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Abstract
Objective. To assess the effect of micronutrient supple-
mentation on tuberculosis (TB) patient outcomes. Material
and Methods. The randomized, double-blinded, placebo-
controlled study was conducted in pulmonary TB patients 
undergoing directly observed treatment short course/
tratamiento acortado estrictamente supervisado (TAES/
DOTS) at IMSS in Ciudad Juarez, Chihuahua, Mexico, who 
were recruited during August 2005-July 2006. Consecutive 
patients received zinc and vitamin A supplements or matched 
placebo for four months. Dietary intake, blood zinc and vita-
min A, immune response (IFN- , TNF- , and IL-10 mRNA), and 
sputum smear conversion were measured. Results. The pro-
portion of micronutrient compared to placebo group subjects 
with a negative sputum smear by month 3 was significantly 
increased (p= 0.03). This occurred subsequent to increased 
TNF-  and IFN-  and decreased IL-10 observed at month 2. 
Micronutrient supplementation appeared to accelerate the 
beneficial therapeutic effect of chemotherapy. Conclusions.
The earlier elimination of bacilli from sputum was associated 
with improved zinc status and Th1 immune response. The 
therapeutic effect of vitamin A was less evident. 
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Resumen
Objetivo. Determinar el efecto de la suplementación 
con zinc y vitamina A o placebo en pacientes tratados por 
tuberculosis (TB). Material y métodos. Se realizó un 
ensayo aleatorizado en pacientes tuberculosos que inicia-
ron el tratamiento acortado estrictamente supervisado/
directly observed treatment short course (TAES/DOTS) 
en las clínicas del IMSS, Ciudad Juárez, Chihuahua, México, 
reclutados durante agosto 2005-julio 2006. A cada paciente 
en forma aleatoria se le designó un código para recibir ya sea 
micronutrientes o placebo por cuatro meses, bajo el diseño 
doble ciego. Se evaluó la ingesta dietética, niveles de zinc y 
vitamina A en sangre, respuesta inmune (IFN- , TNF- , IL-10 
mRNA en sangre) y bacilo ácido alcohol resistente (BAAR) 
en esputo. Resultados. Al tercer mes de la suplementación, 
la proporción de sujetos con BAAR negativo en el grupo 
de micronutrientes aumentó significativamente en relación 
con el grupo placebo (p= 0.03), que va asociado al previo 
(segundo mes) incremento de los niveles de TNF- , e IFN-
y disminución de los niveles de IL-10. Conclusiones. Suple-
mentación con los micronutrientes aparentemente aceleran 
el efecto terapéutico de la quimioterapia. La negativización 
temprana del BAAR en esputo se asoció con la recuperación 
del estatus de zinc y la respuesta Th1. El efecto terapéutico 
de vitamina A es menos evidente.
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Table II

COMPARISON OF UTRITIONAL STATUS INDICATORS

IN THE MICRONUTRIENT (N=17) AND PLACEBO (N=16)
GROUPS AT BASELINE (MONTH 0), SUPPLEMENTATION

PERIOD (MONTHS 1-4) AND POST-SUPPLEMENTATION

PERIOD (MONTH 6).* CIUDAD JUÁREZ, CHIHUAHUA,
MEXICO, 2005-2006

Micronutrient Placebo
Group (n=17) Group (n=16)*

Mean + S.D.  Mean + S.D.
Dietary intake indicators
Zinc (mg)
    Month 0  6.18 + 4.7  8.46 + 4.37
    Month 1 59.14 + 6.31  11.6 + 133

    Month 2 59.67 + 4.91 12.98 + 13.33

    Month 3 58.84 + 6.561 11.52 + 17.13

    Month 4 57.80 + 4.761 15.42 + 16.53

    Month 6 11.57 + 8.44  9.26 + 7.22
Vitamin A (IU)
    Month 0  5329 + 4614  3932 + 2591
    Month 1  9879 + 42411 20091 + 55692
    Month 2  9977 + 26281  4561 + 46323

    Month 3 10873 + 51802  4564 + 34343

    Month 4 10450 + 66272 27886 + 5192
    Month 6  4905 + 3547  4352 + 3458
Energy (Kcal)
    Month 0 2135 + 866 2322 + 1021
    Month 1 2482 + 1077 2438 + 1239
    Month 2 2670 + 995 2528 + 1219
    Month 3 2546 + 1156 2596 + 1244
    Month 4 2403 + 951 3225 + 1723
    Month 6 2434 + 1331 2571 + 980
Protein (g)
    Month 0  75.7 + 34.1  86.2 + 40.0
    Month 1  98.7 + 41.7 106.8 + 52.9
    Month 2 108.2 + 52.9 108.9 + 46.2
    Month 3  96.7 + 29.4 109.8 + 53.8
    Month 4  88.1 + 40.2 119.4 + 59.5
    Month 6  95.5 + 64.3  99.7 + 51.1

Biochemical indicators
Plasma zinc (μg/L)
    Month 0  738 + 168  764 + 137
    Month 2  840 + 2222  662 + 1051,4

    Month 6  680 + 100  739 + 138
Serum retinol (μg/dL)
    Month 0  29.4 + 13.3  29.8 + 13.8
    Month 2  40.1 + 13.5  36.9 + 10.0
    Month 6  44.6 + 15.12  44.7 + 12.31

Serum albumin
    Month 0  3.94 + 0.48  4.30 + 0.95
    Month 2  4.00 + 0.57  4.12 + 0.76
    Month 6  4.36 + 0.36  4.45 + 0.87

Table I

COMPARISON OF MICRONUTRIENT (N=17)
AND PLACEBO (N=16) GROUP CHARACTERISTICS

AT BASELINE (MONTH 0).* CIUDAD JUÁREZ, CHIHUAHUA,
MEXICO, 2005-2006

Micronutrient Placebo
Group (n=17) Group (n=16) 

Mean + S.D. 
 or

 No. (%)

Mean + S.D. 
 or

 No. (%)
Subject characteristics
Age (years)  38.4 + 12.9  37.7 + 17.2
Sex (% female)  8 (47.1)  9 (56.3)
Education (years completed)  7.8 + 2.2  7.1 + 4.2
Currently employed (full- or part-time)  13 (76.5)  10 (62.5)
Occupation:
    Factory worker  7 (41.2)  7 (43.8)
    Other blue collar trades  6 (35.3)  2 (12.5)
    Housewife  2 (11.8)  3 (18.8)
    White collar workers  0 (0.0)  2 (12.5)
    Unemployed/retired  3 (16.7)  2 (12.5)
Current cigarette smoker  2 (11.8)  1 (6.3)
Body Mass Index (kg/m2)  20.4 + 5.0  22.6 + 4.2
    Underweight (< 18.5)  8 (47.1)  3 (18.8)
    Normal weight (18.5-24.9)  6 (35.5)  8 (50.0)
    Overweight or obese (> 25.0)  3 (17.7)  5 (31.1)

Clinical and laboratory indicators
Positive sputum smear  17 (100.0)  16 (100.0)
Positive sputum culture  17 (100.0)  16 (100.0)
White blood cell count (x 109 cells/L)  8.6 + 2.4  7.1 + 2.3
Hematocrit (%)  38.5 + 5.1  40.7 + 4.3
BCG scar present (% yes)  14 (82.4)  12 (80.0)
Pulmonary infiltration (any)  20 (100.0)  19 (100.0)
Pulmonary cavities (any)  12 (85.7)  11 (84.6)

Self-reported signs and symptoms
Fatigue  17 (100.0)  15 (93.8)
Fever  15 (88.2)  13 (81.3)
Weight loss  15 (88.2)  13 (81.3)
Persistent cough  16 (94.1)  15 (93.8)
Chest pain  10 (58.8)  7 (43.8)
Bloody sputum  7 (41.2)  8 (50.0)

* There were no statistically significant differences identified between the 
two study groups

* ANCOVA adjusted for subject age and sex; 1 Change from baseline (p < 
0.005); 2 Change from baseline (p < 0.04); 3 Between-group mean difference 
(p < 0.001); 4 Between-group difference (p=0.012)
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* Fisher’s exact test, 2-tailed p= 0.033 (Month 3)

FIGURE 1. COMPARISON OF SPUTUM SMEAR CONVERSION IN

THE MICRONUTRIENT (N=17) AND PLACEBO GROUPS (N=16)
AT BASELINE (MONTH 0), SUPPLEMENTATION PERIOD (MONTHS

1-4), AND POST-SUPPLEMENTATION PERIOD (MONTHS 5-6). 
CIUDAD JUÁREZ, CHIHUAHUA, MEXICO, 2005-2006
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(2a) IFN-  mRNA levels*

(2b) TNF- mRNA levels*

(2c) IL-10 mRNA levels*

*p > 0.05

FIGURE 2. COMPARISON OF CYTOKINE (IFN- ,TNF- ,IL-10) 
MRNA EXPRESSION LEVELS IN THE MICRONUTRIENT (N=17) AND

PLACEBO (N=16) GROUPS AT BASELINE (MONTH 0) AND SUPPLE-
MENTATION MONTH 2 AND POST-SUPPLEMENTATION MONTH 6. 
CIUDAD JUÁREZ, CHIHUAHUA,MEXICO, 2005-2006
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