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Isolates of Pneumocystis jiroveci from sulfa-exposed and nonexposed patients from London, United Kingdom,
and Harare, Zimbabwe, were genotyped. At the dihydropteroate synthase (DHPS) locus, there was evidence of
selection pressure from sulfa drug exposure, and reversal of DHPS genotype ratios occurred when selection
pressure was absent or was removed.

Pneumocystis pneumonia (PCP) in humans is caused by the
opportunistic fungus Pneumocystis jiroveci (16, 17). Several
studies have demonstrated a significant association between
sulfa drug prophylaxis of PCP in human immunodeficiency
virus (HIV)-infected patients and the presence of dihydrop-
teroate synthase (DHPS) mutations in samples of P. jiroveci (4,
7, 8). Mutations in the DHPS gene of P. jiroveci also correlate
with geographical location, suggesting that transmission occurs
either directly from person to person or through a common
environmental source (2, 3, 15).

This study determined whether sulfa drug prophylaxis in
HIV-infected patients with PCP was associated with the occur-
rence of mutant DHPS genotypes and examined the impacts of
the withdrawal of sulfa drug prophylaxis in this patient group
and of the use of sulfa drugs as treatment for common com-
munity-acquired infections in the general population on the
occurrence of mutant DHPS genotypes.

Fifty-one HIV type 1 (HIV-1) antibody-positive adults with
PCP confirmed by Grocott’s staining of bronchoalveolar lavage
(BAL) fluid were studied. Thirty-seven patients were admitted
to Middlesex Hospital (part of University College London
Hospitals, London, United Kingdom): 25 patients were admit-
ted in the 12 months from May 1992 to May 1993 and 12
patients were admitted in the 12 months from May 2000 to
May 2001). Fourteen patients were admitted to University
Hospital, Harare, Zimbabwe, in the 12 months from May 1992
to May 1993; their clinical details have been described in detail
elsewhere (9). Patients gave informed consent for bronchos-
copy. The guidelines of the Middlesex Hospital Research Eth-
ics Committee were followed.

We recorded whether each patient was known to be HIV-1

antibody positive before diagnosis of PCP, had received sulfa
drugs as treatment or prophylaxis for PCP, or had toxoplas-
mosis either in the 3 months immediately prior to diagnosis of
PCP or at any time since being infected with HIV. An aliquot
of BAL fluid was frozen immediately at �20°C until analysis.
Sample analyses were carried out in a blind fashion with regard
to patients’ clinical details. DNA was extracted from the BAL
samples as previously described (10).

DNA amplification at the mitochondrial large-subunit
rRNA (mt LSU rRNA) locus was done using single-round
PCR with primers pAZ102-H and pAZ102-E (13, 18, 20), and
that at the DHPS locus was done using single-round PCR with
primers DHPS 3 and DHPS 4 (2, 7). Samples from Zimbabwe
underwent DNA amplification at the mitochondrial small sub-
unit rRNA (mt SSU rRNA); nested PCR was done using
primer pair pAZ112-10F and pAZ112-10R, followed by
pAZ112-13 and pAZ112-14, as previously described (18, 19).
Taq DNA polymerase (Promega, Southampton, United King-
dom) was used.

Extreme caution was taken to prevent cross-contamination
of samples; DNA extraction, for example, was performed in a
separate room, and PCR amplification and DNA sequencing
were done in different areas of the laboratory. Handling of
samples at each stage was done in a laminar flow cabinet, and
a different set of micropipettes was used with disposable tips,
tubes, and reagents. In each DNA extraction and PCR ampli-
fication experiment, negative controls (with no DNA and ul-
trapurified distilled water) were included. P. jiroveci DNA from
a patient with PCP was used as a positive control in each
experiment. PCR amplification was performed a minimum of
six times on each sample. Amplification products were se-
quenced directly from both ends as described elsewhere (10,
18, 19). Genotypes were distinguished by identifying polymor-
phisms at the mt LSU rRNA locus (positions 85 and 248) (2, 5,
6, 18, 19), at the DHPS locus (positions 165 and 171) (2, 4, 7),
and at the mt SSU rRNA locus (positions 216 and 299) (19).

Twenty of the London patients with PCP during 1992-1993
were experiencing their first episode of PCP; 15 of these 20
patients were not known to be HIV infected before presenting
with PCP. Nine of 25 patients were receiving anti-Pneumocystis
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prophylaxis with sulfa drugs (trimethoprim-sulfamethoxazole
[TMP-SMX] in three patients and dapsone in the remaining
six). All 12 patients in London during 2000-2001 had first-
episode PCP, eight were not previously known to be HIV
infected, and none had received sulfa drugs in the previous 3
months. All 14 patients from Zimbabwe in 1992-1993 had
first-episode PCP, none were known to be HIV infected before
the diagnosis of PCP, and none had ever received sulfa drugs.

At the mt LSU rRNA locus, four different genotypes were
distinguished (2). There was no association between patients’
receipt of sulfa drugs in the 3 months prior to presentation with
PCP and the mt LSU rRNA genotype (Table 1). At the DHPS
locus, four different genotypes were identified (Table 1) (2). At
the DHPS locus, genotype 4 was identified only in samples
from London in 1992-1993. For all patients, the presence of
“mutant” genotypes of DHPS (types 2, 3, and 4) was associated
with exposure to a sulfa drug during the 3 months before the
episode of PCP (P � 0.01, two-tailed Fisher’s exact test). Fur-
thermore, for all patients, genotype 4 was associated with sulfa
drug exposure (P � 0.0005, two-tailed Fisher’s exact test).
Among isolates from London patients in 1992-1993, exposure
to dapsone prophylaxis was particularly associated with DHPS
genotype 4 (P � 0.002). A quarter of all isolates collected in
1992-1993 from London patients not exposed to sulfa were of
mutant genotypes (types 2, 3, and 4), suggesting selection pres-
sure (Table 1) (3). At the mt SSU rRNA locus, four genotypes
were identified: type 1 (G/A), type 2 (G/G), type 3 (T/A), and
type 4 (T/G) (Table 2).

In London in 1992-1993, TMP-SMX was used as the first-
line therapy for both prophylaxis and treatment of PCP; dap-
sone was the second-line drug for prophylaxis in patients in-
tolerant of TMP-SMX (11). In the general population, TMP-
SMX was used as the first-line therapy for urinary tract
infection, acute exacerbations of chronic bronchitis, and otitis
media. In July 1995 in the United Kingdom, the license for

TMP-SMX use in the general population was severely re-
stricted because of concerns about the drug’s adverse-reaction
profile (1). After this, it was no longer used within the general
population for the indications listed above, but it remained as
the first-line therapy for prophylaxis and treatment of PCP. In
late 1996, the availability of protease inhibitor-based regimens
of highly active antiretroviral therapy was associated with a
reduction in the use of cotrimoxazole as prophylaxis for PCP
(12). Thus, among the United Kingdom samples collected in
2000-2001, 2 of 12 (17%) isolates of P. jiroveci were mutant
(genotype 2), whereas among 1992-1993 samples, 9 of 25
(36%) isolates were mutant (genotypes 2, 3, and 4).

In Zimbabwe in 1992-1993, TMP-SMX use was limited to
use as second-line therapy for pneumonia in those unrespon-
sive to penicillin and as third-line therapy for urethral dis-
charge in males. Fansidar (sulfadoxine with pyrimethamine)
was the second-line therapy for chloroquine-resistant uncom-
plicated malaria, and adjunctive therapy, with quinine, was
used for treatment of complicated malaria (14). Among the
samples from Zimbabwe, only one isolate was mutant (geno-
type 2) and the genotypes identified at the mt LSU rRNA,
DHPS, and mt SSU rRNA loci were no different from those
previously described in London over a 9-year period (Table 2)
(19).

This study showed an association between exposure to sulfa
drugs and mutant DHPS genotypes and demonstrated evi-
dence of selection pressure at the DHPS locus from sulfa drug
exposure among London patients in 1992-1993. Furthermore,
reversal of the mutant-to-wild-type genotype ratios was seen
when selection pressure was absent, as in Harare in 1992-1993,
or was removed, as in London in 2000-2001. These data sup-
port the hypothesis that human Pneumocystis infection arises
by recent transmission, since if reactivation of latent infection
were the explanation, then no differences in DHPS genotypes
would be observed over time or by geographical location, ir-
respective of patients’ receipt of sulfa drugs.

TABLE 1. Genotypes of P. jiroveci isolates at the mt LSU rRNA
and DHPS loci by year and sulfa exposure

Isolate group

No. of isolates with indicated genotype at locusa

mt LSU rRNA DHPS

1 2 3 4 Mixed 1 2 3 4 Mixed

London 1992-1993
(n � 25)

Sulfa exposed 4 1 3 0 1b 4 1 0 4 0
Not exposed 12c 3 1 0 0 12c 2 1 0 1d

Zimbabwe 1992-1993
(n � 14)

Sulfa exposed 0 0 0 0 0 0 0 0 0 0
Not exposed 4 1 8 0 1e 13 1 0 0 0

London 2000-2001
(n � 12)

Sulfa exposed 0 0 0 0 0 0 0 0 0 0
Not exposed 4 2 5f 1 0 10 1 0 0 1d,f

a Genotypes are numbered according to the method of Beard et al. (2).
b Genotypes 1 and 4.
c Five patients had received sulfa drugs �3 months previously.
d Genotypes 1 and 2.
e Genotypes 1 and 3.
f One patient had received sulfa drugs �3 months previously.

TABLE 2. Genotypes of isolates of P. jiroveci collected in Harare,
Zimbabwe, in 1992-1993

Sample no.

Locus

mt LSU
rRNAa DHPSa mt SSU

rRNA

Z1 3 1 1
Z2 2 1 4
Z3 3 1 2
Z4 3 1 4
Z5 1 1 3
Z6 3 1 2
Z7 1 1 2
Z8 3 2 2
Z10 1, 3b 1 2, 4b

Z11 3 1 2
Z12 1 1 3
Z15 3 1 4
Z16 3 1 4
Z17 1 1 2

a Genotypes at these loci are numbered according to the method of Beard et
al. (2).

b Mixed infection.
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