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Abstract

The use of recombinant fragments of the major surface glycoprotein (Msg) of Pneumocystis jirovecii has proven useful for studying serolo-

gical immune responses of blood donors and human immunodeficiency virus (HIV)-positive (HIV+) patients. Here, we have used ELISA

to measure antibody titres to Msg fragments (MsgA, MsgB, MsgC1, MsgC3, MsgC8 and MsgC9) in sera isolated in the USA (n=200) and

Spain (n=326), to determine whether geographical location affects serological responses to these antigens. Blood donors from Seville

exhibited a significantly greater antibody titre to MsgC8, and significantly lower responses to MsgC3 and MsgC9, than did Cincinnati

(USA) donors. Spanish blood donors (n=162) also exhibited elevated responses to MsgC1, MsgC8 and MsgC9 as compared with Spanish

HIV+ (n=164) patients. HIV+ patients who had Pneumocystis pneumonia (PcP+) exhibited a higher response to MsgC8 than did HIV+

PcP) patients. These data show that geographical location plays a role in responsiveness to Msg fragments. Additionally, these fragments

have utility in differentiating HIV+ PcP and HIV+ PcP+ among patient populations.
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Introduction

Pneumocystis jirovecii is an opportunistic fungal pathogen of

humans that causes Pneumocystis pneumonia (PcP) in immu-

nocompromised individuals, including those infected with

human immunodeficiency virus (HIV) [1–4]. Effective drugs

for the treatment of PcP exist; however, the potential for

resistance to these therapies, together with the longer survi-

val of HIV-positive (HIV+) patients, due to antiviral therapies,

has spurred an interest in antigen-specific immunity to Pneu-

mocystis infection in HIV+ patients [5].

The role of antibodies in infection with P. jirovecii is not

well understood, but there is a high frequency of reactivity

to Pneumocystis antigens in healthy adults and children [6–

10]. Much work has focused on using animal models of PcP

infection, highlighting a potential role for antibodies in the

prevention of PcP [11–18].

The majority of immunological studies on reactivity to Pneu-

mocystis spp have used complex antigens derived from infected

animal lungs [7,9,19–22]. These preparations of antigens are

not well defined, and there are many limitations to their use:

they contain many different antigens; the spectrum of variable

antigens such as the major surface glycoprotein (Msg) can vary

with the preparation; the absolute volume of a specimen is lim-

ited because, in the absence of an in vitro culture system, the

only source of organisms is infected host lung; and samples

may be contaminated with co-infecting pathogens. Taken

together, these problems suggest that the use of recombinant

antigens may be more appropriate for immunological studies.

Smulian et al. [9] used western blot to demonstrate

significant geographical variation in serological responses to

high molecular weight antigens from rat-derived Pneumocystis

carinii in HIV-negative (HIV)) people from five global locations.

The nature of these antigens could not be determined in this

study, given that multiple proteins may co-migrate in electro-

phoresis, and many immunoreactive proteins have not been
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definitively identified. Given the limitations of using crude pre-

parations of antigen, it would be interesting to determine

whether the serological response to a single antigen exhibits

geographical variation. Such a study would require the use of

recombinant antigens to provide a clear answer.

We and others have started using recombinant fragments

of Msg to probe the immune responses of blood donors and

HIV+ patients [6,23–25]. Msg is a well-characterized antigen

that is encoded by a family of genes in the Pneumocystis gen-

ome, and only one Msg is expressed at a given time [12,26–

31], suggesting that the protein may have a role in immune

evasion. Msg has B-cell and T-cell epitopes, and can give pro-

tective immunity in some animal models [32–36]; however,

the relative roles of cell-mediated and humoral immunity to

Msg are not well understood.

We have recently examined the serological responses of

blood donors and HIV+ patients in the USA to three recombi-

nant fragments of Msg, which we called MsgA, MsgB, and

MsgC. Our work has focused mainly on MsgC, the C-termi-

nus of Msg, which is relatively conserved among different Msg

molecules, and can be recognized by human serum in western

blot and ELISA [24,25,37]. We have identified a panel of four

MsgC clones that differ from one another in putative amino

acid sequence. These clones behave differently from one

another in serological assays; for example, in ELISA, there is a

significantly higher level of reactivity to MsgC1 and MsgC3,

but not to MsgC8 or MsgC9, in a cohort of HIV+ patients

who have had a previous bout of PcP as compared with either

the HIV+ PcP) patient group or blood donors. The frequency

of reactivity seen in western blot analysis also varies with the

Msg construct and the patient populations tested [37].

Here we have performed a study to address global reac-

tivity to a panel of recombinant Msg fragments and examined

the potential geographical variation in reactivity to these pro-

teins in ELISA. First, we examined blood donor sera isolated

in the USA and Spain for reactivity to recombinant Msg anti-

gens. Second, as antibody titres to Pneumocystis antigens have

been shown to vary with onset and recovery from PcP [38–

41], we tested HIV+ Spanish patients who did or did not

have PcP for reactivity to these recombinants, and compared

the results with those obtained for Spanish blood donors.

Materials and Methods

Serum specimens

The serum specimens used in this study came from the USA

and Spain. They included 200 samples from healthy blood

donors at the Hoxworth Blood Center, Cincinnati, OH,

USA, as well as 162 samples from blood donors and 164

samples from HIV+ patients, 29 of whom had PcP, at the

Virgen del Rocio University Hospital, Seville, Spain. PcP diag-

nosis was based on clinical data and microscopic examination

of respiratory samples (sputum or bronchoalveolar) using

immunofluorescence with specific monoclonal antibodies

(Pneumo Cel IFA test; Cellabs, Brookvale, Australia).

Isolation and expression of Msg fragments

We have previously described the characterization of the Msg

fragments used in this study [24,25,37]. Briefly, oligonucleo-

tides were designed on the basis of conserved sequences of

the known msg genes of P. jirovecii. These primers were used

in PCR, using DNA isolated from P. jirovecii-infected human

lung at autopsy or cloned msg genes as templates, and Ampli-

taq enzyme (Applied Biosystems, Foster City, CA, USA) to

generate msg gene segments. The PCR products were cloned

into the pET30 vector (Novagen, Madison, WI, USA) in the

correct orientation for expression in Escherichia coli. The

recombinant proteins were purified by affinity chromatogra-

phy using HIS-binding resin (Novagen). The protein concen-

tration was determined by absorbance at 280 nm (A280 nm),

using a standard curve generated with bovine serum albumin.

ELISA

ELISA was performed similarly to previously reported proce-

dures [25]. Briefly, the reactivity of each serum specimen to

Msg was corrected by subtraction of the reactivity of that

serum to phosphate-buffered saline (mean OD Msg – mean

OD phosphate-buffered saline). The results were quantitated

using a method similar to that of Bishop and Kovacs [23],

using a standard curve specific for each construct. Test sera

were assayed at dilutions that fit the linear portion of the

standard curves, and units of reactivity were calculated. Sam-

ples whose values were below the standard curve were

assigned the lowest possible value of 1 U.

Statistics

Statistical analyses were performed using GraphPad Prism

(GraphPad Software, San Diego, CA, USA). Data were log

transformed to approximate normalcy, and statistical signifi-

cance was calculated using either unpaired t-tests or

ANOVA (Kruskal–Wallis) with Dunn’s multiple-comparison

test. p-Values <0.05 were considered to be significant.

Results

Reactivity in healthy blood donor sera

We first compared 200 blood donor sera from Cincinnati

and 162 BD sera from Seville for reactivity to a panel of
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three recombinant Msg fragments that, together, span the full

length of Msg (MsgA, MsgB, and MsgC1 (Fig. 1). Similar to

our previously published findings [25,37], the overall reactiv-

ity to each of these three Msg fragments was low in the

healthy blood donor populations, with no significant differ-

ences in the levels of reactivity to any of these constructs

between sera from Cincinnati and from Seville (Table 1).

To determine whether clonal variability had an effect on

reactivity of sera, we expanded the study to include three

MsgC clones that differ from MsgC1 and from one another

(Fig. 1) [37]. The magnitude of the responses to MsgC3,

MsgC8 and MsgC9 varied with the population studied. The

Cincinnati population exhibited higher responses than the

Seville population to both MsgC3 and MsgC9 (p <0.0001 and

p 0.035, respectively) (Table 1). However, the response to

MsgC8 was much greater in the donors from Seville (geo-

metric mean value of 22.27 U) than in the donors from Cin-

cinnati (geometric mean value of 3.42 U) (p <0.0001)

(Table 1).

Reactivity to Msg fragments in Spanish HIV+ patients

We had previously shown that HIV+ patients from Cincinnati

responded more strongly to MsgA, MsgB and MsgC1 than

did blood donors from Cincinnati [25]. We now tested 164

HIV+ patients from Seville for reactivity to each of the Msg

constructs, and compared the results with those obtained

for the blood donors from Seville. In contrast to our results

with US sera, the Spanish HIV+ patients had responses simi-

lar to or lower than those of blood donors from Spain. In

the Spanish population, blood donors had significantly higher

responses than did HIV+ patients to MsgC1 (2.10 U and

1.11 U, respectively), MsgC8 (22.27 U and 8.59 U, respec-

tively), and MsgC9 (3.04 U and 1.33 U, respectively)

(p <0.0001 for all comparisons) (Table 2).

Seroreactivity to Msg fragments in HIV+ patients with or

without PcP

We have shown that HIV+ patients in Cincinnati who had a

prior bout of PcP responded more strongly to MsgC1 and

MsgC3 than did HIV+ patients who did not have PcP [37].

To determine whether any of the Msg constructs were use-

ful for differentiating between Spanish HIV+ patients on the

basis of prior PcP, the HIV+ patients who had PcP (n = 29)

were compared with those who did not (n = 135). With the

exception of the responses to MsgC8, there were no signifi-

cant differences in the reactivity to any of the Msg constructs

between the PcP+ and PcP) HIV+ populations (Table 3). The
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FIG. 1. A schematic of the constructs used in this study. Major sur-

face glycoprotein (Msg)A, MsgB and MsgC span the length of Msg.

MsgC1, MsgC3, MsgC8 and MsgC9 are different clones of the C-ter-

minus of Msg.

TABLE 1. Geometric mean values and 95% CIs of ELISA by

blood donor and geographical location for each antigen

Antigen

Cincinnati
blood donors
(n = 200)

Seville
blood donors
(n = 162) p

MsgA 3.82 (2.99–4.886) 4.67 (3.65–5.96) 0.253
MsgB 1.81 (1.49–2.19) 1.84 (1.49–2.26) 0.911
MsgC1 2.05 (1.64–2.55) 2.10 (1.67–2.64) 0.883
MsgC3 4.42 (3.32–5.88) 1.90 (1.56–2.30) <0.0001
MsgC8 3.42 (2.62–4.45) 22.27 (17.06–29.04) <0.0001
MsgC9 4.70 (3.48–6.34) 3.04 (2.35–3.94) 0.035

TABLE 2. Geometric mean values and 95% CIs of ELISA by

blood donor and human immunodeficiency virus (HIV) sta-

tus for each antigen

Antigen
Seville blood
donors (n = 162)

Seville HIV+

patients
(n = 164) p

MsgA 4.67 (3.65–5.96) 3.58 (2.88–4.46) 0.113
MsgB 1.84 (1.49–2.26) 2.36 (1.89–2.93) 0.101
MsgC1 2.10 (1.67–2.64) 1.11 (1.01–1.22) <0.0001
MsgC3 1.90 (1.56–2.31) 1.69 (1.41–2.02) 0.385
MsgC8 22.27 (17.06–29.04) 8.59 (6.48–11.40) <0.0001
MsgC9 3.04 (2.35–3.94) 1.33 (1.15–1.52) <0.0001

TABLE 3. Geometric mean values and 95% CIs of ELISA by

Pneumocystis pneumonia (PcP) status in human immunode-

ficiency virus-positive (HIV+) patients from Seville for each

antigen

Antigen
Seville HIV+ PcP+

(n = 29)
Seville HIV+ PcP)

(n = 135) p

MsgA 3.19 (1.90–5.34) 3.67 (2.87–4.69) 0.629
MsgB 1.93 (1.19–3.15) 2.46 (1.92–3.14) 0.4088
MsgC1 1.15 (0.86–1.53) 1.10 (1.00–1.20) 0.676
MsgC3 1.54 (0.99–2.41) 1.72 (1.41–2.10) 0.64
MsgC8 19.41 (10.12–37.24) 7.21 (5.30–9.83) 0.0079
MsgC9 1.65 (1.02–2.65) 1.27 (1.10–1.45) 0.1536
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response to MsgC8, however, was significantly higher in the

PcP+ population (19.41 U) than in the PcP) population

(7.21 U; p 0.0079).

Hierarchy of responses to MsgC8

We have previously shown that there is a hierarchy of reac-

tivity to each of the Msg constructs across different patient

populations in Cincinnati [25,37]. The lack of strong reactiv-

ity to many of the constructs used here precludes the assign-

ment of such a hierarchy, except for reactivity to MsgC8.

Blood donors and PcP+ patients had very similar levels of

reactivity to MsgC8 (22.27 U and 19.41 U, respectively), and

PcP) patients exhibited a lower level of response (7.21 U)

(Fig. 2). PcP+ patients showed the widest range of responses

(1–614 U), and the PcP) patients had the smallest range

(1–172 U) (data not shown). The range of values obtained

for the other Msg constructs also changed with the popula-

tion tested, with the PcP) patients consistently having the

lowest ranges of reactivity to all MsgC constructs (data not

shown).

Discussion

In our previously published work, we described the use of

recombinant fragments of Msg in probing serological reactiv-

ity of blood donors and HIV+ patients in the USA [25,37]. In

this study, we have analysed blood donors from Seville with

these constructs, and found a geographical difference in the

reactivity to three of the constructs, MsgC3, MsgC8, and

MsgC9. Spanish blood donors, as a group, exhibited signifi-

cantly higher reactivity to MsgC8, and lower reactivity to

MsgC3 and MsgC9, than did blood donors from Cincinnati.

This regional difference may indicate that Msg isoform

expression is geographically controlled. Extending the analy-

sis to include a cohort of Spanish HIV+ patients shows that

those who had PcP have higher responses to MsgC8 than do

those who did not have PcP.

The level of recognition of MsgA, MsgB and MsgC1 is very

similar in blood donor populations from Cincinnati and from

Seville. This is consistent with our previous data showing no

difference in the frequency of recognition of these constructs

in western blot analysis of serological reactivity, using blood

donor samples from the USA, Haiti, South Africa, and South

Korea [24]. However, as reported here, the antibody titres

to MsgC3, MsgC8 and MsgC9 are significantly different in

the Cincinnati and Seville blood donor populations. MsgC8,

which is recognized poorly by sera from the USA, was

recognized very strongly by the Spanish sera.

There are three potential reasons for the increased

response to MsgC8 in the Spanish sera. First, the rate of

P. jirovecii infection or colonization may be higher in Spain

than it is in the USA, with the increase in exposure to P. jiro-

vecii antigens having a boosting effect on antibody responses

to Msg. We feel that this is unlikely, as the seroprevalence

of Pneumocystis infection in Spanish children is similar to that

found in other global regions, including North America,

Africa, and northern Europe [7,10,42–44]. Second, the

expressed repertoire of antigen-specific receptors on B-cells,

T-cells and antigen-presenting cells may be different in the

Spanish and North American populations. Third, the spec-

trum of Msg molecules expressed in P. jirovecii from Spain

may be different from that expressed in midwestern USA

isolates. It is likely that both immune repertoire and Msg

repertoire play a role in the expression of Msg epitopes.

Presumably, the antibodies that we are measuring arose as a

consequence of exposure to P. jirovecii expressing MsgC8-like

molecules. This would indicate that MsgC8-like molecules

are expressed more prevalently in Spanish populations of

P. jirovecii than in American populations of the organism. Var-

iation in msg genes among different isolates of P. jirovecii has

p < 0.001
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FIG. 2. Comparison of blood donor (BD) with Pneumocystis pneu-

monia (PcP+) and without Pneumocystis pneumonia (PcP)) patient

groups, showing geometric means and 95% CIs for reactivity to

major surface glycoprotein (Msg)C8 in ELISA. Comparisons between

groups were made using ANOVA. Significant values (p <0.05) are

shown.

940 Clinical Microbiology and Infection, Volume 15 Number 10, October 2009 CMI

ª2009 The Authors

Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 937–942



recently been shown by Kutty et al. [45], highlighting the

possibility of global differences in expressed Msg antigens.

It is unclear why the spectrum of Msg molecules

expressed by P. jirovecii would vary according to the geogra-

phical location of its host, but factors potentially affecting

such expression might include selection of antigens within

the infected host population, strain variation in P. jirovecii

between Seville and Cincinnati, and geographical factors such

as temperature, humidity, and elevation. The localized

expression of Msg molecules within a population may be

directly related to the mode of transmission. Person-to-per-

son transmission is likely to be a very important mechanism

of dissemination of P. jirovecii. However, the antigenic com-

plexity of the Msg fragments precludes their use as tools for

clearly tracking transmission of the organism.

Interestingly, there were two Msg fragments (MsgC3 and

MsgC9) that showed a significantly higher level of reactivity

in the Cincinnati population than in the Seville population. It

is unclear whether these MsgC molecules represent antigens

with localized expression, as the difference in response to

these antigens between European and American populations

was not as great as the difference seen for MsgC8. It is pos-

sible that an isotype of MsgC that could be selectively recog-

nized in American populations does exist; however, such a

molecule is not present in our small library of Msg frag-

ments.

The hierarchy of recognition of MsgC8 showed that HIV+

PcP) patients had a significantly lower level of reactivity than

did healthy blood donors or HIV+ PcP+ patients. Variation in

recognition of the Msg fragments according to different

patient populations has been seen before. However, the var-

iation seen in the Spanish populations is very interesting. The

high level of reactivity in the blood donors and PcP+ patients

suggests that MsgC8 is expressed during P. jirovecii exposure,

either in infection or colonization, and this drives the

immune response up. Furthermore, the higher titre of anti-

bodies in the PcP+ patient group suggests that these antibo-

dies are relevant to recovery from disease and that MsgC8

has protective epitopes in a geographical location where

expression of MsgC8 is high. The lack of a strong response

in the PcP) patients may be due to impaired immunity.

Finally, the data presented here show that MsgC clones

must be regarded as individual entities and not as generic

antigens. The isoform-specific antibodies seen in this study

underline the potential for Msg as a variant antigen that may

play a role in immune evasion. It is likely that Msg molecules

are composed of shared and unique epitopes. However, the

contribution of each type of epitope to the overall immune

reactivity to P. jirovecii and the ability to counteract P. jirovecii

infection/colonization remain unknown.

Transparency Declaration

This work was supported by the Medical Research Service,

Department of Veterans Affairs, and by the RO1 grant

AI062492 from the National Institutes of Health.

Each author has disclosed a lack of conflict of interests.

References

1. Frenkel JK. Pneumocystis pneumonia, an immunodeficiency-dependent

disease (IDD): a critical historical overview. J Eukaryot Microbiol 1999;

46: 89S–92S.

2. Redhead SA, Cushion MT, Frenkel JK, Stringer JR. Pneumocystis and

Trypanosoma cruzi: nomenclature and typifications. J Eukaryot Microbiol

2006; 53: 2–11.

3. Wakefield AE. Pneumocystis carinii. Br Med Bull 2002; 61: 175–188.

4. Walzer PD. Immunological features of Pneumocystis carinii infection in

humans. Clin Diagn Lab Immunol 1999; 6: 149–155.

5. Dworkin MS, Hanson DL, Kaplan JE, Jones JL, Ward JW. Risk for

preventable opportunistic infections in persons with AIDS after anti-

retroviral therapy increases CD4+ T lymphocyte counts above pro-

phylaxis thresholds. J Infect Dis 2000; 182: 611–615.

6. Mei Q, Turner RE, Sorial V, Klivington D, Angus CW, Kovacs JA.

Characterization of major surface glycoprotein genes of human Pneu-

mocystis carinii and high-level expression of a conserved region. Infect

Immun 1998; 66: 4268–4273.

7. Peglow SL, Smulian AG, Linke MJ et al. Serologic responses to Pneu-

mocystis carinii antigens in health and disease. J Infect Dis 1990; 161:

296–306.

8. Pifer LL, Hughes WT, Stagno S, Woods D. Pneumocystis carinii infec-

tion: evidence for high prevalence in normal and immunosuppressed

children. Pediatrics 1978; 61: 35–41.

9. Smulian AG, Sullivan DW, Linke MJ et al. Geographic variation in the

humoral response to Pneumocystis carinii. J Infect Dis 1993; 167: 1243–

1247.

10. Vargas SL, Hughes WT, Santolaya ME et al. Search for primary infec-

tion by Pneumocystis carinii in a cohort of normal, healthy infants. Clin

Infect Dis 2001; 32: 855–861.

11. Bartlett MS, Angus WC, Shaw MM et al. Antibody to Pneumocystis

carinii protects rats and mice from developing pneumonia. Clin Diagn

Lab Immunol 1998; 5: 74–77.

12. Garbe TR, Stringer JR. Molecular characterization of clustered var-

iants of genes encoding major surface antigens of human Pneumocystis

carinii. Infect Immun 1994; 62: 3092–3101.

13. Gigliotti F, Harmsen AG. Pneumocystis carinii host origin defines the

antibody specificity and protective response induced by immunization.

J Infect Dis 1997; 176: 1322–1326.

14. Gigliotti F, Garvy BA, Haidaris CG, Harmsen AG. Recognition of Pneu-

mocystis carinii antigens by local antibody-secreting cells following reso-

lution of P. carinii pneumonia in mice. J Infect Dis 1998; 178: 235–242.

15. Harmsen AG, Chen W, Gigliotti F. Active immunity to Pneumocystis

carinii reinfection in T-cell-depleted mice. Infect Immun 1995; 63:

2391–2395.

16. Lee M, Cho SR, Park YK, Choi MH, Hong ST. The effect of hetero-

geneous hyperimmune IgG antibody on prophylaxis and treatment of

Pneumocystis carinii infection in rats. Korean J Parasitol 1998; 36: 127–

132.

17. Marcotte H, Levesque D, Delanay K et al. Pneumocystis carinii infec-

tion in transgenic B cell-deficient mice. J Infect Dis 1996; 173: 1034–

1037.

CMI Daly et al. Geographical variation in response to Msg 941

ª2009 The Authors

Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 937–942



18. Zheng M, Shellito JE, Marrero L et al. CD4+ T cell-independent vacci-

nation against Pneumocystis carinii in mice. J Clin Invest 2001; 108:

1469–1474.

19. Buhl L, Settnes OP, Andersen PL. Antibodies to Pneumocystis carinii in

Danish blood donors and AIDS patients with and without Pneumocys-

tis carinii pneumonia. APMIS 1993; 101: 707–710.

20. Chatterton JM, Joss AW, Pennington TH, Ho-Yen DO. Usefulness of

rat-derived antigen in the serodiagnosis of Pneumocystis carinii infec-

tion. J Med Microbiol 1999; 48: 681–687.

21. Maddison SE, Hayes GV, Ivey MH, Tsang VC, Slemenda SB, Norman

LG. Fractionation of Pneumocystis carinii antigens used in an enzyme-

linked immunosorbent assay for antibodies and in the production of

antiserum for detecting Pneumocystis carinii antigenemia. J Clin Micro-

biol 1982; 15: 1029–1035.

22. Pifer LL, Woods DR, Edwards CC, Joyner RE, Anderson FJ, Arheart

K. Pneumocystis carinii serologic study in pediatric acquired immuno-

deficiency syndrome. Am J Dis Child 1988; 142: 36–39.

23. Bishop LR, Kovacs JA. Quantitation of anti-Pneumocystis jiroveci anti-

bodies in healthy persons and immunocompromised patients. J Infect

Dis 2003; 187: 1844–1848.

24. Daly KR, Fichtenbaum CJ, Tanaka R et al. Serologic responses to epi-

topes of the major surface glycoprotein of Pneumocystis jiroveci differ

in human immunodeficiency virus-infected and uninfected persons. J

Infect Dis 2002; 186: 644–651.

25. Daly KR, Koch J, Levin L, Walzer PD. Enzyme-linked immunosorbent

assay and serologic responses to Pneumocystis jiroveci. Emerg Infect Dis

2004; 10: 848–854.

26. Kutty G, Ma L, Kovacs JA. Characterization of the expression site of

the major surface glycoprotein of human-derived Pneumocystis carinii.

Mol Microbiol 2001; 42: 183–193.

27. Kovacs JA, Powell F, Edman JC et al. Multiple genes encode the major

surface glycoprotein of Pneumocystis carinii. J Biol Chem 1993; 268:

6034–6040.

28. Linke MJ, Sunkin SM, Andrews RP, Stringer JR, Walzer PD. Expres-

sion, structure, and location of epitopes of the major surface glyco-

protein of Pneumocystis carinii f. sp. carinii. Clin Diagn Lab Immunol

1998; 5: 50–57.

29. Sunkin SM, Stringer JR. Translocation of surface antigen genes to a

unique telomeric expression site in Pneumocystis carinii. Mol Microbiol

1996; 19: 283–295.

30. Sunkin SM, Stringer JR. Residence at the expression site is necessary

and sufficient for the transcription of surface antigen genes of Pneu-

mocystis carinii. Mol Microbiol 1997; 25: 147–160.

31. Stringer JR, Keely SP. Genetics of surface antigen expression in Pneu-

mocystis carinii. Infect Immun 2001; 69: 627–639.

32. Gigliotti F. Host species-specific antigenic variation of a mannosylated

surface glycoprotein of Pneumocystis carinii. J Infect Dis 1992; 165:

329–336.

33. Gigliotti F, Haidaris CG, Wright TW, Harmsen AG. Passive intranasal

monoclonal antibody prophylaxis against murine Pneumocystis carinii

pneumonia. Infect Immun 2002; 70: 1069–1074.

34. Theus SA, Andrews RP, Steele P, Walzer PD. Adoptive transfer of

lymphocytes sensitized to the major surface glycoprotein of Pneumo-

cystis carinii confers protection in the rat. J Clin Invest 1995; 95: 2587–

2593.

35. Theus SA, Smulian AG, Steele P, Linke MJ, Walzer PD. Immunization

with the major surface glycoprotein of Pneumocystis carinii elicits a

protective response. Vaccine 1998; 16: 1149–1157.

36. Gigliotti F, Hughes WT. Passive immunoprophylaxis with specific

monoclonal antibody confers partial protection against Pneumocystis

carinii pneumonitis in animal models. J Clin Invest 1988; 81: 1666–

1668.

37. Daly KR, Koch JV, Shire NJ, Levin L, Walzer PD. Human immunodefi-

ciency virus-infected patients with prior Pneumocystis pneumonia

exhibit increased serologic reactivity to several major surface

glycoprotein clones. Clin Vaccine Immunol 2006; 13: 1071–

1078.

38. Burns SM, Read JA, Yap PL, Brettle RP. Reduced concentrations of

IgG antibodies to Pneumocystis carinii in HIV-infected patients during

active Pneumocystis carinii infection and the possibility of passive

immunisation. J Infect 1990; 20: 33–39.

39. Hofmann B, Nielsen PB, Odum N et al. Humoral and cellular

responses to Pneumocystis carinii, CMV, and herpes simplex in

patients with AIDS and in controls. Scand J Infect Dis 1988; 20:

389–394.

40. Laursen AL, Andersen PL. Low levels of IgG antibodies against Pneu-

mocystis carinii among HIV-infected patients. Scand J Infect Dis 1998;

30: 495–499.

41. Pifer LL, Niell HB, Langdon SB et al. Evidence for depressed humoral

immunity to Pneumocystis carinii in homosexual males, commercial

plasma donors, and patients with acquired immunodeficiency syn-

drome. J Clin Microbiol 1987; 25: 991–995.

42. Lundgren B, Lebech M, Lind K, Nielsen JO, Lundgren JD. Antibody

response to a major human Pneumocystis carinii surface antigen in

patients without evidence of immunosuppression and in patients with

suspected atypical pneumonia. Eur J Clin Microbiol Infect Dis 1993; 12:

105–109.

43. Respaldiza N, Medrano FJ, Medrano AC et al. High seroprevalence of

Pneumocystis infection in Spanish children. Clin Microbiol Infect 2004;

10: 1029–1031.

44. Wakefield AE, Stewart TJ, Moxon ER, Marsh K, Hopkin JM. Infection

with Pneumocystis carinii is prevalent in healthy Gambian children.

Trans R Soc Trop Med Hyg 1990; 84: 800–802.

45. Kutty G, Maldarelli F, Achaz G, Kovacs JA. Variation in the major

surface glycoprotein genes in Pneumocystis jirovecii. J Infect Dis 2008;

198: 741–749.

942 Clinical Microbiology and Infection, Volume 15 Number 10, October 2009 CMI

ª2009 The Authors

Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 937–942


	Geographical variation in serological responses to recombinant Pneumocystis jirovecii major surface glycoprotein antigens
	Introduction
	Materials and Methods
	Serum specimens
	Isolation and expression of Msg fragments
	ELISA
	Statistics

	Results
	Reactivity in healthy blood donor sera
	Reactivity to Msg fragments in Spanish HIV+ patients
	Seroreactivity to Msg fragments in HIV+ patients with or without PcP
	Hierarchy of responses to MsgC8

	Discussion
	Transparency Declaration
	References




