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BSTRACT

 

Background

 

Hemodialysis is a common but po-
tentially hazardous procedure. From February 17 to
20, 1996, 116 of 130 patients (89 percent) at a dialysis
center (dialysis center A) in Caruaru, Brazil, had vis-
ual disturbances, nausea, and vomiting associated
with hemodialysis. By March 24, 26 of the patients
had died of acute liver failure.

 

Methods

 

A case patient was defined as any pa-
tient undergoing dialysis at dialysis center A or Caru-
aru’s other dialysis center (dialysis center B) during
February 1996 who had acute liver failure. To deter-
mine the risk factors for and the source of the out-
break, we conducted a cohort study of the 130 pa-
tients at dialysis center A and the 47 patients at
dialysis center B, reviewed the centers’ water sup-
plies, and collected water, patients’ serum, and post-
mortem liver tissue for microcystin assays.

 

Results

 

One hundred one patients (all at dialysis
center A) met the case definition, and 50 died. Af-
fected patients who died were older than those who
survived (median age, 47 vs. 35 years; P

 

�

 

0.001). Fur-
thermore, all 17 patients undergoing dialysis on the
Tuesday-, Thursday-, and Saturday-night schedule
became ill, and 13 of them (76 percent) died. Both
centers received water from a nearby reservoir. How-
ever, the water supplied to dialysis center B was
treated, filtered, and chlorinated, whereas the water
supplied to dialysis center A was not. Microcystins
produced by cyanobacteria were detected in water
from the reservoir and from dialysis center A and in
serum and liver tissue of case patients.

 

Conclusions

 

Water used for hemodialysis can
contain toxic materials, and its quality should there-
fore be carefully monitored. (N Engl J Med 1998;338:
873-8.)

 

©1998, Massachusetts Medical Society.

 

From the Hospital Infections Program, National Center for Infectious
Diseases, Centers for Disease Control and Prevention, Atlanta (E.M.J.,
D.M.C., S.T.C., W.R.J.); the Department of Biological Sciences, Wright
State University, Dayton, Ohio (W.W.C., J.A.); Secretaria de Saúde de Per-
nambuco, Recife, Brazil (C.E.M.H., M.B.C.A., D.A.M.F., T.M.L.); Hos-
pital Barão de Lucena, Recife, Brazil (V.S.T.B.); and Núcleo de Pesquisas
de Produtos Naturais, Universidade Federal do Rio de Janeiro, Rio de Ja-
neiro, Brazil (S.M.F.O.A.). Address reprint requests to Dr. Jochimsen at the
Hospital Infections Program, Mailstop E-69, Centers for Disease Control
and Prevention, 1600 Clifton Rd., Atlanta, GA 30333.

 

N the past 30 years, knowledge about end-
stage renal disease and the use of maintenance
hemodialysis for patients with the disease have
both increased dramatically, and technological

developments in dialyzer membranes, dialysis ma-
chines, and vascular access have made hemodialysis
a common procedure. Nonetheless, it remains po-
tentially hazardous, because of mechanical malfunc-
tions and human error.

 

1

 

 Hemodialysis may be espe-
cially hazardous in places where municipal water
treatment or appropriate infection-control practices
are inadequate.

 

2

 

 Furthermore, water used for hemo-

I

 

dialysis may contain various harmful agents, includ-
ing toxins produced by naturally occurring cyano-
bacteria (i.e., blue-green algae). These toxins can
have anticholinesterase activity (e.g., anatoxin-a(s))
or cause hepatic injury (e.g., microcystins and nod-
ularins) in animals that ingest large quantities of
contaminated water.

During the period February 17 to 20, 1996, pa-
tients at a dialysis center (dialysis center A) in Caru-
aru, Brazil, had visual disturbances, nausea, and vom-
iting associated with hemodialysis. From February
20 through March 6, 1996, 12 patients died of sei-
zures or hemorrhages attributed to acute liver fail-
ure. On March 7, the secretary of health for the state
of Pernambuco was notified, an epidemiologic in-
vestigation was begun, and dialysis center A was
closed. By March 24, a total of 26 patients had died
of liver failure, approximately 20 others were hospi-
talized, and the Centers for Disease Control and
Prevention had been invited to assist with the inves-
tigation. This report describes the results of that
investigation.

 

METHODS

 

Case Definition

 

A case patient was defined as any patient who underwent he-
modialysis in Caruaru at dialysis center A or the city’s other dial-
ysis center, dialysis center B, during February 1996 and who had
acute liver failure. Liver failure was defined as a serum conjugated
bilirubin concentration 

 

�

 

1.0 mg per deciliter (17.1 

 

m

 

mol per li-
ter) or a serum aspartate aminotransferase concentration 

 

�

 

68 U
per liter in a patient who had previously documented normal se-
rum liver-enzyme concentrations or as death from acute liver fail-
ure, as indicated on a death certificate.

Non–case patients were patients who underwent dialysis in
Caruaru during February 1996 and who did not have liver failure.

 

Cohort Study

 

To identify case patients and determine risk factors for liver fail-
ure and death, we compared the patients who underwent dialysis
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at center A during February 1996 with the patients who under-
went dialysis at center B. In April 1996, all the available patients
and the relatives of patients who had died were interviewed. All
medical and dialysis records were reviewed. Laboratory results, in-
cluding white-cell counts, serum liver-enzyme and bilirubin val-
ues, and coagulation studies, were obtained for each patient for
the period February to April 1996. Autopsy reports were re-
viewed to determine the causes of death of the patients who had
died. Variables examined in the cohort study included age, under-
lying diseases, history of hepatitis B or hepatitis C infection, the
timing of dialysis, the room number, and the number of the di-
alysis machine used.

 

Observational Studies

 

Procedures for water treatment at the municipal water-treat-
ment plant and at both dialysis centers were reviewed. Personnel
responsible for water treatment and transport were interviewed.
Procedures for disinfecting the dialysis machines, reprocessing the
dialyzers, and administering hemodialysis were reviewed, and the
practices observed.

 

Toxicologic Studies

 

Samples of water from Tabocas Reservoir (Caruaru’s water
source), the municipal water-treatment plant, a truck used to
transport water to dialysis center A, and multiple sites at both di-
alysis centers were collected for toxicologic evaluation. Dialysis
water-treatment devices used at center A during the outbreak pe-
riod, serum samples from some of the patients who underwent
dialysis at both centers, and samples of liver tissue from some of
the patients who died were obtained for analysis.

Water samples, methanol extracts of dialysis water-treatment fil-
ters, and serum and liver-tissue samples from patients were tested
for microcystins by high-performance liquid chromatography, en-
zyme-linked immunosorbent assay, protein phosphatase–inhibi-
tion assay, and mass spectrometry.

 

3

 

All the water samples were extracted, concentrated, and ana-
lyzed for the presence of pesticides, including organophosphates,
by personnel of the Food and Drug Administration’s National
Center for Toxicological Research, in Jefferson, Arkansas.

 

Pathological Studies

 

Liver tissue was obtained at autopsy from 16 patients and was
examined by light and electron microscopy.

 

Statistical Analysis

 

The results were analyzed with the use of Epi Info software.

 

4

 

Categorical variables were compared by using chi-square or Fish-
er’s exact two-tailed tests. Continuous variables were compared
by using the Kruskal–Wallis rank-sum test or Student’s t-test, and
probability values were determined.

 

RESULTS

 

Cohort Study

 

During February 1996, 130 patients underwent
hemodialysis at dialysis center A and 47 patients un-
derwent hemodialysis at dialysis center B. Eighty
percent resided in rural areas within 250 km of
Caruaru. The patients’ underlying diseases were pri-
marily hypertension, acute glomerulonephritis, and
chronic pyelonephritis. There were no significant
demographic differences between the patients from
center A and those from center B. The median age
of the patients was similar at the two centers (40
years at center A and 45 years at center B, P

 

�

 

0.22),
and both centers had similar percentages of men (58

percent and 64 percent, respectively; P

 

�

 

0.57). At
both centers, dialysis was administered by a conven-
tional hemodialysis system, with low-flux polysul-
fone membranes. The patients were treated for four
hours three times per week, with a blood-flow rate
of 300 ml per minute and a dialysate-flow rate of
500 ml per minute. Dialyzers were reused at both
centers until there was a reduction of 

 

�

 

20 percent
in fiber-bundle volume or they had been used 40
times. At each center, dialyzers were used an average
of 18 times. The underlying nutritional status of the
patients at both centers was poor. The mean serum
albumin concentration was 4.2 g per deciliter, the
mean urea reduction was 63 percent, and the mean
hematocrit was 23 percent; 35 percent of the pa-
tients at each center received erythropoietin therapy.

Laboratory or death-certificate data were available
for 124 of the 130 patients (95 percent) from dial-
ysis center A and 41 of the 47 patients (87 percent)
from dialysis center B. One hundred one patients
met the case definition; all underwent dialysis at
center A. The attack rate was significantly higher
at dialysis center A than at dialysis center B (101
of 124 patients [81 percent] vs. 0 of 47 patients,
P

 

�

 

0.001). Of the 101 case patients, 50 had died of
acute liver failure by September 15, 1996. No deaths
have been attributed to liver failure since that date,
although autopsy data regarding three case patients
who died after September 1996 are not available.
Two of 23 non–case patients (9 percent) at dialysis
center A and 7 of 41 patients (17 percent) at dialysis
center B died between February 20, 1996, and Sep-
tember 15, 1996, of causes unrelated to the out-
break; none died of liver failure. The median ages of
case patients and non–case patients were similar (39
vs. 45 years, P

 

�

 

0.11). However, the case patients
who died were significantly older than the case pa-
tients who survived (47 vs. 35 years, P

 

�

 

0.001).
The symptoms most frequently reported by inter-

viewed case patients were visual disturbance (i.e.,
blurred vision, scotoma, or night blindness), nausea
and vomiting, headache, and muscle weakness (Ta-
ble 1). The majority of patients (42 of 83 [51 per-
cent]) stated that their symptoms began between
Saturday, February 17, and Tuesday, February 20,
1996. The visual symptoms resolved within approx-
imately one week, but some patients continued to
have muscle weakness and epigastric pain, even when
the interviews were conducted in April.

We compared the median laboratory values for
case patients and non–case patients before (i.e., Feb-
ruary 1996) and after (i.e., March 1996) the proba-
ble exposure period (Table 2). In February 1996, all
the patients tested had normal white-cell counts and
serum concentrations of aspartate aminotransferase
and total and conjugated bilirubin. In March 1996,
however, the case patients had a small increase in
white-cell count, a more-than-sevenfold increase in
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serum aspartate aminotransferase concentrations, a
more-than-fourfold increase in serum concentra-
tions of total and conjugated bilirubin, and pro-
longed prothrombin times. In contrast, the median
values for white-cell counts and serum concentra-
tions of aspartate aminotransferase and bilirubin in
the non–case patients were within the normal ranges
in February and March 1996. Although prothrom-
bin times were abnormal in the non–case patients,
the values were significantly lower than those in the
case patients.

Among the other variables examined, only the di-
alysis schedule differed according to patient outcome.
At dialysis center A, the patients were treated in six
shifts, each scheduled at different times (i.e., Mon-
day, Wednesday, and Friday mornings, afternoons, or
nights; and Tuesday, Thursday, and Saturday morn-
ings, afternoons, or nights). On the basis of the re-
sults of the chi-square test for heterogeneity, the six
shifts differed significantly with regard to mortality
rate (P

 

�

 

0.02) but not with regard to attack rate
(P

 

�

 

0.10); the highest rates occurred among the
patients who underwent dialysis on the Tuesday-,
Thursday-, and Saturday-night shift (Fig. 1).

 

Observational Studies

 

Tabocas Reservoir is located approximately 40 km
from Caruaru. A pipeline carries water from the res-
ervoir to the municipal water-treatment plant (Fig.
2). There, alum was added to the water. After set-
tling for two to three hours, the water was filtered
through a large-particle sand filter, and then chlo-
rine was added. This “finished” water was distribut-
ed through a water-distribution system to most of
Caruaru, including dialysis center B. Dialysis center
A was not included in this water-distribution system
during the 1996 summer drought. Instead, dialysis
center A received “unfinished” water, trucked from
the municipal water-treatment plant twice daily. This
water was treated with alum but not filtered or chlo-
rinated. Occasionally, personnel at the water-treat-
ment plant gave the truck driver chlorine to add to
the water in his truck. However, there are no records
to indicate whether or when chlorine was added
during February and March 1996. After arriving at
dialysis center A, the water was passed through a
sand filter, a carbon-adsorption tank, a deionizer
unit comprising cation and anion tanks, and a mi-
cropore filter before being used for hemodialysis. No
chemicals were added to the water at the dialysis
center. According to maintenance workers at dialysis
center A, the carbon tank was changed approximate-
ly every six months, and the sand and micropore fil-
ters were changed approximately every three months;
however, these devices had not been changed in the
three months before the probable exposure, even
though the center was receiving visibly turbid water
from the delivery truck. On Saturday, February 17,
1996, after patients first reported symptoms, the
sand and micropore filters at dialysis center A were
changed. The carbon in the adsorption tank was
changed on February 25, 1996.

 

Toxicologic Studies

 

No pesticides, including organophosphates, were
found in samples of water from the reservoir, the
municipal water-treatment plant, the truck used to
transport water to dialysis center A, or the water-dis-
tribution systems of either dialysis center. Water

 

*Bleeding from the nose, gums, and gastrointesti-
nal tract was reported.
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White-cell count 
(per mm

 

3

 

)
4.0–10.0 6.6 10.5† 6.2 7.1

Serum aspartate 
aminotransferase 
(U/liter)

10–34 12.5 87.4† 12.5 21.0†

Serum total bilirubin 
(mg/dl)

0.2–1.0 0.7 3.0† 0.8 0.8

Serum conjugated 
bilirubin (mg/dl)

0.5–0.3 0.4 2.2† 0.4 0.4

Prothrombin 
time (sec)

12–14 NA 17.5 NA 15.0
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from the city’s distribution system and treated water
from dialysis center B contained no microcystins. By
contrast, microcystins were detected by enzyme-
linked immunosorbent assay in reservoir water, wa-
ter obtained from the delivery truck, the water-hold-
ing tank and water-treatment devices (carbon and
ion resins) at dialysis center A, and samples (serum
and liver) taken before and after death from patients
treated at this center. In March 1996, five persons
in the region had been referred to the secretary
of health for evaluation of dengue; serum samples
from these persons tested as controls were negative
for microcystins. The concentration of microcystins
found in liver tissue from 17 case patients who died,

including 4 who were exhumed, ranged from 0.03
to 0.60 g per kilogram of liver tissue (median, 0.18).

Pathological Studies

Examination by light microscopy of liver tissue
obtained at autopsy from 16 case patients revealed a
very uniform pathological picture, with disruption
of liver plates and cell deformity, extensive necrosis,
apoptosis, severe cholestasis, cytoplasmic vacuoliza-
tion, mixed-leukocyte infiltration, and occasional mul-
tinucleated hepatocytes; electron microscopy showed
intracellular edema, mitochondrial changes, injuries
to the rough and smooth endoplasmic reticula, lipid
vacuoles, and residual bodies.

Figure 1. Attack Rate According to Dialysis Shift, Caruaru, Brazil, February 20 to September 15, 1996.
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Figure 2. System of Water Treatment and Distribution in Caruaru, Brazil.
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DISCUSSION

Water used for dialysis should be treated to remove
potentially toxic materials.5 Certain substances in wa-
ter are harmful to patients undergoing hemodialysis,
who may be exposed to 150 liters of water per treat-
ment. Adverse reactions have been traced to dialysis
water containing elevated concentrations of alu-
minum,6-8 calcium,9 chloramines,10,11 copper,12 fluo-
ride,13 formaldehyde,14 hydrogen peroxide,15 sodi-
um,16 sodium azide,17,18 sodium hypochlorite,19 and
zinc.20 

In this outbreak, 101 of 124 patients (81 percent)
who underwent dialysis at center A during February
1996 had acute liver injury, and 50 died. The high-
est attack and fatality rates were among patients who
underwent dialysis during the Tuesday-, Thursday-,
and Saturday-night shift. We hypothesize that a wa-
ter shipment with a particularly high concentration
of microcystins arrived during this shift. Patients first
reported symptoms on Saturday, February 17, 1996.
As a result of these reports, sand and micropore fil-
ters were changed that night. Multiple water ship-
ments probably contained microcystins, and patients
on all shifts were exposed to them. However, the fil-
ter changes and cleaning procedures performed after
the February 17 night shift and the dilutional effect
of additional water shipments may have resulted in
lower exposure for the patients treated on other
shifts.

Inadequate water treatment at both the municipal
water plant and the dialysis center facilitated this
outbreak. The water from the municipal plant con-
tained microcystins not removed by the inadequate-
ly maintained treatment system at the dialysis center.
Infectious diseases (e.g., viral hepatitis), hyperchlo-
rination, and pesticide contamination were excluded
as possible causes of the outbreak.

Microcystins are cyclic peptides that are potent
liver toxins. They are produced by several genera of
cyanobacteria and have been detected in water
worldwide, particularly in Brazil.21 Hepatotoxicity of
microcystins occurs in domestic and wild animals.
Animals die within hours to days after the initial ex-
posure, often as a result of intrahepatic hemorrhage
and hypovolemic shock. Microcystins cause liver in-
jury through damage to the DNA by the activation
of endonucleases.22 The liver accumulates these tox-
ins preferentially and is their chief target organ; the
liver rapidly removes microcystins from the blood,
but at potentially lethal doses clearance is reduced.23

In laboratory animals, the concentration of micro-
cystins in the liver that is associated with acute hem-
orrhagic shock syndrome is approximately 60 to 70
mg per kilogram of body weight (intraperitoneal
median lethal dose).24 In animals that survive the
initial shock syndrome, hepatic insufficiency may de-
velop to a degree that causes death. The concentra-

tion of microcystins detected in the liver tissue of
the case patients who died was similar to the con-
centrations associated with severe liver damage in
animals. Furthermore, the pathological features of
the liver tissue of the case patients were similar to
those in animals (i.e., disruption of liver plates and
other cell deformities).24

In humans, ingestion of toxins produced by cy-
anobacteria has been reported to cause epidemic
gastroenteritis.25 Dermal exposure has caused skin
and eye irritation, rhinorrhea, dizziness, and fa-
tigue.26 We are not aware of reports of parenteral ex-
posure to any microcystins among humans.

Our investigation had several limitations. Medical
records at the dialysis center and water-treatment
records at the city’s water plant were poor. Water
samples from the time of probable exposure were
unavailable, so we could not quantitate exposure.
We were unable to obtain serum from patients who
received dialysis in Caruaru and were exposed to
treated water only.

Cyanobacteria are widespread in natural water
sources worldwide. This report of human parenteral
exposure to microcystins demonstrates the impor-
tance of proper municipal water treatment and ap-
propriate design, installation, monitoring, and main-
tenance of water-treatment systems in hemodialysis
centers in preventing potential exposure to micro-
cystins.

We are indebted to the following people for their assistance in this
investigation: Dr. Cristina Pinheiro Rodrigues, Dr. Luiz Oscar
Cardoso Ferreira, the epidemiologists (E. Cesse, E.F. Silva, F.R.F.
Araújo, P.I. Carvalho, and R.J.G. Araújo), the surveillance team
(A.G. Ferraz, A.T. Aguiar, A.F. Hora, A.F. Vasconcelos Júnior, H.
Câmara, P.F. Queiroz, and S.N.M. Moura), and the investigation
team (A. Baltr-ao, A.A.C.A. Veras, A.L.C.P. Rodrigues, D.P. Sena,
E.C. Chaves, F.M.C. Almeida, J.R.R. Soares, J.G.M. Morais, M.M.
Cavalcanti, M.A. Souza, M.C.S. Cardoso, M.F.F. Lima, M.C.F.
Andrade, M.C.A. Carvalho, M. Domingos, M.F. Falc-ao, P.G. Frias,
R.G. Veiga, R.J. Lira, S. Santos, and S.R. Oliveira) of the Secretar-
ia de Saúde de Pernambuco, Recife, Brazil; Dr. Jairo Cantos Bar-
bosa and Dr. Fernando Raposo of Hospital Barão de Lucena, Recife,
Brazil; Dr. Sandra Neiva Coelho of Universidade Federal de Per-
nambuco, Recife, Brazil; Dr. Jorge Ramon Arias of the Pan Amer-
ican Health Organization, Brasilia, Brazil; Mr. Harold C. Thomp-
son, Jr., of the Food and Drug Administration, Jefferson, Ark.; and
Dr. Matthew Arduino, Dr. Jerome Tokars, and Dr. Martin Favero
of the Centers for Disease Control and Prevention, Atlanta.

REFERENCES

1. Levin NW, Kupin WL, Zasuwa G, Venkat KK. Complications during 
hemodialysis. In: Nissenson AR, Fine RN, Gentile DE, eds. Clinical dialy-
sis. 2nd ed. Norwalk, Conn.: Appleton & Lange, 1990:172-201.
2. Velandia M, Fridkin SK, Cárdenas V, et al. Transmission of HIV in di-
alysis centre. Lancet 1995;345:1417-22.
3. An JS, Carmichael WW. Use of a colorimetric protein phosphatase in-
hibition assay and enzyme linked immunosorbent assay for the study of mi-
crocystins and nodularins. Toxicon 1994;32:1495-507.
4. Dean AG, Dean JA, Coulombier D, et al. Epi Info, version 6: a word 
processing program for public health on IBM-compatible microcomputers. 
Atlanta: Centers for Disease Control and Prevention, 1994.

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



878 � March 26, 1998

The New England Journal  of  Medicine

5. Hemodialysis systems, ANSI/AAMI RD-5-1992. In: AAMI standards 
and recommended practices. Vol. 3. Dialysis. Arlington, Va.: Association 
for the Advancement of Medical Instrumentation, 1996.
6. Alfrey AC, Mishell JM, Burks J, et al. Syndrome of dyspraxia and mul-
tifocal seizures associated with chronic hemodialysis. Trans Am Soc Artif 
Intern Organs 1972;18:257-61.
7. Schreeder MT, Favero MS, Hughes JR, Petersen NJ, Bennett PH, May-
nard JE. Dialysis encephalopathy and aluminum exposure: an epidemiolog-
ic analysis. J Chronic Dis 1983;36:581-93.
8. Burwen DR, Olsen SM, Bland LA, Arduino MJ, Reid MH, Jarvis WR. 
Epidemic aluminum intoxication in hemodialysis patients traced to use of 
an aluminum pump. Kidney Int 1995;48:469-74.
9. Freeman RM, Lawton RL, Chamberlain MA. Hard-water syndrome. 
N Engl J Med 1967;276:1113-8.
10. Eaton JW, Kolpin CF, Swofford HS, Kjellstrand CM, Jacob HS. Chlo-
rinated urban water: a cause of dialysis-induced hemolytic anemia. Science 
1973;181:463-4.
11. Tipple MA, Shusterman N, Bland LA, et al. Illness in hemodialysis pa-
tients after exposure to chloramine contaminated dialysate. ASAIO Trans 
1991;37:588-91.
12. Manzler AD, Schreiner AW. Copper-induced acute hemolytic anemia: 
a new complication of hemodialysis. Ann Intern Med 1970;73:409-12.
13. Arnow PM, Bland LA, Garcia-Houchins S, Fridkin S, Fellner SK. An 
outbreak of fatal fluoride intoxication in a long-term hemodialysis unit. 
Ann Intern Med 1994;121:339-44.
14. Orringer EP, Mattern WD. Formaldehyde-induced hemolysis during 
chronic hemodialysis. N Engl J Med 1976;294:1416-20.
15. Gordon SM, Bland LA, Alexander SR, Newman HF, Arduino MJ, 

Jarvis WR. Hemolysis associated with hydrogen peroxide at a pediatric di-
alysis center. Am J Nephrol 1990;10:123-7.
16. Nickey WA, Chinitz VL, Kim DE, Onesti G, Swartz C. Hypernatremia 
from water softener malfunction during home dialysis. JAMA 1970;214:
915-6.
17. FDA safety alert: sodium azide contamination of hemodialysis water 
supplies. Rockville, Md.: Food and Drug Administration, March 1989.
18. Gordon SM, Drachman J, Bland LA, Reid MH, Favero M, Jarvis WR. 
Epidemic hypotension in a dialysis center caused by sodium azide. Kidney 
Int 1990;37:110-5.
19. Hoy RH. Accidental systemic exposure to sodium hypochlorite 
(Chlorox) during hemodialysis. Am J Hosp Pharm 1981;38:1512-4.
20. Petrie JJB, Row PG. Dialysis anaemia caused by subacute zinc toxicity. 
Lancet 1977;1:1178-80.
21. Azevedo SMFO, Evans WR, Carmichael WW, Namikoshi M. First re-
port of microcystins from a Brazilian isolate of the cyanobacterium Micro-
cystis aeruginosa. J Appl Phycology 1994;6:261-5.
22. Rao PVL, Bhattacharya R. The cyanobacterial toxin microcystin-LR 
induced DNA damage in mouse liver in vivo. Toxicology 1996;114:29-36.
23. Stotts RR, Twardock AR, Koritz GD, et al. Toxicokinetics of tritiated 
dihydromicrocystin-LR in swine. Toxicon 1997;35:455-65.
24. Carmichael WW. Cyanobacteria secondary metabolites — the cyano-
toxins. J Appl Bacteriol 1992;72:445-59.
25. Teixeira M da G, Costa M da C, de Carvalho VLP, Pereira M dos S, 
Hage E. Gastroenteritis epidemic in the area of the Itaparica Dam, Bahia, 
Brazil. Bull Pan Am Health Organ 1993;27:244-53.
26. Carmichael WW. The cyanotoxins. In: Callow JF, ed. Advances in bo-
tanical research. Vol. 27. London: Academic Press, 1997:211-56.

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



New England Journal of Medicine

CORRECTION

Liver Failure and Death after Exposure to
Microcystins at a Hemodialysis Center in Brazil

Liver Failure and Death after Exposure to Microcystins at a Hemodial-

ysis Center in Brazil . On page 876, the sentence that begins two

lines from the bottom of the left-hand column should have read, `̀ The

concentration of microcystins found in liver tissue from 17 case pa-

tients who died, including 4 who were exhumed, ranged from 0.03 to

0.60 mg per kilogram of liver tissue (median, 0.18),´́ not `̀ 0.03 to 0.60

g per kilogram,´́ as printed.
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