View metadata, citation and similar papers at core.ac.uk

I1. Markell EK, Voge M. Medical parasitology. Sth ed. Philadelphia: WB
Saunders, 1981:94.

12. Ellis CJ, Chiodini PL. The treatment of falciparum malaria. J Antimicrob
Chemother 1984; 13:311-4.

13. Hall AP. Imported fever including malaria. Practitioner 1982; 226:1521-
31.

14. Gilles HM, Harinasuta T, Bunnag D. Malaria. In: Gilles HM, ed. Recent
advances in tropical medicine. Edinburgh: Churchill Livingstone, 1984:1-
22.

15. Ris HB, Stahel E, Pittet JF, Friedemann M. Das antiarrhythmikum Chinidin
als Alternative in der Behandlung der schweren Falciparum-Malaria.
Schweiz Med Wochenschr 1983; 113:254-8.

16. Suntharasamai P, Vanijanond S, Harinasuta T, Bunnag D. A double blind
randomised trial of quinine vs. quinidine in chloroquine resistant falciparum
malaria. Presented at the 11th International Congress for Tropical Medicine
and Malaria, Calgary, Canada, September 16-22, 1984.

17. Warrell DA, Looareesuwan S, Warrell MJ, et al. Dexamethasone proves
deleterious in cerebral malaria. N Engl J Med 1982; 306:313-9.

18. Bazett HC. An analysis of the time-relations of electrocardiograms. Heart
1920; 7:353-70.

19. Cramér G, Isaksson B. Quantitative determination of quinidine in plasma.
Scand J Clin Lab Invest 1963; 15:553-6.

20. Black PML. Brain death. N Engl J Med 1978; 299:338-44, 393-401.

21. White NJ, Looareesuwan S, Warrell DA, et al. Quinine loading dose in
cerebral malaria. Am J Trop Med Hyg 1983; 32:1-5.

22. Hall AP, Segal HE, Peariman EJ, Phintuyothin P, Kosakal S. Amodiaquine
resistant falciparum malaria in Thailand. Am J Trop Med Hyg 1975; 24:575-
80.

23. Thaithong S, Beale GH, Chutmongkonkul M. Susceptibility of Plasmodium
falciparum to five drugs: an in vitro study of isolates mainly from Thailand.
Trans R Soc Trop Med Hyg 1983; 77:228-31.

24. Phillips RE, Looareesuwan S, Karbwang J, et al. Failure of chloroquine-
erythromycin and chloroquine-tetracycline combinations in treatment of
chloroquine-resistant falciparum malaria in eastern Thailand. Lancet 1984;

1:300-2.

25. White NJ, Looareesuwan S, Warrell DA, Warrell MJ, Bunnag D, Harina-
suta T. Quinine pharmacokinetics and toxicity in cerebral and uncomplicat-
ed falciparum malaria. Am J Med 1982; 73:564-72.

26. Fletcher W. Further notes on the treatment of malaria with cinchona febri-
fuge, quinidine and cinchonine. Bulletins from the Institute for Medical
Research, Federated Malay States. Kuala Lumpur: Government Printing
Office, 1925:3.

27. Wisclogle FY. A survery of antimalarial drugs 1941-1945. Vol. 1. Ann
Arbor, Mich.: JW Edwards, 1946.

-
brought to you by .{ CORE

provided by Carolina Digital Repository
Viay Js

28. Knoppers AT. Twofold quinine resistance of Plasmodium gallinaceum,
induced by regular administration of the drug. Docum Nederl Indon Morb
Trop 1949; 1:55-66.

29. Smit EHD. The rediscovery of cinchona-alkaloids as antimalarial drugs.
Presented at the 11th International Congress for Tropical Medicine and Ma-
laria, Calgary, Canada, September 16-22, 1984.

30. Chongsuphajaisiddhi T, Sabcharoen A, Attanath P. Treatment of quinine-
resistant falciparum malaria in Thai children. Southeast Asian J Trop Med
Public Health 1983; 14:357-62. ’

31. Ochs HR, Greenblatt DJ, Woo E. Clinical pharmacokinetics of quinidine.
Clin Pharmacokinet 1980; 5:150-68.

32. Frey W. Weitere Erfahrungen mit Chinidin bei absoluter Herzunregelmis-
sigkeit. Berl Klin Wochenschr 1918; 55:849-53.

33. Greenblatt DJ, Pfeifer MJ, Ochs HR, et al. Pharmacokinetics of quinidine in
humans after intravenous, intramuscular and oral administration. J Pharma-
col Exp Ther 1977; 202:365-78.

34. White NJ, Looareesuwan S, Warrell DA. Quinine and quinidine: a compari-
son of EKG effects during the treatment of malaria. J Cardiovasc Pharmacol
1983; 5:173-5.

35. Strahan JH. Quinine by continuous intravenous drip in the treatment of acute
falciparum malaria. Trans R Soc Trop Med Hyg 1948; 41:669-76.

36. Patrick IT. Cerebral malaria. Br Med J 1968; 3:805.

37. Moe GK, Abildskov JA. Anti-arrhythmic drugs. In: Goodman LS, Gilman
A, eds. The pharmacological basis of therapeutics. 5th ed. New York:
Macmillan, 1975:683-704.

38. Ferrer MI, Harvey RM, Werko L, Dresdale DT, Coumand A, Richards
DW. Some effects of quinidine sulfate on the heart and circulation in man.
Am Heart J 1948; 36:816-37.

39. Markiewicz W, Winkle R, Binetti G, Kernoff R, Harrison DC. Normal
myocardial contractile state in the presence of quinidine. Circulation 1976;
53:101-6.

40. BiggerJT.M of arrhyth In: Braunwald E, ed. Heart disease:
textbook of cardiovascular medicine. Vol. 1. Philadelphia: WB Saunders,
1980:691-743.

41. Garnham PCC. Malarial immunity in Africans: effects in infancy and early
childhood. Ann Trop Med Parasitol 1949; 43:47-61.

42. Luse SA, Miller LH. Plasmodium falciparum malaria: ultrastructure of
parasitized erythrocytes in cardiac vessels. Am J Trop Med Hyg 1971;
20:655-60.

43. MacPherson GG, Warrell MJ, White NJ, Looareesuwan S, Warrell DA.
Human cerebral malaria: a quantitative ultrastructural analysis of parasitized
erythrocyte sequestration. Am J Pathol (in press).

44. Most H. Treatment of parasitic infections of travellers and immigrants.
N Engl J Med 1984; 310:298-304.

CRYPTOSPORIDIOSIS IN IMMUNOCOMPETENT PATIENTS

Joun S. Worrson, M.D., Pu.D., James M. RicHTER, M.D., Mary ANN WaLDRON, B.S., Davip J. WEBER, M.D.,
Desoran M. McCartHy, B.A., aND Cyrus C. Hopkins, M.D.

Abstract The intestinal protozoan cryptosporidium is
known to cause diarrhea in immunocompromised pa-
fients, but few cases have been reported in detail in
immunocompetent persons. During a 12-month period,
we identified cryptosporidium in the stools of 43 im-
munocompetent patients. The numbers of cases were
increased in those under 4 years old and in those
from 30 to 39 years old. Of 30 index cases, 23 (77 per
cent) were diagnosed in the late summer or the fall.
Fifteen of the 43 patients (35 per cent) had other gas-
trointestinal pathogens, of which only Giardia lamblia
was statistically associated with cryptosporidium. In the

HE intestinal protozoan cryptosporidium is a
well-known cause of gastroenteritis in animals
and has recently been shown to cause a similar illness
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28 patients in whom other gastrointestinal pathogens
were not identified, the clinical manifestations were pre-
dominantly watery, nonbloody diarrhea and, less com-
monly, abdominal discomfort, anorexia, fever, nausea,
and weight loss. The infection was self-limited in all 43
patients. Clustering of cases occurred in a day-care center
and in two families.

These clinical observations confirm worldwide findings
and suggest that cryptosporidium is a relatively common
nonviral cause of self-limited diarrhea in immunocompe-
tent persons in the northeastern United States. (N Engl J
Med 1985; 312:1278-82.)

in human beings.'* The organism was initially de-
scribed on the gastric mucosa of asymptomatic mice in
1907,> but was not associated with disease in animals
until 1955, when Slavin® reported diarrheal illness in
turkeys. Subsequently, cryptosporidium was found to
cause disease in calves, lambs, pigs, and other domes-
tic and wild animals.!® The first case of human infec-
tion was reported in 1976,” and only seven additional
cases were documented before 1982.! Since then, the
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Figure 1. Ages (in Years) of Patients with Cryptosporidium.

number of cases identified has increased substantially,
largely because of the recognition of a severe form of
infection in patients with the acquired immunodefi-
ciency syndrome (AIDS) and because of the develop-
ment of rapid and convenient screening methods.!-+8

The clinical manifestations of cryptosporidial in-
fection depend in part on the immune status of the
patient. In immunocompromised persons, such as
patients with AIDS, the organism may cause the
loss of liters of fluid daily for many months.!** In
immunocompetent persons, cryptosporidium may
cause self limited gastroenteritis lasting from days to
weeks.!* For immunocompetent persons, studies of
stool specimens® ' or serologic studies of blood'® sug-
gest that cryptosporidial infection may not be uncom-
mon, but relatively few cases have been reported in
detail.'*

Over a 12-month period, all stool samples submit-
ted for ova and parasite examination in our parasitol-
ogy laboratory were evaluated for cryptosporidium.
Forty-three immunocompetent patients with crypto-
sporidiosis were identified and are the subject of this
report.

METHODS

From February 1, 1983, through January 31, 1984, all stool sam-
ples submitted to the Parasitology Laboratory of Massachusetts
General Hospital for ova and parasite examination were evaluated
for the presence of cryptosporidium by a modified acid-fast meth-
od.'” For four immunocompetent patients, the presence of crypto-
sporidium in stool was confirmed by Sheather’s sugar flotation
method'® or by light and electron microscopy of tissue from the
small intestine. For three immunocompromised persons, the diag-
nosis was confirmed by the sugar flotation method, light and elec-
tron microscopy of tissue, or both. Ova and parasite studies used
saline and iodine direct examination of stool,'” saline and iodine
examination of formalin—ethyl acetate stool concentrates,?’ and ex-
amination of smears stained with chlorazol black E'® and modified
acid-fast-stained smears'’ of unconcentrated stool. The methods
used for bacterial study of stool samples allow identification of shi-
gella, salmonella, campylobacter, yersinia, or Staphylococcus aureus,
but not enterotoxigenic or invasive Escherichia coli. Viral studies were
not performed.
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A case was defined as a patient in whose stool cryptosporidium
was identified. An index case was defined as a patient with crypto-
sporidiosis who submitted a stool sample for ova and parasite ex-
amination that was unsolicited by the investigators. In families in
which more than one patient submitted unsolicited samples, the
family member submitting the first sample was defined as the index
case. In the evaluation of index cases, clinical information was col-
lected retrospectively by chart review and by contact with patients
and their physicians. In the evaluation of secondary cases in day-
care centers or in families, data were collected prospectively. Pa-
tients were categorized as lmmunocompctent when the history and
follow-up information obtained from the patient, the patient’s phy-
sician, chart review, and available laboratory studies all yielded no
evidcncc of immunosuppressive disease or therapy, including neo-
plasia, AIDS, treatment with corticosteroids or cytotoxic agents,
radiation therapy, a history of a wasting illness suggestive of occult
neoplasia or chronic infection, or a history of recurrent infections.
Diarrhea was defined as the occurrence of at least two successive
watery stools or a substantial increase in the frequency of bowel
movements in comparison to the normal pattern for a given patient.

Statistical analyses were performed with single-tailed Fisher’s ex-
act test and the chi-square test with Yates’ correction.

REsuLTs

During a 12-month period, cryptosporidium was
identified in 78 of 2821 stools (2.8 per cent) from 47 of
1703 patients (2.8 per cent). Of these 47 patients, 34
(2.0 per cent) were index cases, and 13 were secondary
cases. Four index cases were men with AIDS. Crypto-
sporidiosis in these immunocompromised patients was
manifested by large volumes of watery diarrhea and
lasting for months. Cryptosporidial infection in pa-
tients with AIDS has been well described by others, -+
and our patients with AIDS will not be further charac-
terized here.

Forty-three patients with cryptosporidium were im-
munocompetent. All 43 recovered from their infection.
Twenty-three (53 per cent) were male. Patients were
clustered in the under-5 and 30-to-39-year-old age
ranges (Fig. 1). Of the patients under five years old,
none were 11 months of age or younger, 11 were 12 to
23 months of age, 5 were 24 to 35 months of age, 3
were 36 to 47 months of age, and none were 48 to 60
months of age. Ten of the 19 children (53 per cent)
under five years of age were enrolled in day-care cen-
ters. The 14 patients in the 30-to-39-year-old group
included five hospital employees, two parents of in-
fected children, two homosexual men, one children’s
day-care worker, and four persons with no known pos-
sible occupational exposure. Four of 43 patients (9 per
cent) were hospitalized before identification of crypto-
sporidium. The infection was the reason for admission
in one patient, a 59-year-old nursing instructor with
diarrhea and dehydration; her diarrhea resolved slow-
ly over four months. Admitting diagnoses for the other
three hospitalized patients included one case each of
diabetes mellitus, shigellosis, and 10 per cent body-
surface-area burn; in all three, gastromtestmal symp-
toms antedated admlssmn Slx of 43 patiernits (14 per
cent) worked in a hospital; they included three mem-
bers of the support staff, two nurses, and one phy-
sician.

Additional gastrointestinal pathogens were identi-
fied in 15 of the 43 immunocompetent patients with
cryptosporidiosis (35 per cent). The stools of all 43
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Figure 2. Date of Diagnosis of Cryptosporidiosis.

Except in one man, who began to have symptoms in October
1982 and was diagnosed in February 1983, diagnoses were
made within three weeks of the onset of symptoms.

patients were examined for ova and parasites; Giardia
lamblia was found in 10 patients and Entamoeba histolyt-
ica in three homosexual men. The stools of 23 of these
43 patients were also cultured for bacteria, and two
grew pathogens: Shigella sonnei in one case and salmo-
nella species in another. We have previously noted a
statistically significant association between the identi-
fication of cryptosporidium and that of giardia in the
stool samples of our patients over a nine-month peri-
0d.2! With three additional months of data, the statis-
tical significance of the association remained essential-
ly the same (P<0.02 by Fisher’s exact test, analysis
not shown).

Clinical manifestations in the 28 immunocompetent
persons with cryptosporidiosis for whom other gastro-
intestinal pathogens were sought but not identified
included the following. Twenty-four patients (86 per
cent) had watery diarrhea that persisted for a median
of 15 days (25th percentile, 5 days; 75th percentile, 32
days). Mucus was present in the stools of three pa-
tients. Gross blood was not observed in the stools of
any of the patients, and Hemoccult tests were negative
in all 17 patients evaluated. Other clinical manifesta-
tions included abdominal discomfort (five patients),
anorexia (five), fever (three; temperatures, 37.8, 38.0,
and 38.3°C), nausea (three), weight loss (three), fail-
ure to thrive (two), vomiting (one), and malaise (one).
When clinical manifestations in patients with crypto-
sporidiosis with and without giardia were compared,
no significant differences were apparent. Treatment
was supportive, basically consisting of fluid replace-
ment; no patients received antimicrobial agents di-
rected toward cryptosporidium.

Twenty-three of the 30 index cases (77 per cent)
were diagnosed during the late summer and the fall
(Fig. 2). Cryptosporidium was identified in stool sam-
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ples from 24 of 907 patients (2.6 per cent) from July
through December, but from only 6 of 796 patients
(0.8 per cent) from January through June (P<<0.0005).
Patients resided in Boston or surrounding suburban
communities with different water supplies. Most pa-
tients had not traveled from the area. Attempts to link
illness with exposure to animals (sick or well) revealed
no convincing associations.

Apparent clustering of infection was seen in three
instances. In a day-care center, 6 of 19 children (in-
cluding the index case) and 1 parent whose stools
were examined had cryptosporidium. In another day-
care center that had children with a similar age dis-
tribution (one to four years) and was located in
the same town, none of 23 children examined (all of
whom were asymptomatic) had stools that contained
cryptosporidium (P = 0.014). In a family of five, the
mother (the index case), the father, and two children
had cryptosporidium in their stools, and the third
child had cryptosporidium and giardia. In a family
of four, the mother (the index case), the father, and
two children had cryptosporidium and giardia in
their stools. Three of the 13 non-index cases were
asymptomatic.

DiscussioN

During a 12-month period, cryptosporidium was
identified by a modified acid-fast method in stool sam-
ples from 34 of 1690 patients who submitted speci-
mens to our Parasitology Laboratory, and evaluation
of their contacts revealed 13 additional cases in a total
of 1703 subjects. Forty-three of the 47 patients were
immunocompetent, suggesting that cryptosporidiosis
in immunocompetent persons is common in the north-
eastern United States. In prior reports, the prevalence
of cryptosporidium in the stools of immunocompetent
patients was 4.1 per cent for patients with diarrhea
in a hospital in Australia,'' 4.3 per cent for Cos-
ta Rican children with diarrhea,® 7.9 per cent for
Liberian children with diarrhea,'® and 1.4 per cent
for patients with diarrhea studied in the United
Kingdom.'3

Our series of immunocompetent patients with cryp-
tosporidium is the largest reported to date. The clini-
cal characteristics of our patients were similar to
those of previously described immunocompetent per-
sons with cryptosporidium.'* The numbers of cases
were increased in the groups under 4 and 30 to 39
years old. In Australia,'! the United Kingdom,'
Costa Rica,® and Liberia,'® diarrhea in children,
particularly those under five years old, was also
more commonly associated with identification of cryp-
tosporidium in the stool than it was in older patients.
Our lack of patients under one year of age is unex-
plained but may reflect breast feeding® or other un-
known factors. Of the 14 patients from 30 to 39
years old, 10 had possible occupational exposure
(including parenting).

Other gastrointestinal pathogens were identified in
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15 of the 43 immunocompetent patients (35 per cent).
Studies by others have detected variable levels of
mixed infections.”!® The previously noted association
between the identification of cryptosporidium and
that of giardia in the stool®' was still present in data
including an additional three months. A similar asso-
ciation was suggested by the data of Jokipii et al.'2
The reason for this association is not known, but the
connection may represent a simultaneous infection from
a common source or infection with one small-bowel
parasite predisposing to infection or colonization with
the other.?! A significant association between crypto-
sporidial infection and virus-related enteritis in calves
with diarrhea has also been reported.??

Because cryptosporidium may be found with other
pathogens and because complete microbiologic stud-
ies have not been performed, the clinical character-
istics of cryptosporidial infection are incompletely
defined. However, in our patients in whom only cryp-
tosporidium was identified, the clinical manifestations
consisted of predominantly watery, nonbloody diar-
rhea and to a lesser extent abdominal discomfort, an-
orexia, fever, nausea, weight loss, failure to thrive,
vomiting, and malaise. In addition, three patients
were asymptomatic. The duration of diarrhea in our
patients ranged from days to months, with a typical
duration more prolonged than the 3 to 14 days de-
scribed by others,!%23 although symptoms lasting
longer than three weeks have been documented pre-
viously.!! The longer duration of diarrhea in our study
may reflect a bias in patient identification, in that we
identified our patients from the results of stool exami-
nations for ova and parasites, and such examinations
may be more often requested for patients with pro-
longed illness.

In our study and the studies of others,*!! infection
was significantly more common in the summer and the
fall than in the winter and the spring. The reason for
this seasonal variation is not known.

We noted apparent clustering of cases of crypto-
sporidiosis in a day-care center and in two families.
Clustering has been reported in other immunocompe-
tent patients, including 12 who had contact with feces
of infected calves,?® a nurse caring for an infected in-
fant,?* two siblings and subsequently their mother,?
two other siblings,'® and 14 children in a day-care
center.?® Clustering of cases is not unexpected, con-
sidering the existing data for fecal-oral transmission
of cryptosporidium and the accumulating evidence
of person-to-person transmission.!-3.23.27 Because of
these data, we think precautions should be taken to
avoid enteric transmission in the care of hospitalized
patients with cryptosporidiosis.

In our study, a modified acid-fast method was used
to identify cryptosporidium in the stool.!” For several
of our patients, the diagnosis was confirmed by other
methods. A recent study suggested that various acid-
fast stains were more useful than other methods for
identification of cryptosporidium in the stools of im-
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munocompromised patients.® However, it is impor-
tant to note that neither the sensitivity nor the specific-
ity of the modified acid-fast method or other methods
for the identification of cryptosporidium in the stool
has been determined.

To date, the therapy of cryptosporidiosis is support-
ive. Many chemotherapeutic agents have been tried in
this illness but have failed to prove effective in patients
or animals.!* Initial intriguing results were obtained
when the antibiotic spiramycin was used to treat cryp-
tosporidiosis in patients with AIDS?%2° and in several
recipients of bone marrow transplants,??%2° and
therapy with this drug seems to merit further investi-
gation. We are not aware of published reports on the
use of spiramycin to treat cryptosporidiosis in immu-
nocompetent patients.

In conclusion, data are accumulating that strongly
suggest that cryptosporidium is a relatively common
nonviral cause of diarrhea in immunocompetent per-
sons, particularly in children and particularly dur-
ing the late summer and the fall. Routine laboratory
studies to identify cryptosporidium in the stools of
symptomatic patients seem justified, especially in the
evaluation of immunocompetent persons during the
summer and the fall and of immunocompromised per-
sons during all seasons.

We are indebted to Helen S. Jones, Joan Braccio, Marci R. Chris-
tensen, and Mary Keaveney-Miller, R.N., for valuable assistance in
the acquisition of data.
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STUDIES OF KIDNEY AND MUSCLE BIOPSY SPECIMENS FROM IDENTICAL TWINS
DISCORDANT FOR TYPE I DIABETES MELLITUS

MicraeL W. Sterres, M.D., Pu.D., Davip E.R. SutHErLAND, M.D., Pu.D., FrepERICK C. GoETZ, M.D.,
StepHEN S. Rich, Pu.D., aND S. MicHAEL MAUER, M.D.

Abstract To distinguish metabolic from genetic factors
in the development of microangiopathy in diabetes, we
evaluated biopsy specimens of kidney and quadriceps
muscle from seven pairs of identical twins who were dis-
cordant for Type | (insulin-dependent) diabetes mellitus.
Two of the diabetic patients had clinical diabetic nephrop-
athy, including hypertension, marked albuminuria, and a
substantially reduced creatinine clearance; the other five
had normal renal function and only minor clinical indica-
tions of complications. All the twins of the diabetic patients
had normal glomerular basement membrane widths and
normal fractional volumes of the glomerular mesangium.
Values for glomerular basement membrane width, tubular

ICROANGIOPATHY can markedly reduce

the life expectancy of the patient with diabetes,
owing to the development of advanced nephropathy
and renal failure, and can cause serious morbidity,
especially blindness. Furthermore, diabetic angiop-
athy has continued to raise conflicting arguments
about the role of metabolic abnormalities, as opposed
to genetic predisposition, in the pathogenesis of the
microvascular lesions.!? The extended period over
which renal or retinal disease develops in diabetic pa-
tients (10 to 20 years) challenges the investigator who
attempts to elucidate the pathophysiologic process un-
derlying the lesions. As a result, no technique or phys-
ical findings prospectively indicate which diabetic
patients will have microangiopathy. Furthermore, one
cannot discern whether renal or retinal disease indi-
cates either an isolated or a generalized process.
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basement membrane width, and mesangial volume in
each diabetic twin exceeded the values in the respective
sibling (P=<0.0035), even if the value in the diabetic twin
lay within established normal ranges. Values for muscle
capillary basement membrane width in the diabetic twins
did not differ from those in their siblings (P = 0.5).

Our observations suggest that the metabolic abnormali-
ties of diabetes are necessary, if not sufficient, for the
development of glomerular abnormalities. We also con-
clude that in diabetic patients, alterations in muscle capil-
lary basement membrane width do not necessarily accom-
pany pathologic lesions in the kidney. (N Engl J Med 1985;
312:1282-7.)

Subjects with diabetes have increased widths of the
basement membranes of the muscle capillary®* and
glomerulus.® In one report on kidneys removed from
diabetics at autopsy the width of the muscle capillary
basement membrane correlated with the width of the
glomerular basement membrane.® However, the rela-
tion between muscle capillary basement membrane
width and lesions in the kidney has not been well de-
fined. To address these issues we studied biopsy speci-
mens of skeletal muscle and kidney from monozygotic
twins who were discordant for Type I (insulin-de-
pendent) diabetes mellitus.

METHODS
Patients

Seven pairs of identical twins discordant for Type I diabetes mel-
litus underwent evaluation at the University of Minnesota Hospi-
tals for consideration of renal or pancreatic transplantation. All
observations reported here were completed before transplantation
was performed. The subjects were admitted to the Clinical Research
Center for metabolic, renal, ophthalmologic, neurologic, and psy-
chiatric assessment. Detailed protocols were approved by the Uni-
versity of Minnesota Committee on the Use of Human Sub-
jects in Research. Monozygosity was established by analyzing
15 to 20 blood groups (War Memorial Blood Bank, Minneapolis,



