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Summary 

Pulmonary aspergillosis following bone marrow transplantation carries a mortality of 
94%, irrespective of current treatment. We treated a patient who had acquired 
aspergillosis some 8o days after allogeneic bone marrow transplantation, with oral 
itraconazole, 600 mg daily. After initial deterioration, clinical and radiographic 
resolution occurred during 3 months of therapy despite severe graft-vs.-host and 
cytomegalovirus disease. Itraconazole should be considered for therapy of pulmonary 
aspergillosis in this and other immunocompromised settings. 

Introduction 

Bone marrow transplantat ion ( B M T )  complicated by  pulmonary  aspergillosis 
carries a particularly poor  prognosis.  1 Only four survivors are recorded in the 
literature. 2-4 It occurs both  before, bu t  more  frequent ly after, resolution of  
neutropenia  and after discharge from hospital. Three  of  the four survivors had 
lobectomies,2.3 in addit ion to amphoter icin B. Al though many patients have 
died with little or no therapy so that the diagnosis was made at autopsy,  at least 
15 have received a min imum of 14 days t reatment  with amphoter icin B, 
usually be tween  o'5 and I.o m g / k g / d a y ,  all with a fatal o u t c o m e )  Aspergillus 
sp. infection at sites other  than the lung, such as the sinuses, al though severe 
may not  carry quite  the same high mortality.  6 

Itraconazole is an investigational triazole that has considerable activity 
against Aspergillus species in vitro, 5 in animal models  5 and in patients with 
invasive aspergillosis. 7 T h e  synergistic renal toxicity of  amphotericin B and 
cyclosporin in transplant  hosts limits the amount  of  amphoter icin B that can 
be given to these patients. 8 The  encouraging results of  high dose (I m g / k g /  
day) amphoter ic in  B therapy of  neutropenic  patients (with or wi thout  
flucytosine) 9-n are probably  impossible to match in those treated with 
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cyclosporin without significant loss of renal function. Extensive toxicity data 
indicate that itraconazole has no nephrotoxic properties. 12 With this 
background we chose to administer itraconazole to an allogeneic BMT 
recipient with bilateral pulmonary aspergillosis and renal insufficiency. No 
previous reports of the success of itraconazole in this setting have been 
published. 

Case report 

A 43-year-old 48 kg woman with a myelodysplastic syndrome (refractory 
anaemia with excess blasts in transition) underwent allogeneic bone marrow 
transplantation on 5 January 1989 at Stanford University Medical Center. 
The donor was her HLA-identical ABO-mismatched sister. The preparatory 
regimen before transplantation consisted of high-dose busulfan followed by 
cyclophosphamide. Cyclosporin and methylprednisolone were given for graft- 
vs.-host disease (GVHD) prophylaxis. These drugs were maintained through- 
out her post-transplant course. 

Transplantation itself was uneventful and she had no infectious compli- 
cations during neutropenia, which lasted until day 12 after BMT. She received 
low-dose amphotericin B at o'I5 mg/kg/day  intravenously for the first 2o days 
after transplantation for fungal-infection prophylaxis. Bone marrow biopsy 
and aspiration on day 3o documented trilineage engraftment. By day 2o after 
transplantation her creatinine had risen from 51 to I6I mmol/1. Her 
cyclosporin dose was adjusted and nephrotoxic drugs were avoided. On day 58 
her creatinine rose to 305 mmol/1 and she was hospitalized. Her renal function 
ultimately stabilized, with serum creatinine varying between 1Io and 
169 mmol/1. On day 66 she developed Staphylococcus aureus bacteraemia 2 
days after injuring her finger with a sewing needle. She was treated with 
vancomycin and later cefazolin with removal of her Hickman catheter. She was 
discharged on 2o mg of prednisone and 5oo mg of cyclosporin daily. 

On day 84 she reported to the clinic complaining of mild right chest wall 
soreness, without respiratory symptoms or fever. A chest X-ray revealed two 
rounded nodular opacities in the mid-zone of the right lung, a patchy infiltrate 
in the left upper lobe and hazy opacities in the left base (Plate i). A chest X- 
ray 8 days earlier had been unremarkable. Physical examination revealed a 
cushingoid woman with normal vital signs, no oral or nasal lesions, normal 
lung sounds, slight hepatomegaly and pretibial pitting oedema. Her WBC 
count was I" 7 × IO9/1 with 71 ~/o neutrophils. The  haemoglobin was IO'O g/dl, 
and platelets were 24 × Io9/1 with mildly abnormal liver function tests and a 
bilirubin of lO2 #mol/1. A CT-guided transthoracic needle aspirate of a 
pulmonary nodule grew only A. fumigatus. A CT scan of the chest showed 13 
spiculated nodules in the lung fields, varying in size between 5 and 35 mm, and 
two septate areas of segmental consolidation. There were no hepatic or splenic 
lesions seen in a CT scan of the abdomen. While awaiting the results of the 
lung aspirate culture she received two doses of 3o mg amphotericin B. There  
was concern that her kidneys would not tolerate a prolonged course of this 
drug and she was therefore given itraconazole 2oo mg orally three times daily 
beginning on day 86. After 4 days the dose was reduced to 2oo mg twice daily. 
Itraconazole was well tolerated without nausea or vomiting. During the first 



yournal of Infection Plate  I 

Plate I. Chest  X-ray on first day of itraconazole therapy showing nodules in the  r ight  middle 
and lower lobes and left upper  lobe perihilar nodule. 
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Plate z. Chest X-ray on day 7 of itraconazole therapy showing marked increase in diameter of 
most nodules (approximately unchanged from day 4). 
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Plate 3. Chest X-ray on day 82 ofitraconazole therapy showing resolution of most lesions and 
reduced size of the pleural-based lesion on the right. The patient died 3 weeks later with an 

unchanged chest X-ray appearance. 
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week of therapy the chest X-ray worsened, most of the nodules appearing to 
increase in size (Plate 2). She was more dyspnoeic on exertion but had no fever. 
Susceptibility studies 7 showed the MIC and MFC against itraconazole to be 
6"3 mcg/ml.  The  4 h serum itraconazole concentration measured by bioassay 7 
was 3"8 mcg/ml  after I week of therapy so the dose of itraconazole was 
increased to 30o mg twice daily on day 92. The  4 h serum itraconazole 
concentration on day IoI was 6"8 mcg/ml  and rose during the next month to 
9"0 mcg/ml.  During the second week of itraconazole the radiographic findings 
stabilised and her symptoms improved. After 3 weeks of itraconazole she was 
ambulatory and her dyspnoea was markedly less. Her chest radiograph showed 
that the pulmonary nodules had become smaller. 

On day ioo she developed a diffuse erythematous skin rash, and a biopsy 
revealed grade z skin GVHD. The prednisone dosage was increased. On day 
I 18 she complained of abdominal pain, nausea, mild shortness of breath, non- 
productive cough and low-grade fevers. The chest radiograph showed 
continued regression of pulmonary nodules with no new abnormalities. She 
underwent bronchoscopy and bronchoalveolar lavage cultures grew an alpha- 
haemolytic Streptococcus sp. only. Fungal elements consistent with Aspergillus 
sp. were seen in the transbronchial biopsy specimen from the right lower lobe, 
but fungal culture of the BAL fluid was negative. Her bronchitis was treated 
with imipenem with rapid improvement. She underwent oesophago- 
duodenoscopy and sigmoidoscopy, and biopsies showed grade I-2 GVHD. 
Prednisone and cyclosporin doses were temporarily increased. The  duodenal 
biopsies showed evidence of CMV infection. She was given ganciclovir 
5 mg/kg Iv twice daily and high dose IV immunoglobulin for 6 weeks. 
Abdominal CT scan showed a homogeneously enlarged liver and pancreato- 
megaly. Because of persistent abdominal pain with right upper quadrant 
tenderness and progressive liver enzyme abnormalities, she underwent 
percutaneous liver biopsy. This showed no veno-occlusive disease, but 
moderate GVHD and active hepatitis B infection. 

Her serial chest radiographs continued to show gradual shrinkage of all 
nodules (Plate 3) and she remained without pulmonary symptoms while on 
itraconazole. A follow-up CT scan of the chest on day 146 showed I2 lesions, 
all of which had diminished in size by between 15 and 70 %. She continued to 
have nausea, anorexia and mild abdominal pain. No episodes of neutropenia 
attributable to ganciclovir occurred. Four-hour post-dose serum itraconazole 
concentrations reached a peak of I2"5 mcg/ml  on day I4o but declined to 
3"5 mcg/ml  on day I5I on the same oral dose given in hospital (the decline 
presumably related to intestinal GVHD). She required total parenteral 
nutrition for caloric support. Her rash worsened on day I5O and she developed 
large tense bullae around the ankles and on the back consistent with clinical 
grade 4 skin GVHD. During the subsequent 3 weeks there was progressive 
clinical deterioration due to GVHD despite continued therapy. A sudden 
onset of presumed bacterial sepsis with acute renal failure supervened and she 
died I7O days after BMT. 

Necropsy revealed six yellow nodules in emphysematous lungs, none greater 
in size than 12 mm. Microscopy revealed clusters of mostly degenerate 
aspergillus organisms associated with extensive necrosis and debris. Caseating 
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granulomas with multinucleated giant cells were also present in the pulmonary 
nodules. Hyphae had invaded and destroyed the surrounding lung tissue to a 
limited extent but there was no evidence of vascular invasion. Also present was 
acute cutaneous grade 3 GVHD, hepatitis B virus infection with intrahepatic 
cholestasis and steatosis, a B-cell lymphoproliferative process involving the 
adrenal glands and liver, evidence of marked cyclosporin nephrotoxicity, acute 
and chronic pancreatitis, and haemorrhagic erosions of the rectosigmoid colon. 
No other organs showed evidence of fungal disease. Fungal cultures were not 
taken. 

D i s c u s s i o n  

Many cases of invasive aspergillosis after BMT have been reported. We found 
a total of I2 7 patients in whom the outcome is described; all but seven died 
(94 % mortality) .1-4' 6. ia-30 The lung was the organ most commonly affected 
although other sites included the trachea, 29 sinusesfl' 6.27 soft-tissue infections 
of the face and mouth, 6 the orbitfl central nervous system, 3' 1~.24 peri- 
cardium,10, 15.16, 26 myocardium,18.22 gastro-intestinal tract, 15' 22 spleen2S and a 
thigh abscess. 1 Many patients had disseminated disease without the sites being 
specified; however in two patients, studied in detail at necropsy, the larynx, 
kidneys, bladder, oesophagus, stomach, vagina, breast and brain were found to 
contain hyphae histopathologically. 15 At least two patients were fungaemic 
with aspergillus, but in both the culture became positive after death. ~ Among 
x5 BMT patients with pulmonary aspergillosis who survived long enough to 
receive 14 or more days of antifungal chemotherapy, all died. I' ~' 13-16, is. 20 All 
the reports of survivors with pulmonary disease give insufficient detail of 
therapy for complete evaluation. However, two were children who developed 
this disease just as neutropenia was resolving, and with aggressive antifungal 
therapy (not specified) and lobectomies they survived. 2 In the same report 19 
other patients died. 2 Another survivor, in whom neutropenia was also 
resolving, developed a cavitary pneumonia on day I8 and received at least 
I5omg amphotericin B. The  fourth survivor received amphotericin B 
i mg/kg/day  for an unstated period and had the infected tissue surgically 
excised. 3 

One study has examined the risk of acquiring aspergillosis and the 
subsequent outcome in autologous, allogeneic and syngeneic B M T ?  Although 
the overall risk was similar in the first two groups (3"5 % vs. 4"4 %), all five cases 
in the autologous transplants occurred before haematological reconstitution, 
compared with one out of I7 in the allogeneic group. No cases of aspergillosis 
occurred in the 2o syngeneic transplants. The perturbations to the immune 
system following autologous transplants are less profound after neutropenia 
has resolved, and this may account for some of the differences observed. 
Following allogeneic transplantation, major derangements of immune function 
persist after resolution of neutropenia. These defects include reduced 
circulating lymphocyte counts, lower circulating immunoglobulin concentra- 
tions, reduced antibody responses in vivo, reduced lymphocyte proliferation in 
vitro and poor skin test responses to recall antigens. 3~ More pertinent to 
pulmonary aspergillosis, alveolar macrophage function is also impaired after 
transplantation. 22 Greater degrees of immune impairment are seen in patients 
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with GVHD, especially if it is severe; in addition, impairment of splenic 
function may occur. 33 Pertinent to the patient presented here, post- 
transplantation primary cytomegalovirus infection is itself immunosuppres- 
sive, especially with respect to early pulmonary infectionsfl 4 Our patient 
responded to medical therapy alone despite further immunosuppression and 
cytomegalovirus infection. This suggests that itraconazole may be therapeutic- 
ally promising compared with amphotericin B in this setting. 

Itraconazole is a new triazole that has considerable activity against 
Aspergillus sp. in vitro. 5' 7, as-as Among 88 isolates of Aspergillus sp. tested by 
broth dilution, 7 itraconazole was inhibitory for 97% isolates at clinically 
achievable concentrations (MIC ~< 6"3 mcg/ml) and fungicidal for 42 of 60 
(70%) isolates at these concentrations. Itraconazole concentrates within 
macrophages where it may considerably exceed serum concentrations, a9 The 
activity of itraconazole in animal models, including those with neutropenia, is 
impressive, a6'4°-~2 In some, itraconazole was equivalent, or superior, to 
amphotericin B. 

To our knowledge only two other BMT patients have so far been treated 
with itraconazole. One responded to 200 mg daily given for bronchial 
aspergillosis following neutropenia. 2° An HLA-matched allogeneic BMT was 
done 7 months later, but fever and aspergillus antigenaemia recurred 4 days 
after transplantation and A. fumigatus was isolated from sputum. Very low 
serum itraconazole concentrations were detected, probably related to muco- 
sitis. Amphotericin B was substituted, but the patient died 5 weeks later with 
extensive bronchial aspergillosis. We have treated one other patient with 
disseminated aspergillosis (lung and skin) 2 months after allogeneic BMT. 7 As 
she required mechanical ventilation, itraconazole was given by nasogastric 
tube and serum concentrations were less than 0"6 mcg/ml  and she died after 5 
days therapy. These unimpressive (but unevaluable with respect to itracona- 
zole) outcomes contrast with generally favourable results in other immuno- 
compromised patients. 5' 7 

Adequate serum itraconazole concentrations appear to be important for a 
good outcome. Published and unpublished data indicate that adequate serum 
itraconazole concentrations are probably important for efficacy; steady-state 
concentrations below 5 mcg/ml  were associated with failure 7 (and unpublished 
data) in 26 patients with invasive aspergillosis. In the patient discussed here, 
a relatively large dose was given (2oo mg TID)  because of concern about low 
serum concentrations (less than the MIC of the infecting organism) and the 
early deterioration radiologically. The  later response was possibly related to 
higher serum concentrations. 

Following solid organ transplantation, there is a marked interaction of 
itraconazole with cyclosporin, the blood concentrations of the latter rising two 
or three-fold within 48 h of commencing itraconazole. 43 This interaction is not 
always found following bone marrow transplantation, and was not noted in our 
patient. This may however reflect the generally different attitudes to 
cyclosporin dosage and blood concentrations among physicians treating bone 
marrow transplant patients. 

Further  study of the role of itraconazole in this setting is warranted because 
of the extremely poor results with other therapy. Undoubtedly it will not 
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always be successful, but any improvement over a 94 % mortality rate of 
pulmonary aspergillosis following bone marrow transplantation would be 
welcome. 

( S u p p o r t e d  in pa r t  by  a g ran t  f rom Janssen  Phamaceu t i ca . )  

R e f e r e n c e s  

I. Peterson PK, McGlare P, Ramsey N K C  et al. A prospective study of infectious diseases 
following bone marrow transplantation : emergence of aspergillus and cytomegalovirus as 
the major causes of mortality. Infect Control I983; 4: 81-89. 

2. Allan BT, Patton D, Ramsey NKC,  Day DL.  Pulmonary fungal infections after bone 
marrow transplantation. Pediatr Radiol I988 ; I8 : I 18-I22. 

3. Wingard JR, Beals SU, Santos GW, Merz WG,  Saral R. Aspergillus infections in bone 
marrow transplant recipients. Bone Marrow Transplant I987; z: I75- I8 I .  

4. Winston DJ, Gale RP, Meyers DV, Young LS. Infectious complications of human bone 
marrow transplantation. Medicine I979; 58: I -3 I .  

5. Denning DW, Stevens DA. The  treatment of invasive aspergillosis. Review of surgery and 
antifungal therapy of 2,I2I  published cases. Rev Infect Dis I99O; IZ: I I 4 7 - I z o I .  

6. Schubert MM,  Peterson DE, Myers JD, Hackman R, Thomas ED. Head and neck 
aspergillosis in patients undergoing bone marrow transplantation. Report of four cases and 
review of the literature. Cancer I986; 57: Io92-Io96. 

7. Denning DW, Tucker RM, Hanson LH,  Stevens DA. Treatment of invasive aspergillosis 
with itraconazole. Am J Med I989; 86: 79I-8oo. 

8. Kennedy MS,  Deeg HJ, Siegel M, Crowley JJ, Storb R, Thomas ED. Acute renal toxicity 
with combined used of amphotericin B and cyclosporine after marrow transplantation. 
Transplantation I983 ; 35: 2I I -2 I  5. 

9. Burch PA, Karp JE, Merz WG,  Kuhlman JE, Fishman EK. Favourable outcome of 
invasive aspergillosis in patients with acute leukemia. J CIin Oncol I987; 5 : I985-z993  • 

IO. Allo MD,  Miller J, Townsend T,  Tan C. Primary cutaneous aspergillosis associated with 
Hickman catheters. N E n g l J  Med I987; 317 : I i o 5 - I i o 8 .  

I I. Stein RS, Greer JP, Ferr in W, Lenox R, Baer MR, Flexner JM. Clinical experience with 
amphotericin B in acute myelogenous leukemia. South Med J I986; 79: 863-870. 

I2. Tucker RM, Haq Y, Denning DW, Stevens DA. Adverse events associated with 
itraconazole in 189 patients on chronic therapy. J Antimicrob Chemother I99O; 26 : 561-566. 

I3. Capnist G, Chisesi T,  Battista R, Dini E. Pulmonary aspergillosis complicating aplastic 
phase in hematologic patients. Haematologica I986; 7I :  2oi-2o4.  

I4. Ruutu P, Valtonen V, Elonen E, Volin L, Tukiainen P, Ruutu T. Invasive pulmonary 
aspergillosis : a diagnostic and therapeutic problem. Scand J Infect Dis I987; x9: 569-575. 

I5. Walsh TJ,  Bulkley BH. Aspergillus pericarditis: clinical and pathologic features in the 
immunocompromised patient. Cancer I98a; 49: 48-54. 

I6. Luce JM, Ostensen RC, Springmeyer SC, Hudson LD. Invasive aspergillosis presenting 
as pericarditis and cardiac tamponade. Chest I979; 76: 703-705. 

I7. Cordonnier C, Bernaudin JF,  Bierling P, Huet  Y, Vernant JP. Pulmonary complications 
occurring after allogeneic bone marrow transplantation. A study of I3o consecutive 
transplanted patients. Cancer I986; 58: Io47-IO54. 

I8. Andersson BS, Luna MA, McCredie KB. Systemic aspergillosis as cause of myocardial 
infarction. Cancer I986; 58: 2146-215o. 

I9. Rotstein C, Cummings KM, Tidings J e t  al. An outbreak of invasive aspergillosis among 
allogeneic bone marrow transplants: a case control study. Infect Control I985 ; 6: 347-355. 

20. Pamphilon D, Prentice A, Wedzicha J, Woods M, Matthews R, Burnie J. A clinical and 
serological study of the effect of itraconazole in the management of invasive aspergillosis. 
Serodiag Immunother I987; I :  297-3o5. 

zI .  Sherertz RJ, Belani A, Kramer BS et al. Impact of air filtration on nosocomial Aspergillus 
infections. Unique risk of bone marrow transplant recipients. Am J Med r987; 83: 
709--718. 

22. Bombi JA, Cardesa A, Llebaria C et al. Main autopsy findings in bone marrow transplant 
patients. Arch Pathol Lab Med I987; I I I :  I25-I29.  



hraconazole therapy of aspergillosis 79 

23. Johnson RB, Wing EJ, Miller TR, Rosenfeld CS. Isolated cardiac aspergillosis after bone 
marrow transplantation. Arch Intern Med I987; I47: I942-I943. 

a 4. Patchell RA, White CL, Clark AW, Beschorner WE, Santos GW. Neurologic complications 
of bone marrow transplantation. Neurology I985 ; 35: 300-306- 

25. Wingard JR, Vaughan WP, Braine HG, Merz WG, Saral R. Prevention of fungal sepsis in 
patients with prolonged neutropenia : a randomised, double-blind, placebo-controlled trial 
of intravenous miconazole. Am J Med I987 ; 83 : I IO3-I Io9. 

26. Gwerin C, Billard JL, Janbert J, Berthoux F. Pericardial aspergillosis in a bone marrow 
transplant recipient. Intensive Care Med I989; *5:33 °. 

27. Watson JG. Problems of infection after bone marrow transplantation. J Clin Pathol I983 ; 
36: 683-692. 

28. Harley RM, Donaldson JS, Raffensperger JG. Splenic microabscesses in the immune- 
compromised patient. J Paediatr Surg I989; 24: 697-699. 

29. Berlinger NT, Freeman TJ. Acute airway obstruction due to necrotizing tracheobronchial 
aspergillosis in immunocompromised patients: a new clinical entity. Ann Otol Rhinol 
Laryngol I989; 98 : 718-72o. 

30. Tollemar J, Holmberg K, Ringden O, Lonnqvist B. Surveillance tests for the diagnosis of 
invasive fungal infections in bone marrow transplant recipients. Scand J Infect Dis I989; 
2 I  : 2 0 5 - - 2 1 2 .  

3I. Witherspoon RP, Deeg HJ, Lum LG et al. Immunologic recovery in human marrow graft 
recipients given cyclosporine or methotrexate for the prevention of graft-versus-host 
disease. Transplantation I984; 37:456-46I. 

32. Winston DJ, Territo MC, Ho WG, Miller MJ, Gale RP, Golde DW. Alveolar macrophage 
dysfunction in human bone marrow transplant recipients. Am J Med I98z; 73: 859-866. 

33. Kalhs P, Panzer S, Kletter K et al. Functional asplenia after bone marrow transplantation. 
A late complication related to extensive chronic graft-versus-host disease. Ann Intern Med 
I988; xo9: 461-464. 

34. Rand KH, Pollard RB, Merigan TC. Increased pulmonary superinfections in cardiac- 
transplant patients undergoing primary cytomegalovirus infection. N Engl J Med I978 ; 
298: 951-953. 

35. Espinel-Ingroff A, Shadomy S, Gebhart RJ. In vitro studies with R 5 I, z I I (itraconazole). 
Antimicrob Agents Chemother I984; 25: 5-9. 

36. Van Cutsem J, Janssen PAJ. In-vitro and in-vivo models to study the activity of antifungals 
against aspergillus. In: Vanden Bossche H, Mackenzie DWR, Cauwenbergh G, Eds. 
Aspergillus and aspergillosis. New York: Plenum Press, ~988:zi5-a27. 

37. Dupont B, Drouhet E. Early experience with itraconazole in vitro and in patients: 
pharmacokinetic studies and clinical results. Rev Infect Dis I987; 9: $7I-$76. 

38. Odds FC, Webster CE, Abbott AB. Antifungal relative inhibition factors: BAY 1-9139 , 
bifonazole, butoconazole, isoconazole, itraconazole (R 512II), oxiconazole, Ro I4- 
4767/002, sulconazole, terconazole and vibunazole (BAY n 7133) compared in vitro with 
nine established antifungal agents. J Antimicrob Chemother I984; I4: Io5-I I4. 

39. Savani DV, Perfect JR, Durack DT. Uptake of tritiated itraconazole by alveolar 
macrophages. Abstr. z8th Interscience Conference on Antimicrobial Agents and Chemo- 
therapy I987; No. IoSI. 

4 o. Graybill JR, Ahrens J. hraconazole treatment of murine aspergillosis. J Med Vet Mycol 
I985; 23: 219--223. 

4I. Van Cutsem J, Van Gerven F, Van de Ven M, Borgers M, Janssen PAJ. hraconazole, a new 
triazole that is orally active in aspergillosis. Antimicrob Agents Chemother I984; 26: 
527-534. 

42. Longman LP, Martin MV. A comparison of the efficacy of itraconazole, amphotericin B 
and 5-fluorocytosine in the treatment of Aspergillus fumigatus endocarditis in the rabbit. J 
Antimicrob Chemother I987; zo: 719-724. 

43. Kramer MR, Marshall SE, Denning DW et al. Cyclosporine and itraconazole interaction 
in heart and lung transplant recipients. Ann Intern Med I99o; *I3: 327-329. 


