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The use of nested Polymerase Chain Reaction (nested PCR)
for the early diagnosis of Histoplasma capsulatum infection

in serum and whole blood of HIV-positive patients*

Uso da Reação em Cadeia da Polimerase aninhada (PCR aninhada) para o 
diagnóstico precoce da infecção pelo Histoplasma capsulatum no soro e no 

sangue total de pacientes HIV positivos  
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Abstract: The aim of the study was to detect the rDNA sequences and their regions in Histoplasma cap-
sulatum, which could be considered species-specific and used as a molecular method for this diagnosis
by the technique of nested polymerase chain reaction (nested PCR), employing specific sequences (pri-
mers) for H. capsulatum: 18S rDNA region (HC18), 100 kDa (HC100) and the sequence 5.8 S-ITS rDNA
(HC5.8). The PCR sequences HC18, HC100 and HC5.8 resulted in a specificity of 100%. The molecular
assays may increase the specificity, sensitivity and speed in the diagnosis of Histoplasmosis.
Keywords: AIDS-related opportunistic infections; Histoplasma; HIV seropositivity; Molecular diagnostic
techniques; Polymerase chain reaction

Resumo: O objetivo do estudo consistiu em detectar seqüências no ADNr e as suas regiões no
Histoplasma capsulatum, que pudessem ser consideradas espécie-específicas e usadas como método
molecular para o diagnóstico pela técnica da reação em cadeia da polimerase aninhada ("nested PCR") com
seqüências específicas ("primers") para H. capsulatum: regiões 18S ADNr (HC18), 100kDa (HC100) e a
seqüência 5.8 S ADNr-ITS (HC5.8). A "nested PCR" com as seqüências HC18, HC100 e HC5.8 resultaram
em 100% de especificidade. Os ensaios moleculares podem aumentar a especificidade, sensibilidade e
rapidez na diagnose da Histoplasmose.
Palavras-chave: Histoplasma; Infecções oportunistas relacionadas com a AIDS; Reação em cadeia da poli-
merase; Soropositividade para HIV; Técnicas de diagnóstico molecular
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Histoplasmosis (HP) is caused by the fungus
Histoplasma capsulatum, known as a leading indica-
tor of HIV infection. In endemic areas HP is the first
manifestation of AIDS in 50%-70% of patients, occur-
ring in 2%-5% of patients in non-endemic areas.1 The
high lethality, with a marked incidence of mucocuta-
neous lesions, may be similar to miliary tuberculosis,
a frequently encountered pathology in Brazil, prompt-
ing doctors to assume that HP is the latter infection,
without considering the signs of HP in the differential
diagnosis, and therefore delaying the initiation of
appropriate antifungal therapy.2,3

The methods used for diagnosis have low sensi-
tivity and specificity and are therefore less efficient.
This emphasises the need for implementing highly
accurate and quick turnaround diagnostic techniques.
Direct microscopic examination and culture on
Sabouraud media are the gold standard method of
diagnosis. Microscopic examination however requires
a good level of expertise. The culture method is also
very slow (up to 4 months) and hazardous (due to the
presence of spores). The sensitivity of microscopic
examination of fluids and tissues is too low. Serological
techniques are significantly limited since serology is
negative in up to 50% of immunosuppressed patients
suffering from histoplasmosis, especially those with
acquired immunodeficiency syndrome (AIDS).
Furthermore, the test for antigen detection in urine
and /or serum is not accessible in the majority of non-
endemic areas.4 This study aimed  to detect sequences
in the rDNA and ITS regions of H. capsulatum (Hc),
which can be considered species-specific and to create
an enabling tool, such as molecular diagnostics.

In the study we obtained 40 samples of whole
blood and serum from individuals with suspected
histoplasmosis. These were subsequently grouped
according to the clinical aspects of patients: Group I
(GI): 12 patients co-infected with H. capsulatum /
AIDS, Group II (GII): 8 patients with HP associated with
other immunodeficiencies; Group III (GIII): 10 strains
isolated from fungal lesions of patients; Group IV
(GIV): 10 patients with AIDS and other infections;
Group V (GV): 10 individuals not infected with HIV and
with suspected pneumonia caused by bacteria; Group
VI (positive control) consisted of 9 isolates of H. capsu-
latum from patients with/without AIDS. The analysis of
samples from each group was performed by conven-
tional methods (mycological, serological, molecular)
using: (i) control strains (to establish the sensitivity of
both the conventional laboratory techniques and
molecular methods); (ii) mycological examination,
direct microscopic examination stained by
Giemsa´method; cultures in different media such as
Sabouraud-Dextrose agar; Infusion heart-brain (DIFCO,
Detroit, MI, USA); Agar tryptone soy agar (Oxoid,

London, England) incubated at 30 ° C and 35 ° C, and
growth of the pathogens for 60 days, and (iii) serologi-
cal methods: double immunodiffusion (ID) and
immunoblotting (IB) according to the modified
method used by Davis et al.5 Molecular analysis was per-
formed by nested PCR with specific sequences
(“primers”) for H. capsulatum: 18S rDNA region
(HC18), 100 kDa (HC100) sequences, using a modified
method of Bialek et al. and 5.8 S rDNA-ITS (HC5.8)
sequence by the modified method of Fugita et al.6,7

The results of mycological GIEMSA staining
were not conclusive enough to suggest HP in whole
blood samples of patients in Groups I and IV, 40% of
samples GI were isolated H. capsulatum (30% in GII),
but H. capsulatum was not isolated in groups IV and
V. The immunodiffusion analysis showed that patients
in GI and II showed 20% and 40% of circulating anti -
H. capsulatum antibodies, while patients in GV and
GIV showed no reactivity to species-specific antigen.
Analysis of immunoreactivity by “immunoblotting”
revealed that the GI (30%) and GII (70%) subjects
showed reactivity to the fractions of H and M H. capsu-
latum. Patients in the GIV and GV showed no reactivi-
ty to the fractions H and M. The reaction of nested PCR
in serum samples from GI showed positive in 87%
(HC18), 92% (HC100) and 95% (HC5.8), and GII
showed a positive result in 70% (HC18), 85% (HC100)
and 90% (HC5.8). The whole blood samples of
patients in GI showed a positive result in 89% (18S
rDNA), 95% (HC100) and 98% (HC5.8), GII showed a
positive result in 70% (18S rDNA), 80% (HC100) and
92% (HC5.8). Evaluation of nested PCR showed
greater sensitivity in whole blood samples in relation
to the serum. The results of the detection of H. capsu-
latum in serum and whole blood, by nested PCR G IV
(AIDS and multiple infections), showed greater speci-
ficity to the sequence initiator HC5.8 (98%, whole
blood, 96% - serum), followed by HC100 ( 97% - whole
blood, 95% - serum) and HC18S (90% - whole blood,
88% - serum). The results of the analysis of nested PCR
with the sequences (HC18, HC100 and HC5.8) in
groups III (heterologous cultures), V (no other fungal
infections, not HIV-positive) showed 100% specificity.
The direct examination of GIEMSA stained samples can
be suggestive but not conclusive. Despite the isolation
of H. capsulatum, the whole blood samples to be con-
sidered evidence for the diagnosis of HP demonstrated
low sensitivity in imunocompromised patients. The
results obtained in mycological, serological and analy-
ses of immunoreactivity demonstrated the need for
molecular assays due to their higher specificity and
sensitivity. This could be very suitable for the therapeu-
tic monitoring of patients with pulmonary, cerebral
and disseminated HP. ❑
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