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Abstract
Background: Malnutrition is a major global public health issue and its impact on communities and individuals is more dramatic in 
Sub-SaharanAfrica,whereitiscompoundedbywidespreadpovertyandgeneralizedhighprevalenceofhumanimmunodeficiency
virus (HIV). Therefore, malnutrition should be addressed through a multisectorial approach, and malnourished individuals should 
have access to nutritional rehabilitationmolecules that are affordable, accessible, rich innutrient and efficient.We thus assessed
the efficacyof twoaffordable andaccessiblenutritional supplements, spirulina platensis versus soya beans among malnourished 
 HIV-infected adults. 
Methods: Undernourished patients, naïve of, but eligible to antiretroviral treatment (ART), aged 18 to 35 years were enrolled and 
randomlyassignedtotwogroups.Thefirstgroupreceivedspirulina(GroupA)asfoodsupplementandthesecondreceivedsoyabeans
(GroupB).PatientswereinitiatedARTsimultaneouslywithsupplements.Foodsupplementswereauto-administereddaily,thequan-
tity being calculated according to weight to provide 1.5 g/kg body weight of proteins with 25% from supplements (spirulina and soya 
beans).Patientsweremonitoredatbaselineandfollowed-upduringtwelveweeksforanthropometricparameters,bodycomposition,
haemoglobin and serum albumin, CD4 count and viral load. 
Results:Fifty-twopatientswereenrolled(GroupA:26andGroupB:26).Themeanagewas26.4±4.9years(GroupA)and28.7± 4.8 
(GroupB)withnosignificantdifferencebetweengroups(P =0.10).After12weeks,weightandBMIsignificantlyimprovedinboth
groups (P ,0.001withineachgroup).ThemeangaininweightandBMIinGroupAandBwere4.8vs.6.5kg,(P =0.68)and1.3vs.
1.90 Kg/m2, (P =0.82) respectively. In termsofbodycomposition, fat freemass (FFM)didnot significantly increasewithineach
group (40.5 vs. 42.2 Kg, P =0.56forGroupA;39.2vs.39.0Kg,P =0.22forGroupB).Butwhencomparedbetweenthetwogroups
attheendofthetrial,FFMwassignificantlyhigherinthespirulinagroup(42.2vs.39.0Kg,P = 0.01). The haemoglobin level rose 
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Introduction
AccordingtotheUnitedNationsprogramonAcquired
ImmuneDeficiencySyndrome(UNAIDS),about68%
of HIV-infected adults live in Sub-Saharan Africa.1 
Despite the fact that antiretroviral treatment (ART) 
has spectacularly prolonged the life expectancy 
among these patients infected with HIV,  malnutrition 
remains a major complication of the disease and a 
public health problem in low income countries; its
influenceontheprogressionofHIVinfectionisfre-
quentlyreported.2–6InGhanaforexample,Tabi et al7 
reported that “most patients with HIV and AIDS die 
because of their poor nutritional status than from the 
disease itself  ”.

Protein-caloriemalnutritionimpairstheanti-viral
function of macrophages and is directly related to the 
severity of the HIV infection.8–13 Chronic  infections 
generateasignificantenergydemandincludingprotein
catabolism for energy production via  gluconeogenesis. 
This is worsened by protein intake deficiency.14 
Besides, a range of metabolic  abnormalities occur 
in HIV/AIDS patients on ART treatment, including 
 dyslipidaemia, disorders of glucose metabolism, as 
well as changes in body composition.15–18

All these are indications that the management of 
HIV-infected individuals should include an assess-
mentoftheirnutritionalstatus.WHOrecommends
that the diet of people living with HIV-AIDS 
should be supplemented with macronutrients and 
 micronutrients.19 The above recommendation is 
yet to be fully implemented at national health care 
 levels in Sub-Saharan Africa, in terms of nutri-
tional intervention as complementary to ART, and 
asadded-valueintheimprovementofthequalityof
life of these subjects.

Arthrospira platensis, also called spirulina plat
ensis, is a blue-green alga with a very high  protein con-
tent used in nutritional rehabilitation in  undernourished/
malnourished people with excellent results.20–24 A more 
recent study conducted in Central African Republic25 
reported that spirulina could be a strong candidate 
supplement if it has other potential than just nutritional 
benefits;theydidnottestbodycompositionnorviral
load, and failed to demonstrate benefits in terms of
direct improvement on immune response, due to their 
limited experimental protocol. Spirulina is generally 
considered safe for human consumption supported by 
its long history of use as food source21 and its favor-
ablesafetyprofile inanimalstudies.26–28 Spirulina is 
locally available in  sub-saharan Africa, inexpensive 
and exhibits some reported therapeutic functions.24,29 
In addition spirulina supplementation does not change 
usualfoodintake.Wethereforecarriedoutthisstudy
to assess the impact of nutritional rehabilitation by 
 spirulina  platensis on HIV-associated undernutrition/
malnutrition.

Methods
Study hypothesis
It was hypothesised that in HIV-infected and malnour-
ished adults, nutritional supplementation with spirulina 
coupledtoARTwouldbemoreefficientthanARTplus
soya beans, on the nutritional status in terms of weight 
gain and body composition, and in improvement of the 
immune response due to good nutritional status.

Study objectives
The main objective of this study was to assess the 
impact of nutritional rehabilitation using spirul
ina platensis versus soya beans on the nutritional 

significantlywithingroups(P , 0.001 for each group) with no difference between groups (P =0.77).Serumalbuminleveldidnot
increasesignificantlywithingroups(P , 0.90 vs. P , 0.82) with no difference between groups (P = 0.39). The increase in CD4 cell 
countwithingroupswassignificant(P ,0.01inbothgroups),withasignificantlyhigherCD4countinthespirulinagroupcomparedto
subjects on soya beans at the end of the study (P =0.02).Withineachgroup,HIVviralloadsignificantlyreducedattheendofthestudy
(P , 0.001 and P =0.04forspirulinaandsoyabeansgroupsrespectively).Betweenthegroups,theviralloadwassimilaratbaseline
butsignificantlyreducedinthespirulinagroupattheendofthestudy(P = 0.02).  
Conclusion:We therefore conclude in this preliminary study, firstly, that both spirulina and soja improve on nutritional status of
malnourishedHIV-infected patients but in terms of quality of nutritional improvement, subjects on spirulinawere better off than
subjectsonsoyabeans.Secondly,nutritionalrehabilitationimprovesonimmunestatuswithaconsequentdropinviralloadbutfurther
 investigations on the antiviral effects of this alga and its clinical implications are strongly needed.

Keywords: malnutrition, spirulina, nutritional rehabilitation, HIV infected persons, anthropometric measurements, body composition, 
CD4 cells count, viral load
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 status, and the immune response of malnourished 
 HIV-infected adults.

Specifically, the 12-weeks impact of spirulina
 versus soya beans renutrition therapy was assessed on 
the clinical nutritional status as measured by anthro-
pometry and body composition analysis and on bio-
logical parameters (haemoglobin, serum albumin, 
CD4 count, viral load).

Study protocol
This was a twelve-week prospective study including 
two groups of patients. One group of patients was
randomized to spirulina as nutritional supplement 
(treatment group) and the other group received Soya 
beans. This research was conducted at the AIDS clinic 
of the Day Care Hospital, a healthcare unit linked to 
the Internal Medicine Service of the Yaoundé Central 
Hospital. This unit is located in the central region of 
Yaoundé town in Cameroon, and has more than 4000 
registered HIV-infected patients. It is considered to be 
a reference centre for multidisciplinary care of indi-
viduals living with HIV/AIDS. Data were collected 
fromOctober2008toJanuary2009.

Participation criteria
In this study patients aged 18–35 years, infected with 
HIV without distinction of sex, naive to any ART 
(and about to initiateART);with bodymass index
(BMI),18.5 kg/m² and/or a wasting syndrome (loss 
of $10% body weight), a state of advanced or severe 
immunedeficiency(CD4, 349 cells/mm3), residing 
in Yaoundé and who gave an informed consent were 
included in the study.

Bedriddensubjects,thosehavinganopportunistic
infections or psychiatric illness, including a clini-
cally diagnosed tumour were excluded. All pregnant 
women, a history of poor compliance to previous 
treatments, or who refused to participate in the study 
were also excluded.

Sample size
In addition to weight gain and given the fact that 
improvement in nutritional status leads to an improve-
ment in immune status we based the calculation of the 
samplesizeontheproportionofpatient(P)withan
increase of 100 CD4 cell count at the end of 3 months 
of nutritional supplementation. The benchmark of 
100 CD4 cells count which was chosen was based 

onapreviousfieldstudyinCameroon.30Wepowered
our study to detect a 50% difference in the propor-
tion of patients with a significant increase of CD4
between the treatment (Spirulina) group and the con-
trol(Soya)group.Weusedsamplesizecomputational
tablestoestimatedifferentvaluesofsamplesize.Our
parameterswere:

•	 Ratio Treatment group/Control group =1;Precision=	
0.05;Zα =1.645.

•	 Withapowerof80%,weneeded23subjectsper
group.

•	 The individuals were selected randomly, on the 
basis of consecutive sampling. The randomisa-
tionpatternwasstratifiedaccordingtothetimeof
arrival at the clinic. The subjects were allocated 
in groups of 5 in each treatment group. Data were 
analysed as per protocol.

Interview
Outpatients infected by HIV, who arrived for
 routine consultations with a medical doctor, were 
approached and invited to participate in the study. 
The purpose, requirements and procedure of the
study were explained to them. An interview allowed 
 identifying and partially verifying inclusion criteria. 
Then, patients who gave their informed consent to 
participate in the study were submitted to a complete 
physical examination and blood sample collection for 
laboratory tests. They received their food supplement, 
and an appointment was given every two weeks.

Physical examination
Physical examination consisted of anthropometric
measurements including body composition analysis 
and a complete clinical examination.

Anthropometric measures
The height and body weight were measured to a 
 precision of 0.1 cm and 0.01 kg, respectively, utilizing 
a digital weighing balance (electronic weighing device, 
LAICA®—Italy) and an anthropometric tape attached 
tothewalloftheevaluationroom.Participantswore
only under-shorts. The weight measurements were 
made twice and the height measurements were made 
two times, adopting the average value. All these mea-
surements were made by a single person who was expe-
riencedinthefieldofmeasurementsandevaluations.
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TheBodyMassIndexwascalculatedusingtheformula
Weight/height²,andinterpretedaccordingtotheWHO
classificationofBMI.

Body composition analysis
Participantshadasingle,tetrapolarBIAmeasurement
of resistance (Res) and reactance at 50 kHz on the right 
side of the body, using Quantum® Bio-Impedance
(BIA) Body Composition Analyzer (RJL systems,
USA). The electrodes were placed on the hand, wrist, 
foot, and ankle of each subject according to the stan-
dard placement for adults stated in the  manufacturer’s 
guidelines. All metal objects were removed from 
the subjects before the measurements were made. 
The subjects were supine for at least 15 min on a non-
conductive surface with their arms and thighs apart. 
AllBIAmeasurementswereperformedbythesame
person.

equations used for determining body  
composition (from chumlea et al31)
The following equationswere used to calculate the
bodycomposition;

FatFreeMass(FFM)

Men:FFM= -10.678+0.262×Weight+0.652
×	Height²/Res +	0.015 × Res

Women:FFM= -9.529 +Weight+	0.696
×	Height²/Res +	0.016× Res

Res = Resistance

TotalBodyFat(TBF)

TBF=Weight–FFM

Biological parameters
The blood samples collected for laboratory tests were 
dividedintothreetubes;forhaematology,biochemistry
and virology. The haemoglobin level was determined 
by an automat while albumin level was obtained by 
an indirect assay method. The CD4 cell count was 
determined by cytometry and the viral load by poly-
merase chain reaction.

Food supplements distribution
After clinical data and blood sample collection, each 
patient received either spirulina or soya  powder, in a 
quantityequivalenttotheproteinsupplyrecommended

by according to Coyne-Meyers et al.32Basedonthe
informationcollectedbyquestionnaire,weassumed
that patients had a quantitatively adequate protein
intake in theirdiet.We thenplanned to supplement
25%ofproteinintakebyspirulina,or0.37g/kg/day
during thefirstmonthand0.20g/kg/dayduring the
following 2 months. At baseline, all subjects were 
naive to ART and were initiated simultaneously to 
ART together with the supplements.

Statistical analysis
Data were analysed with SPSS–version 13.0 and
R (version, 2.7.1).Quantitative variableswere pre-
sented as means ± standarddeviation.Whendistri-
butions were not normal, results were presented as 
medians including the minimal and maximal values. 
The Student’s T test and the paired T-test were used to 
compare continuous data with a normal distribution 
whiletheWilcoxonandMann-WhitneyUtestwere
used as appropriate. A difference with P , 0.05 was 
consideredsignificant.Apatientwhodiedordisap-
peared during the study, was also considered as lost 
and thus excluded from the analysis. It was the same 
for those who developed opportunistic infections.

ethical considerations
This study was approved by the National Ethical 
Committee of Cameroon (Ethical clearance n° 036/
CNE/DNM/07).Allparticipantsinthestudygavean
informed consent before inclusion.

Results
Sixtytwo(62)patientswererecruitedonthewhole.
Ofthisnumber,6diedand4patientswerelosttofollow
up,givingafollow-uprateof84%.Ourfinalsample
was made up of 52 patients, divided randomly into 
twogroupsof26.Themeanagewas26.3± 4.9 years 
inthespirulinagroupand28.6±4.7yearsinthesoya
group.Bothgroupswerecomparableatbaselinefor
all characteristics (Table 1).

Nutritional rehabilitation
Below,Tables 2, 3 and 4 compare the anthropometric 
characteristicsofthesubjectsatinclusion(Baseline)
and after a follow-up of 12 weeks (Endline).

At the beginning of the study, the median value of 
the weight was comparable in the two groups. It was 
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Table 1. general characteristics of our study population at baseline.

Variables Overall spirulina soya bean P value†

Mean ± sD
Sex
 Female, n (%)
 Male, n (%)

34 (65.4) 
18 (34.6)

17 (65.4) 
9 (34.6)

17 (65.4) 
9 (34.6)

0.77

Age (years) 27.4 ± 4.8 26.4 ± 4.9 28.7 ± 4.8 0.08
height (cm) 165 ± 8 165 ± 16 162 ± 15 0.51
Weight (kg) 53.9 ± 15.5 55.7 ± 19.5 52.2 ± 10.3 0.51
BMI (kg/m²) 20.0 ± 4.7 20.1 ± 5.3 20.1 ± 4.2 0.93
Total body fat (kg) 14.0 ± 10.8 15.1 ± 13.1 12.9 ± 8.0 0.50
Fat free mass (kg) 39.9 ± 8.1 40.6 ± 8.9 39.2 ± 7.4 0.68
haemoglobin (g/dl) 10.4 ± 1.3 10.5 ± 1.6 10.5 ± 1.1 0.74
Albumin (g/l) 30.6 ± 3.5 30.2 ± 4.2 31.0 ± 2.6 0.30
cD4 (cell/mm³) 97 ± 54 96.7 ± 58.6 97.4 ± 49.4 0.89
Viral load (copy Log 10/mm³) 4.8 ± 0.3  4.9 ± 0.4  4.8 ± 0.3 0.90
note: P value† = P value for baseline comparison between spirulina and soya beans group only.
Abbreviation: SD, standard deviation.

Table 2. Variation of body weight during the course of 
the study.

Body weight (kg) spirulina  
(n = 26)

soya beans  
(n = 26)

P

Mean
Baseline 55.6 ± 19.5 52.1 ± 10.3 0.79
endline 60.4 ± 18.6 58.6 ± 10.6 0.68
Diff.(*) 4.8 6.5 –
P ,0.001 ,0.001 –
note: Diff.(*) = Mean difference in kg.

Table 3. Variation of body mass index during the course 
of the study.

BMI (kg/m2) spirulina  
(n = 26)

soya beans  
(n = 26)

P

Mean ± sD
Baseline 20.6 ± 5.3 20.1 ± 4.1 0.99
endline 21.9 ± 5.7 22.0 ± 4.6 0.82
P 0.001 0.001 –

thesameforthemeanandmedianvaluesoftheBMI,
which were within normal limits.  However, when sep-
aratelyanalysed,64%wereclassifiedasunderweight
(BMI less than 18.4 kg/m²) in the spirulina group
and30%intheSoyagroup.Therewasnosignificant
difference in the body composition between the two 
groups.

At the end of the study, therewasasignificant
increase in weight within each treatment group, 
withoutasignificantdifferencebetweenthegroups.
Theaverageweightgainwas4,8kilograms.60%of
patients had a weight gain greater than 10% of base-
line weight, with 58% being in the spirulina group 
and62%inthesoyagroup.Therewasasignificant
improvementofBMIinthetwogroups.Concerning
thebodycomposition,weobservedasignificantTBF
increaseinthetwogroups.Besides,theFFMincreased
nonsignificantlywithinthespirulinagroup,andwas

unchanged in the Soya group.When the difference
in FFM was compared between the two groups at
theendofthestudy,itwassignificantlyhigherinthe
spirulina than in the soya bean group.

Biological parameters of our  
study population
In Table 5, the biological parameters in each  treatment 
group is compared at the beginning and at the end of 
the study.

The haemoglobin level significantly increased
in the two groups at the end of the study, without 
significantdifferencebetweenthegroups.Themean
increaseofhaemoglobinwas1.6g/dlinthespirulina
groupand1.4g/dlinthesoyagroup.Sixtytwo(62)%
of patients in the two groups corrected their anaemia 
at the end of the essay.

Therewasnosignificantchangeinalbuminlevels
within and between treatment groups.
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Immune response
Table6showstheevolutionofCD4cellscountsand
viral load in the two groups of subjects. The CD4 cells 
countincreasedinallpatients,butsignificantlymore
inthegroupwhichreceivedspirulina.73%ofpatients
had an increase of more than 10% of their baseline 
CD4 cells count, with 77% being in the spirulina
group and 69% in the soya group. The difference
betweenthetwogroupswassignificant(P = 0.02).

Thevariationofviral loadisreportedintable7:
inpatientsreceivingspirulina,theviralloadsignifi-
cantly decreased at the end of the study as opposed to 
the subjects on soya (P = 0.02).

Discussion
This study comprised 52 patients divided into two 
groupsof26each.Oursamplesizewas lower than
that of Simpore et al23 and Diop et al33 which were 
84and61patientsrespectively.Themeanageofour
studypopulationwas27.4± 4.8 years.

The choice of soya beans as nutritional supple-
ment for the control group was due to the fact that, for 
ethical reasons, we had to provide a real nutritional 

supplement to HIV malnourished participants not 
underspirulina.Soyahasknownbeneficialeffectsin
malnourished subjects.34–36

After 12 weeks of study, patients supplemented with 
spirulina improved as concerns their  nutritional status. 
Weightgainwassignificantinthetwogroups,withan
average 4,8 kilograms increase. This value is slightly 
higher than that obtained by Diop et al33 which was 4 
kilograms, for the same period of study. The weight 
increasewasassociatedtoanimprovementoftheBMI.
Diop et al33didn’treportasignificantimprovementof
BMI in their study.Yamani et al25 reported less than 
1,4 kg weight gain in  spirulina and placebo groups after 
3 months supplementation, when we recorded at least 
4 kg. This could be due to the fact that we included peo-
ple with evident weight loss whereas Yamani’s sample 
did not take it in consideration, nor indicating the need 
for nutritional intervention among their patients. Their 
limited protocol did not provide any information on the 
analysisofweightgainqualityintermofbodycompo-
sition;theyusedarmgirthasmeasureofmusclemass
reconstitution, but this is usually rejected for adults, it is 
more valid in paediatric nutritional interventions.

Table 5. Variation of biological parameters during the course of the study.

spirulina (n = 26) soya (n = 26) Diff.(*) (P)
Mean ± sD

Hemoglobin (g/dl) Baseline 10.4 ± 1.5 10.4 ± 1.0 0 (P = 0.96)
endline 12.0 ± 1.7 11.8 ± 1.1 0.2 (P = 0.77)
Diff.(*) (P) 1.6 (P , 0.01) 1.4 (P , 0.01) –

Albumin (g/l) Baseline 30.2 ± 4.2 31.0 ± 2.6 -0.8 (P = 0.41)
endline 31.2 ± 4.3 31.4 ± 3.1 -0.2 (P = 0.39)
Diff.(*) (P) 1.0 (P = 0.90) 0.4 (P = 0.82) –

note: Diff.(*) = Mean difference in g/dl or g/l respectively.
Abbreviation: SD, standard deviation.

Table 4. Variation of body composition during the course of the study.

Fat free mass (FFM) 
Total body fat (TBF)

spirulina (n = 26) soya beans (n = 26) Diff.(*) (P)
Mean ± sD

FFM (kg) Baseline 40.5 ± 8.9 39.2 ± 7.3 1.3 (P = 0.80)
endline 42.2 ± 9.5 39.0 ± 6.4 3.2 (P = 0.01)
Diff.(*) (P) 1.7 (P = 0.56) -0.02 (P = 0.22) –

TBF (kg)  Baseline 15.0 ± 8.2 12.9 ± 7.9 2.1 (P = 0.99)
endline 18.2 ± 9.4 17.6 ± 8.8 0.6 (P = 0.48)
Diff.(*) (P) 3.2 (P , 0.001) 4.7 (P , 0.001) –

note: Diff.(*) = Mean difference in kg.
Abbreviation: SD, standard deviation.
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In terms of the quality ofweight gain, the body
composition of our patients showed an increase of 
FFMwithinthespirulinagroup,thoughnotsignificant.
TheFFMinthesoyagroupremainedunchanged.But
whenwecomparedtheFFMbetweenthetwogroups
at the end of 12 weeks of nutritional supplementation, 
theFFMwassignificantlygreaterinthespirulinagroup
This result suggests that spirulina intake as opposed to 
soyaintakeismoreefficientincorrectinglossofFFM
in persons infected with HIV. Compared to the soya, 
spirulina is richer in essential amino acids, impor-
tant for anabolism and muscle mass  reconstitution. 
AlthoughtheincreaseofTBFwashigherinthesoya
beans group, the difference between the two groups 
attheendofthestudywasnotsignificant.Thisresult
can be explained by the fact that when we balance 
the two supplements by their protein rates, the caloric 
supply maximised in the Soya group, favours directly 
lipogenesis.Fromanotherpointofview,thereisadi-
pose tissue  redistribution during the HIV-infection, 
and this phenomenon is more accentuated with the 
use of highly active antiretroviral therapy. The values 
that we obtained are not absolute, but allowed us to 
appreciatethequalityofweightgain.

The albumin level remained relatively constant in 
the two groups at the end of the study. Despite the fact 
that we observed a slight increase in the  majority of 

patients, some of them remained in  hypoalbuminemia. 
This result is similar to those obtained by Diop et al33 
who didn’t observed any improvement of albumin 
in patients under spirulina. Doudou et al37 reported 
that spirulina seemed to have little effect on the 
albumin level. A low albumin level is one of the 
biological indicators of disease progression among 
 malnourished people.38–40 This mild increase in mal-
nourished  HIV-infected individuals, who received a 
food supplement rich in proteins could be due to other 
factors which have to be investigated.

As concerns the haemoglobin levels, there was a 
significantincreaseinthetwogroupsattheendofthe
study.Theaverageincreasewas1.6g/dlinthespir-
ulina group. This value is similar to those obtained by 
Simpore et al23 which was 1.4 g/dl. Diop et al33 did not 
observeasignificantincreaseofhaemoglobinlevels.
62%ofthestudyparticipantscorrectedtheiranaemia
against 43% reported by Doudou et al.37 Spirulina is 
known to be rich in iron and this result suggests the 
positive impact that it could have, on the prevention 
and long-term treatment of anaemia in HIV infected 
and malnourished patients.

At the beginning of the study, the average CD4 cells 
counts were low, without differences between the 
two groups. After 12 weeks of supplementation, we 
observed a significant increase in the two groups.
However this increase was significantly higher in
those who received spirulina (P = 0.02). Diop et al33 
reportedanonsignificantincreaseofCD4cellscount
in their patients. This indicates that the immune 
responsemaybemoreefficientamongHIV-infected
patients under ART and supplemented with spir-
ulina, than in those with ART alone.  Simpore et al23 
reported that spirulina seemed to have an effect on the 
CD4 cells preservation. This could be explained by the 
immunostimulatory effects of any kind of  successful 
nutritional rehabilitation, since it is  generally  admitted 

Table 6. Variation of cD4 count during the course of 
the study.

cD4 count  
(cells/mm3)

spirulina  
(n = 26)

soya beans  
(n = 26)

Diff.(*) (P)

Mean ± sD
 Baseline 96 ± 58 97 ± 49 -1 (P = 0.3)
 endline 195 ± 90 143 ± 69 52 (P = 0.02)
 Diff.(*) (P) 99 (P , 0.01) 46 (P , 0.01) –
note: Diff.(*) = Mean difference in cells/mm3.
Abbreviation: SD, standard deviation.

Table 7. Variation of viral load during the course of the study.

Viral load  
(log10 copies/mm3) 

spirulina (n = 26) soya beans (n = 26) Diff.(*) (P)
Mean ± sD

Baseline 4.86 ± 0.35 4.81 ± 0.31 0.05 (P = 0.59)
endline 4.45 ± 0.49 4.75 ± 0.36 -0.30 (P = 0.02)
Diff.(*) (P) -0.41 (P , 0.001) -0.06 (P = 0.04) –
note: Diff.(*) = Mean difference in log10 copies/mm3.
Abbreviation: SD, standard deviation.
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that a good nutritional status is a good predictor of 
better immune response by the so-called nutrition 
 modulation of immune response effect.12

The viral load was significantly decreased in the
spirulinagroup,withoutanysignificantchangeinthe
soya group at the end of the study. This result suggests 
that spirulina, as reported in in-vitro studies, may have 
an intrinsic antiviral activity, inhibiting the replication 
of HIV.41,42 This study however does not allow clini-
cal confirmation of its antiviral activity since it was
not possible for ethical reasons to make comparisons 
against a group not treated by ART. Nevertheless, Diop 
et al33 reported an undetectableviralloadafter6months
of spirulina supplementation and it can be assumed that 
the decrease of viral load shown in this study could have 
reached similar levels with the same study duration.

conclusion
At the end of this study, it can be concluded that 
 spirulina supplementation over a period of 12 weeks in 
malnourished adults infected with HIV and/or having 
aseverecaseofimmunedeficiency;promotesweight
gain and improvement in body composition in terms of 
increasingtheFFMcomparedtosoyabeans;increases
the haemoglobin level and by doing so reduces 
 anaemia. It is also suggested that ART coupled to 
spirulinasupplementationmaybemorebeneficialfor
immune response than ART plus soya beans in terms 
of CD4 cells count and the viral load kinetics.  Spirulina 
is a strong candidate supplement for HIV infection, 
when coupled with ART treatment among especially 
undernourished HIV infected persons. This study 
demonstrating improvements of anthropometric and 
immunological parameters among HIV-patients with 
spirulinasupplementationconfirmstheinterestincon-
sidering this alga routinely for nutritional rehabilitation 
amongthistypeofpatients.Furtherinvestigationson
the in-vivo antiviral effects of this algae and its clinical 
implications are strongly recommended.

Acknowledgement
We thank all the personnel of the AIDS clinic in
Yaounde Central Hospital, and all those who partici-
pated in the study.

Disclosure
This manuscript has been read and approved by 
all authors. This paper is unique and is not under

 consideration by any other publication and has not 
been published elsewhere. The authors and peer 
reviewersofthispaperreportnoconflictsofinterest.
The authors confirm that they have permission to
reproduce any copyrighted material.

References
 1. WorldHealthOrganization,ProgressonGlobalAccesstoHIVAntiretroviral

Therapy-AReporton“3by5”andBeyond.March2006,WHO:Geneva.
(Accessible at www.who.int/hiv/fullreport_en_highres.pdf).2006.

 2. KotlerDP.NutritionalalterationsassociatedwithHIVinfection.J Acquir 
Immune Defic Syndr.2000;25Suppl1:S81–7.

 3. MasonJB,BailesA,MasonKE,etal.AIDS,drought,andchildmalnutrition
in southern Africa. Public Health Nutr.2005;8(6):551–63.

 4. SchwenkA,BugerB,WesselD,etal.Clinicalriskfactorsformalnutrition
in HIV-1-infected patients. Aids.1993;7(9):1213–9.

 5. SuttmannU,OckengaJ,SelbergO,HoogestraatL,DeicherH,MullerMJ.
Incidence and prognostic value of malnutrition and wasting in human 
immunodeficiencyvirus-infectedoutpatients.J Acquir Immune Defic Syndr 
Hum Retrovirol.1995;8(3):239–46.

 6. NiyongaboT,HenzelD,NdayishimyieJM,etal.Nutritionalstatusofadult
inpatientsinBujumbura,Burundi(impactofHIVinfection).Eur J Clin Nutr. 
1999;53(7):579–82.

 7. TabiM,VogelRL.Nutritionalcounselling:aninterventionforHIV-positive
patients. J Adv Nurs.2006;54(6):676–82.

 8. Miyoshi T, Yamakawa T, Ohishi N, Hirosawa K, Itoh S, Katoh K.An
 experimental study on cellular immunity and protein-calorie malnutrition. 
Int Surg.1984;69(1):75–80.

 9. Olson LC, Sisk DR, Izsak E. Protein-calorie malnutrition impairs the
 anti-viral function of macrophages. Proc Soc Exp Biol Med.1978;159(1):
84–7.

10. RedmondHP,LeonP,LiebermanMD,etal.Impairedmacrophagefunction
in severe protein-energy malnutrition. Arch Surg,1991;126(2):192–6.

11. RedmondHP,ShouJ,KellyCJ,etal.Immunosuppressivemechanismsin
protein-calorie malnutrition. Surgery.1991;110(2):311–7.

12. Cunningham-RundlesS,McNeeleyDF,MoonA.Mechanismsofnutrient
modulation of the immune response. J Allergy Clin Immunol.2005;115(6):
1119–28;quiz1129.

13. Woodward B. Protein, calories, and immune defenses. Nutr Rev. 1998; 
56(1Pt2):S84–92.

14. Scrimshaw NS, SanGiovanni JP. Synergism of nutrition, infection, and
immunity:anoverview.Am J Clin Nutr.1997;66(2):464S–77S.

15. HadiganC,MeigsJB,CorcoranC,etal.Metabolic abnormalities and car-
diovascular disease risk factors in adults with human immunodeficiency
virus infection and lipodystrophy. Clin Infect Dis.2001;32(1):130–9.

16. KosmiskiLA,KuritzkesDR,LichtensteinKA, et al. Fat distribution and
 metabolic changes are strongly correlated and energy expenditure is increased 
in the HIV lipodystrophy syndrome. Aids.2001;15(15):1993–2000.

17. MurataH,HruzPW,MuecklerM.Themechanismof insulin resistance
caused by HIV protease inhibitor therapy. J Biol Chem. 2000;275(27):
20251–4.

18. NoorMA,SeneviratneT,AweekaFT,etal.Indinaviracutelyinhibitsinsulin-
stimulatedglucosedisposal inhumans:a randomized, placebo-controlled
study. Aids.2002;16(5):F1–8.

19. OMS.Document conceptuelde laConsultation régionale sur lanutrition
et le VIH/sida dans les pays d’Afrique francophone. Eléments factuels,
enseignementstirésetmesurespréconisées.Ouagadougou,BurkinaFaso.
Consultable sur http://www.who.int/nutrition/topics/nut_hiv_consultation_
franco_conceptpaper_french.pdf. 2008.

20. AmhaB,YoshimichiO,KazuyukiM,HidenoriS.Currentknowledgeon
potentialhealthbenefitsofspirulina.J Appl Phycol.1993;5(2):235–41.

21. GatugelA,LauraB,MarioRT.HarvestofArthrospiraplatensisfromLake
Kossorom (Chad) and its household usage among the Kanembu. J Appl 
 Phycol.2000;12(3):493–8.

http://www.la-press.com
mailto:www.who.int/hiv/fullreport_en_highres.pdf
mailto:http://www.who.int/nutrition/topics/nut_hiv_consultation_franco_conceptpaper_french.pdf.
mailto:http://www.who.int/nutrition/topics/nut_hiv_consultation_franco_conceptpaper_french.pdf.


publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
• Available to your entire community 

free of charge
• Fairly and quickly peer reviewed
• Yours!  You retain copyright

http://www.la-press.com

Beneficial aspects of spirulina platensis in HIV-infected adults

Nutrition and Metabolic Insights 2011:4 37

22. DiaAT,CamaraMD,NdiayeP,etal.Contributionofsupplementationby
spirulina to the performance of school children in an introductory course in 
Dakar (Senegal). Sante Pub.2009;21(3):297–302.

23. SimporeJ,ZongoF,KaboreF,etal.NutritionrehabilitationofHIV-infected
and HIV-negative undernourished children utilizing spirulina. Ann Nutr 
Metab.2005;49(6):373–80.

24. Kulshreshtha A, Zacharia AJ, Jarouliya U, Bhadauriya P, Prasad GB,
BisenPS.Spirulina inhealth caremanagement.Curr Pharm Biotechnol. 
2008;9(5):400–5.

25. YamaniE,Kaba-MebriJ,MoualaC,GresenguetG,ReyJL.Useofspirulina
supplementfornutritionalmanagementofHIV-infectedpatients:studyin
Bangui,CentralAfricanRepublic.Med Trop (Mars).2009;69(1):66–70.

26. ChamorroGA,HerreraG,SalazarM,SalazarS,UlloaV.Short-termtoxicity
study of spirulina in F3b generation rats. J Toxicol Clin Exp. 1988;8(3):
163–7.

27. ChamorroGA,HerreraG,SalazarM,SalazarS,UlloaV.Subchronictoxicity
study in rats fed spirulina. J Pharm Belg.1988;43(1):29–36.

28. SalazarM,MartinezE,MadrigalE,RuizLE,ChamorroGA.Subchronic
 toxicity study in mice fed spirulina maxima. J Ethnopharmacol.1998;62(3):
235–41.

29. NielsenCH,BalachandranP,ChristensenO,etal.EnhancementofNatural
Killer Cell Activity in Healthy Subjects by Immulina(R), a spirulina Extract 
EnrichedforBraun-TypeLipoproteins.Planta Med. 2010. (Epub ahead of 
print).

30. BourgeoisA,LaurentC,MougnutouR,etal.Fieldassessmentofgeneric
antiretroviraldrugs:aprospectivecohortstudyinCameroon.Antivir Ther. 
2005;10(2):335–41.

31. ChumleaWC,GuoSS,KuczmarskiRJ,etal.Bodycompositionestimates
from NHANES III bioelectrical impedance data. Int J Obes Relat Metab 
Disord.2002;26(12):1596–609.

 32. Coyne-Meyers K, Trombley LE. A review of nutrition in human immuno-
deficiencyvirusinfectionintheeraofhighlyactiveantiretroviraltherapy.
Nutr Clin Pract.2004;19(4):340–55.

33. DiopS,Fall-gassama,A,DiopB,SowP.Evaluationdelaprisequotidienne
de poudre de spiruline sur le statut nutritionnel et immunitaire des personnes 
vivant avec leVIHàDakar (Etude cas témoin à proposde61patients).
Abstract n°136/PEB01presentedat the15th InternationalConferenceon
AIDS and Sexually transmitted diseases, Dakar, Senegal, December 2008. 
Available on www.icasadakar2008.org/. 2008.

34. DeArruda Oliveira E, Gomes Cheim LM, Veloso RV, et al. Nutritional
recoverywithasoybeanflourdietimprovestheinsulinresponsetoaglucose
load without modifying glucose homeostasis. Nutrition.2008;24(1):76–83.

35. AbiodunPO.Useofsoya-beansforthedietarypreventionandmanagement
of malnutrition in Nigeria. Acta Paediatr Scand Suppl.1991;374:175–82.

36. GoldenBE,GoldenMH.Plasmazinc,rateofweightgain,andtheenergy
cost of tissue deposition in children recovering from severe malnutrition 
on a cow’s milk or soya protein based diet. Am J Clin Nutr.1981;34(5):
892–9.

37. DoudouHalidouM. Impactd’une supplémentationen spirulinechezdes
enfants malnutris sévères dans le cadre de la réhabilitation nutritionnelle. 
Essai clinique randomisé en double aveugle. Ecole de santé publique,
UniversitéLibredeBruxelles:Bruxelles2008,(Availableonhttp://theses.
ulb.ac.be/ETD-db/collection/available/ULBetd-11072008–140732/).

38. GrahamSM,BaetenJM,RichardsonBA,etal.Adecreaseinalbuminin
earlyHIVtype1infectionpredictssubsequentdiseaseprogression.AIDS 
Res Hum Retroviruses.2007;23(10):1197–2000.

39. MehtaSH,AstemborskiJ,SterlingTR,ThomasDL,VlahovD.Serumalbu-
min as a prognostic indicator for HIV disease progression. AIDS Res Hum 
Retroviruses.2006;22(1):14–21.

40. ShahS,SmithCJ,LampeF,etal.Haemoglobinandalbuminasmarkers
ofHIVdiseaseprogressioninthehighlyactiveantiretroviraltherapyera:
relationships with gender. HIV Med.2007;8(1):38–45.

41. AyehunieS,BelayA,BabaTW,RuprechtRM.InhibitionofHIV-1repli-
cationbyanaqueousextractofspirulinaplatensis(Arthrospiraplatensis). 
J Acquir Immune Defic Syndr Hum Retrovirol.1998;18(1):7–12.

 42. Hayashi K, Hayashi T, Kojima I. A natural sulfated polysaccharide,  calcium 
spirulan,isolatedfromspirulinaplatensis:invitroandexvivoevaluation
of anti-herpes simplex virus and anti-human immunodeficiency virus
 activities. AIDS Res Hum Retroviruses.1996;12(15):1463–71.

http://www.la-press.com
http://www.la-press.com
mailto:www.icasadakar2008.org/.
http://theses.ulb.ac.be/ETD-db/collection/available/ULBetd-11072008-140732/).
http://theses.ulb.ac.be/ETD-db/collection/available/ULBetd-11072008-140732/).

