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Introduction 

Infections continue to be a major cause of morbidity and mortality in 
cardiac transplant patients (Stinson et al,, 1971; Griffith et al., 1982). In the 
past 10 years, major advances have been made in the immunosuppressive 
therapy of organ rejection with the development of such drugs as 
cyclosporin and specific antilymphocyte monoclonal antibodies. In spite 
of these advances, infectious complications remain a potentially 
life-threatening problem for cardiac transplant recipients. Since 1982, we 
have performed 192 cardiac transplants at Texas Heart Institute and St. 
Luke’s Episcopal Hospital in Houston, Texas. With this experience, we 
have been able to define a distinctive pattern to the infectious complications 
seen in cardiac transplant patients. During the first month following 
transplantation, common nosocomial infections, such as pneumonia, wound 
infection or bacteraemia, occur almost exclusively as the serious infectious 
complications. After the first post-transplant month, nosocomial infections 
become much less frequent and opportunistic infections replace them as the 
major infection problem. Fortunately, cardiac transplant patients who 
survive for more than 1 year can expect infrequent infectious complications 
of either type. 

Early post-transplant infections 

Noscomial infections occurring in the early post-transplant period are 
essentially identical to those common to any cardiovascular surgery patient 
during the postoperative recovery period. In our experience, bacteraemia is 
the most common nosocomial infection. (Table I) There have been 35 
episodes of bacteraemia in our transplant patients, of which 20 (57%) were 
directly related to the presence of indwelling vascular access catheters. Also 
shown in Table I are the bacterial species and the strong association beween 
bacteraemia and IV catheters. The critically-ill nature of these patients, and 
the need for multiple IV and pressure monitoring lines, make careful 
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attention to these lines imperative to the prevention of catheter sepsis. 
Rigidly aseptic technique must be utilized when inserting these catheters, 
especially central venous lines, and meticulous care of skin sites by the 
nursing service should be a religious ritual for these patients. We strive to 
replace all existing lines at least every 7 days to further decrease the 
possibility of catheter sepsis. 

Table I. Nosocomial bacteraemias in cardiac transplant patients 

Microorganisms 

Gram-positive 
Staphylococcus awe-us 
Other Staphylococcus spp.* 
Micrococcus 
Group D Streptococcus 
Streptococcus viridans 
Streptococcus pneumoniae 
Listeria monocytogenes 

Gram-negative 
Pseudomonas aeruginosa 
Enterobacter spp. 
Serratia liquefaciens 
Escherichia coli 

Fungi 
Candida albicans 
C. glabrata 

Anaerobes 
Bacteroides spp. 

*S. epidermidis; S. capitis. 

Site of positive cultures 

Blood only Catheter + Blood 
N=35 N=20 

78 
2 
9 
1 

: 0 
2 1 

: i 

2 1 

: i 
0 1 

i : 

1 0 

In addition, bacteraemia has been associated with non-catheter causes, 
such as pneumonia, wound infection and urinary-tract infection. Unlike the 
earlier transplant experiences, where profound neutropenia was always 
associated with therapy for graft rejection, using our current 
immunosuppression regimens neutropenia is uncommon. In fact, of our 
192 patients to date, we have seen only one case where we suspected a 
“spontaneous bacteraemia” because of neutropenia in a transplant patient 
who had received large doses of azathioprine as part of his 
immunosuppressive regimen. 

As is common with all seriously ill hospitalized patients, urinary-tract 
infections occur in heart transplant recipients, because it is necessary to use 
indwelling bladder catheters. The organisms isolated were mainly 
Gram-negative bacilli e.g. Escherichia coli, Pseudomonas aeruginosa 
Enterobacter cloacae, Proteus spp. and Serratia spp. There have been 19 
patients with urinary-tract infections, of which 10 are felt to be secondary to 
an indwelling catheter. Again, meticulous attention to the sterile technique 
of insertion, and meticulous care in maintaining the catheter, is essential to 
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controlling the urinary-tract infection rate. We use only short-term 
indwelling bladder catheters postoperatively, and in most instances these 
are removed within 48-72 h after transplant surgery. 

There is a second group of patients worthy of mention, who have a unique 
pattern of urinary tract infections. All are men, all have frequently relapsing 
urinary-tract infection, and careful urological evaluation reveals a chronic 
prostatic infection as the source for the urinary-tract infection. 
Streptococcus faecalis and coagulase-negative Staphylococcus spp. are the 
most common pathogens. These are frequently very difficult to eradicate, 
and it has been our experience that a 4-6 week course of an antibiotic which 
penetrates well into the prostate is the only effective cure. 

As with all surgical patients, wound infections consistently occur. In 
cardiac transplantation patients the midline sternotomy incision is the 
major source for wound infection. We have seen 11 sternal wound infections 
and five other miscellaneous wound site infections. Although multiple 
Gram-negative organisms such as P. aeruginosa or E. cloacae are frequently 
isolated, S. aureus has consistently been the most common etiology. Midline 
sternotomy wound infections tend to be more severe in transplant patients, 
probably because of both the use of corticosteroids to prevent rejection and 
a higher incidence of mediastinal involvement, especially in patients whose 
postoperative course involves re-operation. Often these infections are 
difficult to eradicate, and may require a combination of surgical 
debridement and long-term parenteral antibiotic therapy. 
Methicillin-resistant S. aureus (MRSA) was present in three cases and was 
particularly difficult to eradicate. In fact, one patient expired from 
complications of MRSA infections in the sternum and mediastinum, 
despite a triple antibiotic drug therapy regimen, all of which had good 
in-vitro activity against the strain. 

Pneumonia is a particularly common complication in cardiac transplant 
patients (Remington et al., 1972), and it is thought to be related to both the 
intimate association of the cardiac and pulmonary system plus the need for 
prolonged or recurrent endotracheal intubation. Seventeen patients in our 
series have developed nosocomial pneumonias. These usually occurred 
during the immediate postoperative period, and were associated with 
prolonged endotracheal intubation. We are also convinced that 
reintubation, operation for mediastinal bleeding, and other surgical 
complications are accompanied by a higher incidence of postoperative 
pneumonia, especially if patients are housed in our intensive care centres 
where tracheal colonization is more likely to occur. Our pneumonias have 
been caused by S. aureus, P. aeruginosa, 23. coli and Enterobacter spp., all 
being common nosocomial strains in our critical areas. 

Legionnaires’ disease is the most common bacterial opportunistic 
pneumonia we encounter in our cardiac transplant patients. We have 
diagnosed 11 cases of Legionnaires’ disease in our 192 patients. These most 
frequently present with lobar pneumonia and marked peripheral blood 
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leucocytosis. In immunocompromised hosts, nodular infiltrates have been 
reported in legionella infections (Beaty, 1984), and this has also been the 
case with our cardiac transplant patients. These patients all respond readily 
to IV followed by oral erythromycin therapy, and we treat them for a 
minimum of 3 weeks. There have been confirmed reports documenting 
legionella as significant environmentally-acquired infections (Beaty, 1984). 
Since the first case in one of our heart transplant recipients, we have done 
extensive environmental investigations searching for a hospital source 
without any success. We are concerned that a form of reactivation of a latent 
infection may be a likely cause of pulmonary infection. Studies are 
underway to test this hypothesis; however, in any case of Legionnaires 
disease in an immunocompromised host, an environmental source must be 
excluded. 

Early in our transplantation experience, we encountered an unusually 
high incidence of postoperative empyemas. Seven of our patients developed 
empyema, all associated with prolonged tube thorocostomy drainage. Four 
cases were caused by E. cloacae which was resistant to cefamandole, the 
routine surgical prophylaxis regimen being used at that time. In all four 
cases, the prophylaxis not only was ineffective against the E. cloacae, but 
antibiotic therapy was discontinued several days before chest tubes were 
removed. Subsequently, we changed our prophylactic regimen to 
cefotaxime, a broader spectrum antibiotic, and in addition we continued 
antibiotic therapy until the tube thorocostomy was removed, usually 48-72 
h after surgery. With these changes empyema essentially disappeared as a 
significant complication. Although our changes were effective, we realize 
the importance of adjusting antibiotic prophylaxis to be effective against 
pathogens which are common to the critical care areas of the individual 
institutions, as the flora may vary substantially between institutions. 

Late post-transplant infections 

After the first month post-cardiac transplantation, nosocomial bacterial 
infections become less common and opportunistic pathogens cause the 
majority of infections. Viruses are the most common cause of opportunistic 
infections, and the Herpes family of viruses leads the list. Our experiences 
with viral opportunistic infections can be seen in Table II. Mucocutaneous 
Herpes simplex, most often involving the oropharyngeal mucous 
membranes, is very common. Occasionally, recurrent genital Herpes simplex 
infections will occur, yet both respond readily to oral acyclovir treatment. 
As noted in Table II, we have had only two cases of disseminated Herpes 
simplex, and both infections were successfully treated with intravenous 
acyclovir. The majority of the cases of Herpes simplex infections are 
recurrent infections, as confirmed by positive herpes serology prior to 
transplantation. 

Varicella-Zoster virus (VZV) infections are less common than Herpes 
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simplex infections. We have seen a total of 11 cases in our series, nine were 
localized and two were disseminated (Table II). This infection in the 
transplant patients tends to be :more persistent, when compared to Herpes 
simplex infections, and, unfortunately, there is an increased incidence of 
post-herpetic neuralgia when compared to the experiences with other 
normal hosts (Gallagher & Merigan, 1979). Unfortunately, such infections 
do not respond as well to acyclovir therapy as do the more common Herpes 
simplex infections, and we have not been impressed that acyclovir treatment 
even early in the course of infection will decrease the incidence of 
post-herpetic neuralgia. 

Table II. Opportunistic viral infections in cardiac transplant patients 

Herpes simplex 
Disseminated 
Local 

Herpes Zoster 
Disseminated 
Local 

Cytomegalovirus 
Disseminated 
Local 

53 
2 

51 
11 
2 

369 
16 
20 

The most serious viral infections in the cardiac transplant patient, in 
terms of morbidity and mortality, are those caused by cytomegalovirus 
(CMV). CMV may cause a primary infection, or it may present as a 
reactivation infection (Pollard et al., 1982; Dummer et al., 1985). Primary 
post-transplant CMV infection occurs when the host has no previous 
exposure to CMV, and acquires the infection usually immediately 
post-transplantation. This may result from the patient receiving 
contaminated blood products, or may be transmitted in an infected donor 
heart (Rubin et al., 1984; Chou, 1987). Patients with primary CMV 
infections tend to have more severe symptoms, whereas patients with 
reactivation disease or CMV prior to transplantation often have mild or 
even inapparent clinical symptoms (Pollard et al., 1982). 

As indicated in Table II, in our series there have been 36 cases of CMV 
infection. The majority have been disseminated, to the pulmonary, 
gastrointestinal, or central nervous systems. Seven of these cases were 
considered severe enough to warrant treatment with the experimental 
antiviral agent Ganciclovir (Syntex Research, Palo Alto, California). Two of 
the patients died of disseminated infection before this drug was available. 
None of the patients treated with Ganciclovir have died of uncontrolled 
CMV infection. 

It appears that primary CMV infection is associated with a significantly 
greater morbidity and mortality than reactivation. For this reason, it is 
important to prevent primary CMV infections. As part of our routine 
pre-operative evaluation, all patients are screened by serological testing for 
exposure to CMV. Those patients who have positive serology 
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pre-operatively are considered to have a lower risk for developing active 
CMV infection. Those who have not been exposed to CMV pre-operatively 
are given screened blood which has been found to be free of CMV antibody. 
Unfortunately, CMV transmission from the allograft organ has been 
reported (Rubin et al., 1984; Chou, 1987) and although it is difficult to 
prove, we are certain that several of our primary disseminated infections 
occurred in this way. As routine preoperative screening of the donors in 
cardiac transplant patients is not feasible, we have screened the donor serum 
for CMV exposure post-transplantation. Those seronegative recipients who 
receive a heart from a seropositive donor are tagged as high-risk patients for 
development of clinically active CMV infections. 

The majority of our patients (27) had positive serology at the time of 
transplantation, and nearly one-half developed disseminated infection; 
however, only two required antiviral treatment, and only one of those died. 
In contrast, five of nine patients with negative pre-transplant serology 
developed dissemination, of which four required treatment and two died. 
The two deaths in our series may have been associated with an unfortunate 
delay between the onset of diagnostic signs and symptoms of disseminated 
CMV infection, positive cultures and the initiation of ganciclovir. 

Although candida infections are the most common of the opportunistic 
fungal infections, aspergillosis remains the most lethal nosocomial infection 
(Table III). N one of the 16 patients with significant candida infections have 
died, despite the fact that disseminated infection, including biopsy-proven 
heart and great vessel wall infection occurred. In contrast, there have been 
nine cases of pulmonary and/or disseminated aspergillus infections, and 
seven of them died as a result of disseminated aspergillosis, despite at least 
minimal therapy with amphotericin B. Our only two survivors, both of 
whom had evidence of disseminated infection, received liposomal 
Amphotericin B (Gentry & Zeluff, 1985). 

Table III. Fungal infections and parasitic in the cardiac transplant patients 

Candida spp. 
Aspergillus spp. 
Trichosporon spp. 
Cryptococcus 

N=27 N=31 

16 Pneumocystis carinii 25 
9 Toxoplasma gondii 5 

Leishmania mexicana 1 
: 

Because aspergillus is an ubiquitous organism in the environment, most 
outbreaks in immunocomprised hosts have occurred as a result of an 
environmental source (Aisner et al., 1976). Air ventilation systems are a 
very common source of aerosolized aspergillus species. All of the early cases 
of aspergillus infection in our transplantation patients occurred during 
periods of construction or renovation in the hospital. We are convinced that 
it is important to microfilter the air source in the environment of cardiac 
transplant patients who are severely immunosuppressed due to rejection 
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therapy, especially during times of construction. Two other fungal 
infections (Table III), trichosporon and crytococcus, chronic yet 
conrollable problems in our series, have both required intermittent 
suppressive antifungal therapy. 

Of the protozoan infections, Pneumocystis carinii and Toxoplasma gondii 
have been the most significant pathogens in cardiac transplant recipients. As 
verified in Table I I I, Pneumocystis carinii is the most common opportunistic 
pneumonia (Gentry & Zeluff, 1985). This is an unusual human infection, 
the life-cycle of which is totally unknown, making infection control 
measures literally impossible. The only apparent method of preventing it 
has been with the use of prophylactic antibiotics, and although we have not 
reached a consensus regarding the use of chronic prophylactic 
trimethroprimsulfamethoxazole, the data are encouraging (Hughes et al., 
1977). 

Toxoplasma gondii is also a common but benign pathogen in the normal 
human host. In the immunocompromised cardiac transplant patient not 
previously exposed to toxoplasmosis, there is the potential for transmission 
when the allograft organ is infected (Rose et al., 1983). This problem is 
similar to that seen in CMC infection, in that the heart perhaps is a more 
effective transmitter of Toxoplasmii gondii than CMV. Like CMV, there is 
an attempt to screen recipients by serology for prior toxoplasma exposure. 
If the recipient is seronegative, then the donor’s serum is screened. If the 
donor’s serum is seropositive, there is evidence that prophylactic therapy 
may be helpful (Haim et al., 1986). 

Finally, as shown in Table III, another parasite, Leishmania mexicana, 
common in our state, has been encountered as a chronic skin infection. We 
failed to diagnose the aetiology of this skin infection for several weeks, until 
multiple biopsies had been performed. Our recent experience with this case 
emphasizes the constant need to be alert, suspicious and uneasy with the 
transplant patient whose clinical syndromes are atypical, yet whose working 
diagnosis is that of a common malady with atypical features. 

In summary, cardiac transplantation has now become an accepted 
therapeutic modality for end-stage heart disease. Although there have been 
important milestones in the immunosuppression currently being utilized, 
altered immunity still presents problems to the patient, all of which enhance 
both common nosocomial and the rarer opportunistic infections. It is only 
by sharing experiences that our goals of prolonged post-transplant survival 
with fewer infectious complications can be achieved. 
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