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Abstract
Cameroon lacks the capacity for routine Pneumocystis pneumonia (PcP) diagnosis thus, the
prevalence of Cameroonian exposure to this microbe is unknown. It is known that Pneumocystis
infecting different mammalian host species represent diverse phylogenetic backgrounds and are now
designated as separate species. The highly sensitive nature of ELISA and the specificity afforded by
using human-derived P. jirovecii Msg peptides has been shown to be useful for serological analysis
of human sera. Thus, sera from patients in Yaoundé, the capital city of Cameroon, were analyzed for
anti-P. jirovecii antibodies by enzyme-linked immunosorbent assay (ELISA) using three
recombinant major surface glycoprotein (Msg) peptide fragments, MsgA1, MsgB, and MsgC1. Based
on serum recognition of one or more of the three fragments, 82% of the total samples analyzed was
positive for antibodies to P. jirovecii Msg, indicating high prevalence of P. jirovecii infection or
colonization among Cameroonians. Different Msg fragments appear to be recognized more
frequently by sera from different geographic regions of the globe. Antibodies in the Cameroonian
serum samples recognized MsgA>MsgC>MsgB, suggesting that different P. jirovecii strains exist
in different parts of the world and/or human populations differ in their response to P. jirovecii. Also,
HIV+ patients diagnosed with respiratory infections (such as TB and pneumonia) and maintained on
trimethoprim/sulfamethoxazol prophylaxis had relatively lower anti-Msg titers. Whether PcP
prophylaxis has significant effects on the quality of life among HIV+ patients in Cameroon warrants
further investigation.
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1. Introduction
Pneumocystis pneumonia (PcP) is a lung infection that occurs primarily in individuals with a
weakened immune system, such as malnourished infants, persons receiving drugs for organ
transplants, cancer treatment or HIV/AIDS patients. The disease agent, Pneumocystis, is an
opportunistic fungal pathogen that proliferates in the extracellular environment of the
immunodeficient mammalian host lung. Pneumocystis organisms are host species-specific; P.
jirovecii is the species found in humans and most people become sero-positive for
Pneumocystis in early childhood and remain sero-positive throughout adulthood indicating
widespread and frequent exposure (Kaneshiro and Smulian, 2007; Morris, 2008; Pifer et al.,
1978; Smulian et al., 1993; van Oosterhout et al., 2007; Vargas et al., 2001; Walzer, 1999;
Walzer and Cushion, 2004). Pneumocystis is ubiquitous with worldwide distribution, although
the presence of P. jirovecii in many underdeveloped countries has not been documented.
Reports of P. jirovecii infections in Africa are limited to only a few studies (Aderaye et al.,
2007; Aderaye et al., 2008; Bii et al., 2006; Dini et al., 2006; Kazanjian et al., 2005; Robberts
et al., 2007; Walzer and Cushion, 2004).

Cameroon, a country in sub-Sahara West Africa, has all the known HIV types and subtypes
which are rapidly evolving thus creating genetic heterogeneity of the virus in this country (Lee
et al., 2007). Also, epidemic HIV/AIDS is thought to have emerged in this region of Africa by
transmission of the virus from chimps to humans (Keele et al., 2006). Since opportunistic
infections (OIs) such as microsporidiosis (Nkinin et al., 2007) and PcP are often described as
having emerged with AIDS, it is of particular interest to examine OIs among the native
population of this country.

Although PcP remains a major immediate cause of death among AIDS patients in the USA
and Europe (Morris, 2008; Walzer, 1999; Walzer et al., 2008) pulmonary tuberculosis (TB) is
the most serious opportunistic infection in HIV/AIDS in sub-Sahara Africa and pulmonary
infections in HIV/AIDS patients there are mostly attributed to TB (Kazanjian et al., 2005).
However, most HIV patients in these countries are not tested for PcP due to the invasive and
costly clinical procedures required and the lack of diagnostic laboratory capacity. DNA
amplification of samples obtained by relatively noninvasive methods (e.g., induced sputum)
is not routinely performed in any country and its sensitivity and utility for PcP diagnosis
remains questionable. A high rate of exposure to P. jirovecii among Cameroonians would be
expected since Pneumocystis colonization is assumed to be nearly universal. However, since
PcP in HIV/AIDS patients in Africa is often not reported and the full importance of PcP in
Africa is unknown, it is important to collect additional data on seropositivity to this
opportunistic pathogen.

The major surface glycoprotein (Msg) is commonly used as antigen for serologic analyses
because it is the most antigenic and there is some cross-reactivity between Msg from different
Pneumocystis species (Bauer et al., 1993; Kovacs et al.1988; Kovacs et al., 1989; Kutty et al.,
2008; Meuwissen et al., 1977; Tanabe et al., 1989; Walzer and Linke, 1987; Walzer and
Cushion, 2004; Walzer et al., 2008; Walzer et al., 2009). However, Pneumocystis organisms
are host species-specific and Msg molecules in any given Pneumocystis species are diverse
(∼80 distinct genes in P. carinii) (Stringer 2007; Stringer and Keely, 2001). Thus, interpretation
of earlier serologic studies to evaluate P. jirovecii exposure or infection has been difficult
(Bauer et al.,1993; Walzer and Linke, 1987) since antigens used for serology were not those
of human-derived P. jirovecii but from organisms isolated from rats (P. carinii), mice (P.
murina) or other mammals. The reactivity of anti- P. jirovecii Msg antibodies with P. carinii
or P. murina Msg would not be expected to be as high or specific compared to P. jirovecii
Msg. The development of a serological test specifically for P. jirovecii antibody titers has
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clinical and human epidemiological applications and protocols specific for immunoserological
assays of P. jirovecii recombinant Msg have been developed (Daly et al., 2002; Daly et al.,
2004; Daly et al., 2006; Daly et al., in press; Kovacs et al., 1989; Walzer et al., 2009). An
ELISA protocol has been developed employing three overlapping recombinant Msg fragments
(MsgA1, MsgB, MsgC1) that span the entire length of a P. jirovecii Msg. In the present study,
we analyzed the reactivity of serum samples from subpopulations in Cameroon to three
recombinant P. jirovecii Msg fragments, MsgA1, MsgB and MsgC1.

2. Materials and methods
2.1. Serum samples

A cross-sectional study was performed on sera from outpatients visiting clinics and hospitals
in Yaoundé, the capital city of Cameroon. There were 349 randomly obtained samples from
that were made available of which 175 tested positive for HIV+ and 171 that were HIV-;
discrepant HIV status were found for 3 samples. Serum samples were obtained between January
and June, 2004 from either (i) the Jamot Tuberculosis Hospital (JTH) which serves the general
population but specializes in tuberculosis (TB) treatment, (ii) the Etoug-Ebe Baptist Health
Center (EBC), an outpatient clinic that serves the general population and also runs a prenatal
counseling center for pregnant women, and (iii) the Espoir HIV Clinic (EC), a privately run
clinic restricted to HIV/AIDS patients. People from most regions of Cameroon are treated at
health institutions in the capital city of Yaoundé hence serum samples analyzed in this study
were not only from patients living in this city. When samples were collected, some HIV+

patients in public health institutions in Cameroon were under HAART but drugs were often
taken sporadically and some people discontinued this therapy.

Approximately 70% of EC patients are maintained on trimethoprim/sulfamethoxazole (TMP/
SMZ) for prophylaxis against opportunistic infections (Victor Anomah Ngu, personal
communication). Data for PcP prophylaxis was not available for JTH and EBC patients. EC
is known for its practice of a controversial ‘auto-biotherapy’, a procedure by which a
preparation is made from the HIV+ patient’s blood then injected back into that donor using a
schedule of daily and then monthly boosters (Abalaka, 2004; Ngu et al., 2002; Ngu et al.,
2007; Lehner, 2005; Spier, 2004). It is claimed that this therapy reduces HIV load and has
converted a few HIV+ patients to sero-negativity for the virus (Ngu et al., 2002; Ngu et al.,
2007). This controversial treatment is contested by many in the Cameroon scientific
community but its practice is widely accepted in the country.

Serum samples and other demographic data (gender, age, occupation, residence, CD4
+ counts

(available only for EC patients); respiratory infections (bacterial pneumonia, pulmonary TB)
were obtained from patients at the three health institutions. Approvals for obtaining serum
samples were obtained from all source institutions and from the University of Cincinnati
Institutional Review Board. The samples were preserved in 15% (w/v) sodium azide, dispensed
into aliquots and stored at -20 °C until analyzed.

2.2. Isolation and expression of Msg fragments
Recombinant Msg fragments were designed to minimize errors that could occur from cloning
and expressing entire large Msg proteins. Overlapping fragments help minimize eliminating
potential amino acid sequence epitopes. The design and preparation of P. jirovecii recombinant
Msg fragments used in this study (Fig. 1) were as previously described. These and several other
recombinant Msg fragments have been used in ELISA studies to determine reactivity to human
sera obtained from HIV+ and HIV- donors in the USA, Europe, South Korea and South Africa
(Daly et al., 2002;Daly et al., 2004;Daly et al., 2006; Daly et al., in press). Since Msg molecules
are coded by a multicopy gene family consisting of 50--100 copies in P. jirovecii (Kutty et al.,
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2008;Stringer, 2007) oligonucleotides were designed based on the known sequences of msg
genes of P. jirovecii and are specific for the conserved regions of these genes. The
oligonucleotides were used in PCR with DNA isolated from P. jirovecii-infected human lung
as template and Amplitaq enzyme (Applied Biosystems, Foster City, CA) to generate msg gene
segments. The PCR products were cloned into the pCR 2.1-TOPO vector (Invitrogen, Madison,
WI) for restriction mapping and nucleotide sequencing, and were then inserted into the pET30
vector (Novagen, Madison, WI) in the correct orientation for expression in Escherichia coli of
recombinant Msg peptides. The recombinant peptides were expressed in E. coli inclusion
bodies and were purified by standard methods as previously described (Daly et al., 2002;Daly
et al., 2004;Daly et al., 2006; Daly et al., in press). Briefly, bacterial cultures expressing
recombinant proteins were harvested by centrifugation, the cell pellet was sonicated and
washed three times in binding buffer without urea (5 mM imidazole, 0.5 M NaCl, and 20 mM
Tris-HCl, pH 7.9), and the final pellet was dissolved in binding buffer containing 6 M urea.
The recombinant peptides were purified by affinity chromatography using HIS-binding resin
(Novagen, Madison, WI), with the urea being removed during the wash stages. Eluted proteins
were dialyzed overnight against PBS (pH 7.4) and aliquots were frozen at -20 °C until used.
Recombinant protein expressed from the pET30 vector without insert was used as a control
antigen. Protein concentration was determined by A280 nm using a standard curve generated
with bovine serum albumen.

2.3. ELISA
ELISA was performed according to methods previously reported (Daly et al., 2004). All serum
specimens to be analyzed, as well as a standard reference serum, were tested against the
recombinant Msg fragments. Duplicate wells of a 96-well plate were coated with antigen (5
μg/mL, 100 μl/well) in PBS, pH 7.4 overnight; PBS without antigen was used as a negative
control. The plates were washed in wash buffer (PBS with 0.05% Tween-20) and treated with
blocking buffer (wash buffer with 5% non-fat milk; 200 μL/well) for 2 hr at room temperature.
The plates were washed again and human serum, diluted 1/100 and 1/200 in blocking buffer,
was added to each well (100 μL/well). The plates were rocked overnight at 4 °C, washed, and
HRP-labeled goat anti-human IgG (heavy and light chains) was added to each well (100 μL/
well at 1/10,000 dilution in blocking buffer). The plates were incubated at room temperature
for 1 hr, washed, and developed by adding 3,3′,5,5′-tetramethylbenzidine (TMB) substrate (100
μL/well). Product color was allowed to develop for 4 min then the reaction was stopped by the
addition of 100 μL of H2SO4 (0.18 mol/L) to each well. The color in each well was read at
A450 nm, and the mean absorbance (mean OD) for each pair of wells determined. The reactivity
of each serum specimen to a given Msg fragment (mean OD Msg) was corrected by subtracting
the reactivity of that serum to PBS (mean OD PBS). PBS was selected as negative control as
the ability to determine a priori what might constitute appropriate negative control serum
samples is indeed problematic. For example, one could argue that it cannot be known for certain
that cord blood or serum from infants and naïve young children would not contain antibodies
to ubiquitous organisms (antigens) that could have been obtained from maternal sources.

The results were quantified by using a standard serum preparation consisting of 4--6 pooled
serum samples with high reactivity to a specific Msg fragment construct (Bishop and Kovacs,
2003). This pooled serum sample was diluted to establish a standard curve, which was
generated for each construct on each day of analysis and was used to calculate the units of
reactivity to the Msg fragment constructs. Each pooled serum standard was assigned a value
of 100 Units of reactivity (100 U) to its target Msg construct in 100 μL of a 1/100 dilution of
serum. Test sera were assayed at 1/100--1/200 dilutions that resulted in the linear portion of
the standard curves and units of reactivity were calculated and corrected for dilution factors..
Since values were log-transformed, samples with the lowest detectable values in each
individual set of assays were assigned the value of 1 U.
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2.4. Statistics
Statistical analyses were performed using GraphPad Prism (GraphPad Software, San Diego,
CA). Data were log-transformed to approximate normalcy and statistical significance was
calculated using unpaired t-tests (Mann-Whitney). P values of <0.05 were considered
significant. The Pearson product-moment correlation coefficient was used to identify
relationships between various study groups.

3. Results
3.1. Patient HIV status and demographics

A total of 349 serum samples were obtained from three health institutions in Yaoundé; 175
tested positive for HIV-1 & 2; 171 serum samples tested negative for HIV-1 & 2. One sample
was designated HIV+ by tests done in Seville against HIV-1 & 2 but HIV- by analysis done in
Yaoundé. Also, two were HIV- by the Seville analysis but HIV+ by analysis done in Yaoundé.
CD4+ counts were available for all the 104 HIV+ patients at EC but not for patients at the JTH
or EBC. This entire study group in the present report included samples from 121 males and
228 females; the average age (mean ± S.D.) of HIV+ patients was 33.7 ± 9.2 and 27.4 ± 10.0
of HIV- patients.

3.2. Reactivities to P. jirovecii recombinant Msg fragments
Reactivity of serum samples to the different Msg fragments varied over a wide range, and the
protocol used in this study did not clearly define the lower limits of positive reactivity to the
Msg fragments or enable comparisons across Msg fragments. Hence, we conservatively
defined a positive reaction as ELISA scores greater than the geometric mean (the nth root of a
product of ‘n’ values) for each Msg fragment and that a positive reaction to one or more Msg
fragment indicated recognition of the P. jirovecii Msg molecule.

Sera from Cameroonian patients showed overall high recognition of the P. jirovecii
recombinant Msg fragments (Table 1). The prevalence of people in this country with antibodies
against one or more P. jirovecii Msg fragment was approximately 82% indicating a high
percentage of Cameroonians are exposed to P. jirovecii (infection or transient colonization).
With respect to those with and without HIV infection, analysis of the total collection of sera
obtained in this study indicated that a higher proportion of sera from HIV+ patients recognized
one or more Msg fragment compared to sera from HIV- patients (Table 2). HIV+ sera had a
relatively higher reactivity to MsgB (4.50 U) compared to sera from HIV- patients (2.99 U)
(Table 2; P = 0.0002) whereas HIV+ and HIV- serum reactivity to P. jirovecii MsgA1 and
MsgC1 fragments were not significantly different.

Evaluation of patients treated at different health care institutions in Cameroon showed that the
HIV+ patients at JTH and EBC had significantly higher antibody titers against all three Msg
fragments than HIV- patients at these health institutions (Table 2). Comparing sera from
HIV+ patients at JTH and EBC with those from EC (all HIV+), reactivity to MsgA1 and MsgC1
were found to be significantly higher in patients at JTH and EBC.

We also compared the anti-Pneumocystis antibody titers in samples from HIV+ patients that
were also clinically diagnosed with TB or pneumonia to those that were not diagnosed with
these respiratory infections. The patients from EBC and JTH diagnosed with a respiratory
infection had higher antibody titers to all Msg fragments compared to those at EC (Table 3);
the difference for MsgA1 was statistically significant. There was a significantly higher
reactivity to MsgC1 in sera of HIV- patients without respiratory infection compared to HIV-

patients with respiratory infection (P = 0.0199), but the number of samples in the latter group
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was only 4. Other comparisons of antibody titers in patients with respiratory disease between
other subgroups and Msg fragments did not reveal any significant differences.

With the exception of significantly higher antibody titers to MsgA1 in sera from 82 males
compared to 162 females at EBC and JTH (P = 0.0186), there were no statistically significant
differences between gender in the total study group. CD4

+ counts were available only for
patients at EC. No statistically significant correlation was observed between the CD4

+ counts
and serum reactivity to the peptide fragments MsgA1 (r = -0.018; P = 0.427), MsgB (r = -0.079,
P = 0.213), and MsgC1 (r = -0.015, P = 0.427) in this patient population.

4. Discussion
4.1. Prevalence of P. jirovecii in Cameroon

Using different analytical methods and organism preparations obtained from infected rodent
or human lungs as antigen, a number of studies have indicated ∼76% of human populations
are seropositive to P. jirovecii antigens (Walzer and Cushion, 2004). Daly et al. (2002) reported
65% seropositivity for serum samples from South Africa tested by Western blot analysis.
Although PcP is not routinely diagnosed in Cameroon, the data obtained in the present study
are among the first indicating widespread exposure to P. jirovecii among the Cameroonian
population, and hence verifies the ubiquitous distribution of this species worldwide. The 82%
prevalence among Cameroonians with anti-P. jirovecii Msg antibodies estimated here are
similar to results obtained in a preliminary study using rat-derived P. carinii antigens in
Western blot analyses and a separate set of sera from Cameroonians [Nkinin, S.W., Asonganyi,
T., Medrano, F.J., Respaldiza, N., Calderón, E. and Kaneshiro, E.S.; 2004. Evidence for
Widespread Occurrence of Pneumocystis jirovecii in Cameroon and Spain, 104th General
Meetings, American Society for Microbiology, New Orleans, LA.]. In that preliminary study,
86% (51/60) of HIV- and 80% (36/46) of HIV+ sera tested positive for anti-Pneumocystis Msg
antibodies. This is the first report in which ELISA data resulting from employing P. jirovecii
recombinant Msg has been used to evaluate prevalence of seropositivity to this organism.

Earlier Western blot analysis indicated that the middle fragment MsgB and MsgC located at
the C-terminus of a P. jirovecii Msg isoform (Daly et al., 2002) was most frequently recognized
by sera from various countries of the world including the USA. More recent ELISA studies on
sera from healthy USA donors recognized MsgC>MsgA>MsgB and that patients with prior
history of PcP had higher reactivity to MsgC compared to tghose without this history (Daly et
al., 2004). A study focusing on MsgC showed differences in reactivity betweenSpanish and
USA sera to various isoforms of MsgC (Daly et al., in press). In contrast, the present study of
Cameroonian sera indicated that the N-terminal MsgA1 was most frequently recognized. These
data suggest that the immunogenicity of different parts of Msg proteins found in Cameroonian
P. jirovecii is different from those found in organisms in other regions of the world but similar
enough to cross react with these proteins and/or there are differences in human populations
with respect to their responses to P. jirovecii Msg molecules.

The low reactivity to MsgB was consistently seen in sera from North America (Daly et al.,
2004; Daly et al., 2006). It cannot be ruled out that the ELISA is strongly influenced by the
specific Msg molecules expressed in organisms in the human host. Although it is generally
agreed that only one Msg is expressed in an individual organism (Stringer and Keely, 2001;
Walzer and Linke, 1987) a single host can harbor several Pneumocystis organisms expressing
different Msg molecules at any given time (Angus et al., 1996). The high-level reactivity seen
in this ELISA indicate that there are sufficiently close similarities in Msg proteins being
expressed by individual P. jirovecii organisms in an individual host as well as in different hosts
representing human populations worldwide.
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4.2. Differences in antibody titers between patients from different health institutions
Serum samples from patients at JTH and EBC had higher antibody titers to P. jirovecii Msg
fragments than patients at EC. It is known that approximately 70% of the EC patients are
maintained on prophylaxis (TMP/SMZ), which is intended to prevent opportunistic infections
such as toxoplasmosis. However, the percentage of HIV+ patients at other institutions (JTH
and EBC) that were on prophylaxis was not known but this value is expected to be lower than
that of patients attending the private HIV Clinic, EC. If this were the case, the differences
observed in anti-P. jirovecii antibody titers between patients at the EC and those at other
locations (JTH and EBC) might be explained by the prevention of PcP due to TMP/SMZ
prophylaxis among a higher percentage of patients at EC..

Since PcP diagnosis is not readily available in Cameroon health institutions, the results of
higher anti-P. jirovecii Msg antibodies observed among HIV+ patients at JTH and EBC co-
infected with pneumonia or TB compared to their counterparts at EC might be relevant to health
care of these patients in this country. As a high proportion of EC patients are maintained under
TMP/SMZ prophylaxis, these data suggest that pulmonary TB and bacterial pneumonia
patients who are not under a prophylaxis regimen for opportunistic infections are likely to also
harbor yet another lung pathogen, P. jirovecii (Vray et al., 2008). It cannot be ruled out that in
cases where pulmonary TB and bacterial pneumonia patients fail therapy for their lung diseases
in Cameroon, inclusion of PcP prophylaxis might prove helpful.
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Fig. 1.
Predicted amino acid sequence of recombinant P. jirovecii Msg fragments used in ELISA in
this study. Blue, MsgA1; red, MsgB; green, MsgC1. * Indicates stop codon.
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Table 1
Prevalence of antibodies to P. jirovecii recombinant Msg fragments in Cameroonian serum samples

ELISA-positive (% of total samples)a

Patient group at least 1 fragmentb MsgA1 MsgB MsgC1

Totalc 82 (286/349) 60 (210/349) 49 (171/349) 55 (192/349)

  JTH + EBC 82 (201/245) 60 (146/245) 43 (102/245) 55 (134/245)

  EC 81 (84/104) 52 (54/104) 50 (52/104) 58 (60/104)

a
With ELISA scores > geometric mean. All samples with ELISA scores >geometric mean (the nth root of a product of all mean OD values; n = number

of samples) for the specific Msg fragment antigen were considered positive and therefore indicative of exposure to Pneumocystis.

b
Sera that reacted higher than the geometric means of one or more recombinant Msg fragment were considered positive for anti-P. jirovecii Msg antibodies.

c
All serum samples analyzed in this study (JTH + EBC + EC).
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Table 2
Reactivity (Ua) of patient sera from different medical institutions in Cameroon to
MsgA1, MsgB, and MsgC1

Geometric mean of U [95% confidence interval]

Patient group ELISA % seropositiveb MsgA1 MsgB MsgC1

Total

  HIV- (n = 170) 79 (134/170) 17.5 [13.6 - 22.6] 3.0 [2.5 - 3.5] 10.1 [8.3 - 12.1]

  HIV+ (n = 175) 85 (149/175) 13.6 [10.4 - 17.7] 4.5 [3.9 - 5.2] 10.8 [9.2 - 13.2]

  Pc 0.2892 0.0002 0.4347

EBC + JTH

  HIV- (n = 170) 79 (134/170) 17.5 [13.6 - 22.6] 3.0 [2.5 - 3.5] 10.1 [8.3 - 12.1]

  HIV+ (n = 71) 92 (65/71) 34.1 [24.6 - 47.0] 4.2 [3.2 - 5.5] 14.3 [10.7 - 19.1]

   P 0.0038 0.0334 0.0359

HIV+

  EBC + JTH (n = 71) 92 (65/71) 34.1 [24.6 - 47.0] 4.2 [3.2 - 5.5] 14.3 [10.7 - 19.1]

  EC (n = 104) 81 (84/104) 7.2 [5.15 - 10.19] 4.7 [4.0 - 5.7] 9.2 [7.3 - 11.6]

  P <0.0001 0.3136 0.0131

a
Reactivity units as defined in Material and Methods

b
Sera that reacted higher than the geometric means of one or more recombinant Msg fragments were considered positive for anti-P. jirovecii Msg antibodies.

The geometric mean is used because the data are log transformed.

c
Significance determined by the Mann-Whitney unpaired t-test. Bolded values indicate statistically significant differences.
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Table 3
Reactivity to recombinant P. jirovecii Msg fragments of serum samples from total and HIV+ patients with diagnosed
respiratory diseasea at the Etoug-Ebe Baptist Health Center (EBC) and the Jamot Tuberculosis Hospital (JTH) compared
to patients at the Espoir HIV Clinic (EC) (geometric mean [95% confidence level]). The geometric mean is used because
the data are log transformed

% seropositiveb MsgA1 MsgB MsgC1

Total in study (n = 34) 82 (28/34)

  HIV- (n = 4) 75 (3/4)

  HIV+(n = 30) 90 (27/30)

HIV+

  EBC + JTH (n = 13) 92 (12/13) 49 [19.9 - 120.8] 5.8 [2.8 - 12.2] 19.1 [9.7 - 37.3]

  Espoir HIV Clinc (n = 17) 88 (15/17) 4.8 [2.1 - 10.8] 5.4 [3.5 - 8.5] 12.4 [8.8 - 17.3]

   P 0.0007 1.000 0.0753

a
Tuberculosis or pneumonia.

b
Sera that reacted higher than the geometric means of one or more recombinant Msg fragment were considered positive for anti-P. jirovecii Msg antibodies.

c
Significance determined by the Mann-Whitney unpaired t-test. Bolded number indicates the difference is statistically significant.
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