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Abstract 
Background: Malnutrition is a public health problem in the entire world, particularly in the developing countries. The effect of 
Spiruline supplement in the weight recovery of HIV-negative and HIV-infected undernourished children has been largely 
demonstrated. The aim of this study is to determine the effect of Spiruline on the immune status of 46 HIV-infected 
undernourished children, aged 15 ± 5 months, and of 23 undernourished HIV-negative children, aged 14 ± 6 months.  
Methodology: The duration of this study was eight weeks. To assess immune functions a count of CD4 lymphocyte 
subpopulation was performed before and after introducing the Spiruline supplement.  
Results: The degree of anemia improved in all the children, but the effect was less evident among HIV-infected children; in fact, 

81% of HIV-negative versus 62% of HIV-infected children showed signs of improvement. The mean values of CD4 lymphocyte 
subpopulation showed a consistent increment in HIV-negative children [from 1257 (range 531-2301) to 1562 (range 798-2552) 
mm

3
] while they showed an irregular increase in HIV-infected children [from 1339 (152-4000) to 2088 (244-4214) mm

3
].  

Conclusions: The improvement of the immunological status due to Spiruline treatment might represent an effective barrier 

against infectious diseases, which both cause and result from malnutrition in underdeveloped countries. 
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Introduction 

Malnutrition is a global public health problem, 
particularly in developing countries [1]. It is 
presently recognized that malnutrition, coupled 
with vitamin and mineral deficiency [2,3],  
ineluctably precipitates a malnutrition-infectious 
pathology cycle [4]. HIV infection is one of the 
more frequently encountered infections in severely 
undernourished children in Burkina Faso where a 
high mother-to-child HIV transmission rate has 
been documented [5].  An HIV prevalence greater 
than 40% has been encountered in severely 
undernourished children and this worsens the 
prognosis for such children [6].  

The Centre of Education and Nutritional 
Rehabilitation (CREN) at the Centre Medical Saint 
Camille (CMSC), Ouagadougou (Burkina Faso), 
has been administering Spiruline (Spirulina 
platensis) to hospitalized undernourished children 
since January 2000 with the objective of improving 
their status. As shown by our randomized study, 

based on anthropometric and haematological 
parameters, Spiruline plus traditional meals or 
Spiruline plus Misola proves to be an efficient way 
to rehabilitate undernourished HIV-negative 
children [7]. Spiruline showed an analogous effect 
when added to traditional meals provided to HIV-
infected children [8].  

The aim of this study is to determine through 
subpopulation CD4 lymphocyte count whether 
Spiruline affects the nutritional status only or also 
influences the immune function as well. The 
improvement of the immunological status following 
Spiruline treatment may represent an effective 
barrier against infectious diseases, which both 
cause and result from malnutrition in 
underdeveloped countries. 

 
Materials and Methods 
Patients 

This study was carried out at the CMSC of 
Ouagadougou during 2005-2006. Out of 550 
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undernourished children followed at the CREN of 
the CMSC, informed consent was granted for 46 
HIV-infected children, aged 15 ± 5 months, and 23 
HIV-negative children, aged 14 ± 6 months, to 
receive Spiruline plus traditional meals (millet, 
vegetable, fruit). (The number of HIV-infected 
children recruited in this study is double that of 
HIV-negative due to the higher propensity of 
mothers of HIV-infected children to give consent).  
To confirm HIV serostatus, a serological screening 
for HIV was carried out by sequentially using the 
two rapid tests (i.e. Determinate® and Genie-II® 
HIV). No HIV-infected children received anti-
retroviral drugs. This study was performed for eight 
weeks.  
 
Anthropometric and laboratory parameters   

All recruited children were undernourished 
according to the z-score criteria, recommended by 
WHO and UNICEF.  

The nutritional status, evaluated via brachial 
perimeters, was compared to the Jelliffe’s 
classification (9).   

HAZ (Height for age z-score), WAZ (Weight for 
age z-score) and WHZ (Weight for height z-score) 
parameters were calculated according to the 
National Centre for Health Statistics (NCHS) 
protocols (10).  

Hematological (Coulter counter) parameters 
were evaluated in blood collected from a 
peripheral vein.   

The immune status of both HIV-infected and 
HIV-negative children was evaluated before and 
after Spiruline supplementation by direct 
immunofluorescence lymphocyte CD4 count. The 
viral loads of infected children were not 
determined, since viral load and immune 
deficiency are known to be linearly correlated in 
HIV-infected children.  

The Ethical Committee of CMSC granted 
permission for this study and all parents signed a 
written consent for their children to participate.  
 
Preparation and administration of Spiruline 

The mothers of undernourished children 
received 70 grams of Spiruline in a bag per week; 
a total of 10 grams of Spiruline was added twice a 
day (5 grams/dose) to traditional meals in a 
marked container. The choice of this amount was 
dictated by the poor results obtained by Brancer et 
al., 2003 [11] who administered 5 g/day.  The 

competence of mothers in preparing the mixes and 
feeding their children was monitored and they 
were allowed to keep administering the mixture at 
home. Weight and other anthropometric 
parameters of the children were checked daily at 
CREN. 

 
Statistical analysis   

Anthropologic and haematologic/immunologic 
parameters are reported as mean ± SD and 
median (range). Significance of differences before 
and after Spiruline was obtained by Student’s T 
test for One-Sample and Matched-Pairs tests and 
by Wilcoxon Matched-Pairs Signed-Ranks Test.  

 
Results 

Anthropometric parameters are reported in 
Table I. The analysis of these data shows that the 
most significant improvement was obtained for 
HIV-negative children. On average a weight gain 
of 15.5 grams and 24.5 grams per day was 
reached in HIV-infected and in HIV-negative 
children respectively.  

The haematological/immunological parameters 
are reported in Table II. HIV-infected children were 
more anaemic (3.30x106/mm3 and 8.0 g/dl of 
haemoglobin) than HIV-negative (3.60x106/mm3 
and 8.50 g/dl of haemoglobin). The severity of 
anaemia decreased in all the children during the 
study; however, such a reduction was less evident 
among HIV-infected children. At the end of the 
eight weeks, the anaemia was slightly corrected 
for both HIV-infected and HIV-negative children, 
who still remained slightly anaemic (3.92x106 /mm3 
and 9.70 g/dl of haemoglobin). Following Spiruline 
administration, the leukocyte count showed a 
significant decrease in HIV-infected (13.0 + 3.0 
x103 versus 10.0 + 4.03 x103, P = 0.0001), which 
was not significant in HIV-negative children. The 
lymphocyte CD4 count in HIV-negative showed a 
significant and consistent increase after eight 
weeks (Figure 1); in contrast, the lymphocyte CD4 
count in HIV-infected children did not show a 
regular pattern of response (Figure 2). The mean 
values of CD4 lymphocytes of HIV-infected 
children were significantly different before and 
after Spiruline administration [from 1339 (152-
4000) to 2088 (244-4214) mm3, P = 0.0005], whilst 
they only slightly differed in HIV-negative children 
[from 1257 (531-2301) to 1562 (798-2552) mm3, P 
= 0.0195]. Disaggregating HIV-infected and HIV-
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negative children for age classes, no significant 
change (data not shown) was observed, probably 
due to the limited number of studied children.  

The compliance to treatment was excellent and 
no children dropped out. The mothers reported 
that they rarely had difficulties in feeding their 
children. No unwanted effect of Spiruline was 
noticed among the recruited subjects. 
 
Table 1. Anthropologic parameters collected at the 
beginning (1) and at the end of the study with 
Spiruline (2). 

  
 23 children HIV-

negative treated 
with Spiruline   

46 children HIV- 
infected treated with 

Spiruline  

 Mean SD Mean SD 

WHZ1 -2.90 0.71 -2.85 1.00 

WHZ2 -1.72 1.60 -2.21 1.00 

WHZ1  WHZ2 P = 0.0023*  P = 0.0028*  

WAZ1 -3.81 0.93 -4.09 0.82 

WAZ2 -2.96 1.14 -3.57 0.90 

WAZ1  WAZ P = 0.0082*  P = 0.0047*  

WAZ1 = Weight for age z-score at the beginning of study; WAZ2 = 
Weight for age z-score at the end of the study. *significant at 
Student’s T test. 

 
Discussion 

Anthropometric and haematological 
parameters allow us to appreciate both the 
nutritional and biological effects of Spiruline 
supplement to traditional meals. In particular the 
rehabilitation by Spiruline seems to correct the 
anaemia and the weight loss in HIV-infected 
patients, but more quickly in HIV-negative, 
undernourished children. The lymphocyte CD4 
count increases after 8 weeks of Spiruline 
supplementation; however this increase is not 
consistent in HIV-infected children. In the context 
of low protein intake, 10 grams a day in Africa 
against 29 grams in Latin America and 63 grams in 
the industrialized countries, the integration of a 
traditional meal with Spiruline and Misola plus 
Spiruline (57% protein) improves  the nutritional 
and micronutrient requirement for undernourished 
children [7].  The improvement of immune function 
in these undernourished HIV-infected children 
awaiting enrolment in antiretroviral treatment 
protocols could be a consequence of increased 
protein uptake and Zn deficiency correction.  
Undernourished children typically require a 
supplement of Zn before starting nutrition 
rehabilitation [12]. In this study the Zn plasma level 

was not reported due to technical limitations.  This 
determination is not regularly performed at CMSC. 

The study of the immune status in children HIV 
positive, who do not respond to Spiruline 
supplement, should be extended, taking into 
account the metabolic and immune effects of this 
supplement and the possibility of an inhibition of 
HIV-1 replication by Spiruline [13]. 

At the beginning of this study the number of 
leukocytes was found elevated in the HIV-infected 
children and this number decreased after eight 
weeks of Spiruline supplement (Table II), against 
an increment of CD4 lymphocytes, supporting an 
immunomodulatory effect of Spiruline. However, a 
consistent response was documented only in HIV-
negative children likely because the absence of 
HIV represents a significant advantage for the 
immune system [14]. The significant increase of 
CD 4 in coincidence with the weight gain suggests 
the importance of nutrition status in the evolution 
of HIV infection, especially in children, which could 
be independent from the viral load.  It is clear that 
the determination of viral load synchronized with 
CD4 lymphocyte count could add more information 
on the mechanism of Spiruline. We do not know 
whether the restoration of the immune system is 
associated with a decrease of viral charge, but the 
results obtained by Ayehunie et al. (1998) [13], 
suggest that this is possible. Moreover, it is 
possible that some of the HIV-infected children 
probably did not receive adequate doses of 
Spiruline to modulate their immune functions and 
this may explain the non-uniformity of the 
increment in CD4 counts.  

Another reason for the effects seen from the 
administration of Spiruline may be the intake of 

high amounts of -6 lipid, specifically -linolenic 

acid [15]. The exclusive presence of -6 
represents a metabolic advantage, since 
desaturase could be deficient in the 
undernourished children [16]. In sub-Saharan 
Africa, maize and millet are the typical staples and 
therefore kwashiorkor and/or marasma is 
frequently found. The maize/millet diet is 
characterized by high intake of linoleic acid and is 
deficient in other polyunsaturated fatty acids and in 
riboflavin, which could result in high tissue 
production of prostaglandin E2, causing inhibition 
of the proliferation and cytokine production of Th1 
cells, effectors of cellular immunity [17]. A diet-
associated inhibition of the Th1 subset is a major 
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contributor to the high prevalence of infectious 
diseases in these areas. Spirulina, with its high 

amount of -6 lipid fraction and iron, could support 
an efficient recovery of the precarious immune 
systems of these children [16]. Also the high 
content of Zn in Spiruline could correct the deficit 
of this mineral, which is important for the immune 
response in HIV-infected children [18].  

This study demonstrates that the involvement 
of mothers, who must correctly follow instructions 
for the Spiruline administration, is essential to 
contain the malnutrition. Growth recovery is slower 
than the weight recovery, probably due to the 
diarrhoea which often is present at the beginning 
of treatment of these children [19]. It is evident 
from this study that the quantity of Spiruline must 
be at least 10 grams/day. A previous study, by 
Branger et al. [11] in Burkina Faso, did not show 
significant improvements when half the amount of 
Spirulina used in our study (5 grams vs. 10 grams) 
was added to traditional meals.  Moreover, our 
study gave better results than one conducted in 
Dakar by Alling et al. [20], in which weight gain  
was inferior, probably due also in this case to a 
reduced quantity in Spiruline, and one in Zambia 
by Kelly et al. [21] in undernourished HIV-infected 
children with persistent diarrhoea.  The 
conclusions of our study are clinically relevant and 
suggest that there may be value in extending the 
evaluation of immune status in HIV-infected 
children, who could receive the Spiruline 
supplement for longer periods, until they are 
candidates to start antiretroviral therapy. 
 
Acknowledgements 

We are deeply grateful to the personnel of the Centre Medical 
Saint Camille and particularly to Sisters Therèse and Edith, Mrs. 
Justine Yara, Mrs Félicienne Ouédraogo, and Mr. Robert Makamba 
for their skilful technical assistance in the collection of these data. 

 
References 
1. ONUSIDA/OMS (2000) Le point de l’ épidémie de sida, 

Décembre 2000. 
2. Boulet M (1997) Micronutrient deficiencies. Reports from 

the field -- Africa. Glob Impacts. 13. 
3. Ashworth A, Chopra M, McCoy D, Sanders D, Jackson D, 

Karaolis N, Sogaula N, Schofield C (2004) WHO 
guidelines for management of severe malnutrition in rural 
South African hospitals: effect on case fatality and the 
influence of operational factors. Lancet 363: 1110-5. 

4. Pignatelli S, Simpore J,  Musumeci S (2000) 
Effectiveness of forced rehydratation and early re-feeding 
in the treatment of acute diarrhoea in a tropical area. 
Minerva Pediatrica 52: 714-7. 

5. Organisation Mondiale de la Santé (OMS) (2002) 
WHO/Italian Initiative on HIV/AIDS in Sub- Saharan 
Africa. 

6. Some JF (1999) Itinéraire des enfants admis pour 
malnutrition dans les centres de réhabilitation et 
d’éducation nutritionnelle de Ouagadougou. Thèse de 
doctorat, Université de Ouagadougou. 

7. Simpore J, Kabore F, Zongo F, Dansou D, Bere A, 
Pignatelli S, Biondi DM, Ruberto G, Musumeci S (2006) 
Nutrition rehabilitation of undernourished children utilizing 
Spiruline and Misola. Nutr J. 5: 3. 

8. Simpore J, Zongo F, Kabore F, Dansou D, Bere A, 
Nikiema JB, Pignatelli S, Biondi DM, Ruberto G, 
Musumeci S (2005) Nutrition rehabilitation of HIV-infected 
and HIV-negative undernourished children utilizing 
spirulina. Ann Nutr Metab. 49(6): 373-80. 

9. Shiveley LR,  Thuluvath PJ (1997) Assessment of 
nutritional status via anthropometry. Nutrition 13: 714-7 

10. Stevenson RD (1995) Feeding and nutrition in children 
with developmental disabilities. Pediatr Ann.  24: 255-60 

11. Branger B, Cadudal JL, Delobel M, Ouoba H, Yameogo 
P, Ouedraogo D, Guerin D, Valea A, les personnels des 
CREN, Zombre C,  Ancel P (2003) La spiruline comme 
complément alimentaire dans la malnutrition du 
nourrisson au Burkina Faso. Archives de Pédiatrie 10: 
424-431. 

12. Amesty-Valbuena A, Pereira-Medero N, Nunez-Gonzalez 
JR, Garcia D, de Villaroel MV, Granadillo V, Manzanilla J, 
Fernandez D (2006) Serum levels of Zn in children with 
different degress of nutritional deficiency Invest Clin. 
47(4): 349-59. 

13. Ayehunie S, Belay A, Baba TW, Ruprecht RM (1998) 
Inhibition of HIV-1 replication by an aqueous extract of 
Spirulina platensis (Arthrospira platensis). J Acquir 
Immune Defic Syndr Hum Retrovirol. 18(1): 7-12.  

14. Balachandran P, Pugh ND, Ma G, Pasco DS (2006) Toll-
like receptor 2-dependent activation of monocytes by 
Spirulina polysaccharide and its immune enhancing 
action in mice. Int. Immunopharmacol. 6(12): 1808-14. 

15. Decsi T, Koletzko B (2000) Effects of protein-energy 
malnutrition and human immunodeficiency virus-1 
infection on essential fatty acid metabolism in children. 
Nutrition 16: 447-53. 

16. Koletzko B, Abiodun PO, Laryea MD, Bremer HJ (1986) 
Fatty acid composition of plasma lipids in Nigerian 
children with protein-energy malnutrition. Eur. J. Pediatr. 
145: 109-15. 

17. Sammon AM (1999) Dietary linoleic acid, immune 
inhibition and disease. Postgrad Med J. 75: 129-32. 

18. Baum MK, Shor-Posner G, Campa A (2000) Zinc status 
in human immunodeficiency virus infection. J Nutr. 
130(5S Suppl): 1421S-3S. 

19. Leandro-Merhi VA, Vilela MM, Silva MN. Lopez FA, 
Barros Filho A (2000). Evolution of nutritional status of 
infants infected with the human immunodeficiency virus. 
San Paulo Med J. 118: 148-53. 

20. Alling S, Ankokob D, Dianem Ehue B,  Wakwin K (1996) 
Résultats d'un essai de réhabilitation nutritionnelle avec 
la spiruline à Dakar (à propos de 59 cas). Medécine 
d'Afrique noire. 46-49. 

21. Kelly P, Musuku J, Kafwembe E, Libby G, Zulu I, Murphy 
J, Farthing MJ (2001) Impaired bioavailability of vitamin A 



Simpore et al – Immune effect of Spiruline 

 116 

 

J Infect Developing Countries 2007; 1(2): 112-117. 

in adults and children with persistent diarrhoea in Zambia. 
Aliment Pharmacol Ther. 15(7): 973-9. 

 
Corresponding Author: Salvatore Musumeci, 
Department of Pharmacology, Gynecology and 
Obstetrics, Pediatrics, University of Sassari, Viale San 
Pietro  43b, 07100 Sassari, Italy. 
Tel.: +39-360285505; Fax: +39-095-7179690; 
e.mail address: smusumeci@tiscalinet.it 
 
Conflict of Interests: The authors declare that they 
have no conflict of interests. 

 



Simpore et al – Immune effect of Spiruline 

 117 

 

J Infect Developing Countries 2007; 1(2): 112-117. 

Table 2. Hematologic/immunologic  parameters collected at the beginning (1) and at the end of the study with 
Spiruline (2). 

 
 23 children HIV-negative treated 

with Spiruline 
46 children HIV- infected 

treated with Spiruline 

 Mean SD Mean SD 

Red Cell x 10
6
 mm

3 
(1) 3.60 0.81 3.30 0.63 

Red Cell x 10
6
  mm

3
 (2) 3.92 0.62 3.71 0.53 

Red Cell (1)Red Cell (2) P = NS  P = 0.0014  

Hb gr/dl (1) 8.50 1.54 8.00 1.10 

Hb gr/dl (2) 9.70 0.82 9.40 1.19 

Hb gr/dl (1) Hb gr/dl (1) P = 0.0018  P = 0.0001  

Leukocytes x10
3
 mm

3
 (1) 11.73 3.02 13.00 3.00 

Leukocytes x10
3
 mm

3
 (2) 12.00 5.51 10.00 4.03 

Leukocytes (1)Leukocytes (2) P = NS  P=0.0001  

CD4/mm
3 

(1) 1257 531-2301 1339 152-4000 

CD4/mm
3 

(2) 1562 798-2552 2088 244-4214 

CD4/mm
3
 (1)CD4/mm

8 
(2) P=2.891e-05 *  P =0.0005*  

Student’s T test; NS = not significant; * Wilcoxon test. 

Figure 1. CD4 before and after 8 weeks of Spiruline treatment in HIV negative undernourished children. 
CD 4 before and after 8 week of Spiruline treatment in HIV negative undernourished 

children
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Figure 2. CD4 before and after 8 weeks of Spiruline treatment in HIV positive children. 
CD 4 values before and after 8 week of Spiruline supplementation in HIV infected 

children.
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