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transmissible spongiform encephalopathies from blood

Lvisa Gregari, Nancy McCembie, Douglas Palmer, Pau! 8izch, Samuyel O Sowemimne-Coker, Antania Giulivi, Robert G Rohwer

In 1999, the UK implemented universal leucoredudtion as a precaution against transmission of variant Creutzfeldt-
Jakob disease by transfusion of domestic blood or red blood cells. We aimed to assess how effectively leucoreduction
reduced infectivity of transmissible spongiform encephalopathies (TSEs) in blood. 450 mL of whole blood collected
and pooled from scrapie-infected hamsters was leucoreduced with a commerdal filter. Blood cell concentrations
were quantified, and infectivity titres measured. Blood cell recovery and white blood cell removal complied with
American Assodiatian of Blood Banks standards. Leucofiltration removed 42% (SD 12) of the total TSE infectivity in
endogenously infected blood. Leucoreduction is necessary for the removal of white-cell-assodiated TSE infectivity
from blood; however, it is not, by itself, sufficient to remove all bload-borne TSE infectivity.

Transmissible spongiform encephalopathies (TSEs) are
fatal CNS infections that can incubate asymptomatically
for a decade or more in human beings before the
appearance of dlinical disease. People in the
asymptomatic phase of variant Creutzfeldt-Jakob disease
(vC]D} appear healthy and denate blood with the same
frequency as any healthy person. Transmission of vCJD
by transfusion was recently recognised in Great Britain.*
To reduce the risk of transfusion transmission of such
diseases in human beings, the UK implemented
universal leucoreduction of donated blood in 1999. This
measure was based on the expectation that infectivity
would be associated with white blood cells.! However,
findings in blood from infected mice and hamsters
suggested otherwise; at least 40% of the infectivity was
plasma-associated, suggesting that leucoreduction
would not eliminate infectivity (Rohwer laboratory,
‘unpublished).’ Other investigations showed no loss of
infectivity when small amounts of TSE-infected plasma
were passed through scaled-down filters.* Similady, no
significant removal of abnormal prion protein was
detected when units of human whole blood, spiked with
3 microsomal fraction from TSE-infected brain, were
passed through leucereduction filters from any of the
four major suppliers.’ Because of reservations about the
relevance of these experiments, none of these findings
aroused concern.

We investigated the effectiveness of leucoreduction in
removal of TSE infectivity from a human-sized unit of
poaled hamster blood. To ensure that the 150 hamsters
needed for a 450 ml bloed pool were at the same
symptomatic stage of disease {wobbling gait and head
bobbing) for each of two separate experiments,
400 weanling golden Syrian hamsters (Harlan, Madison,

www thelancet.com Vol 364 August7, 2004

WI, USA) were inoculated intracranially with 50 pL of
brain homogenate containing about 250 infectious
dose,, (ID,,)) of hamster-adapted scrapie-strain 263K. A
low dase of infectivity was used to preclude re-isolation
of the inoculum in the bloed. This animal protocol was
approved by the University of Maryland Institutional
Animal Care and Use Committee.

We obtained two pools of blood from the hamsters,
one at 106 days and one at 111 days after inoculation.
Under carbon dioxide anaesthesia, 3-5 mL of blood was
drawn from the right ventricle into 0-5 mL of CP2D
anticoagulant. Care was taken not to touch any other
tissue. Only perfect bleeds containing 12-5% CP2D with
no visible clots were pooled.

Two indine leucofiltration systems from Pall

Corporation {Port Washington, NY, USA) were
evaluated. We selected the Leukotrap WB collection set
for the infectivity study because filtration and
component separation of hamster blood was fully
compliant with American Association of Blood Banks
{AABBY* specifications, and required only two titrations
for interpretation. The Leukotrap RC-PL system

>
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approached, but did not fully achieve all specifications;
furthermore, because more than one filter is involved,
more titrations would have been required to evaluate the
removal of infectivity.

For the infectivity study, 448.5 mlL of CP2D-
anticoagulated whole hamster blood was pooled into the
whole-blood receiving bag of a Leukotrap WB collection
set and processed within the 8-h time limit specified by
the AABB. Filtration was done at room temperature
under gravity with a 60-inch pressure head on the in-line
WBF2 filter, and was completed in- 30 min. After
removal of a 19 mL sample of the leucoreduced whole
blood for subsequent testing, the vemainder was
centrifuged at 4150 rpm {about 5000.g) for 8 min at
room temperature in a Sorvall RC-3C centrifuge. The
plasma fraction was expressed into a satellite in-line bag.
A preservative and stabiliser, AS3, was added to the red
blood cells. Samples of the pre-filtration whole blood,
post-filtration whole blood, red blood cells, and plasma
were removed for analysis of cell compasition and for
titration in animals.

Cellular composition of the blood was assessed with a
HemaVet five-part differential cell counter calibrated for
hamster blood cells {Drew Scientific, Oxford, CT, USA).
The residual white blood cell concentrations in the

leucoreduced samples were measured by manual count
and flow cytometry.

Infectivity of whole and leucoreduced blood was
quantified by limiting dilution titration, a method
developed in the Rohwer laboratory. The two samples
were processed and inoculated separately and
sequentially. Each sample of blood was sonicated with a
separate sterile probe to lyse cells and disperse

infectivity. It was then immediately inoculated
. intracranially, 50 wl at a time, into about 100 weanling

golden Syrian hamsters that were deeply anaesthetised
with pentobarbital. Animals were maintained for

566 days; those that contracted scrapie were killed when -

the clinical diagnosis was condusive, and animals still
alive at the end of the study were killed. All brains were
tested for the presence of the proteinase K-resistant
form of prion protein by western blot using 3F4
antibody.

The limiting dilution of an endpoint dilution titration
is that at which not all of the inoculated animals
become infected. At limiting dilution, the distribution
of infectivity into individual inoculations is described by
the Poisson distribution, where P{0)=probability of no
infections at that dilution and inoculation volume, or
(1-probability of infection). From the Poisson
distribution P(0)=e™ and titre=—In(P[0]) expressed as
ID/(inoculation volume). SD of ‘the limiting dilution
titre is the square root of the titre in ID/mL divided by
the total volume inoculated in mL.

Table 1 shows the distribution of cells in
each component of the scrapic-infected blood.

Leucofiltration reduced the number of white blood cells -

by 2-9 log, thereby meeting the AABB standard. White
cell contamination of the red blood cell fraction and red

blood cell recovery were within AABB specifications of
ooaan less than 5X10° and greater than 85%, respectively.
Hamster platelets are not removed by the WBF2 filter,

Whateblood ] | and partition with the red cells during centrifugation.
The incubation times of infections in each
% aacnaa measurement are shown in the figure. At limiting
E . o . dilution, incubation times begin at the end of the
§ :°§: 2% %3 g%%oaez o eao : asonaa predictable dose response seen in endpoint dilution
5 . titrations (about 140 days) and rarely extend beyond
| e oFapd® ¢ : oee T 500 days. All clinical and) western blot results were

= o °° aeagaac consistent.
Leucoreduced whole blood i The limiting dilution titre of the whole blood pool
Scanaaa (table 2) was close to the values from titrations of
similar pools of whole bleod by this method
eocoae _{unpublished data). Leucofiltration of whole blood
aaama removed only 42% (SD 12) of the initial TSE infectivity.
x T ’ T = T —— table 2); of the 5900 [D present in the original unit of
e e 3 o e o 7 l()lood, )3-400 [D were rfcovered in the %eucoﬁltered
Days after inoculation blood.

Figure: incubation tiines of infections from whole andieucoreduced blaod

Results of inaculations of whole blood are represented by data above the horizontal line; thase from inoculations
of leucareduced blood are shown below the line. Girdes tep infected animals. Squares represent uninfected
animals that survived to the end of the experiment. Trangles rep Is that died & wly of causes
other than the inoculurm. -

Ideally, leucoreduction would be validated by
measuring infectivity concentrations before and after
leucoreduction of full units of vCJD-infected human
blood. However, it is not currently possible to assay
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cither infectivity or the infection-specific form of the
prion protein in human blood. By contrast, limiting
dilution titration of rodent blood can detect less than
1 ID/mL of TSE infectivity and can readily show a
difference of less 20% between samples. With this
technique we did a study that avoided the issue of
spikes by using endogenously infected blood: avoided
the question of scale by using 2 human-sized unit of
fresh hamster blood obtained within the time limits
specified for human blood; minimised the possibility of
artefact by using a commercial blood collection set with
integral filtration unit and a blood centre centrifuge and
expressor; and achieved predsion in the- infectivity
measurements by limiting dilution inoculation of 5 mL
of each fraction. We assessed the performance of the

filter by measuring the level of white blood cell’

reduction obtained and the cell recoveries of each
component. The leucoreduction met or exceeded AABB
specifications for all relevant variables.

Leucoreduction removed only 42% of the initial TSE
infectivity from whole blood. This distribution is
consistent with that obtained in a centrifugal separation
of TSE-infected hamster whole blood, in which the
buffy coat contained 70% of the total white cells but
only 45% of the total whole blood infectivity
(unpublished data). Both methods showed that a
substantial proportion of the TSE infectivity was not
associated with white cells. We have shown previously’
that TSE infectivity is not associated with highly
purified platelets, and we are currently testing purified
red bload cells. We presume that the majority of blood-
borne infectivity is plasma-assodated.

Although leucoreduction is a necessary step for
removing white-cell-associated TSE infectivity from
blood, this process is insufficient to remove the risk
from an infected transfusion unit. Due to the low
coucentration of TSE infectivity in blood and the
absence of screening or inactivation alternatives,
removal is an attractive strategy. However, the
feasibility of removal depends upon the actual
associations and distributions of TSE infectivity in
blood itself, which can only be ascertained by
assessment of endogenous blood-borne infectivity.

wwwi thelancet corm Vol 364 August7, 2004
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Outbreak of Necrotizing Fasdiitis Due to Clostridium
sordellii among Black-Tar Heroin Users

Akiko C. Kimura,' Jefirey L Higa,' Robert M. Levin Gail Simpson,’ Yolanda Vargas,' and Duc J. Vugia' _
'Division of Communicable Disease Control, California Department of Health Services, and Ventura County Public Health, Ventura, Califomia

In California, black tar heroin (BTH) use among injection drug users (IDUs) has resulted in an increased
number of cases of wound botulism due to Clostridium botulinum, tetanus due to Clostridium tetani, and
necrotizing soft-tissue infections due to a variety of clostridia. From December 1999 to April 2000, nine IDUs
in Ventura County, California, developed necrotizing fasciitis; 4 died. Cultures of wound specimens from 6
case patients yielded Clostridium sordellii. Some of the patients appeared to have the toxic shock syndrome
previously reported to be characteristic of toxin-mediated C. sordellii infection, which is characterized by
hypotensiont, marked leukocytosis, and hemoconcentration. The suspected source of this outbreak was con+
taminated BTH that was injected subcutaneously or intramuscularly (“skin popped”). This outbreak of C.
- sordellii infection serves as another example of how BTH can potentially serve as a vehicle for transmitting -
severe and often deadly dostridial infections, and reinforces the need to educate IDUs and clinicians abogt

the risks associated with skin popping of BTH.

Necrotizing soft-tissue infections, including necrotizing
fasciitis, are among the most severe and life-threatening
infections to affect injection drug users (IDUs) {1-3].
In recent reports of necrotizing soft-tissue infections in
[DUs, the anaerobic bacteria recovered have often in-
cluded clostridial species, most commonly Clostridium
perfringens and occasionally others, such as Clostridium
sordellii (2—4). C. sordellii has been reported to cause
rapidly progressive myonecrosis with a fulminant shock
syndrome, particularly in obstetric patients [5-7], but
its role in infections among IDUs has.not been well
documented.

In California, the widespread illicit use of black tar
heroin (BTH) among IDUs since the 1990s has led to
an epidemic of wound botulism caused by Clostridium
botulinum [8, 9], an increase in cases of tetanus caused
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by Clostridium tetani [10], and an apparent increase
in the number of necrotizing soft-tissue infections
caused by Clostridium species {2, 3, 10]. BTH is a dark
and gummy form of heroin manufactured in Mexico
that is less refined and cheaper than the white powder
variety of heroin. BTH is frequently mixed with a
variety of diluents, such as dextrose, burned corn-
starch, instant coffee, and sometimes even dirt [8};
during this process, bacterial spores can be introduced
into the final product.

In February 2000, a local surgery group in Ventura
County (VC), California, reported to Ventura County
Public Health (VCPH) that there were 7 patients with
necrotizing fasciitis who required surgical debride-
ment from December 1999 to February 2000. All 7
patients had histories of injecting BTH subcutane-
ously or intramuscularly (“skin popping”). At the time
of this initial report, 2 patients had laboratory-
confirmed Clostridium infections, and 1 patient had .
died. Here we describe the results of our invéstigation
into this unusual outbreak of necrotizing fasciitis
among [DUs, which was likely a result of a contam-
inated batch of BTH.

Necrotizing Fasciitis among Heroin Users « CID 2004:38 (1 May) ~ e§7

247



PATIENTS AND METHODS

Case finding and é}i‘dmiologic review. A case was defined
as illness in a person who (1) was admitted to a VC hospital
with a deep-tissue infection that required extensive surgery or
was examined by the VC coroner and had deep-tissue infection

listed as a cause of death, (2) had a history of herein or BTH -
use, and (3) had an onset of illness during the pcnod 1 De-

cember 1999 to 1 May 2000.

VCPH requested all VC hospitals and the VC coroner’s oﬁ’icc

to review their records and report all patients who received a

diagnosis of necrotizing fasdiitis during the 5-month period '

from 1 December 1999 to 1 May 2000. Once a case patient
was verified as meeting the case definition, hospital records
_were reviewed by means of a standardized chart-abstraction

form to collect demographic information, dinical history, hos- .

pital course, medications administered, laboratory tests per-

formed, and hospital costs charged Attempts were also made-

to locate and interview surviving patients regarding their med-
ical history and drug use behaviors. For the 1 case reported by
the coroner, the autopsy report and death -certificate .were
reviewed. o : -

Laboratory mvzsttgatwn. Wound specimens. from hos—
pitalized patients were cultured.by the dlinical laboratories at
the admitting -hospitals with standard aerobic and anaerobic
techniques. Wound specimens from the coroner’s case patient
were sent to the VCPH laboratory for. performance of aerobic
and anaerobic cultures. In addition, the VC Sheriff’s Depart-
ment confiscated BTH from a heroin dealer during a drug raid
in February 2000. A sample of this BTH was sent to the Centers
for Disease Control and Prevention in Atanta, Georgia, to
culture for anaerobic pathogens. ‘

Data analysis.  Chart abstraction data were entered into
a Microsoft Access database and analyzed with SAS, version

8.00 (SAS Institute). Because of the small number of cases,
the Wilcoxon rank-sum exact test was used to compare con- '
tinuous variables for patients who survived with those for
patients who died.

RESULTS

" Descriptive epidemiology. . A total of 9 persons met the case

definition; 8 were reported by VC hospitals and 1 by the VC
coroner’s office. The dates of illness onset ranged from 14 De-
cember 1999 to 8 April 2000. The median age of patients was
45 years (range, 25-57 years) (table 1); 6 (67%) were men. Six
patients were Hispanic and 3 were white.. None were known
to have HIV infection, hepatitis B infection, or diabetes; how-
ever, 3 (33%) were known to have hepatitis C infection. Four
patients (44%) died, 3 in hospiﬁls and 1 (the coroner’s case
patient) at a friend’s home. Six (67%) were known to have
used BTH; the specific type of heroin used was unknown for
3 of the patients. All 8 hospitalized :patients had histories of
skin popping heroin before admission. . .

Hospitalized patients.  Seven cases were reportcd by hos-
pital A (a county facility) and 1 by hospital B (a community

- facility). Table 1 shows the vital signs at presentation for the

hospitalized patients. The median time between symptom onset
and hospital admission was 3.5 days (range, 2-7 days). It is
notable that all patients were afebrile (median temperature,
36.4°C; range, 34.4°C-37.1°C). Blood pressures ranged from
81749 to 142/90 mm Hg. Four patients had infection consistent
with necrotizing fasciitis in the upper arm/shoulder region and
4 in the hip/buttocks/thigh region. For all 8 patients, surgical
debridement was performed after admission; no patients re-
quired amputation. Two patients died within 24 h after surgery.
Five patients from hospital A were transferred after surgery for

Table 1. Hospital admission characteristics of black-tar heroin users with necrotizing fasciitis, Ventura County,

California, December 1993-April 2000.

Median value {range), by patient group

' Patients " Patients o

All patients who survived who died = !

Parameter {n=8) (n=5) (n=23 P
Age, years 425 (25-57) 34 (25-45) 55 (47-57) .03
No. of days from onset of symptoms to admission 3.5 (2-7) 4 (2-5) 3(3-7} 1.00
Systolic biood pressure, mm Hg 111.5{81-142) - 113 (102-128) 110 {81-142) 1.00
Diastofic blood pressure, mm Hg - 69.0 (49-90) 68 {49-861 90 {49-80) .50
Temperature, °C ' 36.4 (34.4-37.1) 36.4 {36.3-37.1) 35.6 {34.4-36.1} .02
Pulse, beats/min 102.5 (83-142) 98 {83-140) 110 (98-142) 29
Respiration rate, breaths/min 17 (12-40) 18 (16-20) 16 (12-40) 66
WBC count, X 1000 celis/fmm? 28.3 (9.8-61.6} 23.2 (9.8-32.3) 54.3 (54.3-61.6) .04
Hemoglobin level, g/dL .14.6 (11.7-22.0) 14.0 (11.7-15.1) 21.6.(19.5-22.0) .04

® Wilcoxon rank-sum exacl lest comparing palients who survived with those who died.

e88 - CID 2004:38 (1 May) - Kimura et al.
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hyperbaric oxygen treatment to hospital C, where 1 patient
died 3 days after surgery.

. The 3 hospitalized patients who died and the 5 who survived
differed in some characteristics (table 1). Patients who died
were older than those that survived (P = .03). Furthermore,
at presentation, those who died had lower body temperatures
(P = .02) and more marked leukocytosis (P = .04). In addi-
tion, the patiénts who died had higher hemoglobin levels (me-
dian of 21.6 g/dL, compared with 14.0 g/dL for survivors;
P = .04), and all 3 had extensive involvement of the hip/but-
tock/thigh region. The patients who died had refractory hy-
potension despite administration of aggressive fluid resuscita-
tion before death. The cause of death for all 3 hospitalized
patients was overwhelming sepsis secondary to necrotizing fas-
ciitis. However, the patients who died did not wait longer after

the onset of symptoms before seeking medical treatment than

did the patients who survived. )

For the 3 hospitalized patients who died, the median hospital
charge was $31,763 (range, $9398-$55,597), and the median
length of stay before death was 3 days (range, 1—4 days). For
the 5 surviving patients, the median hospital charge was $74,179
(range, $7861-§130,439), and the median length of stay was
14 days (range, 547 days). Total charge for all 8 hospitalized
patients was $398,341. Two patients had private insurance, 1
had Medicaid coverage, 4 were uninsured, and 1 had unknown
insurance status.

Coroner’s case patient. The VC coroner’s office reported
1 case patient who died at a friend’s home ~4 days after onset
of péin and redness in the left arm. The coroner’s report listed
“acute morphine intoxication” as the cause of death and
“chronic parenteral drug abuse with acute and chronic nec-
rotizing fasciitis of left arm” as the underlying cause of death.

Laboratory investigation. ~Wound specimens were col-
lected from all 9 patients. All patients had at least 1 culture
that yielded =1 species of bacteria. C. sordellii was isolated
from 6 of the patients; Staphylococcus species (at least 2 isolates

Table 2.
December 1999-April 2000.

were Staphylococcus aureus) from 4 patients; a-hemolytic Strep-
tococcus species from 3 patients; and Bacillus species from 2
patients (table 2). Blood cultures for all patients, including
patients who died, did not yield pathogens. No organisms were
recovered from the BTH sample obtained by the VC sheriff's
department. . .
VC case workers were able to locate
and interview 3 of the 5 surviving patients. Two patients in-
dependently mentioned the same park in VC as their source
of drugs. The third patient would not reveal his drug source.
All 3 reported that they used BTH.

Patient interviews.

DISCUSSION

We suspect that a batch of BTH contaminated with C, sordellii
was sold within VC from the end of 1999 through the early
months of 2000, resulting in an outbreak of necrotizing fasciitis
among IDUs. During this time, 9 IDUs in VC developed nec-
rotizing fasciitis; 4 died. C. sordellii was the most commonly
isolated organism, present in 67% of the patiénts.

C. sordellii is an anaerobic, gram-positive, spore-forming ba-
cillus that can be isolated from environmental sources and from
normal human and animal gastrointestinal contents [5); how-
ever, C. sordellii is occasionally reported as the cause of ful-
minant infection, most commonly in obstetric patients [6, 7].
C. sordellii deep-tissue infection has also been associated with
injection drug use. This organism was the most commonly
isolated anaerobic organism (4 of 9 anaerobic isolates) in a case
series of IDUs with necrotizing soft-tissue infections at a San
Francisco hospital during 1992-1997 [2]. In 1999, another clus-
ter of clostridial myonecrosis occurred among San Francisco
IDUs; 2 of 5 patients had wound specimens that yielded C.
sordellii {11]. Nonetheless, to our knowledge, our cluster of C.
sordellii infections is the largest reported to date, and it serves

as another example of how BTH can potentially serve as a

Isolates from culture of wound specimens from black-tar heroin users with necrotizing fasciitis, Ventura County, California,

Date of onset

Pathogents} isolated

Disposition

Patient  of symptoms QOrganism 1 Organism 2 Organism 3 Organism 4 at discharge
1 14 Dec 1999 Clostridium sordellii Staphylococcus species Alive
2 28 Jan 2000 Bacillus species Dead
3 30 Jan 2000  o-Hemolytic Streptococcus species  Staphylococcus species Alive
4 1 Feb 2000 C. sordeltit Clostridium periringens Alive
5 4 Feb 2000 C. sordellii ] Staphylococcus species Alive
6 6 Feb 2000 u-Hemolytic Streptococcus species Alive
7 21 Feb 2000 C. sordellit C. perlringens Clostridiurn beiferinckii Bacillus species Dead
8 1 April 2000 C. sordetlii Dead
9 8 Aprit 2000 C. sordellii a-Hemolytic Streprococcus  Staphylococcus species Dead
NOTE. Patients 1-8 were reporied by hospitals; patient 8 was reported by the coroner.
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vehicle for transmlttmg severe and often deadly dostndlal
infections. :

Some strains of C. sordellii are toxigenic under certain cir-
cumstances (7). C. sordellii has been described as having the
potential to cause a fulminant toxic shock syndrome charac-
terized by absence of fever, progressive refractory hypotension,
tissue edema, marked leukocytosis, and hemoconcentration (7,
12). This syndrome is thought to be mediated by 2 toxins,
lethal and hemorrhagic, that are released by some strains of C.
sordellii {5-7)]. Intradermal injection of these toxins into ani-
mals results in local necrosis, progressive edema due to local
and systemic vascular permeability, and death, a process similar
to that seen in some C. sordellii infections in humans {13, 14).
It is plausible that some of our patients may have skin-popped
, BTH contaminated with C. sordellii, which led to toxin pro-
4 ductton, whxch in turn resulted i in severe'necrotizing disease,

toxic shock syndrome, and death.
' In]ectmg BTH into soft tissue rather than the bloodstream
increases the risk of abscss formanon, and the resultant de-

vitalized tlssue sets up an anaeroblc envnronment conducive to
‘ clostndlal toxm formatlon [9) Wound botuhsm occurs after
spores of C botulmum germinate in a wound and produce
botulinal toxm, resultmg in flaccd paralys:s (8, 9, 15). Tn Cal-
ifornia, the primary risk factor for wound botulism is skin
" popping of BTH [8]. Sumlarly, tetanus develops when C. tetani

introduced into a wound germinates and releases toxin {16). .

Nearly one-half of the cases of tetanus reported in California
between 1988 and 2000 were associated with injection drug use;
of these, at least 60% were associated with reported heroin or
BTH use [10]. We suspect that the conditions that lead to toxin
production by C. sordellii are similar to those that lead to toxin
production by C. botulinum and C. tetani [8-10].

Clostridial contamination of heroin has been documented.
In Scotland, Ireland, and England in 2000, an outbreak of se-
rious soft-tissue infections, mainly due to Clostridium novyi,
occurred among IDUs who skin-popped heroin {17, 18]. A
contaminated supply of heroin was suspected to be the source;
2 species, C. perfringens and Clostridium saccharolyticum, were
isolated from heroin belonging to the patients [17]. In the 1999
San Francisco cluster, 3 of the 5 patients were roommates who
shared a supply of BTH [11]. One roommate had confirmed
C. perfringens infection, and another had C. sordellii infection.
BTH confiscated from their aparument yielded C. perfringens,
demonstrating that it was likely the common source of their
necrotizing soft-tissue infections {11]. .

In our outbreak investigation, no anaerobic organisms were
isolated from the sample of BTH confiscated during the drug
raid; however, the BTH was not necessarily from the suspected
supply that made the VC patients ill. Nonetheless, evidence
suggests that BTH can be contaminated by clostridia before
purchase by the user, most likely when being mixed with dil-

uents |8, 9). Although we cannot rule out the possibility that -
the patients in our study became infected through contarni-
nated needles or other drug-injection paraphernalia, it is most
likely that the contaminated BTH was the source of the nec-
rotizing infections. This hypothesis is supported by the follow-
ing evidence: (1) interviews with 3 surviving patients confirmed
that they did not know each other and did not share para-
phernalia but-did use BTH; (2) 2 of the interviewed patients
reported that they had purchased BTH at the same VC park;
(3) Closéridium species have previously been isolated from BTH
[11], so the hypothesis is biologically plausible; and (4) there
is an ongoing California epidemic of infections due to 2 other
toxin-producing Clostridium species, C. botulinum and C. te-
tani, also due to skin popping of contaminated BTH {8-10).
Necrotizing fasciitis requires aggressive and timely surgical
debridement to prevent rapid progression of infection [19].
However, necrotizing fasciitis can sometimes be difficult to dis-

 tinguish from simple ‘cellutitis or abscess, Creating a diagnostic

cha]]enge {2]. Physxcxans should evaluate for nccrotnzmg fasciitis
whenever an IDU presents with an mfecnon at'an injection
site. It is notable that, among the cases in our cluster, marked
leukocytosxs, high hemoglobin count, and lower body temper-
ature at presentation were associated with death. Although only -
2 of the 3 hospltahzed patients who died had cultures that
yielded C. sordellii, all 3 seemed to develop the toxic shock
syndrome reported to be characteristic of toxin-mediated C.
sordellii infection {5-7]. Physicians should be alerted to the
presence of this syndrome; survival may be improved by
prompt recognition and aggressive treatment. Antitoxin treat-
ment of this toxic shock syndrome due to C. sordellii, similar
to the treatment given for botulism and tetanus, has been sug-
gested [5-7]. Further research into the effectiveness of this
treatment is needed.

Treatment of necrotizing fasciitis is costly because of the need
for wound debridéement, treatment with multiple antibiotics,
hyperbaric treatments, and lengthy hospital stays. The total
charge for the 8 hospitalized patients in this investigation was
~$400,000; only 2 patients had private health insurance. This
imposes a large financial burden on the health care system that
could potentially be reduced through aggressive education of
IDUs and physicians.

Although many IDUs understand the risks of contracting .
hepatitis and AIDS from injecting drugs, most may be unaware
of the additional and potentially lethal health risks associated
with skin popping of BTH, such as the development of nec-
rotizing fasciitis. IDUs should be instructed to seek medical
attention at the first sign of infection at an injection site because
of the rapid pragression and high fatality rate of necrotizing
fasciitis. Correctional facilities, halfivay homes, methadone clin-
ics, and other agencies caring for IDUs should be used as venues
to educate IDUs about the dangers of skin popping of BTH.
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