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Summary

Background Investigators have reported that patients
infected with Pneumocystis carinii containing mutations in
the DHPS (dihydropteroate synthase) gene have a worse
outcome than those infected with P carinii containing wild-
type DHPS. We investigated patients with HIV-1 infection
and P carinii pneumonia to determine if DHPS mutations
were associated with poor outcomes in these patients.

Methods We compared presence of mutations at the DHPS
locus with survival and response of patients to co-
trimoxazole or other drugs.

Findings For patients initially given co-trimoxazole, nine
(14%) of 66 with DHPS mutant died, compared with nine
(25%) of 36 with wild type (risk ratio�0·55 [95%
CI�0·24–1·25]; p�0·15). Ten (15%) of 66 patients with a
DHPS mutant did not respond to treatment, compared with 
13 (36%) of 36 patients with the wild type (0·42
[0·20–0·86]; p=0·02). For patients aged 40 years or older,
four (14%) of 29 with the mutant and nine (56%) of 16 with
the wild type died (0·25 [0·09–0·67]; p=0·005).

Interpretation These results, by contrast with those of
previous studies, suggest that patients with wild-type 
P carinii do not have a better outcome than patients with
the mutant when given co-trimoxazole. Our results suggest
that presence of a DHPS mutation should be only one of
several criteria guiding the choice of initial drug treatment
of P carinii pneumonia in patients with HIV-1 infection. 
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Introduction
Despite wide availability of effective chemoprophylaxis
to prevent Pneumocystis carinii pneumonia, this infection
remains a common cause of illness and death in patients
with AIDS in the USA and Europe.1,2 Widespread use of
co-trimoxazole (trimethoprim and sulfamethoxazole) as
prophylaxis and treatment for P carinii pneumonia and
other opportunistic infections has led to concern about
increased drug resistance in P carinii and other
organisms. A sharp increase in resistance to co-
trimoxazole was seen in various bacteria isolated from
patients with HIV-1 in San Francisco in the early 1990s,
concurrent with a sharp increase in use of co-
trimoxazole as prophylaxis for P carinii pneumonia.3

Detection of drug resistance in P carinii has been
complicated by absence of standardised in-vitro culture
systems that would enable direct testing of the organism.
Instead, several research groups are using direct
sequencing of genes that code for enzymes targeted by
drugs to prevent or treat P carinii pneumonia. Since the 
P carinii that infects animals is much more susceptible to
sulfamethoxazole than to trimethoprim, researchers have
focused their attention on the gene that codes for
dihydropteroate synthase (DHPS), an enzyme that is
inhibited by sulfamethoxazole.

Several workers have described mutations in the gene
that codes for DHPS in human P carinii.4–10 All have
reported that the most frequently seen mutations were at
positions corresponding to codons 55 and 57, and all
these nucleoside mutations resulted in aminoacid
changes. The mutations, which are at or near the sulfa
binding site,11 are similar to mutations causing sulfa
resistance in other pathogens.12–14 Results from previous
studies have shown that patients who have mutant 
P carinii often do not respond to treatment with co-
trimoxazole5,9 or trimethoprim plus dapsone.9 Helweg-
Larsen and colleagues7 reported a higher death rate in
patients who had mutant P carinii, however subsequent
work has failed to confirm this finding.9 An association
has been described between patients who are prescribed
co-trimoxazole or dapsone for P carinii pneumonia
prophylaxis, who later have become infected with 
P carinii that contains a DHPS mutation.6–10 Results from
three reports suggested that frequency of mutations has
risen with increased use of sulfa and sulphone
prophylaxis to prevent P carinii pneumonia.6,7,9 These
results suggest that mutations in DHPS of human 
P carinii might have increased in response to sulfa and
sulphone drug pressure.

Here, we describe results for patients from San
Francisco and Atlanta, treated in hospital between 1995
and 1999, with HIV-1-associated P carinii pneumonia.
We focus on patients from two sites with high rates of
DHPS mutations, who were infected with P carinii
pneumonia. This gave us sufficient power to detect
associations between DHPS mutations and poor clinical
outcomes.
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Methods
Patients
We did a prospective study on adults (aged �18 years)
with HIV-1 infection and P carinii pneumonia
(confirmed by microscopy) who were admitted to Grady
Memorial Hospital, Atlanta, the Veterans’ Affairs
Medical Center, Atlanta, and to San Francisco General
Hospital, San Francisco, between March, 1995, and
March, 1999. This was an observational study, and
patients were not randomly assigned to different
treatment groups. Instead, they received treatment
prescribed by their hospital doctor. The study protocol
and patient consent forms were approved by all
organisations’ institutional review boards. Patients gave
written informed consent.

Procedures
The standard procedure for assessment of patients with
suspected P carinii pneumonia differed between
hospitals. At San Francisco General Hospital and
Veterans’ Affairs Medical Center, standard procedure is
to confirm all suspected P carinii infections by
microscopic examination of induced sputum or
bronchoalveolar lavage fluid whenever possible. At
Grady Memorial Hospital, however, patients with
suspected P carinii pneumonia are usually treated
empirically, and only assessed with bronchoscopy if they
do not respond to treatment. In 1998, only 11% of
patients discharged from Grady Momorial Hospital with
a diagnosis of P carinii pneumonia had had their
infection confirmed microscopically (unpublished data).

Study personnel interviewed patients using a
standardised questionnaire. Data were abstracted from
patients’ medical records with a standardised form 
6 weeks after the patient was discharged. These included
demographic variables, in-hospital treatment of P carinii
pneumonia, and response to treatment as recorded in
the medical record by the treating physician. Emphasis
was placed on whether the patient had shown a clinical
response when initial in-hospital treatment ended.
Treatment could have finished at the end of a complete
course of antibiotic, at patient discharge, at death in
hospital, or when treatment was changed because of
adverse effects or non-response to initial treatment, as
determined by the treating physician.

P carinii specimens from bronchoalveolar lavage or
induced sputum were obtained as part of routine
diagnostic procedures. Methods of specimen processing,
DNA purification, amplification by PCR, and DNA
sequencing of the DHPS locus have been described in
detail elsewhere.15 This analysis is restricted to patients
with P carinii that was confirmed by microscopy and
PCR and who had the P carinii DHPS locus successfully
sequenced.

P carinii that had a threonine at DHPS aminoacid
position 55 and a proline at position 57 were defined as
wild type. This sequence only has been reported in
animals,4 it is the most common sequence seen in
patients before the 1990s,6 and this definition has been
used in previous studies of the P carinii DHPS gene
sequence.6,7,9 Infections with P carinii that had at least
one mutation of the DHPS gene were defined as mutant.
This definition includes patients who had mixed
infections (eg, those in whom we could distinguish more
than one DHPS genotype), since in all mixed infections
at least one DHPS genotype would have been a mutant.

A study death was defined as any study patient who
died in hospital, whether or not the patient was still
receiving the initial drug selected to treat P carinii

pneumonia. P carinii pneumonia death was recorded
when patients died in hospital and the treating physician
recorded P carinii pneumonia as the primary cause of
death. Response to initial treatment was taken from the
treating physician’s note in the medical record and
included: patient completed full course of initial
treatment and responded; patient responded sufficiently
to be discharged on oral medication; and patient
responded to initial treatment but was changed to
another medication because of adverse effects. 

Patients that did not meet any of these criteria were
judged a non-response. In subgroup analysis of this
issue, we excluded patients who had received less than 7
days of the initial treatment. This definition has been
used by other researchers9 since patients who received
less than 7 days of treatment might have received too
little medication to accurately assess their response to
additional drugs. We allocated patients to one of six
groups, on the basis of initial treatment and DHPS
genotype: co-trimoxazole/wild-type; co-trimoxazole/
mutant; trimethoprim-dapsone/wild-type; trimethoprim-
dapsone/mutant; other drug/wild-type; and other
drug/mutant. Other drugs referred to anything other
than co-trimoxazole or trimethoprim plus dapsone.

Statistical analysis
Statistical analysis was done with SAS version 6.12. Risk
ratios were calculated so that an association between
infections with P carinii containing mutant DHPS genes
and poor clinical outcomes was greater than 1·0, and
associations between infections with P carinii mutants
and good clinical outcomes were less than 1·0. 95% CIs
for risk ratios were computed with logit methods. In
stratified analysis, we defined continuous variables as
either above or below median value. For survival
analyses, we used the lifetest procedure of SAS, version
6.12, and survival curves were compared with the log-
rank test. A p-value of less than 0·05 was judged
significant.

Results
136 patients were enrolled in the study. 102 (75%) were
initially given co-trimoxazole, three (2%) trimethoprim
plus dapsone, and the remaining 31 (23%) other drugs
(pentamidine, 17 [13%]; clindamycin plus primaquine,
14 [10%]). 39 of the 136 (29%) patients had wild-type 
P carinii, and 97 (71%) had one of several mutant
genotypes (table 1). The most common mutation was a
double substitution from a threonine to an alanine at
aminoacid position 55 and from a proline to a serine at
position 57 (genotype 4 in table 1). The double mutant
was seen in organisms from 67 (49%) patients as the sole
DHPS mutation, and from seven (5%) patients as part of
mixed infection. In total, 21 of 136 (15%) patients were
infected with more than one P carinii DHPS genotype.

Of 102 patients initially given co-trimoxazole, just
over a third had wild-type P carinii, and the rest had a
mutant. All three patients initially given trimethoprim
plus dapsone had the double mutant. Of 31 patients
treated initially with a drug regimen other than co-
trimoxazole or trimethoprim plus dapsone, almost all
had mutant. Since only three patients were given
trimethoprim plus dapsone and only three were in 
the other drug/wild-type group, these six individuals are
not included in our analysis. Thus, the three groups 
that we analysed were: (A) 36 patients on 
co-trimoxazole with wild type; (B) 66 on co-trimoxazole
with mutant; and (C) 28 on other drugs with 
mutant (pentamidine/mutant�16, clindamycin plus
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primaquine/mutant�12). Table 2 shows characteristics
of the 130 patients. 71 of 130 (55%) patients were
treated in San Francisco and 59 of 130 (45%) in Atlanta.
Significantly more patients had mutant P carinii in San
Francisco (60 of 71 [85%]) than in Atlanta (34 of 
59 [58%]) (risk ratio�1·47; 95% CI�1·15–1·86;
p�0·0007). More co-trimoxazole/mutant patients were
prescribed this drug as prophylaxis in the previous 
3 months than those given other drugs (1·50
[1·22–1·83]; p=0·006). Patients who were initially given
co-trimoxazole were also less likely to have been aware of
their HIV-1 status at admission than were patients given
another drug (1·55 [1·23–1·96]; p=0·003). For patients
initially given co-trimoxazole, more P carinii mutants
were seen in those who had previous episodes of P carinii
pneumonia than had those whose admission was for
their first episode (1·46 [1·14–1·87]; p=0·03).

16 (17%) of 94 patients infected with a DHPS mutant
died, compared with nine (25·0%) of 36 patients who
had wild type (0·68 [0·33–1·40]; p=0·30). Both the
overall death rate and the P carinii pneumonia death rate
were lower in the co-trimoxazole/mutant group than the
co-trimoxazole/wild-type group or the other drug/mutant
group (table 3). None of these differences were
significant. In the other drug/mutant group, the death
rate for patients initially given pentamidine (three of 
16 [19%]) was not significantly lower than the death 
rate for patients given clindamycin plus primaquine
(four of 12 [33%]). Survival analysis also showed that
patients in the co-trimoxazole/mutant group did not

have a worse survival rate than the other two groups
(p=0·39).

Although our overall analysis did not show an
association between DHPS genotype and death, to
identify possible subgroups of patients for which mutant 
P carinii infections might be associated with higher rates
of death than wild-type infections, we stratified the
analysis by the following variables: study site, year of
admission, CD4 count, use of highly active antiretroviral
therapy, whether or not the patient knew of their HIV-1
infection at the time of admission, admission values for
PaO2, serum albumin, and lactate dehydrogenase, need
for adjunct steroid therapy, and age of the patient.

Analysis stratified by study site for patients initially
given co-trimoxazole showed no significant difference in
death rates in patients with wild-type compared with
mutant P carinii in both Atlanta (wild type=seven of 25
[28%], mutant=four of 19 [21%], p=0·73), and San
Francisco (two of 11 [18%], five of 47 [11%], p=0·61]).
Analysis stratified by age showed that for patients
infected with the mutant, 14% of those aged younger
than 40 years and 14% of those aged 40 years or older
died. By contrast, for infections with the wild type, no
patients younger than 40 years died compared with 56%
of those aged 40 years or older (p=0·0001). 

Analyses showed that for all subgroups, survival rates
were similar or slightly higher in patients who were
initially given co-trimoxazole than those given other
drugs. Significantly more patients with the wild type did
not respond to initial treatment with co-trimoxazole than
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DHPS genotype (designation) Aminoacids at position Initial treatment

55 57 Co-trimoxazole (n=102) Trimethoprim-dapsone (n=3) Other drug (n=31)

1 (Wild type) Threonine Proline 36 (35%) 0 3 (10%)
2 (Mutation 2) Alanine Proline 4 (4%) 0 3 (10%)
3 (Mutation 3) Threonine Serine 2 (2%) 0 0
4 (Double mutant) Alanine Serine 45 (44%) 3 (100%) 19 (61%)
5 (Mixed infection) Threonine Proline/serine 3 (3%) 0 1 (3%)
6 (Mixed infection) Threonine/alanine Proline/serine 2 (2%) 0 3 (10%)
7 (Mixed infection) Threonine/alanine Proline 5 (5%) 0 2 (6%)
8 (Mixed infection) Alanine Proline/serine 5 (5%) 0 0
Total number with mutations 66 (65%) 3 (100%) 28 (90%)

Table 1: Pneumocystis carinii dihydropteroate synthase (DHPS) genotypes detected in patients with confirmed P carinii pneumonia
by initial treatment regimen

Characteristic Co-trimoxazole/wild-type (n=36) Co-trimoxazole/mutant (n=66) Other drug/mutant (n=28)

Age (median [range], years) 38 (28–63) 38 (27–63) 38 (27–51)

Sex
Men 33 (92%) 56 (85%) 25 (89%)

Race/ethnicity
Black, nonhispanic 22 (61%) 33 (50%) 12 (43%)
White, nonhispanic 8 (22%) 21 (32%) 9 (32%)
Hispanic 3 (8%) 6 (9%) 2 (7%)
Other/unknown 3 (8%) 6 (9%) 5 (18%)

Location
Atlanta 25 (69%) 19 (29%) 15 (54%)
San Francisco 11 (31%) 47 (71%) 13 (46%)

Year of hospitalisation
1995–97 19 (53%) 29 (44%) 12 (43%)
1998–99 17 (47%) 37 (56%) 16 (57%)
Co-trimoxazole prophylaxis in previous 3 months 8 (22%) 19 (29%) 1 (4%)
Unaware of HIV-1 infection* 15 (46%) 23 (38%) 2 (7%)
History of previous Pneumocystis carinii pneumonia 2 (6%) 15 (23%) 11 (39%)
CD4+ lymphocytes per �L (median [range]) 16 (0–262) 21 (0–218) 12 (1–143)
Serum LDH on admission (median [range], units/L) 487 (161–915) 415 (134–1546) 406 (200–1107)
Serum albumin on admission (median [range], g/dL) 3·3 (1·4–3·9) 3·1 (1·6–4·3) 3·3 (1·8–4·1)
Median steroid treatment prescribed 26 (72%) 53 (80%) 19 (68%)

*Percentages account for missing values.

Table 2: Characteristics of 130 patients by initial treatment and by genotype



For personal use only. Reproduce with permission from The Lancet Publishing Group.

did those with the mutant (table 3). For patients with the
mutant, there was no difference in response between those
given co-trimoxazole and those given other drugs. 

Two subgroups also showed a significantly better
response in mutants than wild type. For patients aged 40
years or older, four (14%) of 29 patients infected with a
mutant did not respond, compared to nine (56%) of 16
patients infected with wild type (p�0·005). Similarly, of
the 38 patients initially given co-trimoxazole who were
unaware of their HIV-1 infection when they were
admitted for P carinii pneumonia, 23 had a mutant and 15
had wild type. Only two (9%) of 23 patients with the
mutant compared with seven (47%) of 15 patients with
wild type had infections that did not respond to co-
trimoxazole (p�0·02).

To compare our results with those from another group,9

we repeated the analysis but restricted it to patients 
who had received at least 7 days of treatment. 
Of 33 cotrimoxazole/wild-type patients, ten (30%) 
failed to respond, compared with nine (14%) of 64 
with cotrimoxazole/mutant (risk ratio�0·46 [95%
CI�0·21–1·03]; p�0·06). For other drug/mutant patients
six (30%) of 20 failed to respond (2·17 [0·88–5·35];
p=0·18).

Discussion
Our results suggested, but did not conclusively prove, that
patients with wild-type P carinii had higher overall death
rates, P carinii pneumonia death rates, and non-response
rates than those with the mutant. The trend was especially
pronounced in patients aged 40 years or older. The
relation between death rates and non-response rates, and
genotypes suggests that wild-type P carinii was more
virulent in our study population than the mutant form and
that this virulence was greater in older patients, who also
might have had additional risk factors for a poor response
to P carinii pneumonia.

Our study was a descriptive comparison of patient
outcomes and not a randomised clinical trial (the DHPS
genotype, however, was ascertained independently of
patient outcome). Although the size of our patient
population was similar to, or larger than that of other
groups, it was too small to assess the effect of some key
variables, such as temporal trends in the relation between
DHPS genotype and clinical outcome. Our sample size
gave us the statistical power to detect only a risk ratio of
3·0 or higher from a 15% baseline. Our study was also
restricted by factors inherent in an attempt to measure
clinical outcome accurately and ascribe those outcomes to
a single antecedent factor in the setting of a complex
syndrome such as AIDS. Finally, our study population
was confined to two geographic regions, Atlanta and San
Francisco. Since assessment procedures at Grady
Memorial Hospital differed from those at the other two
study hospitals, a selection bias could have been
introduced that favoured enrolment of patients with more
advanced disease who were less likely to respond to
treatment of P carinii pneumonia. Nevertheless, we

obtained similar results for patients from both cities in
analysis stratified by geographic location.

Our results directly contrast with those of Helweg-
Larsen and colleagues in Denmark7 who showed that
significantly more patients with mutant P carinii than wild
type died within 90 days of diagnosis (35% vs 12%). They
also contrast with those of Kazanjian and colleagues in the
USA9 who showed no significant association in the two
death rates (12% vs 7%). These workers showed
significantly more treatment failure in patients with
mutant P carinii than in patients with wild type. However,
this difference was seen only in patients given drugs with a
sulfa or a sulphone component. The algorithm we used to
define non-response to treatment was very similar to that
used by Kazanjian and colleagues, although they included
patients given trimethoprim plus dapsone.

Why do the results of these two research groups and
ours differ? All three used the same primer sequences and
direct sequencing to ascertain DHPS genotypes. Each
group detected mutations at precisely the same locations,
although only Helweg-Larsen,7 in addition to the
mutations seen by the others, also detected a single
instance of a mutation at aminoacid position 60. The
three groups used different approaches to define poor
clinical outcome and different statistical methods to
compare various patient groups, but it is unlikely that
these differences were great enough to account for the
discrepant results. Helweg-Larsen and colleagues7

compared the death rate at 90 days after diagnosis; our
observation window included only the time a patient was
in hospital.

The discrepant results reported by the three groups
might stem from unknown differences related to
geographic origin of patients, or to an unknown change
that has occurred over time. Helweg-Larsen and
colleagues began enrolment in 1989 in Denmark;
Kazanjian and colleagues9 began in 1991 in Indiana,
Michigan, Massachusetts, and Colorado. Our enrolment
began in 1995 in Atlanta and San Francisco, with most of
our patients enrolled in 1998 and 1999. The rate of
mutations in the three patient populations was strikingly
different and was directly associated with the time of
patient enrolment (1989, 20% [31 of 152];7 1991, 43%
[42 of 97];9 1995, 71% [97 of 136]).

One hypothesis is that although the identified
mutations in the DHPS gene might contribute to drug
resistance, another mutation (that has not yet been
described) in the DHPS gene or in a related gene might be
necessary to confer clinically significant resistance.
Additionally, this mutation might be common in
Denmark, present but perhaps less so in the patient
populations Kazanjian and colleagues9 described, and rare
in our patient populations.

The fact that our results are at odds with those of other
groups restricts our ability to develop clear-cut
conclusions. However, several inferences can be made.
First, assessment of drug resistance should be expanded
to include the effect of genetic variation on treatment
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Adverse outcome Co-trimoxazole/ Co-trimoxazole/ Other drug/ Risk ratio p value Risk ratio p value
wild type (A) mutant (B) mutant (C) (95% CI) (95% CI)
(n=36) (n=66) (n=28) B vs A C vs B

Overall deaths 9 (25%) 9 (14%) 7 (25%) 0·55 (0·24–1·25) 0·15 1·83 (0·76–4·43) 0.23
Death due to PCP* 4 (11%) 3 (5%) 4 (14%) 0·41 (0·10–1·73) 0·24 3·14 (0·75–13·1) 0·19
Non-response to 13 (36%) 10 (15%) 14 (50%) 0·42 (0·20–0·86) 0·02 3·30 (1·67–6·52) 0·001
initial treatment

*PCP=Pneumocystis carinii pneumonia.

Table 3: Risk of poor outcomes by initial treatment and by genotype
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outcome over time and in different geographic regions.
Second, a reliable culture method for P carinii, and a
subsequent in-vitro model for assessment of drug
susceptibility needs to be developed. Third, our
speculation of another mutation, in combination with
the known DHPS mutations that might confer clinically
significant drug resistance, suggests that mutations
should be sought in other gene targets. Fourth,
assessment of drug resistance in P carinii will be
facilitated by development of standardised definitions of
treatment outcome. Finally, a larger, multicentre study
that includes a more comprehensive genotypic
characterisation of P carinii is needed to further
elucidate the association between mutations and clinical
outcome.

Our results suggest that patients infected with mutant 
P carinii can be successfully treated with co-trimoxazole.
Since presence of DHPS mutations in patients with 
P carinii pneumonia does not always correlate with
response to different treatments, the possibility (or even
presence) of a DHPS mutation should be only one of
several criteria used in guiding the choice of initial drug
treatment of P carinii pneumonia in patients with 
HIV-1.
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