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Chapter 3

Abstract

From 1980 onwards, an increasing number of outbreaks of Pneumocystis pneumonia (PCP)
among kidney transplant recipients have been reported. The cause of these outbreaks is
unclear and different explanations have been provided. We performed a systematic review to
provide a comprehensive overview of the epidemiologic characteristics as well as the involved
clinical risk factors. A total of 15 peer reviewed English language articles published from 1980
onward were included. Outbreak settings were all marked by absence of chemoprophylaxis,
frequent inter-patient contacts and lack of isolation measures taken during hospitalization of
PCP cases. PCP associated mortality rates significantly decreased from a weighted mean of
38% before 1990 to 19% and 13% in the following two decades. Clinical risk factors for PCP in
outbreaks settings were largely similar to non-outbreak settings. Genotyping by multilocus
sequence typing (MLST) or comparison of the internal transcribed spacer (ITS) regions 1
and 2 showed that the outbreaks are most frequently caused by a predominant or a single
Pneumocystis strain. Pooled epidemiological data and genotyping results strongly attest to
the emerging insight that acquisition of Pneumocystis occurs through interhuman transmis-
sion. No seasonal trend was noted. The results emphasize the need for chemoprophylaxis
in kidney transplant recipients despite a low baseline incidence of PCP in this population
and support the current CDC recommendation with regard to isolation of patients with PCP
during hospitalization.
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Introduction

Pneumocystis pneumonia (PCP), caused by Pneumocystis jirovecii, has been recognized
as an important potential cause of morbidity and mortality in patients susceptible due to
immunosuppressive medication needed after kidney or other (solid organ) transplantation
[1]. Interestingly, and apart from the expected observation of solitary cases, an increasing
number of sudden outbreaks or clusters” of PCP among kidney transplant recipients was
reported from several continents. The pathogenesis of these outbreaks has not been clarified
and different explanations e.g. changes in the standard immunosuppressive regimen, an
environmental source or patient-to-patient transmission have been proposed [2-4]. Recent
outbreaks occurred in the absence of chemoprophylaxis, while in general the prescription
of Trimethoprim-Sulfamethoxazole (TMP-SMX) to prevent PCP for at least a duration of 3-6
months after kidney transplantation now is a widely accepted practice and incorporated in
several kidney transplantation guidelines [5, 6].

During the first observations of clusters of PCP in kidney transplant units in the 1980s,
where transplant recipients were hospitalized together with AIDS patients, the possibility
of patient-to-patient transmission and a relation with the developing HIV epidemic in the
northern hemisphere in general was proposed [7]. Outbreaks among kidney transplant
recipients and other immunocompromised hosts were thereafter repeatedly observed but
analysis was restricted to assessment of the epidemiological data and investigation of poten-
tial clinical risk factors [8-11]. The application of molecular genotyping methods from 1990
onwards pointed to the likelihood of a either a common environmental source or interhuman
transmission of PCP during an outbreak [12-16]. Untill now an environmental source has not
been identified and evidence from several studies demonstrated colonization of the human
respiratory tract in asymptomatic healthy and immunocompromised individuals in up to
50% of the studied cases [17-20].

Combining these and other recent findings with the historical data of PCP outbreaks
involving kidney transplant recipients, may lead to improved understanding of the factors
contributing to Pneumocystis transmission and development of outbreaks of PCP among
kidney transplant recipients (26). Main objective of this systematic review is to provide
a comprehensive overview of the involved clinical risk factors as well as epidemiological
characteristics of PCP outbreaks among kidney transplant recipients. Based on the results,
we update current opinions with regard to the involved risk factors and mechanism(s) of
transmission. This should lead to improved implementation — and maybe new - strategies for
prevention of PCP in solid organ transplant recipients.

* When the term ‘outbreak’ is used, it is considered to represent both the terms ‘cluster’ and ‘outbreak’
throughout the manuscript.
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Chapter 3

Methods

A systematic literature review was performed to identify all English language papers
describing PCP outbreaks in renal transplant recipients from 1980 onwards. An outbreak
was defined as a reported unexpected sudden rise in incidence of PCP comprising at least
5 kidney transplant recipients. A comprehensive literature search using the PubMed and
Medline databases was performed. The following exact search commands were used in both
databases: (I) ‘transplantation AND Pneumocystis AND outbreak’, (1) ‘transplantation AND
Pneumocystis AND cluster’, (Ill) ‘kidney transplantation AND Pneumocystis’. Results were limited
to English language articles, adult human subjects and time period from 1980 onward. The
search procedure was repeated several times untill the 1st of August 2010. A total of 145 peer
reviewed articles were identified. All available abstracts were reviewed by the first author. Of
the 32 articles of potential interest 14 fulfilled the inclusion definition. In case of doubt the
last author was consulted. The PubMed option ‘related articles’, reference lists of included
articles and consultation of expert sources were used to find additional articles missed by the
initial search. One additional article was included by this secondary search (figure 1).

The following data was obtained from all 15 included articles: the total number of patients,
year of publication, year of index case diagnosis, geographical region, PCP incidence prior
to the outbreak, overall mortality, outcome of nested risk factor analysis, outcome of ge-
notyping analysis performed on Pneumocystis organisms (if available) and environmental
investigations. In table 1 (page 75) the major characteristics of the included outbreaks are
described. A meta-analysis was not attempted due to the heterogeneity of transmission
analyses. In the sections below the results and observations are discussed in the context of

the current knowledge about P. jirovecii.

Figure 1. Summary of systematic literature search results.

Primary search quiry:
n=145 articles

screening of abstracts

l n=32 l
_| Excluded: n=18
”| - Cluster comprising <5 cases: n=3
- Other reasons: n=15
l n=14 l

additional seondary search
by reference lists (see text)

A 4
Articles included
n=15
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Table 1. Included Pneumocystis outbreaks in kidney transplant recipients 1980-2010.

Publica- . Index <lyear post ) Genotyping  Reported
) Geographic analysis ,
No., 1st Author (ref) ~ tion A case N transplanta- of Pneumo-  mortality
(year) location (year) tion (%) (case- cystis (%)
Y control)
1- Hardy [22] 1984  Pittsburg, USA 1982 14 86 Yes No 214
2- Santiago-Delpin 1988 Sén Juan, Peurto 1985 i NA No No 455
B3] Rico
3-Talseth [4] 1988  Oslo, Norway 1985 14 100 No No 50.0
4-Bensousan [8] 1990  Brest, France 1990 6 NA No No NA
L
5- Chave [7] 1997  ousanne 1988 5 40 No No NA
Switzerland
Ni '
6- Branten [9] 1995 Umeden 1991 28 NA Yes No 214
Netherlands
7-Hennequin [10] 1995  Paris, France 1995 7 86 No No 429
8- Lufft [11] 1996  Hannover, Germany 1993 7 NA No No 0
9- Olsson [50] 2001  Solna, Sweden 1987/1988 5+7* NA No Yes NA
10-Rabodorina[13] 2004  Lyon, France 1994 10 50 No Yes 10.0
11- de Boer [2] 2007  Leiden, Netherlands 2005 22 50 No Yes 45
12- Schmoldt [15] 2008  Munchen, Germany 2006 16 94 No Yes 25.0
13- Yazaki [14] 2009  Nagoya, Japan 2004 27 41 No Yes 3.7
14- Arichi [16] 2009  Hyogo, Japan 2007 9 44 Yes No 333
15- Gianelli [12] 2009  Zurich, Switzerland 2006 20 55 No Yes 15.0

Legend: NA denotes that information was not available; t 2 separate clusters were described.

Results and Discussion

Descriptive epidemiology

A total of 16 outbreaks, described in 15 articles, were identified and comprised a median
number of 12 cases, with a range up to 28 cases. In the first reports of clusters of PCP in kidney
transplant units in the 1980s, the rise of PCP incidence was linked to the rapidly expanding
solid organ transplanted population and the introduction of Cyclosporine as a maintenance
drug to prevent graft rejection [3, 21]. Overlapping hospitalization of PCP cases was already
noted but absence of molecular methods only allowed speculation about the possibility of
interhuman transmission [3, 4, 22]. In one study a case-control investigation strongly indicat-
ed transmission of PCP from HIV-infected patients to kidney transplant recipients [7]. At the
time, this observation was seen as support for the hypothesis that the overall rising incidence
of PCP due to the HIV epidemic influenced the risk for PCP in other immunocompromised
populations [23]. More extended mapping of potential interhuman transmission occasions
was performed in later outbreak studies. These detailed descriptions all demonstrated the
high probability of frequent contact between kidney transplant recipients who developed
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PCP. However, this observation may be inherent also to the post transplant state in which
patients have to submit to frequent hospital visits. Interestingly, none of the studies report a
coincidental increase in PCP incidence in other immunocompromised populations e.g. liver
or lung transplant recipients at the same institution. The epidemiological data of the larger
outbreaks (n>15, all occurring after 1990) show bell shaped incidence curves, suggesting a
common origin resulting from either interhuman transmission or an environmental source.

A period of preceding years with very low prevalence (<2%) of PCP in the kidney transplant
population was reported in 75% of the outbreaks. As discussed by many of the authors, this
low incidence of PCP had prompted local transplant committees to weigh Trimethoprim-Sul-
famethoxazole side effects against overall morbidity and mortality of PCP. In the respective
institutions this resulted in a policy endorsing the absence of PCP chemoprophylaxis post
kidney transplantation. Furthermore, avoidance of placement of a patient with PCP next to
other immunocompromised patients - as currently recommended by the Centers for Disease
Control and Prevention (CDC) - was not routinely practiced at the time in any of the outbreak
settings [24].

Mortality

Over time, mortality rates in kidney transplant recipients during outbreaks declined from a
weighted average of 38% in the 1980s (n=3 studies) to 19% in the 1990s (n=4 studies) and
13% in the first decade of this century (n=5 studies). For 3 studies no mortality data were
available. The trend in declining mortality was significant between the first and the last two
decades (figure 2). The mortality in HIV-negative immunocompromised patients with PCP has
been reported to be relatively high as compared to HIV-positive patients with PCP. In autopsy
studies of patients with PCP, the number of Pneumocysts was found to be relatively lower in
immunocompromised patients without HIV [25]. In contrast, inflammation was found to be
more extensive ref. These observations indicate that not P. jirovecii burden but the intensity
of the evoked inflammatory reaction determines the severity of disease and the risk of fatal
outcome. A number of trials published in the early 1990s demonstrated the beneficial effects
of steroids in the treatment of PCP [26-28]. The implementation of conjunct steroid treat-
ment probably accounts for the observed decrease in PCP associated mortality after 1990. In
addition, early diagnosis and the availability of high quality intensive care facilities are other
important factors that probably attribute to a declining mortality [29].

Clinical risk factors

Only 3 out of the 15 outbreaks explored the potential risk factors by a retrospective case-
control investigation. Up to date, only two other retrospective case-control studies that
specifically focused on identification of risk factors for PCP in kidney transplant recipients
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Figure 2. Histogram showing average Pneumocystis pneumonia associated mortality per decade; N represents the total number of cases from
the pooled studies in the respective time period. P-values calculated by Pearson-chi-square exact test.

Mortality (%)

45 -
p=0.001

40 p=0.04

1980-1989 1990-1999 2000-2010
Time period

Legend: N represents the total number of cases from pooled studies per time period. P-values were calculated by Pearson-chi-square test.

not receiving any prophylaxis, were published [30, 31]. Since the included patients in these
studies were isolated cases, they were not primarily included for the purpose of this review.
Table 2 shows the major findings of the risk factor analyses in two non-outbreak and three
outbreak investigations. Patients were most at risk in the first year post transplantation. The
weighted average percentage of cases diagnosed within the first year post transplantation
was 63% (range: 40% to 100% of cases).

Rejection treatment

A higher frequency of treatment for rejection prior to development of PCP was reported
from both non-outbreak studies. In the complete series of outbreak studies any previous
treatment for rejection, i.e. high dose steroids or ATG (anti-thymocyte globulin) was present
in 22% to 100% of cases (median 50%). Data from 4 outbreak studies specifically reported
the use of ATG or OKT3 globulins as rejection treatment in 20 to 39% of cases as compared

to 41% and 73% in the two non-outbreak studies. Insufficient data was available to assess
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Table 2. Potential individual risk factors for Pneumocystis pneumonia in outbreak and non-outbreak settings.

Non-outbreak studies Outbreak studies
Study: 1 author,year Arend®?! Radisic®! Hardy? Branten!! Arichit®
1995 2003 1984 1995 2009
No. included cases/controls 15/95 17/34 14/26 28/27 10/431
Mean age: (years)
cases 488 39.7 40.7 50% 46.9%
controls 433 354 NA® 38 340
Treatment for rejection (any): n (%)
cases 13 (87)* 17 (100)* 10(71) 13 (46) NA
controls 57 (60) 26 (76) NA 11(41) NA
ATG/OKT3 as rejection treatment: n (%)
cases 11(73)* 7 (41)* NA 11(39) 2(20)
controls 30(32) 309 NA 6(22) 29(7)
CMV infection: n (%)
cases 8(53)* 9(53)* 14 (100)* 5(18) NA
controls 15(191) 8(24) 13 (65J) 4(15) NA

Legend: NA denotes that information was not available; 1: of 80 controls for whom data about CMV was available; |: of 20 cases for whom
data about CMV was available. B: cases and controls were matched for age in this study. *: significant difference between cases and controls
(p<0.05).

the role of basiliximab or other immunotherapy’s administered at time of transplantation to
prevent rejection.

CMV infection

Concurrent CMV infection was associated with development of PCP in both non-outbreak
studies as well as in 2 of the 3 case-control investigations within outbreak studies. A high
incidence of CMV infection - either reactivation or primary infection - coinciding with PCP
was reported in 7 out of the total of 15 outbreak studies. The weighted average percentage of
cases with concurrent CMV replication was 63% (range 18% to 100%). Comparisons of these
percentages are flawed by changes in the diagnostic methods as well as definition of CMV
infection in kidney and other solid organ transplant populations. In addition, new screening
and prevention strategies for CMV disease have been implemented over time [32]. It remained
unclear whether the association of CMV infection with PCP is due to the underlying gap in
T-cell function, putting patients at risk for both infections, or due to the suppressive effect
of CMV replication on T-cell function itself. Several clinical studies and in-vitro experiments
indicate that CMV has a negative effect on the cellular immune response [33].
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Immune suppressive regimen

The occurrence of PCP in renal transplant recipients was directly linked to the immunosup-
pressive regimen in 4 out of the 15 studies [3, 11, 16, 22]. In two studies the PCP outbreak
coincided with the introduction of Cyclosporine A as part of the immunosuppressive therapy
[3, 22]. The influence of Cyclosporine A on the risk for PCP was additionally suggested in
the publication of case series from several large transplantation centers in the 1980s [21,
34]. However, contradicting observations were reported from case series as well as in one of
the outbreak studies [11, 35]. In the case control investigations (of both outbreak and non-
outbreak studies) Cyclosporine A based immune suppression was found not to be associ-
ated with increased risk for PCP. Experimental studies in rats had previously demonstrated a
protective effect of the purine antagonist Mofetyl Mycofenolate against PCP [36]. However,
the clinical relevance of this finding was never confirmed through comparative research in
humans (16;37;38). In the multivariate analysis performed in the outbreak study performed
by Arichi et al., the use of Mofetyl Mycofenolate was even associated with increased risk for
PCP[16].

Molecular epidemiology

In 6 of the 15 included outbreak studies a molecular analysis of the P. jirovecii organisms
was undertaken to investigate the possibility of interhuman transmission. Table 3 shows the
genotyping results of the six PCP outbreak studies among kidney transplant recipients. In 5
of the outbreaks one predominant or a single strain was identified.

Over 14 unique gene loci have been evaluated for the purpose of genotyping applications
[37]. The original approach by sequencing of the mitochondrial large subunit (mt LSU) RNA
in conjunction with single stranded confirmation polymorphism (SSCP), was used in only 1
of the included studies. After this time newer methods were preferred. Multilocus sequence

Table 3. Genotyping of Pneumocystis organisms in 7 outbreaks of Pneumocystis pneumonia in kidney transplant recipients.

No. of cases included in Reference group
Study . . . . .
No Method genotyping analysis / total Genotyping result included in the
’ No. of cases analysis
3/5 Different strains No
-9- Mt LSU RNA +SSCP
717 2 pairs of cases with identical strains No
-10- MLST 9/10 6 out of 9 strains identical Yes
-11- ITS1+ITS2 16/22 12 out of 16 strains identical Yes
-12- MLST 16/16 all strains identical Yes
-13- ITS1+ITS2 8/27 all strains identical Yes
-15- MLST 717 all strains identical Yes

Legend: Mt-LSU denotes mitochondrial large subunit ribonucleic acid; MLST: multilocus sequence typing; ITS: internal transcribed spacer
region; SSCP: single strand confirmation polymorphism.
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typing (MLST) described by Hauser et al. [38], probably has become the most frequently used
method and was applied in 3 of the outbreak studies. ITS genotyping, described by Lee et al.
[39], was used in 2 of the 6 outbreak studies that applied genotyping methods as well as in
several cross sectional epidemiological studies investigating the geographic distribution of
P. jirovecii genotypes [40, 41]. Interpretation of P. jirovecii genotyping results in any outbreak
of Pneumocystis needs to be performed with care. Several lines of evidence now strongly sug-
gest that infection with P, jirovecii occurs through airborne transmission from either patients
with overt PCP or individuals - either healthy or immunocompromised - colonized with P.
jirovecii. This model implicates that genotyping results obtained from an outbreak must not
only be linked within the outbreak itself, but should be held also against the background of
the circulating genotypes in the population. Background information on circulating strains is
necessary to determine whether the outbreak is more likely due to patient-to-patient trans-
mission or increased random transmission from colonized individuals. Secondly, colonization
and infection with more than one P, jirovecii genotype has been described. The validity of the
genotyping methods to detect these double or triple configuration of Pneumocystis strains
involved is yet unknown and may further complicate interpretation of the genotyping results.

An interpretation of the genotyping results of the outbreak against the background of
circulating strains was performed in 5 out of the 6 studies in which genotyping methods
were applied. Although reference groups were relatively small (n<50), the genotypes of
strains from the control groups were found to be different from those detected in the re-
spective outbreaks. Difficulties in interpretation of the genotyping results due to presence
of multiple strains were not reported as a major problem. Variation in virulence between
individual Pneumocystis strains may have contributed to the genesis of PCP outbreaks. Thus
far, investigations failed to indicate such a possible relationship [42].

Environmental investigations

In 2 out of the 15 outbreak studies a local environmental investigation was performed in the
hospital. Yazaki et al. [14] performed two sets of environmental surveys using 30-40 swabs in
areas visited by affected patients. P, jirovecii DNA was found in outpatients consulting rooms.
However, the finding could be interpreted as a consequence of the observed outbreak as well
asalinkto the (environmental) cause. In a study by our group, air samplers were used to collect
air specimens during the aftermath of the observed outbreak [2]. From the air filters no Pneu-
mocystis jirovecii DNA could be extracted. Though limited by the lack of validated sampling
methods, the search for a specific environmental source, during outbreaks and in separate
investigations, practically remained without meaningful results [43, 44]. Recently, Choukri et
al. published the first report of detection of dispersion of P. jirovecii in the air surrounding PCP
patients [45]. In this study it was demonstrated that a significant relation existed between the
amount of detected P. jirovecii DNA and distance from the patient diagnosed with PCP. This
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finding further supports the hypothesis that airborne transmission occurs during contact
between patients with Pneumocystis pneumonia and individuals at risk [45].

Climaticinfluence

A total of 10 out of the 15 studies contained data about the timing of the cases throughout
the year. The timing of peak incidence occurred during winter in 4, during spring in 1 and in
summer or early fall in 5 out of 10 studies. The time of diagnosis of the index case was not
associated with any month or season. The majority of studies were reported from geographic
locations with moderate climate in coastal areas. In epidemiological studies investigating the
possible association between overall PCP incidence and climatologic factors from the UK and
Spain, a positive correlation was found between PCP incidence and colder months [46-48].
In contrast to these findings, a recent study form Germany, found that higher incidences of
PCP were associated with the summer period by using four different climatic factors and the
season as variables in a multivariate statistical model [49]. A possible explanation for these
different observations may be that other more important factors linked to climate, e.g. hu-
man behavior, outweigh the influence of single climatic factors with regard to Pneumocystis
transmission. As suggested by the study reported by Santiago-Delpin [3], the occurrence of
Pneumocystis is not restricted to temperate climates only.

Summary and Conclusions

Over time, the descriptive epidemiological and genotyping data of the 15 PCP outbreak
studies increasingly pointed to a common source, either environmental or human. This is in
contrast to the previous concept of reactivation of Pneumocystis in the immunocompromised
host, but concurs with the current hypothesis of acquisition of Pneumocystis via individuals
that are carriers of P. jirovecii or that suffer from PCP. Though limited by available methods,
the search for a specific environmental source during outbreaks and in separate investiga-
tions remained without result. PCP associated mortality rates significantly decreased from a
weighted average of 38% before 1990 to less than 20% in the past two decades. Clinical risk
factors for PCP during outbreaks were largely similar to non-outbreak settings. Alterations in
immune suppressive regimens were at first highly suspected, but never proven to be a major
factor in the cause of an outbreak. Treatment for rejection, CMV infection and (potentially)
older age were the most important individual risk factors. During the past decades changes
occurred with regard to most of these factors. The age limit for solid organ transplantation
gradually shifted upwards and more advanced T-cell specific compounds for maintenance
immune suppression and treatment as well as prevention of rejection became available.
This could have shifted the ratio of kidney transplant recipients at risk versus not at risk for
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development of PCP within the kidney transplant population. As a consequence, this would
at least facilitate the initiation and propagation of an outbreak. Furthermore, two other im-
portant factors permitted the development of the PCP outbreaks. First, the lack of application
of droplet isolation measures during hospitalization of kidney transplant recipients with PCP
probably increased the exposure of the rest of the population at risk. More importantly, the
risk for development of PCP was not negated by the use of chemoprophylaxis for PCP in any
of the reported outbreaks settings.

The studies of PCP outbreaks in kidney transplant recipients provide important data that
have contributed to the understanding of the mode of transmission and epidemiology of
Pneumocystis. The discovery of the linkage of each species of Pneumocystis to a specific mam-
malian host and the phenomenon of common asymptomatic carriage in the airways of both
healthy and immunocompromised hosts further supports the hypothesis that the human
population forms the primary - if not the only - source.

With regard to the data presented in this review, it must be concluded that although
PCP incidence in kidney transplant recipients may be low for a prolonged period of time,
a chemoprophylactic strategy needs to be implied to prevent both incidental cases and
PCP outbreaks. Furthermore, isolation measures must be installed during hospitalization of
patients with PCP to prevent transmission to other individuals at risk.

52



Outbreaks and clustering of Pneumocystis pneumonia in kidney transplant recipients

References

10.

11.

12.

13.

14.

15.

Alangaden GJ, Thyagarajan R, Gruber SA, Morawski K, Garnick J, et al. Infectious complications
after kidney transplantation: current epidemiology and associated risk factors. Clin Transplant
2006; 20(4):401-9.

de Boer MG, Bruijnesteijn van Coppenraet LE, Gaasbeek A, Berger SP, Gelinck LB, et al. An outbreak
of Pneumocystis jiroveci pneumonia with 1 predominant genotype among renal transplant
recipients: interhuman transmission or a common environmental source? Clin Infect Dis 2007;
44(9):1143-9.

Santiago-Delpin EA, Mora E, Gonzalez ZA, Morales-Otero LA, Bermudez R. Factors in an outbreak
of Pneumocystis carinii in a transplant unit. Transplant Proc 1988; 20(1 Suppl 1):462-5.

Talseth T, Holdaas H, Albrechtsen D, Berg KJ, Fauchald P, et al. Increasing incidence of Pneumocys-
tis carinii pneumonia in renal transplant patients. Transplant Proc 1988; 20(3):400-1.

European best practice guidelines for renal transplantation. Section IV: Long-term management
of the transplant recipient. IV.7.1 Late infections. Pneumocystis carinii pneumonia. Nephrol Dial
Transplant 2002; 17 Suppl 4:36-9.

Kasiske BL, Zeier MG, Chapman JR, Craig JC, Ekberg H, et al. KDIGO clinical practice guideline for
the care of kidney transplant recipients: a summary. Kidney Int. 2010; 77(4):299-311.

Chave JP, David S, Wauters JP, van Melle G, Francioli P. Transmission of Pneumocystis carinii from
AIDS patients to other immunosuppressed patients: a cluster of Pneumocystis carinii pneumonia
in renal transplant recipients. AIDS 1991; 5(8):927-32.

Bensousan T, Garo B, Islam S, Bourbigot B, Cledes J, Garre M. Possible transfer of Pneumocystis
carinii between kidney transplant recipients. Lancet 1990; 336(8722):1066-7.

Branten AJ, Beckers PJ, Tiggeler RG, Hoitsma AJ. Pneumocystis carinii pneumonia in renal trans-
plant recipients. Nephrol Dial Transplant 1995; 10(7):1194-7.

Hennequin C, Page B, Roux P, Legendre C, Kreis H. Outbreak of Pneumocystis carinii pneumonia
in a renal transplant unit. Eur J Clin Microbiol Infect Dis 1995; 14(2):122-6.

LufftV, KliemV, Behrend M, PichImayr R, Koch KM, Brunkhorst R. Incidence of Pneumocystis carinii
pneumonia after renal transplantation. Impact of immunosuppression. Transplantation 1996;
62(3):421-3.

Gianella S, Haeberli L, Joos B, Ledergerber B, Wuthrich RP, et al. Molecular evidence of interhu-
man transmission in an outbreak of Pneumocystis jirovecii pneumonia among renal transplant
recipients. Transplant Infectious Dis 2010; 12(1) 1-10.

Rabodonirina M, Vanhems P, Couray-Targe S, Gillibert RP, Ganne C, et al. Molecular evidence of
interhuman transmission of Pneumocystis pneumonia among renal transplant recipients hospi-
talized with HIV-infected patients. Emerg Infect Dis 2004; 10(10):1766-73.

Yazaki H, Goto N, Uchida K, Kobayashi T, Gatanaga H, Oka S. Outbreak of Pneumocystis jiroveci
pneumonia in renal transplant recipients: P. jiroveci is contagious to the susceptible host. Trans-
plantation 2009; 88(3):380-5.

Schmoldt S, Schuhegger R, Wendler T, Huber |, Sollner H, et al. Molecular evidence of nosocomial
Pneumocystis jirovecii transmission among 16 patients after kidney transplantation. J Clin Micro-
biol 2008; 46(3):966-71.

53

(2]
-
v
b
Q.
(]
=
v




Chapter 3

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

54

Arichi N, Kishikawa H, Mitsui Y, Kato T, Nishimura K, et al. Cluster outbreak of Pneumocystis
pneumonia among kidney transplant patients within a single center. Transplant Proc 2009; 41(1):
170-2.

Beck JM. Pneumocystis carinii and geographic clustering: evidence for transmission of infection.
Am J Respir Crit Care Med 2000; 162(5):1605-6.

Hauser PM, Blanc DS, Bille J, Nahimana A, Francioli P. Carriage of Pneumocystis carinii by im-
munosuppressed patients and molecular typing of the organisms. AIDS 2000; 14(4):461-3.

Huang L, Crothers K, Morris A, Groner G, Fox M, et al. Pneumocystis colonization in HIV-infected
patients. J Eukaryot Microbiol 2003; 50 Suppl:616-7.

Ponce CA, Gallo M, Bustamante R, Vargas SL. Pneumocystis colonization is highly prevalent in the
autopsied lungs of the general population. Clin Infect Dis 2010; 50(3):347-53.

Franson TR, Kauffman HM, Jr., Adams MB, Lemann J, Jr., Cabrera E, Hanacik L. Cyclosporine therapy
and refractory Pneumocystis carinii pneumonia. A potential association. Arch Surg 1987; 122(9):
1034-5.

Hardy AM, Wajszczuk CP, Suffredini AF, Hakala TR, Ho M. Pneumocystis carinii pneumonia in renal-
transplant recipients treated with cyclosporine and steroids. J Infect Dis 1984; 149(2):143-7.

Haron E, Bodey GP, Luna MA, Dekmezian R, Elting L. Has the incidence of Pneumocystis carinii
pneumonia in cancer patients increased with the AIDS epidemic? Lancet 1988; 2(8616):904-5.

Jane D.Siegel M, Emily Rhinehart RMC, Marguerite Jackson P, Linda Chiarello RM, the Healthcare
Infection Control Practices Advisory Committee (CDC). Guideline for Isolation Precautions: Pre-
venting Transmission of Infectious Agents in Healthcare Settings. 2007.

Limper AH, Offord KP, Smith TF, Martin WJ. Pneumocystis carinii pneumonia. Differences in lung
parasite number and inflammation in patients with and without AIDS. Am Rev Respir Dis 1989;
140(5):1204-9.

Bozzette SA, Sattler FR, Chiu J, Wu AW, Gluckstein D, et al. A controlled trial of early adjunctive
treatment with corticosteroids for Pneumocystis carinii pneumonia in the acquired immunodefi-
ciency syndrome. California Collaborative Treatment Group. N Engl J Med 1990; 323(21):1451-7.

Montaner JS, Lawson LM, Levitt N, Belzberg A, Schechter MT, Ruedy J. Corticosteroids prevent
early deterioration in patients with moderately severe Pneumocystis carinii pneumonia and the
acquired immunodeficiency syndrome (AIDS). Ann Intern Med 1990; 113(1):14-20.

Gagnon S, Boota AM, Fischl MA, Baier H, Kirksey OW, La VL. Corticosteroids as adjunctive therapy
for severe Pneumocystis carinii pneumonia in the acquired immunodeficiency syndrome. A
double-blind, placebo-controlled trial. N Engl J Med 1990; 323(21):1444-50.

Sugimoto H, Uchida H, Akiyama N, Nagao T, Tomikawa S, et al. Improved survival of renal allograft
recipients with Pneumocystis carinii pneumonia by early diagnosis and treatment. Transplant
Proc 1992; 24(4):1556-8.

Arend SM, Westendorp RG, Kroon FP, van't Wout JW, Vandenbroucke JP, et al. Rejection treat-
ment and cytomegalovirus infection as risk factors for Pneumocystis carinii pneumonia in renal
transplant recipients. Clin Infect Dis 1996; 22(6):920-5.

Radisic M, Lattes R, Chapman JF, del Carmen RM, Guardia O, et al. Risk factors for Pneumocystis
carinii pneumonia in kidney transplant recipients: a case-control study. Transpl Infect Dis 2003;
5(2):84-93.



Outbreaks and clustering of Pneumocystis pneumonia in kidney transplant recipients

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

van der Beek MT, Berger SP, Vossen AC, van der Blij-de Brouwer CS, Press RR, et al. Preemptive
versus sequential prophylactic-preemptive treatment regimens for cytomegalovirus in renal
transplantation: comparison of treatment failure and antiviral resistance. Transplantation 2010;
89(3):320-6.

Koch S, Larbi A, Ozcelik D, Solana R, Gouttefangeas C, et al. Cytomegalovirus infection: a driving
force in human T cell immunosenescence. Ann N'Y Acad Sci 2007; 1114:23-35.:23-35.

Kahan BD, Kerman RH, Wideman CA, Flechner SM, Jarowenko M, Van Buren CT. Impact of cyclo-
sporine on renal transplant practice at the University of Texas Medical School at Houston. Am J
Kidney Dis 1985; 5(6):288-95.

Kee T, Lu YM, Vathsala A. Spectrum of severe infections in an Asian renal transplant population.
Transplant Proc 2004; 36(7):2001-3.

Oz HS, Hughes WT. Novel anti-Pneumocystis carinii effects of the immunosuppressant mycophe-
nolate mofetil in contrast to provocative effects of tacrolimus, sirolimus, and dexamethasone. J
Infect Dis 1997; 175(4):901-4.

Beard CB. Molecular typing and Epidemiological insights. In: Walzer PD, Cushion MT, eds. Pneu-
mocystis pneumonia. 2004:479-95.

Hauser PM. The development of a typing method for an uncultivable microorganism: the ex-
ample of Pneumocystis jirovecii. Infect Genet Evol 2004; 4(3):199-203.

Lee CH, Helweg-Larsen J, Tang X, Jin S, Li B, et al. Update on Pneumocystis carinii f. sp. hominis
typing based on nucleotide sequence variations in internal transcribed spacer regions of rRNA
genes. J Clin Microbiol 1998; 36(3):734-41.

Nimri LF, Moura IN, Huang L, del RC, Rimland D, et al. Genetic diversity of Pneumocystis carinii f.
sp. hominis based on variations in nucleotide sequences of internal transcribed spacers of rRNA
genes. J Clin Microbiol 2002; 40(4):1146-51.

Tsolaki AG, Miller RF, Underwood AP, Banerji S, Wakefield AE. Genetic diversity at the internal
transcribed spacer regions of the rRNA operon among isolates of Pneumocystis carinii from AIDS
patients with recurrent pneumonia. J Infect Dis 1996; 174(1):141-56.

Miller RF, Lindley AR, Copas A, Ambrose HE, Davies RJ, Wakefield AE. Genotypic variation in Pneu-
mocystis jirovecii isolates in Britain. Thorax 2005; 60(8):679-82.

Bartlett MS, Vermund SH, Jacobs R, Durant PJ, Shaw MM, et al. Detection of Pneumocystis carinii
DNA in air samples: likely environmental risk to susceptible persons. J Clin Microbiol 1997; 35(10):
2511-3.

Casanova-Cardiel L, Leibowitz MJ. Presence of Pneumocystis carinii DNA in pond water. J Eukaryot
Microbiol 1997; 44(6):28S.

Choukri F, Menotti J, Sarfati C, Lucet JC, Nevez G, et al. Quantification and spread of Pneumocystis
jirovecii in the surrounding air of patients with Pneumocystis pneumonia. Clin Infect Dis 2010;
51(3):259-65.

Lubis N, Baylis D, Short A, Stebbing J, Teague A, et al. Prospective cohort study showing changes
in the monthly incidence of Pneumocystis carinii pneumonia. Postgrad Med J 2003; 79(929):
164-6.

Miller RF, Grant AD, Foley NM. Seasonal variation in presentation of Pneumocystis carinii pneu-
monia. Lancet 1992; 339(8795):747-8.

55

(2]
-
v
b
Q.
(]
=
v




Chapter 3

56

48.

49.

50.

Varela JM, Regordan C, Medrano FJ, Respaldiza N, de La HC, et al. Climatic factors and Pneumocys-
tis jiroveci infection in southern Spain. Clin Microbiol Infect 2004; 10(8):770-2.

Sing A, Schmoldt S, Laubender RP, Heesemann J, Sing D, Wildner M. Seasonal variation of Pneu-
mocystis jirovecii infection: analysis of underlying climatic factors. Clin Microbiol Infect 2009;
15(10):957-60.

Olsson M, Eriksson BM, Elvin K, Strandberg M, Wahlgren M. Genotypes of clustered cases of
Pneumocystis carinii pneumonia. Scand J Infect Dis 2001; 33(4):285-9.









