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STATE OF THE ART

Host–Pathogen Interactions and Chronic Lung Allograft Dysfunction
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Abstract

Lung transplantation is now considered to be a therapeutic option for
patients with advanced-stage lung diseases. Unfortunately, due to post-
transplant complications, both infectious and noninfectious, it is only a
treatment and not a cure. Infections (e.g., bacterial, viral, and fungal)
in the immunosuppressed lung transplant recipient are a common cause
of mortality post transplant. Infections have more recently been
explored as factors contributing to the risk of chronic lung allograft
dysfunction (CLAD). Each major class of infection—(1) bacterial
(Staphylococcus aureus and Pseudomonas aeruginosa); (2) viral
(cytomegalovirus and community-acquired respiratory viruses); and (3)
fungal (Aspergillus)—has been associated with the development of

CLAD. Mechanistically, the microbe seems to be interacting with the
allograft cells, stimulating the induction of chemokines, which recruit
recipient leukocytes to the graft. The recipient leukocyte interactions
with the microbe further up-regulate chemokines, amplifying the influx
of allograft-infiltrating mononuclear cells. These events can promote
recipient leukocytes to interact with the allograft, triggering an
alloresponse and graft dysfunction. Overall, interactions
between the microbe–allograft–host immune system alters
chemokine production, which, in part, plays a role in the
pathobiology of CLAD and mortality due to CLAD.
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Lung transplantation is now considered
to be a therapeutic option for patients
with advanced-stage lung diseases.
Unfortunately, due to post-transplant
complications, both infectious and
noninfectious, it is only a treatment and
not a cure. The various “insults” to the
lung allograft can be broadly described
as alloimmune dependent (e.g., acute
cellular rejection and antibody-mediated
rejection) and alloimmune independent
(ischemia-reperfusion injury/primary
graft dysfunction, gastroesophageal reflux
disease, air pollution, and infectious
insults such as bacterial, viral, and fungal
microbes) (1). The lung transplant
inherently alters lymphatics, vascular flows,
and the cough reflex, which, when
combined with methylprednisolone as
well as other immunosuppressive therapies,
increases the recipient’s risk of microbial
infections. The microbes can alter the

allograft inflammatory environment
and can have different outcomes
depending on the allograft’s intrinsic
inflammatory milieu. The interactions
between the microbe–allograft–host
immune system play a critical role in the
pathogenesis of chronic lung allograft
dysfunction (CLAD) and is thus the
focus of this review.

Bacteria Interaction with an
Allograft Milieu Enriched for
Chemokines Increases the
Risk for CLAD

Bacterial infections, including
asymptomatic colonization, are common
post lung transplantation (2–6). The most
frequent gram-positive bacterial infection
in the post–lung transplant period is
Staphylococcus aureus (2–6). In a

single-center lung transplant cohort
that included 596 patients, S. aureus
infection was found in 18% of the lung
transplant recipients (7). Staphylococcus-
infected recipients had increased rates of
acute and chronic lung allograft rejection
as well as mortality throughout the first
3 postoperative years. This study raised
questions regarding the molecular
mechanisms through which Staphylococcus
infection leads to increased morbidity and
mortality post lung transplant.
Interestingly, in nontransplant rodent
models, S. aureus infection has been
demonstrated to induce acute lung injury
and mortality, in part by increasing CXC
chemokines (e.g., the two N-terminal
cysteines of CXC chemokines are
separated by one amino acid, represented
in this nomenclature with an “X”). These
glutamic acid–leucine–arginine (ELR)1

CXC chemokines caused the recruitment
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of injurious neutrophils that led to lung
parenchymal damage. Using rodent lung
transplant models of primary graft
dysfunction as well as acute and chronic
rejection, these ELR1 CXC chemokines
were found to have a bimodal function
(8, 9). Early on, they were important
via their interaction with neutrophils
expressing the receptor CXCR2, which
contributed to the influx of allograft
neutrophils, which took part in both
ischemia reperfusion injury and early
acute rejection (8, 9). Later on, these
ELR1 CXC chemokines were interacting
with endothelial cells expressing
CXCR2, which promoted angiogenesis
(8, 9). This angiogenesis was found to
be critical for supporting fibroblast
proliferation and transdifferentiation
to myofibroblasts and eventually
caused allograft airway fibro-obliteration
(8, 9). Collectively, these rodent
studies demonstrated that specific
chemokines are involved in allograft
dysfunction.

The above observations led to human
lung transplant studies that evaluated
S. aureus isolation and its interaction
with ELR1 CXC chemokines during the
pathogenesis of human CLAD (3). We
used a three-state Cox semi-Markovian
model to account for the complexities
of human observational studies (3).
The Markovian model measures the
intensity of moving from one state to
another and allows for the comparison
of the covariate effects on each transition
state or outcome (e.g., healthy to CLAD,
healthy to death, or CLAD to death),
without imposing censoring on
competing outcomes. Furthermore, the
Cox semi-Markovian modification adds
the ability to take into account the time
in a state. For instance, the longer a
patient is in heathy lung transplant state,
the less likely the lung transplant
recipient is susceptible to the development
of CLAD. In addition, this Cox semi-
Markovian modification accounts for
the entry time into a state, or, explained
another way, has a built in time-dependent
analysis when transitioning from one
state to another (e.g., healthy to CLAD).
Importantly, sensitivity analyses using
the more stringent and laborious
competing risk, mixed effects, and joint
modeling generated similar results. In
this human study, 209 lung transplant
recipients were evaluated, 62 of whom

had S. aureus isolated, of whom 32
developed CLAD, and 15 of those with
CLAD then died. From the original
62 patients with S. aureus isolation, 5 died
without developing CLAD, transitioning
directly from the lung transplant state
to death (3). We evaluated available
bronchoalveolar lavage fluid (BALF)
for the ELR1 CXC chemokines CXCL1
and CXCL5 concentration on the basis
of their prominent angiogenic abilities as
well as their proficiency to chemoattract
neutrophils, all of which should be
important in the pathobiology of
bacterial infections and CLAD. Acute
rejection, BALF CXCL5 concentrations,
and the interaction between BALF
CXCL5 and S. aureus all impacted the
intensity of the transition from lung
transplant to CLAD. Conversely, the
direct transition from lung transplant to
death was not driven by S. aureus
isolation. Furthermore, BALF CXCL5
concentrations increased the intensity
of going from CLAD to death, whereas
S. aureus isolation did not. Collectively,
S. aureus isolation from the lung
allograft had state-specific effects after
lung transplant, and only when
interacting with elevated BALF CXCL5
concentrations did it augment the risk
of CLAD. This suggests that S. aureus
isolation, in conjunction with a
lung allograft inflammatory milieu
concentrated with ELR1 CXC chemokines
(and presumably neutrophils), initiates
allograft injury that eventually leads
to CLAD.

The most common gram-negative
bacteria isolated post lung transplant is
Pseudomonas (2, 4–6). Surprisingly,
using culture-independent techniques,
a negative association was found
between the abundance of
Pseudomonas species and the diagnosis
of bronchiolitis obliterans syndrome
(BOS) (5). However, a more in-depth
analysis using culture-independent
techniques on BAL specimens from
almost 60 lung transplant recipients
demonstrated that there are two
distinct Pseudomonas species that can
flourish in the lung allograft microbiota
(2). The two distinct species included
Pseudomonas fluorescens and
Pseudomonas aeruginosa. Only
P. aeruginosa was associated with poor
clinical outcomes, such as symptoms
consistent with acute infection, BAL

neutrophilia, increased bacterial burden,
and decreased bacterial diversity (2).
These studies suggest that P. aeruginosa
has pathogenic potential post lung
transplant.

Using standard clinical microbacterial
culture methods, studies have shown
some disagreement for the role of
P. aeruginosa and the development of
CLAD. For instance, in a single-center
study involving 59 lung transplant
recipients with cystic fibrosis,
persistent graft colonization with
Pseudomonas was associated with an
increased risk of CLAD (10). Another
retrospective study involving 92 lung
transplant recipients, 26 with and 66
without cystic fibrosis, showed post-
transplant airway colonization trended
toward being an independent risk factor
for CLAD in multivariate analysis (11).
Conversely, another study involving
155 lung transplant recipients
demonstrated that only “de novo”
Pseudomonas (e.g., cultures positive for
Pseudomonas only after transplantation)
was associated with the development
of BOS, whereas those with “persistent”
culture positivity (e.g., Pseudomonas
isolations before and after transplantation)
was not (12). Collectively, this suggests
that P. aeruginosa pathogenicity may
be related to the interaction between
P. aeruginosa with the lung allograft
as well as the host immune responses.

On the basis of the above studies,
P. aeruginosa, as well as its interaction
with the ELR1 CXC chemokines, was
evaluated using a Cox semi-Markovian
analysis (4). This study involved 260 lung
transplant recipients; 93 had P. aeruginosa
isolated, of whom 50 developed CLAD,
and 31 of those with CLAD then
progressed to death. From the original
93 patients with P. aeruginosa isolated,
12 transitioned directly from the lung
transplant state to death. The transition
from lung transplant to CLAD was
enhanced by acute rejection, BALF
CXCL5 concentrations, and the interaction
between P. aeruginosa and BALF
CXCL1 concentrations. The P. aeruginosa
effect on this transition was due to
symptomatic pulmonary infection
rather than colonization. P. aeruginosa
infection also increased the intensity of
movement from lung transplant to death.
Transition from CLAD to death was
impacted by the time spent in then
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healthy post-transplant state, BALF CXCL5
concentrations, and the interactions
between P. aeruginosa colonization and
BALF concentrations of CXCL5. This study
suggests that P. aeruginosa pneumonia is
a strong risk factor for driving a patient
from the healthy lung transplant state to a
CLAD state. However, even P. aeruginosa
colonization that occurs in conjunction
with an allograft enriched with ELR1 CXC
chemokines does increase the intensity of
transition from CLAD to death. Overall,
this study suggests that patients with
elevated allograft concentrations of ELR1

CXC chemokines are particularly
vulnerable to movement from a healthy
lung transplant state to CLAD and from the
CLAD to death state if the patient is further
challenged with an infectious insult.

Viral Infections of the Lung
Allograft Lead to Dysregulated
Chemokine Expression and
the Development of CLAD and
Mortality due to CLAD

Pulmonary cytomegalovirus (CMV)
infection (CMVI) and disease (CMVD) are
associated with reduced long-term survival
post lung transplantation; however, the
specific biologic mechanisms remain
unclear (13–15). Previous studies have
demonstrated that increased expression
of CC chemokines occurs during lung
allograft dysfunction in humans as well as
in rodent models of alloreactivity and lung
allograft rejection (16–19). Therefore, the
role of pulmonary CMV up-regulating the
expression of multiple CC chemokines
and their associations with lung allograft
dysfunction was explored (14). Using a
nested case-control study at a single center,
the concentrations of CC chemokines were
measured in BALF from lung transplant
recipients with CMVI and CMVD and in
healthy lung transplant control subjects.
There was a trend toward increased BALF
concentrations of CCL3 during pulmonary
CMVI. BALF concentrations of CCL2
and CCL5 were significantly elevated
during pulmonary CMVI and CMVD.
Interestingly, elevated concentrations
of CCL3 in BALF were protective
regarding survival. Furthermore, elevated
concentrations of CCL2 in BALF predicted
the development of CLAD, whereas
elevated levels of CCL5 in BALF
predicted an increase in mortality post

lung transplant. These studies suggest that
specific CC chemokines are acting
differently during pulmonary CMV. CCL2
is important in recruiting mononuclear
phagocytes that are phenotypically distinct
by virtue of their expression of CCR2 and
are profibrotic, leading to lung allograft
fibroplasia (17). CCL5 expression from
the lung allograft leads to the infiltration
of lymphocytes and other mononuclear
cells that are important in perpetuating an
alloreactive response (16). CCL3 may be
protective during pulmonary CMV by its
ability to recruit polyfunctional CD41

T cells and CD81 T cells that express
IL-2, tumor necrosis factor-a, and IFN-g
(16, 20–23), which allows for the rapid
killing of CMV before collateral lung
allograft damage occurs. Overall, altered
concentrations of specific CC chemokines
during pulmonary CMV were associated
with future clinical outcomes and suggest a
possible utility for BALF CC chemokines as
biomarkers for guiding risk assessment
during pulmonary CMV. Furthermore,
alteration of these chemokines may be a
therapeutic approach during CMV to
improve clinical outcomes.

Although CMV was the first virus
to demand respect for its influence on
allograft dysfunction and mortality,
more recent studies have shown that
community-acquired respiratory viruses
(CARV) can accelerate the development
of lung allograft dysfunction, but the
immunologic mechanisms are poorly
understood (13, 15, 18, 19, 24). The
chemokine receptor CXCR3 and its
chemokine ligands, CXCL9, CXCL10, and
CXCL11, have all been shown to play roles
in the immune response to viruses as
well as in the pathogenesis of CLAD
(25, 26). The impact of CARV infection
on CXCR3/ligand biological axis was
explored in a single-center, case-control
study (1:2 match cohort) (e.g., two healthy
lung transplant recipient control subjects
for every one CARV case) matched for
duration post lung transplant (27). The
BALF concentration of each CXCR3
chemokine was found to be increased
during CARV infection. Among
CARV-infected patients, a high BALF
concentration of either CXCL10 or
CXCL11 was predictive of a greater decline
in FEV1 6 months later. Mechanistically,
CXCL11 was found to be predominately
expressed on endothelial cells and was
important in recruiting mononuclear

cells to the allograft vasculature (1).
CXCL9 and CXCL10 were more
compartmentalized to the lung epithelial
cells, thus pulling the mononuclear cell
from the allograft vasculature to the airways
and alveoli, where BOS and restrictive
allograft syndromes occur (1). Moreover,
the BALF CXCR3/ligand biological axis
provides prognostic information, and this
may have important implications for the
development of novel treatment strategies
to modify outcomes after CARV infection.

Fungal Colonization of the
Lung Allograft Is Associated
with the Development of CLAD
and Mortality due to CLAD

Multiple bacterial and viral infections have
been linked with the development of CLAD,
as described above. However, the lung
allograft airways, alveolar ducts, and alveoli
are frequently colonized by Aspergillus
species post lung transplant (28, 29).
This led to the hypothesis that Aspergillus
colonization of the lung allograft may
promote the development of CLAD
and may decrease survival post lung
transplantation. Thus, a retrospective study
involving all lung transplant recipients in
a single center was performed (29).
Aspergillus colonization was defined as
a positive culture from BALF or two
sputum cultures positive for the same
Aspergillus species, in the absence of
invasive pulmonary Aspergillus. Aspergillus
colonization was associated with CLAD
and CLAD-related mortality in Cox
regression analyses. Aspergillus colonization
preceded the development of stage
0-pCLAD by a median of 184 days and
stage 1 or greater CLAD by a median of
261 days. Moreover, in a multivariate Cox
regression model, Aspergillus colonization
was a distinct risk factor for CLAD,
independent of acute rejection. These data
suggest a potential causative role for
Aspergillus colonization in the development
of CLAD post lung transplantation and
raise the possibility that strategies aimed to
prevent Aspergillus colonization may help
delay or reduce the incidence of CLAD.

The above results were expanded on
in a large two-center study involving
298 recipients at the University of
California, Los Angeles and 482 recipients
at Duke University Medical Center (28).
Aspergillus species were grouped by conidia

STATE OF THE ART

S244 AnnalsATS Volume 14 Supplement 3| September 2017



diameter less than or equal to 3.5 mm
(small conidia: Aspergillus fumigatus,
Aspergillus nidulans, Aspergillus terreus,
and Aspergillus flavipes) and greater than
3.5 mm (large conidia: Aspergillus niger,
Aspergillus flavus, Aspergillus ustus, and
Aspergillus clavatus). Cox models were
used to assess the relationship of small and
large conidia colonization with clinical
outcomes. Pre-CLAD colonization with
small conidia Aspergillus species, but not
large, was a risk factor for CLAD (P = 0.002;
hazard ratio, 1.44; 95% confidence interval,
1.14–1.82), along with acute rejection,
single lung transplant, and P. aeruginosa.
Colonization with small conidia species
also associated with risk of death (P = 0.03;

hazard ratio, 1.30; 95% confidence interval,
1.03–1.64). This demonstrates in two large
independent cohorts that colonization with
small conidia Aspergillus species increases
the risk of CLAD and death. Prospective
evaluation of strategies to prevent
Aspergillus colonization of the allograft is
warranted, with the goal of preventing
CLAD and mortality after CLAD.

Conclusions

Overall, infection post lung transplantation
influences the outcome of the lung
transplant recipient regarding CLAD and
mortality after CLAD. Mechanistically,

some microbes directly increase the
expression of specific injurious chemokines
(e.g., CC chemokines and IFN-inducible
ELR2 CXC chemokines), whereas other
microbes have a synergistic response when
entering an allograft enriched with ELR1

CXC chemokines that are known to
eventually cause allograft dysfunction
as well as lead to premature mortality.
Therapies directed toward eradicating
specific microbes in conjunction with
altering the allografts’ inflammatory milieu
may lead to improved clinical outcomes
post lung transplantation. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

References

1 Shino MY, Weigt SS, Li N, Palchevskiy V, Derhovanessian A, Saggar R,
Sayah DM, Gregson AL, Fishbein MC, Ardehali A, et al. CXCR3
ligands are associated with the continuum of diffuse alveolar damage
to chronic lung allograft dysfunction. Am J Respir Crit Care Med
2013;188:1117–1125.

2 Dickson RP, Erb-Downward JR, Freeman CM, Walker N, Scales BS,
Beck JM, Martinez FJ, Curtis JL, Lama VN, Huffnagle GB. Changes
in the lung microbiome following lung transplantation include the
emergence of two distinct Pseudomonas species with distinct
clinical associations. Plos One 2014;9:e97214.

3 Gregson AL, Wang X, Injean P, Weigt SS, Shino M, Sayah D,
DerHovanessian A, Lynch JP III, Ross DJ, Saggar R, et al.
Staphylococcus via an interaction with the ELR1 CXC chemokine
ENA-78 is associated with BOS. Am J Transplant 2015;15:792–799.

4 Gregson AL, Wang X, Weigt SS, Palchevskiy V, Lynch JP III, Ross DJ,
Kubak BM, Saggar R, Fishbein MC, Ardehali A, et al. Interaction
between Pseudomonas and CXC chemokines increases risk of
bronchiolitis obliterans syndrome and death in lung transplantation.
Am J Respir Crit Care Med 2013;187:518–526.

5 Willner DL, Hugenholtz P, Yerkovich ST, Tan ME, Daly JN, Lachner N,
Hopkins PM, Chambers DC. Reestablishment of recipient-
associated microbiota in the lung allograft is linked to reduced risk of
bronchiolitis obliterans syndrome. Am J Respir Crit Care Med 2013;
187:640–647.

6 Zeyneloğlu P. Respiratory complications after solid-organ
transplantation. Exp Clin Transplant 2015;13:115–125.

7 Shields RK, Clancy CJ, Minces LR, Kwak EJ, Silveira FP, Abdel Massih
RC, Toyoda Y, Bermudez C, Bhama JK, Shigemura N, et al.
Staphylococcus aureus infections in the early period after lung
transplantation: epidemiology, risk factors, and outcomes. J Heart
Lung Transplant 2012;31:1199–1206.

8 Belperio JA, Keane MP, Burdick MD, Gomperts B, Xue YY, Hong K,
Mestas J, Ardehali A, Mehrad B, Saggar R, et al. Role of CXCR2/
CXCR2 ligands in vascular remodeling during bronchiolitis obliterans
syndrome. J Clin Invest 2005;115:1150–1162.

9 Belperio JA, Keane MP, Burdick MD, Gomperts BN, Xue YY, Hong K,
Mestas J, Zisman D, Ardehali A, Saggar R, et al. CXCR2/CXCR2
ligand biology during lung transplant ischemia-reperfusion injury.
J Immunol 2005;175:6931–6939.

10 Gottlieb J, Mattner F, Weissbrodt H, Dierich M, Fuehner T, Strueber M,
Simon A, Welte T. Impact of graft colonization with gram-negative
bacteria after lung transplantation on the development of
bronchiolitis obliterans syndrome in recipients with cystic fibrosis.
Respir Med 2009;103:743–749.

11 Vos R, Vanaudenaerde BM, Geudens N, Dupont LJ, Van Raemdonck DE,
Verleden GM. Pseudomonal airway colonisation: risk factor for

bronchiolitis obliterans syndrome after lung transplantation? Eur
Respir J 2008;31:1037–1045.

12 Botha P, Archer L, Anderson RL, Lordan J, Dark JH, Corris PA, Gould K,
Fisher AJ. Pseudomonas aeruginosa colonization of the allograft
after lung transplantation and the risk of bronchiolitis obliterans
syndrome. Transplantation 2008;85:771–774.

13 Weigt SS, DerHovanessian A, Wallace WD, Lynch JP III, Belperio JA.
Bronchiolitis obliterans syndrome: the Achilles’ heel of lung
transplantation. Semin Respir Crit Care Med 2013;34:336–351.

14 Weigt SS, Elashoff RM, Keane MP, Strieter RM, Gomperts BN, Xue YY,
Ardehali A, Gregson AL, Kubak B, Fishbein MC, et al. Altered levels
of CC chemokines during pulmonary CMV predict BOS and mortality
post-lung transplantation. Am J Transplant 2008;8:1512–1522.

15 Weigt SS, Wallace WD, Derhovanessian A, Saggar R, Saggar R, Lynch
JP, Belperio JA. Chronic allograft rejection: epidemiology, diagnosis,
pathogenesis, and treatment. Semin Respir Crit Care Med 2010;31:
189–207.

16 Belperio JA, Burdick MD, Keane MP, Xue YY, Lynch JP III, Daugherty
BL, Kunkel SL, Strieter RM. The role of the CC chemokine, RANTES,
in acute lung allograft rejection. J Immunol 2000;165:461–472.

17 Belperio JA, Keane MP, Burdick MD, Lynch JP III, Xue YY, Berlin A,
Ross DJ, Kunkel SL, Charo IF, Strieter RM. Critical role for the
chemokine MCP-1/CCR2 in the pathogenesis of bronchiolitis
obliterans syndrome. J Clin Invest 2001;108:547–556.

18 Belperio JA, Orens JB. Evolving concepts and controversies in lung
transplantation. Semin Respir Crit Care Med 2010;31:97–98.

19 Belperio JA, Weigt SS, Fishbein MC, Lynch JP III. Chronic lung allograft
rejection: mechanisms and therapy. Proc Am Thorac Soc 2009;6:
108–121.

20 Palmer SM, Limaye AP, Banks M, Gallup D, Chapman J, Lawrence EC,
Dunitz J, Milstone A, Reynolds J, Yung GL, et al. Extended
valganciclovir prophylaxis to prevent cytomegalovirus after lung
transplantation: a randomized, controlled trial. Ann Intern Med 2010;
152:761–769.

21 Patel N, Snyder LD, Finlen-Copeland A, Palmer SM. Is prevention the
best treatment?: CMV after lung transplantation. Am J Transplant
2012;12:539–544.

22 Snyder LD, Chan C, Kwon D, Yi JS, Martissa JA, Copeland CA,
Osborne RJ, Sparks SD, Palmer SM, Weinhold KJ. Polyfunctional
T-cell signatures to predict protection from cytomegalovirus after
lung transplantation. Am J Respir Crit Care Med 2016;193:78–85.

23 Snyder LD, Medinas R, Chan C, Sparks S, Davis WA, Palmer SM,
Weinhold KJ. Polyfunctional cytomegalovirus-specific immunity in
lung transplant recipients receiving valganciclovir prophylaxis. Am
J Transplant 2011;11:553–560.

24 Weigt SS, Gregson AL, Deng JC, Lynch JP III, Belperio JA. Respiratory
viral infections in hematopoietic stem cell and solid organ transplant
recipients. Semin Respir Crit Care Med 2011;32:471–493.

STATE OF THE ART

Belperio, Palmer, and Weigt: Microbes and the Development of CLAD S245

http://www.atsjournals.org/doi/suppl/10.1513/AnnalsATS.201606-464MG/suppl_file/disclosures.pdf
http://www.atsjournals.org


25 Belperio JA, Keane MP, Burdick MD, Lynch JP III, Xue YY, Li K,
Ross DJ, Strieter RM. Critical role for CXCR3 chemokine biology in
the pathogenesis of bronchiolitis obliterans syndrome. J Immunol
2002;169:1037–1049.

26 Belperio JA, Keane MP, Burdick MD, Lynch JP III, Zisman DA, Xue YY,
Li K, Ardehali A, Ross DJ, Strieter RM. Role of CXCL9/CXCR3
chemokine biology during pathogenesis of acute lung allograft
rejection. J Immunol 2003;171:4844–4852.

27 Weigt SS, Derhovanessian A, Liao E, Hu S, Gregson AL,
Kubak BM, Saggar R, Saggar R, Plachevskiy V,
Fishbein MC, et al. CXCR3 chemokine ligands during

respiratory viral infections predict lung allograft dysfunction.
Am J Transplant 2012;12:477–484.

28 Weigt SS, Copeland CA, Derhovanessian A, Shino MY, Davis WA,
Snyder LD, Gregson AL, Saggar R, Lynch JP III, Ross DJ, et al.
Colonization with small conidia Aspergillus species is associated
with bronchiolitis obliterans syndrome: a two-center validation study.
Am J Transplant 2013;13:919–927.

29 Weigt SS, Elashoff RM, Huang C, Ardehali A, Gregson AL, Kubak B,
Fishbein MC, Saggar R, Keane MP, Saggar R, et al. Aspergillus
colonization of the lung allograft is a risk factor for bronchiolitis
obliterans syndrome. Am J Transplant 2009;9:1903–1911.

STATE OF THE ART

S246 AnnalsATS Volume 14 Supplement 3| September 2017


	link2external
	link2external
	link2external



