Active HCMV Detection by the PML Assay

infectivity in the lesions, while the data in the PML
assay are supposed to represent the productivity of
replication-competent viruses derived from mono-
cytes/macrophages infected in vivo. If this is the case,
the dissociation between the antigenemia/viral loads
and the PML assay may suggest that HCMV infected
in vivo does not necessarily replicate with similar effi-
ciency between PBMCs and the lesions.

The dissociation was particularly prominent in the
-sequence-proven GCV-resistant virus #hsct-22, which
showed very low numbers of progeny viruses despite
extremely high antigenemia or viral loads. Interest-
ingly, slow replication in PBMCs was reproduced by
in vitro experiments using simultaneously obtained
blood culture isolates. Although virus tropism to leu-
cocytes and/or endothelial cells can be affected by mu-
tation of the genes encoding UL128-ULI131A during
in vitro culture [Akter et al., 2003; Hahn et al., 2004;
Sinzger et al., 2008], a genomic sequence analysis
revealed that the isolated virus at the fifth passage
had no apparent mutations that led to amino acid
substitutions or deletions in the UL128-UL131A
genes compared with those of the blood sample (data
not shown). To overcome the issues for these non-re-
sponsive samples, a detailed characterization of the
virus is now being undertaken, including analyses of
the genomic sequences of other genes and the clinical
background information of the patients.

In most of the specimens tested in this study,
direct phenotypic susceptibility testing under the
conditions used appeared to be feasible, although
further improvements are required. It is notable
that some of the “apparent low-sensitivity” samples
showed relatively high numbers of PML-positive cells,
in contrast to the low numbers of PML-positive
cells for the sequence-proven GCV mutants. Since the
pathogenesis of HCMYV infection is related to a num-
ber of interactions between HCMV and the host im-
mune response, the host factors that can affect
the numbers of PML-positive cells remain to be eluci-
dated. However, a preliminary study revealed that
several reported risk factors that impacts on HCMV
infection had no bias for low GCV susceptibility, in-
cluding the donor HCMV serostatus before transplan-
tation, acute GVHD and relapse of antigenemia (data
not shown). Further studies on the molecular basis of
the cell type-specific preferential propagation of clini-
cal strains may provide insights for better under-
standing of HCMYV infection and disease.

ACEKNOWLEDGMENTS

We thank Prof. E. De Clercq (Katholicke Universi-
 teit Leuven) for reagent, and Tomomi Kiriyama for
technical assistance.

REFERENCES

Ahn JH, Hayward GS. 1997. The major immediate-early proteins
IE1 and IE2 of human cytomegalovirus colocalize with and dis-
rupt PML-associated nuclear bodies at very early times in
infected permissive cells. J Virol 71:4599-4613.

485

Akter P, Cunningham C, McSharry BP, Dolan A, Addison C, Dargan
Dd, Hassan-Walker AF, Emery VC, Griffiths PD, Wilkinson GW,
Davison AJ. 2008. Two novel spliced genes in human cytomegalo-
virus. J Gen Virol 84:1117-1122,

Asano-Mori Y, Oshima K, Sakata-Yanagimoto M, Nakagawa M,
Kandabashi K, Izutsu K, Hangaishi A, Motokura T, Chiba S,
Rurokawa M, Hirai H, Kanda Y. 2005. High-grade cytomegalovi-
rus antigenemia after hematopoietic stem cell transplantation.
Bone Marrow Transplant 36:813-819.

Baldanti F, Lilleri D, Gerna G. 2008. Monitoring human cytomegalo-
virus infection in transplant recipients. J Clin Virol 41:237-241.

Boeckh M, Ljungman P. 2009. How we treat cytomegalovirus in he-
matopoietic cell transplant recipients. Blood 118:5711-5719.

Boeckh M, Gooley TA, Myerson D, Cunningham T, Schoch G,
Bowden RA. 1996. Cytomegalovirus pp66 antigenemia-guided
early treatment with ganciclovir versus ganciclovir at engraft-
ment after allogeneic marrow transplantation: A randomized
double-blind study. Blood 88:4063-4071.

Gerna G, Sarasini A, Lilleri D, Percivalle E, Torsellini M, Baldanti
F, Revello MG. 2003. In vitro model for the study of the dissocia-
tion of increasing antigenemia and decreasing DNAemia and
viremia during treatment of human cytomegalovirus infection
with ganciclovir in transplant recipients. J Infect Dis 188:1639-
1647.

Gleaves CA, Smith TF, Shuster EA, Pearson GR. 1984. Rapid detec-
tion of cytomegalovirus in MRC-5 cells inoculated with urine
specimens by using low-speed centrifugation and monoclonal an-
tibody to an early antigen. J Clin Microbiol 19:917-919.

Griffiths PD, Boeckh M. Antiviral therapy for human cytomegalo-
virus 2007. In: Arvin A, Cam%idelli-Fiume G, Mocarski ES,
editors. Human herpesviruses: Biology, therapy, and immuno-
prophylaxis. Chapter 6. Cambridge: Cambridge University Press.

Griffiths PD, Panjwani DD, Stirk PR, Ball MG, Ganezakowski M,
Blacklock HA, Prentice HG. 1984. Rapid diagnosis of cytomegalo-
virus infection in immunocompromised patients by detection of
early antigen Auorescent foei. Lancet 2:1242-1245.

Grossi P, Minoli L, Percivalle E, Irish W, Vigano M, Gerna G. 1995.
Clinical and virological monitoring of human cytomegalovirus in-
fection in 294 heart transplant recipients. Transplantation 59:
847-851.

Hahn G, Revello MG, Patrone M, Percivalle E, Campanini G,
Sarasini A, Wagner M, Gallina A, Milanesi G, Koszinowski U,
Baldanti F, Gerna G. 2004. Human cytomegalovirus UL131-128
genes are indispensable for virus growth in endothelial cells and
virus transfer to Jeukocytes, J Virel 78:10023-10033.

Kanda Y, Mineishi S, Saito T, Seo S, Saito A, Suenaga K, Ohnishi
M, Niiya H, Nakai K, Takeuchi T, Kawahigashi N, Shoji N,
Opgasawara T, Tanosaki R, Kobayashi Y, Tobinai K, Kami M,
Mori S, Suzuki R, Kunitoh H, Takaue Y. 2001 Pre-emptive
therapy against cytomegalovirus (CMV) disease guided by CMV
antigenemia assay after allogeneic hematopoietic stem cell trans-
plantation: A single-center experience in Japan. Bone Marrow
Transplant 27:437-444.

Korioth F, Maul GG, Plachter B, Stamminger T, Frey J. 1996. The
nuclear domain 10 (ND10) is disrupted by the human cytomega-
lovirus gene product IE1. Exp Cell Res 229:155-158,

Leruez-Ville M, Ouachee M, Delarue R, Sauget AS, Blanche S,

A, Rouzioux C. 2003. Monitoring cytomegalovirus infec-
tion in adult and pediatric bone marrow transplant recipients
by a real-time PCR assay performed with blood plasma. J Clin
Microbiol 41:2040-2046.

Muller 8, Matunis Md, Dejean A. 1998. Conjugation with the ubiqui-
tin-related modifier SUMO-1 regulates the partitioning of PML
within the nucleus. Embo J 17:61-70.

Patel R, Klein DW, Espy MdJ, Harmsen WS, Iistrup DM, Paya CV,
Smith TF. 1996. Optimization of detection of cytomegalovirus vi-

remia in transplantation recipients by shell vial assay. J Clin
Microbiol 33:2984--2986.

Razonable RR, Paya CV, Smith TF. 2002. Role of the lahoratory in
diagnosis and management of cytomegalovirus infection in he-
matopoietic stem cell and solid-organ transplant recipients.
J Clin Microbiol 40:746-752.

Sinzger C, Digel M, Jahn G. 2008. Cytomegalovirus cell tropism.
Curr Top Mierobiol Immuneol 326:63-83.

The TH, van der Bij W, van den Berg AP, van der Giessen M, Weits
J, Sprenger HG, van Son WJ. 1990. Cytomegalovirus antigene-
mia. Rev Infect Dis 12:5734-S744.

J. Med. Virol. DOI 10.1002/jmv



486

Ueno T, Ogawa-Goto K. 2009. Use of a GFP-PML-expressing cell
line as a biosensor for human cytomegalovirus infection. Methods
Mol Biol 515:33-44.

Ueno T, Eizuru Y, Katano H, Kurata T, Sata T, Irie S, Ogawa-Goto
K. 2006. Novel real-time monitoring system for human cytomeg-
alovirus-infected cells in vitro that uses a green fluorescent
protein-PML-expressing cell line. Antimicrob Agents Chemother
50:2806-2813.

J. Med. Virol. DOI 10.1002/jmv

Ogawa-Goto et al.

van der Meer JT, Drew WL, Bowden RA, Galasso GJ, Griffiths PD,
Jabs DA, Katlama C, Spector SA, Whitley RJ. 1996, Summary of
the International Consensus Symposium on Advances in the Di-
agnosis, Treatment and Prophylaxis and Cytomegalovirus Infec-
tion. Antiviral Res 32:119--140.

West PG, Baker WW. 1990. Enhancement by calcium of the detec-
tion of cytomegalovirus in cells treated with dexamethasone and
dimethyl sulfoxide. J Clin Microbijol 28:1708-1710.



© 2012 John Wiley & Sons A/S

Transplant Ynfectious Disease, ISSN 1398-2273

Rapidly progressive fatal hemorrhagic pneumonia
caused by Stenotrophomonas maltophilia in

hematologic malignancy

H. Araoka, T. Fujii, K. Izutsu, M. Kimura, A. Nishida, K. Ishiwata,
N. Nakano, M. Tsuji, H. Yamamoto, Y. Asano-Mori, N. Uchida, A.
‘Wake, S. Taniguchi, A. Yoneyama. Rapidly progressive fatal
hemorrhagic pneumonia caused by Stenotrophomonas maltophilia
in hematologic malignancy. Transpl Infect Dis 2012: 14: 355-363.
All rights reserved

Abstract: Background. Pneumonia caused by Stenotrophomonas
maltophilia is rare, but can be lethal in severely
immunocompromised patients. However, its clinical course
remains unclear.

Patients and methods. Patients with pneumonia caused by S.
maltophilia in Toranomon Hospital (890 beds, Tokyo, Japan) were
reviewed retrospectively between April 2006 and March 2010.
Results. During the study period, 10 cases of S. meltophilia
pneumonia were identified. Seven patients had acute myeloid
leukemia, 2 had myelodysplastic syndrome, and 1 had malignant
lymphoma. All patients developed symptoms after allogeneic
hematopoietic stem cell transplantation (HSCT). Five patients
received first cord blood transplantation (CBT), 4 patients
received second CBT, and 1 patient received first peripheral blood
stem cell transplantation (PBSCT). The overall incidence of S.
maltophilia pneumonia among 508 patients who received HSCT
during the period was 2.0%. The incidence was 0% (0/95) in
patients after bone marrow transplantation, 0.8% (1/133) after
PBSCT, and 3.2% (9/279) aiter CBT. Pneumonia developed a
median of 13.5 days (range, 6-40) after transplantation. At onset,
the median white blood cell count was 10/puL (range, 10-1900),
and the median neutrophil count was 0/uL (range, 0-1720). In all
patients, S. maltophilia bacteremia developed with bloody sputum
or hemoptysis. The 28-day mortality rate was 100%; the median
survival after onset of pneumonia was 2 days (range, 1-10).
Conclusions. Hemorrhagic S. maltophilia pneumonia rapidly
progresses and is fatal in patients with hematologic malignancy.
Attention should be particularly paid to the neutropenic phase
early after HSCT or prolonged neutropenia due to engraftment
failure. A prompt trimethoprim-sulfamethoxazole-based multidrug
combination regimen should be considered to rescue suspected
cases of S. malfophilic pneumonia in these severely
immunosuppressed patients.
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Stenotrophomonas maltophilia is a low-virulent non-fer-
menting gram-negative bacillus that can be isolated
from diverse environments such as an aquatic envi-
ronment and soil, and it rarely causes respiratory

infections in the healthy population. When S. malfo-
philia is detected on culture of an airway sam-
ple, it usually represents colonization or a carrier
state. However, it has recently been recognized as a
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pathogen of hemorrhagic pneumonia in severely
immunocompromised patients (1-5). Once respiratory
infections caused by S. maltophilia develop, the prog-
nosis is considered to be poor because of the severe
immunodeficiency of these patients. However, the
clinical features of S. maltophilia pneumonia have not
been fully clarified, and only a few case series of S.
maliophilia pneumonia have been published. In this

study, we summarize the clinical features of 10
‘patients with a definitive diagnosis of S maltophilia

hemorrhagic pneumonia.

Patients and methods

Medical records of patients with pneumonia caused
by S. malfophilia in Toranomon Hospital (890 beds,
Tokyo, Japan) between April 2006 and March 2010
(4 years) were retrospectively reviewed. S. maltophil-
ie pneumonia was defined when all of the following 4
criteria were met: 1) Clinical symptoms of cough,
sputum production, and fever; 2) dominant thin gram-
negative bacilli were detected on Gram staining of a
lower respiratory airway sample obtained from spu-
tum, tracheobronchial aspirate or bronchoscopy; 3) S.
maltophilia was cultured from a lower respiratory air-
way sample; and 4) a new shadow appeared on chest
xray. The onset of S. maltophilia pneumonia was
defined when both the clinical symptoms and the new
shadow on chest x-ray were demonstrated.

Vitek system (bioMérieux, Marcy V'Etiole, France),
Vitek2 system (bioMérieux), and MicroScan Walk-
Away 96 SI (Siemens Healthcare, Deerfield, Illinois,
USA) were used for bacterial identification and drug
sensitivity tests.

Immunohistochemical study was performed using
the MACH-2 multiplex staining system (Biocare Medi-
cal, Concord, California, USA) according to manufac-
turer’s instructions.
malfophilia antibody (AB-T065; Advanced Targeting
Systems, San Diego, California, USA) was used at a
1/50 dilution. Anti-cytokeratin CAM5.2 antibody (Bec-
ton Dickinson Biosciences, San Jose, California, USA)
was used to highlight epithelial cells.

Resuits

All 10 patients were diagnosed as having S. maltophil-
ie pneumonia. There was no apparent outbreak of S.
maltophilic infection throughout the study period.
The clinical characteristics of the 10 patients are
shown in Tables 1 and 2.

A rabbit polyclonal anti-S.

There were 6 men and 4 women, with a median age
of 58 years (range, 36-62). Underlying diseases were
acute myeloid leukemia in 7 patients, myelodysplastic
syndrome in 2 patients, and diffuse large B-cell lym-
phoma in 1 patient. All patients had already under-
gone  allogeneic  hematopoietic ~ stem  cell
transplantation (HSCT). Five patients received first

- cord blood transplantation (CBT), 4 patients received

second CBT, and 1 patient received first peripheral
blood stem cell transplantation (PBSCT) (Table 1).
All patients underwent transplantation in a non-remis-
sion state. During the study period, HSCT was per-
formed in 508 patients (bone marrow transplantation
[BMT}: 95, PBSCT: 133, CBT: 279, PBSCT + BMT: 1,
and first HSCT: 366, second HSCT: 112, > third
HSCT: 30), and the 'overa117,incidence of S. maltophilia
pneumonia was 2.0%. The incidence was 0% (0/95) in
patients after BMT, 0.8% (1/133) after PBSCT, and
3.2% (9/279) with CBT. S. maltophilia pneumonia
developed only in the HSCT setting, and no case of S.
maltophilie pneumonia occurred among patients with-
out hematologic disorders.

With respect to clinical characteristics that predis-
posed the patients to developing S. maltophilia pneu-
monia, they had been generally heavily pretreated
before HSCT. Most patients had received >2 lines of
chemotherapy before HSCT, and median length of
hospital stay before HSCT was 123 days (range, 49—
412). All patients had previously received broad-spec-
trum antimicrobial therapy including carbapenem and
prophylactic fluoroquinolone in the 90 days before
HSCT. Graftversus-host disease (GVHD) prophylaxis
consisted of tacrolimus and mycophenolate mofetil in
8 and tacrolimus alone in 2 patients. Corticosteroid
had been used for GVHD or pre-engraftment immune
reactions in 5 patients with a diagnosis of S. maltophil-
iz pneumonia (Table 1). All patients had preparative
regimen-related mucositis (grade > 2 according to
the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0). Similarly, 9/
10 patients had diarrhea (grade > 1) due to prepara-
tive regimen and/or GVHD at the diagnosis of S.
maltophilia pneumonia. However, no patients had
apparent Clostridium difficile-associated disease.

The median onset of S. maltophilia pnewmonia was
13.5 days (range, 6-40) after transplantation, and the
median white blood cell and neutrophil counts at the
time of onset were 10/pL (range, 10-1900) and 0/pL
(range, 0-1720), respectively (Table 1). Pneumonia
developed during broad-spectrum antibiotic treatment
including fluoroquinolones in all patients. S. maltophil-
ta was detected in airway samples before pneumonia
onset in 3 patients (Patients 3, 4, and 10) (Table 1).
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Clinical characteristics of the 10 patients with Sfenotrophomonas maltophilia pneumonia (background)

White Time of
blood Neutrophil  onset after
Patient  Age GVHD cell count  count transplantation  Pretreatment with Carrier
No. (years) Gender Diagnosis Transplantation prophylaxis Corticosteroid (/L) {/uL) {days) antibiotics state
8 45 M AML 2nd CBT TAC+MMF  No 20 (0] 11 "MEPM, VCM No
2 62 M AML CBT TAC+HMMF  No 10 0 6 PIPC/TAZ, CPFX, VCM No
3 57 ] AML Allo-PBSCT TAC+MMF  No 1900 1720 27 CPFX Yes
4 36 M AML 2nd CBT TACHMMF  No 10 0 7 PAPM/BP, VCM Yes
5 59 M NHL CBT TAC Maethylprednisolone 150 16 PIPC/TAZ, AZT, VCM No
125 mg
6 60 M AML CBT TAC+MMF  Hydrocortisone 10 0 7 PAPM/BP, VCM No
150 mg
7 56 F AML 2nd CBT TAC+HMMF  Methylprednisolone 10 (0] 34 CFPM, VCM No
20 mg
8 42 F MDS CBT TAC+HMMF  Maethylprednisolone 10 0 7 MEPM, VCM No
40 mg
9 59 2 AML 2nd CBT TAC Methylprednisolone 310 78 25 MEPM, CPFX, AMK, No
40 mg VCM
10 62 F MDS CBT TACHMMF  No 10 (1) 40 PIPC/TAZ, GM, VCM Yes

GVHD, graft-versus-host disease; M, male; F, female; AML, acute myeloid leukemia; NHL, non-Hodgkin lymphoma; MDS, myelodysplastic syndrome; CBT, cord blood transpiantation;
Allo-PBSCT, allogeneic peripheral blood stem cell transplantation; TAC, tacrolimus; MMF, mycophenolate mofetil; MEPM, meropenem; VCM, vancomycin; PIPC/TAZ, piperacillin/ta-
zobactam; CPFX, ciprofloxacin; PAPM/BP, panipenem/betamipron; AZT, aztreonam; CFPM, cefepime; AMK, amikacin; GM, gentamicin.

Table 1
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Clinical characteristics of the 10 patients with Stenotrophomonas maltophilia pneumonia {diagnosis and treatment)

Treatment
Mixed infection blood Time of death after 3 CCr ¢

Patient No. Blood culture culture Respiratory cultures except S.maltophilia onset (days) TMP-SMX (Dose of TMP) (mL/min) Fluoroquinolone
1 Positive No - 1 = 30 -

Positive No - 3 320 mg after HD HD Yes
3 Positive No Enterococcus faecalis, Enterococcus faecium, 10 400 mg after HD HD Yes

Elizabethkingia meningoseptica

4 Positive Enterococcus species - 2 - 41 Yes
5 Positive No - 1 - HD -
6 Positive Enterococcus faecium ~ 2 320 mg/day 77 Yes
7 Positive Enterococcus faecium - 45 - 55 -
8 Positive No Aspergilfus species 4 320 mg/day 40 Yes
9 Positive No Enterococcus faecalis, Enterococeus faecium 3 320 mg/day 16 Yes
10 Positive Citrobacter freundii - 48 720 mg/day 92 Yes

TMP-SMX, trimethoprim-sulfamethoxazole; HD, hemodialysis; CCr, creatinine clearance.

Table 2
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Three patients (Patients 2, 3, and 5) received treat-
ment with mechanical ventilation when pneumonia
developed.

All patients had S. maltophilia bacteremia. Bacteria
other than S. maltophilia were simultaneously
detected on blood culture in 4 patients: Enterococci in
3 (Enterococcus faecium: 2, Enterococcus species: 1)
and Citrobacter freundii in 1 (Table 2).

Bloody sputum or hemoptysis was noted in all
patients. As shown in Figure 1A, red blood cells and
many thin gram-negative bacilli were present in air-
way samples in all patients. Seven of 10 patients had
pure S. maltophilic pneumonia, and only S. malio-
philia was cultured from respiratory secretions. In
the other 3 patients, other bacteria were cultured,
but these bacteria were not observed on Gram stain
finding, suggesting bacterial colonization in the air-
way. Also, these bacteria had low pathogenicity,
except Aspergillus species (Patient 8) (Table 2). Two
patients had fungal infection (Candida glabrata,
Aspergillus species). No patients had apparent viral
infection.

o
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Chest computed tomography findings in Patient 6
are shown in Figure 2. Infiltrating shadows rapidly
progressed within a very short period. Autopsy was
performed in Patient 6. The lungs (weight 1110/
1450 g) were voluminous with hemorrhage and
edema. Microscopically, the lungs showed diffuse
alveolar hemorrhage with the alveolar spaces filled
with abundant extravasated blood and fibrinous exu-
date; the alveolar epithelial cells were widely dis-
rupted and detached from the alveolar septa. There
were some areas showing focal collapse due to fibro-
sis with hemosiderosis. Arterial and capillary vascular
structures were retained, and no evidence of vasculitis
or capillaritis was noted. The presence of S. maltophil-
ta was clearly demonstrated on immunohistochemis-
try as shown in Figure 1B-F.

The mortality rate from S. maltophilia pneumonia
was 100%. Although empiric or Gram staining-guided
preemptive higher doses of trimethoprim-sulfamethox-
azole (TMP-SMX) and fluoroquinolones with multiple
broad-spectrum antibiotics were administered in 6 of
the 10 patients, all of these patients died within a very

Fig. 1. Stenotrophomonas maltophilia pneumonia developed in a neutropenic state after cord blood transplantation. Bronchoalveolar lavage
showed a red color, suggesting alveolar hemorrhage. Large amounts of red blood cells and thin gram-negative bacilli were found on Gram
staining (A). Lungs obtained at autopsy demonstrated the presence of diffuse alveolar hemorrhage macroscopically (B) and histologically
(C; hematoxylin-eosin, x41) (Patient 6). Double immunohistochemical staining of the lung (D: x83; E: x165, F: x41) showed the presence
of S. maltophilia (red) located within/along the alveolar spaces filled with abundant extravasated blood/fibrinous exudate and widely
disrupted alveolar epithelial cells (brown). In addition, the presence of macrophages phagocytizing S. malfophilia are noted.

Transplant Infectious Disease 2012: 14: 355~363 359
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Fig. 2. Patient 6 underwent cord blood transplantation for acute leukemia. Pneumonia developed when the neutrophil count was 0/pL on
day 7 after transplantation. Compared with chest computed tomography on day 7 after transplantation (eft), consolidation accompanied by
an air bronchogram showed rapid expansion in the right lung field on the following day (day 8) (right).

short time after pneumonia onset (median: 2 days;
range, 1-10) (Table 2). Regarding drug sensitivity, S.
maltophilia was susceptible to TMP-SMX in all
patients excluding Patient 6. The susceptibility rates
to levofloxacin, minocycline, and ceftazidime were
70%, 100%, and 20%, respectively.

Low-virulent multidrug-resistant S. maltophilia with
low pathogenicity has been increasingly isolated with
the development of immunosuppressive anti-cancer
treatment including HSCT. Safdar and Rolston (6)
reported that the ratio of gram-negative bacteria
isolated from cancer patients was 2% in 1986, but
accounted for 7% in 2002. However, it remains unclear
whether the isolation frequency has steadily
increased, because the isolation rate depends on local
factors at each hospital (7). S. maltophilia has low vir-
ulence in healthy populations, but it is pathogenic in
profoundly immunosuppressed patients. In general, S.
maltophilia cultured from lower respiratory airway
samples comprise mostly bacteria that have colonized
the airway. When S. maltophilia is isolated from lower
respiratory airway samples, it is difficult to differentiate
infection from colonization. To diagnose S. maltophilia
pneumonia, quantitative culture of bronchoalveolar
lavage may be useful, but it has a limitation (8). To
date, there has been limited literature describing the
epidemiology of S. maltophilia pneumonia. A previous
report showed that S. maltophilia accounted for 4.5% of
hospital-acquired pneumonia cases and 6% of ventila-
tor-associated pneumonia (9). Also, Jones (10)
reported that S. maltophilia was isolated from 3.1% of
patients hospitalized with pneumonia in the last
5 years of the SENTRY Antimicrobial Surveillance Pro-
gram. However, the true incidence of S. maltophilia

pneumonia could be much lower because that report
included cases demonstrating colonization of S. malto-
philia in the respiratory tract. We consider that Gram
staining of lower respiratory airway samples is impor-
tant. When dominant thin gram-negative bacilli are
observed under a microscope and S. meltophilia is
detected in culture, it is likely to be a true pathogen.
We incorporated Gram stain findings into the diagnos-
tic criteria of S. maltophilia pneumonia to exclude the
cases of S. maltophilia colonization and improve the
accuracy of diagnosis. However, it is possible that
severe cases were selected, whereas mild to moderate
cases that could be cured with antimicrobial therapy
were excluded by these criteria.

This is the first report, to our knowledge, describ-
ing the incidence of S. maltophilic pneumonia in
HSCT recipients. The majority of the patient popula-
tion was CBT recipients, and the incidence of
S. maltophilia pneumonia in CBT recipients tended to
be higher compared with that in BMT and PBSCT
recipients. The retrospective nature of this study is a
limitation, as in other studies, and our study did not
sufficiently exclude S. maltophilia cross-transmission.
Thus, the true incidence of S. maltophilia pneumonia
still remains unknown. However, no apparent out-
break occurred during the study period.

Regarding risk factors for S. maltophilia pneumonia,
various studies mainly reported the following factors:
1) neutropenia; 2) hematologic malignancy, such as
leukemia and malignant lymphoma; 3) patients treated
with broad-spectrum antibiotics (carbapenems, broad-
spectrum cephalosporins, and fluoroquinolones); 4)
prolonged mechanical ventilation for 7 days or longer,
or tracheotomy; and 5) anatomic abnormality in the
trachea or lung, such as cystic fibrosis and chronic
obstructive pulmonary disease (3, 6, 11).

Hemorrhagic pneumonia in patients with hemato-
logic malignancy accompanied by neutropenia is a

360 Transplant Infectious Disease 2012: 14: 355-363



characteristic pathological condition of S. malfophilia
pneumonia, and it has been reported to cause alveolar
hemorrhage and rapidly result in death (1-5). In our

study, the disease developed w1th severe neutropenia
in 9 of 10 patients, and pccurred during the early
phase after HSCT or prolonged neutropenia due to
engraftment failure. Many of these patients had

bloody sputum or hemoptysns Clinicians should ::not

overlook these clinical signs, although they m

lackmg in the early stage of | pneumonia, which should:“' '
receive attention. In our series, 4 patients did not

receive TMP-SMX-based multidrug combination treat-
ment for S. malfophilia, because it was diagnosed
after death. In these 4 patients, the median time of
death after onset was only 1 day (range, 1-2). Report—
edly, bacterial colonization is observed in ‘the airway
before the development of pneumonia in many cases,

but in the presence of neutropenia, it may rapidly

develop in the absence of confirming colonlzauon
Indeed, colonization had been detected in only 3 of

the 10 patients before the onset of S. maltaphzha‘

pneumonia.

Reportedly, images of S. maltophilia pneumonia did
not show any characteristic feature compared with
those of common bacterial pneumonia. It may show a
uni--or bilateral pattern, but is rarely accompamed by

pleural effusion (3, 11). Cavernous lesions are also

rare. In patients with hematologic malignancy accom-
panied by neutropenia, particularly patients after
HSCT, it may show rapid progressxon accompamed

by hemorrhaglc pneumoma. On nnagmg, eatly

changes are minute in many cases, requiting careful
observation. The detailed mechanism of alveolar hem-
orrhage has not been clarified, and further studies are
necessary.

The mortality rate from S. maltophilia pneumonia
is high, being reported to be 23-77% (12), and fur-
ther increases in cases accompanied by S. maltophil-
i bacteremia (13). The blood culture positivity rate
rises in the presence of neutropenia, and the mortal-
ity rate of such cases is very high. In severely immu-
nocompromised patients who have profound
neutropenia, mucositis, or presence of a catheter,
multiple pathogens are often present, and the prog-
nosis is poor (13). For such cases, blood culture to
determine pathogens is very important. We also
noted combined bacteremia in 4 of the 10 patients. It
was reported that early catheter removal led to a bet-
ter prognosis in the case of catheter-related S. malio-
philia bacteremia (13).

In our study, the mortality rate of S. maltophilia
pneumonia was higher than that in previous reports.
This could have been due to the fact that 9 of the 10
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~ patients received CBT and had prolonged severe neu-

tropenia; furthermore, all 10 patlents underwent trans-

"‘plan‘mtlon in a non-remission state. It may be difficult
~ to rescue patients when bacteria are shown in lower

resplratory"axrway samples on Gram staining despite

prompt treatment with TMP-SMX alone or TMP-SMX-
based multidrug regimen, as observed in our cases.
Patlent 3, who received PBSCT and had a relatively

er neutropemc period, had longer survival, indi-
cating the essential role of neutrophils to manage S.

- maltophilia pneumonia. The prevention and early

diagnosis of disease development need to be investi-
gateda .

S. maltophilia exhibits intrinsic resistance to a wide
variety of antibiotics. It is resistant to most f-lactams
including carbapenems by producing the L1- (class B
metallo Blactamase) and L2-type (class A) Bactamas-
es (14, 15); fluoroquinolones through a drug efflux
pump, or reducing the outer membrane permeability
to drugs (16, 17); and aminoglycosides by producing
an aminoglycoside-modifying enzyme and through a
drug efflux pump (6, 18-20). In previous reports, sen-
sitivity to TMP-SMX and minocycline was high, but
sensitivity to other drugs varied among reports (6).
Treatment with TMP-SMX alone or TMP-SMX-based
multidrug regimen (combination with ticarcillin clavu-
lanate and/or fluoroquinolones) is considered the first
choice (21-24). Treatment with TMP-SMX and ﬂuor—k
oqumolones is the only treatment optxon for S. malto-
philie pneumonia in severely mmunocompromlsed ,
patients, as ticarcillin clavulanate has not been
approved, and is not commercially available in Japan.
However, treatment of S. maltophilia pneumonia with-
out ticarcillin clavulanate would be disadvantageous
because many patients at risk are likely to have fluor-
oquinolone prophylaxis, predisposing patients to fluor-
oquinolone-resistant S. maltophilia infection.

Regarding the dose of TMP-SMX, no clear data are
available. As its action on S. maltophilia is considered
bacteriostatic (25), higher dose may bhe recom-
mended, as is the case for Preumocystis pneumonia
(15 mg/kg/day of trimethoprim) (26), but no pro-
spective study data are available.

As most patients had not achieved neutrophil
engraftment, none of them received prophylactic
administration of TMP-SMX. A negative influence of
TMP-SMX is a concern of clinicians engaged in HSCT
because the prophylactic administration of TMP-SMX
inhibits engraftment of hematopoietic stem cells.
Prophylactic oral TMP-SMX administration between
the transplantation day and neutrophil engraftment
is not incorporated into common practice (27). It
remains unclear whether TMP-SMX can prevent
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S. maltophilia pneumonia and sepsis at the oral
prophylactic dose for Prewumocystis pneumonia. More-
over, it remains unclear whether high-dose TMP-SMX
negatively influences neutrophil engraftment when S.
maltophilia pneumonia or sepsis develops before
engraftment. However, a prompt TMP-SMX-based
multidrug combination regimen should be considered
to rescue suspected cases of S. maltophilia pneumo-
nia in severely immunocompromised patients after
HSCT. Further investigation is needed regarding the
adequacy of the prophylactic administration of TMP-
SMX before neutrophil engraftment after HSCT,
particularly CBT, for which the incidence was the
highest.

Conclusion

Hemorrhagic S. maltophilia pneumonia is rapidly pro-
gressive and associated with a high mortality rate in
patients with hematologic malignancy. Attention
should be particularly paid to the neutropenic phase
early after HSCT or prolonged neutropenia due to
engraftment failure. A prompt TMP-SMX-based multi-
drug combination regimen should be considered to
rescue suspected ‘cases of S. malfophilic pneumonia
in these severely immunosuppressed patients. Consid-
ering the early mortality of our cohort, the prevention
and early diagnosis of hemorrhagic S. meltophilia
pneumonia will require further investigation.
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