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Graves’ disease following successful HAART of a perinatally HIV-infected 11-year-old
Graves’ is an autoimmune disease in which antithyro-
tropin receptor antibodies are produced resulting in
hyperthyroidism [1]. Clinical manifestations of hyper-
thyroidism include fatigue, weight loss, tachycardia,
tremor, hyperreflexia, heat intolerance, sweating, irrit-
ability and lid retraction. Laboratory studies demonstrate
low thyroid-stimulating hormone (TSH) (<0.02 mU/l)
with elevated free thyroxin (T4) and tri-iodothyronine
(T3) levels. Graves’ disease in children is uncommon
(1 : 5000) [2].

Immune reconstitution inflammatory syndrome (IRIS)
occurs in HIV-infected individuals after the initiation of
HAART [3–7]. The majority of IRIS cases in adults are
associated with underlying viral infections and myco-
bacterium species [8]. These cases are considered early
IRIS because they usually appear within 3 months of
initiating HAART [5]. Hashimoto’s thyroiditis and
Graves’ disease have been reported not earlier than
40 weeks after starting HAART and are considered late
IRIS [5]. Graves’ disease, after immune reconstitution
from HAART, has been reported in a small number
of adults with onset after initiation of HAART [3–7].
To our knowledge, there are no reports of HAART-
associated Graves’ in children.

An 11-year-old African–American male was diagnosed
at the age of 9 years with perinatally transmitted HIV.
Before therapy, his CD4 cell count nadir was 1 cell/ml and
peak viral load 550 175 RNA copies/ml (Fig. 1). The
patient was started and maintained on antiretroviral
regimen comprising zidovudine/lamivudine and efavi-
renz. Viral load rapidly dropped and was undetectable
within 2 months. The CD4 cell count rose, but at a slower
rate, to 309 cells/ml (25.8%), 11 months after initiating
therapy. The patient was compliant with medications
and undetectable with a CD4 cell count of 689 cells/ml
(31.3%) 2 years later. At 11 years of age, he presented with
a 4-day history of fever, cough, congestion and heart
palpitations and parent-reported weight loss that had
occurred over a few weeks. At presentation, physical
examination and chest radiograph findings were consist-
ent with right upper lobe pneumonia, and it was believed
his symptoms were due to this. The patient was treated
with a 10-day course of oral antibiotics. At follow-up, he
had resolution of cough and fever; however, weight loss
and rapid heartbeat persisted. In addition, on review
of symptoms, he reported sweating, feeling hot all the
time, increased appetite and some fatigue. On physical
examination, elevated heart rate (152 beats per minute),
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weight loss (2.5 kg over 2 months) and goitre were
documented. No ophthalmologic abnormalities or family
history of thyroid disease was found. Thyroid function
tests showed decrease in TSH 0.07 mIU/ml (normal
0.37–6.0) and increase in T4 25 mg/dl (normal 4.5–
12.0), T3 uptake 45% (normal 24–33%), free thyroxin
index 11.3 (normal 1.2–4.9) and anti-TSH receptor
antibody of 28 U/l (normal 0–1.5). Physical examination
and laboratory findings were consistent with Graves’
disease. The patient was started on propanolol and
underwent thyroid ablation treatment with iodine-131.
The patient had been enrolled into an investigational
study in May 2003 that included measurements of an
activation marker on CD8þ cells, CD38. Activated
CD8þCD38þ cells were markedly elevated from enroll-
ment (6.5 months before Graves’ diagnosis) through
2.5 months after diagnosis and then precipitously dropped
(Fig. 1).

Graves’ disease in HIV-infected adults is increasingly
recognized as a late manifestation of IRIS. The prevalence
of Graves’ in the United Kingdom in HIV-infected adults
is 2.4% in women and 0.2% in men [3]. The prevalence
of Graves’ in HIV-infected children is unknown. Our
patient developed clinical manifestations of Graves’
disease 30 months after starting antiretroviral therapy,
coinciding with achieving plateau levels of CD4 cells.
This is similar to findings in HIV-infected adults who
develop Graves’; they are profoundly immunosuppressed
before the start of HAARTand showed good recovery of
T cells prior to the onset of Graves’ [3,6,9]. Unlike IRIS
with opportunistic infections that usually develops in
HIV-infected individuals during the first 3 months of
HAART, Graves’ disease in adults presents at a later time
[3–6]. Some hypothesize that this delayed presentation is
related to the timing of thymus-dependent generation of
naive T cells [3,5]. It is unclear whether viral damage to
the thymus or HAART-caused modulation of immune
response results in the immune deregulation leading to
Graves’ in HIV-positive patients. It is possible that the
predictable development of Graves’ in a small fraction of
individuals following initiation of HAART serves as a
model for further unravelling the mechanisms of immune
deregulation leading to Graves’. It is not possible to
definitely attribute the occurrence of Graves’ in HIV-
positive patients to late IRIS. However, the association
is inferred from the limited window after HAART
initiation when Graves’ is manifested, the relationship of
recovery of CD4þ lymphocyte numbers and Graves’
onset. We found a high frequency of CD8þCD38þ cells
orized reproduction of this article is prohibited.
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Fig. 1. Demonstration of elevated CD8RCD38R cells preceding and coincident with the onset of Graves’ disease in an HIV-1-
infected 11-year-old. Levels of HIV-1 RNA (solid line, no symbols), CD4 cells (circles) and CD8þCD38þcells (triangles) relative to
the onset of Graves’ disease (vertical dashed line).
prior to the diagnosis of Graves’ and during an inter-
val when CD4þ cells were more than 370 cells/ml
and viral load was below the limit of detection (400 RNA
copies/ml); an HIV disease status that is usually
remarkable for low levels of activated CD8þ cells [10–
12]. French et al. [9] demonstrated increased sCD30, a
marker of Th2 activation, in parallel with the onset of
Graves’ in an HIV-infected adult. Thus, the detection of
T-cell activation in patients with well controlled HIV
disease should trigger investigation into possible insipient
autoimmune disease. Possibly, these markers will signal
developing autoimmunity before full clinical disease
is manifested.
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Are defensin beta 1 gene polymorphisms associated
 with HIV infection and virus replication?
Three single nucleotide polymorphisms (SNPs) localized
in the 50-untranslated region (50UTR) of the defensin
beta 1 (DEFB1) gene (�52G/A, �44C/G, and �20G/
A) encoding for the human beta defensin 1 (hBD-1) have
been associated with the risk of HIV infection in two
independent studies [1,2]. Recently, Baroncelli et al. [3]
analyzed two of these 50UTR DEFB1 SNPs in 78
Mozambican HIV-infected women.

Here, we compare the results of the three studies [1–3]
mentioned above with new findings obtained on two
groups of Brazilian children (96 healthy controls, 47 boys,
49 girls, age 4.8� 3.2 years; 173 HIV-positive patients,
85 boys, 88 girls, age 5.1�3.9 years) in order to elucidate
the role of DEFB1 functional SNPs in HIV infection.
DEFB1 SNPs genotyping was performed as previously
described [1].

Braida et al. [1] and Milanese et al. [2] analyzed DEFB1
SNPs in HIV-infected children (born from seropositive-
naive mothers) and healthy children matched for age, sex
and ethnicity. Braida et al. [1] studied an Italian popula-
tion, whereas Milanese et al. [2] analyzed a Brazilian one,
deriving from an admixture of African, Caucasian and
native American populations [4].

Table 1 reports genotype and allelic frequencies of the
50UTR DEFB1 SNPs of Brazilian children included in
this study and those observed by Braida et al. [1], Milanese
et al. [2] and Baroncelli et al. [3] as well as the National
Center for Biotechnology Information (NCBI) ones.
Allele and genotype frequencies in the healthy controls of
Braida et al. [1] are comparable with the European
population reported by NCBI.

The frequencies of Brazilian healthy controls described by
Milanese et al. [2] are similar to the new group of Brazilian
healthy children and approximately intermediate between
the European and African ones reported by the NCBI, as
one should expect, given their ethnic background.

When considering HIV-positive patients, different results
were achieved. Milanese et al. [2] found a significant
increase (P< 0.05) of �52G/G and �20A/A genotypes
in Brazilian HIV-infected children, suggesting an associa-
tion with major susceptibility to infection.

Conversely, in the new group of Brazilian children
analyzed, the frequencies of �52G/G and �20A/A
genotype were not significantly different between healthy
and HIV-positive children (P> 0.05) even if a trend
towards a greater incidence of the �52G/G (60/173–
35% in HIV-positive vs. 29/96–30% in healthy controls)
and �20A/A (35/173–20% in HIV-positive vs. 11/96–
11% in healthy controls) genotypes was evident.
Significant differences in genotype and allele distribution
opyright © Lippincott Williams & Wilkins. Unauth
could also be revealed by comparing Milanese et al.’s [2]
HIV-positive population and this new one. For the
�20G/A SNP genotype distribution, a P value of less
than 1� 10�05 was evidenced when comparing with
HIV-positive patients in the two Brazilian populations
using the chi-squared test. Genotype and allele frequen-
cies were in Hardy–Weinberg equilibrium for the
new Brazilian HIV-positive children, whereas those of
Milanese et al. [2] were not.

In the Italian population, Braida et al. [1] showed a
significant increase in the �44C/C genotype in HIV-
positive patients when compared with healthy controls, as
well as a slight increase in the�52A/A genotype, whereas
the frequencies of the �20G/A polymorphisms remain
the same in the two groups. All these findings indicate that
DEFB1 polymorphisms’ role seems to vary in different
populations and also within the same population.

Baroncelli et al. [3] did not include healthy controls in
their study, so the association of DEFB1 polymorphism
and HIV infection in this population cannot be inves-
tigated. The authors reported an association between the
�52G/G genotype and lower levels of HIV RNA in
breast milk of naive HIV-positive mothers (the number of
patients analyzed was not specified) but not in plasma.
This finding suggests a functional role for this SNP in the
modulation of hBD-1 expression and a possible effect on
HIV replication, exclusively in breast milk. This hypo-
thesis is not convincing as also the �52A/A genotype
seems to associate with lower levels of HIV RNA in breast
milk, moreover, the possible mechanisms related to the
hypothesized DEFB1 differential expression are not clear.
In two independent studies [5,6], controversial findings
about the functional effects of 50UTR DEFB1 SNPs on
hBD-1 expression were reported, but being the peptide
constitutively strongly expressed in the mucosal surfaces
and epithelial cells, it is unlikely to hypothesize such a
strong tissue-specific modulation. Finally, Baroncelli
et al.’s [3] hypothesis does not consider previous findings
demonstrating that hBD-2 and hBD-3 but not hBD-1 are
able to inhibit in-vitro HIV-1 replication [7].

Two considerations can be made from these studies. The
first concerns the population-specific variability of
DEFB1 gene; Cagliani et al. [8] analyzed DEFB1 pro-
moter region sequence variations in six distinct human
populations (African–American, Asian, Australian Abor-
igine, European–American, South American–Indian
and Yorubans) and showed a high degree of nucleotide
variations as well as a substantial divergence from the
assumption of evolutionary neutrality in the six popula-
tions considered. The possible explanation for the
DEFB1 gene variability restricted to the promoter
region is that the functional connotation of these
variations represented a selective advantage in ancient
orized reproduction of this article is prohibited.
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populations and fixed their frequencies with a hetero-
zygous advantage mechanism.

As recently suggested, population stratification should be
tested by using a panel of 25 SNPs, described by Barreiro
et al. [9], in order to correctly identify a population’s
ethnic origin when dealing with DEFB1 promoter poly-
morphisms.

The second consideration concerns the controversial
findings reported by different authors on DEFB1 mRNA
expression in various tissues or cell lines [5,6,10]. The best
strategy to analyze the potential functional role of DEFB1
promoter SNPs in the modulation of hBD-1 expression
may be the quantitative evaluation of hBD-1 peptide,
in patients with known DEFB1 genotype, by using a
specific anti-hBD-1 antibody.

In conclusion, we suggest that when looking for
association with HIV infection risk, the 50UTR DEFB1
polymorphisms should cautiously be considered, being
that their frequencies are so variable between populations
and, as we demonstrated, within the same population.
Their possible association with a detrimental effect on
HIV replication in milk of HIV-positive mothers should
be verified on a larger number of women and functional
data will be required to support the hypothesis of a
differential tissue expression.
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replication?’
In a recent letter, Segat et al. [1] reported new data
on the frequencies of single nucleotide polymor-
phisms (SNPs) of the human b defensin-1 (DEFB1)
gene in a population of Brazilian HIV-1-infected
children and compared these data with the results
of other studies, including those previously performed
on HIV-1-infected children by the same research
group.
orized reproduction of this article is prohibited.
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This new study did not confirm the significant association
between the �52GG and �20AA genotypes of the
DEFB1 gene and HIV-1 infection, found in a previous
study performed on Brazilian HIV-1-infected and
uninfected children [2]. Furthermore, these new data
also differed from those previously reported on Italian
HIV-1-infected and healthy children, in whom the
�44C/G SNP was found to influence HIV-1 infection
[3]. In light of these findings, the authors conclude that
the role of DEFB1 gene polymorphisms should be
redefined. Considering the variability found in different
and even the same populations, we agree that more
caution should be taken regarding this issue. However,
although genetic differences between different popu-
lations could partially explain the different results, it
should be taken into account that inconsistent results may
be generated by the small size of the studied population
and by the lack of relevant controls.

It appears more difficult to extend the concerns of Segat
et al. [1] about the role of DEFB1 in HIV-1 infection to
our study [4], which analyzed the frequencies of DEFB1
gene polymorphisms in HIV-1-infected Mozambican
women and the association of these frequencies with viral
load. In antiretroviral-untreated women (n¼ 38), we
found a significant association between the �52GG
genotype and a lower viral load in breast milk. Segat et al.
[1] state that our results are not convincing as even
women with the�52AA genotype had lower viral load in
breast milk than those with the �52GA genotype. This is
true, but the difference was statistically significant only for
the �52GG genotype.

Different from the authors’ assertions, our data are con-
sistent with the finding that the �52AA and �52GA
genotypes are correlated with reduced expression of
DEFB1 [5,6]. Contrary to what Segat et al. [1] stated
regarding the possible different expression of DEFB1 in
different districts (blood and mammary gland tissue), our
results are supported by other authors who found higher
concentrations of DEFB1 in breast milk than in other
mucosal surfaces, [7,8], with a marked increase in DEFB1
expression during lactation [8]. Moreover, the relative
incapacity of DEFB1 to inhibit in-vitro HIV-1 infection
([9], but not fully confirmed by other authors [10]), is not
in contrast with our results. Indeed, in our study, we
reported a lower HIV-1 viral load in the breast milk of
women with the �52GG genotype, but we did not
describe a direct effect of DEFB1 on HIV-1 replication. It
is well known that inflammation, such as mastitis or local
infection, can favor HIV-1 replication in mammary
tissues [11,12]; thus, the antimicrobial function of
b-defensins could exert an indirect effect on HIV-1
replication.
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