. There was no difference between the two groups
for BMI evolution and outcome. BMI increase was higher
when there was an initial malnutrition (p<0.05), when
length of ART before study period was less than six
months (p<0.005), and when initial WHO stage was III or
IV (p<0.005). Clinical status evolution, evaluated with
WHO staging, tuberculosis and OI outcome was not sig-
nificantly different between the two groups among sur-
viving assessable patients. Respectively, 27 (44.3%) and

43 (45.3%) patients in the FNS and control groups
showed an amelioration of their WHO stage.

Adherence was significantly improved for patients re-
ceiving FNS compared to controls. Respectively 61
(98.4%) and 82 (77.4%) patients assigned to FNS and
controls remained adherent to ART (p<0.005). Increase of
CD-4 cell count was 1.7 higher in the FNS group (p<0.05)
and neither related with incident OI nor tuberculosis. In-
crease of CD-4 cell count remained significantly associ-
ated with FNS (RR=43.0 [4.5; 81.5]; p<0.05) even when
taking in account confusion related to the type and length
of preceding ART, initial CD-4 cell count, initial OI or
tuberculosis and length of biological follow-up (data not
shown).

DISCUSSION

We found that the energy intake increase from FNS dur-
ing six months combined with ART for PLWH produced
significant benefits in survival, CD-4 cell count, and ad-
herence to treatment. Mortality rate was reduced from
16.9% to 3.2% in the FNS group (p<0.05). The increase
in CD-4 cell count was 1.7 times greater in the FNS
group (p<0.05), a substantial amount in this relatively
short period of time. All the findings underwent while
there was a trend although non-significant (p=0.08) to
have recruited more underweight patients in FNS group at
the beginning of the study. Thus, this research showed
evidences of reducing the risk of progression to the pri-
mary AIDS and death outcomes.
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Braitstein et al. found that mortality was higher in low-
income settings during the first months of ART.* A con-
trolled trial led by Paton et al. had explained a part of this
difference of survival, by a high prevalence of malnutri-
tion."* They found that patients starting ART with moder-
ate to severe malnutrition were six times more likely to
die than those with normal nutritional status. These stud-
ies admitted ART to improve nutritional needs. In Patons’
study, patients had begun ART for less than one year.
Factors such as nutritional deficiencies and co-infections
with endemic pathogens are also admitted to affect im-
munologic and virologic responses to ART.* In spite of
these partial evidences, a recent Cochrane meta-analysis
didn’t show any significant effect of macronutrient sup-
plementation on morbidity and mortality in PLWH."* To
the contrary, survival was significantly improved in our
FNS group of PLWH receiving ART.

Paton et al. found a trend - although non-significant -
towards a lower CD-4 cell count response under ART in
the patients with moderate to severe malnutrition.” We
found similar non-significant trend in every group. CD-4
cell count increase in the FNS group was only + 94.1/
mm’® [43.8; 144.4] for patients with initial BMI <18.5
kg/m® compared to + 130.1/mm’ [73.4; 186.8] for other
patients (NS).

At the end of the study, there was no difference in
BMI increase between the two groups in terms of surviv-
ing and evaluable patients. Our observation is in accor-
dance with several studies. Schwenk A et al evaluated the
effects of nutritional counseling, with or without oral
supplements for eight weeks in PLWH with recent and
ongoing weight loss.”” At the end of observation, fat free
mass had significantly increased in both treatment groups
but non-significant difference were observed for weight

and body cell mass. No impedancemetry was followed in
our study. A controlled trial evaluated nutritional support
in patients with newly diagnosed tuberculosis and wasting
and showed a greater increase in body weight in the sup-
plemented group after 12 weeks, but no significant differ-
ence after 24 weeks.'® Luis D et al. found that oral nutri-
tional support for a 3-months period permitted a signifi-
cant body weight gain versus isolated nutritional counsel-
ling."” This weight increase concerned fat mass. No bene-
fit was found with regard to BMI increase in the FNS
group but few patients were severely malnourished, me-
dian initial BMI was 19. Furthermore, ten patients with a
BMI superior to 25 were included in each group, respec-
tively 11.8% and 9.1 % in FNS and control groups (NS).
These inclusions were in accordance to the WHO stage
and CD-4 cell count of patients with no respect to their
BML. It was in reference to the family context discussion
- see following - and the proportional energetic needs
related to their health status. WHO stage evolution was
not different between the two groups. The study period
was too short to show any difference.

Sex ratio of PLWH was explained by the evolution of
the recruitment within ATC during the two years of the
study. Engaged male had been more likely to be diag-
nosed by health services of their firms. Thus, they had
been the first PLWH to consult when the ART program
had opened (control group). At the time the FNS program
begun, there were more women on inclusion as long as
preceding patients didn’t meet anymore inclusion criteria.
Survival remained strongly associated to FNS after ad-
justing with sex, age and initial BMI (Table 3). Thus any
potential confounder linked to socio-cultural conditions
evolution in recruitment were taken into account for
analysis.

Table 3. Multivariable survival analysis of HIV infected patients under ART - global mortality: 12.7%

Unadjusted RR [95% CI] p-value  Adjusted RR [95% CI]  p-value
Age (years)
<30 1 - 1 -
30-39 0.61 [0.10; 3.75] 0.92 2.27 [0.22;23.1] 0.21
>40 1.38 [0.28; 6.65] 7.48 [0.66; 84.6]
Sex (male) 1.20 [0.40; 3.60] 0.74 0.69 [0.14;3.22]  0.63
Initial BMI < 18.5 kg/m? 1.81 [0.52; 6.28] 0.35 3.50 [0.84; 14.6] 0.09
Opportunistic infection
Initial 3.83 [1.11;13.2]
Incident 1.69 [0.30; 9.33] 013
Tuberculosis disease
Initial 3.77 [0.94; 15.1] 3.26 [0.58; 18.5]
) 0.002 0.002
Incident 11.3 [2.52;50.9] 48.8 [5.41; 440.7]
Initial WHO stage III/IV 6.25 [1.35;28.9] 0.02
Initial CD-4 cell count 1.00 [0.99; 1.00] 0.28
Initial haemoglobin rate 0.73 [0.56; 0.95] 0.02
Antiretroviral regimen (AZT+3TC+NVP) 0.71 [0.21; 2.36] 0.57
FNS’ 0.18 [0.02; 1.40] 0.10 0.10 [0.01;0.93] 0.04

"Family Nutritional Support
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Patients in FNS and control groups were each enrolled
after they started ART respectively for a median time of
5.9 and 5.8 months (NS). The early response to ART was
not aimed to be studied. Thus, this gap between ART
initiation and FNS study was not different between the
groups and so does not cause any selection bias.

Patient adherence to FNS associated with ART was
remarkable. At the time of the generalization of ART in
developing countries, fight against HIV drug resistance is
one of the top priorities of public health. WHO estab-
lished the Global HIV Drug Resistance Surveillance
Network to assist countries in monitoring for the emer-
gence of HIV drug resistance.'"® ART adherence is the
best weapon in preventing these resistances.

To our knowledge, family food distribution for PLWH
was not evaluated in any published study. Besides avoid-
ing sharing patient directed ration, we can see two aims in
this shape of distribution. The preparation of family com-
mon meal is essential in African culture with a unique
dish for lunch.” In African families, the fear of cutaneous
contagion is often present and stigmatizes PLWH. Local
associations of PLWH organize “community meals” be-
tween patients and with related families. This aims to
collect persons touched by the epidemic and to decrease
patients’ stigmatisation in friendly place. Parallel can be
drawn with the familial meals furthermore supported with
FNS. Distribution of a family ration of food strengthens
social benefit. The incapacity of PLWH to supply the
family needs is a problem for home-returning in precari-
ous economic situation. The precariousness urges families
to exclude the impaired patient constituting a load.”® For
the Joint United Nations Programme on HIV/AIDS (UN-
AIDS), programs with aims to decrease stigmatisation
need three steps: understanding and commitment against
discrimination; providing leadership on the necessity of
reducing stigma and finally, facilitating the inclusion of
the fight against stigma in national HIV strategic plan-
ning.*' Our program followed these three rules.

International recommendations are clear for the care of
malnourished children in times of crisis. Adults’ malnu-
trition care is less consensual. WHO, United Nations
Children's Fund (UNICEF), WFP have conjointly rec-
ommended RUTF in the fight against children severe
acute malnutrition.?? But, in previous studies, RUTF was
directed to patients only and not to the whole family. It
remains to be established how it can be accepted in fami-
lies in developing countries for the long term. Distribu-
tion of FNS inscribes this type of program in better re-
spect of community-based therapeutic care.”

FNS like ART showed survival benefit after only six
months of treatment. WHO, UNICEF, WFP recommend
supporting the development and evaluation of nutrition
rehabilitation protocols based on local foods in countries
where poor families have access to nutrient-dense food.*
Most of the products distributed in this FNS program are
not yet grow on Nigerian soil.”* Although food was sup-
plied by the WFP, such production is partially possible
and would have to be promoted in many developing
countries.

In our study, International guidelines were followed:
clinical WHO recommendations (physicians’ experiences
in HIV care, medical and biological surveillance, and

ART and OI treatment guidelines) were followed; the
structure of the program was integrated to the national
health system and we showed benefits in survival, and
increasing of CD-4 cell count.'®*

CONCLUSION
This study showed a positive impact from FNS after six
months for PLWH recently initiating ART in a develop-
ing country. Efforts to provide access to ART that do not
incorporate other cost-effective interventions into a com-
prehensive primary care plan might limit the effect on
morbidity and mortality among PLWH in such settings.
International communities defend generalization of
food support for PLWH for pharmacological, social, ethi-
cal, and clinical purposes. The ethical issue is mainly over
extending the support to only the affected population
while the general public might also need this type of nu-
tritional intervention. But this study is so significant that
its results definitely outweigh the supposed ethical issues.
Other integrated approaches by national and international
co-operations are welcomed by the author to overcome
these issues.
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