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Responses to Smallpox Vaccine

To the Editor: 1 am alarmed by the high rate of vaccinia-
vaccine—associated morbidity (>30 percent) in the study by
Frey et al. (April 25 issue).! In their study, there were three
deviations from prior standard procedures for vaccinia
vaccination?® that may account for the unusually high rate
of morbidity as compared with the rate at our clinic.® First,
their use of 15 scratches (part of the investigational-new-
drug [IND] protocol for the vaccine) instead of the previ-
ously recommended 5 scratches for persons without prior
vaccination results in a higher inoculum, which was previ-
ously reserved for persons with a prior vaccination.

Second, their use of an occlusive dressing may retard scab
formation, and the resultant increased cutaneous permeabil-
ity may foster local bacterial invasion.

Finally, as I reported in ProMED on November 1, 2001
(http://www.fas.org /promed), at our clinic, my colleagues
and I have observed the emergence, since January 2001,
of cellulitis — a complication of vaccinia vaccination that was
previously rare in first-time vaccinees. This same phenom-
enon was also observed by the Centers for Disease Control
and Prevention during their vaccinia-immunization effort in
December 2001. There are several possible reasons for the
emergence of this complication,® but its rapid resolution
with antibiotic therapy strongly argues for a bacterial cause.
At our clinic, the rate of apparent cellulitis as a complication
of vaccination jumped from 3.9 percent (in 11 of 279 per-
sons) in 2001 to 10.2 percent (in 12 of 118) after the switch
in February 2002 to the IND vaccinia protocol with the use
of 15 scratches.

In contrast to the results reported by Frey et al., only 2 of
12 persons at our clinic required one or two days of med-
ical leave. We believe the difference in morbidity rates is pri-
marily due to the fact that we followed the standard proce-
dures for vaccinia vaccination rather than the new procedure.
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To the Editor: How durable are the immune responses af-
ter smallpox vaccination? Little direct evidence exists; how-
ever, some early studies suggest a long-term effect mediating
resistance to fatal disease.! There is little or no quantitative
evidence of the durability of the cell-mediated response in-
duced by vaccination against smallpox with the standard vac-
cinia virus.

During the course of other investigations,? we tested the
CD8+ T-lymphocyte responses to vaccinia virus in persons
who had been recently vaccinated (within the previous five
years because of work-related potential exposures), unvacci-
nated persons, and persons who had been vaccinated 6 to 35
years earlier or more than 35 years earlier. Figure 1 shows
the results of intracellular interferon-y staining of CD8+
lymphocytes from persons in each of these groups, as deter-
mined by overnight culture with vaccinia-virus—infected, au-
tologous B-lymphocyte cell lines. Vaccinia induces a robust
CD8+ T-lymphocyte response in healthy persons, and this
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Figure 1. Responses to Vaccinia Virus by CD8+ T Lymphocytes
at Different Times after Vaccination.

One person was unvaccinated, and four had been vaccinated
for occupational exposure during the previous five years.? The
remaining nine persons had been vaccinated between 6 and 35
years earlier or more than 35 years earlier. Responses were
measured as previously described.? Bars represent mean values.

response is of long duration. It is striking that the loss of
reactivity over a period of more than 35 years was very low
— by a factor of less than two in persons with a remote
history of vaccination (4 percent of CD8+ T lymphocytes),
as compared with recently vaccinated persons (6.5 percent
of CD8+ T lymphocytes). The durability of vaccinia-spe-
cific CD8+ T-lymphocyte responses is very good, suggest-
ing that those previously vaccinated still have a significant
measure of protection.

JEFFREY A. FRELINGER, PH.D.
MOHAMMED L. GARBA, M.D.
University of North Carolina
Chapel Hill, NC 27599-7290
jfrelin@med.unc.edu

1. Cohen J. Bioterrorism: smallpox vaccinations: how much protection re-
mains? Science 2001;294:985.
2. Garba ML, Pilcher CD, Bingham AL, Eron ], Frelinger JA. HIV anti-
gens can induce TGF-beta(1)-producing immunoregulatory CD8+ T cells.
J Immunol 2002;168:2247-54.

The authors reply:

To the Editor: Dr. Sauri is concerned about the high rate
of vaccinia-related adverse events in our studies.? It is true
that the current protocol differs from previous methods of
administering vaccinia. We used 15 skin punctures, the
current recommendation of the Advisory Committee on
Immunization Practices,? in previously unvaccinated subjects
rather than the 5 previously used. We also now use semi-
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permeable membrane dressings to provide protection against
accidental inoculation with vaccinia. A randomized compar-
ative trial would be required to determine the contribution
— if any — of the current methods to adverse events. Our
opinion is that the modern clinical-trial design and careful
observations of minor as well as major events give us an
accurate picture of the common acute viral syndrome as-
sociated with infection with vaccinia virus caused by vac-
cination. Other vaccines are not as reactogenic, and we, as
a medical community, have forgotten or never saw vaccine
reactions of the frequency reported.

The dose of vaccinia varied by a factor of 100 in one
study and by a factor of 10 in the other, yet there was no
difference in the frequency of systemic events across groups.
There were differences in local inflammation (greater with
undiluted vaccinia) and formation of local satellite lesions
(greater with diluted vaccinia), and we speculate on the
mechanism behind these events in our Discussion section.
With 15 skin punctures as compared with 5 skin punctures,
the dose would not be expected to vary by a factor of more
than three. A comparison of vaccinations with dressings and
without dressings has not been undertaken.

We disagree with the assertion that the extensive erythema
observed in some vaccinated subjects represents bacterial
cellulitis and that an apparent response to antibiotics argues
for bacteria as a cause. Even without antibiotic treatment,
the commonly observed extensive erythema and induration
are short-lived and resolve rapidly, usually in two to three
days. Extensive erythema does not appear to be toxic, and
affected persons do not have more pain than those with-
out extensive erythema. In addition, maximal erythema is
reached on days 10 to 12; erythema due to bacterial cellulitis
should develop much sooner. We believe the most likely
cause of the erythema is a cellular inflammatory response to
vaccinia itself.
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Diagnosis of Smallpox

1o the Editor: In Table 1 of their article, Breman and Hen-
derson (April 25 issue)! list secondary syphilis as a maculo-
papular eruption, noting that it has frequently been confused
with smallpox. In general, it is more difficult to differentiate
chickenpox from smallpox than it is to distinguish secondary
syphilis from smallpox. Osler described the consequences of
a misdiagnosis: “[S]ometimes it is not easy to distinguish be-
tween them. . . . It is stated that the . . . starting-point in
Montreal of the epidemic of 1885, was regarded as varicel-
la and not isolated. If so, the mistake . . . led to one of the
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most fatal modern outbreaks of the disease.”? In Arrowsmith,
Sinclair Lewis (with the help of Paul de Kruif) depicted the
converse misdiagnosis when his protagonist was ridiculed
after sounding the smallpox alarm for patients who had
only chickenpox.? The Centers for Disecase Control and
Prevention has made available a poster, “Evaluating Patients
for Smallpox,”* designed to reduce the risk of either mis-
diagnosis.

THOMAS D. REGAN, B.S.
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Smallpox and Smallpox Vaccination

To the Editor: Bicknell’s Sounding Board article (April 25
issue)! includes some factual errors. Smallpox is not trans-
mitted during its preeruptive period. It spreads only from
overtly ill persons.?3 Ring vaccination is not just for small
outbreaks. It was the method that eradicated smallpox from
the areas of India, Bangladesh, and Indonesia where the dis-
ease was hyperendemic.

The number of cases spread from each case in the German
and Yugoslav outbreaks did not vary from 11 to 38. The
majority of cases yielded zero spread. Even in the complete-
ly missed first generation of the Yugoslav outbreak, only two
patients spread smallpox to more than four others.

The suggestion that 100,000 to 1 million deaths might
occur from smallpox in the United States is implausible. The
cumulative annual rates of attack in areas of the Asian sub-
continent where the disease was hyperendemic were never
more than 180 per million per year.? Isolation and ring vac-
cination would rapidly contain an outbreak once recognized.
Finally, Dark Winter has been discredited as a portrayal of
smallpox epidemiology by the work of Meltzer et al.* (which
is cited by Bicknell) and by other models.

Today, widespread infection with the human immunode-
ficiency virus, post-transplantation immunosuppression, and
increasingly prevalent eczema would raise the number of
deaths from vaccination to a value considerably higher than
the 180 that Bicknell estimates from 1968 data. In the ab-
sence of a creditable terrorist threat, the risks of vaccination
continue to outweigh its benefits.

J. MICHAEL LANE, M.D., M.P.H.
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Dr. Bicknell replies:

To the Editor: Resuming smallpox vaccination is a neces-
sary strategic decision. Lane assumes that the risk of small-
pox is very small and that ring vaccination after an attack
would work — a best-case scenario. Terrorism, when the risk
of attack is unknown but not trivial, requires planning for
a worst case.

A 25 percent death rate from smallpox is not avoidable.
However, preexposure vaccination risks can be minimized
by using a semipermeable membrane dressing and by exclud-
ing children under 10 years of age, immunocompromised
persons, and those with dermatitis.! Vaccinating now would
make any postattack control strategy easier, could deter an
attack, and would be safer for everyone than acting later, in
crisis. Vaccination is a proven, specific preventive measure.
The federal government should endorse voluntary vaccina-
tion and allow people to make their own decisions as to risk.

An infected terrorist is likely to have no visible disease, to
feel well enough to travel, and to transmit disease actively
to others. As the prodromal fever drops, the smallpox rash
is not visible inside the mouth. The terrorist temporarily
feels better and is very infectious. The rash becomes obvi-
ous several days later.? A plausible scenario is that of terror-
ists traveling to multiple cities and disseminating smallpox
in subways and airports, resulting in hundreds of thousands
to millions of cases. Multiple releases from an aerosol con-
tainer would be far worse.

Ring vaccination in the eradication program worked rel-
atively slowly, was applied to populations with high levels
of immunity and less mobility than Americans have today,
and was applied in situations where there was no malicious
intent. Kaplan et al., in a quantitative comparison of ring
vaccination and immediate postattack mass vaccination, dem-
onstrate that a moderate attack would overwhelm ring vac-
cination, even when the supply of vaccine is plentiful 3

The jurisdictional and management lessons of Dark Win-
ter remain valid. Outbreaks in Yugoslavia and elsewhere teach
us that one case can lead to the infection of many others.
With malicious dissemination, particularly in the first round
of infection, we must expect rates of spread that are sub-
stantially higher than 1 terrorist to 10 victims. Subsequent
rounds are likely to have lower rates of spread.

J. Donald Millar, a former director of the smallpox-erad-
ication program of the Centers for Disease Control and Pre-
vention, has made the following statement: “The idea that
the government would withhold the only effective means
of protecting the population from a terrible disease until
an epidemic is confirmed is new to public health. Prevention,
in this new concept, obviously has no meaning for the ‘sen-
tinel” Americans who will become ill and die of smallpox
as trigger for the government’s response. That is not good
public health, and is certainly not good protection from bio-
terrorism.”* Selective, step-by-step, voluntary preexposure
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vaccination is a low-risk, high-benefit approach that would
make any postexposure strategy easier.
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Clinical Investigation in the 18th Century

To the Editor: Boylston (April 25 issue)! reminds us that
clinical trials have been around a long time and that they are
available to all, and he cites William Watson’s contribution
to the understanding of smallpox in 1767 as perhaps the
first. But I offer James Lind’s A Treatise of the Scurvy, pub-
lished in 1753, as an even earlier report of a clinical trial. It
was simple and controlled and was not burdened by P val-
ues, review boards, or other impediments of modern science.
Lind’s two oranges and one lemon saved lives on his ship
and soon saved lives the world over. He reports:

On the 20th of May 1747 I took twelve patients in the
scurvy on board the Salisbury at sea. Their cases were as
similar as I could have them . . . and had one diet com-
mon to all. Two of these were ordered each a quart of
cyder a day. Two others took 25 gutts of elixir vitriol
[sulfuric acid] three times a day. . . . Two others took
two spoonfuls of vinegar three times a day. . . . Two of
the worst patients . . . were put under a course of sea
water. Of this they drank half a pint every day. . . . The
two remaining patients took the bigness of a nutmeg
three times a day of an electuray of garlic, mustard seed,
rad. raphan, balsam of Peru and gum myrrh. . . . The
consequence was that the most sudden and visible good
effects were perceived from the use of oranges and lem-
ons, one of those who had taken them being at the end
of six days, fit four [sic] duty.?

FRANK J. LEPREAU, M.D.

74 Old Harbor Rd.
Westport, MA 02790
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Dr. Boylston replies:

To the Editor: Dr. Lepreau prefers Lind; I prefer Watson,
for the reasons outlined in the last paragraph of my article.
Lind clearly understood the principles of controlled trials,
as did Boylston and Jurin before him. Unfortunately, the
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Royal Navy, Lind’s employer, did not appreciate the impor-
tance of his findings. Citrus supplements did not become
mandatory on His Majesty’s ships until 1795.

ARTHUR W. BOYLSTON, M.D.
University of Leeds

Leeds LS9 7TF, United Kingdom
boylston@btinternet.com

Brachytherapy and Saphenous-Vein Grafts

To the Editor: Radiation treatment undoubtedly reduces
the risk of recurrence of in-stent restenosis. However, the
findings of Waksman et al. (April 18 issue)! should be tak-
en in the context of two facts. First, although the greatest
need for target-lesion revascularization (that is, restenosis)
occurs within the first 8 months after the procedure, the
risk of restenosis after vein-graft intervention continues to
rise until 18 to 24 months after the procedure, suggesting a
phenomenon of late restenosis that is unique to vein-graft
intervention.?? Therefore, longer follow-up (perhaps with
follow-up angiography at 24 months) would be helpful in
judging the magnitude of the beneficial effect of radiation.
Second, clinical recognition of restenosis after vein-graft in-
tervention is often difficult because of coexisting multivessel
disease and the presence of collaterals, which limit the in-
terpretation of myocardial-perfusion studies and symptoms.*
Although this effect was equal in the two groups (since the
study was randomized and blinded), it would be helpful to
know whether target-lesion revascularization was driven by
ischemia or by symptoms.
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The authors reply:

To the Editor: In published trials of intracoronary radia-
tion therapy for in-stent restenosis, the majority of target-
lesion revascularizations were performed within the first six
to nine months after the initial procedure. Angiographic
analysis at this time allows assessment of the efficacy of treat-
ment, in addition to that provided by clinical follow-up.1
Although late restenosis in patients who receive radiation
can occur after this period, judicious clinical follow-up will
identify the majority of patients with restenosis who require
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repeated intervention. Assessment of vein-graft failure is
challenging because many of these grafts have diffuse disease
and because totally occluded grafts do not necessarily rep-
resent the status of the target lesion, since other blockages
could have contributed to the occlusion. Therefore, it is en-
couraging that the data in our article continue to hold for
target-vessel revascularization.

In all the cases in our series, the decision to perform tar-
get-lesion revascularization was driven either by symptoms
refractory to medical therapy or by evidence of ischemia on
functional testing (exercise testing or myocardial-perfusion
studies). We agree that clinical recognition of restenosis after
vein-graft intervention may be challenging because of the
presence of multivessel disease and collaterals; however, these
confounders should have occurred equally in the two treat-
ment groups, since the study was randomized and blinded.
Revascularization was performed only when angiographic
restenosis correlated with the clinical assessment — an ap-
proach that we believe reflects “real-world” clinical man-
agement.

RoN WAKSMAN, M.D.
ANDREW E. AjaNi, M.D.
Washington Hospital Center

Washington, DC 20010
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Volume and Outcome

To the Editor: The attempt of Birkmeyer et al. (April 11
issue)! to correlate low procedure-specific hospital volume
with increased mortality has methodologic and interpretive
problems. The investigators used data from the Medicare
Provider Analysis and Review (excluding those for Medicare
patients enrolled in health maintenance organizations) and
from the Nationwide Inpatient Sample, without verification,
to estimate procedure-specific hospital volume. The correla-
tion between Medicare volume and hospital volume (corre-
lation coefficient, 0.97) probably resulted from mathematic
coupling,?3 which occurs when variables are shared. Were
the relations between outcome and volume significant when
only Medicare volumes were analyzed?

No proof of validation of the regression models is pre-
sented. For most procedures, lower-volume institutions had
higher percentages of nonelective admissions, patients over
75 years of age, and black patients (a fact that the authors
erroneously interpret as indicating that black patients were
more likely to be treated at low-volume hospitals). These
three variables are included in the regression analysis, but
they are the tip of the iceberg made up of a multitude of
other unreported confounders — such as preoperative se-
lection of patients, intraoperative management, and post-
operative care. Obviously, it is impossible to assign patients
randomly to hospitals, but without robust, validated regres-
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sion equations, the relative importance of volume may be
overestimated or underestimated.

JAMES E. BARONE, M.D.

Stamford Hospital
Stamford, CT 06902
drjbarone@stamhosp.chime.org
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To the Editor: The article by Birkmeyer et al. advances our
understanding of the relation between hospital volume and
outcome. We are curious, however, about whether the au-
thors attempted to analyze surgical mortality according to
the patient’s level of surgical risk. In the case of coronary-
artery bypass grafting, we have shown that differences in
mortality rates between low-volume hospitals and high-vol-
ume hospitals might be driven predominantly by differences
among patients at high surgical risk.! Patients who are at low
risk, in contrast, might receive little or no benefit from ob-
taining their care at high-volume centers. This possibility has
clear implications for regionalization policies, in general, and
for high-volume procedures such as coronary-artery bypass
grafting, in particular.? To avert an estimated 314 annual
deaths related to coronary-artery bypass grafting, for exam-
ple, very-high-volume centers would need to double their
capacity by absorbing more than 31,000 additional cases per
year. If high-risk patients who would clearly benefit from the
expertise available at high-volume centers could be identified
preoperatively and then selectively sent to such regional cen-
ters, these logistic problems would be greatly diminished.

Finally, we would caution against extrapolation of these
data to patients younger than 65 years of age. Advanced age
— both directly and in association with coexisting condi-
tions — clearly increases a patient’s base-line risk of death
related to surgery. The population studied by Birkmeyer et
al. therefore represents a high-risk group of patients, as re-
flected in the relatively high 30-day mortality reported for
patients undergoing coronary-artery bypass grafting: 4.8
percent at very-high-volume centers, as compared with a na-
tional average of 2.9 percent.?

BraHMAJEE K. NALLAMOTHU, M.D.; M.P.H.
University of Michigan Medical Center
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1o the Editor: Aside from the direct costs of medical care,
travel to a high-volume center can be costly and is not at-
fordable for all patients. An uninsured patient with pancre-
atic cancer will probably not be accepted at a high-volume
institution and will most likely not even be offered the op-
tion of going to one. Those who can afford the expense of
copying medical, pathological, and radiologic records, and
traveling for the consultation, procedure, and any follow-
up will do so, leaving those who are less fortunate at the
local center. Birkmeyer et al. controlled for coexisting con-
ditions, but I would bet that patients who are able to travel
are patients with a better prognosis.

CHRISTOPHER K. SENKOWSKI, M.D.
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To the Editor: The studies by Birkmeyer et al. and Begg
et al. (April 11 issue)! add further evidence of the correla-
tion between volume and quality in the delivery of certain
health care services. Whereas others will certainly challenge
the validity or reliability of the data sets or will question
whether adequate risk adjustment would temper or invali-
date the results, I instead question the policy suggestions
laid out in the accompanying editorial by Epstein.? It scems
much too premature to recommend broadly the diversion
of selected procedures from low-volume hospitals, even as
a “transitional strategy.” Certainly, experience matters, but
what else is included in the equation? It is still unclear wheth-
er volume itself'is a generalizable predictor of quality at all,
or whether and how much such underlying factors as organ-
izational design, streamlined data management, or multi-
disciplinary care act as confounders. Without such knowl-
edge, merely stripping further volume away from low-volume
centers may be strikingly counterproductive in terms of the
goal of high quality overall.
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To the Editor: Although we generally agree with Epstein’s
support of targeted policies to decrease the proportion of
surgical procedures performed at low-volume hospitals, such
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policies trouble us because volume seems a fairly crude pre-
dictor of patient outcome and the closely related measure
of the quality of health care. Why not try to identify the
true determinants of patient outcomes or quality of health
care? Such information could be used to predict the out-
come for patients treated by a particular type of physician
at a particular type of hospital, reveal characteristics of the
physicians and hospitals from which the best outcomes could
be expected, and design interventions to improve quality (for
all types of health care workers and health care facilities —
not just surgeons working in hospitals).
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To the Editor: Epstein raises some of the key dilemmas
facing policy makers as they wrestle with the implications
of the association between volume and outcome. In par-
ticular, interventions directed at influencing the referral of
patients toward high-volume institutions, by fiat, incentive,
or consumer pressure, leave unanswered the question of what
to do with the lower-volume centers. It is helpful to rec-
ognize that volume alone does not presage outcome. The
amount of improvement in performance that can be extract-
ed from a given number of procedures also depends in part
on how the activities related to learning are managed at a
given institution.! We have found notable variation in the
quality and quantity of management attention paid to learn-
ing in the case of the adoption of a new form of medical
technology.? Perhaps part of the solution to the policy
makers’ dilemma is better management.
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To the Editor: The editorial by Dr. Epstein is laudable in
its review of recent information concerning the relation be-
tween surgical volume and outcomes, but important points
are not well understood. As a case in point, six years ago,
I began referring surgical and general medical patients from
our small rural hospital to regional referral centers. As this
practice led to what I had perceived to be improved patient
care, it also created much larger problems in the community:
as surgical volume decreased, the skills of the surgical team
also deteriorated. The community was then left without a
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