
ABSTRACT

There is increasing interest in the development of biomarkers of acute cellular rejection 
(ACR) and chronic allograft dysfunction (CLAD) in lung transplant recipients. However, 
few studies have focused on the predictive value of cellular biomarkers usually available 
in routine clinical practice such as eosinophils (EOS) and lymphocytes.
Peripheral blood eosinophilia has been associated with ACR in kidney, heart and liver 
transplant recipients. There are few studies in relation to EOS counts in lung transplants. 
In our experience, the increase in EOS in peripheral blood may be a warning sign of rejec-
tion that advises to expand the assessment with a bronchoscopy (FBS), transbronchial 
biopsy (TBB) and bronchoalveolar lavage (BAL).
Lymphocytes are essential cells in the development of ACR. The increase in lymphocytes 
in the BAL fluid (BALF) may be indicative of ACR, especially if it is associated with a 
simultaneous increase in the EOS count in the peripheral blood.
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INTRODUCTION

The long-term survival of lung transplant re-
cipients is limited by the development of 
chronic allograft dysfunction (CLAD). Ac-
cording to the International Heart and Lung 
Transplant Registry, CLAD is the main cause 
of mortality and affects more than 50% of 
recipients at five years post-transplant1. The 
risk factors related to the development of 
CLAD are repeated episodes of acute cellular 
rejection (ACR), lymphocytic bronchiolitis, in-
fections, gastro-oesophageal reflux and envi-
ronmental pollution2-6. 

Currently, the diagnosis of CLAD is estab-
lished when an irreversible and progressive 
reduction of lung function is detected7. How-
ever, in recent years there has been a growing 
interest in the development of biomarkers for 
early detection of patients at risk8-11.

An ideal biomarker should be specifically as-
sociated with the disease we are trying to 
identify, be present in either peripheral blood 
or the target tissue, and also be easily detect-
able and quantifiable. Different biomarkers 
have been associated with CLAD, but none of 
them have been shown to be sufficiently sen-
sitive and/or specific to justify their use in 
medical routines. The clinical complexity of 
CLAD, which involves both immune and non-
immune biological mechanisms, makes it im-
probable that a single biomarker could be used 
for early detection of the disease6,12-14.

While waiting for the “ideal biomarker” we 
must base our clinical decisions on the tools 
that are currently available. The goal of this 
article is to review our experience and the 
available literature regarding the usefulness 

of eosinophil (EOS) counts in peripheral blood 
and lymphocyte counts in bronchioloalveolar 
lavage fluid (BALF) to predict acute and chron-
ic lung allograft dysfunction.

BIOMARKERS IN PERIPHERAL 
BLOOD

Peripheral blood is an easily accessible biolog-
ical sample frequently used in the search for 
the “ideal biomarker”. Multiple studies have 
tried to identify biomarkers of rejection in pe-
ripheral blood for the early diagnosis of ACR 
and CLAD15-16. In this regard, we can high-
light, amongst others, the determination of 
several cytokines and chemokines, KL6, exo-
somes, or donor-derived cell-free DNA. How-
ever, the cost and complexity of many of these 
techniques have limited their implementation 
in routine clinical practice17-21.

Blood counts are performed in the usual mon-
itoring process of lung transplant recipients 
and some authors have analysed the predic-
tive value of ACR and CLAD of different cell 
type counts.

Eosinophils in peripheral blood

Eosinophils have been implicated in different 
biological processes, such as atopy, hypersen-
sitivity, asthma, and fungal infections. How-
ever, their role in the development of ACR 
and CLAD is still to be fully understood. 

Classic rejection mechanisms include direct 
cytotoxicity mediated by CD8+T lymphocytes 
and delayed-type hypersensitivity depen-
dent on CD4+T lymphocytes. When the classic 
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activation pathways are blocked as a result of 
standard immunosuppressive treatment, the 
alternative alloimmune response could be 
Th2 type-mediated through EOS and inter-
leukin (IL)-5 pathways22-25. Several studies have 
observed that EOS could be involved in graft 
rejection via a Th2-type immune response 
and that EOS counts could be an early and 
specific marker for ACR8,26.

The relationship between EOS and graft re-
jection was published more than 30 years ago 
for kidney transplant recipients. In these ini-
tial studies, eosinophilia was invariably asso-
ciated with ACR and could be detected prior 
to clinical suspicion27. Moreover, eosinophilic 
infiltration of the kidney allograft was asso-
ciated with greater severity of the rejection28. 
More recently, Colas et al.29,  in a prospective 
study of 1013 kidney recipients with stable 
renal function at three months post-transplant 
observed that an EOS count >  0.3 G/L was 
associated with a three-fold increased risk of 
rejection independent of immunosuppressive 
protocol.

Similar results were later published regarding 
liver transplant recipients. In these patients, 
the increase in EOS counts was observed pri-
or to the onset of liver function abnormalities. 
In this respect, some authors consider that liv-
er dysfunction associated with an increase in 
EOS counts are unequivocal signs of ACR30-33.

In lung transplant recipients, eosinophilic in-
filtration of the graft has been considered a 
sign of severe rejection and risk of bad out-
comes34,35. However, few studies have focused 
on the predictive role of rejection of EOS 
counts in peripheral blood. Trull et al.36 pub-
lished in 1998 a retrospective study of 54 heart 

and lung transplant recipients in which they 
observed a correlation between EOS counts > 
140/mm3 and ACR. As previously described 
for liver and kidney transplant recipients, the 
increase in EOS counts could also be found 
prior to the clinical suspicion.

In our Lung Transplant Unit, we routinely 
monitor EOS counts during post-transplant 
follow-up. In this respect, we recently pub-
lished a retrospective study of our experience 
with 583 consecutive fibre-optic bronchosco-
pies (FBS) with transbronchial biopsy (TBB) 
and bronchoalveolar lavage (BAL) performed 
on 256 recipients transplanted between 2012 
and 201837. Acute rejection was observed in 
170 out of 583 TBB (29.2%). Prior to biopsy 
the median EOS count was 75 ± 57/mm3 in the 
global population and no differences were 
observed between patients with or without 
ACR (84 ± 72/mm3 versus 71 ± 50/mm3; NS). 
However, during ACR episodes we observed 
significantly higher absolute and relative EOS 
counts (absolute: 203.6 ± 248/mm3 versus 103.1 
± 153/mm3 p < 0.001; relative: 2.6 ± 2.7 % versus 
1.5 ± 2.0% p < 0.001) (Fig. 1). Furthermore, high-
er peripheral EOS counts were also observed 
for higher grades of rejection, especially at 
the moderate-severe grade (OR 3.550; 95% CI, 
3.00–4.099 and OR 3.563; 95% CI, 3.001–4.117, 
respectively). The relationship between EOS 
counts and ACR was independent of the un-
derlying disease, the time after transplant and 
the corticosteroid dose. 

Determining an optimal cut-off point to es-
tablish clinical suspicion of rejection can be 
complex. In our study, for the biopsies per-
formed per protocol, we identified a cut-off 
point of EOS of 195/mm3 (specificity 90%, 
sensitivity 46%) in the first 12 months after 
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transplant, and of 180/mm3 (specificity 94%, 
sensitivity 60%) after the first year (Fig. 2). 
Other authors have suggested that rejection 
should be suspected in patients with an EOS 
count > 400/mm3 associated with a decrease 

in lung function38-39. Such a high cut-off point 
seems excessive, since, as we observed in our 
study, lung transplant recipients usually have 
lower eosinophil counts than those described 
in the general population and for other types 
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Figure 1. A: median absolute (mm3) and B: relative (%) peripheral blood eosinophils counts measured on the day of transbronchial biopsy 
in patients with acute rejection (ACR) and patients without it.

Figure 2. ROC curves with a cut-off point of EOS in peripheral blood of 195/mm3. A: specificity 90%, sensitivity 46% in the first 12 months. 
B: 180/ mm3 (specificity 94%, sensitivity 60%) after the first year.
EOS: eosinophils; ROC: receiver operating characteristic.
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of transplants. This fact is mainly due to the 
frequent use of corticosteroids in immunosup-
pression protocols of lung transplants. There-
fore, to suspect rejection in clinical practice, 
it may be more useful to monitor the evolu-
tion of EOS counts in each individual case 
than to establish a universal cut-off point.

EOS counts in peripheral blood have also been 
associated to CLAD development due to their 
capacity to induce tissue damage and extra-
cellular matrix remodelling. In this respect, 
Verleden et al.40 observed an association be-
tween EOS counts > 240/mm3 with bad 
prognosis and mortality of patients with the 
restrictive phenotype of CLAD. Kaes et al.41 
have recently published that a relative EOS 
count > 8% at any time during the post-trans-
plant follow-up is associated with an increased 
risk of mortality and restrictive phenotype of 
CLAD. The 8% cut-off point was established 
after analysing the median of the maximum 
values of EOS observed in deceased patients 
(specificity 76.72%, sensitivity 47.89%).

BIOMARKERS IN BALF

Blood provides information on systemic in-
flammatory changes, but blood biomarkers 
may not adequately reflect the local micro-en-
vironment of the lung. Fibrobronchoscopy 
(FBS) with TBB and BAL are frequently per-
formed on lung transplant recipients. Indica-
tions for the study are follow-up protocols, the 
onset of respiratory symptoms, or a decrease 
in lung function. TBB is the gold standard for 
diagnosing ACR42-44. However, it is an inva-
sive technique that is not without risk, with a 
diagnostic sensitivity that depends largely on 
the indication for performing the procedure 

and the experience of the pathologist. BAL is 
a less invasive diagnostic alternative that may 
reflect the inflammatory microenvironment 
of the lung parenchyma and be useful to dif-
ferentiate rejection from other frequent compli-
cations such as infections45,46. Several biomark-
ers for acute and chronic allograft rejection 
have been identified in BALF. However, in 
parallel with what has been described for pe-
ripheral blood biomarkers, no single BALF bio-
marker has been proved be sufficiently sensi-
tive or specific to justify its use in regular 
clinical practice10,47.

Cell counts are performed routinely in BALF 
samples. In healthy individuals, more than 
80% of the cells found in BALF are alveolar 
macrophages, around 5%–15% are lympho-
cytes and a small percentage of cells are neu-
trophils, eosinophils or mast cells48. In patients 
with ACR, an increase in total cellularity of 
BALF has been described45. This increase is 
more pronounced in parallel to the severity 
of the ACR and occurs at the expense of a 
variable increase in the percentage of neutro-
phils, lymphocytes and EOS49.

Neutrophils in BALF

The increase in neutrophils in BALF samples 
is not specific to acute rejection, having also 
been associated with infections, lymphocytic 
bronchiolitis and CLAD. In this regard, in a 
retrospective study that included 778 TBBs, 
Vos et al.50 showed that neutrophil counts 
were associated with the development of lym-
phocytic bronchiolitis. These authors attribut-
ed the discrepancy between the results from 
BALF and TBB samples to the different cellu-
lar compartments explored by each technique.
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Eosinophils in BALF

Eosinophils represent < 1% of BALF cell 
counts in transplant recipients without com-
plications. Several studies have observed an 
increase in EOS counts related to the pres-
ence and severity of ACR. Greenland et al.49 
observed that patients with an EOS count > 0% 
presented a four times higher risk of ACR. 
However, EOS are infrequently detected in 
BALF samples and in Greenland’s study they 
were identified in only 10% of cases. EOS in 
the BALF could be related to rejection but 
other causes of this increase as viral, fungal, 
or bacterial infections, should always be 
ruled out.

EOS in BALF have also been associated with 
poor post-transplant evolution. Todd et al.51 
observed that BALF eosinophilia was an inde-
pendent predictor of future CLAD risk across 
a multicentre lung recipient cohort. Moreover, 
in a retrospective study, Verleden et al.52 con-
cluded that patients with EOS counts in BALF 
> 2% had a higher risk of CLAD and mor-
tality.

Lymphocytes in BALF

Acute rejection is a process that is essential-
ly related to the activation of lymphocytes. 
Therefore, different authors have associated 
the presence of lymphocytes in BALF samples 
with the onset of ACR. However, there is no 
consensus regarding its diagnostic usefulness 
or in the definition of a cut-off point. In this 
respect, the percentages of lymphocytes that 
have been associated with ACR cover a wide 
range between 1% and 60%53-55. In a retro-
spective study comparing cell counts in BALF 

from recipients who were stable, and had 
ACR or CLAD, Slebos et al.45, observed that a 
percentage of lymphocytes > 1% was associ-
ated with the presence of ACR (specificity of 
95.6%; sensitivity of 40.4%). The disparity in 
the results described may be due in part to the 
lack of a standard procedure for BAL, the han-
dling of the cytology samples of BALF and 
the different techniques used for cell quanti-
fication.

In our unit, since the beginning of the pro-
gram, the BAL has followed a standardised 
procedure that meets the recommendations 
published recently by the International Society 
for Heart and Lung Transplantation (ISHLT)56. 
Furthermore, cell counts in BALF are per-
formed by flow cytometry, thus avoiding any 
variability associated to manual counts. With 
this methodology, we have retrospectively re-
viewed the usefulness of lymphocyte counts 
in BALF for diagnosing ACR in a sample of 
887 TBB performed in 363 recipients trans-
planted between January 2014 and December 
202057. ACR was observed in 260 out of 887 
TBB (29%). The lymphocyte counts in BALF 
were significantly higher in patients with ACR 
than in those without (11.35% versus 6.11%; 
p < 0.001) (Fig. 3). The higher the percentage 
of lymphocytes, the higher the risk of ACR 
and the greater its severity. This relationship 
was independent of the underlying disease, 
the time post-transplant, the indication for the 
study and the corticosteroid dose (OR 1.10, 
95% CI 1.080–1.131; p < 0.001). 

With respect to the cut-off point, a percentage 
of lymphocytes in BALF of 12% showed a 
diagnostic specificity for ACR of 71% (sensi-
tivity 35%, positive predictive value 33%, neg-
ative predictive value 73%). This diagnostic 
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specificity increased to 96% in the presence 
of simultaneous peripheral blood counts of 
EOS > 200/mm3 (sensitivity 17%, positive val-
ue 62%, negative predictive value 74%). 

The high specificity of the combination of 
both determinations can allow us to start em-
pirical treatment on patients who are at high 
risk when having the TBB procedure or in the 
presence of inconclusive histological samples. 
However, the low sensitivity of this combina-
tion does not allow us to rule out the presence 
of ACR, therefore they should always be in-
terpreted carefully according to the patient’s 
symptoms and in combination with other pa-
rameters.

CONCLUSIONS

Until a sufficiently sensitive and specific bio-
marker is found, we must base our clinical 

decisions on the tools currently available. Cel-
lular blood and BALF counts  are part of the 
routine follow-up of lung transplant recipi-
ents. Therefore, in a suitable clinical context, 
an increase of EOS count in blood can be a 
warning sign for acute or chronic allograft 
dysfunction. Moreover, in patients at risk for 
TBB or in the presence of inconclusive histo-
logical samples, the lymphocyte counts in 
BALF could be a diagnostic alternative. The 
consideration of both factors in combination 
significantly increases their diagnostic speci-
ficity of rejection, but lacks adequate sensitiv-
ity, and therefore must always be considered 
in conjunction with clinical symptoms and 
the evolution of lung function.
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Figure 3. The average lymphocyte count in BALF was significantly higher in patients with ACR than in those without (11.35% versus 6.11%; 
p < 0.001).
ACR: bronchiolo-alveolar lavage fluid; BALF: bronchiolo-alveolar lavage fluid.
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