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Passenger lymphocyte syndrome in liver transplant recipients: 
a description of 12 cases
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Background. Passenger lymphocyte syndrome is an important cause of immune haemolysis 
after solid organ transplantation. It mainly occurs in minor ABO and Rh mismatched transplants. 
The haemolysis is usually mild and self-limited. We present our experience in passenger lymphocyte 
syndrome and liver transplantation and review the literature.

Materials and methods. We reviewed liver transplants performed in our centre from January 2002 
to September 2013, searching for ABO or Rh incompatibility and serological findings of haemolysis. 
A direct antiglobulin test was systematically performed in each pre-transfusion assessment.

Results. A total of 1,217 liver transplants were performed and 12 passenger lymphocyte syndromes 
were detected: of the 56 cases with minor ABO incompatibility, ten patients developed passenger 
lymphocyte syndrome (17.9%) and of 147 cases with minor Rh incompatibility, two patients developed 
the syndrome (1.40%). All patients with passenger lymphocyte syndrome had haemolysis, a decrease 
of haemoglobin (median 6.8 g/dL) and an increase of bilirubin (median 5.15 mg/dL). The treatment of 
passenger lymphocyte syndrome consisted of increasing the dose of corticosteroids that the patients 
were receiving as post-transplantation immunosuppressive therapy and, in the majority of cases, 
transfusion of donor compatible red blood cells.

Discussion. Passenger lymphocyte syndrome in liver transplantation has significant clinical 
consequences. It is, therefore, important to make the diagnosis rapidly, performing pre-transfusion 
direct antiglobulin tests, and manage the problem correctly with donor compatible red blood cell 
transfusions and/or immunosuppressive treatment.

Keywords: direct antiglobulin test, haemolysis, liver transplantation, passenger lymphocyte 
syndrome, red blood cells.

Introduction
Passenger lymphocyte syndrome (PLS) is an 

important cause of immune haemolysis after solid organ 
and haematopoietic stem cell transplantation1,2. It mainly 
occurs in minor ABO and Rh mismatched transplants, 
although in rare cases Jka 3, Kpb 4, Fya 5 and M6 have been 
reported to be implicated. PLS consists of the production 
of antibodies by donor passenger lymphocytes, 
transplanted with the graft, against the recipient's red 
blood cell (RBC) antigens. It has been observed after 
kidney, lung, heart-lung, liver, pancreas, pancreas-spleen 
and hematopoietic cell progenitor transplantation7.

The risk of haemolysis increases with a higher 
mass of lymphocytes transplanted with the graft, being 
more frequent in lung-heart transplants (around 70%) 
followed by liver transplants (around 40%) and kidney 
transplants (around 17%)7. When the donor lymphocytes 
infused proliferate, they produce an immune response 
that may be primary or secondary (anamnestic), with 

the onset of haemolysis occurring between 3 and 24 
days after the transplant. The haemolysis is usually 
mild and self-limited. The direct antiglobulin test (DAT) 
becomes positive in the recipient and antibodies against 
A, B or both RBC antigens are detectable in serum and 
eluate. Antibodies against Rh and other RBC antigens 
have also been reported5,8,9. HLA compatibility is not 
usually considered in solid organ transplantation, 
however PLS occurs regardless of HLA compatibility10. 
The treatment includes transfusion of group O RBC 
or antigen-negative RBC units. In rare cases in which 
severe haemolysis occurs, additional treatments, such 
as stronger immunosuppression or plasma exchange, 
may be necessary11-13.

La Fe Hospital in Valencia (Spain) has long 
experience in liver transplantation. Our objective was 
to analyse liver transplants performed in our centre and 
to describe the clinical and serological findings in the 
cases of PLS detected.
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Materials and methods
Study population and data collection

The records of patients who underwent orthotopic 
liver transplantation during the period from January 
2002 to September 2013 at La Fe University Hospital 
in Valencia were carefully reviewed, searching for ABO 
and/or Rh incompatibility. Minor ABO incompatibility 
was defined by the presence in the donor of ABO 
antibodies directed against the recipient's RBC. In most 
cases of PLS, the donor has O group blood and the 
recipient has A group and donor lymphocytes, therefore, 
produce anti-A antibodies against the recipient RBC 
antigen A. Other combinations, such as donor group O 
or A and recipient group B, occur more rarely. Minor 
Rh incompatibility occurs in liver transplants from Rh 
D-negative donors to Rh D-positive recipients.

The cases were also reviewed looking for serological 
and laboratory data of haemolysis which was evidenced 
by a decrease of haemoglobin concentration, increase 
of bilirubin level, the presence of a positive DAT and 
exclusion of other causes of decreased haemoglobin 
and increased bilirubin level. Clinical data and 
transfusion history were collected from an electronic 
hospital-based transfusion and clinical database. All 
clinical data concerning times refer to days after the 
liver transplant.

Once a case of PLS had been detected, clinical data 
were collected focusing on transfusion management 
and immunosuppressive treatment. The pre-PLS 
immunosuppressive treatment refers to the drugs that 
were administered in the period between the liver 
transplant and the detection of PLS.

Serological tests
The diagnosis of PLS was made when the recipient 

had a positive DAT and there were donor antibodies 
in the serum and eluate against the recipient's RBC 
antigens.

During the 3 months after transplantation, in 
addition to the routine ABO, Rh typing and RBC 
antibody screening test or indirect antiglobulin test 
(IAT), the DAT was systematically performed in 
pre-transfusion compatibility assessments in order 
to detect immunohaematological problems related to 
haemolysis. The DAT was performed routinely before 
every transfusion since 2006 while prior to that date, 
it was only performed if haemolysis was suspected.

The DAT was performed on RBC in samples collected 
into ethylenediaminetetra-acetic acid according to 
standard methods. RBC eluates were prepared by acid 
elution (Elu-Kit II, Gamma Biologicals, Houston, 
TX, USA). Eluates and sera of patients with positive 
results were tested for specificity using panels of RBC 
with known antigens (Ortho Clinical Diagnostics Inc., 

Raritan, NJ, USA; Bio-Rad GmbH, Cressier-sur-Morat, 
Switzerlandand; Makropanel, Menarini, Amsterdam, 
The Netherlands).

Patients who developed antibodies to RBC antigens, 
which were considered clinically significant, received 
blood that was negative for the identified antigen. RBC 
units were transfused following a type & screen, but 
when a significant antibody was detected a cross-match 
was performed.

Statistical analysis and literature review
Statistical comparisons were performed using the 

chi-square test or, when the number in any group was 
less than five, Fisher's exact test. p-values <0.05 were 
considered statistically significant.

A review of the literature was carried out through 
different search strategies based on data in the online 
U.S. National Library of Medicine (PubMed). Searches 
were conducted on July 01, 2013.

Results
Liver transplantation and passenger lymphocyte 
syndrome

During the study period, 1,217 liver transplants 
were performed at La Fe University Hospital, of which 
156 (12.8%) with minor ABO incompatibility and 147 
(12.1%) with minor Rh incompatibility. Of the 156 
cases with minor ABO incompatibility, ten had PLS 
(17.9%), and two of the 147 patients with minor Rh 
incompatibility developed PLS (1.4%). Therefore, a 
total of 12 cases of PLS were detected.

Clinical features
Table I presents the patients' main clinical features. 

The median age of the patients was 46.5 years; 75% 
were males and 25% were females. Most of the patients 
had had a first liver transplant14, although one patient 
had undergone a second transplant procedure. Currently   
two-thirds of patients are alive. Deaths were due to 
causes other than PLS.

All patients suffering PLS developed haemolysis. The 
median nadir haemoglobin level was 6.8 g/dL (range, 
3.4-8.1 g/dL) on post-operative day 15 (range, day 10 to 
day 56) and the median peak bilirubin concentration was 
5.15 mg/dL (range, 2.77-49.15 mg/dL) on post-operative 
day 13 (range, day 10 to day 59).

As shown in Table I, all patients received 
immunosuppressive treatment after their liver transplant. 
In most of the cases of PLS, the dose of corticosteroids 
that patients were receiving was increased up to 
1 mg/kg/day; only one patient did not receive 
corticosteroids as treatment of PLS and in three cases 
information was not available. In addition, all patients 
received RBC transfusions during the episode of 
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PLS. All patients except one (case 3) were transfused 
with donor compatible RBC and received a median of 
four RBC units (range, 2-8 RBC units). Two patients 
(cases 6 and 9) received, besides the donor compatible 
RBC, several recipient compatible RBC units because 
of the short time between the first positive DAT and 
the need for RBC transfusion. Case 3 had a positive 
DAT on day 13; nevertheless, the test was not studied 
until day 18, when the diagnosis of PLS was made. 
The donor's ABO group was O+ whereas that of the 
recipient was B+. In the period between the test and 
its interpretation, the patient received six units of 
B+ RBC. In these three cases, the antibody screen 
before transfusion was negative. Moderate haemolysis 
occurred after transfusion.

Serological findings
Table II shows the main serological findings of all 

the cases. Of the 12 cases of PLS described, the antibody 
detected was anti-A in six cases, anti-B in four cases and 
anti-D in two cases. All the donors had a prior, negative 
IAT. The median post-operative time of detection of the 
first positive DAT was 12.5 days (range, 10-56 days). 
In half of the cases, the DAT was positive once, while 
it was positive more than once in the rest of the cases. 
Before implementing routine DAT prior to each RBC 
transfusion, we detected one PLS in 14 minor ABO 
mismatched transplants, while subsequently we detected 
nine PLS in 42 minor ABO mismatched liver transplants 
and two PLS in 110 liver transplants with minor Rh 
mismatching (p=non-significant).

Table I - Clinical features of the patients with PLS.

Case Age Gender Haemoglobin Total bilirubin Haemolysis IS pre-PLS 
treatment

Treatment PLS

Day of 
min. level (g/dL) Day of 

max  level (mg/dL) RBC (ABO Rh) IS

1 40 Male 18 6.6 17 49.15 Yes CS + CSA 4 (0+) nd
2 52 Male 29 7.9 36 6.87 Yes CS + CSA 2 (0+) CS
3 57 Male 15 6.6 13 11.46 Yes CS + TAC 6 (B+)# CS
4* 49 Male 16 6.4 14 4.80 Yes CS + CSA + MMF 4 (A−) CS
5 17 Female 13 3.4 13 8.20 Yes CS + TAC 8 (0−) CS

6 42 Male 11 5.0 11 4.79 Yes CS + CSA 1 (AB+)#, 
2 (0−), 1 (0+) CS

7 45 Male 15 8.1 10 10.55 Yes CS + CSA + MMF 2 (0−) nd
8 49 Male 31 6.8 19 3.10 Yes CS + MMF + TAC 4 (0+) CS
9 48 Male 10 6.8 10 5.50 Yes CS + MMF + TAC 1 (A+)#, 1 (0+) nd
10 41 Female 12 7.9 12 2.95 Yes CS + TAC 2 (0+) CS
11 49 Male 12 6.8 11 4.34 Yes CS + CSA + MMF 4 (0−) CS
12 41 Female 56 6.8 59 2.77 Yes CSA + MMF 4 (0−) No
PLS: Passenger lymphocyte syndrome; IS: immunosuppression; RBC: red blood cell; CS: corticosteroids; CSA: cyclosporine A; MMF: mycophenolate 
mofetil; TAC: tacrolimus; nd: no data available;*CSA was decreased, because of renal toxicity, from 400 mg/12 h to 200 mg/12 h and MMF was added at 
a dose of 1,000 mg/12 h. #Transfusions of donor incompatible RBC.

Table II - Serological investigation of patients with PLS.

Case ABO and Rh group DAT IgG-C3d first positive* DAT last 
positive

Eluate IAT Ab serum
Donor Recipient Day IgG C3d

1 0− B− 17 nd nd 30 Anti-B Negative Negative
2 0− A+ 24 Positive Negative 24 Anti-A Negative Negative
3 0+ B+ 13 Negative Positive 18 Anti-B Negative Anti-B
4 A− A+ 11 Positive Negative 16 Anti-D Positive Anti-D
5 0+ A− 13 nd nd 13 Anti-A Negative Anti-A, anti-B
6 0+ AB+ 11 nd nd 11 Anti-B Negative Anti-A, anti-B
7 0− A− 10 nd nd 10 Anti-A Negative Negative
8 0+ A+ 19 nd nd 36 Anti-A Negative Negative
9 0+ A+ 10 Negative Positive 13 Anti-A Negative Negative
10 0+ B+ 12 Negative Positive 12 Anti-B Negative Negative
11 B+ AB− 11 Positive Positive 16 Anti-A Negative Anti-A
12 0− 0+ 56 nd nd 56 Anti-D Positive Anti-D
PLS: Passenger lymphocyte syndrome; DAT: direct antiglobulin test; IgG: immunoglobulin G; C3d: complement 3d; IAT: indirect antiglobulin test;              
Ab serum: antibodies in serum. *When no data were available (nd), DAT positive refers to polyspecific antiglobulin.
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Discussion
This study shows that PLS is a relevant clinical 

syndrome which must be kept in mind as an immune 
complication of solid organ transplantation. In our series 
the prevalence of PLS among minor ABO mismatched 
liver transplants was about 20% and all our patients 
had haemolysis, in contrast with the other large series 
of patients published by Ramsey15. This Author found 
that the frequency of PLS was between 29% and 40%, 
with haemolysis occurring in 44% and 18% of anti-A 
and anti-B antibody-mediated PLS, respectively. This 
probably means that we only diagnosed those cases 
presenting with anaemia and haemolysis and, therefore, 
requiring RBC transfusion. We are aware that at least 
the same number of cases of PLS without apparent 
haemolysis will have occurred, and that these cases 
went undetected.

Reviewing the literature (Table III), we found 56 cases in 
which antibodies against A and B antigens were detected14-22, 
nine cases with anti-D8,10,23-27 and seven cases in which other 
RBC antibodies were detected3-6,10. All cases except some of 
those published by Ramsey15 and the case in which anti-M 
was implicated4, presented with haemolysis and required at 
least donor compatible RBC transfusions.

Our Institution previously published data on PLS 
detected in a period from January 1991 to June 200121. 
Two cases of ABO-related PLS (9% of ABO mismatched 
liver transplants) and two cases of Rh-related PLS 
(0.83% of all Rh mismatched liver transplants) were 
detected. Better knowledge of the syndrome and greater 
suspicion of its presence lead to more diagnoses.

The PLS detected in our Institution before 
and after implementing systematic DAT were not 
statistically different except for those involving minor 
Rh incompatibility. However, antibodies against Rh 
antigens are detected in the antibody screening, which 
becomes positive, so they can be diagnosed without 
DAT. It should be noted that the number of ABO 
and Rh mismatched transplants has increased with 
time. In our experience, performing DAT as a routine                              
pre-transfusion test has been critical for a rapid diagnosis 
of PLS. As antibodies arising in PLS are transient 
(3 months in the case of ABO antibodies and even 1 
year for Rh antibodies)13, we support the use of DAT 
as usual practice during the first 3 months after liver 
transplantation.

Concerning treatment, all our patients received at 
least RBC transfusion with donor compatibles units, 

Table III - Review of PLS reported in patients who underwent orthotopic liver transplantation.

Donor Recipient Ab specificity 
(n. of cases)

Haemolysis Reference

O A Anti-A Yes Bracey AW, et al. (1987)14

O A Anti-A (32) Yes 44 % Ramsey G (1991)15

O B Anti-B (11) Yes 18 % Ramsey G (1991)15

O A Anti-A (5) Yes Triulzi DJ (1992)16

A Rh− A Rh+ Anti-D Yes Kim BK, et al. (1992)23

Rh− Rh+ Anti-D Yes Schwartz D, et al. (1992)24

A Rh− A Rh+ Anti-D Yes Lee JH, et al. (1993)25

O A Anti-A Yes Sindhi R, et al. (1996)17

O A Anti-A Yes Jacobs LB, et al. (1996)18

B A Anti-A Yes Kunimasa JI, et al. (1998)19

O B Anti-B Yes Kunimasa JI, et al. (1998)19

O Rh+, K−, Fya− O Rh+, K+, Fya+ Anti-K, anti-Fya No Seltsam A, et al. (2001)5

O Rh+ A1 Rh+ Anti-A Yes Au WY, et al. (2002)20

Jka− Jka+ Anti-Jka Yes Hareuveni M, et al. (2002)3

O Rh+ A Rh+ Anti-A (2) Yes Aguilera V, et al. (2003)20

O Rh− A Rh+ Anti-D Yes Aguilera V, et al. (2003)20

A Rh− A Rh+ Anti-D Yes Aguilera V, et al. (2003)20

O Rh− O Rh+ Anti-D Yes Fung MK, et al. (2004)8

O B Anti-B Yes Bae SH, et al. (2005)22

O Rh− O Rh+ Anti-D, -C, -k Yes Shortt J, et al. (2008)10

A Rh− A Rh+ Anti-D, -C Yes Grosskreutz C, et al. (2008)26

A Rh+ A Rh+ Anti-M No Makuria, et al. (2009)6

A Rh− A Rh+ Anti-D Yes Turiño Luque J, et al. (2012)27

Kpb− Kpb+ Anti-Kpb Yes Koepsell, et al. (2013)4

PLS: Passenger lymphocyte syndrome; 
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except the three cases that we have already explained. 
Case 3 is an example of the importance of rapid, correct 
detection of the syndrome in order to implement adequate 
transfusion management. This patient suffered a delay 
of 5 days in the diagnosis, during which period he was 
improperly transfused with six B+ RBC units (recipient 
identical). For this reason, the patient had haemolysis 
associated with transfusion of donor incompatible RBC 
and received a higher number of RBC units than the 
median for all patients. Subsequently, the patient did not 
require additional transfusions. In the other two cases, 
patients received only one donor incompatible RBC unit 
and haemolysis was self-limited. Some authors have 
considered donor compatible transfusions during surgery 
as a prophylactic measure against the appearance of the 
syndrome in minor ABO mismatched liver transplants28. 
In this sense, the risk of haemolysis is highest (44%) 
after group O to A liver transplants15. Our Institution 
does not follow this policy.

The other point related to the management of  PLS is 
the use of corticosteroids as a pharmacological treatment. 
All our patients but one received corticosteroids 
as additional treatment to donor compatible RBC 
transfusions. The dose given was 1 mg/kg/day which 
was maintained until resolution of haemolysis. It has 
been reported in the literature that most cases of PLS 
can be managed by transfusion of compatible RBC 
and the empirical use of corticosteroids13. However, in 
rare cases presenting with massive haemolysis it may 
be necessary to use other strategies, such as plasma 
or RBC exchange, intravenous immunoglobulins, 
monoclonal antibodies such as rituximab or even 
splenectomy5,9-11,29. None of our patients required 
additional treatment besides RBC transfusions and 
corticosteroids.

Conclusion
In conclusion, PLS is a cause of haemolysis that must 

be suspected in patients who have undergone ABO or 
Rh mismatched liver transplantation. This syndrome 
can have significant clinical consequences because of 
the haemolysis; it is, therefore, necessary to make the 
diagnosis and to initiate the correct treatment. We suggest 
implementation of DAT as a routine pre-transfusion test 
in order to make an early diagnosis. The appropriate 
management of PLS involves donor compatible RBC 
and/or immunosuppressive or immunomodulatory 
treatment.
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