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Infection After Lung Transplantation 
/./.. PARADIS 

INTRODUCTION 

Infection remains the most common cause oi' morbidity and mor
tality after lung transplantation (LTx)' \ Of the 402 lung allograft 
procedures that were performed in 386 recipients at the 
University of Pittsburgh between 1982 and 1 July 1995, 187 allo
grafts (47%) in 180 recipients (47%) failed (Table 1). Because 
some infections were due to more than one type of organism (e.g. 
bacteria ^\\i^ Aspergillus), 115 infectious organisms were respon
sible for the failure of 97 (52%) allografts in 86 (48%) recipients 
that failed primarily due to infection. However, since 1989, in
fection has declined significantly from 46% to 32% as an etiol
ogy, from 80% to 53% as a cause of allograft failure, and from 
85% to 54% as a cause of recipient death. This occurred because 

of the cumulative effect of a small decline in the prevalence of 
each type of infectious organism as a cause of allograft failure. 
Because infection has been the primary cause of failure in 
53-54% of the grafts that have failed since 1989, it still remains 
the principal and unacceptable cause of allograft failure and death 
after LTx. 

Infection has been the principal etiology (35%) of allograft 
failure (58%) and death (60%) in the first year after LTx at the 
University of Pittsburgh (Table 2) and at other centers'* •". 
Infection has also been the principal etiology (40%) of allograft 
failure (74%) and death (70%) more than 1 year post-transplant 
(Table 2). Thus, infection has been the primary cause of allograft 
failure at all times after LTx. 

Infectious complications in LTx recipients at the University of 
Pittsburgh have occurred twice as frequently as in cardiac, hepatic 

Table 1 Causes of lung allo};rari failure before and after 1 .lanuary 1989 
at the University of Pittsburgh 
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Table 2 Causes of lung allograft failure in the first year and later than 
1 year post-transplant at the University of Pittsburgh 
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Inteclion due to: 
Bacteria 
Fungus 
Virus 
Other 

ARDS/DAD 
Ischemic lung injury 
Ischemic airway injury 
Hemorrhaec 
Acute rejection 
Obliterative bronchiohtis 
Primary graft failure 
Unknown 
Other 

Total 

Infeclion/etiology 
Infection/recipient death 
Infection/graft failure 

47 
1 
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9 
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10 
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13 
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iKcolar damage. 

Infection due to: 
Bacteria 
Fungus 
Virus 
Other 

ARDS/DAD 
Ischemic lung injury 
Ischemic airway injury 
Hemorrhage 
Acute rejection 
Obliterative bronchiolitis 
Primary graft failure 
Unknown 

Other 

Total 

Infection/etiology 
Infection/recipient death 
Infection/allograft failure 

Abbreviations as for Tabic 1. 

78 
35 
14 
25 

4 
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25 
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20 
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78/220(35) 
78/130(601 
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37/93 (40) 
37/.50(74) 
37/53 (70) 

115 
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115/313 1.37) 
115/180(64) 
11.5/187(61) 
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or renal allograft recipients who have received nearly the same 
immune suppression"* ^. While the first 14 heart-lung transplant 
recipients experienced an average of 3.0 infections/recipient, the 
figure for cardiac, hepatic or renal recipients was 1.41, 1.83 or 
0.98 infections/recipient, respectively^-^ At Stanford University, 
lung recipients experienced an average of 2.4 infections/recipient, 
while heart recipients experienced 0.47 infections/recipients'''. 
While infection has been the primary cause of death in <20% of 
long-term cardiac recipients, it has been the primary cause of 
death in 74% of long-term lung recipients (Table 2)**. Possible 
reasons for these differences include the fact that the lung 
allograft (a) is continuously exposed to the external environment, 
(b) has impaired mucociliary clearance''", and (c) provides an 
HLA-incompatible microenvironment where the alveolar 
macrophages and lymphocytes of the recipient live in the alveoli 
of the donor'^. 

A total of 1173 significant infections have occurred in 367 'at-
risk' lung recipients (survival 5=2 days) who have been followed 
for 278 270 days post-transplant between 1982 and 1 July 1995, 
at the University of Pittsburgh (Table 3). This is an average of 
3.23 infections/recipient, 0.43 infections/100 days of observation, 
or 0.0012 infections/100 days of observation/recipient. The lungs, 
mediastinum and pleural spaces have been the initial and/or only 
site for 70% of all infections (data not shown). Bacteria have been 
the most common organism, with pneumonia, bronchitis or sepsis 
having caused 62% of all infections. 

When the infectious complications of the 64 recipients who re
ceived allografts prior to 1989 were compared to those of the 303 
recipients who received allografts later, the number of infec
tions/100 days of observation did not change (0.38 vs 0.45) but 
the number of infections/recipient (5.05 vs 2.85) and the number 
of infections/100 days of observation/recipient (0.0059 vs 0.0015) 
both decreased. Since 1989 the proportion of infections due to 

bacterial pneumonia, bronchiectasis and Pneumocystis (PCP) de
creased significantly (42% vs 22%) while those due to cy
tomegalovirus (CMV), bacterial bronchitis and Clostridium 
difficile increased significantly (23% vs 42%). Bacterial bronchi
tis and CMV infection, however, have not changed over time 
when examined as a proportion of at-risk recipients (63% vs 52% 
and 52% vs 45%, respectively). Only infection due to C. difficile 
appears to have truly increased in frequency over time. This has 
most probably been due to the interval recognition of this agent as 
a pathogen, and also to the increasing use of antibiotics as pro
phylaxis of bacterial infections. The most significant finding is 
that the rate of infection (as defined by days of observation post-
transplant) has not changed over time, but that defined by the 
number of infections/recipient has decreased, primarily because 
of a decrease in the number of episodes of bacterial pneumonia. 

The risk of infection has been much higher in the first year 
post-transplant and 72% (859/1173) of all infections have 
occurred during that time (Table 4). This is not surprising since 
fresh surgical wounds are present, more intense invasive moni
toring is required, and immune suppression is maximal during the 
first year post-transplant. The infections that occur primarily in 
the first year are CMV, bacterial sepsis, C. difficile and infections 
located in the mediastinum and pleural spaces. The infections that 
occur primarily later than 1 year post-transplant are bacterial 
bronchitis and bronchiectasis. All other infections are equally 
likely to occur at any time. The prevalence of late infection in 
lung recipients at 1.48 infections/recipient is 7.8 times greater 
than that reported for cardiac recipients, who experienced 0.19 
late infections/recipient". Thus, whether comparing (a) early or 
recent experience or (b) early or late post-transplant periods, in
fection remains the most common cause of morbidity (Tables 3 
and 4) and mortality (Tables 1 and 2) after LTx, despite a de
crease in the prevalence of pneumonia due to bacteria and PCP. 

Table 3 Types ur infectiuus complication after lung transplantation berore and after 1989 at the University of Pittsburgh 

< IW9)i('}i) > !9H9tH'A) Total n ('i i 

Baclcrial pneumonia 
Bacterial broncliitis 
Bronchiecla.sis 
Fungal inl'eclion 
Cytomegalovirus 
Pneiimiicyxlis 
Lymphoprolil'erative disease 
Herpes simplex 
Viral hepatitis 
Other viruses 
Mediastinitis 
Empyema 
Bacterial sepsis 
Sinusitis 
C. diflhile colitis 
Other 

Total infections 

At-risk recipients 
Days of observation 

Inlections/recipient 
Infections/l(K) days of observation 
Infcclions/iecipient/IO() days of observation 

97 130,1 
40(12) 
1.1(4) 
IX(7) 
. « ( I 0 ) 
24(7) 
6(2) 

12(4) 
2 ( < l ) 
5 (2) 

I I (3) 
4(1) 

.U(IO) 
7(2) 
2(4) 

12 

120 

64 
8.") 146 

3.05 
0.38 
0.0059 

170(20)* 
160(19)' 

6 (< I) 
50(6) 

136(16)* 
11(1)' 
16(3) 
43(5) 

9(1) 
39(5) 

3 (< I) 
8(1) 

100(9) 
23(3) 
59(7)-
20 

853 

303 
193 124 

2.85 
0.45 
0.0015 

267(22) 
200 117) 

19(2) 
68 (6) 

169(14) 
35 13) 
22(3) 
.55 (5) 
II II) 
44 (4) 
14(1) 
I 2 l l ) 

134 111) 
-W(3) 
61 (5) 
32(3) 

1173 

367 
278 270 

3.23 
0.43 
0.0012 

' p < O.O.s compared tu tx:t'(trc 1^89 (ly ehi-squarc. 
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Tabic 4 Types of infectious complication in the first year and later than 1 year post-lung transplantation at the University of Pittsburgh 

< / year n (9i) > I year n ('7i \ 

75(231 
89(27) 
13(4) 
19(6) 
19(6) 

11 (?) 
S(2) 

9(3) 
2(< 1) 
19(6) 
0(0) 
0 (0) 
31 (9) 
13(4) 
10(3) 
12 

327 

222 
261 994 

1.48 
0.13 
0.0006 

Total n 

Bacterial pneumonia 
Bacterial bronchitis 
Bronchieclasi.s 
Fungal infection 
Cytomegalovirus 
Pneumoi-ystis 
Lymphoprolireralive disease 
Herpes simplex 
Viral hepatitis 
Other siruses 
Mediastinitis 
Empyema 
Bacterial sepsis 
Sinusitis 
C. difficUe colitis 
Other 

Total infections 

At-risk recipients 
Days of ohservation 

Infections/recipient 
Infections/KM) days of ohservation 
Infections/recipient/ICX) days of ohservation 

192(22) 
111(13) 
6(4) 

49 (6) 
150(18) 
24(3) 
17(3) 
46 (5) 
9(1) 
25(3) 
14(2) 
12(1) 

103(12) 
17(2) 
51 (6) 
20 

846 

367 
16 276 

2..34 
5.28 
0.1438 

267 

200 
19 
68 
169 
35 
22 
55 
II 
44 
14 
12 

1.34 
30 
61 
32 

1173 

367 

278 270 

3.23 
0.43 
0.(X112 

SURVEILLANCE FOR INFECTION 

Prior to transplantation (in the recipient) and at the time of trans
plantation (in the donor), the serologic status of recipient and 
donor for CMV; Epstein-Barr virus (EBV); varicella virus; 
herpes simplex virus (HSV); Toxoplasma; hepatitis A, B and C; 
and human immunodeficiency (HIV) type 1 virus are determined. 
Sputum for cultures and stains for bacteria and fungus are ob
tained every 3 months from candidates with septic lung disease. A 
transplant procedure can be performed when Pseudomonas 
species are sensitive to more than one class of anti-pseudomonal 
antibiotics, or ii Aspergillus species are not present in re.spiratory 
tract secretions. 

At the time of transplantation, specimens for cultures and stains 
for fungi and bacteria are obtained from airways of both donor 
and recipient'''"'. This information is useful in assessing the sus
ceptibility of the recipient to develop infection with bacteria or 
fungus posttransplantation. Another aerobic and fungal sputum 
culture is obtained prior to extubation. Chest radiographs are ob
tained daily, with the frequency decreasing to once or twice a 
week by the end of the initial hospital stay. Fiberoptic bron
choscopy with bronchoalveolar lavage (BAL) and transbronchial 
lung biopsy (TBBx) is performed at least once, and as often as 
weekly, during the initial hospital stay, every 3 months during the 
first year, every 4 months during the second year, twice a year 
thereafter, and whenever infection or rejection in the allograft is 
suspected'•". Recipients record their spirometry at home and report 
any consistent, unexplained >10% decrease in the FEV, over a 
1-2-week period"*. If a decrease in home spirometry is confirmed 
by spirometry in a pulmonary function laboratory, a re-evalua
tion, which includes a bronchoscopy with BAL and TBBx, is per
formed at the transplant center. 

BACTERIAL PNEUMONIA 

Definition 

The diagnosis of bacterial pneumonia has been made by: (a) the 
presence of a new or predominant organism by Gram stain of 
the sputum in association with fever or new or increased radio
graphic infiltrates, (b) histologic criteria, or (c) the presence of 
>10'' cfu/ml of cultured BAL fluid and/or >5% of BAL cells 
containing intracellular bacteria'*' -''. 

'Prophylactic' antibiotic regimens 

Although still the most common infectious complication after 
LTx, there has been a significant decrease since 1989 in the 
prevalence of bacterial pneumonia (a) as a proportion of all infec
tious complications (38% vs 20%; Table 3), (b) as a proportion of 
at-risk recipients (78% vs 33%; Table 5) and (c) in regard to the 
number of episodes/at-risk recipient (1.50 vs 0.56; Table 5). This 
coincides with the introduction of an antibiotic regimen tailored 
to the results of aerobic cultures of the donor and recipient 
airways obtained at the time of transplantation'^"" and with the 
introduction of TBBx to distinguish between diffuse alveolar 
damage, infection and/or rejection'^'" "'. Prior to 1989. recipients 
received only cefamandole 1 g every 8 h for 72 h post-transplant. 
Since that time, recipients without pretransplant septic lung 
disease have received clindamycin and ceftazidine immediately 
post-transplant. If the recipient and donor airway cultures are 
sterile, these antibiotics are stopped at 72 h post-transplant. If 
they contain oral flora organisms, clindamycin is continued for 10 
days. If they contain Staphylococcus, clindamycin is continued, 
and vancomycin is added to complete a 10-day course if the 
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Table 5 Morbidity and mortality of bacterial pneumonia at the University of Pittsburgh before and after 1989 

< /y,sy > IW9 Total 

At't'ected rccipicnls/al-ri.sk recipienls 
Episodcs/at-risk recipient 
Episodes/afrected recipient 
Mortality/episode 
Mortalily/at-risk recipient 
Mortalily/atfected recipient 

50/64 (7X%) 
97/64 (1.50) 
97/50 (L94) 
10/97(10''*) 
10/64(17%) 
10/50(20%) 

101/30.'! (?!?,%)' 
170/303(0.56)* 
170/101 (1.701 
23/170(13%) 
23/303(8%) 
23/101 (23'7() 

151/.367(41%) 
267/367 (0.73) 
267/151 (1.7K) 
33/269(12%) 
33/367(9%) 
.33/151 (22<;i) 

" />< ().()(M)I compared lii bclftre 19S9 bv chi-squarc analysis. 

Staphylococcus is methicillin-resistant. If these cultures contain 
Gram-negative organisms, clindamycin is discontinued, cef
tazidime is continued, and another antibiotic with Gram-negative 
coverage is added to the regimen. Alternatively, the ceftazidime 
and clindamycin may both be discontinued and two new culture-
directed antibiotics with Gram-negative coverage are adminis
tered for 10 days. 

For recipients with septic lung disease, three or four antibiotics 
active against Pseudomonas aeruginosa and/or Burkholderia 
cepacia are begun immediately pretransplant and continued for 
two full weeks or longer until a positive clinical outcome is 
certain. The choice of antibiotics is based on the antibiotic sensi
tivities of the organism(s) present in the sputum of the recipient 
pretransplant. These recipients also receive less immune suppres
sion. The level of cyclosporin or tacrolimus is maintained at ap
proximately half of that in the non-infected recipient. 
Azathioprine and corticosteroids are withheld unless more than 
two episodes of histologically documented acute rejection occur, 
or unless corticosteroids are necessary to avoid corticosteroid-
induced adrenal suppression (secondary to pretransplant use of 
corticosteroids). With this approach the prevalence of bacterial 
pneumonia in the first 2 weeks post-transplant has decreased 
significantly from 47% to 9% (Table 6). 

Prevalence 

The prevalence of bacterial pneumonia has also decreased 
significantly between postoperative days (POD) 15 and 180 after 
LTx. This is beyond the perioperative period (i.e. POD 1-14) 
where an effect due to the antibiotic regimen employed (accord
ing to the results of cultures obtained from the airways of the 

Table 6 Change in the prevalence of bacterial pneumonia before and 
after 1989 at different time periods after lung transplantation at the 
University of Pittsburgh 

Piisl-lransplanl 
lime inlemils 

< 14 days 
15-90 days 
91-180 davs 
181 365 davs 
1-2 years 
2-3 years 
3-4 years 
> 4 years 

< 19X9 
nl'7<) 

30/64(47)-
21/57(37) 
12/40 (.W) 
6/36(17) 
7/33(21) 
9/31 (29) 
5/29(17) 
7/26(27) 

> /y«y 
n /%; 

28/.TO3 (9) 
50/.3()2(17) 
20/253 (8) 
23/219(8) 
.34/189(18) 
7/128(5) 
4/66 (6) 
3/27(11) 

P-value 

< 0.0001 
().(K)08 
0.0001 
n.s. 
n.s. 
().(K)03 
n.s. 
n.s. 

• Data expressed as number of episodcs/at-risk recipients. 

donor and recipient at the time of transplantation) would not be 
expected. 

This reduction in the prevalence of bacterial pneumonia 
between POD 15 and 180 is most probably due to the use of 
bronchoscopy with BAL and TBBx to distinguish between 
diffuse alveolar damage, infection and/or acute rejection. 
Information gained from bronchoscopy has avoided empiric 
pulses of augmented immune suppression to treat clinical rejec
tion, and has allowed for lower levels of maintenance immune 
suppression when rejection has not been present. Less 
immune suppression reduces the risk of bacterial 
pneumonia. 

Relationship with obliterative bronchiolitis (chronic 
lung rejection) 

Between 6 months and 2 years post-transplant the prevalence of 
bacterial pneumonia has been between 8% and 21%. and this has 
been unaffected by advances in the care of recipients. This is the 
period of time, however, when lung recipients are most at risk of 
developing obliterative bronchiolitis (OB)""*. This complication 
is a significant risk factor for developing bacterial pneumonia or 
bronchitis >90 days post-transplant (Table 7). In the 291 recipi
ents who survived >90 days post-transplant, pneumonia occurred 
twice as frequently in recipients with OB compared to those 
without OB (1.03 vs 0.53 episodes/recipient). Bronchitis occurred 
five times more frequently in recipients with (as compared to 
those without) OB (1.12 vs 0.21 episodes/recipient). In the 155 
recipients who survived >2 years post-transplant, pneumonia oc
curred twice as frequently in recipients with OB (1.01 vs 0.45 
episodes/recipient), and bronchitis occurred three times more fre
quently in those with OB (1.15 vs 0.38 episodes/recipient). Thus, 
both early and late after LTx, the majority of the episodes 
of pneumonia and bronchitis due to bacteria have occurred in 
recipients with chronic rejection. 

Additionally, the number of recipients who developed pneumo
nia or bronchitis due to bacteria was affected by the presence of 
chronic rejection. For the 291 recipients who survived >90 days 
post-transplant, pneumonia developed in 50% of the recipients 
with OB, but in only 30% of recipients without OB (p=0.001) 
(Table 7). Bronchitis occurred in 54% of recipients with OB, but 
in only 21 % of those without OB (p<0.0001). For those recipients 
who survived >730 days post-transplant, pneumonia developed in 
50% of those with OB, but in only 32% of those without OB 
(p=0.02). Similarly, bronchitis developed in 56% who developed 
OB but in only 29% without OB (p=0.0008). Thus, both early and 
late after LTx, significantly more episodes occurred and more re-
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cipients experienced bacterial pneumonia and/or bronchitis when 
chronic rejection was present. 

It is also true, however, that many recipients with OB do not 
develop pneumonia or bronchitis and, conversely, many recipi
ents without OB do develop these infections. For recipients who 
survived >90 days post-transplant, 50% of those with OB have 
never developed pneumonia and 30% of those without OB have 
developed pneumonia. Similarly, for recipients who survived >90 
days post-transplant, 46% of those with OB never developed 
bronchitis and 21% of those without OB have experienced at least 
one episode of bronchitis (Table 7). 

Specific bacterial infections 

Pseudomonas aeruginosa and Staphylococcus aureus, either 
alone or in combination with other organisms, have been 
responsible for the majority of the episodes of pneumonia and 
bronchitis that have occurred at all time points post-transplant 
(Table 8). P. aeruginosa was the agent responsible for 35% and 
38% of the episodes of pneumonia and bronchitis, respectively, 
that occurred in recipients who survived >90 days post-transplant 
(Table 8). P. aeruginosa was the agent responsible for 37% of the 
episodes of pneumonia and 37% of the episodes of bronchitis that 
occurred in recipients who survived >730 days post-transplant. 
S. aureus was responsible for 20% and 22% of the episodes of 
pneumonia and bronchitis, respectively, that occurred in recipi
ents who survived >90 days post-transplant. This organism 
caused 18% and 19% of the episodes of pneumonia and bronchi
tis, respectively, that occurred in recipients who survived >730 
days post-transplant. These two organisms have been responsible 
for 55-60% of all of the episodes of pneumonia and bronchitis 
that have occurred in these recipients. 

The likelihood that P. aeruginosa was the agent responsible for 
an episode of pneumonia or bronchitis, however, was unaffected 

Table 7 Relationship of bacterial pneumonia (BP) and bacterial 
bronchitis (BB) to chronic rejection (CR) in recipients who survived > 90 
days or > 2 years post-transplant at the University of Pittsburgh 

Sun'ival 

Bacterial pneumonia 
CR+ 
CR-

Total 

Bacterial bronchitis 
CR+ 
CR-

Total 

Episodes/rec 

> 90 days 

110/107= 1.03 
98/184 = 0.5.^ 

208/291 =0.71 

120/107 = 1.12 
.^8/184 = 0.21 

1.58/291 =0.-54 

ipieni 

> 2 years 

19m = 1.01 
35/77 = 0.45 

114/155 = 0.74 

90/78= 1.15 
29/77 = 0.38 

119/155=0.77 

Bacterial pneumonia 
CR+, BP+ 
CR+, BP-
CR-, BP+ 
CR-, BP-

Tolal 

Bacterial bronchitis 
CR+, BB+ 
CR+, BB-
CR-, BB+ 
CR-. BB 

Total 

Affected recipi 

> 90 dayx 

.54 (19)-
53(18) 
56(19) 

128(44) 

291 (100) 

58 (20)* 
49(17) 
38(13) 

146 (.50) 

291(100) 

•ems ('i) 

> 2 years 

39(25)-
39(25) 
25(16) 
52(34) 

1.55(100) 

44(28C 
-34(22) 
22(14) 
55 (.36) 

155(100) 

' p < 0.05 by i;hi-square analysis. 

by the presence of chronic rejection (Table 8), Pneumonia or 
bronchitis due to P. aeruginosa occurred in 33-35% of the 
episodes when OB was present, and in 3 9 ^ 7 % when it was not 

Table 8 Episodes of pneumonia or bronchitis due to Pseudomonas aeruginosa and Staphylococcus aureus in recipients with or without chronic rejection 
(CR) who survived > 90 or > 730 days post-transplant al the University of Pittsburgh 

Pneumonia in recipients who survived > 90 days 
CR+ 
CR-

Tolal 

Pneumonia in recipients who survived > 730 days 
CR+ 
CR-

Total 

Bronchitis in recipients who survived > 90 days 
CR+ 
CR-

Total 

Bronchitis in recipients who survived > 730 days 
CR+ 
CR-

Total 

Pseudomonas aeruf>inosa 
n (%) 

29(33) 
17(39) 

46(35) 

20(34) 
8(47) 

28 (37) 

37(35) 
17(45) 

54 (38) 

28(35) 
11 (44) 

39 (37) 

Slaplnlococciis aureus 

20(22) 
6(14) 

26(20) 

13(22) 
1(6) 

14(18) 

27(25) 
5(13) 

32 (22) 

19(24)-
1 (4) 

20(19) 

Total 
It (7c) 

49/89(55) 
2.3/43 (53) 

72/132(55) 

3.V.59(56) 
9/17 (53) 

42/76(55) 

64/106(60) 
22/38(58) 

86/144(60) 

47/80 (59) 
12/25(48) 

59/105 (.56) 

' p = 0.05 compared to no chronic rejection by chi-square. 
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present. For unclear reasons, however, S. aureus was more clearly 
associated with OB. Pneumonia or bronchitis due to this organism 
occurred in 22-25% of the episodes in which OB was present, 
but it was the causative organism in only 4-14% of the episodes 
in which OB was not present. Thus, although P. aeruginosa has 
been the most common organism responsible for episodes of 
pneumonia or bronchitis, it is equally likely to occur in recipients 
with or without chronic rejection. S. aureus has been the second 
most common cause of pneumonia or bronchitis, and it has been 
more frequently observed in recipients with OB. Thus, any bacte
rial infection, particularly that due to S. aureus, occurring >90 
days post-transplant, suggests the co-presence of chronic rejec
tion. An evaluation to detect this process should be performed 
after the infection has been treated (because the inflammation 
caused by infection can result in pulmonary function and histo
logic changes that make OB difficult to identify clinically and 
histologically). 

Because of the association of OB with recurrent airway and 
parenchymal bacterial infection, bacteria in the airways of recipi
ents with OB have been treated with 'prophylactic' antibiotics. 
Recipients with oral flora or methicillin-sensitive Staphylococcus 
organisms receive oral cephalexin 500 mg four times daily, and 
those with sensitive P. aeruginosa receive oral ciprofloxacin 
500 mg twice daily and aerosolized tobramycin 80 mg three times 
a day for 10 days/month. Aerosol colistin (30-75 mg two or three 
times a day) is substituted for tobramycin when the Pseudomonas 
organism(s) is (are) resistant to tobramycin. Occasional recipients 
receive intravenous (i.v.) antibiotics 10 days/month to suppress 
infection/colonization by organisms resistant to the above mea
sures. The reduction in the prevalence of bacterial pneumonia 
more than 2 years post-transplant from 17-29% per year before 
1989 to 5-11% per year since 1989 (which is statistically 
significant between 2 and 3 years post-transplant) is most proba
bly due to these measures (Table 6). 

Multiple antibiotic-resistant strains of P. aeruginosa and/or 
Burkholderia cepacia have been defined as organisms sensitive 
to < I class of antipseudomonal antibiotics (such as an aminogly
coside, third-generation cephalosporin, fluoroquinolones, an
tipseudomonal penicillin, carbapenems or monobactams). These 
multiply antibiotic-resistant bacteria are thought to be markers of 
increased morbidity/mortality. In the Toronto series, 46% of re
cipients with B. cepacia in their pretransplant sputum died, 
whereas none of the recipients with only P. aeruginosa in their 
pretransplant sputum died of infection due to this organism post-
transplant'". One uncontrolled study has suggested an improved 
outcome for recipients with cystic fibrosis who undergo pretrans
plant maxillary sinus antrostomy with repeated sinus lavage with 
tobramycin""'. Other perform such procedures plus ethmoidec-
tomy only if clinically significant sinus infections occur in the 
post-transplant period. 

Although the prevalence of early and late episodes of bacterial 
pneumonia has decreased significantly since 1989, bacterial pneu
monia still occurs in 33% of lung recipients, each affected recipi
ent averages 1.7 episodes, and each at-risk recipient averages 0.56 
episodes of bacterial pneumonia (Table 5). Additionally, there is a 
relationship between the use of 'prophylactic" antibiotics and the 
development of antibiotic resistance^'^*. The use of clindamycin 
has also been implicated in the subsequent development of ente
rocolitis due to C. difficile*''. Bacterial pneumonia has been 

treated with culture-specific antibiotics for at least 2 and some
times up to 4 weeks, depending on the rate of clinical resolution. 
Additionally, the levels of immune suppression are reduced mod
estly. Usually, the target blood level of cyclosporin or tacrolimus 
is reduced by about 33%, azathioprine is held until clinical recov
ery is apparent, and the dose of corticosteroids is reduced to 
levels necessary to prevent a hypoadrenal state. 

The results from this treatment approach as assessed by mortal
ity have not changed over time. The mortality per episode 
(10-13%) and per affected recipient (20-23%) before and after 
1989 have not changed significantly (Table 5). Bacterial pneumo
nia remains a fairly lethal disease with a mortality of 12% per 
episode, 9% per at-risk recipient, and 22% per affected recipient. 
Thus, while this infection can usually be avoided, accurately diag
nosed and reliably treated in most recipients, there is room for 
new strategies both in prevention and in treatment. 

CYTOMEGALOVIRUS (CMV) 

Definition 

As in any host, CMV in LTx recipients is a pathogen with protean 
manifestations'" " . Nevertheless, clinical illness due to CMV can 
be defined by the presence of an infection, syndrome or disease, 
which may or may not be symptomatic. CMV infection has been 
defined by the presence of CMV in cultures obtained from any 
body site in the absence of symptoms and cytologic or histologic 
changes typical of CMV. CMV syndrome has been defined as a 
positive culture for CMV from any body site, plus symptoms 
typical of CMV infection, usually associated with leukopenia and 
>3% atypical lymphocytes in the peripheral blood smear, but 
without cytologic or histologic changes typical of CMV. CMV 
disease has been defined by the presence of a positive culture of 
CMV obtained from any body site plus the presence of intracellu
lar inclusions typical of CMV in cells or tissue obtained from any 
body site. Symptomatic CMV disease has included the findings 
associated with a CMV syndrome. In the following discussion, 
the few episodes (n=5) of CMV syndrome in the University of 
Pittsburgh experience have been included with the group with 
CMV disease, because these occurrences were treated as though 
disease was present. 

Prevalence 

Using these definitions the prevalence of CMV illness has been 
47%, with 169 episodes in 359 allografts in 350 recipients who 
survived ^ 1 4 days post-transplant at the University of Pittsburgh 
(Table 9). It has accounted for 14% of all infectious complica
tions, and has been the next most common pathogen encountered 
after bacteria (Table 3). CMV has been recovered as early as the 
first day post-transplant and has caused disease as early as 16 
days post-transplant. Mean and median occurrences were 48 and 
41 days post-transplant, respectively, before the use of ganci
clovir for prophylaxis. Because of the effectiveness of ganciclovir 
prophylaxis, CMV illness now occurs significantly later (p<0.001 
by Mann-Whitney) with a mean and median occurrence at 141 
and 131 days post-transplant, respectively, which is almost 
always after the prophylaxis has stopped. Nevertheless, CMV 
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Table 9 Effect of prophylaxis with ganciclovir or CMV-negative blood 
products on the prevalence of CMV illness after lung transplantation at 
the University of Pittsburgh 

Allografts at risk 

Infection 
Disease 

Pneumonia only 
Gastrointestinal only 
Disseminated 

Syndrome 

Illness (total) 
Infection/allograft 
Discase/allograft 
Illness/allograft 

No 

94 

16 

24 
3 
6 
0 

49 
17% 
35% 
52% 

Prophylaxis 

Yes 

265 

59 

41 
5 

10 
5 

120 
22% 
2 3 % * 
45% 

Total 

359 

75 

65 
8 

16 
5 

169 
2 1 % 
26% 
47%r 

' p = 0.0!^ compared ti> no prophylaxis by chi-squarc. 

illness is still usually an early infection, as 89% of all episodes 
have occurred in the first year post-transplant (Table 4). De-novo 
CMV pneumonia, however, has occurred as late as 2338 days 
post-transplant, and CMV infection has occurred as late as 1533 
days post-transplant. As it accounts for 6% (Table 4) of all infec
tions that have occurred >1 year post-transplant, CMV can never 
be excluded from the differential diagnosis, especially since treat
ment with ganciclovir is very safe and effective. 

Of the 169 episodes of CMV illness, 75 (44%) have been due to 
infection, 94 (46%) have been due to disease, and 15 resulted in 

death (Table lOA). The majority (84%) of the episodes of 
infection have occurred in seropositive recipients (R+). The 
majority (62%) of the episodes of disease have occurred when 
the donor was seropositive (D+). The majority (73%) of 
deaths have occurred in seronegative recipients (R-), especially 
when the allograft came from a seropositive donor (R-D+) (47%). 

Seronegative recipients who received lungs from seronegative 
donors (R-D-) have had the lowest risk of infection (6%), disease 
(16%) and illness (22%), but their risk of death from CMV has 
been significant (5%) (Table lOB). R-D-i- recipients have had the 
lowest risk of infection (4%) but the highest risk of disease (47%) 
and death from CMV (9%). R+D- recipients have had the highest 
risk of infection (38%) and the lowest risk of disease (17%) and 
death from CMV (<1%). R+D+ recipients have had an intermedi
ate risk of infection (29%) and disease (31%), but their risk of 
death from CMV has been low (1.3%). 

Episodes of CMV illness most likely represented disease when 
recipients were seronegative (R-) (at 72% for R-D-, and at 90% 
for R-D+ recipients) (Table IOC). These episodes were also more 
likely to result in death (19%) as compared to when the recipient 
was seropositive (R+) (2%). The majority (69%) of the episodes 
of CMV illness in R-i-D- recipients represented infection, whereas 
the likelihood of infection or disease was equal in R+D+ recipi
ents. This information is similar to that previously reported^' " . 
The sites of occurrence of CMV disease and infection have been 
biased by a tendency to evaluate the lung allograft more fre
quently and intensively compared to other organs. Nevertheless, 
the allograft has been the overwhelming primary site of CMV 
illness, with 85% of the episodes of CMV disease arising in the 

Table 10 Prevalence and severity of CMV illness by pretransplant recipient (R) and donor (D) serologic status for CMV at the University of Pittsburgh 

A: Number of at-

Serolo^ir status 

R - D -
R D+ 
R + D -
R+D+ 
Unknown 

Total 

H: Proportion of 

Seroloiiie status 

R - D -
R-D+ 
R + D -
R+D+ 
Unknown 

Total 

C: Proportion of 

Serologic status 

R - D -
R-D+ 
R + D -
R+D+ 

risk reel •pients and episodes of CMV infection. 

Recipients at risk 

82 
75 

107 
75 
20 

.\59 

at-risk recipients who experienced an . 

episode. 

Recipients at risk 

82 
75 

107 
75 
20 

359 

disease. 

Infection 

5 
4 

41 
22 

3 

75 

episode of. 

Infection 

6 
5 

38 
29 
15 

21 

Y of CMV illness that resulted in infection. 

Infection f%) 

5/18 1281 
4/39(10) 
41/59(69) 
22/45 (49) 

illness and deaths 

Disease 

13 
35 
18 
23 

5 

94 

due 

or died as a result of, CMV 

(%) Disease 

16 
47 
17 
31 
25 

26 

disease or death 

Disease (%) 

13/18(72) 
35/39 (90) 
18/59(31) 
23/45(51) 

to CMV 

illness 

' (%) 

Illness 

18 
39 
59 
45 

8 

169 

Illness (7,) 

22 
52 
55 
60 
40 

47 

Deaths {'it 

4/18(22) 
7/39(18) 
1/59(2) 
1/45(2) 

Deaths 

4 
7 
1 
1 

15 

Deaths i7f) 

5 
9 
1 
1 

10 

4 
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allograft either as isolated CMV pneumonitis (/j=65) or as part of 
a disseminated process (n=16) (Table 9). 

Clinical features 

Signs and symptoms of lung disease have ranged from none (with 
normal oxygenation and a normal chest radiograph) to fever, 
dyspnea, hypoxemia and diffuse radiographic infiltrates. Because 
the clinical presentation of CMV pneumonitis can be similar to 
that of acute rejection, these entities can be reliably distinguished 
from each other only by TBBx and BAL. In two instances, CMV 
pneumonitis has resulted in severe alveolar hemorrhage with 
hemoptysis. 

The organ next most likely to be involved has been the gas
trointestinal tract. In 8% of affected recipients the only site of 
disease has been in the colon and/or stomach. Another 17% of af
fected recipients also developed gastrointestinal disease as part of 
a disseminated illness. Symptoms associated with gastrointestinal 
disease have included anorexia, nausea, vomiting, weight loss, 
abdominal pain and/or diarrhea. 

In the vast majority, CMV disease has been a single event that 
appears to have established or re-established long-lasting immu
nity. However, recurrent CMV disease has occurred in six recipi
ents, one of which was due to ganciclovir resistance. In the other 
instances the recipient's immune system appears to have been 
unable to generate an effective immune response against this 
organism'". 

Detection and diagnosis 

Advances in detection and diagnosis have improved the prognosis 
of CMV infection after transplantation. The greater use of en
doscopy with biopsy of the allograft or the gastrointestinal tract 
has increased the rate of detection of CMV disease with minimal 
morbidity and no mortality to the recipient'^ Whereas conven
tional cultures on foreskin fibroblasts often required weeks to 
become positive, the shell vial assay and culture have allowed de
tection of virus antigen in 48 hours in the majority of specimens 
where a significant virus burden has been present''"^'. Cytologic 
examination of BAL cells for the detection of the typical cyto-
pathic effects of CMV has been a rapid and specific (but not sen
sitive) assay to detect CMV disease in cancer patients and in lung 
and bone marrow recipients' '^'. 

The significance of detecting CMV-specific pp65 protein by 
immunofluorescence with monoclonal antibodies on peripheral 
blood neutrophils and monocytes is being evaluated clinically*^*'. 
This protein appears to be associated with active virus replica
tion, which would indicate active CMV infection*''. The advan
tages of this assay are that it is quantitative, rapid, easy to 
perform, and sensitive and specific for CMV. In fact it appears to 
be more sensitive than the shell vial method for the detection of 
CMV in blood neutrophils*''. The clinical characteristics of the 
assay, however, are not quite as reliable (when compared to con
ventional culture) with a sensitivity of 87%, specificity of 92%, 
negative predictive value of 98%, and positive predictive value 
of 65%. Additionally, events in the allograft do not always mirror 
those in peripheral blood. CMV pneumonitis has been observed 
when the CMV pp65 antigen assay performed on peripheral blood 

leukocytes was negative (personal experience). Nevertheless, the 
assay has merit, and the correlation of its clinical characteristics 
(for the detection of CMV pp65 protein in BAL cells of lung re
cipients) with the presence of CMV infection and disease by con
ventional methods should be evaluated. 

The polymerase chain reaction to detect CMV has not gained 
wide acceptance because it is more complicated, expensive, and 
time-consuming compared to the methods discussed above***''. 
Additionally, the assay is probably too sensitive to be useful clini
cally because it appears to detect latent virus, which is usually not 
a concern clinically. 

Treatment 

Advances in treatment have also improved the prognosis of CMV 
disease after LTx. CMV disease has been treated with ganciclovir 
(5 mg/kg twice a day i.v.) for 2 full weeks with the dose adjusted 
for renal function. Compared to historical controls at the 
University of Pittsburgh, who received no therapy or only acy
clovir, this regimen has significantly reduced the mortality of 
CMV disease from 45% to 7%. 

Prevention 

Advances in prevention have been due to the use of: (a) CMV-
negative blood products for R - D - recipients and of (b) ganci
clovir in all other combinations of seropositive donors/recipients. 
These efforts occurred because CMV illness and disease had been 
a major source of morbidity post-LTx with a prevalence of 52% 
and 35%, respectively, in the absence of prophylaxis (Table 9) 
and because CMV appeared to increase the risk of allograft rejec-
{jof,56.7(v72 Gene products of CMV appear to block the ability of 
cyclosporin to inhibit interleukin-2 (IL-2) transcription^'. 
Restoration of IL-2 production despite the presence of cy
closporin could result in normal T cell function with resultant al
lograft rejection. With prophylaxis the prevalence of CMV 
disease has decreased significantly from 35% to 23% (Table 9). 

In R - D - recipients the use of CMV-negative blood products 
has significantly decreased the prevalence of CMV disease from 
75% to 9% (Table 11). Some CMV illness has continued to occur 
in this group, possibly because of false-negative CMV antibody 
titers in some allograft donors/recipients and/or blood donors. 
Three episodes of CMV disease occurred after retransplantation 
where large amounts of CMV-negative blood products were used. 

Table 11 EITecl of CMV-negative blood products on risk of primary 
CMV illness in seronegative donors and recipients at the University of 
Pittsburgh 

R-D-Recipienls 

Infection 
Disease 

Illness 

Unknown 

8 

0 
6(75%) 

6(75%) 

Bliiod product 

Nciiative 

74 

5 
7 (y%)*t 

12 (16*)! 

* InduiJes ihrcc rc-transplants. 
t p < 0.002 compared to CMV unknown blood products by chi-square. 
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It is likely that these episodes were transmitted from blood prod
ucts that were not obtained from truly CMV-negative donors. 
Perhaps ganciclovir prophylaxis should also be used in retrans-
plant R - D - situations. 

Since ganciclovir has been so effective in treating CMV 
disease, a variety of mostly ganciclovir-based regimens have been 
administered for variable periods of time post-transplant to at-risk 
recipients (i.e. seropositive donor and/or recipient) to try to 
prevent CMV disease'"*'''. Acyclovir (800 mg three times daily) 
from POD 7 to 90 in 11 recipients was compared to a short course 
of ganciclovir (5 mg/kg twice a day) from POD 5 to 19, followed 
by 5 mg/kg daily from POD 20 to 26, followed by acyclovir 
800 mg three times daily until POD 90 in 13 recipients'^ By 140 
days post-transplant the prevalence of CMV illness with acyclovir 
(91%) was similar to that of historical controls who received no 
prophylaxis. The ganciclovir-treated group, however, experienced 
significantly fewer episodes of CMV illness (38%) compared to 
the acyclovir-treated group. In a second study, ganciclovir (as ad
ministered in the previous study'^) was compared to a longer 
course of 5 mg/kg twice a day from POD 5 to 19 followed by 
5 mg/kg a day until POD 9 0 ' \ A significant advantage for the 
longer course of ganciclovir was observed for up to 1 year post-
transplant (50% vs 15%). However, when recipients were fol
lowed for 2 years post-transplant, no significant differences were 
observed between shorter and longer durations of ganciclovir pro
phylaxis due to additional episodes of CMV illness that occurred 
later in the longer-duration prophylaxis group (58% vs 42%). 

The effect of prophylaxis with ganciclovir as assessed by level 
of risk (defined by donor and recipient pretransplant serologic 
status for CMV) has also been evaluated'^''^. The highest-risk 
group of recipients are those at risk for primary infection (R-D+), 
and they have received the most intensive prophylaxis regimens 
(Table 12). The most aggressive regimen has been a 90-day 
course of ganciclovir at the University of Pittsburgh. The only 
effect of this regimen was to significantly delay the onset of CMV 
illness from a mean and median of 60 and 51 days post-transplant 

to 135 and 126 days post-transplant, respectively. It did not affect 
the location or severity of the disease that developed once the pro
phylaxis was stopped. When the data from all of the prophylaxis 
regimens from different centers are combined, the prevalence of 
CMV disease was not significantly different between the group 
that received some kind of prophylaxis (67%) compared to the 
group that received no prophylaxis (87%). Hence, no regimen has 
yet been demonstrated to adequately protect R-D+ recipients 
from CMV disease. 

In recipients at risk of CMV reactivation (R+), the following 
observations regarding prevalence and effect of prophylaxis can 
be made from the combined data from several centers''''"' (Table 
13). The overall prevalence of disease has been 25%, and this was 
significantly higher in R+D+ recipients (at 36%) compared to 
R+D- recipients (at 20%). The prevalence of CMV disease was: 
(a) 38% in the absence of prophylaxis and not significantly differ
ent in R+D+ recipients (46%) compared to R+D- recipients 
(21%); (b) significantly lower (22%) with any type of prophylaxis 
compared to those who received no prophylaxis (38%); and (c) 
significantly higher in R+D+ recipients (34%) compared to R+D-
recipients (20%) despite prophylaxis. 

At the University of Pittsburgh the prevalence of CMV disease 
in the 2 years following completion of a course of prophylaxis 
was 25% in R+ recipients who received one of three regimens 
that contained at least 2 weeks of ganciclovir (5 mg/kg twice 
daily) from POD 7 to 21. This was not significantly different from 
the prevalence of 31% in historical control recipients who re
ceived no prophylaxis. Compared to controls, all three regimens 
modestly decreased the prevalence of CMV disease in R+D+ re
cipients, and this achieved statistical significance for the R+D+ 
recipients who received ganciclovir for 90 days post-transplant 
(10% vs 63%). All regimens except acyclovir for 90 days in 
R+D- recipients significantly (p<0.05 by Mann-Whitney) 
delayed the emergence of CMV illness from a mean and median 
of 44 and 39 days without prophylaxis to 214 and 154 days post-
transplant with prophylaxis, respectively (data not shown). Thus. 

Table 12 Prevalence of CMV disease in R-D+ recipients with different prophylaxis regimens 

Kegimen 

Ganciclovir 

Acyclovir 

Immunoglobulin 

R-D+ recipients 

Disease 

Prevalence 

5/ L/mis^'' 

P O D 0 - * 14: 
5 mg/kg b.i.d. 

POD 15 -> Disease 
onset: 
600-2400 mg q.d. 

2 0 0 ^ 0 0 
mg/l(g per week for 
2-4 weeks 

8 

8 

100% 

Toronlo'^ 

n = 5 
P O D O - ^ 14: 
10 mg/kg q.d. 
POD 1 5 ^ 9 0 : 
5 mg/kg three 
times a week 

H = 2 
POD 0 ^ 90: 
2400 mg q.d. 

n = 11 
POD 7, 14: 
150 mg/kg 
POD 30, 45, 
60, 75, 90: 
100 mg/kg 

11 

6 

559r 

Newcastle'" 

None 

POD 0 ^ 90: 
600 mg q.d. 

POD 0 ,7 , 14, 
21 ,28 ,49 : 
100 mg/kg 

9 

5 

56% 

Seallle^'' 

P O D O ^ 14: 
5 mg/kg b.i.d. 
POD 1 5 - » 4 3 : 
5 mg/kg 
5 days/week 

None 

None 

6 

3 

50% 

Pill.tburgh 

POD 7 ^ 2 1 : 
5 mg/kg b.i.d. 
POD 22 -t 90: 
5 mg/kg q.d. 

None 

None 

22 

15 

68% 

Tola! R.x 

54 

36 

61% 

PiltshurgU 

None 

None 

None 

10 

8 

80% 

SI Louis^'' 

None 

None 

None 

5 

5 

100% 

Tolul No. R.X 

15 

13 

87% 
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any type of prophylaxis appears to confer some resistance to 
CMV disease, especially in R+D+ recipients. These recipients do 
have a significant risk of CMV disease (36%), although it is inter
mediate to that of R-D+ recipients (87%) and R+D- recipients 
(20%). The primary effect of prophylaxis in R+ recipients is to 
significantly delay the emergence of CMV illness. 

In summary, the use of CMV-negative blood products in R - D -
recipients is mandatory, and is the only prophylaxis necessary in 
this group (Table 11). In recipients at risk of reactivation infection 
(R+) and especially of primary infection (R-D+). no prophylaxis 
regimen has conclusively demonstrated a benefit in CMV disease 
prevention. All ganciclovir-based regimens, however, delay the 
emergence of CMV disease until after the greatest risk of acute 
rejection has passed. This is beneficial because acute rejection can 
be treated more aggressively when coexistent or emergent CMV 
disease is not a concern. Recipients can also cope better with the 
effects of CMV when they have more fully recovered from the 
non-specific effects of the transplant procedure (i.e. weakness, 
fatigue, anorexia, etc.). Ganciclovir as a single agent at a dose of 
5 mg/kg twice a day for 2 weeks followed by 5 mg/kg a day is re
markably effective at preventing CMV disea.se as long as it is ad
ministered daily. The problem arises when ganciclovir stops. 
Recently, oral ganciclovir has been demonstrated to be as 
efficacious as i.v. ganciclovir in preventing progression of CMV 
retinitis in AIDS patients*". Perhaps R-D+ recipients should 
receive lifelong prophylaxis with oral ganciclovir. 

FUNGAL INFECTION 

The prevalence of fungal infection in lung recipients has been 
15% at Stanford University*', 13% at the University of Toronto-, 
and 22% at Loyola University*-. At the University of Pittsburgh 
the prevalence of fungal infection has been 19%, with 68 infec
tions caused by 71 fungal organisms in 359 allografts in 350 re
cipients who survived ^ 1 4 days post-transplant (Tables 14 and 
15). Three infections have been due to two different types of 
fungi. A little more than one-third (38%) of these infections have 
been due to Candida species, and nearly half (45%) have been 
due to species oi Aspergillus. Fungal infection has accounted for 
6% (68/1173) of all infectious complications and has been equally 
likely to occur within the first year or >1 year post-transplant 
(Table 4). It has caused the failure of 22 allografts (11%); 14 fail
ures (64%) occurred within the first year post-transplant (Table 
2). These infections have occurred as early as 6 days and as late 
as 2917 days (6.5 years) post-transplant. As the median occur
rence is only 52 days post-tran.splant, the majority of these infec
tions have occurred early after transplantation. 

Prevalence 

The prevalence of fungal infection before the availability of 
fluconazole, itraconazole, or aerosol amphotericin for prophylaxis 
was 20% (with 37 infections in 185 at-risk recipients) (Table 15). 

Table 13 Prevalence of CMV disease in R-t- recipients with different prophylaxis regimens 

Retiimen St Umis^'' Tiiranlo Pillshurgh 

Ganciclovir None None 

Acyclovir None None None 

Imniunoglo- None None None 
bulin 

R+D+ 5 8 
recipients 
Disease (%) 1 (20) 5 (63) 

R + D - 24 
recipients 
Disease (%) .^(21) 

R+ 8 .i 32 
recipients 
Disease (%) 6 (60) 1 (20) 10(31) 

ToUll 
No. R.X 

None 

None 

None 

13 

6(46) 

24 

5(21) 

45 

17(38) 

Tiironld'^ 

n = b R+D+ 
6 R + D -
P O D O ^ 14; 
10 mg/kg q.d. 
POD 1 5 ^ 9 0 ; 
5 mg/kg 
three times 
a week 

H = 4 R+D+ 
6 R + D -
POD 0 -> yO: 
2400 mg q.d. 

n = 32 
POD 7, 14: 
150 mg/kg 
POD 30, 45, 
60, 75. 90; 
100 mg/kg 

10 

6 (60) 

22 

7 (32) 

32 

13(41) 

Newcastle^" Seullle^'' 

None 

POD 
0 ^ 9 0 : 
600 mg 
t|.d. 

16 

4(25) 

19 

1(5) 

35 

5(14) 

POD 0 -> i 
."i mg/kg b.i 

POD 15 -^ 
5 mg/kg 5 
day.s/week 

None 

None 

15 

5 (33) 

14; 
i.d. 

43; 

Piltshurgh 

POD 
7 ^ 2 1 ; 
5 mg/kg b.i.d. 

POD 
22 -^ 90; 
24(K) mg q.d. 

None 

7 

2(29) 

13 

2(15) 

20 

4 (20) 

Pillshu rgh Piushurf;h 

POD 
7 ^ 2 1 ; 
5 mg/kg 
b.i.d. 
POD 
22 -^ 50; 
5 mg/kg 
q.d. 

None 

None 

25 

10(40) 

22 

5 (23) 

47 

15(32) 

POD 
7 ^ 2 1 ; 
5 mg/kg b.i 

POD 
2 2 ^ 9 0 ; 
5 mg/kg 
q.d. 

None 

None 

10 

1 (lO)' 

19 

4 (21) 

29 

5(17) 

Tolal R.X 

i.d. 

6 8 " 

23(34) 

95 

19(20) 

I78 ' 

.W(22) 

Tolal Ml 

sr" 

29 (.36) 

119 

24 (201 

223 

56(25) 

';) < 0.05 compared lo none by chi-squarc. 
" p < i).i)5 compared lo R+D - recipients tiy elii-square. 
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Table 14 Etiologic agents and time of occurrence of fungal infections 
after lung transplantation at the University of Pittsburgh 

n (%) 

Etiologic isolciles 
Candida species 
Asperf>illu\ species 
Mucor 
Cryplococcus 
Phialophoni repens 
PseudaUt'Scheria species 
Tonilopsis 
Trichophylin 
Dactyiaiia f>allopuva 

Total 

Time of occurrence in da\s posl-lransplunt 
Mean ± 1 SD 
Median 
Range 

27 (38) 
32(45) 

1 
I 
1 
4 
3 
1 
1 

71 

371 ± 6 9 5 
52 
6-2917 

Table 15 Prevalence, site and mortality of fungus infections with or 
without prophylaxis at the University of Pittsburgh 

Recipients 
Infection sites 

Disseminated 
Lung 
Airwav 
Gl 
Brain 
Skin incision 
Mediastinum 
Pleura 
Aorta, pulmonary artery anastomosis 
Skin 
Breast 
Blood 

Mortality 

Prophy 

No (%) 

185 

13(35) 
13 
3 
0 
0 
1 
1 
2 
3 
0 
0 
1 

37 (20) 

18(10) 

'laxis 

Yes {'7c) 

165 

1 (3)-
10 
9 
2 

3 
1 
1 
2 

0 
1 
1 
0 

31 (19) 

7 (4) -

Tolal(%) 

350 

14 
23 
12 
2 
3 
2 
2 
4 
3 
1 
1 
1 

68(19) 

25(7) 

* p < 0.05 compared to no prophylaxis by chi-squarc. 

All of these infections, except one episode of septicemia and one 
infection in an incision, originated in the allograft. By the time of 
diagnosis, 35% of these infections had disseminated to other body 
sites, particularly within the thorax, such as the mediastinum 
(one), pleural space (two) and aortic anastomosis (three)". Fungal 
infection was highly lethal (49% mortality). Eleven (30%) of 
these infections were recognized only at autopsy. 

'Prophylaxis' and treatment 

It was noted, however, that the fungus culture of respiratory tract 
secretions (sputum or BAL) obtained within 2 weeks before a di
agnosis of a fungal infection was always positive whenever true 
infection was present («=8), and was always negative when infec
tion was absent (Table 16). Because of this observation, any 
fungal isolate from respiratory tract secretions has since been 
promptly treated with anti-fungal agents. If a culture from the 

airways of the donor or recipient contains Candida, fluconazole 
(400 mg orally or i.v. daily) has been administered until 4 weeks 
have elapsed since the last positive culture. If Aspergillus has 
been recovered, aerosol amphotericin (5-15 mg three times daily) 
and/or oral itraconazole (400-600 mg daily) have been adminis
tered. When the itraconazole blood level drawn 1-A hours after a 
dose had risen 3^8 /iig/ml, which was usually within 7-10 days, 
the amphotericin was usually discontinued. Itraconazole is contin
ued for 6-12 months after the last positive culture. When the risk 
of Aspergillus infection was high (i.e. symptoms present, abnor
mal chest radiograph. <POD 90 or chronic rejection present) or it 
was not possible to use itraconazole, these isolates have addition
ally usually been treated with i.v. amphotericin (<0.6 mg/kg per 
day) until the itraconazole blood level was therapeutic and/or the 
clinical outcome was improving. 

Since the introduction of this regimen, 31 infections due to 31 
fungal isolates have occurred in 165 at-risk recipients for a preva
lence of 19% (Table 15). The majority of these infections (68%) 
originated in the allograft, all but one infection was detected ante-
mortem, and only one infection (3%) disseminated to other body 
sites by the time of diagnosis. Seven (23%) were fatal. The nine 
airway infections included five episodes of ulcerative tracheo
bronchitis due to Aspergillus, and all were treated successfully"'. 

As compared to the era before prophylaxis, the prevalence of 
fungal infections has not changed (20% vs 19%), but the likeli
hood of dissemination has decreased significantly from 35% to 
3%, and the risk of death has decreased significantly from 10% to 
4%. This is particularly significant since the frequency of isola
tion of fungal organisms from the respiratory tract has increased, 
most probably due to the increasing use of 'prophylactic' antibac
terial antibiotics. Treating all fungal isolates from the allograft 
has resulted in many instances of treating contaminants, 
insignificant infection, and/or 'colonization' because the predic
tive value of a positive culture was only 16% (Table 16). 
Nevertheless, this approach appears to be justifiable because the 
mortality from this infection has decreased significantly, and this 
is most likely a consequence of this intervention. 

Relationship with obliterative bronchiolitis (chronic 
rejection) 

Just as with bacterial pneumonia and bronchitis that occur late 
after transplantation (Table 7), there also appears to be a relation
ship between late fungal infection in the allograft and chronic al
lograft rejection (Table 17). Luckily, only 8% of the recipients 

Table 16 Reliability of a fungus culture of respiratory secretions to 
detect fungus infections in lung recipients at the University of Pittsburgh 
in the pre-prophylaxis era 

Culture 

Positive 
Negative 

Sensitivity 
Specificity 
Positive predict 
Negative predic 

ive value 
live value 

Present 

8 
0 

100% 
92% 
16% 

100% 

Infection 

Absent 

41 
398 
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Table 17 Relationship of fungal infection in the allograft to chronic 
rejection (OR) in recipients who survived > 90 days or > 2 years 
post-transplant at the University of Pittsburgh 

f-'urii;iis infection 

CR+ 
CR-

Total 

Episode/recipienl 

Sunival > 90 tlays 

16/107 = 0.15 
8/134 = 0.04 

24/291 =0.08 

Sun'iviil > 2 years' 

6/78 = 0.08 
2/75 = 0.03 

8/155 = 0.05 

who survived >90 days and 5% of the recipients who survived >2 
years have developed fungus infection in the allograft. However, 
66% of the fungal infections that developed >90 days post-trans
plant and 75% of those that developed >2 years post-transplant 
occurred in recipients with OB. The infection rate was three to 
four times greater in recipients with OB (0.08-0.15 for OB+ 
versus 0.03-0.04 for OB- recipients). This relationship between 
OB and increased risk of fungal infection may be due to: (a) a 
direct effect of an inability of airways damaged by OB to clear 
inhaled fungal spores, (b) an indirect effect of the increased use of 
antibacterial antibiotics used to treat the airway bacterial infec
tion that is also associated with OB, or (c) the use of augmented 
immunosuppression to treat OB. Thus, any fungal infection in the 
allograft >90 days post-transplant should raise a suspicion that 
OB is also present. 

PNEUMOCYSTIS INFECTION 

The overall prevalence of this infection in patients who survived 
>2 weeks post-LTx has been low at 8% (Table 18). Its prevalence 
before prophylaxis was employed was 7 !%''•'. Its prevalence with 
prophylaxis with either (a) one single-strength trimethoprim-
sulfamethoxazole tablet twice or three times per week or (b) 
dapsone 100 mg orally three times per week for recipients who 
are allergic to or intolerant of sulfonamides has decreased 
significantly to 4%. An episode of infection has almost always 
been associated with non-compliance with prophylaxis. 

The majority (69%) of these infections have been detected by 
surveillance BAL procedures in asymptomatic recipients. Clinical 
pneumonia occurred in seven cases (20%), and the infection was 
subclinical in four (11%). This infection has occurred as early as 
POD 13 and at any time thereafter. With mean and median occur
rences of 433 and 166 days post-transplant, respectively, most 
infections (?i=25) have occurred within the first year post-
transplant. 

Table IS Prevalence of Pneumocystis (PCP) infection with and without 
prophylaxis after lung transplantation at the University of Pittsburgh 

Prophylaxis 

No 

Recipients at risk 21 
Recipients with PCP 15(71%) 
Infections 19 

Yes 

338 
14(4%)' 
16 

Total 

359 
29 (8%) 
35 

' p < O.IKK)! compared to no prophylaxis by chi-square. 

EPSTEIN-BARR VIRUS (EBV)-INDUCED 
LYMPHOPROLIFERATIVE DISEASE (PTLD) 

The prevalence of this infection has been 4% at Papworth 
Hospital with three infections in 67 heart-lung transplant recipi
ents"''. It has been 7% at the University of Pittsburgh with 22 in
fections in 325 recipients who survived >30 days post-
transplant'*''**". Eleven episodes (50%) occurred 43-120 days 
post-transplant and 17 (77%) within the first year. Five recipients 
developed PTLD after the first year. Where serology for EBV 
from both donor and recipient was available, six infections oc
curred in R-D+ recipients (27%), two infections occurred in 
R+D+ recipients (9%), and one infection occurred on POD 554 in 
a R - D - recipient. Three R-D-i- recipients have never developed 
PTLD. The initial site of involvement was the allograft in 16 
(73%) recipients, lymph nodes in two recipients, the gastrointesti
nal tract in three, and the brain in one. PTLD disseminated to 
multiple organs in six recipients. 

The first affected recipient was treated with chemotherapy and 
died 45 days later from bacterial sepsis from a bowel perforation 
secondary to a regressing focus of PTLD. The autopsy revealed 
persistent disseminated PTLD and disseminated Cryptococcus in
fection. The initial treatment for all other affected recipients has 
been a major reduction in immunosuppression (by withdrawal of 
corticosteroids and azathioprine and an approximate 75% reduc
tion in the dose of cyclosporin or tacrolimus) until clear evidence 
of regression was present"''. Thirteen patients (59%) achieved a 
remission of all clinically evident disease although, of these, one 
subsequently developed recurrent PTLD, one died of bacterial 
pneumonia, and six developed OB which was fatal in four. Thus, 
there are five remaining recipients (24%) treated only with a tem
porary reduction in immune suppression, who are without PTLD 
or other complications. 

The PTLD did not remit with decreased immunosuppression in 
eight recipients. One received no further therapy and died of bac
terial pneumonia and disseminated PTLD. A second died immedi
ately after retransplantation. Three were treated with alpha-
interferon'"'. The PTLD remitted in two, but one of these devel
oped severe acute rejection which necessitated retransplantation, 
and OB developed in the second allograft. One recipient did not 
respond to alpha-interferon and was retransplanted without 
further sequelae. Three recipients received radiotherapy for what 
was thought to be localized disease. These died from (a) dissemi
nated PTLD and bacterial sepsis, (b) disseminsited Aspergillus in
fection after chemotherapy for disseminated PTLD (PTLD was 
not found at autopsy), and (c) OB (PTLD was localized and did 
remit after radiation therapy) respectively. Overall, the mortality 
has been 50% but that due directly to PTLD has been 23%. 

Thus, PTLD occurs in about 4-7% of LTx recipients usually 
(a) in the first 120 days post-transplant, (b) in recipients at risk of 
primary infection, and (c) with the allograft being the initial site 
of involvement. While remission can be achieved in most with 
decreased immunosuppression alone, morbidity and mortality are 
significant. 

OTHER VIRUSES 

Lung recipients are at risk for significant infection with herpes 
simplex virus (HSV). The prevalence of this infection at 
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Papworth Hospital has been 18% with six episodes of pneumoni
tis, one of which was fatal". However, acyclovir effectively pre
vents serious HSV infection. At the University of Pittsburgh no 
HSV infections have occurred in seronegative recipients who re
ceived an allograft from a seropositive donor (R-D+) when 
treated with acyclovir (400 mg orally three times daily for the first 
3 months). Some episodes of mucocutaneous infection due to 
HSV have occurred after prophylaxis has stopped. 

At the University of Minnesota the prevalence of infection with 
the paramyxoviruses, parainfluenza (PIV), and respiratory syncy
tial virus (RSV), has been 21%, with 19 infections in 18 of 85 at-
risk recipients'^. All were associated with signs and symptoms of 
lower respiratory tract involvement, and nine were also associ
ated with signs and symptoms of upper respiratory tract infection. 
Nine infections (11%) were due to RSV. Only one RSV infection 
was associated with a transient but significant decline in spirome
try, and one untreated RSV infection was fatal. RSV infections 
were seasonal - all occurred between January and June with the 
peak incidence in February. Ten infections (12%) were due to 
PIV, five of which were associated with a significant decline in 
spirometry. There was no seasonality associated with this infec
tion. Fourteen infections were treated with ribavirin, which was 
tolerated by all and efficacious in most patients. 

A few episodes of infection due to adenovirus, influenza, and 
Coxsackie virus'-^ have been reported. At the University of 
Pittsburgh, four of five infections with adenovirus were fatal. All 
other infections of these types have resolved without specific 
treatment. 

MYCOBACTERIA 

Candidates for LTx should receive intradermal skin tests to PPD, 
Candida and mumps, but the appropriate response to a positive 
PPD pretransplant is not clear. The practice at the University of 
Pittsburgh has been to treat those who react to PPD with isoniazid 
(INH) for 1 year before and 1 year after LTx. Infections due to 
Mycobacterium tuberculosis have been rare at all centers. Only 
eight cases have been reported'*'* •** and all have involved the allo
graft between 2 and 20 months post-transplantation. Infections 
isolated to the allograft have all been treated successfully, but two 
disseminated infections were fatal. The prevalence of M. tubercu
losis infection at the University of Pittsburgh has been <I%, with 
only one infection in 299 recipients who survived >60 days post-
transplant. This single episode occurred in a single-lung recipient 
who developed pulmonary and pleural tuberculosis from a pan-
sensitive isolate 64 days post-transplant, while receiving INH pro
phylaxis for a positive pretransplant intradermal PPD skin test. 
The diagnosis was made by recovery of the organism in two se
quential BAL specimens separated in time by 2 months. 
Remission was achieved by eliminating azathioprine, lowering 
the doses of corticosteroids and tacrolimus, and treating the infec
tion with INH, pyrazinamide (PZA), and ethambutol for 1 year. 
(Rifampin was not used, because of the difficulty of maintaining 
adequate blood levels of cyclosporin or tacrolimus with its con
current use.) Remission has continued for >1 year without antitu
berculosis therapy. One further double-lung recipient with 
unsuspected M. tuberculosis in the native lungs had no recurrence 
post-transplant after treatment with INH and PZA (for 4 months) 
followed by INH and ethambutol (for 8 additional months). 

Atypical mycobacteria have been isolated in several instances 
from BAL specimens in asymptomatic recipients at the 
University of Pittsburgh. Treatment has been withheld and no re
cipient has developed disease. M. chelonae infection, however, 
has occurred in a heart-lung recipient about 6 months post-trans
plant'^. This recipient developed OB 2 months after the organism 
was isolated, and died 2 months later from OB and persistence of 
infection, despite the aggressive use of appropriate antibiotics. 
Thus, infection with atypical mycobacteria is a rare but possible 
event. 

INFECTION IN THE NATIVE LUNG 

After single LTx a diseased native lung is left in proximity to the 
allograft. When this lung becomes infected, the infection can be 
transmitted to the allograft or systemically. Infections in the re
maining native lung due to Pseudomonas, Nocardia and espe
cially Aspergillus have occurred and some have been transmitted 
to the allograft. The principles of treatment of these infections 
include a reduction in immunosuppression, administration of ap
propriate antibacterial or antifungal therapy, and consideration of 
surgical resection of the infected native lung'**''. With the in
creasing popularity of single LTx, infection arising in the native 
lung and transmitted to the allograft will be a more frequent 
occurrence. 

INFECTION TRANSMITTED FROM THE DONOR LUNG 

The observation that the presence of bacteria in the airways of the 
donor lung at the time of transplantation was significantly associ
ated with early bacterial infection in the allograft led to the 
concept that the donor could transmit infection to the recipient'^ 
This was subsequently demonstrated in a canine model'^. While 
inocula into the lung of lO'' colony-forming units (cfu) of 
Streptococcus pneumoniae did not cause pneumonia in normal or 
even immunosuppressed dogs, inocula of only 10' cfu given to 
donors resulted in pneumonia in all recipients. Thus, a minimally 
infected donor lung appears to be very susceptible to the subse
quent development of bacterial pneumonia in the immunosup
pressed recipient. In the canine model, treatment of infected 
donors with antibiotics prevented pneumonia from occurring in 
the recipients. In the human situation, broad-spectrum antibiotics 
are begun preoperativeiy and adjusted postoperatively according 
to the results of cultures taken from the airways of the donor at 
the time of transplantation. This is the most likely reason for the 
marked decrease in the prevalence of early bacterial pneumonia at 
the University of Pittsburgh (Table 6) and for the low rate of early 
infection at Papworth Hospital, where only two of 19 early infec
tions in 125 heart-lung recipients (2%) were felt to be donor-
acquired"*. It is also suspected that fungi in the airways of the 
donor carry a high risk of causing fungal infection in the recipi
ent. Hence, such isolates are commonly 'prophylactically' treated. 

In this era where CMV-negative blood products are employed 
with any seronegative recipient (R-), it is evident that allografts 
from CMV-seropositive donors (D-i-) very effectively transmit 
CMV disease to the recipient (Table 12). In fact, prevention of 
this transfer from the donor is a challenge yet to be solved. It also 
appears that the majority of the episodes of EBV-induced PTLD 
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that occur as a consequence of primary infection result from 
transmission of EBV virus from the donor lung to the recipient. 
Preventing or ameliorating this transfer is another challenge for 
the future. As has been demonstrated for tuberculosis'̂ "*, the donor 
is probably capable of transmitting any type of infection to the 
recipient, including hepatitis C and the human immunodeficiency 

COMMENT 

Although infection as a cause of morbidity (Table 3) and mortal
ity (Table 1) has decreased significantly, it remains the primary 
cause of morbidity and mortality after LTx. The advances that are 
responsible for the decline in the toll exacted by infection include 
the use of: (a) antibacterial and antifungal agents to treat organ
isms in the airway of the donor at the time of transplantation and 
when OB is present, (b) CMV-negative blood products when the 
donor and recipient are seronegative (R-D-), (c) ganciclovir to 
treat CMV disease, (d) ganciclovir for at least 2 weeks post-
transplant when the recipient is seropositive (R+), (e) antifungal 
agents when fungi are recovered from the allograft, (f) trimetho
prim-sulfamethoxazole or other agents to prevent Pneumocystis 
infection, (g) frequent bronchoscopy with BAL and TBBx to 
assess the allograft'^-*\ and (h) fewer empiric pulses of aug
mented immunosuppression to treat clinical rejection. The im
provement in survival after LTx over the past decade has been 
largely due to the advances made in the control of infection. 

Challenges still remain! As the current trend is of increasing 
immunosuppression to try to prevent or ameliorate acute rejec
tion, and thus try to prevent the subsequent development of OB^-, 
our challenge will be to prevent an upsurge in post-transplant in
fections. The optimum regimens (a) to prevent and treat bacterial 
and fungal infections, (b) to prevent CMV disease in R-D+ recip
ients, and (c) to prevent EBV-induced PTLD are still to be dis
covered. The current approach of treating so many bacterial and 
fungal isolates is not cost-effective in today's environment of cost 
containment, and may well promote the development of antibi
otic resistance. Thus, although much has been accomplished, 
much remains to be done to minimize the morbidity and mortality 
related to infection after lung transplantation. 
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