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Vitamin A deficiency in patients with diarrhea and HIV
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Diarrhea, micronutrient deficiencies and HIV/AIDS are major public health problems in developing countries,
especially in sub-Saharan Africa. This study was aimed to investigate serum levels of vitamin A in diarrheic pa-
tients with and without HIV co-infection compared to healthy controls. Two hundred eleven diarrheic patients
(110 HIV infected), 87 apparently healthy controls and 41 asymptomatic HIV seropositive blood donors who
visited the University of Gondar Hospital, in Gondar, Ethiopia were included. Stool samples were examined for
enteropathogens following the standard procedures. Serum vitamin A levels were measured by high performance
liquid chromatography. Shigella species were isolated from 8.5% of the patients while intestinal parasites were
detected in 32.2% without significant difference by HIV serostatus. The mean+SD serum vitamin A in diarrheic
patients with (0.82+0.59 pumol/L) and without (0.84+0.54 pumol/L) HIV co-infection and in asymptomatic HIV
infected blood donors (0.96+0.52 pumol/L) was significantly lower than that in healthy controls (1.52+0.71
umol/L), p<0.001. Vitamin A deficiency (VAD, serum retinol < 0.70 umol/L) was observed in 52.7% and
45.5% of diarrheic patients with and without HIV co-infection, respectively. About 13% of healthy controls and
29.3% of asymptomatic HIV infected blood donors were deficient in vitamin A. The levels of serum vitamin A
were not associated with the presence of intestinal parasites or Shigella species. The findings demonstrate that
VAD is a severe public health problem among diarrheic patients in Gondar, Ethiopia. Intervention programmes
involving health and nutrition education and supplementation of vitamin A might help in reducing morbidity in

such patients.
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Introduction

Diarrheal diseases are one of the most important causes of
morbidity and mortality in developing countries.! The
situation is severe in sub-Saharan Africa, a region where an
estimated 25.8 million adults and children are infected with
HIV.? Diarrhea, the passage of loose or watery stools at
least three times in 24 hours, is one of the clinical manifes-
tations of HIV infection and usually tends to be chronic.?
Chronic diarrhea, an episode that begins acutely and lasts
for more than four weeks,? in tropical countries is associ-
ated with weight loss and is often the presenting illness of
HIV infected individuals. This diarrhea wasting syndrome
in association with a positive HIV serology test is an AIDS
defining illness in the World Health Organization’s classi-
fication.*

On the other hand, micronutrient malnutrition is a major
public-health problem in developing countries.> Amongst
the many micronutrients, the link between vitamin A defi-
ciency (VAD) and morbidity and mortality from infectious
diseases has been known for several years.® The vitamin is
an important micronutrient which aids in modulating nor-

mal immune function through lymphopoiesis and cellular
differentiation.” VAD may lead to alterations in immunity,
including pathological changes in the mucosal surfaces,
impaired antibody responses to challenge protein antigens,
decreased CD4+ cell populations, and altered T and B-cell
functions.” In HIV infected individuals, VAD is associated
with the development of HIV related disease sequelae and
increased progression to AIDS and death.®®

In Ethiopia, as in other sub-Saharan Africa, morbidities
from diarrhoeal diseases’ and HIV/AIDS*' are serious
health problems. However, studies assessing the interac-
tions between diarrheal diseases, HIV/AIDS and micronu-
trient status are non existent.
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Therefore, the present study was undertaken to investigate
the status and magnitude of vitamin A deficiency among
diarrheic patients with and without HIV co-infection in
comparison to that in healthy controls and asymptomatic
HIV infected subjects.

Study population and methods

Study design and subjects

In this cross-sectional study, consecutive diarrheic pa-
tients diagnosed at the outpatient department of the Uni-
versity of Gondar Hospital, in Gondar, Ethiopia from
March to October 2003 were included. Apparently
healthy individuals who had visited the University Hospi-
tal as blood donors in the same period like the cases were
included as controls. All the controls were residing in the
same region with the patients. Blood donors with malnu-
trition, acute or chronic diseases, as required by the blood
banking unit of the hospital, were not included. Informed
consent was obtained from all subjects and the study was
approved by the Research Ethics Committee of the Uni-
versity.

Collection of stool specimens and examination for en-
teropathogens

Diarrheic stool specimens were collected in sterile con-
tainers and processed immediately following the standard
procedures. The specimens were inoculated on plates of
MacConkey agar (DIFCO) and Salmonella-Shigella agar
(DIFCO). The plates were incubated at 37°C for 24 hours
and then examined for non-lactose fermenting colonies
which were further examined by conventional biochemi-
cal tests for the identification of Shigella species and Sal-
monella species.™* The stool samples were also examined
microscopically for intestinal parasites following direct,
concentration and modified acid fast staining proce-
dures.*?

Blood collection, serum separation and HIV serology
Blood samples were collected from the patients and con-
trols. Sera were separated by centrifugation and stored at -
20°C until used. The presence of HIV antibodies was de-
termined by an enzyme linked immunosorbent assay fol-
lowing the manufacturer’s instruction (Vironostica HIV
Uni-Form 1l plus O, Organon Teknika, Boxtel, the Neth-
erlands).

Determination of vitamin A

Serum vitamin A level was determined using high per-
formance liquid chromatography (HPLC) according to the
method of Arroyave et al.®* Serum was deproteinised with
an alcoholic solution of retinyl acetate and vitamin A was
extracted into hexane. The organic layer was separated,
evaporated to dryness under a steam of nitrogen, reconsti-
tuted in methanol and injected into HPLC. A Shiseido
HPLC system (Shiseido Co. Ltd., Tokyo, Japan) which
consisted of separation of retinol by a reverse phase col-
umn (Capcell Pak C18 MG S-5, 3x250 mm, 5 pum, Shi-
seido, Japan) and ultraviolet detection at 325 nm with
column temperature set at 40°C was used. Methanol was
used as a mobile phase with flow rate adjusted at 500
ul/min. All extraction procedures were carried out under
reduced light in order to prevent oxidation of the com-

pound. Pooled human sera were used to measure intra and
inter-assay coefficients of variation in laboratory analyses
for serum retinol and found to be 6.5% and 3.3%, respec-
tively.

Statistical analysis

Data were analyzed using SPSS version 10 statistical
package (SPSS, Inc., Chicago, IL, USA). A one-sample
Kolmogorov-Smirnov test was used to assess whether the
data were normally distributed. Serum vitamin A values
were log transformed for analysis. The significance of
differences in the serum vitamin A levels amongst diar-
rheic patients with HIV co-infection, diarrheic patients
without HIV co-infection, asymptomatic HIV infected
blood donors and healthy controls was evaluated using a
one way analysis of variance with post hoc Tukey test to
determine pairs of means which differ significantly. VAD
was defined as serum retinol level below 0.70 umol/L.*
Logistic regression was used to find the relation between
VAD and baseline parameters of the subjects. A p value
of < 0.05 was considered statistically significant.

Results

A total of 211 diarrheic patients (110 HIV seropositive
and 101 HIV seronegative), 87 apparently healthy con-
trols and 41 asymptomatic HIV seropositve blood donors
were included in the study. Table 1 shows baseline char-
acteristics of the diarrheic patients in association with the
proportion of patients with VAD by HIV serostatus.
Acute and chronic diarrhea was observed in 52.1% and
47.9% of the patients, respectively. The proportion of
patients with chronic diarrhea and VAD was significantly
higher in those with HIV co-infection (p< 0.05).

The mean+SD serum vitamin A levels were not signifi-
cantly different between diarrheic patients with
(0.82+0.59 pumol/L) and without (0.84+0.54 umol/L) HIV
co-infection. However, its levels in the sera of diarrheic
patients and asymptomatic HIV seropositive blood donors
(0.96+0.52 pumol/L) were significantly lower compared to
that in healthy controls (1.52+0.71 umol/L) (p< 0.001).
Deficiency of vitamin A was seen in 52.7% and 45.5% of
diarrheic patients with and without HIV co-infection, re-
spectively. About 13% of healthy controls and 29.3% of
asymptomatic HIV infected blood donors were deficient
in vitamin A (Table 2).

Figure 1 shows frequency distribution of serum vitamin
A levels in diarrheic patients, asymptomatic HIV infected
blood donors and healthy controls. The proportion of diar-
rheic patients with serum retinol levels consistent with
moderate (0.35-0.69 pmol/L) and severe (0.00-0.34
umol/L) VAD was significantly higher than that in
healthy controls and asymptomatic HIV infected blood
donors (p< 0.05).

Shigella species and intestinal parasites were detected
in 8.5% and 32.2% of the patients, respectively. While
82.4% of those with intestinal parasites were infected
with single species, infection by two parasites was seen in
17.8%. Intestinal parasites detected in the stools of the
patients were Entamoeba histolytica (10.0%), Ascaris
lumbricoides (6.2%), Giardia lamblia (5.7%), Strongy-
lodes stercoralis (5.7%), Schistosoma mansoni (4.3%),
hookworm species (4.3%), and Cryptosporidium parvum
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Table 1. Baseline characteristics of diarrheic patients in relation to vitamin A deficiency

Characteristics

Diarrheic patients with HIV

Diarrheic patients without HIV

co-infection co-infection
No. of No. (%) No. of No. (%)
patients with VAD patients with VAD

Sex

Male 66 29 (43.9) 65 30 (46.2)

Female 44 29 (65.9) 36 16 (44.4)
Age in years

15-24 11 7 (63.6) 41 17 (41.5)

25-34 55 33 (60.0) 31 16 (51.6)

35-44 33 12 (36.4) 14 9 (64.3)

>45 11 6 (54.5) 15 4 (26.7)
Residence

Urban 77 40 (51.9) 64 29 (45.3)

Rural 33 18 (54.5) 37 18 (48.6)
Marital status

Married 54 26 (48.1) 50 28 (56.0)

Single 33 18 (54.5) 45 17 (37.8)

Divorced 23 14 (60.9) 6 1(16.7)
Occupation

Government employee 26 12 (46.2) 22 7 (31.8)

Farmer 46 24 (52.2) 17 11 (64.7)

Student 17 10 (58.8) 10 7 (70.0)

Housewife 7 4 (57.1) 32 13 (40.6)

Other 14 8 (57.1) 20 8 (40.00)
Income*

Low 59 32 (54.2) 70 34 (48.6)

Medium 34 16 (47.1) 20 8 (40.0)

High 17 10 (58.8) 11 4 (36.4)
Diarrhoea

Acute 49 20 (40.8) 61 29 (47.5)

Chronic 61 38 (62.3) 40 17 (42.5)
Shigella species

Positive 4 4 (100.0) 14 7 (50.0)

Negative 106 54 (50.9) 91 39 (44.8)
Intestinal parasites

Positive 30 17 (56.7) 38 19 (50.0)

Negative 80 41 (51.3) 63 27 (42.9)

* Low: less than 1000 Ethiopian Birr/month. Medium: 1000 — 5000 Ethiopian Birr, High: more than 5000 Ethiopian Birr/month. 1 Ethio-

pian Birr = 0.12 US Dollar

Table 2. Serum levels of vitamin A in diarrheic patients with and without HIV co-infection, apparently healthy con-

trols and asymptomatic HIV infected blood donors

Vitamin A Control HIV seropositive Patients with diarrhea Patients with diarrhea &
(umol/L) (n=87) (n=41) (n=101) HIV (n=110)
Mean+SD 1.52+0.71 0.96+0.52" 0.84+0.54" 0.82+0.59"

Median (Range) 1.44 (0.25-4.60) 0.85 (0.10-2.08) 0.85 (0.12-2.87) 0.65 (0.02-3.16)
<0.70, no. (%) 11 (12.6) 12 (29.3) 46 (45.5) 58 (52.7)

* P < 0.05 compared to controls.

(1.9%). There was no significant difference in the levels
of serum vitamin A in diarrheic patients with and without
shigellosis or with and without intestinal parasitoses (Ta-
ble 3). The serum vitamin A levels in the patients who
were found positive for Shigella species or intestinal
parasites was not significantly different by the presence or
absence of HIV co-infection (Table 3).

Regression analyses of age, sex, residence, marital
status, occupation, monthly income and the status of en-
teropathogens as independent variables and serum level of
vitamin A as dependent variable did not show any signifi-
cant association between the parameters and a deficient
level of serum vitamin A.

Discussion
HIV infection has become the dominant health problem in
many parts of sub-Saharan Africa, with the worst affected
areas in central, south and eastern parts of the subconti-
nent including Ethiopia.? One of the major manifestations
of the HIV disease in the region is the diarrhea-wasting
syndrome.’®*® Patients with wasting syndrome were re-
ported to have low levels of plasma micronutrients, in-
cluding vitamin A, compared to that in non-wasting pa-
tients.***

In the present study, 52.7% of the diarrheic patients co-
infected with HIV, 45.5% of patients without HIV co-
infection and 29.3% of asymptomatic HIV infected
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Figure 1. Frequency distribution of serum vitamin A concentrations in diarrheic patients with or without HIV co-infection in comparison
to apparently healthy controls and asymptomatic HIV infected blood donors in Gondar, Ethiopia. DiarHIV: patients with diarrhea and

HIV co-infection

Table 3. Serum levels of vitamin A (umol/L) in diarrheic patients with and without HIV co-infection by status of

enteropathogens
Variables HIV seronegative HIV seropositive Total p-value
Positive for Shigella species
Number of patients 14 4 18
Mean £SD 0.85+0.61 0.39+0.25 0.75+0.58 0.2
Range 0.16-2.16 0.13-0.68 0.13-2.16
Negative for Shigella species
Number of patients 87 106 193
Mean +SD 0.84+0.54 0.84+0.59 0.84+0.57 0.9
Range 0.12-2.87 0.02-3.16 0.02-3.16
Positive for intestinal parasites
Number of patients 38 30 68
Mean+SD 0.74+0.47 0.81+0.64 0.77+0.55 0.6
Range 0.12-1.86 0.20-3.16 0.12-3.16
Negative for intestinal parasites
Number of patients 80 63 143
Mean+SD 0.83+0.57 0.91+0.58 0.86+0.57 0.4
Range 0.02-2.77 0.14-2.87 0.02-2.87

subjects had serum retinol levels below 0.70 umol/L. This
observation is in agreement with a few previous reports in
African patients.'®**?! Plasma vitamin A levels consistent
with deficiency have been reported to occur in 63% of
Zambian patients with persistent diarrhea,™ in 50-63% of
HIV infected South African pregnant women," in 29% of
Rwandan tuberculosis patients co-infected with HIV,? in
90% of Tanzanian tuberculosis patients with and without
HIV co-infection.” Low vitamin A levels were associated
with increased risk of mortality in AIDS patients with
diarrhea in Zambia.' Despite the reported effect of HIV
infection on serum vitamin A status, >****! we did not
observe a significant difference in the mean serum retinol
concentrations between diarrheic patients with and with-
out HIV co-infection. This observation may suggest that
the ongoing diarrheal illness has a greater impact on reti-
nol status than the effect of HIV infection per se, although
further studies are needed to fully understand the discrep-
ancy.

The low serum level of vitamin A in the sera of the di-
arrheic patients can be due to reduced dietary intake re-
sulting from anorexia or decreased absorption. Further-

more, acute infectious diarrhea is associated with fever
which in turn may compromise vitamin A status by in-
creasing urinary excretion.?>? Significant losses of reti-
nol and retinol binding proteins in urine, in a phenomenon
known as febrile proteinuria which describes defects in
protein reashsorption by proximal tubular epithelial cells
of the renal glomeruli and mediated by inflammatory cy-
tokines, has been reported in adult patients with sepsis
and pneumonia®* and in children with febrile diarrhea.?
Low serum retinol levels can also result from impaired
ability of the liver to mobilize vitamin A due to the in-
flammatory response initiated by infection thereby con-
tributing to tissue depletion of retinoids needed for the
repair of infection damaged epithelia.?*

Our observation that about 13% of HIV seronegative
controls and 29.3% of asymptomatic HIV seropositive
blood donors had low serum vitamin A levels indicates
that VAD is a public health problem in adult population
of the region. In line with this, a review of numerous pre-
vious studies involving children in Ethiopia indicated the
severity of VAD.? Further, the occurrence of VAD dur-
ing diarrhea and HIV infection may have clinical
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importance because vitamin A is an essential micronutri-
ent for normal immune function.?® During HIV infection,
VAD has been associated with increased morbidity and
mortality,>*” immune abnormalities,®*?® high mother-to-
child transmission of HIV,* higher infant mortality,” and
increased breast milk viral burden.®® Furthermore, labora-
tory studies suggest that vitamin A deficiency results in
impaired antibody mediated immunity and barrier de-
fenses which play great role on protection against infec-
tions.®® The synergistic effect of poor nutritional status
and diarrhea on immunity to infection has been well de-
scribed.®* Poor nutrition adversely affects an individual’s
ability to resist or respond to infection, and infection ad-
versely affects the individual’s appetite and ability to ef-
fectively use energy and nutrients obtained from the diet.
The extent to which immunity is impaired is likely to vary
with seasonal nutrient intake and distribution of infectious
diseases.*

Shigellosis remains one of the most severe enteric in-
fections affecting children and adults in developing coun-
tries, including Ethiopia.’ It results in the frequent pas-
sage of bloody mucoid stools, abdominal cramps, and
tenesmus caused by ulceration of the intestinal epithelium.
Such extensive damage of the intestinal epithelial tissues
leads to malabsorption of nutrients including vitamin A.
Even though we did not see significant difference in se-
rum retinol levels in patients with and without shigellosis,
a study in Bangladesh found low retinol concentrations in
children with severe shigellosis.*

Intestinal parasitism occurs widely throughout Ethio-
pia.® In line with this, we found a high prevalence of in-
testinal parasites in diarrheic patients included in the pre-
sent study. Earlier data suggest that intestinal parasite
infections can affect the nutritional status of infected peo-
ple by modifying the key stages of food intake, digestion
and absorption.** Abnormalities in the mucosa of intesti-
nal tract were observed in children infected with Ascaris
lumbricoides by jejunal biopsy, which disappeared rather
rapidly after deworming.®® Trophozoites of Giardia
lamblia were shown to damage the brush borders of en-
terocytes and impair the activity of mucosal enzymes,
particularly the disaccharidases, causing carbohydrate and
fat malabsorption.*® The later has a direct association with
absorption of vitamin A, since products of fat digestion
are essential for efficient solubilization of retinol in the
aqueous intestinal milieu.

Impaired bioavailability of vitamin A in adults and
children with diarrhoea has been reported in Zambia.*’ It
is worth mentioning that clinical trials of oral, high dose
vitamin A supplementation for HIV-infected children
suggest that vitamin A reduces diarrheal morbidity and
improves immune status.®® Furthermore, a study of vita-
min A supplementation in Tanzanian HIV infected preg-
nant and lactating woman showed increased serum vita-
min A levels in their infants at 6 weeks and 6 months and
decreased the prevalence of VAD.* A meta-analysis on
the effect of vitamin A supplementation on morbidity and
mortality from infectious disease indicated reduction in
deaths from diarrheal disease by 39%, from respiratory
disease by 70%, and from other causes of death by 34%.*
These indicate that adequate supply of vitamin A, either
through supplementation or adequate diet, has a major

role in preventing morbidity and mortality.

An association between the acute phase response to in-
fection or inflammation and alterations in the serum con-
centration of retinol has been demonstrated previ-
ously.***? The variations in the serum levels retinol are
brought about by changes in the concentration of specific
tissue proteins that are controlled by cytokines. Although,
the changes are generally believed to be beneficial aspects
of the early acute-phase response, the assessment of status
for micronutrients is particularly difficult, since plasma
concentration may bear little relationship to tissue
status.** Therefore, simultaneous assessment of acute
phase proteins such as CRP together with retinol may
give a clearer picture on the interpretation of serum levels.
A limitation of the present study was the failure to include
parameters for the acute phase response or inflammation.
Inclusion of such parameters may help to delineate
whether the observed values of serum levels of vitamin A
in diarrheic patients with or without HIV co-infection
versus controls were either due to the acute phase re-
sponse or due to micronutrient status. In addition, inclu-
sion of data on dietary intake of the patients and clinical
evaluation for specific signs of the deficiency may pro-
vide useful information to better explain the situation of
vitamin A deficiency in the study population.

In conclusion, vitamin A deficiency is a severe public
health problem in Gondar, Ethiopia, among diarrheic pa-
tients irrespective of HIV co-infection. Intervention pro-
grammes involving health and nutrition education and
supplementation of vitamin A might help in reducing
morbidity in diarrheic patients. Further in-depth studies
are needed to substantiate these findings.
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